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Preface

Computational science and technology is a rapidly growing multi- and interdisci-
plinary field that uses advanced computing and data analysis to understand and solve
complex problems. The absolute size of many challenges in computational science
and technology demands the use of supercomputing, parallel processing, sophisti-
cated algorithms, and advanced system software and architecture. The ICCST2021
conference provides a unique forum to exchange innovative research ideas, recent
results, and share experiences among researchers and practitioners in the field of
advanced computational science and technology. Building on the previous seven
conferences that include Regional Conference on Computational Science and Tech-
nology (RCSST 2007) and a series of International Conference on Computational
Science and Technology (2014, 2016–2020), the Eighth International Conference on
Computational Science and Technology (ICCST2021) program offers practitioners
and researchers from academia and industry the possibility to share computational
techniques and solutions in this area, to identify new issues, and to shape future direc-
tions for research, as well as to enable industrial users to apply leading-edge large-
scale high-performance computational methods. This volume presents a theory and
practice of ongoing research in computational science and technology. The focuses of
this volume are on a broad range of methodological approaches and empirical refer-
ences points including artificial intelligence, mathematical computational, knowl-
edge discovery and machine learning, smart technologies, augmented and virtual
reality, system applications and architecture, and final soft computing and analysis.
The carefully selected contributions to this volume were initially accepted for oral
presentation during the Eighth International Conference on Computational Science
and Technology (ICCST2021) held on 28–29 August 2021, virtually. The level of
contributions corresponds to that of advanced scientific works, although several of
them could be addressed also to non-expert readers. The volume brings together
68 chapters. In concluding, we would also like to express our deep gratitude and
appreciation to all the program committee members, panel reviewers, organizing
committees, and volunteers for your efforts to make this conference a successful
event. It is worth emphasizing that much theoretical and empirical work remains
to be done. It is encouraging to find that more research on computational science

v



vi Preface

and technology is still required. We sincerely hope the readers will find this book
interesting, useful, and informative, and it will give then a valuable inspiration for
original and innovative research.

Kota Kinabalu, Malaysia
Ishikawa, Japan

Rayner Alfred
Yuto Lim
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Optimizing the Financial Efficiency
of Logistics Companies with Data
Envelopment Analysis Model

Lee Pei Fun, Lam Weng Siew, and Lam Weng Hoe

Abstract The Covid-19 Recession, which also refers to the Great Lockdown, has
caused the fall of many industries in 2020. Even though this recession has somehow
encouraged the booming of online business, logistics organizations still suffer from
various business risks including route closure, default risk, high parcel volume, risk
of the highly contagious Covid-19 virus and technological risk. The logistics industry
is very prominent in moving the national economy of a country and is also the key
to transport necessities and medical supplies during the Great Lockdown. There-
fore, to assist logistics players in identifying their strengths and shortcomings while
improving their weaknesses, this research aims to propose a research framework
to optimize and compare the financial performance of listed logistics companies in
Malaysia with Data Envelopment Analysis (DEA) model. This research found that
41.18% of logistics companies are efficient, namely COMPLET, GDEX, LITRAK.
MISC, MMCCORP, SURIA and XINHWA. This research has also successfully
found the benchmarks for inefficient logistics companies for their financial and oper-
ational enhancements. Future studies can apply this research framework with DEA
model on other industries.

Keywords Data envelopment analysis · Efficiency · Linear programming model ·
Financial ratio
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1 Introduction

The proposal and implementation of the “New Normal” lifestyle in 2020 have been
widely embraced by policy makers, corporations and the public alike even though
small to drastic changes are imperative to personal and corporate lives [1]. Many
industries suffer from business losses with restrictions in place and are forced to
revamp their business operations andorganization structure to survive in theCovid-19
pandemic [2, 3]. However, online trading saw a rapid development with the reliance
of logistics activities to deliver products from retailers to consumers. Besides that,
globally, the logistics companies are also taking part in humanitarian activities such
as contributing their efforts to reduce the spread of Covid-19 by transporting medical
equipment and supplies such as medical masks, personal protective equipment and
vaccines [4].

A report by Agility [5] found that China, India, Indonesia, United Arab Emirates,
Malaysia, Saudi Arabia, Mexico, Vietnam, Qatar and Turkey were ranked as the top
ten in logistics in the emerging markets during the pandemic in 2020. The report
also stated the forecast that Malaysia’s E-Commerce sales volume may grow more
than 20% during the pandemic. In 2019, Malaysia also recorded greater than 80%
internet penetration rate, thus contributing to the usage of online services including
E-Commerce [5, 6]. The Malaysian government has also been encouraging online
retail activities through the launch of Go-eCommerce program to boost the digital
transformation of businesses [7, 8]. Even though the logistics industry is showing an
upward trajectory, there are many risks that logistics organizations are facing during
this stressful period.

Firstly, logistics companiesmay suffer frombusiness risks such as route disruption
due to closure of areaswith high number of cases, lowport throughput, lack of support
system and default risk due to the bankruptcy of their corporate customers. The high
parcel volume due to the high amount of online trading may also cause exhaustion
with the deliverymen.Moreover, these logistics organizations, particularly the courier
service providers, are constantly on the move and in contact with many customers
per day, thus increasing their risk of contracting Covid-19. Logistics organizations
are also being pushed to transform their operations by adopting data driven decision-
making with the use of technologies [9].

The logistics industry contributes a significant amount of revenue to a country
since the industry is a driver for the local and international trades. The Global
Competitiveness Index (GCI) which contains more than 10 factors of attractiveness
of a country shows a positive relationship with the logistics outcome of a country.
This was studied by Ekici et al. [10] which came to a conclusion that technology,
knowledge and training, innovation, market size and infrastructure portrayed the
strongest relationship with logistics outputs. From this study, it can be inferred that
logistics companies have to maintain a strong financial background to have higher
productivity. This is because the costs incurred in technological adoption, employee
training, research and development and infrastructure are relatively high.
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A study in Vietnam [11] also found that about 90% of organizations suffered
loss in revenue and profit since the start of the pandemic while more than 85% of
organizations had reduced cash flows. This study also found a positive relationship
between low revenue and the adoption of strategy to cut operational cost. With
decreases in cash flows, organizations were also adamant to pursue growth strategies.
Some organizations had also turned to seek for other incomes or modified their
business models to increase their financial capabilities.

A study had been performed by Karmaker [12] on the drivers of supply chain
sustainability during the pandemic. The result of the Pareto analysis showed that
financial support was among the top four drivers of supply chain sustainability during
Covid-19. Result of the fuzzy final reachability matrix found that the most crucial
driver was the financial assistance by the government. This is because many organi-
zations have faced complications to sustain their businesses while incurring losses
during this economic crisis. However, the incentives offered by the government alone
was not sufficient. Supply chain partners may need to collaborate to enhance their
financial strengths. This is an indication that survival in the logistics industry may
become very tough without proper financial management.

The logistics industry is the bridge that links the domestic economy to the inter-
national arena by connecting the different sectors of economy especially in storage,
maritime and transportation. Products produced by manufacturing firms will have
to be transported for further processing and be sold to customers. In Malaysia, the
national economy is mainly driven by themanufacturing industry with a high volume
of export annually [13]. Saidi et al. [14] has also concluded that logistics attractive-
ness of a country greatly induces foreign direct investment and economic growth.
Therefore, the logistics industry also plays a very huge role to manage the materials,
inventories, warehouses and fleet. The logistics industry is undeniably the catalysts
for export and import activities which fuel the economy of Malaysia [15].

Hence, the efficiency of logistics companies particularly in terms of financial
performance, will be analyzed in this paper. The objective of this paper is to propose a
research framework to optimize and compare the financial efficiency (FE) of logistics
companies in Malaysia using the Data Envelopment Analysis (DEA) model. DEA is
a popular type of Multi-Criteria Decision Making (MCDM) model. MCDM model
helps to analyze and solve decision making problem that involves multiple decision
criteria [16–24]. DEA is a linear programming model for optimization which aims
to determine the performance of decision-making units (DMU) with various criteria
by maximizing the relative efficiency of each DMU. In this case, the DMUs are
represented by the logistics companies. The various criteria may exist in the forms
of inputs or outputs whereby the inputs should be the smallest possible whereas
larger outputs are more favorable. The use of several inputs and outputs for efficiency
optimization is one of the advantages of DEA which is applied in this paper. This
analysis is output oriented as the objective function is to maximize the outputs, given
the fixed inputs [25]. The performances of the DMUs are measured by the efficiency
scores which are computed by using the sum of weighted outputs over the sum of
weighted inputs. The efficiency scores of companies shall fall from 0 to 1 which
shows the range of efficiency to be between 0 and 100%. Logistics companies with



4 L. P. Fun et al.

100% efficiency scores are efficient while the logistics companies with efficiency
scores below 100% are inefficient. Efficient logistics companies indicate that the
companies have made the full use of the resources to obtain the highest possible
returns. Upon obtaining the efficiency scores, inefficient companies shall benchmark
efficient companies based on the optimal solutions from the DEAmodel so that these
inefficient companies may shift towards efficiency.

DEA was used to investigate the FE of food and beverage manufacturers in the
European countries from 2011 to 2015. This paper adopted raw financial variables
includingdebt, current liabilities, turnover, earnings before interest and taxes, profit or
loss, shareholders’ equity and cash. The study found that liquidity variables were the
most influential criteria in contributing to the efficiency scores of the manufacturers
[26]. In a related study, DEA was combined with machine learning algorithms with
variables such as equity, operating expenses, net profit or loss and operating income
to study the efficiency ofmanufacturing companies in China in 2016. Due tomachine
learning application, this paper had successfully studied larger data sets. The results
of this paper contributed to ameliorate the performances of the manufacturers [27].
The FE of 25 airlines were studied from 2010 to 2016 by incorporating variables
in the corporate social performance measurements. The results found that corporate
social performance did not enhance the FE of the airlines [28]. DEA model was also
used in studies related to bank performance [29, 30] and court [31, 32].

When financial ratios are analyzed, the financial health of logistics companies
can be determined to offer stakeholders a better understanding of the organiza-
tions, including the effectiveness of various strategies and management that reflects
the strengths and lapses of the organizations. To comprehensively understand an
organization financially, a combination of liquidity, profitability and leverage ratios
with minimum correlation should be used [33]. Return on equities (ROE), return on
invested capital (ROIC) and return on assets (ROA) were used by Al-Mana et al. [34]
to study the FE of oil companies with DEA and stochastic frontier analysis (SFA)
to compare the efficiencies of the government-linked, private and international oil
companies around theworld. Total debt/total asset ratio (DAR)was one of the criteria
used to analyze Eurozone banks with DEAwith the results showing that banks could
adopt this study for their policy planning and deployment [35]. Current ratio (CR),
ROE, ROA and debt to equities ratio (DER) were some of the indicators used by
Tsolas [36] on construction firms with DEA range adjusted measure. Earnings per
share (EPS) and ROA were used as outputs in a semiconductor study with DEA
in Taiwan [37]. Many other researchers have also incorporated ROA, ROE, EPS,
CR, debt to asset ratio (DAR) and DER in their DEA papers [38–41]. Based on
the past studies, there has been no comprehensive study done on the financial effi-
ciency of logistics companies in Malaysia. Therefore, the FE of logistics companies
in Malaysia will be investigated using financial ratios which are ROA, ROE, EPS,
CR, DAR and DER with DEA.

This paper expects to provide a thorough examination of the robustness and short-
coming of logistics companies in Malaysia in terms of FE. This is because this paper
will provide logistics companies a realization on how well they are managing their
resources for their annual financial results. Another expected outcome of this paper
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is to offer benchmarking for inefficient logistics companies to boost their FE since
the optimization model of DEA will quantify the amount of improvement needed
as compared to other efficient logistics companies. The data and methods used will
be discussed in next section, followed by empirical results and discussions in the
following section and finally the conclusion to wrap up this paper.

2 Data and Methodology

Data from income statement from the 2017 to 2019 annual reports of the listed
logistics companies in Malaysian stock market are analyzed [42]. Table 1 shows
the proposed research framework for the optimization and comparison of FE among
logistics companies in Malaysia.

In this study, the FE of the logistic companies is optimized by maximizing the
relative efficiency based on the proposed research frameworkwithDEAmodel. After
that, the comparison of FE among the logistics companies is performed based on the
optimal solution of DEAmodel. Table 1 explains that the financial indicators adopted
for inputs are CR, DAR and DER. On the other hand, the outputs are represented
by EPS, ROA and ROE. In short, the proposed research framework shown in Table
1 explains that FE of the studied logistics companies will undergo optimization and
comparison with CR, DAR and DER acting as inputs while EPS, ROA and ROE
serving as outputs. With the efficiency being a simple ratio of output over input, the
closer the efficiency score to 1, themore efficient is theDMUor company. The further
the efficiency score from 1, the lower the efficiency level of a DMU. Therefore, a
DMU scoring 1 means that it is efficient while DMUs scoring less than 1 are deemed
inefficient and require amelioration. The efficiency is measured as a ratio of sum
weighted outputs to sum weighted inputs. The outputs will be maximized given the
fixed input. Below is the formulation of DEA with variable returns to scale [43–45]:

Maximize h j =
∑s

r=1 tr yr j + α
∑m

i=1 wi xi j
(1)

Table 1 Proposed research framework for optimization and comparison of FE among logistics
companies

Activities Description

Objective Optimization and comparison of FE among logistics companies

Input CR, DAR, DER

Output EPS, ROA, ROE

DMU AIRPORT, BIPORT, CJCEN, COMPLET, FREIGHT, GDEX, HARBOUR,
LITRAK, MAYBULK, MISC, MMCCORP, POS SURIA, TASCO, TNLOGIS,
WPRTS, XINHWA
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Subject to

∑s
r=1 tr yr j + α
∑m

i=1 wi xi j
≤ 1, j = 1, 2, 3, . . . , n (2)

tr ≥ ε, r = 1, 2, 3, . . . , s (3)

wi ≥ ε, i = 1, 2, 3, . . . ,m (4)

where
hj = relative efficiency of DMU j

s = number of outputs
tr = weightage of output r
yrj = degree of r-type output for organization j examined
m = number of inputs
wi = weightage of input i
xij= degree of i-type input for organization j examined
ε = positive value
n = number of organizations
α = free variable.
The output oriented objective function can be seen in Eq. (1) to maximize the

efficiency of all the DMUs. Equation (2) is set to limit the efficiency score to have
the range of [0,1]. tr andwi reflects the significance of the inputs and outputs respec-
tively to maximize the efficiency of each DMU. Equations (1)–(4) are non-linear and
therefore transformed into the linear equation [46] so that the denominator will be 1
while maximization is performed on the numerator as follows [47, 48].

Maximize h j =
s∑

r=1

tr yr j + α (5)

Subject to

m∑

i=1

wi xi j −
s∑

r=1

tr yr j − α ≥ 0, j = 1, 2, 3, . . . , n (6)

m∑

r=1

wi xi j = 1 (7)

tr ≥ ε, r = 1, 2, 3, . . . , s (8)

wi ≥ ε, i = 1, 2, 3, . . . ,m (9)
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In this study, the computational work of DEA model is performed using
LINGO. It is software for solving linear programming, nonlinear programming, goal
programming and integer programming models [49–56].

3 Result and Discussion

The FE score and ranking of the logistics companies in Malaysia are being presented
in Table 2 based on the optimal solution of DEA model. Table 2 describes logistics
companies with FE scores of 1.0000 are efficient while organizations with FE scores
below 1.0000 are inefficient. Efficient logistics companies are ranked 1st among
the logistics companies under study. Seven (7) logistics organizations, including
COMPLET, GDEX, LITRAK, MISC, MMCCORP, SURIA and XINHWA scored
1.0000 in their FE, hence are classified as efficient companies with the first ranking.
This implies that these efficient companies have fully utilized their resources for
output maximization. Therefore, these efficient companies act as the reference sets
for other inefficient logistics companies which have yet to achieve optimal FE.

On the other hand, AIRPORT (0.7243), BIPORT (0.5579), CJCEN (0.7216),
FREIGHT (0.7171), HARBOUR (0.7908), MAYBULK (0.8499), POS (0.9277),
TASCO (0.7036), TNLOGIS (0.8771) and WPRTS (0.8905), are inefficient because
their FE scores are less than 1.0000. These companies have not managed their

Table 2 FE scores and
rankings of logistics
companies in Malaysia

Organizations FE Scores Rankings Performances

AIRPORT 0.7243 13 Inefficient

BIPORT 0.5579 17 Inefficient

CJCEN 0.7216 14 Inefficient

COMPLET 1.0000 1 Efficient

FREIGHT 0.7171 15 Inefficient

GDEX 1.0000 1 Efficient

HARBOUR 0.7908 12 Inefficient

LITRAK 1.0000 1 Efficient

MAYBULK 0.8499 11 Inefficient

MISC 1.0000 1 Efficient

MMCCORP 1.0000 1 Efficient

POS 0.9277 8 Inefficient

SURIA 1.0000 1 Efficient

TASCO 0.7036 16 Inefficient

TNLOGIS 0.8771 10 Inefficient

WPRTS 0.8905 9 Inefficient

XINHWA 1.0000 1 Efficient
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Table 3 Summary of FE
scores for logistics companies
in Malaysia

Items FE scores

Average efficiency 0.8683

Minimum efficiency 0.5579

Maximum efficiency 1.0000

% of efficient organizations 41.18%

% of inefficient organizations 58.82%

resources efficiently to yield more returns. POS scored 0.9277 (92.77%), which
implies that POS is very close to becoming efficient. On the contrary, BIPORT,
which scored 0.5579 in FE, is very far from being efficient. Table 3 summarizes the
FE of logistics companies in Malaysia with DEA optimization. 41.18% of the logis-
tics companies in Malaysia are efficient with FE score of 1.0000. The percentage of
efficient companies are consistent with past research with range between 40.00 and
65.00% [57, 58].

With regards to the scores and performances of the logistics companies, Table 4
describes the benchmarks for the inefficient logistics companies with the efficient
companies serving as reference sets.

Table 4 shows the reference sets consisting of the efficient logistics companies for
the inefficient logistics companies to improve their efficiencies based on the optimal
solution of DEA model. AIRPORT, BIPORT, CJCEN, FREIGHT, HARBOUR,
MAYBULK, POS, TASCO, TNLOGIS and WPRTS scored less than 1 following
the DEA optimization, hence classified as inefficient. COMPLET, GDEX, LITRAK.
MISC, MMCCORP, SURIA and XINHWA are efficient companies then act as refer-
ence sets for these inefficient logistics companies to help them move towards effi-
ciency. For example, AIRPORT has lower efficiency level compared to MISC and

Table 4 Benchmarks for Inefficient Logistics Companies

Inefficient companies Efficient companies

GDEX MISC MMCCORP SURIA XINHWA

Airport – 1 1 – 1

Biport 1 1 – – 1

Cjcen – 1 – 1 -

Freight – 1 – 1 1

Harbour – 1 – 1 1

Maybulk – 1 1 – 1

POS – 1 1 – –

TASCO – 1 1 – 1

TNLOGIS – 1 1 – 1

WPRTS – 1 1 – 1

Total 1 10 6 3 8
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MMCCORP, therefore, MISC and MMCCORP are the benchmarks for AIRPORT
for enhancement. At the same time, BIPORT is less efficient when comparing with
GDEX, MISC and XINHWA, so these three companies will act as the benchmarks
for BIPORT. MISC is the benchmark for all the inefficient logistics companies.
XINHWA is more efficient when comparing with eight inefficient logistics compa-
nies in this study,MMCCORP is the benchmark for six inefficient logistics companies
while SURIA and GDEX are the benchmarks for three and one logistics company
respectively.

4 Conclusion

This study aims to propose a research framework to optimize and compare the FE
of logistics companies in Malaysia with DEA model. Based on the optimal solution
of DEA model, 41.18% of logistics companies are efficient including COMPLET,
GDEX, LITRAK. MISC, MMCCORP, SURIA and XINHWA. This implies that
these efficient companies have fully utilized their resources for output maximiza-
tion. The results of this study show that the logistics companies achieve an average
efficiency score of 0.8683 (86.83%). The inefficient logistics companies have to take
effective measures by benchmarking the efficient logistics companies to ameliorate
their performances to achieve optimal efficiency.
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Research Output to Industry Use: A
Readiness Study for Topic Modelling
with Sentiment Analysis

Jih Soong Tan and Wai Chong Chia

Abstract At the turn of the century, the web moved from being static to being
driven by dynamic user-generated content, which also caused the rapid growth of
social media. With this widespread adoption of social media, it has resulted in huge
volumes of textual data,which contain useful information that can benefit enterprises.
Commercial applications have quickly sprouted and some have adopted matured
research outcomes, especially in the area of opinion and sentiment analysis. Prior
to conducting sentiment analysis, the sentiment on the topic of interest needs to be
discovered, or better known as topic modeling. Topic modeling had not been known
to exhibit the reuse readiness for general usage. In this study, we implemented the
Latent Dirichlet Allocation algorithm (LDA), with an established sentiment analysis
tool, Valence Aware Dictionary for Sentiment Reasoning (VADER). Using the Reuse
Readiness Levels (RRL), it was identified that LDA for Topic Modeling is at RRL
4, where it might be reused by most users with some effort, additional cost, and
calculated risk.

Keywords Topic modeling · Text analytic · LDA · Reuse readiness levels

1 Introduction

Text analytic has been a popular research topic for many years [1, 7, 8, 13, 15, 23,
27, 34]. With the numerous research that has been going on, are they applicable for
industry usage? Many companies such as Google, Clarabridge, Oracle, Twitter, and
others have developed commercial text analytic software platforms for industry usage
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[1]. To promote companies’ brand values, companies are launching social media or
online campaigns by addressing problems raised by their customers from multiple
social media platforms and online reviews platform [33].

The widespread adoption of the internet has resulted in a huge volume of useful
textual data, which contain hidden information for companies to take advantage
of. Particularly, companies can implement competitor analysis where they mine the
immense amount of online data (e.g. social media and online reviews platform) to
investigate and find out new knowledge (e.g. brand awareness, product satisfaction,
and customer loyalty) that is not available in the structured data [12, 13, 25]. From
the findings, the companies can understand their competitive position, and ride their
edge against their competitors [18]. Also, companies can use the findings for the
strategic operational decision as competitor analysis allows them to identify their
strengths and weaknesses, improve business performance, and improve customer
satisfaction [23].

To achieve these, first and foremost, companies need to know the topic being
discussed. Several other authors [7, 8, 12, 22, 34] had proposed topic modeling
for multiple industrial purposes. However, these studies had not exhibited the reuse
readiness of topic modeling in the respective fields. Hence, we propose a readiness
study to evaluate the current reuse readiness level of one of the most known topic
modeling algorithmswith sentiment analysis for industrial purposes. To achieve that,
we propose to experiment with an example of industrial usage for topic modeling
with sentiment analysis by mining online reviews and transforming text content
into sentiment and various topics, then, visualize it. We experiment by creating
an application that does opinion summarization and sentiment analysis from online
reviews about two hotels, refer to Sect. 3.With this, we can evaluate if topic modeling
can generate useful information for industrial purposes. Then, the performance of
topic modeling and sentiment analysis is evaluated by accuracy. Reuse Readiness
level for topic modeling is identified by three experienced personnel using the known
reusability evaluation method, Reuse Readiness Levels (RRL) proposed byMarshall
et al. [24]. The main contribution of our proposed study is to discover the potential
reusability and maturity of topic modeling for industry usage. Therefore, this allows
us to better recognize if topic modeling is ready for industry application or require
further development; and the rate of cost and risk of topic modeling for industry
usage.

We will be using the Latent Dirichlet Allocation-based (LDA) [5] for topic mod-
eling to summarize and categorize the review comments into topic groups. We are
implementing LDA as it is a foundation of most new topic modeling techniques [4,
10, 17, 20, 29, 31] and if optimized, it is one of the best performing topic modeling
[2, 26]. It is also themost implemented and one of themost promising topicmodeling
method among researchers [2, 7, 8, 12, 19, 22, 32, 34].
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2 Literature Review

Topic modeling is a method of machine learning that allows machines to automat-
ically determine topics in a given collection of text [3]. Topics are obtained from
a number of co-occurrence of specific words from a specific subject domain [3].
In this sense, topic modeling detects topics by applying an algorithm that calcu-
lates the number of co-occurrence of keywords based on the topic distribution in
an immense amount of unsupervised documents and describes the documents in a
bundle of keywords from the topics detected [5, 26].

2.1 Most Common Topic Models

Latent Dirichlet Allocation (LDA) [5] topic modeling approach is one of the most
common topic modeling techniques. It has been implemented in various area of
research field, including hospitality [7], social network analysis [8], competitor anal-
ysis [12], public relations research [34], and cybersecurity [22]. To implement LDA,
we require fine-tuning or optimization to produce effective and useful information
for industry or research purposes. Comparatively, latent semantic analysis (LSA),
also known as latent semantic indexing (LSI), is another common technique applied
in the topic modeling area. LSA reduces the dimension in matrices [2]. It is often
taken by researchers to do a comparison with LDA in topic modeling [2, 19, 32].
LDA is proven to be better in performance compared to LSA in terms of accuracy
and scalability as LSA requires an enormous amount of documents or datasets to get
better results [19].

2.2 Phrase-Based Topic Models

Wallach [30] has stated that one of the limitations of topic modeling is the bag-
of-words approach, where it only deals with words but not phrases that contain the
mixed length of words.Wang et al. [31] have proposed a new topic model based on n-
gram, topical n-gram (TNG) which automatically identifies words and mixed length
of phrases and assigns the topics. TNG is proven to be more explainable compared
to LDA. Then, El-Kishky et al. [10] have further improved topic modeling based
on n-gram by proposing the bag-of-phrases approach of LDA (PhraseLDA), where
they mine and segment the key phrases and use them to apply in LDA. Their result
has been proven to be better in scalability and performance. Similarly, Kherwa et al.
[20] has proposed to identify the high-quality key phrases and filter out meaningless
phrases, then create an LDA model based on the high-quality key phrases obtained.
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2.3 Topic Correlation Topic Models

Another limitation of topic modeling is the unlikeliness to identify the interrela-
tionship between topics [4, 26]. In 2007, Blei and Lafferty [4] have developed a
correlated topic model (CTM) based on LDA which allows the system to identify
the interrelationship between the hidden topics. CTM has proven to perform bet-
ter in performance and easier to be statistically interpreted. However, CTM is not
providing the function to select topics number in a corpus.

2.4 Time-Based Models

Besides, topic modeling has the limitation of not able to deal with inconsistent pat-
terns of word co-occurrence due to different writing styles and word use as time-
shifted [17]. To resolve the limitation, Blei and Lafferty [4] have invented a time
series probability-based topic model to allow the changes in words use within top-
ics over time. Roberts et al. [29] have proposed a new technique called structural
topic model (STM) where it’s trying to deal with two topic modeling limitations by
allowing topic correlations and varying of keywords in a topic over time.

2.5 Other Types of Models

Probabilistic latent semantic analysis (PLSA) is an advancement from LSA, where it
adds the probabilistic variant in topics and words and gains improvement on perfor-
mance based on LSA. [14]. PLSA is very similar to LDA, except LDA uses Dirichlet
distribution for document-topic andword-topics, which lead to greater generalization
[2]. In 2020, Kim et al. [21] have proposed a new topic modeling technique based on
LSA, W2V-LSA that uses Word2vec and spherical k-means clustering. W2V-LSA
is compared to PLSA and acknowledged that it has performance gains in terms of
finding accurate topics for documents.

3 Methodology

Figure1 depicts the step by step process of our methodology;

1. Data collection: Source from TripAdvisor,1 a hotel review site,
2. Cleaning and Pre-processing: Format the data so that it enables the counting of

useful terms in each document,

1 www.TripAdvisor.com.

www.TripAdvisor.com
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Fig. 1 Flowchart of the process of our methodology

3. Modeling and tuning:An iterative tuningprocess to categorize the textual reviews
into topics,

4. Sentiment analysis: Classify the reviews into positive, neutral or negative senti-
ment, and

5. Reuse Readiness Levels: Evaluate the suitability of the technology to be reused
for commercial purposes.

3.1 Data Collection

We collect only the English reviews of two hotels from TripAdvisor and stored them
in a Comma-Separated Values (CSV) file. The reviews of Hotel A are used to train
the topic modeling model, and the reviews of Hotel B are selected to test the topic
modeling model’s accuracy. The training set has 1278 reviews and each review has
100 average words length. The evaluation set has 50 reviews and each review has 57
average words length.
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3.2 Cleaning and Pre-processing

The data contain text that may not contain formatting code, unrecognized characters,
or variation of the same words, where we will then remove, merge or modify them
as appropriate. The cleaning and pre-processing will improve the accuracy of the
categorization. We used the Python NLTK (Natural Language ToolKit) library to
clean and pre-process our collected data.

3.3 LDA Topic Modeling

LDAdiscovered topics in the reviews based on thewords provided in the reviews. The
topics are the specific features that represent the corpus. It calculates the proportion
of the words and determines the topic based on the probability. By applying LDA, it
allows users to determine their own topic model by inputting dataset and add topics’
tag to each topic. The project mainly used the NLTK and gensim [28] libraries.

Constructing a Document-Termmatrix. To generate an LDAmodel, the customer
reviews are converted into a document-term matrix. The document-term matrix is
the matrix that shows the term frequency occurrence within each review. We assign
a unique integer (term id) for each unique term while counting and recording word
counts and relevant statistics. Then, we store the term id and term frequency of each
review into a list (Document-Term matrix) where the key of the list is the review
identity and the value of the list is term id and term frequency.

Generating the LDA model. The LDA model is built by applying the Document-
Term Matrix that was constructed. We tune the “num_topics” and “passes” of the
LDA model until we get the result we wanted. The “num_topics” is the number of
topics to be generated by the LDA model. The “passes” is the number of iterations
the LDA model will take through the Document-Term matrix. For testing purposes,
we created our own LDAmodel based on the cleaned data and added topics’ tags for
each topic of the LDA model. Then, we can use the LDA model and the topics’ tags
we created for performance evaluation.

Performance evaluation. We label 50 reviews that were collected from TripAdvisor
and use it as test sets. Then, we evaluate the model’s performance by measuring the
accuracy.

3.4 Sentiment Analysis and Classification

We implement the VADER2 sentiment analysis tool to do the sentiment analysis on
the customers’ reviews. We selected VADER as the tool to classify texts as it is one

2 https://github.com/cjhutto/vaderSentiment.

https://github.com/cjhutto/vaderSentiment
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of the best performance open-source lexicon sentiment analysis [16] and it is proven
to work well with online comments such as social media and reviews [6, 11, 16]. As
the VADER sentiment analysis tool does not directly classify the texts into positive,
negative, and neutral reviews, a classifier was built to classify the texts by using
the’compound’ polarity score calculated by the VADER sentiment analysis tool.

3.5 Reuse Readiness Levels

We implement the Reuse Readiness Levels (RRL) introduced by Marshall et al. [24]
to determine the re-usability of the LDA topic modeling technology. We use RRL as
it helps us to identify the weak areas in their research or work, so they can develop
further from theweak areas and improve the re-usability of their solutions orwork[9].
Also, it helps us to identify the cost, risk, and reuse readiness level for industry usage.
RRL levels range from 1 to 9. The different levels are described in Table1. Three
experienced personnel, who have experience in implementing topic modeling and
sentiment analysis were engaged to define theRRLof the technology as implemented
based on our work’s output. They evaluate the nine topic area levels proposed by
Marshall et al. [24] to measure the potential of reuse. The detailed evaluation method
of each topic area level refers toMarshall et al.’s paper [24]. Then, we chose the most
appropriate topic areas level by using the mode statistical measure, and if they are
all different, we took the median value. To calculate RRL, we average the topic area
levels by using mean statistical measure and round to the nearest integer.

Table 1 Reuse readiness levels adapted from [24]

RRL Summary

1 Limited reusability; the software is not recommended for reuse

2 Initial reusability; software reuse is not practical

3 Basic reusability; the software might be reusable by skilled users at substantial effort,
cost, and risk

4 Reuse is possible; the software might be reused by most users with some effort, cost, and
risk

5 Reuse is practical; the software could be reused by most users with reasonable cost and
risk

6 Software is reusable; the software can be reused by most users although there may be
some cost and risk

7 Software is highly reusable; the software can be reused by most users with minimum
cost and risk

8 Demonstrated local reusability; the software has been reused by multiple users

9 Demonstrated extensive reusability; the software is being reused by many classes of
users over a wide range of systems
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4 Result and Discussion

4.1 LDA Topic Modeling

To optimize the LDA topic modeling, we conducted experiments with three
approaches, whole texts, paragraphs, and sentences for LDA topic modeling. We
identified the LDA model trained in sentences outperforming the others. From our
observation, we discovered whole text approach and paragraph approach contain too
many duplicated and irrelevant words due to the high possibility of multiple topics
within a long text. As our system, we selected the best performing approach, training
the LDA model in sentences as most of the reviews we collected are in a long text.
We tuned the model and extracted 20 topics from the training set data because it gen-
erated appropriate and relevant keywords in each topic. We then group the similar
topics into four main categories, Room & Facilities, Location, Service, and Others.

As each reviewmay have written about multiple categories, we tagged 50 reviews
manually and found 130 categories to evaluate the LDA topicmodeling performance,
which resulted in near 3 categories per review. We compared the manually labeled
reviews with the system results and captured the total number of correct categories
and the total number of mismatch categories, refer to Table2. Our system gives
accuracy at approximately 66.15%.

We believe that the LDA topic modeling performance is affected by misspelled
words, abbreviations, and less informativewords.Althoughwe applied the stopwords
removal, abbreviations or internet slang such as “u”, “ok”, and “th” still have high
occurrences among the reviews, which resulted in the system capturing it as the
keywords of topics. Also, we recognized that there are words in reviews (e.g., one,
two, well) that do not bring much information on a topic. One possible performance
improvement approach for LDA topic modeling is removing some of the Part-Of-
Speech (POS) in the text or a better cleaning process to deal with abbreviations and
noise words. However, we noted one limitation of LDA topic modeling where it has
to fix the number of topics as there is no perfect answer for the best number of topics.

4.2 Reuse Readiness Levels

To evaluate the LDA topic modeling RRL, each topic area levels is evaluated by three
experienced personnel based on the definition of the levels as stated in Marshall et

Table 2 Testing result of the categorization

Number of correct categories Number of mismatch categories

111 25
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al.’s paper [24]. We get the most occurrences of level selection (mode) in each topic
area from the evaluation, and if they are all different, we take the median value. Then,
RRL is calculated and the outcome of our evaluation resulted as RRL level 4 (Table 3
provides the description).

We generated an example of commercial output for management based on the
LDA topic modeling and sentiment analysis results (Fig. 2). The output of LDA
topic modeling is reusable for industry purposes. However, LDA topic modeling
requires an iterative manual fine-tuning effort. Further development or fine-tuning
on topic modeling is definitely required to bring better results. From our findings,
LDA topic modeling is applicable for industry usage but not sufficiently accurate
with an accuracy of 66.15%. It might be reused for commercial purposes but with
some effort, additional cost, and calculated risk.

To validate our work, we perform a preliminary review of our system to evaluate
the RRL of topic modeling among a team of 5 industry veterans and to compare
our evaluation against the industry veterans. The 5 industry veterans are experienced
and specialized in the marketing and customer management industry. Accordingly,
the following team will undertake the RRL evaluation of LDA topic modeling based
on our work and the method proposed by Marshall et al. [24]. From their review,

Table 3 Topic area levels summary of topic modeling model

Topic area Level Description

Documentation 5 Basic tutorials and reference manual
provided

Extensibility 4 Some extension possible through
modification but requires permission
from the owner

Intellectual Property Issues 5 Licensed open source software, free
available for reuse

Modularity 7 Organised as API library

Packaging 3 Installation instructions provided

Portability 4 The technology requires further
development or fine-tuning to have a
good result

Standards compliance 5 Gensim does full test on each request
automatically using continuous
integration services

Support 3 Provided contact information but support
is not guaranteed

Verification and testing 4 Following our testing result, the software
has 66.15% accuracy which achieve
concept-enabled level of topic modeling

RRL 4 It might be reused by most users with
some effort, additional cost, and
calculated risk
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Fig. 2 An example of commercial output for management

we select the most occurrences level of each topic area (mode), and if they are
all different, we took the median value. Then, we calculate the mean of topic area
levels and round to the nearest integer to get the RRL from their review. The result
is shown in Table 4. As expected, the RRL of our evaluation is the same as the
result of the preliminary review. However, there are several differences in the level
of each topic area. The industry veterans have a better rating in the topic area of
documentation, extensibility, and support. The industry veterans have commented
that the LDA topic modeling has relatively good usability for industry usage. On the
contrary, they have the lowest rating in standard compliance. The industry veterans
provided feedback about a huge drawback they felt of where LDA topic modeling
can’t perform performance measurement over time based on unlabelled data. We
believe that is due to the unsupervised learning characteristics, where it does not
provide any assurance that industries needed. However, given the commercial output
visualization, the industry veterans believe that the advantages of topic modeling for
industry usage outweigh their disadvantages, especially for customer management
and marketing purposes. With our findings, researchers can work on improving topic
modeling on its weak topic area in the future for industry usage.

5 Conclusion

We have developed a system that collects data, categorization of reviews by topics,
and classification of reviews by sentiment to investigate the industry reusability on the
reuse readiness of topic modeling with sentiment analysis. We proposed to develop
the system by using LDA topic modeling for categorization of reviews, and VADER
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Table 4 Preliminary review
output from 5 industry
veterans

Topic area Level

Documentation 6

Extensibility 5

Intellectual Property Issues 5

Modularity 7

Packaging 3

Portability 3

Standards compliance 3

Support 4

Verification and testing 4

RRL 4

for sentiment analysis, then measured the performance of LDA topic modeling and
the VADER sentiment classification tool by the accuracy metrics. We visualized an
example commercial visualization in Fig. 2 for management purposes based on data
generated by the system we developed.

Our findings have shown that LDA topic modeling for industrial purposes is
applicable but not sufficiently accurate with an accuracy of 66.15%, and VADER is
having an accuracy of 64%. Therefore, LDA topicmodelingwould be a good solution
for the industry to discover hidden contents from reviews if the performance improves
with more development.

To measure the RRL of topic modeling, we have done an analysis on the output
of our work based on the methodology proposed by Marshall et al. [24]. As the
main finding, we determined the RRL of LDA topic modeling to RRL 4, where
more effort, cost, and risk are required for industry usage. Hence, we believed that
further development or fine-tuning on LDA topic modeling is required to improve
the performance and reduce cost and risk for industry usage.
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Human Motion Recognition Based
on Kinect Sensor and Leap Motion
Controller

Chun Yung Wong, Giap Weng Ng, and Ag Asri Ag Ibrahim

Abstract Augmented reality (AR) is an interactive experience of a real-world envi-
ronment where objects reside in the real world are enhanced by computer-generated
perceptual information. In essence, emulating and altering reality that include, in rela-
tively real-time and precision, position and motion tracking (sensors like Kinect and
Leap Motion Controller), match moving (techniques allowing insertion of computer
graphics into live-action footagewith correct position, scale, orientation andmotion),
and finally motion capturing (process of recording movements of objects or people).
This review is dedicated to the question of what object recognition (motion tracking,
match moving and motion capture) is and how this technique can be identified, thus
synthesizing knowledge in the field. The former is further clarified, elaborated, and
compared using input sensors like Kinect and Leap Motion Controller.

Keywords Kinect · Leap motion controller ·Motion · Sensor

1 Introduction

Kinect is a sensor developed byMicrosoft. Kinect sensor consists of an RGB camera,
depth camera and infrared emitter, to track human body movements. The product
is first released 10 years ago back in 2010. Microsoft provides software and arti-
ficial intelligence to enable the Kinect to perform constant motion tracking, voice
recognition and body tracking sensor for multiple users at a time.

Besides, Kinect was initially introducedmainly for gaming console like Xbox 360
andXboxOne, where Kinect sensor is an additional peripheral that is installed on top
of the user’s display that work like video camera except with additional function of
motion sensing features. However, XboxKinect has been discontinued andMicrosoft
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stoppedmanufacturing the product inOctober 2017. Then, in year 2019 a newversion
of Kinect is released which known as the Azure Kinect. Azure Kinect development
kit enables developers to build computer vision and speech models using a developer
kit with advanced artificial intelligence sensors.

Meanwhile, leap motion controller is a motion sensor that track hand gesture
and enable user to control their computer through finger movements. Leap motion
controller let users experience a newway to interact with their computer without rely
on their peripheral like keyboard andmouse, solely using their finger movement. The
leap motion consisted of an infrared ray camera that helps track hand gesture. The
leap motion controller presents a new types of tracking techniques with a more
precision sensor, where it can sense multiple users at the same time [1].

There are various benefits in using both of this motion tracking sensors. This
paper aims to review the difference between these two devices and its technique
that is being used. Furthermore, this paper highlights the advantages of using these
devices.

1.1 Kinect Motion Tracking Sensor

Kinect motion tracking sensor, also known as Microsoft’s Kinect, has a depth sensor
that can tell how far an object are away by analysing the colours. The brighter the
colour the closer the object, and the darker the colour the farther the object are. Based
on Fig. 1 below, the person in front shows the brighter colour while the background
behind the person is darker. This is how Kinect sensor measure the position of an
object.

Fig. 1 Kinect depth image [2]
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Fig. 2 Measuring object
distance

For example, when the Kinect sensor wants to know how far away the objects are
from the camera, the distance between camera and object is measure, and a second
camera is required to draw lines between the objects to both cameras (Fig. 2). Then
the camera forms a triangle to calculate the distance the object with trigonometry.

Nevertheless, it is not as simple as adding two cameras, the Kinect sensor must
make sure that it is drawing lines from the same object if there were two objects in the
same scene [3]. The Kinect v1 sensor canmeasure object distance instead of adding a
second camera it has an infrared projector that paint the scene with invisible markers
shown in Fig. 3 [4]. Now the objects can be differentiated no matter the shape and
colors of objects are. Whenever the Kinect RGB camera sees number 84, it knows
that object is sitting along the 84 line from the projector so that it can triangulate the
distance likewise for any other number. It will automatically know its angle.

Users are unable to physically see the grid of numbers but rather a random dot
pattern. This helps accomplish the same goal because no group of dots pattern looks
the same, so the Kinect sensor automatically knows the angle of every group and can
therefore triangulate distances just like shown in Fig. 4.

However, the downside of this technology is that it can only work indoors because
the sunlight would wash out the dot pattern and similarly multiple Kinects would
confuse each other by looking into the infrared projector [3]

Further, a newversion ofKinect is introduced in year 2019knownasAzureKinect.
A device that consists of artificial intelligence sensors with software development
kits and application programming interface for producing an advanced computer
vision and speech models [4, 5].

Referring to Fig. 5, there are two new software development kit with Azure Kinect
which are sensor and body. One of the speakers from Microsoft Erica Towle, gave
a brief introduction on development of Azure Kinect in Microsoft build 2019 event.
She mentions that both sensor and body tracking software development kits are
completely redone from the ground up which means it is no longer compatible with
the older SDK. The main reason is to make sure that sensor software development
kit is open source and get rid of the need of using a driver. As for body tracking
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Fig. 3 Infrared projector examples

Fig. 4 Infrared projector project infrared dot pattern

software development kit, it provides a higher accuracy model and improve the
number of joints from body tracking and enable the ability to track more than one
person simultaneously. This product is no longer an Xbox console peripheral but
targeting product more to industry application [4].
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Fig. 5 Azure Kinect DK development environment [4, 5]

1.1.1 Differences Between Kinect v1 and v2

The first Kinect version 1 for windows is first released in year 2011 and Kinect
version 2 for windows is released in year 2014. The first creation of Kinect also
known as Kinect version 1 uses structured light triangulation sensor technology for
depth sensing [6], where it uses an infrared projector and depth sensor to calculate the
distance of object. While Kinect v2 uses time of flight sensor technology for depth
sensing. ToF also known as Time of Flight calculate the depth by light emission from
the camera to detected object [7].

Figure 6 shows Time of Flight (ToF) operated with light emission then observing
the returned light. The light emission and returned light aremeasured and translated to

Fig. 6 Time of Flight (ToF) depth sensor [6]
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Table 1 A summary of
differences between Kinect
v1 and v2

Features Kinect version 1 Kinect version 2

Released date 2011 2014

Sensor technology Structural light
triangulation

Time of flight

Number of joints 20 25

Number of
skeleton/persons

2 6

Resolution &
framerate

480p30fps 1080p30fps

Max depth sensing
range (m)

3.5 4.5

distance and the depth of object. Furthermore, structured light method is considered
expensive and complex. Other issues with structured light depth sensor are that it
does not work well with sunlight interference. Although Time of Flight (ToF) is
also having the same problem of lacking performance under sunlight. ToF camera
contributes to a higher framerate, up to 50 frame per second, as a result it works great
on real time application for examples motion tracking applications [8].

Kinect version 1 can track up to 2 and Kinect version 2 can track up to 6 users
simultaneously [9]. Moreover, Kinect version 1 and 2 is different in terms of the
number of joints in tracking human body joints. Kinect v1 can track 20 joint per
skeleton and 25 joints per skeleton for Kinect v2 [10]. In addition, both Kinect
version 1 and 2 have the same camera operate framerate which is at 30 frame per
second. But Kinect version 2 offers higher camera resolution at 1080p while Kinect
version 1 camera resolution is at 480p which is a huge difference in comparison [9]
(Table 1).

1.2 Leap Motion Controller

Leap motion is a computer peripheral that allows users to use finger motion to
navigate through the computer. Tracking hand and finger motion enable things like
virtual reality in a more immersive way instead of holding a physical controller like
virtual reality headset, where the users just need to hover their hand on top of the
leap motion device. For examples, use two fingers to scroll pages, pinch both finger
mid-air to spin around google earth application or general navigation on computer.
Leap motion recognizes all the multi-touch combination and execute the action that
the user has expected.

Further, leap motion controller uses a camera and an infrared sensor to detect
hand and finger motion. Figure 7 shows the leap motion interaction area, leap motion
controller has a field of view of 150 degrees angle [11].



Human Motion Recognition Based on Kinect … 33

Fig. 7 Leap motion interaction area

Leap motion’s universal serial bus controller will analyse the sensor information
then stored into local memory then execute resolution adjustment. After that, the
device’s tracking software will stream the data. The best way to use the leap motion
is to hover hand on top of the device where the sensor can read the palm and fingers.
While the worst-case scenario is that the leap motion controller would not recognize
motion properly if the palm were in vertical position, this would cause either one
finger to show up or it does not recognize at all. Figure 8 shows the coordinate of
leap motion whereby along the x-axis is where user move to left and right, y-axis to
top and bottom and z-axis is to interact with application for examples clicking on an
application.

Fig. 8 Coordinate of leap
motion [12]
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2 Findings

Kinect sensor has a limitation whereby anything that is closer than 40 cm to the
sensor, Kinect are unable to track it. However, leap motion tracking range is between
0.25 and 60 cm [13]

Leap motion controller uses stereo triangulation as it has two cameras in the
device, however it is different from Kinect v1 as it does not use pattern when light
comes in pulses because it is aligned with camera framerate that helps lower power
usage and improve performance [14] (Table 2).

Although both Kinect sensor and leap motion controller have motion tracking
capability, both devices have significant differences. In fact, both devices served
their own purposes, for example Kinect has the capability of tracking body motion
whereas leapmotion does not have the features to do so. The limitation of leapmotion
is that the sensor can only analyse and read hand gesturemotion, while Kinect has the
capability of allowing developer to implement hand gesture recognition [15]. Further,
both of this product support windows and Linux operating system but Kinect v2 is
not supported for Mac operating system.

Nevertheless, Kinect are mainly known for its gaming capability in Xbox360.
The sensor device is also bigger in term of size compared to another sensor such
as leap motion, which makes it less portable. While leap motion controller is very
small in term of size which considered as an advantage has only hands and finger
tracking capability. Leap motion controller does better work in tracking fingers
motion compared to Kinect sensor [16].

Table 2 Differences between Kinect v2 sensor and leap motion controller

Motion tracking sensors Kinect v2 sensor Leap motion controller

Supported operating system Microsoft, Linux Microsoft, MacOS, Linux

Sensors specification Infrared transmitter, infrared
camera 0.3 megapixels, RGB
camera and 4 directional
microphones 30 Hz

3 infrared transmitter, 2
infrared cameras 1.3
megapixels

Image refresh rate (Hz) 30 200

Recognition Facial recognition, body
tracking, gesture, and speech
recognition

Hand and finger motion

Sensor technology Time of Flight (ToF) Stereo triangulation

Maximum tracking range (m) 4.5 0.6
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2.1 Advantages and Application of Kinect Motion Sensor
and Leap Motion Controller

One of the advantages of using Kinect motion sensor is that it can be applied for sign
language translator. The way the system works is by performing a sign language in
front of a Kinect sensor camera then the system processes it and output the result
on a computer screen. Further, this system can communicate between those who
know sign language and those who does not know. The capability of Kinect v2
reading hand gesture is important for human computer interaction due to its extensive
applications in sign language recognition. This system is proven to be working with
the achievement of 95.2381% of accuracy [17].

Moreover, Kinect sensor is also suitable in robotic field. Kinect sensor allows
the users to control robot movement using body motion recognition. For example,
control robot arm uses gesture recognition in Kinect sensor. Kinect sensor is used
as a input where it track user arm movement then process the information and give
instruction to the robot arm [18]. Kinect sensor can be applied in clothes simulation
and rendering effects with the sensor device ability of image recognition and motion
tracking [19]. The application is interactive, where users possess virtual dressing
room experience where they can choose dresses and wear it on virtually. The Kinect
sensor tracks user body then apply the virtual dress on a screen, this improves user
shopping experience. Leap motion controller is a small and portable device. The
process of setting up hand tracking on leap motion controller is simple, the sensor
can be used for desktop navigation. It is also suitable for virtual reality applications.
For examples, using leap motion finger recognition to interact with virtual object in
a virtual reality environment. Figure 9 shows an example of how user interact with
3D object using leap motion controller [20].

Fig. 9 Leap motion controller (a new hand tracking system Orion)
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3 Conclusion

Motion tracking sensor is the process of analysing movement and interpret the infor-
mation to do certain action. This review paper shows how both Kinect sensor and
leap motion controller works. For examples, Kinect motion sensor is known for their
body tracking capability whereas leap motion is for tracking hand motion gesture.
Kinect tracks body motion and leap motion are limited to track hand motion only.
Kinect sensor originally produced by Microsoft for gaming purpose only, however
with the introduction of Kinect v1 and v2 for windows it serves more than just for
gaming. Leap motion controller on the other hand can track hands, small object
and details with higher accuracy compared to Kinect sensor. Kinect sensor is more
focused on tracking full objects like full body motion and less responsive on smaller
movement.
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A Review on the Hyperparameters Used
in Machine Learning Approaches
for Classifying Paddy Rice Field

Lerryson Jomin and Rayner Alfred

Abstract Malaysia’s rice production, consumption and area harvested are relatively
small compared to its neighboring countries. Farmers lose an estimated average of
37% of their rice crop to pests and diseases every year due to poor pests and disease
monitoring for the paddy rice. The research aims to find the optimal range of hyperpa-
rameters to assess their performance. The application of deep learning in detection
of diseases and pests in rice plants can help farmers in applying timely treatment
on the plants. Therefore, we can reduce the economic losses substantially. Most
research conducted previously required large number datasets to get the best accu-
racy. In addition to that, most deep learning approaches have outperformed the other
machine learning approaches in performing the classification tasks. However, deep
learning approaches have many hyperparameters that require optimization. Thus, in
this research, we will determine the optimal value of all hyperparameters used in
the classification tasks. In this work, we also investigating the effects of varying the
values of all the hyperparameters used in the CNN architecture by comparing the
accuracy performance.

Keywords Paddy rice field · Convolutional neural network · Deep learning

1 Introduction

In Malaysia, the amount and percentage growth of Malaysia’s rice production,
consumption and area harvested are relatively small compared to its neighboring
countries [1]. The rice self-sufficiency level (SSL) for Malaysia (60–70%) remained
the lowest compared to Thailand, Vietnam, Indonesia and the Philippines [2]. Based
on the forecasting up to 2026, the OECD-FAOAgricultural Outlook report projected
awidening gap betweenMalaysia’s production and consumption of rice andMalaysia
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will be expected to import more rice in the next five years [3]. Farmers lose an esti-
mated average of 37% of their rice crop to pests and diseases every year due to poor
pests and diseases monitoring for the paddy rice.

In the literature, two state-of-the-art CNNarchitectures, VGG16 and InceptionV3,
have been used to produce good results in identifying paddy diseases. There are
limited works related to finding the optimal range of hyperparameters in both archi-
tectures. Though these deep learning-based architectures perform well in practice, a
major limitation of these architectures is that they have a large number of parameters,
a problem similar to previously conducted researches. For example, there are about
138 million parameters in VGG16 [4]. To address this problem, one could investi-
gate the best optimal range of values for the dataset. In remote areas of developing
countries, farmers do not have internet connectivity or have slow internet speed.
So, a mobile application capable of running CNN-based model offline is needed for
rice disease and pest detection. So, a memory efficient CNN model with reason-
ably good classification accuracy is required. Since the reduction of the number of
parameters in a CNN model reduces its learning capability, one needs to make a
tradeoff between memory requirement and classification accuracy to build such a
model [5]. A CNN architecture, named Simple CNN, has been proposed by other
researcher which achieves high accuracy leveraging two stage training in spite of
its small number of parameters [5]. Conducted experimental study in the literature
shows that the proposed Simple CNN model outperforms state-of the-art memory
efficient CNN architectures such as MobileNet, NasNet Mobile and SqueezeNet in
recognizing rice plant diseases [5].

The aim of this paper is to provide a review on the hyperparameter settings used
in deep learning approaches for classifying paddy rice field. Section 2 provides the
detail of the literature review or related works. Section 3 presents the discussion and
Sect. 4 concludes this paper.

2 Related Works

Based on the findings obtained in the literature, the most common datasets are high
resolution image (using DSLR, UAV, Mobile phones), satellite temporal data, and
hyperspectral image. In the dataset preparation, some research modified the image
taken using DSLR by cropping them based on a specified size. The cropped images
are subjected for image preprocessing to eliminate the influence of illumination
changes and noise and also to fix the deep learningmodel input size [5–8].Monitoring
the growth of paddy rice is difficult for traditional farmers due to climate change, soil
conditions, age of the farmers and time consumed to monitor the whole area. The
manual detection of plant diseases based on naked eye observation of experts is very
time consuming, expensive and sometimes it produces an error when identifying the
disease type [9]. Deep learning algorithms can be used to provide early warnings
to anticipate rice blast and detect its presence, thus supporting the applications of
biocidal chemical compounds or biological organisms used to kill parasitic fungi or



A Review on the Hyperparameters Used … 41

their spores. When high quality datasets with observations are available, machine
learning approaches are much more flexible and easier to develop/parameterize [10].
Otherwise, process-based models could be the solution. Based on several studies
reviewed in this paper, the applications of deep learning, in detecting the presence
of rice blast, has also provided suitable solutions for preventive remedial actions
targeting the mitigation of yield losses and the reduction of fungicide use [10]. The
identification of paddy diseasesmay also assist farmer in providing them the remedies
based on the types of disease [11]. Though these deep learning-based architectures
performwell in practice, onemajor limitation of these architectures is that they have a
large number of parameters, a problem that has been addressed in previous research.
VGG16, for example, contains approximately 138 million parameters [4]. Table 1
tabulates all the related works conducted previously in classifying paddy field to
detect paddy disease including their hyperparameters setting.

In the summary of works conducted, there are not much study that states their
hyperparameter settings. InTable 1,most of the techniques used areCNNandDCNN.
The number of neurons is corresponding to the number of stress classes in which
the input image needs to be classified [6]. In study [7], The number of neurons in
the input layer is set to the number of the chosen color features. The number of
epochs is a hyperparameter that defines the number times that the learning algorithm
will work through the entire training dataset. One epoch means that each sample in
the training dataset has had an opportunity to update the internal model parameters.
The minimum epoch set on summary of works is 10 and the maximum is up to
800. One of the most common used hyperparameters is the batch size, which is
the number of images used to train a single forward and backward pass. Table 1
show the minimum of batch size chosen is 12 and maximum is 64. Momentum is an
extension to the gradient descent optimization algorithm. It can be used to improves
both training speed and accuracy. The learning rate controls howmuch to change the
model in response to the estimated error each time the model weights are updated.
Based on Table 1, the minimum momentum set is 0.6 and maximum is 0.9. The
dropout hyperparameter is the probability of training a given node in a layer, where
1.0 means no dropout, and 0.0 means no outputs from the layer. A good value for
dropout in a hidden layer is between 0.5 and 0.8. In Table 1, the lowest dropout
used are 0.2 and the highest is 0.3. When infected with a disease, the color of the
paddy rice leaves changes, and colored spots appear on the leaves. As a result, the
majority of studies used high-resolution images to monitor the paddy rice disease
[5–9, 12–14, 16–18] and hyperspectral images [10, 15] to detect and assess the paddy
rice diseases. On the held-out dataset, the trained models DCNN achieve an average
stress classification accuracy of 92.89%, demonstrating the technical feasibility of
using the deep learning approach [6]. On the public dataset, Deep CNN achieves an
average recognition accuracy of 99.85%. Even with multiple classes and complex
background conditions, the average accuracy on the collected plant disease images
is 99.11%. As a result, the proposed method efficiently identified plant diseases and
outperformed other state-of-the-art methods [16]. Some combined approaches show
promising results that involve deep learning approaches [13, 14] and SVMalgorithms
[13, 15]. For instance, Deep feature—resnet50 combine with SVM classification
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results in better classification than transfer learning for identifying rice leaf disease
[13]. When compared to using all DSSFs with a support vector machine (SVM)
classifier, the SVM-based SFFS (SVM-SFFS) algorithm outperformed the others
in classification accuracy by up to 10% over the sampling period [15]. This shows
the feasibility of using ML-SFFS to accurately classify RLB-infected samples [15].
When high quality datasets with observations are available, it has been discovered
that ML models compete with process-based models and are much more flexible
and easier to develop/parameterize [10]. The BPNN, SVM, and k-NN classifiers
achieved average stress classification accuracies of 89.12%, 84.44%, and 76.34%,
respectively. This demonstrates that BPNN outperforms svm and k-nn classifiers in
stress classification [7]. The ADSNN-BO model outperforms all other state-of-the-
art models tested, with a test accuracy of 94.65%. According to model performance
comparisons, ADSNN-BOmodel achieves the highest test accuracy in detecting and
classifying rice disease [8]. Some study proposed system hybrid BFOA-DNN and
achieve accuracy value of 98% and DNN accuracy value is 93.50% [14]. This shows
that the combined approaches can produce promising result compare to one approach
only. In. terms of accuracy based on the number of parameters; it is shown that Simple
CNN achieve the desired accuracy of 93.3% with a significantly reduced model size.
Although Simple CNN is a sequential model with a low number of parameters, its
high accuracy (comparable to the other state-of-the-art CNN architectures) proves
the effectiveness of two stage training [5].

The most common used parameters are mini-batch size, initial learning rate,
number of epochs, dropout rate, number of neurons and momentum. A large number
of parameters is hard to be fine-tuned. In order to improve the classification of paddy
rice field, the performance of the Convolutional Neural Network could be optimized
by varying and identifying the values of hyperparameters that best suited to the task
of detecting paddy diseases. Most researchers used different value of hyperparame-
ters, and thus there is no clear value that can be used to classify paddy rice field [5,
6, 12, 19–21] (Tables 2 and 3).

Table 2 Most common used
hyperparameters for the CNN
model

Settings

Number of epochs

Batch size

Momentum

Neuron

Dropout rate

Initial learning rate

Table 3 Ranges of hyperparameter setting used based on literature

Epoch Size of batch Learning rate Dropout Neuron Momentum

10–800 12–64 0.0001–0.05 0.2–0.3 4–18 – 0.9
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3 Result and Discussion

Fine tuning the hyperparameter settings provides better results in classifying paddy
field in most cases, beside guarantees high precision (lowest standard deviation)
[5]. It means that in order for cutting-edge CNN architectures to achieve a good
accuracy on classifying the rice dataset, training on the large ImageNet dataset is
required before training on the rice dataset. The best accuracy of 97.12% is achieved
by fine-tuning VGG16 [5]. The Simple CNN architecture utilizing two stage training
achieves comparable accuracy and the highest precisionwithout any prior training on
ImageNet dataset [5]. Rather, thismodel is trained from scratch. Amajor limitation of
two stage training is that the entire dataset has to be divided manually into symptom
classes [5]. Other than hyperspectral images, most of the studies related to paddy
rice sample classification use high-resolution images and apply machine learning
techniques [10, 15] and deep learning algorithms [6, 17, 19, 21–26]. Combining
features [27–29] in paddy rice sample classification also improves the classifications
accuracies [13–15, 30]. Cascade Multi-classifier can also be used to improve the
performance of the paddy rice sample classification [31]. In order to get a good
model, selecting the number of hyperparameters are required in order to have high
accuracies or lower errors. In addition to that, example of low-bias machine learning
algorithms includes DT, k-NN and SVM.

4 Conclusion

In conclusion, despite all these deep learning-based architectures performed well in
practice, there are some difficulties encountered by researchers. Some of it involve
outdoor environment which is unpredictable weather consist of rainy days, cloudy
days and solar radiance, blurry image, mixed pixel, imperative data collection, imbal-
ance sample and unclear universal trained model. Some researchers stated that avail-
able data cover only small part and hard to manually label. Furthermore, ambiguity
of the sensitivity of sensitive features, limitation of optical satellite sensor, limited
performance of hardware and complex cropping systems. The needs of finding the
optimal hyperparameters is vital to achieve higher accuracy of classification. This
can overcome the challenge of requiring large number of datasets. First, there is a
need to investigate the capability of ensemble models or hybrid models based on
deep learning methods using multi-source data further, as these have been shown
to improve the performance of the base model. However, deep learning methods
require large number of samples to come up with efficient models. For instance, in
predicting paddy rice yield andmonitoring paddy rice disease using the deep learning
approach, a large amount of time-series data is required to improve the prediction
performance [18, 32]. Since most of the studies conducted for paddy rice sample
classification are based on image processing, the optimization of the classification
accuracy (e.g., using hybrid or ensemble approach) is another issue that requiresmore
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explorations. Second, a limited number of studies have been conducted in the area of
the application of machine learning algorithms based on multi-sources data because
existing studies have shown that integrating multi-sources data or determining the
optimum feature combination can provide a more comprehensive understanding.
We can produce more comprehensive modelling results by analyzing these complex
relationships among multi-source data or by determining the best feature combina-
tion. Using multi-features fusion (e.g., combining Landsat and SAR Time Series
Data) can also improve the accuracy of predicting paddy rice yield using a deep
learning approach [32]. Finally, a more thorough investigation into the efficiency of
processing software to perform image preprocessing for modelling is required.
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Cloud Database in Mobile Augmented
Reality

Nurul Farahin Hikmatullah Darwisal, Ng Giap Weng,
and Angeline Lee Ling Sing

Abstract Cloud computing is a technology that has been around since decades and
have been used in many fields. This work is dedicated to design and implement
Mobile Augmented Reality (MAR) with Cloud Database system. Certain articles
are reviewed in order to reach the conclusions of this study, where the study’s focus
is on the mobile storage requirements for MAR applications. It is destined to be an
effectual solution to most developers, particularly (a) when a complex environment
standing in the way for the majority of target users, also (b) in recognizing and
handling a huge amount of data. That said, this work is first devoted to the question
of what MAR is and how it can be identified. Next, it further clarified, elaborated,
and compared to some related notions. As a result of building on these prior defining
features and related notions, developers canflourish and leave their fingerprints on the
future with their diverse powerful and engaging predictive models and explanatory
models, in the context of use. Back as this work starts, MARwith a cloud data system
is a challenging technology in touching target users’ life where they lived, daily.

Keywords Cloud computing ·Mobile augmented reality (MAR) ·Mobile storage
requirements

1 Introduction

Cloud computing is a technology that has been around since decades [1]. Many
companies and sectors from various field have started moving towards cloud
computing technology adapting themselves by accessing their data from the cloud
database [2]. Aside from that, cloud computing can be considered a new dimension
in the IT sector because it saves money and allows for better application performance
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[3]. In order for the user to get all the informationwherever andwhenever they need it,
the database must be accessible all the time for the user’s ease of use. The goal of this
project is to design and implement aMobile Augmented Reality (MAR) systemwith
a Cloud Database. With the advancement of technology in the twenty-first century,
an increasing number of apps integrate mobile devices with the internet and remote
servers [4]. It is destined to be an effectual solution to most developers, particularly
(a) when a complex environment standing in the way for the majority of target users,
also (b) in recognizing and handling a huge amount of data.

Augmented Reality (AR) is a live, direct, or indirect appearance of a real-world
environment in which the elements are enhanced with computer-generated input
sensors such as graphics, audio, video, graphics, or GPS [5]. Augmented Reality
(AR) is akin to Virtual Reality (VR) in that it creates an interactive environment.
They necessitated a radical reorganization of the concept of reality. Rather of creating
a fully different artificial environment, AR strives to enhance the appearance of the
real world [6]. One of the most drastic growth applications in Augmented Reality
(AR) nowadays is Mobile Augmented Reality (MAR). MAR allows users to use
their mobile device (with built-in cameras, sensors, computational capabilities, and
cloud computing) to enjoy AR apps whenever and wherever they are in an equipped
environment. MAR connects the physical world with cloud computing allows the
user to share and access information stored or saved in the cloud anywhere by using
any device with an internet connection.

Cloud computing is a very promising technology that comes with more benefits to
the development. Managing massive volumes of data and generating a high-quality
product at a low cost is one of the primary issues that IT organizations face [7]. A
cloud database management system (DBMS) is a database management system that
handles cloud data while also providing services. Cloud data is disseminated through
the internet before being stored on a remote server that is managed by a third party.
A cloud service can help you save money while ensuring scalability, efficiency, and
reliability.

Coming next, this paper reviews past projects related to mobile augmented reality
(MAR) and cloud computing. In addition, this paper discusses mobile augmented
reality mobile requirements and problem faced during the implementation of the
application. The infrastructure of the database schema also discussed to understand
the roles in each stage. Lastly, an overview of future work on augmented reality and
cloud computing is proposed.

2 Related Work

Mobile augmented reality and cloud computing related work is discussed. The focus
of this discussion is on the design and structure that certain researchers employed
for their study.
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2.1 Museum Guiding System

A researcher from Indonesia made a MAR cloud database for museum guiding
system [8]. Museum is a place where all the historical and memorial objects are
collected and stored, and all the visitors (this term is used interchangeably with
“users” in this context) that come to the museum can only see the collection, but
not interact with it. Thus, the MAR guiding application is proposed so that the users
can involve and experiencing the interaction with the objects in the museum. The
application allows the users to point out the camera to the objects.When it recognizes
the objects, information of the objects will overlay on the users’mobile phone. This is
an unmarked AR application that uses a real object as a marker. For mobile phones,
there are two sorts of databases used: mobile databases and cloud databases. The
mobile database is a database that is embedded in a mobile phone, whereas the cloud
database is a cloud computing resource that assists in offering mobile data services
and applications to users. ARGuide is built on the Vuforia SDK, and all image targets
are stored in cloud database systems. The difficulties arise from the fact that differing
camera capabilities in different mobile phones give different results. Other elements
that affect tracking success include the processor on the smartphone and the internet
connection. Furthermore, this application should not be used in a dark or dimly lit
setting because it may alter the outcome.

2.2 Cloud Service Based AR

While a researcher from South Korea had implemented a cloud service-based AR
to improve flexibility and interactivity for both end users and developers [5]. In this
research, they are using OpenCV instead of other augmented reality libraries such
as Vuforia and ARToolKit. As OpenCV provides function for object tracking, thus
Speeded up Robust Features (SURF) is used after comparing it with Scale Invariant
Feature Transform (SIFT) and Oriented FAST and Rotated BRIEF (ORB) perfor-
mances [9]. OpenCV is used for the feature detection to obtain similar key points
between the saved marker and the image caught on the camera. After the key point
is detected, the software will provide homogeneous matrix to show some interac-
tion like translation, rotation and scaling between the image caught and marker. The
application allows users to be able to track objects and provide a homograph matrix.
Its cloud service database allows users to upload and addmarkers as well as projected
the 3D objects without making changes in the core application. Besides, the cloud
let the user make marker data sharing and multiple smartphones can use the same
marker content. As a result of using cloud storage in the application, the application
comes out with smaller size comparing when the data is saved in the application
itself. As a cloud database is used to save image data and objects, a REST API is
used to communicate between user’s smartphone and the cloud database. All the
images and objects are stored as a base64 string so that the database keeps smaller
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in size and the string can be sent faster. This helps the connection between client and
server require less bandwidth.

2.3 Cloud Based Architecture for MAR

A cloud-based architecture for MAR is proposed by researchers from Hong Kong.
This research suggested a cloud-based framework for MAR application develop-
ment [10] that enables rapid prototyping, development, and deployment of a wide
range of MAR applications. The framework has been designed with both applica-
tion and framework developers in mind. The goal is to develop a research-oriented
and application-oriented platform for MAR applications. Cloud computing is inte-
grated with the framework to achieve the best runtime performance and restricted
processing capability on local devices at the same time. The framework is simple
to use for developers because it includes ready-to-use functional modules. This aids
developers in saving time and money. It, on the other hand, delivers real-time perfor-
mance because computationally intensive activities are outsourced to developers for
computing acceleration. The advantage of cloud computing is that it saves power,
energy, and battery life. For framework developers, the development task is paral-
lelized to save money and time, but the parallel tasks should not be overlay and
coupled at the same time.Application developersmust examine both low-level imple-
mentation andhigh-level application logicwhenbuilding aMARapplication from the
bottom up. This framework, on the other hand, can encapsulate low-level functional
units, allowing developers to reuse high-level functionality with greater flexibility.
For the experiment, two MAR prototypes are being built. The first is a virtual car
that is moving down a real track, with the user being able to dynamically plot the
path and control where and how the car drives. Any line taken from real-world view
images can be used as the path. Because the extraction feature has a high processing
overhead, real-time performance may not be possible for mobile phones with limited
computer capabilities. As a result, the extraction feature is offloaded to the cloud for
processing acceleration, thanks to the cloud computing architecture. The coordinates
of the identified line are returned to the phone and assembled to steer the car’s route.
Users can interact with the car via the cloud’s real-time extraction capacity. Then
a collaborative Ping-Pong MAR application is created, allowing numerous users
(called players) to play the game simultaneously. Physical rectangle planes can be
used as bats by the players. The position and orientation of the mobile device are
used to estimate the information of the players. The virtual ball is created using the
present possessions of the players. Virtual geometry objects are utilised for collision
detection to simulate the ball hitting and bouncing. Both prototypes rely on cloud
computing to provide real-time performance, which is critical on mobile devices.
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2.4 Cloud Based Framework for MAR

Another cloud-based framework for MAR is proposed, which recognises task
offloading and takes advantage of cloud and edge computing capabilities [11]. It’s
a cutting-edge mobile tracking solution that provides lightweight tracking while
simultaneously masking offloading lag. On the server, a multi-object image retrieval
pipeline with high accuracy and speed is also constructed. The goal of this frame-
work is to solve a large-scale problem of multiple picture detection and a real-time
augmented reality on mobile and wearable devices. The AR app that built using
this framework was evaluated to perform effectively seamless AR experience and
robustness. The visual tracker on the mobile client obtain the camera footage in order
to extract and track the feature points, after which the object recognition request is
delivered to the server. The server establishes worker threads to process requests,
then worker threads receive and deliver network messages and perform visual tasks.
When an object is recognised, the information about the recognised objectswas trans-
mitted back to the mobile client. With feature point tracking, the visual tracker may
determine the transition location of any given area in the frame. Thus, the current
pose is derived from the result and are further utilized to render virtual contents.
The procedure then repeats itself when new objects are identified and added to
the database. For the visual tracking pipeline, the researcher divided the tracking
feature and object pose estimation activities into two pipelines. One handles feature
point extraction and whole-frame tracking, while the other handles posture setup
and updating for identified objects. The mobile client tracks and displays content,
but heavy image recognition is handled by the cloud. Thus, with the support of these
two pipelines, it solves the offloading delay between the key frames. Furthermore,
becauseAR systemsmust do constant visual processing tasks, whichmakes real-time
performance on the device nearly impossible, they rely on cloud and edge servers to
handle all the heavy lifting, allowing mobile to provide a fluid AR experience and a
wealth of contents.

2.5 Overview of Related Work

A total of four research papers were described above, with each publication
contributing to the MAR and Cloud Database. Table 1 summarises the preceding
discussion of relevant studies.

All papers fromTable 1 are contributed to theMAR and cloud database. where the
projects’ main goal is to minimize and address users’ mobile storage usage issues.
Slow performance for feature extraction and tracking on mobile platform, tracking
process took longer response time compared to when Cloud service was used are
among the challenges that occur as a result of storage andmemory demand concerns.
As a result of this evaluation, theMAR runtime performance increasedwhile utilizing
the Cloud Service. By outsourcing the feature tracking task to the cloud, the overall
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Table 1 Overview of Related Work

Project Description

Museum guiding system [8] • Use real object as marker
• Successful tracking 63.64%
• Tracking speed 2–6 s

Cloud-based architecture for MAR [10] • Feature extraction
• Offload feature extraction task to the cloud

Cloud service-based AR [5] • Provides AR environment while being able to track
objects and homograph matrix

• OpenCV as feature detection
• Allow user to upload and share marker
• Application comes out smaller in size

Cloud-based framework for MAR [11] • provide lightweight tracking while hiding offloading
latency

• Multiple image recognition with real-time AR
• Cloud and edge server as processing center for
heavy tasks

• Low overall offloading latency, and high runtime
performance compared to Vuforia

time cost for ensuring real-time performance is substantially reduced. This demon-
strates that cloud database services are capable of resolving mobile storage and
memory requirements, as well as assisting in improved the application runtime
performance.

3 Discussion

3.1 Mobile Augmented Reality (MAR)

Augmented reality (AR) is a method of bringing the virtual and real worlds together
[12]. Basically, AR application works by recognizing the surrounding object and
some information will be overlay on top of the user’s camera view with 3D renderer.
Nowadays, mobile phones are getting higher demand as it is widely used in people’s
daily life. Mobile augmented reality (MAR) had become one of the most practical
AR platforms, where there are many MAR Software development kits (SDK) are
released, for example, Apple ARKit, Google ARCore and Vuforia. These SDKs had
releases to enable fast development of AR application. In the study given by the
NewMedia Consortium, the author identified and highlighted trends, problems, and
advancements in technology thatmight affect global education planning and decision
making [13]. This technology enables users to stimulate and build interactions with
real and virtual things. As a result of its primary contribution to the depiction of
events that are frequently unseen, it is capable of growing individuals’ cognitive
capacities [14].
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MAR faces several issues due to unique mobile platform constraints such as
computing power and battery limitations. Because of their mobility, AR devices are
also the least powerful in terms of application generality, storage, and rendering
capabilities [15], as well as internet connectivity, with parts of it running in the cloud
[16]. Furthermore, memory and storage needs are one of the most significant factors
of a mobile application since the number of virtual 3D objects is enormous and
difficult to keep all of them locally on a mobile device. As a result, in this scenario,
it is recommended that the MAR application use cloud computing services to store
all virtual objects and free up local storage on the mobile device.

3.2 Cloud Database Management System Architecture

The architecture of a cloud database management system includes three schemas, a
three-level object-oriented database architecture, and several roles at each level as
shown in Fig. 1.

Internal Schema: This level reflects the database’s physical storage. It is the most
fundamental level of data abstraction. Internal level is a representation of the cloud

Fig. 1 DBMS three-level architecture diagram [17]
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database where it aids in the storage of information such as the real storage of the
whole database’s data in the form of records [18]. This level is in charge of constantly
monitoring and customizing the database to enable optimal scaling, multi-tenancy,
high availability, and effective resource allocation.

Conceptual/Logical Schema: This layer reflects the database’s logical structure as a
whole. It conceals the actual location of data storage andmakes the database invisible
to its clients’ users. Furthermore, the logical level overcomes the issues associated
with determining which query language or programming method should be used and
suitable for the cloud database [19].

External Schema: External Schema is made up of cloud users or client computers,
and it is the highest visible level in the cloud to the end user. This level specifies how
a cloud user will have a view of the database that the user is interested in while all
irrelevant database information is hidden from the end user.

4 Future Work

This paper begins by addressing the question of what MAR is and how it may be
recognised. It then explained, expanded, and contrasted several related concepts. This
future project will involve the design and implementation of a Mobile Augmented
Reality (MAR) system with a Cloud Database system. The emphasis is on real-
time feature extraction and tracking on a cloud database management system, which
serves as enhanced object processing on cloud storage forMobileAugmentedReality
applications. The research scope will be focusing on solving the storage and require-
ment issues for Augmented Reality application on mobile devices to have smooth
real-time extraction and tracking. Figure 2 shows the architecture ofMARwith cloud
database.

The users begin the procedure by aiming their phone cameras to the objects.
The tracking mechanism will then begin to detect objects scanned by users that
match those in the cloud database. When it is identified, information from the cloud
database will be shown on the user’s phone. The information about the AR objects
is then displayed as it was retrieved from the cloud database. As a result of mobile
platform needs,MARhas several issues, and one of themost critical characteristics is
memory and storage requirements. Because augmented reality contains many virtual
3D objects, it is difficult for amobile device to keep them all locally. A cloud database
management systemwill be built to store all the virtual 3Dobjects in the cloud system.
A simple website that will act as a server will be developed, and users will be able to
upload their own virtual 3D object to it. A mobile augmented reality application will
also be developed to allow users to interact with the augmented model that has been
uploaded to the server website. This MAR app will have a template that will let users
to search for augmented objects by category. Users may share and see one other’s
3D models, as well as interact with them. Thus, this project outcome is expected to
solved storage and mobile requirements issues for a smooth real-time extraction and
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Fig. 2 The architecture of MAR with cloud database

tracking process by using cloud database where it will store all the information which
later will be retrieve on the 3D objects in the MAR application. Lastly to allow user
to experience smooth MAR application with real-time extraction and tracking when
applied cloud services. Figure 3 shown below illustrates the overview flowchart of
the Mobile Augmented Reality Application.

Fig. 3 Overview flowchart of propose MAR application
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5 Conclusion

Cloud computing is a technology that has been around for many years. It may also
be referred to as a new dimension in the IT industry because it saves money and
allows for better application performance. For the user’s convenience, the database
must be available at all times, whenever and whenever they require it. This project is
about designing and implementing a Mobile Augmented Reality (MAR) with Cloud
Database system. Because it is an effective option for the majority of developers in a
variety of situations and scenarios. This article examines previous projects involving
Mobile Augmented Reality (MAR) and a cloud database and proved that that cloud
database services are capable of resolving mobile storage andmemory requirements.
The paper then suggests further research on Mobile Augmented Reality and cloud
database systems, with a focus on real-time feature extraction and tracking on a
cloud database management system, which serves as enhanced object processing
on cloud storage for Mobile Augmented Reality apps. The scope of the study will
concentrate on resolving storage and requirement concerns for Augmented Reality
applications on mobile devices in order to have seamless real-time extraction and
tracking. Although there still have problems in technical or application itself, it
still can be estimated to become a successful and promising mobile application.
Additionally, mobile cloud computing is becoming a new trend by combiningmobile
application with great capabilities of cloud computing.
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A Brief Comparative of Indoor
Positioning System

Mohd Aidil Safwan, Giap Weng Ng, and Siti Hasnah

Abstract Indoor positioning systems is one of the most challenging future for
Internet of Things (IoT) applications, especially in smart buildings. On spatial nature
of tasks in a built environment, target users localize spatial location with a frame of
reference (for example, way-finding location based services at airport using indoor
positioning systems). This paper presents a brief study of various Indoor Positioning
System (IPS). Comparison of the IPS are carried out and this study finds that the
most ideal for current technology used is iBeacon, (BLE) for indoor positioning.

Keywords Indoor positioning system · Bluetooth low energy · Estimote · Internet
of things

1 Introduction

To represent the position of (a) proximate indoor location service (for example;
retail stores, hospitals, airports, libraries, and the others) or (b) a user’s exact loca-
tion, it is usually necessary to explain it in terms of a frame reference [1–3]. There
are three types of spatial concepts that can be classified: (i) topological, (ii) projec-
tive, and (iii) Euclidean. Only qualitative relationships such as separation, order,
and continuity are considered in topological spatial notions (for example, “next to,”
“between,” and “inside/outside”). On the other hand, understanding spatial rela-
tions interactions involves being connected to a certain viewpoint and distinguishing
between multiple viewpoints. For instance, the capability to visualize (a) the shape
of a shadow projected onto a screen by a geometric shape held at various angles to a
light source or (b) what a scene might look like if viewed from various perspective
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points. Finally, in Euclidean spatial concepts, metric information such as distance,
direction, and angle are coordinated in a given frame of reference.

Due to the introduction of new wireless technologies on smartphones including
BLE, RFID, UWB, NFC as well as PDR, IPS can be improved. Coming up in next
section, is IPS with related wireless standards.

2 Indoor Positioning System

Indoor positioning system defines a system for locating and monitoring people or
objects inside of a building due to GPS unreliability in interior spaces because of no
visual contact with the GPS satellites.

2.1 Estimote iBeacon BLE

Estimote beacon is a small Bluetooth radio transmitter that acts as signal transmitter
in location system with battery powered. The beacon can be configured with mobile
applications. It is similar to a lighthouse that send signals to ship boats to indicate
the position of a shore. Instead of generating visible light, it transmits a radio signal
consisting of a mixture of letters and numbers transmitted at a regular period of
approximately one-tenth of a second.

An iBeacon sends data through Bluetooth Low Energy [aka Bluetooth
LE/BTLE/BLE (Bluetooth-Low Energy)] and can be any device with a Bluetooth
Low Energy-Chip (BTLE-Chip). Figure 1 shows the left most cover, which is used to

Fig. 1 Cell-coin battery for iBeacon from Estimote [4]
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protect the circuit board with Bluetooth LE (BTLE)/BLE (Bluetooth-Low Energy)
chip which is right next to it. Next, the coin cell battery provides the power source.
The rightmost is the iBeacon’s rear side, which features an adhesive surface sticking
them anywhere.

The iBeacon was developed by Apple Inc. in 2013, which was introduced at
the Apple Worldwide Developers Conference. The Apple Inc. revolutionized the
proximity solutions space, that integrated location identification into iOS. The first
official beacon standard is a widespread and accepted by mobile application devel-
opers. It also has APIs for Android applications to scan for iBeacon broadcasts.
When a device communicates with an iBeacon, it provides an identifying number as
well as the measured power. The only method to communicate with an iBeacon is
to set the Major, Minor, Measure Power, and UUID (Universally Unique Identifier)
parameters. The data format consists of 25-byte payload that begins with 2 bytes for
Company ID and ends with 1 byte for Type. The following byte is for data length,
whereas the first four bytes are fixed (Fig. 2).

To interact with the beacon, the user must have an application installed on the
device that has interaction features of motion monitoring and ranging. There are
two main methods to interact with iBeacon. The first approach is to use the region
monitoring feature. It may be used to define an area surrounding an iBeacon and
send a message to the user if the user device enters or exits the region. Because each
of the position has its own identical major value to specify each individual place
and inside it is the minor value, the device’s application can differentiate between
the various locations. There are no restrictions on how the values may be adjusted,
thus it is feasible to use it for any purpose including region monitoring and indoor
positioning.

The second method is ranging. Ranging is used to determine the proximity of an
iBeacon to a device that interacts with the iBeacon.Wemay utilize the four proximity

Fig. 2 iBeacon manufacturer data format
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Fig. 3 The distance’s calculation using RSSI [5]

states, namely Immediate, Near, Far andUnknown [5]. These states use the ideal state
without any reflection or absorbing. ‘Immediate’ is within 0.5 m. The ‘Near’ state
is defined as being between 2 and 0.5 m. The term ‘Far’ refers to a distance of 2 to
30 m. The last state ‘Unknown’ indicates that unavailable distance can be compute
or the user position is far away. These can be shown in Fig. 3.

Wemaymake advantage of the iOSAPI’s accuracy option. This value is computed
by taking the RSSI of the iBeacon signal and distance in meter.

Implementation of indoor positioning system can be done with triangulation tech-
nique. Geometric features of trigonometry are applied for the installation of beacons
using triangulation technique.An iBeacondevice is installed as trilateration to receive
strong signals and improved accuracy of localization to the user device. In localiza-
tion, the indoor positioning concepts can be utilized for Indoor Navigation System
to determine position of objects or people inside a building and it becomes a crucial
service in Internet of Thing for indoor scenarios [6].

2.2 Wi-Fi Based Indoor Positioning

Wi-Fi Positioning System (WPS) is widely known for indoor position system. Nowa-
days, almost every modern building is equipped with Wi-Fi with IEEE 802.11 stan-
dard. Since the buildings are equipped with Wi-Fi access points and sensors, they
are adequately to complement BLE device for improving indoor positioning system.
WPS’ tags areWi-Fi transmitters send basic packets to large number ofWi-Fi access
points in order to get a signal in a location where Wi-Fi is not suited for indoor
positioning. Its radio waves may be utilized to estimate position by utilizing the
Received Signal Strength (RSS) value observed in any devices connected the Wi-Fi
router. Hence, obtaining an accurate propagation model of each Wi-Fi access point
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Fig. 4 Trilateration concept
of Wi-Fi AP’s

in real-world interior setting might be difficult, resulting in generally poor location
precision.

There are two Wi-Fi Positioning techniques for identifying indoor positioning.
The first technique is a basic Wi-Fi known of positioning system solution, known as
Cell ID. Cell ID can locate any device with a GSM/WCDMA/CDMA modem. It is
the lowest cost because the hardware and infrastructure is already there. Cell ID posi-
tioning is using base transceiver that sends out a unique id combined with different
parameters in various radio technologies. However, its low positional accuracy is the
pitfall of its simplicity [7].

Next is trilateration positioning technique. It is a technique that computes a node
position by intersecting 3 circles. Circles are metaphorically the Wi-Fi radio signal
that transmitted into the connected device as shown in Fig. 4.

In addition, A Wi-Fi connected device’s position is determined via RSSI. The
fingerprinting approach uses signal-strength correlations to compute the distance
between a sensor and a transmitter. RSSI can also be used to identify a person or
object as shown in Fig. 5.

2.3 Near Field Communication (NFC)

NFC technology is among the newest technologies that can be leveraged for indoor
positioning system. The NFC technology allows communications over short-range
NFC capable devices/mobiles/objects and wireless triggering NFC internal system
(13.56 MHz signal with a maximum bandwidth of 424 Kbit/s [8]). Radio Frequency
Identification (RFID) technology underpins NFC technology. It can operate in a
mode where communication occurs between a mobile and a Smart Objects with a
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Fig. 5 Fingerprinting or RSSI technique

Fig. 6 A generic model for NFC interaction

passive RFID tag (NFC tag), example in Fig. 6. The NFC communication establishes
when two NFC-capable devices are placed close to one another, roughly touching to
launch a mobile browser in the NFC enabled device [9].

The primary objective of NFC in IPS is to direct the user’s NFC enabled device
with an installed indoor navigation application for user desired destination.While the
application orients user’s destination locations, the device gathers the user’s current
location user from NFC tags that signal other NFC tags in the navigation region. The
user may identify her current location within a building by tapping the smartphone
to the NFC tags. After the tapping activity, NFC mobile can make use of received
data to download a webpage or initializing web service connection or etc. [10].

Figure 7 illustrates to activate the NFC internal system, the user should NFC-
touch or tap to the Map Tag. It contains an encoded map data of indoor environment;
a link to download a map from a remote device called Map Server where the server
storing the map data or a link for downloading a map on a local Bluetooth-enabled
device. Before accessing the interior environment, at least one Map Tag must be set.
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Fig. 7 Generic model of NFC Internal [9]

2.4 Pedestrian Dead Reckoning (PDR)

PDR technology is an indoor positioning that provides a last known waypoint,
distance, and direction of movement to compute a moving person’s present location.
It calculates pedestrian dead reckoning using inertial sensors like accelerometers and
gyroscopes [8]. PDR is a self-contained method that detects detect steps, calculate
step length, and determinewalking direction based on data from smartphones built-in
inertial sensors. Because of vast wireless networks constructed in compliance with
the wireless Ethernet standard IEEE 802.11, location-based services have recently
grown in popularity in interior contexts.

There is a recent research that combines both PDR and RSS-based techniques to
achieve a better performance [11]. However, they necessitate the pre-collection of
RSS, rendering positioning obsolete and impracticable.However, in order to compute
an exact mapping connection between distance and RSS, a thorough understanding
of the indoor environment is required, which will be a laborious process. For the
most part, RSS-based positioning relies on a model-based approach and a finger-
printingmethod.Obtaining an accurate path-lossmodel is challenging due of ambient
interference, non-uniform spreading, signal fading, and reflections of Wi-Fi signal
propagation [12].

To aim at navigation, three components are used: step detection, step length,
and heading direction. Sensors in most smartphones can access and obtain these
components. The accelerometer is utilized to calculate step detection and step length,
while the magnetometer and gyroscope determine heading direction. By assuming
the initial position (xk , yk), after a step which is (xk+1, yk+1) calculated by an equation
from (1) and (2):

xk+1 = xk + SLk cos θ k (1)
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yk+1 = yk + SLk sin θ k (2)

where SLk represents the step length at step k and θ k is the heading angle at kth step.
PDR is only effective for short-distance navigation.

2.5 Ultra WideBand (UWB)

Using a broad radio spectrum, ultra-wideband radio technology combines a low
energy level with a large bandwidth for short-range communications. It is also one
of the developing technologies in the field of indoor positioning, outperforming Wi-
Fi based indoor positioning, NFC, RFID, and PDR. UWB is a radio transmission
that operates at a frequency higher than 500 MHz. Unlike other radio technology,
UWB consumes less power to encode the information. A wide range of frequencies
may be sent with little interference from other radio transmissions. As a result, UWB
feature enables the transmission of a significant quantity of data while consuming
relatively low power, and the transmission is restricted to a small range. On the other
hand, UWB could well be exploited in most indoor positioning applications with the
use of numerous well-positioned receivers.

Additionally, UWB is used for positioning by calculating the distance between
a reference point and a target using the time difference of arrival (TDOA) of radio
frequency (RF) signals [13]. TDOA is a primary method utilized to identify loca-
tion in UWB. The UWB system is made up of many networked receivers (at least
three receivers for 2D location and four for 3D location) that are deployed at known
locations across a space. The item or assets are equipped with UWB transmitters,
which produce an omnidirectional signal at predetermined intervals. The omnidi-
rectional signal arrives to nearby receiver units at different times, depending on the
distance between the transmitter and the receiver. A comparison of various of arrival
times is done, resulting in distances to each receiver, and the transmitter’s position is
established. The time difference of arrival of a signal transmitted by an asset or tag
and received by three or more receivers are measured using the TDOA algorithm as
illustrated in Fig. 8.

UWB positioning system is made up of sensors, active mobile UWB tags, central
software controller and WLAN. System locates and tracks objects and people by
sending ultra-short UWB pulses to fixed and networked sensors. Following that,
sensors transmit data collected over WLAN to a platform which analyses, computes
and displays position of the tags in real-time [13]. Furthermore, tags emit signals
and are found using the TDOA method.
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Fig. 8 Time difference of
arrival (TDOA) based
algorithm

2.6 Radio-Frequency Identification (RFID)

RFID has been recognized as developing technology for indoor positioning system.
Recently, RFID has evolved quickly and widely, and it is now being used in conjunc-
tion with other developing indoor positioning technologies worldwide [14]. RFID
uses radio waves to wirelessly transmit the identity of serial number and other char-
acteristics of an object that allows mobility tracking of objects or people. Thus, the
RFID technology can be used to identify and locate objects, people even animals
while to read and save data contactless through electromagnetic waves. However,
the RFID contact tracking offers a limited range of less than a meter or two.

RFID systems often include tags known as transponders, smart tags, smart labels,
or radio barcodes, aswell as a reader knownas awriter, decoder, interrogator, receiver,
transmitter or transceiver, and a host computer. The reader and host computer connect
through a wired or wireless interface.

RFID systems are classified into three types: passive, semi-passive and active
systems [15]. For passive RFID system are often utilized for applications with a
limited range. The reader provides the power source for the passive tag’s operation
principle. While an active RFID system differs somewhat from a passive system in
that active RFID tags with built-in batteries are used, and each tag sends data on a
regular basis.

Figure 9 represents the operation principles of a typical passive and active RFID
system.When a radio signal is transmitted from the reader, the tag enters the reader’s
signal antenna and powered on by the radio signal that the reader’s power source
provides. The reader then takes the ID and data from the tag and sends it to the
host computer. While the RFID-enable computer analyses the data and transmits it
back to reader, then transmits the processed data back to the tag. Meanwhile, the
fundamentals of an active RFID system differ from those of passive one. An active
RFID system employs active RFID tags with built-in batteries, and the tag sends data,
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Fig. 9 A typical concept of passive and active RFID system

which may include ID and other application information, on a regular basis. When
compared to a passive system, an active RFID system may scan many tags at same
time in an area where the greater the reading range, the more power it consumes. If
they are connected wirelessly, the distance between the reader and the host is usually
less than 500 m [16].

Finally, the concepts of a semi-passive RFID system are identical to those of
passive system, except that the semi-passive tag has a battery. They are like passive
tags, only it communicates when a reader’s signal is present. The battery can power
both a sensor and an antenna. A powered antenna allows more signal to be reflected
back to the reader, resulting in a longer communication range than passive tags. The
on-board electricity. However, is not directly utilized to simulate radio frequency
electromagnetic energy.

3 Comparison

This section makes the comparison among the IPS, e.g.:

• Comparing its accuracy, BLE is the best IPS for an indoor ecological environment.
• BLE, Wi-Fi, NFC, RFID are using RSSI principle of positioning. UWB and PDR

are differentwhereUWBusingTDOAandPDRbasedon tracking and calculating.
The best is depends on the surrounding environment.
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• The cost of IPS can be assessed in a variety of ways in terms of money, time. For
the best IPS cost effective in overall of used in an indoor environment is BLE.

• Security of IPS is crucial part should be maintained to secure data from intrusion
in order to enhance every IPS. For this case, the best is the BLE.

Finding, the coverage area does not tabulate from the comparison table. In other
words, it’s the region that IPS covers, as each one has a varied range of. There are
generally three degrees of coverage for positioning systems that are local, scalable,
and global [23]. Thus, the best IPS in the local and scalable coverage should be BLE.
Coming up in next section is the brief advantages and disadvantages among the IPS
as figured in Table 2.

This section briefly compares it comparisons, advantages and disadvantages of
the emerging indoor positioning technologies, which are described in earlier section,
in Tables 1 and 2. It is found that iBeacon BLE is the most cost-effective for current
technology in the case for small design concept with greater accuracy for indoor
positioning system. Additionally, it is well-suited for ultra-low power sensors that
run on tiny batteries that have a long lifespan and perform even without internet
connectivity. Its low energy consumption makes it highly desirable from a mainte-
nance perspective. Moreover, they are easy to install that can either be fixed or move
with objects or people to help track their location. It is basically a transmitter that
emit signals to notify user of their presence and help precisely pinpoint the location
indoors or outdoors.

This paper finds that iBeacon technology has the recent periodic beacon signals
that adjust the location of smartphones and smart devices in an indoor environment
[24, 25]. It enables the user to use mobile applications to detect location, navigate
tool, and push message. It improves the indoor location positioning [26].

The combination of iBeacon technology and a Wi-Fi access point might improve
the efficiency of iBeacon technology utilization. These devices install as the reference

Table 1 Comparisons of various indoor positioning system

System Principle Accuracy Security Energy efficiency Cost

iBeacon (BLE) RSSI, triangulate Median 1 m to 5 m
[17]

High Low, depends on
range

Low

Wi-Fi RSSI, triangulate For RSSI, median
< 5 m [18]
For triangulation,
median < 2 m [19]

Moderate High High

NFC RSSI Median 1 cm to
10 cm [9]

High Null Low

PDR Tracking Median 1 m to
10 m [20]

Low Low Low

UWB TDOA Median < 50 cm
[21]

Moderate Null High

RFID RSSI Median < 2 m [22] High Low Low
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Table 2 Advantages and disadvantages indoor positioning system

System Advantages Disadvantages

iBeacon (BLE) Power consumption and cost
installation are relatively low. Most
user-friendly to interact with best
positioning accuracy

High cost of mass deployment and
maintenance

Wi-Fi Widely available in the most
scenario, omitting the cost of
deployment with large-scale
expansion

Coordinates of user smartphone
relative to Wi-Fi AP’s is unstable and
resulting inability to guarantee the
positioning accuracy

NFC Convenient of implementation and
compatible with existing RFID
devices

User smartphones must have NFC or
RFID built in and shortest range to
interact

PDR Positioning and tracking uses only
built in smartphone inertial sensors
accelerometers, gyroscopes

Accuracy rapidly decrease with
increasing time of measurement and
suitable for short single destination

UWB High dynamic precise positioning
with low power consumption

High cost of installation and relatively
shorter distance to reach for the tags

RFID Low cost of installation with
provides active and passive tags
where the power consumption low
and nil relatively

Deployment of RFID base and readers
are complex for user indoor
positioning

node and use BLE signals to send their location information. Because BLE has a
broadcasting range up to 70m [2], it is a promising technology for indoor positioning
system. The data transmitted is collected via communication device when the user
uses it on variety of applications. For the security uses, iBeacon BLE has the most
promising when it comes to indoor positioning and navigating tools since beacons
are only primarily detection devices that broadcast outbound signals. It is the most
emerging as most promising IPS and more accurate system can be developed or
enhanced BLE.

4 Proposed Work

This paper proposed to implement EstimoteBLEbeacons at SabahMuseumas shown
in Fig. 10. It is a prospect location, especially for first time traveler to Kota Kinabalu,
Sabah. It is easy and helpful for them for navigation, alternative learning and enjoy-
able. The implementation of Estimote BLE beacons can target users easily to localize
their spatial destinations of the top location view and their desired destinations. As
in Fig. 10 its show an overview model of indoor positioning system be implemented
in an area of a building. The implementation of IPS in a building can ease users for
guiding their destination and can trigger user device when interact with the beacons
in an application.
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Fig. 10 Entrance view of Sabah Museum (https://museum.sabah.gov.my/)

5 Conclusion

This paper presented an overview various of the technologies used in Indoor Posi-
tioning System. Different type of technology and methods, and several known IPS
algorithm are compared. Positioning is one of the most important and challenging
phases in navigation system where there are many more of technologies have
been developed to improve accuracy and performance. Estimote BLE for indoor
positioning is found as the most cost and energy effective with greater accuracy.
Nevertheless, a suitable IPS technology can be decided based on application needs.
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Application of Speech Augmented
Reality for Sabah Tourism Industry

Rianty Saimon, Giap Weng Ng, and Siti Hasnah Tanalol

Abstract This work focuses on developing and researching the potential of hybrid
application with speech and augmented reality technology to solve the problem
that found in Sabah tourism industry. Tourism in Sabah, Malaysia in fact has been
growing rapidly and becoming one of themost important industry in Sabah.Although
tourism in Sabah is growing steadily, there are some problems found within the
industry especially in term of technology advancement. First problem that found by
the researcher is there still a few numbers of applications has been developed for
Sabah Tourism. Second, lack of interaction between tourists and tourism place such
as Museum Sabah, Mount Kinabalu and so on. There are two objectives involve
in this research. First objective is to develop a prototype of speech AR application
based on Sabah tourism industry. This include the information of the tourism places
and 3D virtual object that represent the environment and landscape of tourism places
in Sabah. Second objective is to evaluate the potential of developed prototype for
Sabah tourism industry. To achieve the second objective, semi-structured interview
was conducted to evaluate the potential of the hybrid application. The potential of
application with speech and augmented reality technology determined based on the
response from participants that involved in an interview. A great potential of an
application can be concluded if positive response acquires from the participants.
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1 Introduction

Sabah is one of the popular tourist destinations in Malaysia. This can be observed
through the increasednumber of grand total (gross) for 8.2% in2019compare to 2018.
[1] The popularity of Sabah as tourism industry can increase the economic growth
in Sabah through the inflow foreign currency and create more job opportunities to
the local residents of Sabah [2].

Augmented Reality (AR) can be defined as virtuality and reality based on Virtu-
ality Continuum introduced by Milgram and Kishino [3]. Augmented reality is the
integration between digital information with the user’s environment in a real time.
Augmented Reality technology can be a great importance to the tourism industry as
it enhances interaction and give exciting experience to the tourists (Fig. 1).

Speech recognition system is commonly used for communication. Speech recog-
nition is often used in the mobile industry such as Siri in iPhone devices and Google
Voice in an Android device. Speech recognition can enrich end-user experience than
just typing or reading from the screen [4]. Thus, speech recognition is beneficial to
be used with AR technology to enrich user interaction [5].

There are a lot of mobile applications that used in tourism industry. For example,
Google Assistant and Izi.TRAVEL: Audio Travel Guide. However, in Sabah, there
is a few numbers of applications created for Sabah tourism industry. Google Play
Store contains several applications that related to Sabah tourismwith limited feature.
A lack of research regarding the use and potential of technology in Sabah Tourism
also lead to this research process. Most of the research projects in Sabah tourism
related to tourist’s arrival prediction and potential of tourism in Sabah instead of the
research involving technology. Example, adventure tourism activities in Sabah [6]
and tour operator perspective [7] and investigating tourist arrival in Sabah based on
fuzzy approach [8].

The primary focus of this work is to study a potential of hybrid application with
speech and augmented reality features for Sabah tourism industry. There are two end
goals of this paper. First goal is to create the prototype of AR speech application
that provide information and 3D virtual objects representing Sabah tourism. Second,
to conclude the potential of AR speech application among the local tourists from
Sabah. The potential of AR speech application will be evaluated using qualitative
method. Target user will be able to test the application and express their opinion of

Fig. 1 Milgram’s reality-virtuality continuum
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the application during the interview session. The potential of the application can be
concluded based on the response of the participants.

2 Related Work

The rapid evolution of Augmented Reality, the Internet and mobile technology in
tourism has influence tourist’s behavior. Interactive technology such as speech recog-
nition and augmented reality can provide a better user experience to the tourism
industry especially to the tourists. This section reviews related applications and
research projects in tourism industry.

2.1 Two-Dimensional Guide

Convention two-dimensional (2D) guide such as booklet, poster, travel book and
card are often used in tourism places. Figure 2 show the 3D virtual object on top of
2D conventional book.

According toMagnena et al. [9] 2D drawings and information under each drawing
is not sufficient enough to attract attention from user compared to the digital tech-
nology such as television and mobile phone. By using augmented reality, the interac-
tion in 2Dguide can be enhanced by super-imposed the three-dimensional technology
like 3Dvirtual objects on top of 2D guide.Moreover,most users prefer digital devices
to access information over books and papers. AR system bring a great advantage to

Fig. 2. 3D object on top of
2D conventional book
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the users as it can be developed into an application and installed on digital devices
such as smartphone, desktop and handheld device. Figure 4 show the super-imposed
3D virtual object onto the paper (2D object) [10].

2.2 Augmented Reality Application for Tourists

Layar is an augmented reality system that created for the tourists [11] and was
launched in 2009. This application is iPhone and Android based mobile AR browser.
In this application, users are able to explore their surroundings, check the tagged
information by obtaining it from the web and superimpose the information to the
video captured by the camera of the device.

2.3 User Interaction with Speech Recognition

User experience on interacting with virtual content such as augmented reality (AR),
virtual reality (VR) and mixed reality (MR) can be improved by using intuitive and
real interaction such as speech recognition [12]. In an augmented reality, there are
3 ways of controlling virtual object or virtual contents which are using manipula-
tion, navigation, or communication [12, 13]. Manipulation has been used to control
contents in virtualworld using direct user control, physical control, and virtual control
[8]. Navigation often used to aid users in a real world. For example, application
that provide virtual map to the users by showing current location on the map. AR
communication is often found onmulti person augmented reality application. Speech
recognition is one of the manipulation interaction techniques. By using direct user
control, users are able to manipulate the virtual objects by using speech recognition.

2.4 Speech Recognition System with Augmented Reality
Technology

Speech recognition that used in augmented reality technology to interact with virtual
contents is efficient and provides interactive communication use as mentioned by
Barry [14]. There are several kinds of interaction that can be implemented in
augmented reality technology such as gesture recognition, vision recognition and
speech recognition. Study conducted by Pascoal [15] stated that speech recogni-
tion provide interaction with 1–2 s faster than gesture recognition. This indicate that
speech recognition is viable to be used in many occasions due to its faster interaction.
In this study, the development of hybrid application with AR and speech feature is to
provide interactive experience to the tourists and also allow user to interact with 3D
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objects in AR environment in much easier and faster way. Pascoal [4] also mentioned
the adaptation of augmented reality and speech recognition technology can provide a
great importance to the tourism places especially historical places and cultural sites.

2.5 Augmented Reality and Speech Recognition Technology
in Sabah Tourism Industry

Sabah tourism is one of themain contributors to Sabah’s economy. Sabah received 4.2
million tourists in 2019 in which contribute to 8.2% gross domestic product (GDP)
[1]. In 2018, service economies contribute 44.6% of GDP in Sabah while 27.6%
from agriculture sector and construction 8.3% [16]. Tourism is one of the service
economies in Sabah. This shows that tourism industry is one of the main industries
that generate income for the growth of Sabah’s economy. Thus, it is important to
invest a research on the importance of technology to improve tourism in Sabah and
ensure the industry can perform at optimum level to gain a maximum benefit for the
local population and economy.

Augmented reality and speech recognition technology have been used in global
tourism industry. For example, NosfeRAtu application, an AR game created by
Mesároš et al. [17] and speech translation based interface for tourism created by
Cettolo [18]. However, augmented reality and speech recognition technology have
not been implemented in Sabah tourism industry. Moreover, only few applications
that related to Sabah tourism can be found on the sites such as Google Play Store,
Apple Store and Microsoft Store. Sabah Tourism Guide [19] is one of the appli-
cations on Google Play Store that provide information regarding Sabah tourism.
However, most of these applications only offer information in 2D form and limited
to phone screen only. This shows that the investment of new technology in Sabah
is still lacking and outdated. Two-dimensional brochure and travel books also often
used to access information in tourism place of Sabah instead of using an application.
Apart from lacking of technology, most tourism places in Sabah located at rural
area. Local people from rural area have little to no knowledge in dealing with any
tourists related activities [20]. In this study, AR speech application was created to
give exposure and a clear insight of the benefits of technology to the locals.

3 Material and Method

A section in this research involving materials, prototype, conceptual framework and
system flow.
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Fig. 3 Main interface of the application. Source https://youtu.be/LA-q4gAL1HU

3.1 Materials

AR speech application in this project is made for desktop application. Blender a 3D
computer graphics software was used to create and animate the 3D models. Vuforia
is an augmented reality software development kit (SDK) that used by developer to
create augmented reality application. Universal Windows Platform (UWP) speech
was used to create speech recognition function. Unity3D was used as a game engine
to create application for desktop with augmented reality and speech recognition
features.

3.2 Prototype

A simple prototype of AR speech application has been developed in this study.
Figure 3 shows the main interface of the application. Figure 4 shows the sample
of 3D virtual objects represents Kota Kinabalu’s building with some information
on top of the 3D objects. Two images containing “move” and “forward” words with
microphone iconwas to instruct user to utter thewords to interact with the 3Dobjects.

3.3 Conceptual Framework

Figure 5 shows the steps used by the authors during the course of study. Research of
current technology and application of Sabah tourism industry have been conducted
by the authors through existing papers related to Sabah. Some problems found during

https://youtu.be/LA-q4gAL1HU
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Fig. 4 Sample of 3D objects in AR environment

Fig. 5 Conceptual framework diagram

the research study have been listed in the literature review. Research on current tech-
nology and application related to tourism industry was to find out which technology
have been used in general tourism industry. Prototype was created as a solution to
the problems found during research study. The potential of prototype evaluated using
qualitative method and concluded in conclusion section. The result has been analyses
in discussion section.

3.4 System Flow

System flow is a systemmodel that show the activities and decisions that executed by
the system. Figure 6 shows the general flow on how the AR speech prototype works.
First, user need to scan image target. 3D objects will display on top of image target.
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Fig. 6 System flow diagram

To interact with 3D objects, user need to utter either “move” or “forward” words.
Speech recognition will recognize the words and play the animation of 3D objects.

3.5 Sample

The sample of the study for qualitative method using semi structure interview
involved 10 participants which range from the age of 18–60 years old. All of the
participants are the local tourists from Sabah, Malaysia. The data analysis from an
interview process was done to identify the potential of hybrid AR speech application
for Sabah tourism industry. Table 1 list the participants that involve in an interview.
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Table 1 List of participants Gender Age Districts

Female 28 Ranau

Female 18 Tenom

Female 25 Tenom

Female 25 Tenom

Female 26 Kudat

Female 26 Kota Kinabalu

Female 25 Tenom

Male 29 Tenom

Male 31 Tenom

Male 60 Tenom

3.6 Procedure

The interview session conducted in twowayswhich are using online interview and in-
person interview. In an online interview, authorwill send a video link that demonstrate
the prototype to the participants. Next, author will interview the participants through
a video call using WhatsApp platform. For in-person interview, the author gave a
brief explanation to the participants on how to use the application on desktop. After
that, participants were given an opportunity to test the AR speech application for a
few minutes. Each participant received a brochure to be used as an image target for
AR speech application.

3.7 Data Collection Tools

In this study, interview was conducted with local tourists that have visited popular
tourist places in Sabah especially at district of Kota Kinabalu such as KK City
Mosque, Tanjung Aru Beach and Sutera Harbour resort. The interview questions can
be found in Fig. 7 and was modified and adapted from Nurhazafirah Che Hashim
[21] project.

4 Result

In this study, participants were interviewed after testing the application and observe
the demonstration on how the prototype of an application works. This section shows
the response gains from the participants after the interview session.

For the first interview question, most participants indicate that AR speech appli-
cation is interactive and have a good potential in Sabah Tourism industry. This is due
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Fig. 7 List of Interview Questions

to the unique interaction between the user and an application. All of the participants
stated they have never encountered augmented reality and speech technology used
in any tourist places of Sabah.

In second interview question, participants indicate they can learn the landscape
and environment of tourist places better through the prototype of tourist building in
a form of 3d virtual object in AR environment. Participants also indicate that they
can sense a unique interaction after using speech recognition to interact with the 3D
virtual objects.

Some participants rarely visit a place such as Kota Kinabalu city on these days
and stated that they felt more excited to visit Kota Kinabalu after seeing the 3D object
represent the buildings at Kota Kinabalu.

Most participants stated in third interview question that the application have a
good potential and really interactive. However, some participants suggested for more
improvement of an application because of some difficulties that they encountered
during the testing. Some of the difficulties experienced by the participants during
testing are speech recognition took a long time to do a recognition process and
sometime couldn’t recognize the words utter by the participants. Participants also
found out the 3d virtual objects often lost during scanning process. Image target need
to be scan in a proper position and requires a good lightning.
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In fourth interview, participants believe that the AR speech application can attract
more interest from tourists to visit Sabah. One of participant stated that if more appli-
cation related to Sabah tourism developed and published through platform such as
Google Play Store, it can ease tourist to access information about Sabah. The imple-
mentation of augmented reality and speech recognition technology would further
enhance the presentation of information in much more interactive ways.

For fifth question, social media such as Facebook and Instagram are often used
by the company in Sabah to promote their tourist’s place. Some companies also
use website to give a precise information of their places to the tourists and allow
tourists to do a booking process. For mobile application in Google Play Store and
Apple Store, some participants stated that they had found some simple applications
regarding Sabah Tourism. Most of the applications provide an information of place
at Sabah in 2D form. In tourist places such as Imago mall, Tanjung Aru beach and
UMS Aquarium, brochure, a picture and human’s guide often used to assist tourists.

Most participants believe that the roles of social media and website to promote
tourism in Sabah are very beneficial. However, only few mobile and desktop appli-
cation have been developed for Sabah Tourism industry. Participants also stated that
most of the applications in Google Play Store and Apple Store are simple and only
provide information which can be access through the website as well. Moreover,
brochures, travel books and posters often used in Sabah tourism to assist tourists.
This procedure was outdated and not interactive enough to attract tourists to use the
brochures and pictures to assist their exploration in tourist places.

Next, participants believe one of the improvements for Sabah tourism industry
that can be predicted by using AR speech application are the marketing and promo-
tion process. Augmented reality and speech recognition technology can help the
companies to promote their tourist places in much more interactive ways in order to
attract attention from tourists to use their services. Participants also believes speech
recognition have a huge potential in Sabah Tourism since the feature is widely used
in global such as Google Voice. Siri Voice and in-car Voice Assistants.

In eight question, most participants stated that the augmented reality feature with
the animated 3D virtual objects is interactive and beneficial. Although most of the
participants agreed that speech recognition feature is beneficial as well, some partic-
ipants have different opinion. Some participants prefer typing or gesture recognition
to interact with the AR contents.

For ninth interview question, some improvement suggested by the participants are
to increase the accuracy of speech recognition and scanning image target. Participants
also suggested author to research alternativeways to deal with dependency of internet
connection to interact with 3D virtual object in the application. This is because most
of the tourist places in Sabah located at rural area with low to no internet coverage
and preventing tourist from interacting with the 3D models.

Final question stated that some participants suggested authors to optimized the
application interface and provide clear instruction on how to use the prototype of an
application. Participants also suggested the authors to do more research on how to
adapt with Sabah’s geography and local’s accent.
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5 Discussion

In this study, the potential of AR speech application determined based on small
experiment using qualitative method by the authors. Lack of interactive technology
exposure in Sabah tourism industry need to be addressed and this is achieved by
developing AR speech recognition. Most participants response a positive answer
to the interview questions thus showing that the application of augmented reality
with speech recognition feature have a great potential to be implemented in Sabah
Tourism. The development ofAR speech application for SabahTourism and the study
of its benefit based on the interview also reaffirms the claim of AR environment with
speech recognition feature have a great importance to the tourist [6].

6 Conclusion and Future Works

The paper proposes the research of speech AR application in Sabah tourism industry.
Based on result from interview question, it can be concluded that AR speech appli-
cation has a positive potential to be implemented in Sabah tourism industry. Some
further research is suggested to be conducted in order to address some difficul-
ties experience by the participants during the testing. For speech accuracy, further
research is needed in order to optimize the speech recognition to be able to recog-
nize a word utter by the participants with local’s accent. Most tourist’s place in
Sabah located in a rural area that have low to no internet coverage. There will be
some difficulties to access AR speech application due to its dependencies on internet
connection. It’s recommended to do research on the benefits of offline application in
Sabah tourism industry.

In future work, bigger sample of interviews as well as the surveys question are
needed to improve the findings. AR speech application need to be optimized to be
used in Sabah tourism industry. For example, application can be used in offlinemode,
accurate speech recognition that suitable for local’s accent, contains more informa-
tion and interaction to the tourists. This can yield much more accurate findings from
the participants to find out whether the AR speech application is well received in
Sabah tourism industry.
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Analysis on the Financial Performance
of Companies with TOPSIS Model
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Abstract Property development industry is sensitive to the economic condition.
Due to land scarcity and population migration, there has been an imbalance in the
supply and demand of properties in Malaysia. Covid-19 has also negatively affected
customer confidence in the property development market. Given that the property
development industry is capital intensive, proper financial management by these
property companies have to be performed consistently to ensure the companies are
financially viable. To facilitate these companies in decision making by evaluating the
effectiveness of their strategies and to provide insights to the current and potential
investors, this paper intends to propose a research framework to analyze the financial
performance of property companies in Malaysia using Technique for Order Prefer-
ence by Similarity to Ideal Solution (TOPSIS) model. The result shows that SIME,
IOIPG and MAHSING are the top three performers in financial performance among
the companies studied. This paper is significant as it helps to analyze the financial
performance of property companies using TOPSIS model while distances with the
ideal solutions also serve as the guidelines for further improvements.
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1 Introduction

The property development industry involves the need for land, labor, capital and
investments and is therefore regarded as highly intensive with great risks. In the
property development market, the three main stakeholders are the developers who
build real estates, customers who will consume the real estate and the government
who will offer infrastructure such as land and license for all the transactions to
take place in a property development market. Nonetheless, the responsibility of a
property development company is very huge as it ranges fromperforming preliminary
investigation on site, sales or ownership negotiation, sourcing for capital or financing,
requesting for approval, planning, designing and the overseeing of the building of
the properties [1].

The property industry is highly sensitive to changes in the global economy. Reces-
sion shall cause a decline in property interest. However, strategies such as having
core competencies and property experts, coupled with proper financial management,
could facilitate a property development company to sustain during this arduous situ-
ation. A property developer may also identify and solve the supply and demand issue
in real estate given that there may be land scarcity in the city with dense population
which leads to higher property price while the risk assessments should be done to
ensure the safety of the properties being built. The property market has also shrunk
amid the pandemic as customer confidence levels drop with market contraction [2].

The propertymarket inMalaysiawas highly volatile in 2020, given that the volume
and value of transactions fell in the first quarter but the volume started to rise again
in the third quarter even though its value still fell short from the previous year
[3]. Fortunately, the government of Malaysia has realized the importance of the
contribution of the property development market to the people and the economy
by reducing the interest rate and implementing the Home Ownership Campaign.
Through this campaign, stamp duties have been waived particularly for residential
units to encourage more buyers and investors in the property market [4, 5].

Property developers, be it residential or commercial real estates, require huge
amount of financing to assess, design, build, sell, operate and manage the properties.
There is a rising number of property developers who would keep the properties
under their possessions so that they may operate the properties and perform suitable
development and maintenance in the future. Some property development companies
consider bank loans as their primary financingmethod, while other companies obtain
funds from their own capital, investors, loan from other financial institutions, real
estate investment trust and commercial mortgage-based securities while some listed
companies will obtain their financing from the stock market [6].

The property market in Malaysia has been attracting foreign investors’ atten-
tions, with investors coming from China, Singapore, Indonesia and Hong Kong [7].
The Malaysia My Second Home Scheme has also increased the attractiveness of
the country for foreign property investors [8]. There is a chance to further induce
the investors to do business in Malaysia once they have successfully obtained their
desired properties. Therefore, the property industry is very important to help drive
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the economy of the country and to provide good standards of living among the resi-
dents. As such, property development companies have to plan their operations well
and monitor their finances to achieve competitive advantage.

Financial analysis is important for the companies to sustain in a challenging
and competitive environment. Various studies have been done to analyze the finan-
cial performance of companies in the banking sector [9–11], technology sector [12,
13], construction sector [14–16] and stock market [17–21]. Financial analysis has
also been adopted in multi-criteria decision making (MCDM) models to evaluate
the financial performance of the companies according to the past studies [22–24].
Based on the past research, there have been no comprehensive studies done on the
financial performance of listed property development companies using asset and
liability management. Therefore, this paper aims to propose a research framework
for analyzing the financial performance (FP) of listed property development compa-
nies inMalaysia. Since FP is measurable, it would help these companies to determine
if their strategies have been able tomeet the goals of their objectives [25]. FP analysis
would also facilitate investors to evaluate the fondness of investing in the property
development companies. Managers from the property development companies will
also be able to apply these results in their future planning decisions.

Technique forOrder Preference by Similarity to Ideal Solution (TOPSIS) is a deci-
sion model which helps to solve multi-criteria decision making (MCDM) problem.
MCDMinvolves systematic decisionmaking in determining the best decision alterna-
tive by considering multiple decision criteria [26–37]. TOPSIS aims to determine the
shortest proximity of an alternative to the positive ideal solution (PIS) and the longest
length from the negative ideal solution (NIS) [38–40]. The shorter the distance of an
alternative to the PIS, the longer the distance the alternative will be from the NIS,
thus making it the most preferred alternative [41, 42]. TOPSIS model has been used
in many areas including the studies of suppliers [43–45], medicine and healthcare
[46–48], electronics [49], energy [50–52], telecommunication [53], mobile network
[54], fast food restaurant [55]. In this study, a research framework is proposed to
analyze the FP of listed property companies in Malaysia from 2017 to 2019 based
on the important financial variables using TOPSIS model. The next section will be
on data and methodology, followed by empirical results and lastly conclusion.

2 Data and Methodology

Table 1 presents the proposed research framework to analyze the FP of listed property
companies in Malaysia using TOPSIS model. The data consist of the companies’
financial statements [56] from 2017 to 2019.

The financial variables adopted for this study include current assets (CA), total
assets (TA), current liabilities (CL), total liabilities (TL), net income (NI) and revenue
(Rv). CA, CL, TA, TL, NI and Rv are the important financial indicators used in the
financial performance evaluation [57]. The steps of TOPSIS model are shown as
follows [58–60].
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Table 1 Proposed Research
Framework

Items Descriptions

Objective To examine the FP of listed property companies
in Malaysia

Criteria Current assets (CA)

Current liabilities (CL)

Total assets (TA)

Total liabilities (TL)

Net income (NI)

Revenue (Rv)

Alternatives Companies

ACME

ASIAPAC

GUOCO

IGBB

IOIPG

MAHSING

MPCORP

SPSETIA

SIME

SUNSURIA

Step 1: Construct a performance matrix (xij) with size m × n:

(
xi j

) =

⎡

⎢
⎢⎢⎢⎢⎢
⎣

x11 x12 · · · · · · x1n
x21 x22 · · · · · · x2n
... · · · . . . · · · ...
... . . . · · · . . . ...

xm1 xm2 · · · · · · xmn

⎤

⎥
⎥⎥⎥⎥⎥
⎦

(1)

Step 2: Establish normalized decision matrix R = (rij):

ri j = xi j√∑m
i=1 x

2
i j

, i = 1, 2, . . . ,m, j = 1, 2, . . . , n (2)
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Ri j =

⎡

⎢
⎢⎢⎢⎢⎢⎢
⎢⎢
⎣

r11 r12 · · · · · · r1n
r21 r22 · · · · · · r2n
...

. . . · · · · · · ...
... · · · . . . · · · ...
... · · · · · · . . . ...

rm1 rm2 · · · · · · rmn

⎤

⎥
⎥⎥⎥⎥⎥⎥
⎥⎥
⎦

(3)

Step 3: Develop weighted normalized decision matrix (V ):

W = (w1, w2, . . . , wn), where
n∑

j=1

w j = 1 (4)

The weighted normalized decision matrix is formed when each row element in
matrix R is multiplied byw j . Normalized matrix V is shown in Eq. (5). In this study,
equal weight is adopted since the financial variables are equally important.

V =

⎡

⎢⎢⎢⎢
⎢⎢
⎣

w1r11 w2r12 · · · · · · wnr1n
w1r21 w2r22 · · · · · · wnr2n

... · · · . . . · · · ...

... · · · · · · · · · ...

w1rm1 w2rm2 · · · · · · wnrmn

⎤

⎥⎥⎥⎥
⎥⎥
⎦

(5)

Step 4: Compute PIS (A+) and NIS (A−):

A+ = {(
max Vi j | j ∈ J

)(
minVi j | j ∈ J ′)} = {

v+
1 , v

+
2 , . . . , v

+
n

}
(6)

A− = {(
min Vi j | j ∈ J

)(
maxVi j | j ∈ J ′)} = {

v−
1 , v

−
2 , . . . , v

−
n

}
(7)

Step 5: Determine the distance of alternatives to the PIS (d+
i ) and NIS (d−

i ):

d+
i =

√√√√
n∑

j=1

(
vi j − v+

j

)2
, i = 1, 2, . . . ,m (8)

d−
i =

√√√√
n∑

j=1

(
vi j − v−

j

)2
, i = 1, 2, . . . ,m (9)
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Step 6: Enumerate the relative closeness to the ideal solution (C∗
i ) :

C∗
i = d−

i

d−
i + d+

i

, whereC∗
i ∈ [0, 1], i = 1, . . . ,m (10)

The value ofC∗
i exists from0 to 1.WhenC∗

i becomes 1, the alternative experiences
the shortest distance to the PIS, and is the best performing alternative.On the contrary,
when C∗

i becomes 0, the alternative has the closest distance to the NIS, showing that
it is a low performing alternative. When the value of C∗

i rises, performance of the
alternative also rises.

Step 7: Rank the alternatives with reference to the shortest distance to the ideal
solutions based on the descending order of C∗

i . The highest value of C
∗
i shows that

the alternative is the best performer.

3 Empirical Result

Table 2 displays the performance matrix, Table 3 shows the normalized decision
matrix and Table 4 describes the weighted normalized decision matrix.

Figure 1 illustrates PIS and NIS with financial variables.

Table 2 Multi criteria decision making matrix

Companies CA CL TA TL NI Rv

ACME 5.19 × 107 2.04 × 107 9.23 × 107 2.27 × 107 3.96 ×
106

3.30 × 107

ASIAPAC 3.04 × 108 2.02 × 108 1.67 × 109 6.97 × 108 3.63 ×
107

2.00 × 108

GUOCO 1.36 × 109 5.15 × 108 3.00 × 109 1.55 × 109 5.16 ×
109

3.13 × 108

IGBB 2.00 × 109 1.60 × 108 8.52 × 109 4.76 × 109 3.96 ×
108

1.32 × 109

IOIPG 8.81 × 109 5.24 × 109 3.30 × 1010 1.44 × 1010 8.02 ×
108

3.02 × 109

MAHSING 4.70 × 109 1.51 × 109 6.91 × 109 2.14 × 109 2.77 ×
108

2.30 × 109

MPCORP 2.64 × 108 3.34 × 108 4.81 × 108 3.71 × 108 − 3.11 ×
107

1.32 × 107

SPSETIA 1.12 × 1010 6.28 × 109 2.90 × 1010 1.40 × 1010 7.61 ×
108

4.01 × 109

SIME 2.88 × 1010 1.46 × 1010 3.94 × 109 1.59 × 1010 1.92 ×
109

3.37 × 1010

SUNSURIA 8.00 × 108 3.98 × 108 1.52 × 109 6.84 × 108 1.53 ×
108

5.48 × 108
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Table 3 Normalized decision matrix

Companies CA CL TA TL NI Rv

ACME 0.0016 0.0012 0.0015 0.0009 0.0017 0.0010

ASIAPAC 0.0093 0.0120 0.0277 0.0266 0.0160 0.0058

GUOCO 0.0416 0.0304 0.0498 0.0590 0.0227 0.0092

IGBB 0.0614 0.0947 0.1417 0.1819 0.1745 0.0386

IOIPG 0.2701 0.3094 0.5491 0.5485 0.3530 0.0883

MAHSING 0.1442 0.0892 0.1149 0.0819 0.1221 0.0673

MPCORP 0.0081 0.0197 0.0080 0.0142 −0.0137 0.0004

SPSETIA 0.3441 0.3709 0.4826 0.5350 0.3350 0.1175

SIME 0.8841 0.8647 0.6545 0.6067 0.8440 0.9859

SUNSURIA 0.0245 0.0235 0.0253 0.0261 0.0675 0.0160

Table 4 Weighted normalized decision matrix

Companies CA CL TA TL NI Rv

ACME 0.0003 0.0002 0.0003 0.0001 0.0003 0.0002

ASIAPAC 0.0016 0.0020 0.0046 0.0044 0.0027 0.0010

GUOCO 0.0069 0.0051 0.0083 0.0098 0.0038 0.0015

IGBB 0.0102 0.0158 0.0236 0.0303 0.0291 0.0064

IOIPG 0.0450 0.0516 0.0915 0.0914 0.0588 0.0147

MAHSING 0.0240 0.0149 0.0191 0.0136 0.0203 0.0112

MPCORP 0.0013 0.0033 0.0013 0.0024 −0.0023 0.0001

SPSETIA 0.0574 0.0618 0.0804 0.0892 0.0558 0.0196

SIME 0.1473 0.1441 0.1091 0.1011 0.1407 0.1643

SUNSURIA 0.0041 0.0039 0.0042 0.0044 0.0113 0.0027

0.1473

0.0002

0.1091

0.0001

0.1407
0.1643

0.0003

0.1441

0.0003

0.1011

-0.0023

0.0001

-0.0500

0.0000

0.0500

0.1000

0.1500

0.2000

CA CL TA TL NI Rv

PIS NIS

Fig. 1 PIS and NIS with financial variables
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Fig. 2 Proximity of alternatives with PIS

From Fig. 1, the PIS are 0.1473, 0.0002, 0.1091, 0.0001, 0.1407, 0.1643 for CA,
CL, TA, TL, NI and Rv respectively. For NIS, CA has 0.0003, CL has 0.1441, TA
has 0.0003, TL has 0.1011, NI has −0.0023 while Rv has 0.0001. The values here
will be used to calculate the relative distance of each alternative from PIS and NIS
as in Step 5. PIS and NIS of financial variables also form the benchmarks for the
property companies for amelioration.

Using Eqs. (9) and (10), the proximity from PIS and NIS from the alternatives are
calculated. Figure 2 illustrates the proximity of alternatives from PIS while Fig. 3
presents the proximity of alternatives from NIS.

From Figs. 2 and 3, the proximities of the property companies with the PIS and
NIS have been found by comparing the weighted normalized decision criteria with
the PIS and NIS. The proximity of a property company to the PIS is found by
comparing the weighted normalized decision criteria with the PIS. SIME (0.1758)
has the shortest proximitywith PIS, followed bySPSETIA (0.2209), IOIPG (0.2254),
MAHSING (0.2482), IGBB (0.2542), SUNSURIA (0.2728), GUOCO (0.2743),
ASIAPAC (0.2791), ACME (0.2831), MPCORP (0.2835). Therefore, SIME is the
closest to the PIS while MPCORP is the furthest from the PIS.

Conversely, the proximity of a property company with the NIS is found by
comparing the weighted normalized decision criteria with the NIS. SPSETIA
(0.1427) has the shortest proximity with the NIS, followed by IOIPG (0.1515),
IGBB (0.1522), MAHSING (0.1610), GUOCO (0.1668), SUNSURIA (0.1710),
MPCORP (0.1720),ASIAPAC(0.1720),ACME(0.1758) andSIME (0.2844). There-
fore, SPSETIA has the closest proximity with the NIS while SIME has the furthest
proximity with the NIS.
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Fig. 3 Proximity of alternatives with NIS

The last step is the determination of the relative closeness of the property compa-
nies from the ideal solutions to obtain the optimal solution, C∗

i for the overall FP
analysis, which can be found in Table 5. The closer the property company with the
ideal solution, the stronger the FP of the property company.

As shown in Table 5, SIME (0.6180) has the biggest C∗
i and is therefore ranked

number 1 as having the best FP among the other property companies. IOIPG,
MAHSING, SPSETIA, SUNSURIA, ACME, ASIAPAC, GUOCO, MPCORP and
IGBB scored 0.4019, 0.3934, 0.3925, 0.3853, 0.3832, 0.3813, 0.3781, 0.3777 and
0.3744 respectively, hence they are ranked number 2 to number 10 respectively.

Table 5 FP of Malaysian
Property Companies

Companies C∗
i Ranks

SIME 0.6180 1

IOIPG 0.4019 2

MAHSING 0.3934 3

SPSETIA 0.3925 4

SUNSURIA 0.3853 5

ACME 0.3832 6

ASIAPAC 0.3813 7

GUOCO 0.3781 8

MPCORP 0.3777 9

IGBB 0.3744 10
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4 Conclusion

The aim of this paper is to propose a research framework to analyze the FP of property
companies using TOPSIS. SIME is the best performer, with IOIPG taking the second
place andMAHSING the third best performing property company. This investigation
is significant as the measurement of FP of property companies inMalaysia have been
done using the important financial variables with TOPSIS model. The proximities
with the PIS and NIS are also found to facilitate these property companies to perform
further enhancements. For future studies, the proposed research framework can be
extended to other sectors with TOPSIS model.
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Evaluation of the Financial Distress Level
of Construction Companies in Malaysia
Using Z-score Model

Liew Kah Fai, Lam Weng Siew, and Lam Weng Hoe

Abstract The companies’ financial distress is a popular issue nowadays due to the
impact of the Covid-19 pandemic recently. The Covid-19 pandemic has been greatly
deteriorated and jeopardized the financial health of the companies from all sectors,
including the construction sector. The analysis on the financial performance of the
companies is a good indicator to determine the financial distress level of the compa-
nies. This study aims to measure the financial health of listed construction compa-
nies in Malaysia with Altman Z-score model. Altman Z-score model comprises five
important and significant financial ratios that are utilized to analyze the financial
distress level of the companies. The power of the Z-score model is able to categorize
the financial performance of the companies into three zones, namely safe zone, grey
zone or distress zone. This study is significant because it helps to identify the finan-
cial distress level of the company. Hence, the companies can take remedial actions
in order to improve themselves in terms of financial health.

Keywords Financial distress · Construction sector · Altman Z-score model

1 Introduction

Nowadays, theworld is experiencingunprecedented challenges fromCovid-19which
has brought the impacts to the financial health of the companies. However, there is a
necessity for the stakeholders and companies to know the financial impacts caused
by the Covid-19 pandemic. The Covid-19 pandemic has brought a serious impact on
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different sector companies including the construction sector. The construction sector
plays a key role in economic development and national social [1]. For instance,
it comprises generating job opportunities for the nation and also modernizing a
country in terms of technology and buildings. Consequently, a high impact on income
generation and poverty reduction can be expected. Financial distress occurs when
a company is not able to meet its financial commitments and debt requirements
[2, 3]. According to Wruck [4], financial distress refers to the companies that have
insufficient cash flows to fulfill their debt obligations. It is very essential for the
companies to predict the financial distress as it can prevent any unnecessary negative
consequences happened to the companies. The companies which facing financial
distress will experience huge losses. Therefore, the companies should take advanced
actions to predict financial distress as it is paramount to a success of a business [5].

A reliable financial distress prediction model should be developed and proposed
to predict the financial distress level of the companies. The Altman Z-score model is
a well-known model that used to assess the financial distress level of the corporate
entities [6–12]. The Altman Z-score model offers an excellent and trusted measure
for measuring the financial health of the companies. Moreover, the Altman Z-score
model is also capable to provide a useful categorization for the companies to be
grouped into three different zones which are safe zone, distress zone and grey zone
according to their Altman Z-score. The Altman Z-score model aims to identify the
financial distress level of the companies with the financial ratios. The financial ratios
can be extracted from the financial statements of the companies’ annual reports [13].
After that, all the financial ratios are combined in a specified way in order to generate
a single number [7]. This single number refers to the Z-score which indicates the
general measure of the company’s financial health. According to Mohammed, the
financial health of the companies should be greatly concerned from time to time
[14]. Based on the past research, various optimization models have been studied to
analyze the financial performance of the companies [15–25].

According to the Altman Z-score model, if the Z-score obtained by the companies
is less than 1.81, then the companies will be falling into the distress zone. The
companies are categorized into the safe zone if theZ-score achieved by the companies
is more than 2.99. The companies with a Z-score between 1.81 and 2.99 imply that
companies are falling into the grey zone. According to the past studies, the Altman
Z-score model is applicable to a variety of fields such as cement company [14],
manufacturing industry [26], retail trading company [27], textile companies [28],
Enron corporation [29], industrial companies [30] and pharmaceutical companies
[31]. Hence, the Altman Z-score model that adopts the financial ratios is a good
measure of the financial health of the companies. Financial ratios have also been
adopted in multi-criteria decision making (MCDM) models to evaluate the financial
performance of the companies according to the past studies [32–41]. MCDMmodel
helps to analyze and solve decision making problems that involve multiple decision
criteria in various fields [42–55].

The Altman Z-score model has been adopted by past researchers in order to
determine the financial distress level of the companies fromdifferent fields. However,
there is no research that has been carried out on the investigation of financial distress
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levels among the construction companies with the Altman Z-score model. Thus, the
research gap is bridged by evaluating the financial distress level of the companieswith
the proposed Altman Z-score model. This study makes a prominent contribution by
determining thefinancial distress level of the companies that are from the construction
sector which is also important for the growth and development of a country. The
significance of this study is to measure the financial health of the companies as
well as identify the alarm for those companies that are not performing well. The
remainder of this manuscript is organized as follows. Section 2 shows the materials
and methods that include the methodology of the Altman Z-score model. The next
section demonstrates the study’s empirical results. Finally, concluding remarks are
enumerated in the last section of this paper.

2 Materials and Methods

The data of this study is obtained from the construction sector companies’ financial
annual reports from 2015 to 2019 [56]. The financial distress level of the listed
construction companies is evaluated with the Altman Z-score model.

The Altman Z-score model is as presented below [57–62]:

Z = 1.2x1 + 1.4x2 + 3.3x3 + 0.6x4 + x5 (1)

where
x1 = working capital to total assets (WC/TA)
x2 = retained earnings to total assets (RE/TA)
x3 = earnings before interest and taxes to total assets (EBIT/TA)
x4 = market value of equity to total liabilities (MVE/TL)
x5 = sales to total assets (S/TA).
The Altman Z-score model is used to determine the financial distress level of the

companies. Each of the companies will achieve a Z-score based on their financial
performance. According to the Z-score obtained by the companies, the companies
will be classified into either one of the three zones, namely safe zone, distress zone and
lastly, grey zone. The companies will be grouped into the safe zone if the companies
achieved aZ-score that is greater than 2.99. This implies the companies are financially
stable. On the other hand, the companies are facing financial distress if the companies
are falling into the distress zone. The companies with a Z-score less than 1.81 will be
under the category of distress zone. For those companies with Z-score that is between
1.81 and 2.99, these companies will be grouped into the grey zone. In other words,
there is no strong proof to specify the company’s financial condition [7].
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3 Results and Discussion

Table 1 presents the Z-score values that achieved by the construction companies
between the year 2015 and 2019. According to the results, the companies such as
MGB and OCR are classified into safe zone throughout the five-year period. This is
because the Z-scores achieved by MGB and OCR are greater than 2.99. In contrast,
there are total of three companies grouped into the distress zone throughout the study

Table 1 The Z-score for 14 companies between the year 2015 and 2019

No Company name Abbreviation 2015 2016 2017 2018 2019

1 BENALEC
HOLDINGS
BERHAD

BENALEC 2.4983 1.9850 1.9838 1.3079 1.3540

2 IREKA CORP
BHD

IREKA 1.3766 1.7684 1.4353 0.8746 0.6893

3 JAKS
RESOURCES
BERHAD

JAKS 1.4180 0.9428 1.8595 0.7800 0.2029

4 MERCURY
IND BHD

MERCURY 1.7108 1.3759 74.2755 37.0504 2.3576

5 MGB
BERHAD

MGB 3.4153 6.3514 58.4706 9.5935 8.9131

6 MTD ACPI
ENG. BHD

MTDACPI −1.2189 −0.2356 −1.7052 −1.2308 −0.8079

7 OCR GROUP
BHD

OCR 69.5569 19.0638 53.6591 3.6186 3.9424

8 PUNCAK
NIAGA
HOLDINGS
BERHAD

PUNCAK 22.9165 15.1790 8.7289 2.5267 2.9925

9 EVERSENDAI
CORP BHD

SENDAI 1.5311 0.8978 3.1960 0.9143 0.5570

10 STELLA
HOLDINGS
BERHAD

STELLA 0.3403 −0.1138 −0.1989 2.9027 1.2621

11 SYCAL
VENTURES
BERHAD

SYCAL 2.2684 1.7891 1.4223 5.9331 5.8078

12 WCE
HOLDINGS
BERHAD

WCEHB 44.5367 4.8689 5.9394 2.7331 0.7560

13 ZECON
BERHAD

ZECON 0.6927 0.6803 0.7251 1.0181 0.0618

14 ZELAN
BERHAD

ZELAN 2.3076 0.7394 0.5991 −10.0106 −0.8334
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Table 2 The distribution of financial status of construction companies in Malaysia between the
year 2015 and 2019

2015 2016 2017 2018 2019

Safe zone
(Z > 2.99)

4
(28.57%)

4
(28.57%)

6
(42.86%)

4
(28.57%)

4
(28.57%)

Grey zone
(1.81 ≤ Z ≤ 2.99)

3
(21.43%)

1
(7.14%)

2
(14.29%)

3
(21.43%)

1
(7.14%)

Distress zone
(Z < 1.81)

7
(50.00%)

9
(64.29%)

6
(42.86%)

7
(50.00%)

9
(64.29%)

period. These companies are IREKA, MTDACPI and finally, ZECON. Hence, these
companies should take immediate actions to improve the financial performance of
the companies so that these companies are not falling into the distress zone again
in the future. Furthermore, the companies such as BENALEC, JAKS, STELLA and
ZELAN are categorized either into grey zone or distress zone over the five years.
These companies also needed to be careful and should come out with solutions in
order to move out from the distress zone or grey zone. All of the companies can take
MGB and OCR as a benchmark to make the improvement. In 2015, the financial
performance of the PUNCAK is in good condition as PUNCAK is falling into the
safe zone with a Z-score of 22.9165. This good condition lasts for three years until
2017. After that, the financial health of the PUNCAK is dropping and it is falling
into the grey zone with a Z-score of 2.5267 in year 2018. In 2019, PUNCAK is
able to show good financial health again and moved into safe zone. This scenario
can be observed for WCEHB. Initially, WCEHB is doing well in terms of financial
distress level throughout the years from 2015 to 2017. In 2018, the performance of
WCEHB is dropping; hence, WCEHB is categorized into the grey zone. However,
the financial health of WCEHB does not show any improvement; thus, WCEHB is
grouped into the distress zone in 2019. Table 2 presents the distribution of financial
status of construction companies in Malaysia between the year 2015 and 2019.

Table 2 presents the distribution of financial status of construction companies in
Malaysia between the year 2015 and 2019.

In year 2015, the results show that half of the companies from the construction
sector are falling into distress zone, which consists of 50.00% of the total companies.
In the same year, the number of companies that fall into the grey zone and safe zone
are 3 and 4, respectively. This implies that the percentage of the companies that
fall into the safe zone and grey zone is 28.57% and 21.43%, respectively. In year
2016, the number of companies that are falling into the safe zone still remains the
same as the year 2015. However, the number of companies that fall into distress
zone has been increased from 7 in year 2015 to 9 in year 2016. The percentage is
increasing from 50.00% in year 2015 to 64.29% in year 2016. The overall financial
status of the companies has improved in year 2017. As can be seen from Table 2,
the number of companies which falling into safe zone has increased, whereas the
number of companies that fall into distress zone has decreased. Based on this, it can
be concluded that the financial health of the companies has shown improvement from
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Fig. 1 Percentage of the
companies that are falling
into the distress zone, grey
zone and safe zone
throughout the five-year
period
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2016 to 2017. For the year 2018 and 2019, the number of the companies that fall into
the three zones are the same as the previous year 2015 and year 2016, respectively.
In year 2018, there are 7, 3 and 4 companies are falling into distress zone, grey zone
and safe zone. On the one hand, in year 2019, the number of companies categorized
into safe zone, grey zone and distress zone are 4, 1 and 9, respectively.

Figure 1 demonstrates the percentage of the companies that are falling into the
distress zone, grey zone and safe zone from the year 2015 to 2019.

Figure 1 illustrates the percentage of the companies that are categorized into the
three zones based on the Z-scores. Overall, it is noticed that most of the companies
are grouped into the distressed zone throughout the study period which is from year
2015 to 2019. The percentage of the companies that are falling into the grey zone is
the least as compared to the companies that are classified into safe zone and distress
zone throughout the five years. The percentage of the number of companies that are
falling into the safe zone is recorded the highest in year 2017. At the same time, it
is also found that the percentage of the companies that are falling into the safe and
distress zone is the same in the year 2017.

Based on the results obtained, the Altman Z-score model is a robust tool to deter-
mine the financial distress level as well as the financial health of the companies.
Each company is able to obtain a Z-score according to its financial performance. In
summary, the financial health of the companies has been measured and categorized
into three different zones with the proposed Altman Z-score model. As a result,
the companies with unfavorable financial performance can make improvements by
taking the companies with good financial performance as a benchmark. This study
is significant as it is able to determine the financial distress level of the construction
companies with the proposed Altman Z-score model. Moreover, this study is also
providing useful insight for those companies with poor financial performance so that
these companies can take immediate and necessary actions for future improvement.
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4 Conclusion

Financial distress is a serious issue for all companies from different sectors. The
financial distress level of the companies should be observed regularly. Moreover,
due to the impact of Covid-19 pandemic recently, the analysis on the financial health
of the companies should be performed using the financial distress prediction model
in order to enable the companies to understand their current financial status. The
financial health of a company is mainly concerned by the investors and shareholders.
In this paper, Altman Z-score model plays a vital role in determining the financial
distress level of the companies. This study is conducted to analyze and measure the
financial health of the companies from the construction sector in Malaysia. In this
study, the listed companies from the construction sector in Malaysia are evaluated
in terms of financial distress level. According to the results, the majority of the
companies are facing financial distress issues as their Z-scores are less than 1.81. As
a result, these companies are categorized into the distress zone. Hence, the companies
should make the improvement by taking the companies that fall into the safe zone as
a benchmark. This study is significant as it can measure the financial distress level
of the companies so that the companies are able to understand their financial health
and make the necessary improvement that beneficial to the companies, investors as
well as shareholders.

References

1. Ofori G (2015) Nature of the construction industry, its needs and its development: a review of
four decades of research. J Const Dev Countries 20(2):115–135

2. Chen KCW, Lee CJ (1993) Financial ratios and corporate endurance: a case of the oil and gas
industry. Contemp Account Res 9(2):667–693

3. Sun J, Li H, Huang QH, He KY (2014) Predicting financial distress and corporate failure:
a review from the state-of-the-art definitions, modeling, sampling, and featuring approaches.
Knowl-Based Syst 57:41–56

4. Wruck KH (1990) Financial distress, reorganization, and organizational efficiency. J Financ
Econ 27(2):419–444

5. Ashraf S, GS Félix E, Serrasqueiro Z (2019) Do traditional financial distress prediction models
predict the early warning signs of financial distress? J Risk Financ Manage 12(2):55–71

6. Abor J, Appiah KO (2009) Predicting corporate failure: some empirical evidence from the UK.
Benchmarking 16(3):432–444

7. Altman EI (1968) Financial ratios, discriminant analysis and the prediction of corporate
bankruptcy. J Financ 23(4):589–609

8. Barbuta-Misu N (2011) A specific model for assessing the financial performance: case study
on building sector enterprises of Galati county—Romania. [online]. Rce.Feaa.Ugal.Ro. http://
www.rce.feaa.ugal.ro/sites/default/files/NBarbuta-Misu.pdf

9. Deakin EB (1972) A discriminant analysis of predictors of business failure. J Account Res
10(1):167–179

10. Doukas J (1986) Bankers versus bankruptcy prediction models: an empirical investigation,
1979–82. Appl Econ 18(5):479–493

11. Platt HD, Platt MB (1990) Development of a class of stable predictive variables: the case of
bankruptcy prediction. J Bus Financ Account 17(1):31–51

http://www.rce.feaa.ugal.ro/sites/default/files/NBarbuta-Misu.pdf


108 L. K. Fai et al.

12. Sena J, Williams D (1998) Using the Altman bankruptcy model to analyze the performance of
oil companies. Pet Account Financ Mgmt J 17(1):72–92

13. Cheung E, Pohchai C, Camilo M (2006) Credit monitoring: C-Score. Illinois Institute of
Technology

14. Mohammed S (2016) Bankruptcy prediction by using the Altman Z-score model in Oman:
a case study of Raysut cement company SAOG and its subsidiaries. Australas Account Bus
Finan J 10(4):70–80

15. Lam WS, Jaaman SH, Ismail H (2014) Comparison between two-stage regression model and
variance model in portfolio optimization. J Appl Sci Agric 9(18):36–40

16. LamWS, Jaaman SH, Ismail H (2014) Index tracking modelling in portfolio optimization with
mixed integer linear programming. J Appl Sci Agric 9(18):47–50

17. Lam WS, Jaaman SH, Ismail H (2015) The impact of human behaviour towards portfolio
selection in malaysia. Procedia Soc Behav Sci 172:674–678

18. Lam WS, Lam WH (2016) Strategic decision making in portfolio management with goal
programming model. Am J Oper Manage Inf Syst 1(1):34–38

19. Lam WS, Jaaman SH, Ismail H (2015) An empirical comparison of different optimization
models in enhanced index tracking problem. Adv Sci Lett 21(5):1278–1281

20. Lam WS, Lam WH (2015) Portfolio optimization for index tracking problem with mixed-
integer programming model. J Sci Res Dev 2(10):5–8

21. Lam WS, Lam WH (2016) Mathematical modeling in enhanced index tracking with
optimization model. J Numer Anal Appl Math 1(1):1–5

22. Lam WS, Jaaman SH, Ismail H (2015) The impact of different economic scenarios towards
portfolio selection in enhanced index tracking problem. Adv Sci Lett 21(5):1285–1288

23. Lam WS, Jaaman SH, Ismail H (2015) An empirical study on the characteristics of high risk
aversion behavior in portfolio decision making using regression model. Adv Environ Biol
9(7):17–20

24. Lam WS, Jaaman SH, Ismail H (2015) Investigation on relationship between human behavior
and portfolio selection problem in Malaysia using decision making model. Adv Environ Biol
9(7):6–10

25. Lam WS, Jaaman SH, Lam WH (2019) An enhanced mean-Gini extended model in portfolio
optimization with different level of risk aversion. ASM Sci J 12(6):41–46

26. Thai SB, Goh HH, Teh BH, Wong J, Ong TS (2014) A revisited of Altman z-score model for
companies listed in Bursa Malaysia. Int J Bus Soc Sci 5(12):197–207

27. Prasetiyani E, Sofyan M (2020) Bankruptcy analysis using Altman Z-Score model and
Springate model in retail trading company listed in Indonesia Stock Exchange. Ilomata Int
J Tax Account 1(3):139–144

28. Hussain F, Ali I, Ullah S, Ali M (2014) Can Altman Z-score model predict business failures in
Pakistan? Evidence from textile companies of Pakistan. J Econ Sustain Dev 5(13):110–115

29. MacCarthy J (2017) Using Altman Z-score and Beneish M-score models to detect financial
fraud and corporate failure: a case studyofEnron corporation. Int J FinanAccount 6(6):159–166

30. Celli M (2015) Can Z-score model predict listed companies’ failures in Italy? An empirical
test. Int J Bus Manage 10(3):57–66

31. Panigrahi CMA (2019) Validity of Altman’s ‘Z’ Score model in predicting financial distress
of pharmaceutical companies. NMIMS J Econ Pub Policy 4(1):65–73

32. Lam WS, Lam WH, Jaaman SH, Liew KF (2021) Performance evaluation of construction
companies using integrated entropy-fuzzy VIKOR model. Entropy 23(3):320

33. Hasanloo S, Karim E, Mehregan MR, Tehrani R (2013) Evaluating performance of companies
by new management tools. J Nat Soc Sci 2(3):165–169

34. LiewKF, LamWS, LamWH (2017)An empirical evaluation on the efficiency of the companies
in Malaysia with data envelopment analysis model. Adv Sci Lett 23(9):8264–8267

35. Liew KF, Lam WS, Lam WH (2016) Financial analysis on the company performance in
Malaysia with multi-criteria decision making model. Syst Sci Appl Math 1(1):1–7

36. Lam WS, Liew KF, Lam WH (2017) Evaluation on the financial performance of Malaysian
banks with TOPSIS model. Am J Serv Sci Manage 4(2):11–16



Evaluation of the Financial Distress Level … 109

37. Lam WS, Liew KF, Lam WH (2018) Investigation on the efficiency of financial companies in
Malaysia with data envelopment analysis model. J Phys: Conf Ser 995(012021):1–10

38. LamWH, LamWS, Liew KF (2017) Improvement on the efficiency of technology companies
in Malaysia with data envelopment analysis model. Lect Notes Comput Sci 10645:19–30

39. Lam WH, Lam WS, Liew KF (2019) Performance analysis on telecommunication companies
in Malaysia with TOPSIS model. Indonesian J Electr Eng Comput Sci 13(2):744–751

40. Lam WS, Chen JW, Lam WH (2017) Data driven decision analysis in bank financial
management with goal programming model. LNCS 10645:681–689

41. Lam WS, Liew KF, Lam WH (2018) An optimal control on the efficiency of technology
companies inMalaysia with data envelopment analysismodel. J TelecommunElectron Comput
Eng 10(1):107–111

42. Lam WS, Leong WB, Lam WH (2015) Selection of mobile network operator based on multi-
criteria decision making model using analytic hierarchy process. Math Stat J 1(1):12–18

43. LamWS,Chen JW, LamWH(2016)An empirical study on the selection of fast food restaurants
among undergraduates with AHP model. Am J Inf Sci Comput Eng 2(3):15–21

44. Lam WS, Lee WK, Lam WH (2015) Multi-criteria decision making in job selection problem
using analytic hierarchy process model. Maths Stat J 1(2):3–7

45. Zhu GN, Hu J, Qi J, Gu CC, Peng YH (2015) An integrated AHP and VIKOR for design
concept evaluation based on rough number. Adv Eng Inform 29(3):408–418

46. LamWS,BishanRS,LamWH(2017)An empirical study on themoldmachine-tool selection in
semiconductor industry with analytic hierarchy process model. Adv Sci Lett 23(9):8286–8289

47. Lam WS, Lam WH, Liew KF, Chen JW (2018) An empirical study on the preference of fast
food restaurants in Malaysia with AHP-TOPSIS model. J Eng Appl Sci 13:3226–3231

48. LamWS, BakarMA, LamWH, LiewKF (2017)Multi-criteria decisionmaking in the selection
of mobile network operators with AHP-TOPSIS model. J Eng Appl Sci 12:6382–6386

49. Lam WS, Liew KF, Lam WH (2016) Evaluation on the efficiency of healthcare companies in
Malaysia with data envelopment analysis model. SCIREA J Math 1(1):95–106

50. LamWH, LamWS, Liew KF, Wong SC (2018) Data driven decision analysis on the selection
of course programmes with AHP-TOPSIS model. Int J Supply Chain Manage 7(4):202–208

51. Lam WS, Lam WH, Liew KF (2018) Data analysis on the performance of technology sector
in Malaysia with entropy-TOPSIS model. Commun Comput Inf Sci 886:194–203

52. Lam WS, Lam WH, Liew KF, Bakar MA, Sim JX (2021) Analysis on the e-learning method
in Malaysia with AHP-VIKOR model. Int J Inf Educ Technol 11(2):52–58

53. Chen JW, Lam WS, Lam WH (2019) Optimization and comparison of bank financial
management in Malaysia with goal programming model. J Adv Res Dyn Control Syst
11(12S):39–46

54. Lam WS, Liew KF, Lam WH (2021) Performance evaluation of construction companies in
Malaysia with entropy-VIKOR model. Eng J 25(1):297–305

55. LamWS, BakarMA, LamWH,Chen JW,MaHL (2018) Evaluation on the preference of coffee
shops among undergraduate students with analytic hierarchy process model. Int J Supply Chain
Manage 7(4):209–215

56. Company Announcements | Bursa Malaysia Market. Available online: http://www.bursamala
ysia.com/market/listed-companies/company-announcements/#/?category=all. last accessed 19
Aug 2020

57. Hantono H (2019) Predicting financial distress using Altman score, Grover score, Springate
score, Zmijewski score (case study on consumer goods company). Accountability 8(1):1–16

58. Imelda E, Alodia I (2017) The analysis of Altman model and Ohlson model in predicting
financial distress of manufacturing companies in the Indonesia Stock Exchange. Indian-Pac J
Account Finan 1(1):51–63

59. Lam WH, Yeoh HB, Lam WS, Chen JW (2018) Analysis on the performance of technology
companies with Z-score model. Bull Electr Eng Inf 7(4):633–639

60. Mizan A, Hossain MM (2014) Financial soundness of cement industry of Bangladesh: an
empirical investigation using Z-score. Am J Trade Policy 1(1):16–22

http://www.bursamalaysia.com/market/listed-companies/company-announcements/%23/%3Fcategory%3Dall


110 L. K. Fai et al.

61. Sinarti, Sembiring TM (2015) Bankruptcy prediction analysis of manufacturing companies
listed in Indonesia stock exchange. Int J Econ Financ Issues 5(1S):354–359

62. Tyagi V (2014) A study to measures the financial health of selected firms with special reference
to Indian logistic industry: an application of Altman’s Z score. Ind Eng Lett 4(4):43–52



Mathematical Model for Scheduling
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on University Course Timetabling
Problem
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Abstract The study presents the application of a general mathematical model previ-
ously developed for another set of timetablingproblemwhich is theUniversityCourse
Timetabling (UCT). The aim of this study is to extend the validation process of the
formulated model using a standard Mixed Integer Linear Programming (MILP). A
real public university course timetabling problem was used as our case study. All
data was gathered and analysed before embedded to the general model and solved
optimally using the AIMMS mathematical software with CPLEX as the solver to a
personal laptop of 2.20GHz and 4.95GBRAM.The data consists of 27 programmes,
449 core courses, 59 rooms and 70 time slots. An optimal standard university course
timetable was produced within a few minutes of CPU time. Optimality denotes that
the courses were assigned to the preferred slots and rooms, while fulfilling require-
ments such as the university’s policies, and other demands of all parties involved.
With the timetable produced, it is proven of the capability of the mathematical model
developed in solving timetabling problems.

Keywords Scheduling · Management problem · University course timetable ·
General mathematical model

1 Introduction

Timetabling problem is a common problem faced by most organizations worldwide
that often relates to educations, transportations, sports, and others that emphasizes
on a well-organized system. Problems in constructing a quality timetable are often
discussed amongst researchers and has initially discussed since the early 1960s [1].
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The discussions revolved and focused on solving, constructing, or improving algo-
rithms for specific purposes, which is to obtain a perfect timetable with acceptable
computation time. Not many deliberations were done in the effort of producing a
unique model with good algorithm that could solve variations of timetabling prob-
lems which could save plenty of time. Some could be referred to [2–4]. They focused
on gathering mutual requirements amongst different organizations and transforming
into mathematical modelling. References [4–6] employed the model developed to
solve different timetabling problems. In this particular study, we aim to extend the
application of the model to other set of timetabling problem, the university course
timetabling.

One well-known problem related with timetabling is the University Timetabling
Problems (UTP). UTP can be divided into two types: the University Course
Timetabling Problem (UCTP) and the University Examination Timetabling Problem
(UETP). These two types of UTP are identical, but not similar. As stated by [7],
UCTP differs from UETP in terms of the period when the problem is solved. UCTP
is typically dealt earlier on or before the semester starts while UETP is dealt at
the end of the semester or before the semester ends. Besides that, in term of class
(venue) allocation, for each course, there can be exactly one room per course in
the UCTP, whereas it is possible for a few courses to be assigned in one venue in
UETP. Furthermore, the UCTP is considered a ‘repetition assignment’ because the
courses must be designed assigned to fit for a-week-period and repeated throughout
the corresponding semester, while the UETP is considered a ‘one-time assignment’
since the exam is only held once for each course in a semester.

UCTP is mostly defined by researchers as the process of assigning a set of events,
(which in this case the events can be courses, students and lecturers) to specific and
limited slots and classes (rooms),with respect to the correspondinghard constraints of
each university. One condition agreed by these researchers is theremust be no conflict
occurred in solving the problem [8, 9]. UCTP is a repetitive administration problem
that needs to be solved twice a year as most universities in Malaysia are using the
semester system, where the academic year is divided into two terms of equal length
(usually one term will be a six-month-long including the semester break). There are
two types class enrolment systems—based on [10, 11]; (1) the curriculum-based
system where the students follow the created timetable, and (2) the post-enrolment
system where the students select their courses before the timetable is produced. In
this study, we deal with the curriculum-based system.

There are numerous studies done to find solutions for UCTP with different
approaches from the heuristic methods to the exact intelligent or multi-objective
methods. All the studies gave different solutions with the same objective: to assign
the courses to rooms and slots and, at the same time, avoiding clashes [12–14]. For
further details on solving UCTP using the heuristic and the exact methods, it can be
referred to [12–15] and [9, 16–18] respectively. References [19, 20] are some exam-
ples of studies that have been conducted using the intelligent and multi-objectives
method in solving the UCTP. In this study, we will not be focusing on the type of
method used. Our aim is basically to develop a mathematical model that can be used
for all types of scheduling problem. Hence, we will be focusing more on the model
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that has these mutual requirements for varieties of problems that could then produce
an effective timetable which benefits the users. We formulate the requirements using
Integer Linear Programming (ILP). Detailed discussion of the mathematical model
is provided in the next section.

The entire paper will be organized as follows: in Sect. 2, we will discuss the
problem description of the study, followed by the methodology used in this study
in Sect. 3. The result obtained for the UCTP in a public university is discussed in
Sect. 4. Section 5 concludes the whole study and presents a few suggestions for
further research.

2 University Course Timetabling Problem

The university in this case study is a local university located in the East Coast of
Malaysia, and the average enrolment of students per year is approximately 10,000
students from year one until year three, with some programmes being were offered
up to year four. This university is well known for its specialization in oceanography
and has eight different schools, consisting of 27 programmes. There are five schools
offering four programmes, one school offering three programmes and two schools
offering two programmes. For each year, there are two semesters of six-month-period
(including the semester break), and the courses offered for even and odd semesters
are different. The average number of courses offered for each odd and even semester
is approximately 1200 courses. In this study, we are solving the UCTP for the odd
semester.

Currently, the university administrator generates the schedule for every semester
semi-manually, which is where they are produce a basic timetable that follows some
basic rules using their purchased system. Following to that, they apply the ‘fill and
erase’ method. Here, they manually changed the assignments to the preferences or
any other demands that are required by lecturers. This involves the need to remove
what was originally assigned and amend the schedule respectively in such way that
there are no conflicts or violations of any hard constraints occur. This imposes too
many man-hours in order to generate a complete schedule for respective semester
with dissatisfaction-free.

In this study, we aim to solve the UCTP systematically to avoid dissatisfaction
among the users. Our main objective is to assign each course to an appropriate venue
and timeslot by catering the user’s preferences as much as possible. Previous studies
that were conducted to solve the UCTP alongside some examples of the constraints
considered are summarized in Table 1. Our general model comprises all of the
frequently considered constraints from previous works. Recent research conducted
by [21] solved UCTP for the same university using specific model formulated.
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Table 1 Example of constraints from the literatures

Literature [22] [23] [24] [25] [26] Our study

Objective
(soft
constraint)

To minimize
the
infeasibility
of the soft
constraints
and penalize
the redundant
and
non-preferred
timeslot

To minimize
the number
of soft
constraints
violations in
feasible
timetable

To find a
feasible
timetable

To
maximizes
the
resources
utilization

To find
the
possible
solution
for UCTP

To assign
all courses
to the most
preferred
slots and
venues

Completeness ✓ ✓ ✓

Conflict ✓ ✓ ✓ ✓ ✓

Maximum
consecutive

✓ ✓

Minimum of
classes

✓

Availability ✓ ✓ ✓ ✓ ✓

Clash ✓ ✓ ✓ ✓ ✓

Gap ✓ ✓ ✓ ✓

Precedence ✓ ✓ ✓

3 Methodology

The general model for scheduling problem is constructed using the Integer Linear
Programming (ILP) approach. It is solved by a mathematical tool that is specifi-
cally designed for modelling and solving large-scale optimization and scheduling
type problem [27], the Advanced Interactive Multidimensional Modelling System
(AIMMS) of version 12.8 installed on a personal laptop with the AMD A8-7410
APU and AMD Radeon R5 Graphics 2.20 GHz processor and the RAM size of
4.95 GB. TheAIMMS supports a wide range of mathematical optimization problems
like linear programming, quadratic programming, nonlinear programming, mixed-
integer programming, mixed-integer nonlinear programming, global optimization,
complementarity problems (MPECs), stochastic programming, robust optimization
and lastly constraint programming. The AIMMS is able to capture the complexity
of real-world applications that are ready for use by decision-makers [28].
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3.1 General Basic Model for Scheduling

The general model for the scheduling problem shown below was introduced in a
similar manner by [4]. Below is the mathematical model developed:

Max Z =
C∑

c

T∑

t

I∑

i
Pc,t,i Xc,t,i (1)

subject to:

T∑

t

I∑

i
Xc,t,i = 1 ; ∀c (2)

C∑

c

I∑

i
Xc,t,i ≤ 1 ; ∀t (3)

C∑

c

I∑

i
(Xc,t,i + Xc,t+1,i + · · · + Xc,t+q,i ) ≤ q ; ∀t ∈ {1, 2, ..., Tnd − q} (4)

C∑

c

I∑

i
Xc,t,i ≥ Ct,i ; ∀t (5)

C∑

c
Xc,t,i = 0 ; ∀t,∀i (6)

C∑

c
Xc,t,i ≤ 1 ; ∀t,∀i (7)

C∑

c∈Cs

V∑

v

(Xc,t,v + Xc,t+1,v + Xc,t+a,v) ≤ a ; ∀s,∀t ∈ {1, 2, ..., Tnd − a},∀d ∈ D (8)

R∑

r
Xci ,t,r −

R∑

r

T∑

t+1
Xc j ,t,r = 0 ; ∀(ci , c j ) ∈ cprec,∀t ∈ {1, 2, ..., t − 1} (9)

Xc,t,v ∈ {0, 1} (10)

In the study, we have applied the general model accordingly to suit the condition
of UCTP at a local university in Malaysia with real raw data obtained from the
university’s authority. There is one objective function, eight hard constraints and one
soft constraint in this model. We also used a decision variable of Xc,t,v ∈ {0, 1}. The
detailed formulation and summary of the data used are explained after the explanation
of the notation.

3.2 Mathematical Formulation
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Table 2 Summary of the data

Sets Notation Data

Total number of class meetings C 1283

Total numbers of time slots T 55

Total numbers of venues I 59

Total number of groups of students S 180

Parameters Notation Data

Preferences of examination assignments
to venues and timeslots

Pc,t,i Range: {1,5}
1: least preferred
5: most preferred

Minimum number of courses and venue
for every time slot

Ct,i 1

Maximum number of time slots per day Tnd 11

Number of maximum consecutives
preferred in a day

q 5

Enrolment of the courses by students Es Enrolment of the course according to the
given data

Number of gaps preferred between the
exams

a 1

Unavailable time slot Tof f {1.00 p.m.-2.00 p.m.} ∈{Sunday,
Monday, Tuesday, Wednesday, Thursday}

Courses to be scheduled earlier Ci Respective course according to the given
dataCourses to be schedule later C j

See Table 2.

4 Result and Discussion

The mathematical model is solved using AIMMS mathematical software which
produces a university course timetable. The computational result for the problem
to reach its optimal solution is summarized in Table 3.

The objective value is calculated based on the value of each course assignments.
The preference assignment parameter is obtained beforehand from the lecturers,
based on their preferred time of day to teach and the rooms required. A preference
value of ‘5’ is given for the most preferred time and rooms, while the preference
value of ‘1’ if for the least preferred resources. The model was solved in slightly less
than 3 min with an optimal solution value of 6415 and to a 0% gap. The calculation
of the objective value is shown below:
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Table 3 Experimental result

Elements Data

Total objective value 6415

Obtained objective value 6415

Gap 0%

Solving time 147.58 s

Total number of iterations 997

Number of variable 4,163,336

Number of constraint 5,592,714

Total objective value = Number of Class Meetings × Maximum Preferences Value

= 612 courses × 5

= 6415

Optimality with a 0% gapmeans that all courses were assigned to the best possible
time and rooms preferred rooms while fulfilling requirements such as university’s
policies and other demands of all parties involved. Figure 1 is an example of the
generated schedule for a program in the university. We have set the value of prefer-
ences based on random numbers between ‘1–5’ in representing the idea of the most
preferred to the least preferred assignments. However then manipulated the values
based on few observations. Overall, the model has solved to optimal with 5,592,714
constraints after computing 997 iterations.

A standard university course timetable was successfully been created using the
mathematical model, which comprises of the common requirements of a university
and the consideration of user demands. Figure 1 is an extracted timetable from the
university’s entire schedule, which shows the assignment of courses of a program
to the designated rooms and slots. Based on the figure, it is clearly shown that all
courses for the current semester are completely assigned to its place and timeslot, as
represented in Constraint (2). We ensured that there were no conflicts in the assigned
time and venue. This is controlled by Constraint (3). As for the students’ demands
to not have more than five slots consecutively assigned, constraint (4) prohibits that
from happening. With this type of constraint, an hour break will automatically be
given after a long-hour class, which in themodel, was set up to 5-h class meetings. To
address the administration’s concerns, Constraint (5) ensures the minimum numbers
of courses were assigned at each time. This constraint discourages the waste of
available resources. For each slot, it will guarantee the number of classes to be held.
Constraint (6) focuses on the unavailability of the resources. In this case, we applied
the constraint according to the scenario, where the break slot of 1.00 p.m.–2.00 p.m.
was set as the unavailable timeslot to all courses. Using this constraint, it is also
possible to accommodate the unavailability of specific rooms at certain timeslots
for any events or the unavailability of the lecturers themselves to a certain days.
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Fig. 1 Example of a program schedule

Constraint (7) is provable using Fig. 1, where each course was assigned exactly to
one venue and one timeslot. In this study, the model has successfully set at least a
slot gap after five-consecutive-slot courses, as represented in Constraint (8) and a
one-hour class is assigned earlier than the two-hour class, as per most universities’
requirement in Constraint (9). The whole university’ timetable produced using our
general model was then compared to the original timetable for validation purpose.
The result showed the similarity in terms of the output such as assignments of courses
to slots and rooms,which is sufficient to demonstrate that ourmodel is applicablewith
the university course timetabling data. It could be further strengthened by including
the elective courses in the problem data.

This general mathematical model will be a great contribution for organisations
that deal with scheduling problems directly. It is developed based on themutual needs
of different organisations as shown by [2]. Themodel was previously applied to other
problems, one of which was in solving an interview schedule for Teach for Malaysia
(TFM), a non-government organisation inMalaysia [5]. The samemodel was used to
solve another complex timetabling problem, an examination timetabling problem [4].
In the research, someother applications towards other timetabling problemswere also
demonstrated. This study has further proven its capabilities to solve other existing
timetabling problems existed by applying it to the education timetabling problem,
specifically in UCTP. The human resource consumptions can also be reduced as the
workload of the administrators in generating schedule throughout the semester is
already burdening to begin with. Besides capturing the mutual needs of an organisa-
tion, it will also capture the community’s preferences, which are one of the essential
features that a schedule should adhere to.
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5 Conclusion

This study is conducted to demonstrate the application of a general mathemat-
ical model in solving an existing university timetabling problem, faced by a local
university in Malaysia. All common requirements in a university (hard constraints)
were fulfilled while also considering the community’s timetabling preferences (soft
constraints). The optimal result obtained proves that the general mathematical model
is also capable in solving theUCTP.We have successfully produced a standard course
schedule for an entire semester without any conflicts occurring and it was generated
in a shorter duration compared to the original schedule issued by the administration
staff in-charge. Note that some courses were not able to assign to its preferred slots
or rooms due to the limited resources. However, it was assigned to other choices
captured by the soft constraint that was included in the model.
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Vision-Based Dynamic Hand Gesture
Recognition Techniques
and Applications: A Review

Nurfazlin Muhamad Feizal Franslin and Giap Weng Ng

Abstract Hand gesture recognition is an area in computer science that focuses on
utilizing mathematical algorithms to analyze human gestures. The aim of this study
is to perform a review evaluating related input devices, techniques, limitations and
problems of dynamic hand gesture recognition using vision-based methods. More
precisely, the hand gesture recognition process is divided into four stages: (a) input
image, (b) segmentation, (c) feature extraction and (d) classification/recognition.
Gesture control is the ability to acknowledge and interpret human body movements
using a variety of gestures or motions made in the air by interacting and controlling
devices without having the need to physically touch them. The Single Camera, Leap
Motion Controller (LMC) and Microsoft Kinect are the three vision-based hand
gestures devices that are compared in this review paper. We found out that the Single
Camera is able to perform and achieve an accuracy rate of more than 95%. Besides,
this paper not only is able to differentiate and compare the accuracy rate between
the input devices, but also between the techniques applied which consists of (a)
HiddenMarkovModel, (b)DynamicTimewarping and (c)NeuralNetwork including
their advantages as well as the disadvantages. The applications that are used in
vision-based dynamic hand gesture recognition are presented.

Keywords Dynamic hand gesture recognition · Computer vision · Human
Computer Interaction · Dynamic hand gesture techniques

1 Introduction

Movements are expressive gestures in which significant physical gestures such as
hands, fingers, arms, face, or body are used with the purpose to transmit information
for human interaction. Meanwhile, hand gestures are an important form of commu-
nication that we use whenever we move our hands. Hand gesture recognition allows
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human computer interaction without the need of physical devices by recognizing
various hand movements. The twomethods used for the recognition of hand gestures
are vision-based and sensor-based. Gestures, input data, or video cameras are taken
by a camera in the system, and no further gadgets are required. Sensor-based, on the
other hand, is a non-vision based system that relies on sensors to capture and detect
motion, position, and velocity of the hand movement [1].

This paper aims to review existing work from multiple research regarding vision-
based using dynamic hand gestures. This paper examines the difference of three input
devices: a single camera, Kinect, and a LeapMotion Controller, as well as the applied
techniques. Besides, this paper also outlines the advantages and disadvantages of the
HMM, DTW and NN techniques. Moreover, the use of dynamic hand gestures in
different applications including the limitations and problems that need to take notice
are presented as well.

1.1 Hand Gesture Classification

Hand gestures are classified into static and dynamic.

Static hand gestures: Represents a single image or hand poses where the position
of hand remains unchanged throughout the gesturing period [1].

Dynamic hand gestures: Refers to change of hand movement with time. It relies
on orientation, shape and flexure angles of the fingers, trajectory, direction and scale
[2].

1.2 Vision-Based Devices

The vision-based devices consist of single camera, stereo camera, active techniques,
and invasive techniques. In Fig. 1, the single camera comprises video camera, web
camera includingmobile phone. Stereo camera is a typeof camera that contains twoor

Fig. 1 Vision-based devices
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more lenses that provides depth information.Active technique includes deviceswhich
are LMC and Kinect. Markers like colourful gloves, LED lights, and wristbands are
examples of invasive method [1].

1.3 Vision-Based Hand Gesture Representation

Figure 2 shows features for hand gesture representation that’s categorized and divided
into two approaches which are 3D hand model based and appearance based. The
3D based approach consists of a 3D textured volumetric model, geometric model
and skeleton model. Meanwhile, the appearance based approaches are silhouette
geometry, colour-based, deformable edge based and motion-based models [3].

3D model based approaches: The volumetric model which is made up of three-
dimensional surfaces is suitable to use in a virtual environment for interaction [3, 4].
When it comes to skin surface information, 3D geometric models are said to be less
accurate than the 3D textured volumetric models [5]. The benefit of using the skeletal
approach is that analysis will take place faster, the image models will be stored in a
database that will be used for matching, and it will concentrate on the body’s most
important parts [4].

Appearance based approaches: This method is also known as View Based
Approaches [3]. Using a template database, features are obtained directly from
images or videos. Image sequences are used as gesture templates for hand tracking
and simple gesture classification [1]. Due to feasibility in the extraction of features in
2D images, appearance-based are regarded to be less difficult than 3D model-based
[3]. The drawback of appearance-based techniques is that it needs a large quantity
of training data. Due to its highly joined structure, it is exceptionally difficult to
cover all possible configurations of the hand. As a result, these methods are reliant
on specialized gadgets such as Hand Gloves [6].

Fig. 2 Vision based hand gesture representation
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2 Literature Review of Vision-Based Hand Gesture
Recognition

Figure 3 shows four stages of the process in the vision-based hand gesture recognition
system. The four stages involved in this process starts with the input image, followed
by pre-processing and segmentation, subsequently undergoes features extraction,
and the last stage in this process is the classification and recognition phase [2].

2.1 Input Image

The input image is a camera using a vision-based approach. This step is to connect
and capture the input data from different types of image detectors by sending those
images for detection to process in the form of frames. The input image then extracts
the features to be used later in the classification stage [2].

2.2 Image Pre-processing and Segmentation

Segmentation procedures are done to separate an image into its component parts
or objects. Image pre-processing (segmentation) is affected by the background
conditions. The hand segmentation methods are as follows:

Skin colour segmentation: For example, the webcam acts as an image capture
tool. RGB color space is translated into YCbCr color space to make sure the area
of the hand is split from the images that were captured. Since RGB images are
extremely sensitive to changing light conditions, theRGBdata is converted toYCbCr.
The YCbCr is defined as such that the Y is the luma component, which represents
the image’s luminance information, and Cb, Cr are the chromo components, which
represent the image’s red and blue differences in colour. Afterwards, the YCbCr
image is transformed to a binary image [7].

Background subtraction: This hand segmentation technique is to identify moving
objects detection of the scene. The Gaussian mixture model was proposed as a solu-
tion to fix the problem to subtract the background [8]. To distinguish the foreground
which is the skin pixel from the rest of the background, researchers recommended

Fig. 3 Vision based hand gesture recognition process
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applying the K-means clustering technique on the chrominance channels in the
YCbCr colour space [1].

Thresholding: The simplest method of image segmentation is thresholding. The
thresholding method can be used to produce binary images from a grayscale image.
In the process of thresholding an image, each pixel is replaced with a black pixel if
the image intensity is less than some constant value, and a white pixel if the intensity
is greater. The intensity of pixels in an image is a main attribute that they can share.
As a result, when thresholding images, they are divided into sections based on light
and dark [7].

Entropy: Entropy analysis is used to recognize one-handed motions in the presence
of a complicated environment. The suggested study employs a system that uses
frame differencing to subtract a single image frame from another subsequent image,
measures the entropy, separates the hand region from images, the hand area is then
tracked in order to detect hand motions. At the same time, Entropy provides colour
and motion details [9]. Entropy Analysis and PIM (Picture Information Measure) is
a method for segmenting hand movements in a static and complicated background
that combines both entropy and skin colour information [1].

2.3 Feature Extraction

Next step of the process is feature extraction. Feature extraction is required to extract
the best feature points from the track path’s accessible data points. When the input
data for the algorithm is too large to be processed, feature extraction helps tominimize
the amount of redundant data effectively. The data is transformed into a smaller
representation set of features (also known as features vector). The process of turning
raw data into a set of features is known as feature extraction [10].

2.4 Classification

Classification is defined as a statistical approach. This method uses feature set as
input and outputs the required gesture by providing a class labeled output. Extracted
features are sent for training and testing the classification of algorithms such as
HMM, DTW and NN to reach the output [4].
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3 Methods Used in Vision-Based Dynamic Hand Gesture
Recognition

There are many vision-based approaches used in dynamic hand gesture recognition.
Vision-based approaches such as single camera and the active technique are used by
researchers for hand gesture recognition. The following presents the variousmethods
used including the successful recognition accuracy rate backed up by the experiments
that have been conducted by researchers.

3.1 Single Camera

A system was designed and developed in front of a web camera in real time dynamic
gesture recognition with computer vision using motion history images and feedfor-
ward neural network. Four gestures have been carried out in the experiment where
results were obtained under good lighting conditions with 85% success rate whereas
bad lighting conditions achieved around 71.3% [8]. The dynamic images were taken
using dynamic video with OpenCV. Ten users were tested to recognize 11 gestures
of the hand that obtained an accurate recognition rate of over 95.1% [9].

3.2 Active Technique

Examples of active techniques used in researches are as follows:

Leap Motion Controller: Based on a research finding, the Handicraft-Gesture
dataset had a recognition accuracy of 95.0%, while the LeapMotion-Gesture3D
dataset had an accuracy of 89.5% [10]. Leap Motion Controller (LMC) was used
for flowers and plants interaction applications. An improved Hidden Markov Model
(HMM) algorithm based on Particle Swarm Optimization was proposed, which
results in higher recognition rate of 96.5% for Leap-Gesture and Manipulation-
Gesture 97.3% on those two test datasets [11].

Kinect: RGB-D data that has been collected and obtained by Kinect sensor is used
to recognize dynamic hand gestures. An improved dynamic time warping algorithm
(IDTW) for dynamic hand gesture recognition was designed to recognize the hand
gestures. Experimental outcomes demonstrate the average recognition rates of the
suggested IDTWalgorithm on the traffic command gestures dataset and their UDLR-
8 gestures dataset are 97% and 96.5%, respectively [12]. Twelve dynamic hand
gestures are able to be recognized after the hand palm parameters are obtained.
These gestures are organized into two types, which are the hand trajectory based
gestures, and the fingertip behavior based gestures. An average recognition rate of
90.08% was achieved [13]. A method was presented using multi-modal data streams
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which utilized 3D convolutional neural network to extract spatial–temporal features
from RGB, optical flow and depth sequence. Later, these features are inputted into
a fusion module for classification. Dataset of the twelve dynamic hand gestures was
collected which shows experimental results with the frontal view yielded the highest
accuracy of 88.0% whereas on the side views, however, the accuracy declined to
80% or 75% [14].

3.3 Findings

From the comparison of the input devices, a single camera based method was able
to achieve a recognition rate of up to 95% of accuracy compared to Kinect and Leap
Motion Controller with accuracy ofmore than 97%.Additionally, lighting conditions
affect the accuracy of gesture recognition as it correlates to a better success rate than a
dark background [7]. Built-in webcamwas used to recognize both static and dynamic
gestures without the need for additional cameras to ensure that the system is cost
effective [15]. The accuracy of the system decreases when the length or gap between
the webcam and hand is greater than 1.5 m. The maximum distance in which the
webcam can detect is at 3.4 m [16]. The Leap Motion Controller (LMC) is capable
at 3D modelling the bones of the hands and fingers [17]. The advantages of LMC
are robustness, less memory is required and it has fast processing capabilities [18].
LeapMotion’s close range is great for reducing background clutter that allows direct
focus on the hand patterns [19]. Leap Motion Controller takes less feature extraction
time than the Kinect Sensor [10]. The benefits of using Microsoft Kinect Sensor is
that the device provides depth and skeleton information and it is user-friendly [20].
Kinect version 2 significantly improved the accuracy of depth measurement over the
Kinect version 1. The depth images captured by Kinect version 2 are of good quality
[21]. Variations in illumination, scale, and rotation do not affect the features retrieved
from depth images and point clouds [22]. Motion sensing devices such as Kinect are
quite costly [19]. The skeleton’s process increased latency due to unhelpfulness of
skeleton data of the Kinect version 2 [23].

4 Dynamic Hand Gesture Techniques

This section provides a review of different techniques applied by different research
that are used in dynamic hand gesture recognition. The techniques can be classified
into Hidden Markov Model (HMM), Dynamic Time Warping (DTW) and Neural
Network [2].

HiddenMarkovModel: According to one research,HMMwas used for the alphabet,
Arabic, and Roman number in the hand gesture recognition system. Recognition was
done accordingly to capture the hand trajectory. The algorithm’s accuracy was put to
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test on the Left–Right Banded (LRB) topology, and it has a 99.05% of average recog-
nition rate [4]. 1200 videos captured with a simple white glove from 12 people of 20
dynamic signs, for the dynamic Persian sign language recognition system. Using a
region growth approach, hand trajectories and video frames were used to extract the
three hand shape information. These trajectories and their temporal patterns were
modelled using HMM with Gaussian mixture observations. Experimental results
achieve an average accuracy of 98.13% [24]. A dynamic hand gesture recognition
system was implemented where the user’s hand is detected using Adaboost algo-
rithm with HOG (histograms of gradient) features and tracked using condensation
and partitioned sampling. Both local and global features are used to represent the
trajectory of a hand gesture. HMMmethod is taken to recognize the gestures [25]. A
fusion recognition method based onmultiple features and HMM for dynamic gesture
was introduced to recognize dynamic hand gestures for the operator’s instruction in
robot teleoperation. The proposed method using a LeapMotion achieves an accuracy
rate of about 90.63% for LM-Gesture 3D dataset and up to 93.3% for Letter-gesture
dataset [26].

Dynamic TimeWarping: A work based on Indian Sign Language along with DTW
algorithm was used to find the best alignment between the stored database features
and query features. 24 gestures were recognized that resulted in an accuracy of 90%
[27]. DTWwas used to recognize gestures by comparing an observed gesture with a
series of prerecorded reference gestures. The average outcomes obtained was 92.4%
for one or multiple hand static and dynamic gestures [28]. To better recognize hand
gestures, an improved dynamic time warping method (IDTW) was developed. The
algorithm used weighted distance and applied a restricted search path to avoid the
huge and tedious computation in traditional DTW and enhances the recognition
performance. The experimental results indicate a higher average recognition rate
of 96.5% [12]. In a study, the novel Robotic Sign Language was developed, which
implements N-Dimensional (ND-DTW) classifier for dynamic gesture recognition
achieving an average recognition rate of 95.5% [29]. To helpmusicians enhance their
performance, a paper presents a real-time musical conducting gesture recognition
system. Kinect was used to capture a musical conductor’s depth map and to create a
skeleton model using palm data points. Three different musical gestures of five users
at five varying speeds and seven different angles was used in the experiment. The
overall accuracy percentage achieved was 89.17% [30].

Neural Network: Long Short-Term Memory (LSTM) recurrent neural networks
was used to analyze the sequential time series data collected from the Leap Motion
Controller. A study presents a novel deep LSTM architecture as a hybrid model
which combines the basic unidirectional LSTM (basic U-LSTM) and bidirectional
LSTM (Bi-LSTM) with additional components to give final prediction network
called Hybrid Bidirectional Unidirectional LSTM (HBU-LSTM). The proposed
HBU-LSTM resulted in an average recognition rate around 90% [31]. Two layer
Bidirectional Recurrent Neural Network was used for dynamic hand gesture recog-
nition with a LMC. The American Sign Language (ASL) dataset was used to test
the system with 360 and 480 samples including the Handicraft-Gesture Dataset, that
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output 96.3%, 95.2% and 96.7% accuracy respectively [32]. A study used a laptop
camera and designed a 3-dimensional Convolutional neural network model for hand
gesture recognition. Jester dataset was utilized in the training process resulting in an
average accuracy rate of 90% [33].

4.1 Advantages and Disadvantages of Hidden Markov Model
(HMM), Dynamic Time Warping (DTW) and Neural
Network (NN)

The HMM method requires a lot of training data unlike the DTW method which
conveniently does not need additional training data [34]. The use of both the DTW
and HMM algorithms together can effectively reduce the computing time, enhance
both recognition accuracy and efficiency and accomplish efficient recognition of
dynamic gestures [35]. Evaluation time will increase when the database is enlarged
for dynamic time warping algorithm [36]. LSTM has the capability in dealing time
series problems. Traditional neural networks face weakness due to lack of memory
elements as they are unable to use previous information while dealing with a current
task [31]. Multilayer perceptron has a significant limitation where the network’s
depth couldn’t be too large due to high computing cost [33].

5 Application Use in Dynamic Hand Gesture Recognition

Potential techniques were designed by researchers to identify solutions and solve
users’ problems when using the application for hand gesture recognition. Dynamic
hand gesture recognition systems are utilized in a variety of applications including
sign language, robot control and others. This section presents the applications that
were conducted by researchers.

5.1 Sign Language

A vital role is played by sign language using gestures for humans to communicate
and interact with one another. Various fields of research are done to utilize dynamic
hand gesture recognition for numerous kinds of signing. An artificial neural network
classifierwas used to recognize 10words from10persons forKurdishSignLanguage.
The dataset was broken down such that 80% were used for training and 20% for
testing, with a success rate of 98% [37]. Two handed 20 Indian Sign Language
dynamic signs were tested on 4 different people with an overall of 800 training
set which achieved an accuracy up to 89.25% using Microsoft Kinect Sensor [38].
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Convolutional neural network was used to develop a dynamic hand gesture-based
sign word recognition system that converts sign gestures into text with an average
recognition accuracy of 96.96% [39]. Research was conducted using 10 gestures
consisting of 5 static and 5 dynamicwith Naive Bayes for Indonesian Sign Language.
These gestures were read by using leap motion obtaining results of 80.53% accuracy
on trained data and 70.67% on untrained data source [40]. Kinect version 1, Kinect
version 2 and a handy cam were used by 40 signers where they each recorded 80
signs including Arabic alphabet, numbers and other daily use signs consisting of
static and dynamic. This was repeated 5 times using 2D hands and body skeleton
data for the Arabic Sign Language recognition system. The results were obtained
for dynamic signs in dependent mode with an accuracy of 98.39% and 88.9% for
static signs while in independent mode with an accuracy of 96.69% for dynamic
signs and 86.34% for static signs. The combination of dynamic and static signs had
an accuracy of 89.62% for dependent signers and 88.09% for independent signers
[23].

5.2 Robot Control

Two sensors which are the magnetic tracker for wrist and data glove for the hand
were used to capture the hand shape, position and orientation. Multi-Layer Neural
Networks (Perceptrons) (MLP) with one or two hidden layers are the classifiers used
in industrial robot using hand gesture recognition resulting an accuracy of 98.7%
for the 25 static gestures and 99.0% for the 10 dynamic gestures [41]. 8 dynamic
gestures were used to classify for robot arm picking tasks with the combination of
MobileNet (V2) and LSTM. The findings show an accuracy of at least 90.62% of
each gesture that can be recognized in 88 ms [42]. 3D hand pose estimation and deep
neural network was proposed on a developed dynamic hand gesture for human robot
interaction with 92.4% accuracy rate [43]. A research study developed a system to
navigate mobile robots using pointing and commanding gestures. The total accuracy
of 94.4% was achieved to recognize the dynamic gestures [44].

5.3 Other Applications

All seven hand motions were used to access webpages and run applications such
as PowerPoint, six of which are static and one of which is dynamic. The dynamic
swipe motion yields an accuracy of 85% in plain background and 80% in non-plain
background [15]. Four swiping gestures and two static gestures were tested using the
Leap Motion device to control a drone in a virtual world using Unity game engine.
The experimental results obtain greater than 90% accuracy rate [45]. Dynamic hand
gesture recognition system was designed for UAV (unmanned aerial vehicles) flight
control. The outcomes of the test showed that the 2-layer fully connected neural
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network achieved around an average accuracy of 97% on normalized dataset while
5-layer fully connected neural network yielded an approximate accuracy of 98%.
The 8-layer convolutional neural network on the other hand performed better on raw
dataset with 97% average accuracy [46].

6 Limitation and Problems in Hand Gesture Recognition

There are some limitations and problems that occur in hand gesture recognition and
when these are neglected it will not produce the best and accurate results for the hand
gesture recognition system. Research studies have stated that background subtraction
is unable to handle abrupt lighting changes that cause inefficiencies in the results.
The objects in non-plain background do not achieve good accuracy compared to
when using a plain background which produces great possible results in the image
capturing process [15]. Lighting affects the accuracy results in skin detection. If the
test chamber is located in a dim room or environment, the system will have difficulty
to detect skin colour because the object’s colour is too dark to be recognized. The
greater the distance between the hand from the camera that surpasses the system’s
limit of not being able to recognize the fingers will lower the accuracy rate [16]. The
results are influenced by the frame rate of the video feed and the resolution quality
of the web camera [47]. Gestures bring different meanings in different cultures. A
similar type of gesture made by a person can be considered offensive or insulting but
to other cultures it can be considered as something normal [48].

7 Conclusion

Different dynamic hand gesture recognition techniques were presented. The clas-
sification of dynamic hand gesture recognition consists of HMM, dynamic time
warping and neural network. Various research has been reviewed to gather infor-
mation regarding the different types of methods and the applied techniques in
dynamic hand gesture recognition. The vision-based approaches that were reviewed
are web camera, Microsoft Kinect and Leap Motion Controller. The comparison
of the existing works using vision-based approaches shows that the Single Camera
can achieve accuracy recognition of up to 95% whereas Microsoft Kinect and Leap
Motion Controller are able to obtain more than 97% accuracy. Applications were
used in dynamic hand gesture recognition such as in non-verbal communication
using sign language, robotics and others are helpful for human or robot interaction,
creating a new type of experience and solving problems to simplify things for users.
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A Review on Statistical and Machine
Learning Approaches to Forecasting
the Occurrence of Covid-19 Positive
Cases

Velentine Jaulip and Rayner Alfred

Abstract The World Health Organization (WHO) classified the 2019 new corona
virus a worldwide pandemic on March 11th, 2020. Corona virus, also known as
COVID-19, initially appeared in Wuhan, Hubei province, China, around December
2019 and quickly spread around the world.Many research efforts in the battle against
the pandemic have been made, a lot of prediction models based on mathematical
models, infectious disease models, and machine learning models have been devel-
oped. Previous work shows that the LSTM algorithm is the most used deep learning
technique in forecasting various infectious disease such as Dengue, Malaria and
recent Covid-19 pandemic. Previous study shows that it is important to conduct
comprehensive studies on infectious disease especially Covid-19 due to its fast
infection rate worldwide. Thus, this paper summarizes datasets, method and hyper-
parameters setting used to design experiments and models for prediction diseases
outbreaks. At the same time, several limitations have been identified and need to be
considered in building a robust LSTM model to learn time series data related to the
occurrence of Covid-19 positive cases and death cases. These limitations include
model design based on assumption, restricted to short time-series data, exclusion of
impact changes factors such as time changes, spatial influence, climate factors, small
sample dimension, depended on historical data and finally changes of future policies
based on assumption.

Keywords Covid-19 · LSTM · Deep learning · Time series

1 Introduction

The recent pandemic of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2), popularly known as Covid-19, first reported in late December 2019 from
Wuhan city of Hubei province, China [1]. Until now, it has expanded globally, putting
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great strain on the economy, society with the increasing number of new cases and
new deaths. It spreads through infected people’s respiratory droplets (sneezing and
coughing) and contaminated surfaces, and it can spread from infected carriers who
have no symptoms to those who come into touch with them [2]. It has a great impact
on vulnerable groups, such as the elderly and those suffering from chronic conditions
[3]. At the same time, increased demand for healthcare has resulted in high patient
flows, resulting in hospital bed shortages and strain situations [3].

In order to control the source of infection and preventing the spread of Covid-
19, it requires cutting off transmission and safeguarding vulnerable groups [4]. As
a result, to prevent the virus from spreading further, many countries have imple-
mented unprecedented national initiatives such as social distancing, curfews, school
and company closures, travel restrictions, and others. When compared to previous
infectious diseases, the rate of contagion and infection transmission is extraordinarily
quick [5]. It is important to conduct comprehensive studies on building models for
predicting Covid-10 positive cases occurrence due to its quick growth and ability to
cover the globe in a short period of time.

Many research efforts in the battle against the pandemic have been made, a lot
of prediction models based on mathematical models, infectious disease models, and
machine learning models have been developed [6]. ARIMA and LSTM are the most
often applied statistical and machine learning algorithms for time-series data predic-
tion where they have achieved the best performance model with lowest RMSE [6].
Since Covid-19 can be considered as a time series data with daily records, it is
strongly advised to use a sequence network extraction strategy which offered in
machine learning. In additional to that, the approaches that combinemachine learning
with statistical algorithms have been found quite successful and widely used in time
series forecasting of infectious disease such as influenza-like illness [7], Dengue [8,
9], Malaria [10] and Zika [11]. Helping decision-makers in slowing or stopping the
spread of confirmed and recovered Covid-19 infections requires accurate modelling
and forecasting [5, 12, 13].

Artificial intelligence and machine learning are being used in the most modern
applications and systems for many organizations [14]. Deep learning is a subset
of machine learning that delivers correct performance and fully outperforms other
machine learning approaches, particularly as data scale rises [14]. To simulate the
prediction of Covid-19 pandemic, time series prediction methods such as Auto-
Regressive Integrated Moving Average (ARIMA) [5, 15–17], Nonlinear Autore-
gression Neural Network (NARNN) [7], and Long-Short Term Memory (LSTM)
[2–5, 7, 8, 12–16, 18–29] approaches have recently been employed. According to
the findings, the most accurate model was determined to be LSTM [2–5, 7, 8, 12–
16, 18–29]. LSTM achieved good forecasting performance due to its capacity in
handling time-dependent datasets [3]. Moreover, LSTM estimation has a distinct
advantage over time series data with both short and lengthy sequences [25]. Besides
that, Covid-19 time series data for all country are available publicly and assessable
from Johns Hopkins University Dataset (JHU CSSE, 2020) which most researchers
used in the previously published works [4, 13, 14, 21, 30].
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This paper is organized as follows. In Sect. 2, several related works on predicting
disease outbreaks and spreading are highlighted. Section 3 summaries all the previous
works conducted using statistical and machine algorithms (e.g., deep learning algo-
rithm) based on the tasks involved, datasets used, methods applied, hyperparameters
setting, findings and limitations. Finally, Sect. 4 presents the conclusion and future
work.

2 Related Work

In the battle against the COVID-19 pandemic, there are a lot of studies conducted to
anticipate the spread of the virus. Alfred and Obit [6], performed a systematic review
from journals and conference proceedings published in Scopus indexed databases.
They proposed various approaches of machine learning methods in controlling the
spread of deadly infectious diseases. They found that algorithms belong to the Neural
Network family have been proven to outperform other linear and non-linear machine
learning approaches. ARIMA and LSTM are the most often applied statistical and
machine learning algorithms for time-series data prediction where it can achieve the
best performance model than other machine learning algorithms such as SVM and
XGBoost. Other than that, the family of ANN and kNN algorithms are frequently
employed to solve classification problems. Xu et al. [15], compared the performance
of prediction models between ARIMA, XGBoost and LSTM to Infectious Diseases
in China. LSTM showed a reduced error rate in some cases, including as pulmonary
TB, which had a 4.32% error rate. By comparing LSTM’s with ARIMA, it shows
that ARIMA’s time lag problem resulting high error rates which gives advantages
to LSTM’s accuracy. A study conducted Yang et al. [7], in forecasting Influenza—
like illness in the region using LSTM model and RNN model by using air pollution
index and influenza-like visit rates. They concluded that LSTMmodels have outper-
formed RNN in predicting ILI consultation rates where LSTM’s model achieved
lower errors in MAPE evaluation index. Predicting deadly infectious disease “chick-
enpox” with deep learning and big data has also been conducted by Chae et al. [18]
using LSTM, DNN, OLS and ARIMA model. By optimizing the parameter (search
query data, social media big data, temperature, and humidity), they found that DNN
and LSTM performed well compared to ARIMA and OLS where DNN and LSTM
models improved performance by 24% and 19%, respectively. A study has also been
conducted by Luo et al. [12] to predict the spread of Covid-19 in America using daily
confirm cases in the form of time series data from WHO website [12]. In this work,
they have divided the dataset for LSTM and XGBoost algorithms by randomly split-
ting into 90% for training dataset and 10% for testing dataset to test the performance
of the LSTM and XGBoost algorithms. Then, the performances of the algorithms
were evaluated by comparing the MAE, MSE, RMSE, and MAPE values. They
concluded that LSTM performed better in term of accuracy where LSTM produced
smaller error values (e.g., MAE = 771, MSE = 962,577, RMSE = 981 and MAPE
= 2.32%) compared to XGBoost.
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On the other hand, Rasjid et al. [19], compared Savitzky Golay Smoothing and
LSTM-NN in predicting death and positive cases in Indonesia. They found that the
curve of LSTM-NN shows a distinct rise and aligns with the actual Time Series
data obtained fromHumanitarian Data Exchange (HDX). The findings show LSTM-
NN outperformed the Savitzky Golay smoothing in term of prediction. Another
related comparative analysis also found in research by Kırbaş et al. [5], where they
have selected ARIMA, NARNN and LSTM approaches in forecasting of COVID-
19 cases in various European countries. To evaluate and analyze model accuracy
and performance factor of ARIMA, NARNN and LSTM model, the Mean Squared
Error (MSE), PeakSignal-to-NoiseRatio (PSNR),RootMean-SquareError (RMSE),
Normalized Root-Mean-Square Error (NRMSE), Mean Absolute Percentage Error
(MAPE) and Symmetric Mean Absolute Percentage Error (SMAPE) were examined
in order to make a fair comparison. SMAPE values of LSTM, ARIMA and NARNN
are varies from 0.16–2.55, 0.34–5.46, and 0.27–7.95, respectively. LSTMmodel has
outperformed the ARIMA and NARNN models with the lowest RMSE where the
model is the best fitswith real data in all countries’ estimations. Besides that, previous
work done by Chimmula et al. [13], using LSTMModel to forecast the occurrence of
Covid-19 positive cases and death rate in Canada and Italy. AugmentedDickey Fuller
(ADF) test is performed to analyze stationarity and non-stationarity dataset where
time series data are break down into two datasets “Model–1 (Canada) & Model–2
(Italy)”. The time scale of each dataset is adjusted to detect changing parameters
which consist of trend, seasonality and error. As a result, the short-term prediction
for Canadian dataset resulting RMSE error of 34.83 with an accuracy of 93.4% and
RMSE error 45.70 with an accuracy of 92.67% for long term predictions. From their
research, it is clear that LSTM algorithm has produced a higher prediction accuracy
with more than 90% accuracy for the recent pandemic.

In other research of predicting infectious disease using machine learning algo-
rithms, Kara et al. [16] have introduced a hybrid method that combines LSTM and
Genetic Algorithm (GA) to forecast influenza outbreak [16]. In their research, GA-
LSTM, ARIMA, RAF, SVR, FCNN were used in modeling an outbreak. GA-LSTM
method provided better performance compared to other benchmark approaches
where the mean values of RMSE for GA-LSTM, ARIMA, and SVR are 5166, 5640,
6755. GA-LSTM algorithm improved by approximately 7.87%, 6.74%, 2.02%, and
8.96% with MAE, RMSE, R2, and Std-Error model increased by approximately
8.40%, 7.62%, 2.15%, and 10.06% compared to ARIMA. Furthermore, ArunKumar
et al. (2021) have also investigated the optimization of hyperparameters for RNN-
GRUandRNN-LSTMmodels using cumulative of confirmed cases, recovered cases,
and fatalities of Covid-19 datasets in top-10 countries [21]. They found that the RNN
based algorithm produced higher accuracy with optimized hyper-parameter. Simi-
larly, Marzouk et al. [2] have shown that LSTM algorithm performed better with R2

value of 9.999E-01 which higher than CNN and MLP models by 0.017% and 0.19%
in forecasting COVID-19 [2]. The RMSE value of LSTMwas 436.06, less than CNN
and MLP models by 47.06% and 76.65%. The value of the R2 of the predicted data
using LSTM was higher than CNN and MLP models by 0.11% and 0.16% with less
RSME error 67.56% and 67.94%.
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Table 1 shows the summaries of all the previous works conducted using statistical
and machine algorithms (e.g., deep learning algorithm) based on the tasks involved,
datasets used, methods applied, hyperparameters setting, findings and limitations.
The summary of Table 1 is discussed in Sect. 3.

3 Discussion

In this study, 42 articles related to the application of machine learning and deep
learning techniques in forecasting infectious disease outbreak such as influenza-like
illness [7, 16, 31], Malaria [10, 15, 18], Dengue [8, 9, 15] and Covid-19 [2–5, 12–14,
17, 19–30, 32–34]. These articles were collected from SpringerLink and Science
Direct. Based on the review, there are 21 papers [2–5, 7, 8, 12–16, 18–29] that were
selected related to the application of deep learning algorithm (e.g., LSTMalgorithm).
Table 1 summarizes several works related to the deployment of LSTM algorithm in
forecasting the occurrence of infectious diseases compared to other machine leaning
and statistical algorithms in learning time-series data in real-world applications.

Based on the review of the previously published works, most conducted exper-
iments have used different approaches such as ARIMA, SVR, XBoost and CNN
which then were compared to the LSTM algorithm in term of model performance
using RMSE, MAE, MSE and other assessment metrics. Based on the findings also,
LSTM algorithm was the most used machine learning technique in forecasting the
occurrence of an infectious disease [1–8, 12–16, 18–29, 35–37]. For instance, the
LSTM algorithm has been used to learn Covid-19 time series dataset that consists
of positive cases and death cases for each country which can be accessed from John
Hopkins university (JHUCSSE, 2020) [4, 13, 14, 21, 29] which are publicly accessed
from GitHub repository and World Health Organization [12, 22, 24].

The hyperparameters setting used for training and testing the LSTM algorithm
prediction is different for every work due to its problem domain. Adam optimizer
has been used the most for optimizing the loss function in LSTM networks [4, 14,
16, 24, 25, 27–29]. In order to preserve the shape of the original distribution of data
MinMaxScaler [22, 25–27] is used as a normalizer with values ranging between −1
and 1. In forecasting infectious disease, the type of hyperparameter settings used, that
include the number of layers, hidden layer, number of neurons, initial rate, dropout,
epoch, batch size and time step, were also different with different ranges of values.
For instance, the values for hidden layer are ranging from 1 to 50. The values for
learning rate are ranging from 0.1 to 0.00001 (e.g., 0.1, 0.01, 0.001, 0.0001, 0.00001)
and the values for dropout are ranging from 0.2 to 0.5 (e.g., 0.2, 0.4, 0.5). The values
for the number of epochs are 100 [19, 20, 25] and 200 [2, 24]. Several conducted
experiments have used predefined value of hyperparameter settings obtained from
previous study. Butmost experiments included in the previous works were conducted
multiple time and have used different ranges of hyperparameter settings for tuning
purposes to achieve greater prediction accuracy [21]. Moreover, in order to improve
the performance of the machine learning models, dataset is split into training and
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testing. Frequently used ratio in model prediction used in previous works are 60:40
[18], 70:30 [24, 25], 80:20 [13, 26, 29] and 90:10 [12]. In some cases, to validate the
performance of the model, the ratio of testing data is split for validation purpose. For
example, Chae et al. split training, testing and validation data set into 60:20:20 where
20% validation data was only used for performance evaluation during training [18].
On the other hand, Ayoobi et al. split training, testing and validation into 70:10:20
ratio in forecasting COVID-19 for upcoming 30 days scenario where 20% of data
subset used for validation [24].

Based on the previous conductedworks in forecasting infectious disease outbreak,
LSTM algorithm has outperformed the other machine learning and statistical
approaches such as ARIMA, OLP, CNN and SVR where the performance of the
LSTM model has achieved greater prediction accuracies with lowest RMSE trans-
mission rate [2, 4, 5, 7, 8, 12–16, 18, 19, 21–29]. However, the results could be
improved further byusing feature constructionor feature selectionmethods to prepare
the dataset for time series analysis [38, 39]. In addition to that, several limitations
need to be resolved. These limitations include model design based on assumption [7,
16], restricted to short time-series data [15, 21, 22, 25], exclusion of impact changes
factors [2, 12, 13] such as time changes [24], spatial influence, climate factors [12,
15], small sample dimension [3, 8, 12, 13, 20, 26, 29], depended on historical data
[8] and finally changes of future policies based on assumption [4].

4 Conclusion

Based on the findings of this paper, previous studies have shown the importance
of conducting comprehensive studies on infectious disease especially COVID-19
due to its fast infection rate. The LSTM technique is one of the machine learning
algorithms that is capable to model time series data and has outperformed other
traditional prediction models such as ARIMA and OLS which can be considered
as best fits algorithm to predict actual occurrence of COVID-19 positive cases and
death rates. LSTM achieved good forecasting performance due to its capacity in
handling time-dependent datasets for both short and lengthy sequences. This paper
summarizes datasets,methods andhyperparameters settings used to designprediction
model usingmachine learning algorithms (e.g., LSTM) and also statistical algorithms
(e.g., ARIMA) with time series data in forecasting COVID-19 positive cases based
on various infectious disease prediction from previous study. However, in order to
achieve greater performance with LSTM algorithm, the impacts of change factors to
problem domain such as non-pharmaceutical interventions on controlling the disease
spread and amount of dataset must be considered. This is because, there is no stan-
dard settings that can be applied to determine the best hyperparameter settings and
architecture of deep neural network. To sum up, future works should focus more
on the optimization of LSTM hyperparameter settings since based on previous work
there are no standard values of hyperparameters settings to forecast the occurrence of
specific diseases. At the same time, several limitations have been identified and need
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to be considered in building a robust LSTMmodel to learn time series data related to
the occurrence of Covid-19 positive cases and death cases. These limitations include
model design based on assumption, restricted to short time-series data, exclusion of
impact changes factors such as time changes, spatial influence, climate factors, small
sample dimension, depended on historical data and finally changes of future policies
based on assumption.
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Designing Augmented Reality for Malay
Cultural Artifact Using Rapid
Application Development

Wan Abdul Rahim Wan Mohd Isa, Ahmad Iqbal Hakim Suhaimi,
Aqilah Mokhtarudin, Johan Eddy Luaran, and Zulinda Ayu Zulkipli

Abstract This project is intended to useAugmentedReality (AR)with an interactive
element such as digital storytelling by giving users a new whole experience and
exposure with the AR technology on the prominent artifacts of the Islamic arts
complex. The objectives of this project are to identify the requirement, to design and
develop the augmented reality forMalay cultural artifact calledKeris (a localweapon)
for a local museum in Malaysia by using the adapted version of Rapid Application
Development (RAD) methodology. The marker-based technique provides advanced
object tracking that will overlay with the physical world is one of the techniques
used to fulfill the solution to the problems and this method also become one of the
motivations in developing this project. This project will give an advantage to many
parties especially for the museum as an added value to promote the artifacts and
attract visitors to visit the museum. Future works may include the enhancement of
the application is by adding more artifacts that can be chosen in the application,
improve the user interface, provide dual language, and put the message panel if the
user has reached the end of the digital storytelling. In conclusion, the application
may have the ability to exposed AR technology as a new platform for tourism in
Malaysia and capture user’s attention on the local artifacts.
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1 Introduction

The aim of Augmented Reality (AR) is to simplify the user’s life by bringing virtual
knowledge not only into the immediate view but also into through indirect view of the
real world [1]. AR offers an effective way for a model to represent and encourages
the seamless integration between the actual world and the virtual worlds [2]. AR
was a sense integration of sensory and real-world relevance by experience that helps
strengthen the cognitive information and activities [3]. Mobile devices have recently
become a very attractive platform for AR technologies because of the development
of graphics processing capacity and integrated positioning and orientation sensors
[4]. The ability to merge static information into 3D pictures is one of the benefits
of using AR. AR also has the benefit of ensuring macro and micro visualizations of
objects not apparent with naked eyes [5].

Museum tourism is one of the main industries that have the potential of increasing
the economics of Malaysia. The number of visitors will increase with the use of
suitable technologies. Currently, the museum in Malaysia is not fully exposed to
the existence of the new form of technology especially augmented reality. Most
of the museums around Malaysia still using traditional marketing ways such as
brochures and official websites. The ability to use AR to create positive experiential
marketing strategies [6]. Nowadays, AR technology can be very useful in expanding
the tourism industry. The development of traveling exhibitions and mobile museums
and other forms, combining with technology, use the past concept of the mobile
museum, combined AR with a tour of “mobile museum” exhibition, use portable
and concept of micro, to promote the promotion of rural education, assists national
talent cultivation and cultivate future talent [3].

2 Literature Review

Augmented reality is a direct or indirect live scene of an actual real-world envi-
ronment with sound, video, graphics, or GPS information from computer-generated
sensory inputs [7]. Augmented reality is completely different from virtual reality that
provides a fully artificial world. Augmented reality uses the existing object that has in
the real world and overlays a 3D image or information on top of it. In the augmented
reality, a special programming language can be used to combine animation and digital
knowledge in the computer program [8]. AR also has a unique ability to create inter-
active hybrid learning environments that incorporate digital and physical objects. It
is also easy to implement interactive learning and engage in it [9].

Next, AR also helps in improving the e-commerce industry. The advanced tech-
nology can be applied to companies to boost sales or advertising, increasing people’s
perceptionwhen interactingwith the realworldwith digital accompaniments,making
the real object as important and as exciting as possible [10]. The number of customers
will increase with the use of AR in the industry because of an exciting element such
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as 3D images that will overlay in the real-world environment. One of the examples is
the Ikea Place AR application that enables the user to locate the products inside their
own living space by using a smartphone to check either the product is suitable or not.
Users can feel what their living space will look like when the product is positioned.

For educational purposes, AR can increase and improve the collaborative learning
environment and promote the student-centered learning style. AR not only reduces
the cost of teachingmaterials, but also the cost of class preparation [11]. AR provides
more immersive learning opportunities and appeals to different learning styles,
providing students with a more personalized and explorative learning experience
[12]. For example, students had access to information provided directly by the teacher
and other students through their mobile devices by scanning the QR codes that will
have a virtual environment accessible to determine the location of the classroom.

AR is a new technology that will take place in the future. Thus, several limitations
and issues using AR need to be overcome. The information can be overload because
other people may be able to display their layers without permission [8]. Next, the
AR application can be spammed because it is easy to imagine that any unwanted
advertising or unwanted information can overwhelm the increased environment. The
scope of AR applications is restricted to a few specific domains only, requiring
programming skills to access certain data sources and connect to the existing system
[13]. AR enhances the understanding and communication of the user with the real
world [14]. Nowadays, AR is being used widely in various kinds of industries such
as education, tourism and entertainment, and gaming.

3 Research Method

In general, the Rapid Application Development (RAD) method enables a develop-
ment team to create a fully operating system without adjusting features, speed, or
performance characteristics in a very short time [15]. Many industries have been
applied to this process as it is one of the effective methods to solve the problem.
There are three phases in the project which were adapted from the RAD model
[15] which are (i) Requirement Planning Phase, (ii) User Design Phase, and (iii)
Construction Phase.

3.1 Requirement Planning Phase

The first phase in the RAD methodology is requirement planning. In this phase,
all requirements for developing the application are gathered. The planning phase
is an important phase to do before developing the application or system. Risk and
increasing in project success can be achieved with the planning phase. The require-
ments must fulfill the objective of this project. Firstly, interviewing with the stake-
holder, the Senior Executive of the museum to identify the problem that the museum
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encounter. Then, gathering all the data from the articles and journals about the
technologies used in the museum and some museums that already implement the
augmented reality technology. From this observation, problems that usually occur
are identified and recorded.

3.2 User Design Phase

The second phase in RAD methodology is user design. The information will be
gathered as a base for the implementation phase, which reduces time spent on imple-
mentation and testing in this phase. This phase is about understanding user interaction
and prototype building. The first activity that will be conducted is designing the user
interface. The button, structural design, navigation system, and links will be designed
to satisfy the user’s needs. The 3D object model that will be used to represent the
characters of the objectwill have several alterations before the final design. Therewill
be a difference in the action of the object and the motion of the camera depending on
the structure of the story. There will be a complete 3D model object that will present
the prominence of the museum at the end of this phase.

3.3 Construction

Construction is the third phase in the RADmethodology. This phase is a combination
of prototype anddevelopment processes. This phasewill be discussed either to accept,
reject, improved, or retesting the design based on the user’s experience. The final
prototype will be tested by the user to identify how well the problem encounter is
solved. This phase will be able to modify the design of the prototype based on user
feedback.

Activities that will be performed in this phase are to create the image target. The
technique is the image will be uploaded to the application. For creating scenes and
coding for the event, Unity 3D will be used. Coding the system interface will be
using the Android Studio. The next activity for this phase is the system prototype.
This activity will be developed the system prototype for the application. By the end
of this phase, the design of the prototype will be fulfilled the user needs based on
how they interact with the end product, and the result testing and user feedback are
identified.
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4 Results and Discussion

4.1 Interview

The vital method that is required to achieve the requirements of designing the
augmented reality is by gathering process. This method is required to make sure
the achievement of the objective. An interview was conducted with the Senior Exec-
utive of the local museum to discuss the information of the prominent artifact as well
as the design for the application. From the interview session, the Senior Executive of
one museum inMalaysia stated that “Museum is lacking interactive technology used
to promote the artifact”. She also mentioned that there are no exiting elements and
AR technology that the museum used except the technology that the museum offers
in each gallery such as QR code and audio. She suggested that the artifact need to
have a short and simple briefing about the information of the artifact.

4.2 Design Features

This phase is mainly sourced from the summary design features on similar applica-
tions. Design features are the important features that a design needs to be followed to
fulfill the needs of the users and to develop a successful application. Table 1 shows
the specification of the design requirements for the application. The focus of the
augmented reality design and development is on a Malay artifact called Keris (local
weapon). There are growing interests to incorporate Malay culture into research and
IT projects [17–19].

Table 1 The design features of the application

Design/feature Description

3D Model 3D modeling is the method of creating a 3D image of some
structure or object by manipulating polygons, edges, and
vertices in virtual 3D space. The 3D model is representing
the Keris (a local weapon) from Dunia Melayu Gallery into
the real-world environment

Augmented reality image tracker Image tracker

Digital storytelling Digital storytelling is used to denote a narrative that has
been conveyed through interactive media [16]
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Fig. 1 Use case diagram

4.3 Sample Use Case Diagram and Descriptions

Figure 1 shows the use case diagram.

4.4 Design and Development

The main menu interface for the application is shown in Fig. 2. The view in AR
button is placed at the center of the application. When the user clicks the “View in
AR” icon, it will bring the user to the AR camera interface.

Figure 3 shows the user guide page.Thehelp buttonwill teach the user step-by-step
how to use the application.

Figure 4 shows the AR camera interface for the application. User needs to find
the targeted image that can be found on the brochure or the official website of the
museum. Figure 5 shows the 3D model of the Keris presented after the user aligns
their devices to the targeted image. The digital storytelling will be played after the
user clicks the play audio icon. The language used for digital storytelling is the
English language. Users can pause the digital storytelling by clicking the pause
audio icon. Users can click the back button to go back to the main menu page. The
text description of the artifact is presented in Bahasa Malaysia.

Figure 6 shows the zoomed 3D model. Users can use the pinch gesture to zoom
the 3D model.

Figure 7 shows the rotating result of the 3D model.
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Fig. 2 Main menu interface

4.5 Results—User Testing

The result of the user testing that has been carried out on the three users is shown in
Table 2. The user’s opinion about the features and the function of the application is
recorded. They also give some feedback that can improve the application.Most of the
tester concluded that the application appears towork but there are a fewweakness that
needs to be improved in the future such as there is no stop button to enable the user to
stop the digital storytelling and the application also need to provide dual language.
Next, the audio needs to stop when the image target is missing and the application
should add more artifacts from the museum. User suggestions for improving the
application from the tester will be further analyzed in the future.
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Fig. 3 Interface for user guide

5 Conclusion

The proposed of Augmented Reality (AR) of a Malay artifact (Keris) (local weapon)
for a local museum in Malaysia is to focus on giving users a new whole experience
and exposure to the prominent of the local museum by usingAR technology. Besides,
the project also focuses on giving an interactive element such as digital storytelling
to make the artifact in the museummore exciting. This project will give an advantage
to many parties especially for the museum as an added value to promote the artifacts
and attract visitors to visit the museum. Future works may include the enhancement
of the application is by adding more artifacts that can be chosen in the application,
improve the user interface, provide dual language, and put the message panel if the
user has reached the end of the digital storytelling. In conclusion, the application
may have the ability to exposed AR technology as a new platform for tourism in
Malaysia and capture user’s attention on the local artifacts.
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Fig. 4 AR camera interface

Fig. 5 3d model interface
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Fig. 6 The 3d model
zooming output

Fig. 7 The 3d model
rotating output
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Table 2 The result from the user testing

Activity Example User 1
(Male, 21
years old)

User 2
(Female,
22 years old)

User 3
(Female, 22 years
old)

Open the
application

The user clicks on
the application
The application is
opened

Yes Yes Yes

The splash
screen is
displayed

The splash screen
is displayed. This
screen will display
the logo as well as
the Welcome text

Yes. The splash
screen is
displayed

Yes. The splash
screen is
displayed

Yes. Logo and
application is
displayed

Go to the user
guide page

The user clicks the
help button in the
top right corner of
the main menu
page
The user is led to
the user guide page
which is provided
with the steps on
how to use it

Yes. Should
provide dual
language

Yes. The user
guide is well
explained

Yes. The help
button is easy to
understand

Switch to the
main menu page

The user clicks the
tick button that
brings the user to
the main menu
page

Yes. The tick
button is
functioning

Yes. The main
menu displayed

Yes. The tick
button is
functioning

Go to the AR
camera

The user clicks the
“View in AR”
button. The user is
directed to the AR
camera page where
the user needs to
align the device to
the targeted image

Yes. AR camera
page is displayed

Yes. The button
is functioning

Yes. The button is
functioning

3D image The 3D image
appears after the
user aligns their
device to the
targeted image

Yes. 3D image has
appeared

Yes. Should add
more artifacts

Yes. 3D image
displayed

Play and pause
the digital
storytelling

User clicks the
“Play Audio” and
“Pause Audio”
buttons to play the
digital storytelling

Yes. Should put
stop button, to
replay the digital
storytelling

Yes. The voice
for the digital
storytelling is
clear

Yes. Should stop
the audio when
the image target is
missing

(continued)
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Table 2 (continued)

Activity Example User 1
(Male, 21
years old)

User 2
(Female,
22 years old)

User 3
(Female, 22 years
old)

Zoom and rotate
the 3D model

User use the pinch
gesture to zoom
and rotate the 3D
model

Yes. The zooming
features are
functioning

Yes. Both
features are
working

Yes. Both features
are working

Go to the main
menu from the
AR camera
interface

To go back to the
main menu page,
click on the back
button at the top
left corner of the
scene

Yes. The back
button is
functioning

Yes. The main
menu page is
displayed

Yes. Button is
functioning

Quit User click the “X”
button at the top
left

Yes Yes Yes
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On Type-1 Granulation and
Approximation of Tolerance Based
Rough Neutrosophic Sets

Ahmad Termimi Ab Ghani, Lazim Abdullah, and NingNing Peng

Abstract In this study, we introduced two new types of granulation of rough neutro-
sophic set models. We first defined the type-1 of two granulation based on tolerance
relation (T1-TGRNS). The latter one we called type-1 multi-granulation of rough
neutrosophic sets also induced by tolerance class (T1-MGRNS). Various interesting
features of these kinds of granulation are presented. From the results, we can observe
the granulation of the rough neutrosophic set model is a distinctive augmentation of
those in granulation in rough set theory, especially on inclusion properties. One can
see that this study is significant primarily in the theory of incomplete information
systems and data analysis.

Keywords Approximation set · Covering · Granular

1 Introduction

The rough set theory proposed by Pawlak [1] has been extensively implemented in
many areas, mainly in knowledge discovery and data mining. The principal notions
are approximation sets induced by the equivalence classes and classification mecha-
nism on equivalence relation. The neutrosophic set theory was suggested by Smaran-
dache [2, 3] in 1998. Rough sets and neutrosophic sets are both fitted for dealing with
ambiguity and dubious information. The idea of a rough neutrosophic set (RNS) is
a relatively new embedded smart composition, founded by [4]. Granulation regards
the intricate information which is partitioned into categories. An equivalence class is
considered as granularity and its partition is designated as a granular structure.Multi-
granulation is an enhancement of the classical rough set theory because it accepts a
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bunch of binary relations for the approximation sets and deduction rules. It seems
to be very interesting and relevant to investigate the essential properties of granu-
lation for RNS operators determined by tolerance relations. In 2014, Liu et al. [5]
examined some elementary attributes of certain types of multi-granulation rough sets
(MGRS) models. They considered the connections and variations among the classi-
cal MGRS model in rough set theory. Further, the conditions for two distinct MGRS
models which generate alike lower and upper approximations of a target concept in
a covering approximation space are also investigated. Sheeja and Sunny [6] studied
some properties of the approximations induced by an equivalence class. They also
make a comparison of two types of approximations with the optimistic and the pes-
simistic multi-granular approximations in rough set models. They remarked that the
accuracy measure of these approximations is better than those of two multi-granular
approximations. In Xu et al. [7], proposed two new types of the multiple granulation
rough set models. From their results, it confirms that Pawlak’s and Qian’s rough
set models are unique instances of those of our MGRS. They illustrate the multiple
granulations rough set model with some examples which help utilise this theory in
practical subjects.

Lin et a. [8] in 2020 analysed dynamic approaches to update the knowledge in
multi-granulation decision-theoretic rough set model based on the decision support.
Additionally, the corresponding dynamic and static algorithms are designed and
their time complexities are analysed. The comparative measures are brought out
and the results demonstrate that the proposed dynamic algorithm is efficient and is
more consistent than the static algorithm. In this paper, Yang et al. [9], considered
the multi-granulation rough set approach by generalized into a fuzzy environment.
They employed a class of fuzzy T-similarity relations to describe the optimistic and
pessimistic fuzzy rough sets respectively. The results also addressed the relation-
ships among single relation based fuzzy rough set with the multi-granulation fuzzy
rough sets. Mandal in 2019 [10] established multi-granulation Pythagorean fuzzy
decision-theoretic rough sets based on inclusion measure and their application in
incomplete multi-source information systems. He also presented an example of the
mutual fund’s investment to show the feasibility and potential of the theoretic results
attained. Another interesting direction of study rough sets from a multi-granularity
perspective also can be found in [11]. They consider a new neutrosophic rough
set model, viz multi-granulation neutrosophic rough set and apply it into a multi-
criteria group decision making (MCGDM) problem based on this model on dual
domains with the feasibility test. In the context of rough set theory, Yao [12] explores
two interrelated issues, that is, the granulation structures used by standard rough
set theory and the corresponding approximation structures. A multi-level granula-
tion, characterized by a special class of equivalence relations, gives a more general
approximation structure. In this paper Lin et al. [13], proposed a new representa-
tion named fuzzy multi-granulation decision-theoretic rough set model (FM-DTRS)
in terms of inclusion measure of fuzzy rough sets. A comparative study between
the proposed fuzzy multi-granulation decision-theoretic rough set model and Qian’s
multi-granulation decision-theoretic rough set model is provided. They also show an
example to illustrate the effectiveness of the proposed method which may provide
an effective approach for multi-source data analysis in real applications.
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Motivated by the above and other literature, we will investigate a distinct class of
granulation in a rough neutrosophic set model based on the tolerance relation. The
new approximation sets and granulation is established by employing the tolerance
concept of incompleteness and uncertainty parameters of integrated models (RNS).

2 Rough Sets Approximation

In this section, we review some elementary concepts and representations of the rough
set operators and relations.

An n-ary relation on a set W is a subset R of Wn, n ≥ 1. If R is an n-ary relation
on W, n ≥ 1 and W ′ ⊆ W, then R|W ′ := R ∩ (W ′)n . If n = 2, then R is a binary
relation. If R is a binary relation on W, X ⊆ W and x ∈ W , then R(x) := {y ∈
W : 〈x, y〉 ∈ R} and R(X) := ⋃

x∈X R(x). We define R on W to be an equivalence
relation if and only if R is reflexive, symmetric and transitive. The reflexive and
symmetric relation are defined by IW ⊆ R and R ⊆ R−1 respectively, where IW :=
{〈x, x〉 : x ∈ W }. Transitive relation is given by ∀x, y, z ∈ W, if 〈x, y〉 ∈ R and
〈y, z〉 ∈ R, then 〈x, z〉 ∈ R (i.e., R;R ⊆ R).

LetR be an equivalence relation on a setW , then the set [x]R := {y ∈ W : 〈x, y〉 ∈
R} is called an equivalence class of R generated by x . The equivalence classes are
the partition of W or formally, they are non-empty, pairwise disjoint and its union
equals W .

A binary relation is called tolerance when R is reflexive and symmetric. We
denoted tol(W ) be the set of all tolerance relations onW . Consequently, the tolerance
relation R form a covering of W (denoted R̊). Technically, a covering R̊ on W is a
subset satisfying R̊ 
= ∅ ∧ ∩{R̊i , i ∈ I } = W. Let R be a tolerance relation on W ,
then the set [x]R̊ := {y ∈ W : 〈x, y〉 ∈ R} is called a tolerance class ofR generated
by x .

We first review the theoretical ideas of Pawlak’s rough set theory. The lower and
upper approximation is defined subsequently.

Definition 1 [1] Let S = 〈U, A〉 be an information system and U non-empty set.
Suppose I nd(α) is an equivalence relation over U and α ⊆ A. For every subset
X ⊆ U ,

L(X) :=
⋃

{[x]I nd(α) : x ∈ U, [x]I nd(α) ⊆ X}
= {x ∈ U : ∀y ∈ U, if 〈x, y〉 ∈ I nd(α) −→ y ∈ X},

U(X) :=
⋃

{[x]I nd(α) : x ∈ U, [x]I nd(α) ∩ X 
= ∅}
= {x ∈ U : ∃y ∈ U, such that 〈x, y〉 ∈ I nd(α)}.

L(X) andU(X) are called the lower and upper approximation of X , respectively. The
lower approximation can be seen as the union of all equivalence classes subsets of X
while the later one is the union of all equivalence classes and non-empty intersection
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with X . The pair (L(X),U(X)) is called the rough set of X in S. From now on, we
refer I nd(α) as an indiscernibili t y relation and [x]I nd(α) represent the equivalence
class of α containing x . The followings are basic properties of the rough set obtained
from Pawlak [1].

Proposition 1 The following properties of lower approximations are true.

1. L(X) ⊆ X
2. L(∅) = ∅
3. L(U ) = U
4. L(X ∩ Y ) = L(X) ∩ L(Y )

5. X ⊆ Y ⇒ L(X) ⊆ L(Y )

6. L(X) ∪ L(Y ) ⊆ L(X ∪ Y )

7. L(¬X) = ¬U(X)

8. L(L(X)) = L(X)

where ¬X be a negation of X in U given by ¬X := U \ X.

The characterisation of upper approximation can be efficiently deduced from this
proposition.

2.1 Approximation Sets Induced by Covering

Let U be a universe and R̊ be a covering of U . We define a covering approximation
space given by 〈U, R̊〉. For every R̊i ⊆ R̊where i = 1, ..., l, we haveL(R̊) = ∪{R̊i ⊆
X : 1 ≤ i ≤ l} and U(R̊) = ∪{R̊i ∩ X 
= ∅ : 1 ≤ i ≤ l} .

Formally, the lower and upper approximation sets for covering approximation
space is given by

Definition 2 Let tol(α) is a tolerance relation over U and α ⊆ A. For every subset
X ⊆ U ,

L(X) :=
⋃

{[x]tol(α) : x ∈ U, [x]tol(α) ⊆ X}
= {x ∈ U : ∀y ∈ U, if 〈x, y〉 ∈ tol(α) −→ y ∈ X},

U(X) :=
⋃

{[x]tol(α) : x ∈ U, [x]tol(α) ∩ X 
= ∅}
= {x ∈ U : ∃y ∈ U : 〈x, y〉 ∈ tol(α)},

are respectively called the lower approximation and upper approximation induced
by covering [x]tol(α).

In 2007, Xu and Zhang [14] introduced the minimal and maximal descriptor
of covering rough sets. This notion will guide us to the description of granulation
of covering rough neutrosophic sets in the next section. Let 〈U, R̊〉 be a covering
approximation space. For every x ∈ U we have the
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DminR̊(x) = {κ ∈ R̊|x ∈ κ ∧ (∀γ ∈ R̊ ∧ x ∈ γ ∧ γ ⊆ κ ⇒ κ = γ )},

Dmax R̊(x) = {κ ∈ R̊|x ∈ κ ∧ (∀γ ∈ R̊ ∧ x ∈ γ ∧ γ ⊇ κ ⇒ κ = γ )}.

The approximation sets based on minimal descriptor of x is defined by

L(X) = {x ∈ U : ∩{DminR̊(x)} ⊆ X},
U(X) = {x ∈ U : ∩{DminR̊(x)} ∩ X 
= ∅}.

Let R̊ be a covering of U and κ ∈ R̊. Suppose κ is a union of some elements in
R̊ \ {κ}, then κ is called reducable element of R̊ and irreducible if otherwise.

Remark 1 A reduct of R̊ ⊆ X on U (denoted by red(R̊)) is obtained by removing
all reducible elements from R̊.

For any x ∈ U , it is easy to observe that the minimal descriptor DminR̊(x) is
exactly the reduct of R̊. Contrastly, the maximal descriptor Dmax R̊(x) is likely to be
different with respect to red(R̊).

In 2010, Qian et al. proposed a multi-granulation rough set model where the main
approximation concept is multiple binary relations. In their study, the concept of
type-1 granulation is called the optimistic multi-granulation rough set refers to the
only one granular structure needed to show the inclusion condition is hold. Detailed
descriptions of this type of granulation can be attained in [15, 16].

3 Rough Neutrosophic Sets Approximation

We first present a representation of approximation sets for the rough neutrosophic
model where the relation is approximated bymultiple binary relations, i.e., collection
of equivalence relations. Later in the next section, we proposed the granulations of
rough neutrosophic set models based on the description of tolerance relations.

Definition 3 Let S = 〈U, A〉 be an information system and F(I nd(α)) is a family
of equivalence relations where α ⊆ A. Assume ri ∈ I nd(α) for some i ∈ N. For any
neutrosophic set F in U , we have the following approximations set:

n∑

i=1

L∗(F)ri := {x ∈ U : [x]r1 ⊆ F ∨ [x]r2 ⊆ F ∨ · · · ∨ [x]rn ⊆ F}

n∑

i=1

U∗(F)ri := ¬
n∑

i=1

L∗(¬F)ri

In [16], they refer to these operators as optimistic operators considering it has only
one granular necessitated to satisfy the inclusion condition based on equivalence.
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In our situation, we have different sort of operators if we interchange the notion
‘∨’ with ‘∧’. It signifies that the whole granular composition required to settle the
inclusion property for equivalence relation I nd(α). Now, we extend the notion of
approximation in RNS by considering tolerance relation tol(α).

Let S = 〈U, A〉 be an information system. With any α ⊆ A, F be a neutrosophic
set in U , there is an associated tolerance relation tol(α) defined by

tol(α) := {(x, y) ∈ F × F : (∀a ∈ α)(a(x) = a(y))}

or can be seen as 〈x tol(α) x (reflexive) & x tol(α) y (symmetry)〉. We call
a tolerance class of F (denoted by [x]Ftol(α)) if F ⊆ U (F : maximal) such that
F × F ⊆ tol(α) (〈x, y〉 ∈ tol(α)), that is, reflexive and symmetry. The tolerance
classes are [x]Ftol(α) 
= ∅ and∩{[x]Ftol(α)i ∈ I } = U. In otherwords, this class has non-
empty element and their unions are represent the universe. In this case, [x]Ftol(α) form
a cover of the neutrosophic set F of U . We define some logical relation properties
for the rough neutrosophic set and study their properties (see [17]).

Definition 4 Let S = 〈U, A〉 and F be neutrosophic set in U, where α ⊆ A. We
define the lower and upper approximation of F ⊆ U w.r.t. covering as follows:

L∗(F) :=
⋃

{[x]Ftol(α) : x ∈ U, [x]Ftol(α) ⊆ F ∧ y ∈ [x]Ftol(α)}
= {〈x ∈ U, μL∗(F)(x), νL∗(F)(x), ωL∗(F)(x)〉 : ∀y ∈ U, 〈x, y〉 ∈ tol(α)},

U∗(F) :=
⋃

{[x]Ftol(α) : x ∈ U, [x]Ftol(α) ∩ F 
= ∅}
= {〈x ∈ U, μU∗(F)(x), νU∗(F)(x), ωU∗(F)(x)〉 : ∃y ∈ U : 〈x, y〉 ∈ tol(α)}.

The followings are some results on tolerance relations property concerning neu-
trosophic set F in U .

Proposition 2 Let F be a neutrosophic set in U and S = 〈U, A〉 be an information
system where tol(α) be tolerance relation on a set U. Then the following assertions
hold.

1. F ⊆ U isaneutrosophic tolerance class of tol(α) if andonly if F = ⋂
x∈F [x]Ftol(α)

for α ⊆ A.

2. [x]Ftol(α) ia s neutrosophic tolerance class of tol(α) if and only if [x]Ftol(α) :=
⋃{F : F ∈ T [x]F & x ∈ F}, where T [x]F is the set of neutrosophic tolerance
classes.

3. [x]Ftol(α) is a neutrosophic tolerance relation of F if and only if ∃!x ∈ F such that
[x]Ftol(α) ⊇ x, for some x ∈ U.

4. For every F ⊆ U, [x]Ftol(α) := ⋃{F2 ∈ T [x]F : F1 ∩ F2 
= ∅}.
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4 Granulation of Rough Neutrosophic Sets

In this section, we present two types of granulations over rough neutrosophic set
theory induced by covering. We perform their inclusion properties and introduced
the new notion of approximation sets.

4.1 Type-1 Two-Granulation of RNS

We first examine the first type of two-granulation in the RNS concept by adopting
two tolerance relations in covering approximation space.

Definition 5 Let S = 〈U, A〉 be an information system and F be neutrosophic set
in U. Suppose [x]Ftol(α) and [x]Ftol(β) be two coverings ofU induced by tolerance rela-
tions tol(α) and tol(β), where α, β ⊆ A. The Type-1 of two-granulation tolerance
approximation sets of F ⊆ U are defined by the following:

L∗
T 1(F)α⊕β := {x ∈ U : [x]Ftol(α) ⊆ F ∨ [x]Ftol(β) ⊆ F},

U∗
T 1(F)α⊕β := {x ∈ U : [x]Ftol(α) ∩ F 
= ∅ ∧ [x]Ftol(β) ∩ F 
= ∅}.

Remark 2 Wedesignated F the type-1 of twogranulations of roughneutrosophic sets
concerning α and β (T1-TGRNS) if L∗

T 1(F)α⊕β 
= U∗
T 1(F)α⊕β and type-1 definable

if otherwise.

It is apparent to see that T1-TGRNS is to be a single-granulation tolerance rough
neutrosophic set model when [x]Ftol(α) = [x]Ftol(β).

The following are some features of T1-TGRNS in the tolerance approximation
system. It confers T1-TGRNS captures the central characterization as in the rough
set theory on tolerance class. In particular, the lower approximation of T1-TGRNS
has designated in neutrosophic sets and incorporated upper approximation.

Proposition 3 Let F be a neutrosophic set in U and S = 〈U, A〉 be an information
system where tol(α) be tolerance relation on a set U. Then the followings are true:

1. L∗
T 1(F)α⊕β ⊆ F ⊆ U∗

T 1(F)α⊕β

2. (U∗
T 1(F)α⊕β)� = L∗

T 1(F
�)α⊕β & (L∗

T 1(F)α⊕β)� = U∗
T 1(F

�)α⊕β

3. BL∗
T 1(F)α⊕β = BL∗

T 1(F
�)α⊕β

where BL∗
T 1(F)α⊕β a boundary set of F when L∗

T 1(F)α⊕β 
= U∗
T 1(F)α⊕β and F� is

the complement of F.

Proof 1. Assume [x]Ftol(α) 
= [x]Ftol(β). For every x ∈ L∗
T 1(F)α⊕β , we have

[x]Ftol(α) ⊆ F ∨ [x]Ftol(β) ⊆ F
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by definition above. Since x is hold under tolerance relation tol(α) (i.e., reflex-
ive), then x ∈ [x]Ftol(α) ⊆ F& x ∈ [x]Ftol(β) ⊆ F . Thus x ∈ F implyL∗

T 1(F)α⊕β ⊆
F . For the second case, it is observed that [x]Ftol(α) ∩ F 
= ∅ ∧ [x]Ftol(β) ∩ F 
= ∅
(by Definition 6). Clearly, x ∈ U∗

T1(F)α⊕β and the inclusion is hold.
2. For any x ∈ L∗

T 1(F
�)α⊕β , the following implications are true:

x ∈ [x]Ftol(α) ⊆ F� ∨ [x]Ftol(β) ⊆ F�

⇐⇒ [x]Ftol(α) ∩ F = ∅ ∨ [x]Ftol(β) ∩ F = ∅
⇐⇒ x /∈ U∗

T 1(F)α⊕β

⇐⇒ x ∈ U∗
T 1(F)�α⊕β.

Therefore, the first equality is hold. The second equation (L∗
T 1(Fα⊕β))� =

U∗
T1(F)�α⊕β is straightforward by the complement properties.

3. By the properties of duality [17] and definition of boundary region in rough sets,
we have the following equalities:

BL∗
T 1(F

�)α⊕β = U∗
T 1(F

�)α⊕β − L∗
T 1(F

�)α⊕β

= (L∗
T 1(F)α⊕β))� − (U∗

T1(F)α⊕β)�

= (U − L∗
T 1(F)α⊕β) − (U − U∗

T 1(F)α⊕β)

= U∗
T 1(F)α⊕β − L∗

T 1(F)α⊕β

= BL∗
T 1(F)α⊕β.

The third condition is proved.

The preceding proposition (property 2) displays the duality relations and operators
between lower andupper approximation.The last condition says that themembership,
indeterminacy and non-membership of F and their complements are indistinguish-
able.

The next proposition explains the association between twoneutrosophic sets based
on T1-TGRNS.

Proposition 4 Let S = 〈U, A〉 be an information system. Suppose [x]F1tol(α) and

[x]F2tol(β) be two coverings of tol(α) and tol(β) for neutrosophic sets F1 & F2, respec-
tively. Then, the followings are true:

1. F1 ⊆ F2 =⇒ U∗
T 1(F1)α⊕β ⊆ U∗

T 1(F2)α⊕β

2. F1 ⊆ F2 =⇒ L∗
T 1(F1)α⊕β ⊆ L∗

T 1(F2)α⊕β

3. L∗
T 1(F1 ∩ F2)α⊕β ⊆ L∗

T 1(F1)α⊕β ∩ L∗
T 1(F2)α⊕β

4. U∗
T 1(F1 ∩ F2)α⊕β ⊆ U∗

T 1(F1)α⊕β ∩ U∗
T 1(F2)α⊕β

5. L∗
T 1(F1 ∪ F2)α⊕β ⊇ L∗

T 1(F1)α⊕β ∪ L∗
T 1(F2)α⊕β

6. U∗
T 1(F1 ∪ F2)α⊕β ⊇ U∗

T 1(F1)α⊕β ∪ U∗
T 1(F2)α⊕β
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Proof If tol(α) = tol(β), the proof is straightforward. When tol(α) 
= tol(β), we
have following cases:

1. Let x ∈ U∗
T1(F1)α⊕β . By definition,we have [x]F1tol(α) ∩ F1 
= ∅ ∧ [x]F1tol(β) ∩ F1 
=

∅. Assume F1 ⊆ F2 is true, then [x]F1tol(α) ∩ F2 
= ∅ ∧ [x]F1tol(β) ∩ F2 
= ∅. There-
fore, x ∈ U∗

T 1(F2)α⊕β , and hence U∗
T 1(F1)α⊕β ⊆ U∗

T 1(F2)α⊕β .
2. It is straightforward by (1) and Definition 6.
3. Let x ∈ L∗

T 1(F1 ∩ F2)α⊕β , then by Definition 6, we have

[x]F1tol(α) ⊆ F1 ∩ F2 ∨ [x]F2tol(β) ⊆ F1 ∩ F2.

One can show that [x]F1tol(α) ⊆ F1 and [x]F1tol(α) ⊆ F2 is true. Similar case for

[x]F2tol(β) ⊆ F1 and [x]F2tol(β) ⊆ F2. Consequently,

[x]F1tol(α) ⊆ F1 ∨ [x]F2tol(β) ⊆ F1 & [x]F1tol(α) ⊆ F2 ∨ [x]F2tol(β) ⊆ F2.

This imply x ∈ L∗
T 1(F1)α⊕β and x ∈ L∗

T 1(F2)α⊕β , particularly x ∈ L∗
T 1(F1)α⊕β ∩

L∗
T 1(F2)α⊕β .

4. In (1), we know that F1 ∩ F2 ⊆ F1 ∧ F1∩F2 ⊆ F2. Then we obtain the following
inclusion:U∗

T 1(F1 ∩ F2)α⊕β ⊆ U∗
T 1(F1)α⊕β ∧ U∗

T 1(F1 ∩ F2)α⊕β ⊆ U∗
T 1(F2)α⊕β .

Thus, U∗
T 1(F1 ∩ F2)α⊕β ⊆ U∗

T 1(F1)α⊕β ∩ U∗
T 1(F2)α⊕β .

5. By (2), we have F1 ⊆ F1 ∪ F2 & F2 ⊆ F1 ∪ F2. Thus, the inclusion below
is hold: L∗

T 1(F1)α⊕β ⊆ L∗
T 1(F1 ∪ F2)α⊕β and L∗

T 1(F2)α⊕β ⊆ L∗
T 1(F1 ∪ F2)α⊕β .

Therefore, L∗
T 1(F1 ∪ F2)α⊕β ⊇ L∗

T 1(F1)α⊕β ∪ L∗
T 1(F2)α⊕β is true.

6. Let x ∈ U∗
T 1(F1)α⊕β ∪ U∗

T 1(F2)α⊕β . Then x ∈ x ∈ U∗
T 1(F1)α⊕β or x ∈ x ∈ U∗

T 1

(F2)α⊕β . It follows that [x]F1tol(α) ∩ F1 
= ∅ ∧ [x]F2tol(β) ∩ F1 
= ∅. This satisfying
both [x]F1tol(α) ∩ (F1 ∩ F2) 
= ∅ and [x]F2tol(β) ∩ (F1 ∩ F2) 
= ∅. In particular, x ∈
U∗

T 1(F1 ∪ F2)α⊕β . Therefore, U∗
T 1(F1 ∪ F2)α⊕β ⊇ U∗

T1(F1)α⊕β ∪ U∗
T 1(F2)α⊕β ,

and the proposition is proved.

4.2 Type-1 Multi-granulation of RNS

The earlier section essentially discusses the characteristics of two dimensions
of approximation sets. Precisely, in the latest proposition, we examine the two-
granulation of type-1 tolerance approximations, i.e., lower and upper approximation
for the intersection and union of the two single-granulation approximations while
the upper one includes the union of the two single-granulation upper approximation.

In this section,we generalizeT1-TGRNS to the type-1multi-granulation tolerance
RNS. We describe the approximation sets using multiple tolerance relations on the
information systems.



180 A. T. Ab Ghani et al.

Definition 6 Let S = 〈U, A〉 be an information system. Suppose [x]Ftol(αi )
be a cov-

ering of U induced by tolerance relations tol(αi ) for i = 1, ..., n with respect to
neutrosophic set F ⊆ U , where α ⊆ A. We define the approximation sets of F as
follow:

L∗
T 1(F)αi := {x ∈ U :

n⊗

i=1

[x]Ftol(αi )
⊆ F},

U∗
T 1(F)αi := {x ∈ U :

n⊙

i=1

[x]Ftol(αi )
∩ F 
= ∅},

where
⊗

and
⊙

are min and max operators, respectively.

Note that, the way we look at these operators are for some and for all elements,
respectively.

Remark 3 We called F is the type-1 of multi-granulation of rough neutrosophic sets
(T1-MGRNS) if L∗

T 1(F)αi 
= U∗
T1(F)αi . We said F is type-1 tolerance definable if

otherwise.

Similar observation with T1-TGRNS, a boundary set of F of T1-MGRNS is
defined by BL∗

T 1(F)αi = U∗
T 1(F)αi − L∗

T 1(F)αi , for i = 1, ..., n.

Proposition 5 Let S = 〈U, A〉 be an information system with a covering [x]Ftol(αi )
of

U induced by tolerance relations tol(αi ), where α ⊆ A. Let F ⊆ U be neutrosophic
sets. For every i ∈ {1, ..., n}, the followings are true.
1. U∗

T 1(F)αi ⊆ F ⊆ L∗
T 1(F)αi

2. (U∗
T 1(F)αi )

� = L∗
T 1(F

�)αi & (L∗
T 1(F)αi )

� = U∗
T 1(F

�)αi

3. BL∗
T 1(F)αi = BL∗

T 1(F
�)αi

Proof The proof follows from Proposition 3.

Proposition 6 Let S = 〈U, A〉 be an information system with a covering [x]Ftol(αi )
of

U induced by tolerance relations tol(αi ), where α ⊆ A. Let F ⊆ U be neutrosophic
sets. For all i ∈ {1, ..., n}, the following assertions are hold.

1. F1 ⊆ F2 =⇒ U∗
T 1(F1)αi ⊆ U∗

T 1(F2)αi

2. F1 ⊆ F2 =⇒ L∗
T 1(F1)αi ⊆ L∗

T 1(F2)αi

3. L∗
T 1(F1 ∩ F2)αi ⊆ L∗

T 1(F1)αi ∩ L∗
T 1(F2)αi

4. U∗
T 1(F1 ∩ F2)αi ⊆ U∗

T 1(F1)αi ∩ U∗
T 1(F2)αi

5. L∗
T 1(F1 ∪ F2)αi ⊇ L∗

T 1(F1)αi ∪ L∗
T 1(F2)αi

6. U∗
T 1(F1 ∪ F2)αi ⊇ U∗

T 1(F1)αi ∪ U∗
T 1(F2)αi

Proof The proof is straightforward by following Proposition 4.
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5 Conclusion

Wepresent the approximation sets of RNS considering tolerance relations. The inves-
tigation concentrates on type-1 of two-granulation and multi-granulation of RNS,
i.e., T1-TGRNS and T1-MGRNS. Some properties regarding inclusions of lower
and upper approximations are examined. It is pleasing to extend on type-2 granula-
tions of this hybrid set. Numerous potential research on these types of granulation,
such as RNSmeasure and quality of approximation sets. Furthermore, the association
between type-1 and type-2 of this granulation is also worth studying in the future.

Acknowledgements This study was funded by Talent and Publication Enhancement Research
Grant (TAPE-RG), Grant No. 55226, Universiti Malaysia Terengganu.

References

1. Pawlak Z (1982) Rough sets. Int J Comput Inf Sci 11:341–356
2. Smarandache F (1999) Linguistic paradoxes and tautologies. LibertasMathematica. University

of Texas at Arlington, IX, pp 143–154
3. Smarandache F (1998) A unifying field in logics, neutrosophy: neutrosophic probability, set

and logic. American Research Press, Rehoboth
4. Broumi S, Smarandache F, Dhar M (2014) Rough neutrosophic sets. Neutrosophic Sets Syst

3:60–66
5. Liu C, Miao D, Qian J (2014) On multi-granulation covering rough sets. Int J Approx Reason

55:1404–1418
6. Sheeja TK, Sunny Kuriakose A (2017) On multi-granulation rough sets. Int J Eng Comput Sci

6(6):21796–21801. ISSN:2319-7242
7. XuW, Zhang X, ZhangW (2013) Two new types of multiple granulation rough set. ISRNAppl

Math Article ID 791356, 15 p
8. Lin G, Liu F, Chen S, Yu X (2020) Updating knowledge in multigranulation decision-theoretic

rough set model based on decision support degree. J Eng 13:335–343
9. Yang X, Song X, Dou H, Yang J (2011) Multi-granulation rough set: from crisp to fuzzy case.

Annals Fuzzy Mathe Inf 1(1):55–70
10. Mandal P, Ranadive AS (2019) Multi-granulation Pythagorean fuzzy decision-theoretic rough

sets based on inclusion measure and their application in incomplete multi-source information
systems. Complex Intell Syst

11. Bo C, Zhang X, Shao S, Smarandache F (2018) Multi-granulation neutrosophic rough sets on a
single domain and dual domains with applications. Symmetry 10:296. https://doi.org/10.3390/
sym10070296

12. YaoYY (2001) Information granulation and rough set approximation. Int J Intell Syst 16(1):87–
104

13. Lin G, Liang J, Qian Y, Li J (2016) A fuzzy multi-granulation decision-theoretic approach to
multi-source fuzzy information systems. Knowl-Based Syst, pp 91102–113 (2016)

14. Xu WH, Zhang WX (2007) Measuring roughness of generalized rough sets induced by a
covering. Fuzzy Set Syst 158:2443–2455

15. Qian YH, Liang JY (2006) Rough set method based on multi-granulations. In: Proceedings of
the 5th IEEE international conference on cognitive informatics, Beijing, China, July 17–19, pp
297–304

https://doi.org/10.3390/sym10070296
https://doi.org/10.3390/sym10070296


182 A. T. Ab Ghani et al.

16. Qian YH, Liang JY, Yao YY, Dang CY (2010) MGRS: a multi-granulation rough sets. Inf Sci
180:949–970

17. Zainal SM, Ab Ghani AT, Abdullah L (2021) On some logical relation properties for rough
neutrosophic set. J Phys: Conf Ser 1:012048



IoT-Based Autonomous Baby Monitoring
System Using Mobile App Control

Gwo Chin Chung , Khan Vun Teong , Soo Fun Tan ,
and Ruven A/L Sundarajoo

Abstract In this modern world, almost 80% of parents have to work in order to
balance their financial demands. The probability of providing better childcare, espe-
cially for babies is reducing. Although hiring a guardian or sending babies to daycare
centers can temporarily solve the issue, it does not reduce the anxiety and stress of
the parents due to more and more child abuses being reported every year. During
this Covid19 pandemic, the need for an alternative better solution is urgent when
some parents are forced to undergo quarantine for at least a few weeks. In this paper,
we propose to develop a long-ranged baby monitoring and controlling system. The
system consists of hardware architecture that is inter-connected with an IoT network
to monitor the real-time condition of the baby such as crying, awakening and clean-
liness, and its surrounding environment such as temperature, humidity and motion.
In the proposal, the overall system operation involves four different phases: data
collection, information sharing and processing, output display and notification, and
user control. At the end of the project, a prototype has been successfully constructed
to collect themonitoring data, and then share and display them to the users accurately
via mobile app. In addition, users can also remotely perform basic control over any
components or devices that are connected to the system.
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1 Introduction

Since the start ofmankind, parents have sensed their children against possible threats,
like illnesses, burglary, and demise. The need to control the child’s current circum-
stance pushed guardians to have their children, especially infants in a region that
they as of now have control upon guardians’ room. Nowadays, checking on a baby
consistently is actually a difficult job just as it isn’t easy for the guardians to have
their children all the time with them particularly almost 80% of the parents are doing
their nine to five office jobs which requires most of the time in the office. Reports
from the market survey also show that the quantity of working moms has essentially
expanded [1–3]. Thismakesmost of the parents send their children, especially infants
to relative’s home or to babysitting centers or even hiring a worker for taking care
of their babies at home or in a working spot. However, these methods may not be
spacious for guardians as per their requests. In particular parents do not get guarantee
about their children’s wellbeing in both of the cases. Some of the babysitting centers
or workers do not take care of the babies properly and we had seen in the news about
the babysitting center abusing the babies which will cause parents to bemore worried
[4–6]. Also, due to COVID-19, newborn babies should not be brought to crowded
places, where this is risky for a new born baby to get the virus. Therefore, care for
another conceived child has become a test for some families.

As technology becomes more innovative and productive, humans are now consid-
ering technology and engineering inventions for getting their jobs done such as
screening their child’s condition either in typical or peril circumstances.Ababymoni-
toring system can be an answer for this. In [7], a monitoring system was constructed
to monitor body temperature, pulse rate, moisture and also movement of a baby by
transferring this information to their parents using the GSM network. Similar work
has been done in [8] with additional sensors and noise cancelling functions for a
complete observation and control to diminish the sound contamination and make the
child rooms more relaxed. The results were then displayed on a computer. However,
both researches did not utilize the advantage of the internet to facilitate the system
processing. On the other hand, an advanced baby monitoring system has been intro-
duced in [9], in which the system will automatically record all the measurement
values taken from the temperature and humidity sensor, PIR sensor and sound sensor
into a log file and send the data as an email to the parents for further action. Another
system using image processing and Internet of Things (IoT) has also been developed
in [10]. The framework of this systemwas to study and identify themovement, crying
and present situation of the infant through the communication of emails between the
guardians and clients. A face detection method was implemented to detect the pres-
ence of the infants. In addition, paper in [11] reported a monitoring system that will
display recorded videos on a computer. Nonetheless, most of these projects do not
include the function of user control in their system.

Hence, we propose to design an IoT-based system that will automatically monitor
the real-time condition of a baby as well as its surrounding environment. The hard-
ware architecture comprises multiple sensors that are capable of collecting data such
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as crying, awakening and cleanliness of the baby, and also detecting the tempera-
ture, humidity, and any motion around the environment in a guardian’s room. The
collected information will be used to notify the parents for further action taken
using the controlling functions offered by the system. The operation of the system
involves four different phases, which include data collection, information sharing and
processing, output display and notification, and user control respectively. We intend
to develop a prototype and also a mobile app for display and user control purposes,
which the communication in between the devices is fulfilled using an IoT platform.
Multiple testing will be done practically to measure the functionality, accuracy and
reliability of the system.

This paper is organized as follows. In Sect. 2, the architecture of the proposed
baby monitoring and controlling system is explained in detail. Then, the developed
prototype is presented in Sect. 3 in terms of hardware and software. In Sect. 4,
practical testing results of the systemare demonstrated in real-time situations. Finally,
our work on this paper and future recommendations are summarized in the last
section.

2 System Architecture

The general structure of the proposed system is shown in Fig. 1 and the flow of the
operations is presented in Fig. 2. The detail of the system design is explained as
following:

• Phase 1: During the data collection phase, the conditions of the baby and its
surrounding environment are identified by multiple sensors that are embedded to
the baby cot and mattress. The readings are then sent to the microcontroller unit
(MCU), which is an Arduino Uno. The Arduino has an advantage of connecting
to the computer using only a USB cable that is able to supply power and also
functioned as a Serial port for interaction between Arduino and the computer
[12]. The sensors used in this project include the sound sensor for detecting the
crying of the baby, moisture sensor for detecting wetness of the mattress, motion
sensors for detecting awakening of the baby as well as any movement of an object
around the baby cot, and temperature and humidity sensor for measuring the
comfortless of the environment.

• Phase 2: During the information sharing and processing phase, the Arduino will
determine whether any conditions of the baby and its surrounding environment as
stated earlier has been detected accurately. If so, the processed information will
then be shared to the Cloud server using the IoT platform. In this project, an IoT
platform named as Blynk is chosen. It is compatible with both iOS and Android
applications to communicate with the Arduino by using Wi-Fi only [13].

• Phase 3: During the output display and notification phase, all of the readings will
be updated and displayed on the application of the smart device. Multiple users
can be connected to the IoT platform to find out the conditions of the baby and its
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Fig. 2 Flow of the system process

surrounding environment. Real-time notification alerts will also be transmitted to
the user’s mobile app for any further action taken by the parents.

• Phase 4: During the user control phase, the Blynk application allows the users to
control the output units that are connected to Arduino, and are embedded to the
baby cot or in the guardian’s room. The output units can also be controlled by
using other existing mobile apps. The output units used in this project include the
LED, video camera and speaker respectively.



IoT-Based Autonomous Baby Monitoring … 187

Camera

Power supply

Sound sensor

Speaker

Wi-Fi module

Temperature & 

humidity sensor

Motion 

sensor 1

LED light

Moisture 

sensor (under 

the mattress)

Motion 

sensor 2

Arduino Uno 

(inside the box)

Fig. 3 Final prototype

The system architecture in this project is designed as an advance technological
assistance for the parents to closely monitor and view their babies when they are not
around. All of the functions mentioned above are to ensure the safety and comfort of
the baby. Due to budget constraint, a prototype of the proposed system is constructed
at a minimum cost, which is presented in the next section.

3 Developed Prototype

3.1 Hardware

The prototype of the proposed system is developed as shown in Fig. 3. All of the
sensors and output units used in the project are labelled properly in the diagram and
their respective functions are summarized in Table 1.

3.2 Software

The programming codes are written to perform the operations as shown in Fig. 4.
Initially, the systemwill check for the internet connectivity. It will then proceed to

read all the measurement data from each sensor from time to time. If there is a valid
detection, the reading values will be processed by the Arduino Uno and shared to the
users by using Wi-Fi only. The system will also check for any notification needed
to be sent to the users as an alert. Last but not least, the system will check on any
command received from the users in order to perform specific controlling functions
in the system such as turning on the LED and video camera. Hence, based on the
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Table 1 Functions of the sensors and output units

Components Functions

Arduino Uno To coordinate the operations of all connected input/output
components, including the internet connectivity, and to
process received information

Sound sensor To detect any possible crying or loud voice activities from
the baby. If so, the detection will be recorded, and a
notification will be sent to the mobile app

Motion sensor 1 To detect whether the baby is awakening or not. If so, the
detection will be recorded, and a notification will be sent
out too

Moisture sensor To measure the wetness of the mattress. The sensor is put
under the mattress which is not shown in Fig. 3. If it is too
wet, the baby mattress or diaper need to be changed.
Real-time value will be displayed on the mobile app

Temperature and humidity sensor To measure the surrounding temperature and humidity. This
is to make sure that the guardian room is comfortable for the
baby. Real-time value will be displayed on the mobile app

Motion sensor 2 To detect any possible moving object in the guardian room.
This is to ensure that the baby will not be exposed to any
danger from animals or intruders, which are not supposed to
be in the room

LED To lighten out the guardian room if it is too dark for parents’
observation

Video camera and speaker To view and speak to the baby via the mobile app in
real-time and to play any possible music for comforting the
baby when the parents are not around

developed system prototype, we proceed to demonstrate the testing results under a
real situation in the next section.

4 Demonstration Result

4.1 Value Display

Figure 5 displays the real-time values of the moisture, temperature and humidity as
the first, second and third readings respectively on a mobile app. It is overserved
that there are not any changes to the temperature and humidity, which indicates the
guardian room has a peaceful surrounding environment. When we pour some water
to the baby mattress, a huge change of moisture value is reflected from Fig. 5a, b.
A 95% of recorded moisture value indicates the need of changing the baby mattress
immediately.
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Fig. 4 Flow chart of the program

(a) (b)

Fig. 5 Real-time values of the moisture, temperature and humidity
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(a) (b)

Fig. 6 Detection on the a motion and, b sound

4.2 Motion and Sound Detection

Figure 6a, b display the results of motion and crying detection. In both cases, the
mobile appwill showa“YES”when there is anymotion and crying activities occurred
in the guardian room. The motion detection can be triggered by the baby itself or
any possible movement around the baby cot. Every detection of these two activities
will be counted and stored in the memory. Parents can later utilize the data to study
the behavior of the baby.

4.3 Notification Alert

Figure 7 displays the notifications generated by the system on a mobile app for both
wetness and crying detections. In Fig. 7a, an alert indicating the need of changing
the baby diaper is sent to the parents when the mattress is too wet. In Fig. 7b, an
alert indicating the baby is crying or making any loud voice at the moment is also
sent to the parents. By utilizing these notifications, parents can quickly inform their
temporary babysitter to check the actual condition of the baby and its surrounding
environment, and take the necessary action.

4.4 Output Control

At the last part of this project, we present how the system can turn on the LED light
and display the video on the mobile app in Fig. 8. In the mobile app, there is a press
button for turning on the LED light in the guardian room. It will show a “ON” when
the LED is turned on and vice versa. Besides that, the mobile users can also watch
real-time video on the baby and also play any music through the video camera that
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(a) (b)

Fig. 7 Notification alert for the a wetness and b crying detection

Fig. 8 Display on the LED
button and live feed video
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is attached to the system when it is needed. The counting of the baby movement and
crying detections are also shown in Fig. 8.

5 Conclusion

This project is successfully completed with an actual prototype to provide parents an
autonomous baby monitoring system, where the system is able to show temperature
and humidity of the baby’s room, motion of the baby and the surrounding, wetness of
the baby’s mattress and crying sound of the baby. Notifications will be generated to
alert the parents for further immediate action taken to ensure the safety or to comfort
the baby. There is also a feature where parents are able to turn on the LED light of
the baby’s room and to view their baby from the camera’s live feed. All of these
functions are achieved and controlled by just using a smartphone which is connected
to the internet.

Although the system designed is reliable and functional, there is still some aspect
of areas that can be improved in the future development. One of it is to include an
infrared sensor to ensure the baby is not standing on the baby cot when no one is in
the baby’s room. Special dedicated music can also be applied to the system to soothe
the baby or to improve the baby’ health. Nonetheless, other advanced technology
such as RFID can be used for locality tracking of the baby in the house.
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Efficient Implementations of MQV-Based
Protocols on Client-Server Architectures

Ernest-YongYi Yap, Ji-Jian Chin, Jason Chia, and Alwyn Goh

Abstract The Menezes-Qu-Vanstone (MQV) protocol has been used widely to
provide high security while using low computational power for authenticated key
exchange. Although it has been proved to be vulnerable against unknown key share
attack (UKS)whenonly implicit authentication is used, there are still a lot of protocols
created based the MQV key exchange due to its implicit authentication properties.
This paper provides an Identity-Based Authenticated Key Agreement (IBAKA) and
Certificate-Less Authenticated Key Agreement (CLAKA) variation of MQV that is
simulated and implemented using Elliptic Curve Cryptography (ECC). The ECC
variation of these protocols can provide high security and speed due to lower band-
width and lower computational power. The simulation time will be compared with
the previous attempt of implementation mainly with the most implemented protocol,
CLAKA.

Keywords MQV · IBAKA · CLAKA · Android · Simulation · Implementation ·
ECC

1 Introduction

Authenticated key exchange (AKE) is used in mainly server and client-based
encrypted communication since the Diffie-Hellman Key Exchange (DHKE) [7] is
published in 1976. DHKE has been the foundation of AKE and its mathematical
properties are still being used widely today despite that the original DHKE pro-
tocol showed vulnerability towards man-in-the-middle (MITM) attack. The main
issue with DHKE is that the protocol does not authenticate its users, allowing the
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adversary to impersonate any user in the protocol. Since then, many cryptographers
have created cryptographic protocols based on DHKE, with MQV as one of the most
well-known DH-based protocols providing implicit authentication.

The Identity-Based Authenticated Key Agreement (IBAKA) is a kind of key
exchange that includes information of a user into the public key. It often includes a
third party such as a Key Generator Centre (KGC) for generating these keys. Shamir
[19] is the pioneer in identity-based cryptography which tries to remove additional
work of certifying public keys by allowing principals to compute the public key of
another principal based on the identity’s information. Such information can be an
email address, physical IP address, or a domain name. Using this method, the public
key infrastructure which is commonly known as PKI can be removed. However, it
requires a Public Key Generator which extracts the private key corresponding to
each respective identity. Most IBAKA protocols use pairings to achieve identity-
based properties [2, 4, 14], but one can also achieve identity-based cryptography
without using pairings as shown in [11, 12, 15]. As for Certificateless Authenticated
Key Agreement (CLAKA), it is similar to IBAKA but it does not give KGC complete
control of its user keys to prevent the key escrow problem. Both the user and third-
party KGC will each generate keys.

2 Protocols

2.1 MQV Protocol

TheMQVprotocol is one of the earliest protocols that authenticate DHKE implicitly,
so both users only exchange their ephemeral key similar to DHKE. Despite that, an
Unknown-Key-Share (UKS)Attack was discovered [13] byKaliski in 2001. To over-
come this vulnerability, users need to explicitly authenticate each other by including
user identity in the message exchange. Still, the MQVwas able to avoid most attacks
that DHKE is vulnerable to, mainly the man-in-the-middle (MITM) attack. It is
also designed to resist impersonation attack, key-compromise-impersonation (KCI)
attack, known key attack and also provides perfect forward secrecy.

Protocol Outline. Figure1 shows MQV in elliptic curve form also known as
ECMQV. Initially, Alice and Bob have to decide on a curve and generator, G, and
then generate each long-term key A and B. When Alice wants to exchange a key
with Bob, she will generate an ephemeral key, X , and sends it to Bob. Just as Bob
receives X from Alice, he will generate his ephemeral key Y and send it to Alice.
Both of the users will then calculate SA and SB each with their respective long-term
and ephemeral secret key. The shared key can then be calculated as shown in KA and
KB and the final key will be K .
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Fig. 1 ECMQV protocol

2.2 FG IB-KA Protocol

TheFiore-Gennaro ID-BasedKeyAgreement (FG IB-KA) protocol [8] is an identity-
based protocol derived from MQV claimed by the authors. This is done using a
third-party Key Generator Centre (KGC) and Schnorr’s Signature technique. The
FG IB-KA protocol is said to be vulnerable to the ephemeral key compromise attack
[3]which is described in the eCKmodel, but this protocol is not designed to satisfy the
eCKmodel, only the CKmodel. Hence, it improvesMQVby resistingmost symbolic
and computational attacks such as reflection, KCI, and impersonation attacks.

Protocol Outline. FG IB-KA protocol showed in Fig. 2 requires a KGC to help
generate their long-term key and private key which helps to lower down the com-
putational cost, the KGC also decides only the curve, generator, and hash function.
This protocol also added explicit entity authentication by providing the user identity
in the exchange process. Initially, both users provide their user identity to the KGC
through a secret communication channel. The KGC will then generate a long-term
key for each user and create a partial private key using Schnorr’s Signature technique
and send it back. Users can verify the partial private key by G · Si and compare with
I + H1(I Di , I )S. The users will only have to generate their own ephemeral key
each and exchange their user identity, long-term public key provide by KGC and
ephemeral key. After receiving those keys and verifying the identity, each user will
calculate K 1 and K 2 as shown in the equation. The final shared key can be generated
by hashing both K 1 and K 2.

2.3 Debiao CLAKA Protocol

The Certificate-less Authenticated Key Agreement (CLAKA) protocol which is also
known as the He-Padhye-Chen protocol [10], has a high similarity to FG IB-KA
protocol because it is also MQV based. Although CLAKA consumes more com-
putational cost than FG IB-KA, it has higher security properties that fit in the eCK
model.
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Fig. 2 FG IB-KA protocol

Fig. 3 EC CLAKA protocol

Protocol Outline. Similar to FG IB-KA, the KGC decides on the curve, generator,
and hash function. But the KGC does not generate all the keys for the users, the user
will also generate its key. For initial preparation, users will send their user identities
to KGC and the KGC will calculate a partial private key Si and perform Schnorr’s
Signature on the user identity encrypted with the random key Ri . Each user will get
the partial private key and a random public key respectively, the user can verify the
partial private key using G · Si similar to FG IB-KA. Then, each user will generate a
long-term key (A, B) and a ephemeral key (X,Y ), they will then exchange their user
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identity (I DA, I DB), randompublic key generated byKGC (RA, RB) and ephemeral
key (X,Y ). Finally, each user can calculate K 1, K 2, and K 3 using the equation as
shown in Fig. 3. The shared key will be hashing the concatenated user identities,
ephemeral key, and all the calculated keys, and the time used for all the phase is
shown in microseconds.

3 Elliptic Curve Cryptography

Elliptic-curve cryptography (ECC) was created as a more efficient alternative
approach to public-key cryptography (PKC). It is built on the algebraic structure
of elliptic curves over finite fields. An elliptic curve can be defined as a plane curve
over a finite field, forming the equation:

y2 = x3 + ax + b (1)

with a and b as constants. ECC is often used over RSA as it provides high security
even with a smaller key size. For example, a 256 bit ECC key has the same security
compared to an RSA 3072 bit keys. In this work, ECC is used on AKE and pseudo-
random generators.

3.1 Elliptic Curve Discrete Logarithm Problem

Lets say a multiplicative cyclic group G is given and g is the generator of G. With
the definition of cyclic group, it can be said that gx for every discrete logarithm x is
an element h in G, forming the equation:

gx = h mod G (2)

For example, a cyclic group of 5 has 2 as its generator, then the discrete logarithm
of 4 is 6 because 26 = 4 mod 5.

The discrete logarithm problem (DLP) states that it is easy to calculate one of
the cyclic group elements if the group, generator, and discrete logarithm were given.
However, if given the group, generator, and one of the cyclic group elements, it is
infeasible to calculate the discrete logarithm. Still, there are algorithms to solve DLP
faster in finite fields, as shown in [9] using number field sieve algorithm [18]. It was
used to compute discrete logarithms in a 30750-bit Galois Field. As for elliptic curve
DLP, the current record broken is a 109-bit elliptic curve which takes 549d using
parallelized Pollard rho method [17].
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Table 1 Milagro library’s functions

Class functions Description

s = BIG.randomnum(n, random); BIG RNG: s = random mod n

x.mod(n); BIG modulo: x = x mod n

x.add(y); BIG addition: x = x + y

s = BIG.mul(x, y); BIG multiplication: s = x · y
s = BIG.modadd(x, y, n); BIG modulo addition: s = (x + y) mod n

g = ECP.generator(); ECP generator: g

X.add(Y); ECP addition: X = X + Y

S = X.mul(Y); ECP multiplication: S = X · Y
S.toBytes(bytes, false); ECP to Bytes [65]: S −→ bytes [65]
S = ECP.fromBytes(bytes); Bytes [65] to ECP: bytes [65] −→ S

3.2 Curve25519

The Curve25519 is an elliptic curve first published by Bernstein et al. [1] that formed
the equation:

y2 = x3 + 486662x2 + x (3)

which form a Montgomery curve, over prime field of p = 2255 − 19. Curve25519
has a base point of x = 9 which gives a prime order:

2252 + 27742317777372353535851937790883648493. (4)

Elliptic Curve Diffie-HellmanKey Exchanges (ECDHKE) are often implemented
using this curve. It provides 128 bits of securitywith 256 bits key size. It is considered
the fastest open-source ECC, specifically for ECDHKE. The hash function that goes
well with Curve25519 is Secure-Hash-Algorithms 2 (SHA256) because it provides
a similar bit size to this curve’s key.

3.3 Apache Milagro Cryptographic Library

The Apache Milagro Cryptography Library (AMCL) was originally exported as
a javascript library. It was then repacked by Miracl Core and provided multiple
programming languages such as C++, Java, and Python. The two main classes used
in this library are the big integer (BIG) and elliptic curve point (ECP). A 64-bit
computer can only generate a 64 bits integer atmost. By using theBIG class provided,
256 bits of integer can be generated and used for computation. The ECP class for
Montgomery Curve is constructed with two finite points, x and y; these points can
be used for point addition or multiplication and even converted to bytes. The library
function for each class is shown in Table1.
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4 Implementation

Using the class functions on Table1, classes ofMQV-based protocols can be created.
The class diagrams are shown in Fig. 4. Most of the attributes and operations are self-
explanatory as shown in the name. The public key and secret key is represented by
PK and SK. HASH256 was used to generate a 256-bit hash which was applied on
the Schnorr’s Signature; while HASH512 was used to generate a 512-bit hash that
was applied on the final shared key computation. The KGC(byte[]) operation picked
and initiated the curve, generator, hashes, and order. It also accepts the user identity
and generates all the keys required by the user. The calculateKey() operation accepts
different arguments for each protocol because:

• MQV. The user only needs the long-term key and ephemeral public key of the
other user for shared key calculation.

• FG IB-KA. The user requires the hashing of user identity and the long-term public
key, long-term and ephemeral public key of the other user for shared key calcula-
tion.

• He et al. CLAKA. The user requires the other user’s identity, random public key,
role, ephemeral, and long-term public key for shared key calculation.

Fig. 4 Class diagram
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Fig. 5 EC CLAKA PC Server (Left) and client (Right) simulation

A server and client base communication was set up using Transmission Control
Protocol (TCP) with the class created above. The client will initially tell the server
which MQV-based protocol will be used in the communication. Then, the client will
exchange necessary information with the server. The client will act as the initiator,
and the server will be the responder. A user interface is created for Android for better
presentation.

Figure5 shows an example of CLAKA simulation in the PCwith the server on the
left and the client on the right. It can be seen that server and client had generated and
obtain their respective key needed for the authenticated key exchange process. The
key shown in the simulation is in bytes, and it was trimmed down to 5 bytes for amore
transparent display of information, all keys and ID shown is public information and
the adversary can also see it, the secret key is not displayed here. The first phase of
the protocol is the Generate Key Phase which includes obtaining keys fromKGC and
generating the user’s long-term key; the second phase is Exchange Key Phase which
the client generates an ephemeral public key and sends it to the server, the server
will then respond with its ephemeral public key and other required information; the
last phase is Calculate Key Phase where both users calculate the shared key after the
necessary information is received. It can be seen that the server and client receive
every information correctly through a TCP connection, and a similar share key is
calculated, rendering this process a success.

AnAndroidApplication is created for the smartphone, and the screenshot is shown
in Fig. 6. The PC acts as a server, and the application was connected through the IP
address and port provided. The result shown in Fig. 6 was using a local area network
(LAN). The information displayed on the screenwas similar to the PC client; the time
elapsed for all the phases will also be shown when scrolled down. The benchmark
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Fig. 6 EC CLAKA android
client application

button is a toggle switch used to benchmark all of the protocol by averaging the phase
time for 1000 connections, the long-term key will be charged for every 10 ephemeral
key. The Raspberry PI (RPI) client uses the same program as the PC client, giving
a similar representation. However, since the RPI utilizes a Quad-core Cortex-A72,
which is ARM technology with only 1.5GHz, it takes more time to complete a phase.
The source code can be found on https://github.com/ernestyyy0306/MQV-Based-
Miracl.

5 Results and Discussions

The results of these three protocols simulation are shown in the table below using
localhost and LAN connection, the result for the internet connection will not be
shown because it is the same as the LAN connection but with a higher ping of 120
milliseconds. The elapsed time calculated for each phase is in microseconds. These
results were obtained by running the protocol 1000 times, and both users’ long-term
keys were changed for every 10 used ephemeral keys. The ephemeral keys were

https://github.com/ernestyyy0306/MQV-Based-Miracl
https://github.com/ernestyyy0306/MQV-Based-Miracl
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changed for every protocol run. Using the Android version, this test can be quickly
done using the benchmark button, and the results are shown in the user interface.

The localhost provided an immediate connection with less than one-millisecond
ping while the LAN connection had a three-millisecond ping. The results were used
to compare with previous implementation works from 2017 till 2021. The imple-
mentation results obtained before the year 2017 would be unfair to compare to since
more powerful hardware was produced in 2017 and beyond. The FG IB-KA was not
used as frequently as the CLAKA protocol since it did not satisfy the eCK model,
which was an important model to be considered at this present time. The CLAKA
protocol was quite popular in recent years, and it was implemented a few times by
the other authors for comparison with their proposed protocols. As shown in Table2,
the PC was the fastest due to its high computation hardware followed by RPI and
then Android device (Table 3).

Table 2 Server client phase time with Localhost and LAN connection

LOCALHOST SERVER—CLIENT (microseconds)

Protocol Phase PC–PC RPI–RPI PC–Android

MQV Generate key 519 604 6849 6738 678 36128

Exchange Key 826 843 8331 8329 27413 26235

Calculate Key 828 933 11247 10807 806 24814

Total 2173 2380 26427 25874 28897 87177

FG IB-KA Generate key 1682 1710 16451 16479 1626 56746

Exchange Key 809 961 7839 7889 19175 19037

Calculate Key 1505 1457 20214 19307 1386 41377

Total 3996 4128 44504 43675 22187 117160

CLAKA Generate Key 2375 2212 21736 21845 2129 69428

Exchange key 702 689 7550 7540 24111 19524

Calculate Key 2342 2107 27561 27377 1948 56235

Total 5419 5008 56847 56762 28188 145187

LAN SERVER—CLIENT (microseconds)

Protocol Phase PC- PC PC- RPI PC–Android

MQV Generate key 700 618 529 6202 564 22670

Exchange key 3428 4812 8673 8756 28510 27962

Calculate key 760 1252 723 9765 767 45592

Total 5008 6682 9925 24723 29841 96224

FG IB-KA Generate key 1676 1966 1630 15234 1672 33820

Exchange key 3447 3456 8802 8981 18193 18149

Calculate key 1371 2176 1306 17160 1326 47541

Total 6494 7598 11738 41375 21191 99510

CLAKA Generate key 2201 2234 2065 19989 2040 59014

Exchange key 3774 3404 9136 9086 28965 21649

Calculate key 1898 3191 1810 23636 1871 80240

Total 7873 8829 13011 52711 32876 160903
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Table 3 Implementations of MQV-based protocols

Protocol Author Hardware Bandwidth (bits) Time (ms) Curve

FG IB-KA Daniel et al. [6] PC 1024, 1024 15.02 160-bit EC

CLAKA Tedeschi et al. [20] IoT Device 320, 320 585.503 secp160r1

CLAKA Xie et al. [21] PC 640, 640 4.08 Miracl ssc-160

CLAKA Daniel et al. [5] PC 1024, 1024 17.103 160-bit EC

CLAKA Ogundoyin [16] PC 640, 640 7.508 Miracl ssc-160

FG IB-KA Proposed PC 1040, 1040 2.314 Curve25519

FG IB-KA Proposed IoT Device 1040, 1040 28.053 Curve25519

CLAKA Proposed PC 1040, 1040 3.044 Curve25519

CLAKA Proposed IoT Device 1040, 1040 35.111 Curve25519

The time shown in the table begins in the key exchange phase up to the calculate
key phase. The user identities were not included in the bandwidth calculation because
some of the authors did not specify or used a different byte size. The prime used in the
proposed implementation was 256 bits. Since the elliptic curve points have an x and
y finite points, the group size was twice of prime giving 512 bits. When converted
to bytes for TCP communication, an extra byte was added, giving a total of 520 bits
per public key.

The bandwidth of other authors was lower because the elliptic curves used were
offering 80 bits of security level and 160 bits key size. The curve used in this work
implementation provides a 128 bits security and 256 bits key size. The bandwidth for
each implementation was modified based on the group size and bytes generated by
verifying the curve.Although the proposed implementation bandwidthwas larger, the
speed and security level still outperformed the rest of the curves and implementations.

6 Conclusion

In thiswork, theMQV-based protocol had been implemented using theMiracl Crypto
Library using Java programming language. The implementation is executed on dif-
ferent hardware such as PC, RPI, and Android Phone. The protocols were then
implemented using Apache Milagro Crypto Library, using the Java edition repacked
byMiracl Core is used. Curve25519 with 128 bits of security and 256 bits of key size
was used for this implementation. The results showed that the proposed implemen-
tation was faster than other authors’ implementation even though they were using a
smaller elliptic curve size.
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How Do Undergraduates Perceive Online
Learning During Pandemic?

Clara Susaie , Choo-Kim Tan , and Wooi-Ping Cheah

Abstract PandemicCovid-19 have taught educators to have reserve plans especially
in higher education. During the outbreak, undergraduates faced utmost difficulties
in learning through online learning platforms. Students are forced to take online
classes from home. Whether it is for their studies, engaging in group works, clubs
and society participations, learning with professors, in access for laboratory or prac-
tical classes have halt entirely. Even though we are in the edge of transforming
face-to-face learning to online learning before another virus outbreak or any similar
situation happen, the debatable issues about online learning should not be ignored.
The purpose of this paper is to examine the perception of undergraduates on online
learning approach and challenges faced by them. Quantitative survey was used in this
study. Self-designed online questionnaire has been distributed to 43 undergraduates.
Findings show that 58.2% of the students preferred face-to-face learning even after
the pandemic was over. 62.8% of them complaint that they were unable to concen-
trate on online learning when external disturbances exist. It shows the common
problems that faced by students during online classes. Therefore, students prefer
face-to-face learning over online learning. The limitation is that the findings can
only be generalized to university students. This paper gives an overall insight for the
higher education institutions, educators, Ministry of Higher Education to overcome
the challenges faced by the students in distance online learning.
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1 Introduction

Covid-19 supersedes benefits with drawbacks. The presence of this virus affected
travelling, education, economy, business, health system and etc. [1]. Concerns about
health surpass everything which also includes education. A huge turnover happened
when all face-to-face classes were suspended, and online classes took over. Country
like Malaysia slowly adopting to flip classes. Adopting to full online based classes
nevertheless was challenging to both educators and learners especially in a toggling
situation when the ministry of education had to consider about students’ health over
education. However, the real struggle is to bring the same efficiency of face-to-face
learning to online learning [2]. The activities carried out during face-to-face classes
may or may not be the exact if they are conducted through online classes. It needs
better time management, adopting the technology and getting familiar with new
paradigm which is online learning [3]. Perhaps, online learning may be an advantage
in certain countries where the students are able to adopt to the situation during
pandemic. As mentioned by Ghulam, Khalid, Nosheen, Shafiq, the students were
prepared to adopt to e-learning as soon as the country announce lockdown. Besides,
the students were also motivated, able to enhance their interaction skills among their
friends while learning online [4]. Contrarily, the findings in [5] show that students do
not have enough facilities to access the online learning. Other approaches need to be
implemented to draw the participation of students during online classes. The purpose
of the study is to examine the perception of undergraduates on the distance learning
during pandemic. This paper will review literature which provides the challenges
faced by the students during online class at the time of pandemic.

2 Literature Review

During pandemic ofCovid-19, the education sector faced a huge drift from traditional
learning system to online learning. Online learning is also referred as e-learning. E-
learning is an online platform that provides equal learning materials for learners
with the absence of physical human beings. E-learning is an integration of tech-
nology together with education and it is one of the beneficial platforms for learning
[6]. The education materials are available in the digitalized form which makes the
learners absorb the knowledge from anywhere at any time. The three subjects,
lecturers, students, and the information are in three different places however they
are all connected via the internet in one platform [7]. E-learning is integrated with
technology to support the learning process where the resources can be accessed via
communication technology [8]. Warren and Hutchinon [9] defined that e-learning
gives students the experience of learning in a more convenient way which is able
to substitute the face-to-face teaching method on the campus. For students who are
off-campus, e-learning makes learning easier, cooperating compare with the tradi-
tional approach. Even though, it is keeping the students away from Covid-19 virus
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and keep them safe, they face enormous challenges in coping up with their studies
as everything is based on e-learning.

Challenges faced by students during online classes

In ability to the access for the facilities such as strong internet connection, conducive
learning environment, gadgets, computers or laptop that support online learning are
main challenges faced by the students. It was supported by [10, 11], that especially in
Malaysia B40 category have faced enormous challenges due to lack of internet access
and devices which make them unable to use for online learning purpose. Besides,
since students are staying home and attend classes, they have external disturbance
from their family members, unwanted noises, pet, social media check-in and etc.
The issue was supported by [12], whereby it was stated that students faced utmost
distraction by the family members during online classes. Also, studies shows that the
studying environment is part of the challenges faced by the students during online
learning [13]. The traditional learning environmentwas surrounded by friends, access
to library, group study, face to face interaction with lecturer, etc. Students are always
motivated by the environment and encouraged them to focus in their studies due the
environment factor. Nevertheless, online learning has removed all types of interaction
and placed the students to just face the laptops or computers day and night for their
studies purpose [14].

Mental health

Covid-19 have challenged everyone’s mental health. From a newborn baby to an
old man. These rapid changes have also challenged the mental health of educators
and students. Over a year with Covid-19, yet students still unable to adopt to online
learning techniques. Due to these, students are pushed over to have more anxiety and
stress problems. Even the learning techniques have changes, however, the syllabus
yet still the same. Pandemic is not only causes death, but it is also affecting the
one who is not infected by Covid-19 virus but with mental health [15]. Students
were emotionally and mentally drained during the this pandemic as they have totally
had to stay away from human interaction [16]. Besides, in the current situation
of pandemic, the lockdown is imposed on and off alternatively and in uncertainty.
Students’ preparation towards moving to campus or stay at home always been a
question mark. This toggling situation increases the amount of stress and affect
mental health of students. In addition, student’s mental health is also affected by
their family situation. No doubt that, during this pandemic many lost their family
members, lost their job, bear high debts, and etc. Students are witnessing everything
and on top of this, they have to pay their tuition fee too. Dealing with all sort of
problems during pandemic, it affects the students’ concentration in their studies. The
family situation has worsened the mental health of students [17].
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Table 1 Age of participants Age range Percentage (%) Number of participants

18–21 34.9 15

22–25 65.1 28

Table 2 Gender of
participants

Gender Percentage (%) Number of participants

Female 62.8 27

Male 37.2 16

3 Methodology

3.1 Participants

An Information Technology (IT) faculty of a private university in Malaysia was
selected for this study. The IT students that were selected were based on grouping
fixed by the faculty and randomization was not possible. A total number of 43 under-
graduate students were involved in this study. They were attending online classes
just like other students in the same university. Respondents were chosen from the
same faculty for the reason that they are exposed to the technology world and able
to understand the technicality better than other students. Their age range was from
18 to 25 years old. There were 27 females (62.8%) and 16 males (37.2%) (Tables 1
and 2).

3.2 Instrument

Quantitative method was used for this study. A self-designed questionnaire has been
designed. It has been validated by the panel of experts to ensure that it was error free.
Besides, the items were Likert scale ranging from 5 indicates strong agreement, 3 as
neutral and 1 shows strong disagreement. Two sections in the questionnaire where
the first part involved students’ general information such age and gender while the
second part includes questions regarding students’ perception on online studies.
There was a total of 19 items in the questionnaire. For an example, “I have a strong
internet connection to attend online classes” is positively worded statement (Table
3). However, “I’m unable to attend online classes due to poor internet connection”
is negatively worded statement. In the instrument, students were given instruction,
the purpose of the study and description to ensure that the students understood the
instrument and able to participate whole heartedly. A consent letter was given to
participants and their responses were promised to keep confidential.
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Table 3 Sample positive statements from instrument

No. Statements

1 I have a strong internet connection to attend online classes

2 I am able to concentrate more through online learning without having any external
disturbance

3 I am able to participate more actively in online tutorial classes as compared to face-to-face
tutorial classes

4 I have more time to do revision if I study through online compare to traditional approach

3.3 Research Procedure

Before the data collection, the participants were given a briefing about the study and
the purpose of the study. In addition, they were required to give their consent in order
to participate in this study. During the data collection, process, students were given
two weeks’ period to complete the online questionnaire. The data that was collected
from the questionnaire was then analysed. Descriptive statistics, such as frequencies
and percentages, was applied for data analysis.

4 Results

A total of 43 participants have participated in this online survey. 62.8% (27) of them
were female and 37.2% (16) of them were male. The majority of participants, 65.1%
(28) aged 22 to 25 years old. The rest of them which is 34.9% are belong to 18 to
21 age group. The result of the study also shows that students have enough facilities
to access to their online classes. That includes strong internet connections, proper
equipment such as smart phone, computer and laptop. About 41.9% (18) of them
opined that they have strong internet connection to attend online classes. 79% (34)
of the students have proper equipment to attend online classes.

As shown in Fig. 1, 46.5% (20) disagreed that they prefer online classes than
face-to-face class. 23.2% (10) which is only minority of them agreed to have online
class. 30.2% (13) stayed neutral. The students also preferred not to have online class
even after pandemic. 58.2% (25) of them preferred not to study online even after the
pandemic over. Only 23.3% (10) agreed that they consider of having online classes.

Figure 2 shows that 62.8% (27) of the students were unable to concentrate during
online classes when there are external disturbances. 25.6% (11) opined that theywere
able to concentrate during online classes even though there are external disturbances.

In addition, majority of the students, (60.5% or 26 students) was unable to under-
stand the lecture via online as compare to face-to-face teaching. Additionally, 55.9%
(24) which is majority of them felt stress of having online class over traditional class.
32.6% (14) of the student felt less stress studying via online. Students also agreed
that the were unable to participate actively in online tutorial classes compared to
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Fig. 1 Preference on online class during pandemic and after pandemic

Fig. 2 Concentrate when
external disturbances exist
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face-to-face tutorial classes. 60.5% (26) of them agreed to the above statement. Only
about 27.9% (12) of themdisagreed on this statement. However, studentswere able to
attend classes just like the physical class. Also, 65.1% (28) agreed that they were able
to attend online classes same as physical class. Majority of the students, 51.2% (22),
agreed that they have more time to do revision during online classes when compare
to traditional teaching approach. 25.6% (11) disagreed that they do not have time for
revision if the classes conducted through online as compare to traditional teaching
approach.

Figure 3 shows majority of the students which is 60.5% (26) preferred to have
online exam as compare to physical exam. Only 27.9% (12) preferred not to have
online exam. They also agreed that online exams are easier than physical exam.
46.6% (20) of them agreed, 30.2% (13) disagreed and the rest stay neutral on this
statement. Besides, the students agreed that they were able to score better in their
online exams as compare to physical exams. 55.8% (24) strongly believed that they
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Fig. 3 Perception about online examination

were able to score better in their online exams while 27.9% (12) of them where they
disagree.

5 Discussion

Based on the results obtained from the survey, students have indicated that they have
enough access to online classes. Majority of them was able to have strong internet
connection, equip with proper equipment such as tablet, smart phone or laptop. The
result was contradict with [18], where the study revealed that as much the facilities
needed to attend online classes, students were just not ready to accept the online
learning. The point of the discussion is, the readiness and the mind acceptability
of the students about online learning is still an unanswered question. The results
indicate that students were unable to concentrate in their online class when there
were interruptions. This result was supported by [19]’s study in which the findings
shows that the interruption caused by human and petsmay disturb the online learning.
Back to university or during face-to-face learning classes, students are placed under
one roof, four walls room and lecturer in front to teach and monitor the students’
activities. Thus, to conclude, learning online takes away students’ attentions and
concentration are due to certain factors. Interruption by family members, pets, social
media check-ins are some of them. Due to these, students are unable to concentrate
in their studies.

In addition, the result shows that, students have no trouble in attending the online
class and even their attendance is same as physical class. Besides, the findings also
revealed that students have sufficient time to do their revision as compare to traditional
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learning approach. This was supported by many other studies that online learning
provides efficient time, accessibility and the convenience to attend online classes
[20–22]. The discussion continues when it was supported by [23] that online learning
provides students a lot of free time and flexibility where students do not have to move
around from class to class if compare to traditional approach. It reduces the time for
moving around, hanging out with friends, and going to library, café and so on. This
allows students to save more time for their own revision [24].

Besides, for 8 a.m. classes, they do not have to rush for physical classes and
searching for a parking lot. With online classes, they just need a meeting link or
code for the online classes and connect the online classes from any place they are
at. However, the vital point whether students is able to understand what they are
learning from online class is still debatable. Relate it with the literature review of
the lack of readiness to accept that the new reality is leaning online and not in
face-to-face method is a new paradigm for students to absorb. Since kindergarten to
higher education, they have taught to be present physically to classes and listen to
the educators. However, online learning has changed everything therefore students
are still unexperienced with the new normal. Besides, according to the findings,
majority of the students face difficulties in understanding the lecture taught by the
lecturer during online class compared to face-to-face classes. The elimination of
physical contact among students and lecturer, studying everything in online content
is all theoretical and students are incapable of practicing effectively what has been
taught [23]. Theory-based subjects can draw exception however, subjects that need
hands on such of mathematics, physics, engineering subjects are difficult to absorb
without having any practical exercise. Similarly, the findings of the study indicate
that majority of the students feel stress about online classes. They would rather have
physical classes over online classes. It could be many factors that influence students
to not welcome the online learning as they were just not ready yet to adopt the new
paradigm. These are themental challenges that students are facing and also supported
by previous studies by other researchers. A sudden loss of internet connection during
exam, presentation or during delivering lecture, it challenges students’ capability of
handling the stressful situation. Students are driven to face the circumstances by
themselves and they do feel helpless.

On topof this,majority of the students agreed that theyprefer to haveonline exams,
they even are able to score better in online exams compared to physical exams and
they also claimed that online exams are easier than physical exam method. Students
are aware about the facts that they are not monitored by the invigilators; at least not
as strict as physical exams. Students have access to internet, they are able to contact
their friends, they have notes with them compared to traditional approach exams,
and students have nothing with themselves except for what is required to bring to
the examination hall. Other factor is students feel stress about their academic and
the only way to get out from this situation is to pass with point averages [25]. The
findings from this study are significant to higher education as the undergraduates are
the future of the nation, leads them to pursue their career and create better opportunity
for their life.
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6 Conclusion and Recommendation

Findings of this study shows that students prefer traditional approach over online
learning classes. Even though, they have access to all the facilities and own proper
equipment, they still prefer to have face-to-face classes. This is due to the amount
of stress, mental health of students and external disturbance. Students believe and
agree that their studies are affected despite the facts that, the online examinations
are easier than physical examination. Perhaps if the education system is not exam
oriented, the results that obtained from the study is expected to be different. Since the
education system is exam-oriented, the findings of the study imply that students prefer
online exams. However, in contrast, they prefer face-to-face learning. Nevertheless,
to curb Covid-19, Ministry of Education imposes such mode of learning, however it
revealed that students are having problem in learning through online. It is hoped that
the findings could provide more insights for the educators, Ministry of Education
and researchers to overcome the struggle faced by students by inventing new idea in
education field. Also, to provide a better learning environment that helps to improve
the performance of the students by not just eliminating the face-to-face learning but to
impose or introduce technology-based learning activities which promote motivation
and interaction among students.
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The Development of Conceptual
Framework of IoT Model Based
on a SLR for Batik Entrepreneurs

Solichul Hadi Achmad Bakri, Massila Kamalrudin, Safiah Sidek,
and Noorrezam Yusop

Abstract This study delves on thematter of the development of a Systematic Litera-
tureReview (SLR) to develop a conceptual framework to assist entrepreneurs inBatik
industries. The aim of this study is to determine the significant variables or factors
that influence the development of batik industry. The procedure used to consist of
planning, conducting and reporting in SLR was based on Kitchenhamn’s approach.
The findings of the systematic literature review are used to identify the variables or
factors that would later be assigned as independent variables and dependent variables
to formulate the hypothesis for the next study. At the end of the systematic literature
review, four key factors are deemed as contributing factors to the development of the
conceptual model and would be defined as independent variables that have the ability
to assist batik entrepreneurs in batik industries at early stage of batik development.
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1 Introduction

Within the body of the research we are currently embarking on, the study itself has
a rather unique position, in which it touches on both the field of entrepreneurship
and the field of Information System (IS). The idea that was introduced within the
study is that in order to assist and develop entrepreneurs within the specific industry
of batik, an IoT-based model can be introduced in which its development would be
based on a conceptual framework that was designed through factors found within
the systematic review done that are significant to the success of development of
entrepreneurs. Carron et al. [1] has signified how crucial a systematic literature
review is. It is the procedure of reviewing scientific literature that would become the
basis of research questions identification that made up the basis of the study itself.

This paper addresses two main objectives to create conceptual framework, (1) to
conduct the Systematic Literature Review (SLR) that includes exploring the factors
that could be significant to the development of batik entrepreneurs and (2) to deter-
mine the factor or variables in IoTbasedModel that canbeused to assist entrepreneurs
in Batik industries.

2 Systematic Literature Review and Conceptual
Framework

2.1 Systematic Literature Review

The Systematic Literature Review (SLR) conducted is a derivation of the approach
of Kitchenham [2]. The SLR in question, consists of three phases, which are (1)
Planning the SLR, (2) Conducting review and (3) Reporting the review. Figure 1
summarizes the activities carried out within the three steps. The following are the
description of the tasks performed in each phase.

Planning the SLR

Research Questions

The main aim of the review is to investigate empirical direction on successful
batik entrepreneurship. To achieve this objective, research questions (RQ) will
be derived to be answered in this paper. The research questions of the review
will be constructed by applying (PICOC)—Population, Intervention, Compar-
ison, Outcomes and Context criteria constructed by Kitchenham [3] as illustrated
in Table 1.

Fig. 1 The three phases of
systematic literature review Planning Conducting Reporting
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Table 1 Summary of PICOC

Population Internet of Things, successful entrepreneur

Intervention Challenging successful entrepreneur

Comparison Existing model, methods and techniques

Outcomes Prediction of successful entrepreneur, success factors

Context Empirical study in academia and industry

Table 2 Research questions

Research objective Research question Motivation

To identify the factor
relevant for successful
entrepreneur

What are the important factors
that influence successful
entrepreneur?

Identify the important factors
relevant for successful
entrepreneur

To identify the gaps and
limitations of existing
techniques and approaches
used for successful
entrepreneur

What are the available
approaches or models or
methods to make a successful
entrepreneurship of batik
entrepreneurs?

Explaining the ways to make an
entrepreneurs become
successful
Identifying approach or tools
available to identify successful
entrepreneur

Based on these criteria, the research questions of the SLR are presented in the next
table, Table 2 will then be used for data extractions. The SLR is conducted to address
twomain objectives. The first objective is to identify the factors relevant for assisting
entrepreneurs in Batik industry while the second objective is to identify the gaps and
limitations of existing techniques and approaches used for assisting entrepreneurs in
Batik industry.

Source Selection

After finalizing the RQs, search processing is conducted that search using search
string and retrieve the query string in the database location and libraries sources. This
exercise search the database that commonly top exist in searching data dictionary of
similarity of search paper. The search engines for this study, such as IEEE Xplore,
ScienceDirect, Springer, Scopus, Google Scholar, and ACM Digital Library were
used.

The aim of the current study, the target keywords must focus on the title, abstract
andkeywords list unless the search platformdoes not provide such a possibility.At the
extraction stage, the papers are downloaded in hard copies and analyzed accordingly.
From each RQs, we identified three major terms to be used in the searching process.
The three major terms with search terms and their synonyms as shown below.

1. (issues || Problems || characteristics || factor)
2. (methods || technique || approaches))
3. (problem) && (successful || entrepreneur).
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Study Selection Procedures

The selection procedure was derived structurally following sequential steps below.

1. Elicit major search from RQs
2. Examine the paper titles and exclude those studies that are not relevant
3. Using the AND, OR, NOT of Boolean operator to produce more search string
4. Extract citations and reviews the abstract and keywords
5. Filter the studies by applying the inclusion/exclusion as shown in Table 3.

Quality Assessment Checklist

We examined the selected quality of primary studies supplied by Kitchenham and
Charters [3] using items selection of quality checklists. The quantitative and qualita-
tive studies are examined using questions presented within Table 4. To start quality
questions, the evaluation considered in four main phases of a quantitative study
namely (1) design, (2) conduct, (3) analysis and (4) conclusions. The three potential
scores of yes = 1, partly = 0.5 and no = 0, are also considered for the questions
whereby if there are no criteria fulfilled or the percentage is less than 50%, then the
paper will be excluded as shown in Table 4.

Data Extraction Strategy

To answer the RQs, proper information is extracted from selected primary studies as
illustrated in Table 5. We applied data extraction form to ensure the result of these
activities are an accurate, consistent, and complete manner.

Conducting the Review

Examining related studies and primary studies

Wefirst examined the papers title to eliminates any studies that are not clearly related
to the research focus. Next, we filtered the abstract, keywords and the conclusion to
remove additional unrelated studies. After completing these two process activities,
there are 80 studies remaining. We then examine these 80 studies by applying the
inclusion/exclusion criteria in Table 3 that resulted in 38 study as our primary studies
for this review. Next, we also conducted the same selection steps to find additional

Table 3 Inclusion and exclusion criteria

Inclusion Exclusion

Papers focus on entrepreneurship
development

Papers are not subjected to peer review

Papers describing factors crucial in the
development of batik entrepreneurs

Papers present results without supporting
evidence

Papers describe the methods used Studies are not related to the RQs

Systematic literature review Studies are unclear
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Table 4 Quality assessment and question scores

QA Yes Partly No

QA1
Are the review’s
inclusion and
exclusion criteria
described
appropriately?

Y (Yes), the inclusion
criteria are explicitly
defined in the study

P (Partly), the
inclusion criteria are
implicit

N (No), the inclusion
criteria are not
defined and cannot be
readily inferred

QA2
Are literature chosen
considered reliable in
covering every single
relevant study?

Y (Yes), the authors
have either searched 4
or more digital
libraries and included
additional search
strategies or identified
and referenced all
journals addressing the
topic of interest

P (Partly), the authors
have search ¾ digital
libraries with no extra
search strategies or
search a defined but
restricted set of
journals and
conference
proceedings

N (No), The authors
have search up to 2
digital libraries or an
extremely restricted
set of journals

QA3
Did the reviewers
assess the quality or
validity of included
studies?

Y (Yes), the authors
have explicitly defined
quality criteria and
extracted them from
each primary study

P (Partly), the research
question involves
quality issues that are
addressed in the study

N (No), no explicit
quality assessment of
individual primary
studies has been
attempted

QA4
Were the essential
information or studies
sufficiently depicted?

Y (Yes), information is
presented about each
study

P (Partly), only
summary information
about primary studies
is presented

N (No), the results of
the individual
primary studies are
not specified

Table 5 Data extraction

Search Focus Data item Description

General Bibliography Author, year, title, source

RQ1 • Type of article
• Study aims
• Study design

• Journal/conference
• Paper/technical report
• The aim or goals of primary study
• Controlled experiments/survey

RQ2 • Comparison
• Examples

• Define factors crucial to development of batik
entrepreneurship

• Examples of successful entrepreneurs

RQ3 • Approach method
•
Existing/new/extension

• Describe the method used
• Explain whether method is new, or already has
existing method

primary studies of 38 studies. This application steps are remained to the research
focus.
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Table 6 Systematic literature
review report

Criteria Paper study

Before quality assessment 119

Duplicate 4

Exclusion 35

After quality assessment 80

Accepted 49

Rejected 31

Data extraction and quality assessments

The use of data extraction form as shown in Table 5, in which we try to elicit data
from the primary studies. The question of data extraction form mostly incomplete
answer by primary studies.We elicited the relevant information using data extraction
form from primary study. The type of study consists of “yes” and “no” for answering
our quality assessment questions. Here, a binary scale is applied since we did not
interest to provide quality score of the studies [3].

Reporting the Review

The extraction data of 38 papers were taken into account to construct the answers
to the two RQs as provided above. Kitchenham [2] guidelines are widely followed
while prepare this Systematic literature review report and the result are illustrated as
Table 6.

Quality Assurances

The information is based on the quality assessments conducted while conducting
search process. The consideration acceptance of calculation result for quality assess-
ment is greater than 50% while the consideration rejection is less than 50%. Thus,
we have the final result that was 49 primary studies slightly accepted and 31 primary
studies rejected.

Quality Extraction

As illustrated to Table 7, we filtered 49 papers studies of accepted papers to RQs. We
examined that some research papers of studies were indicated to single and multiple
RQs. We found that the RQ2 is highest followed by RQ3 and RQ1.We differentiated
the types of papers that were observed based on their effectiveness for our study as
shown in Table 8. We investigated that IEEE Xplore provided ten studies relevant to

Table 7 Quality extraction Research questions Total of papers

RQ1 6

RQ2 45

RQ3 18
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Table 8 Type of paper studied

Type Total of papers

Journal 39

Book 1

Thesis 5

Report 1

Working paper 2

our study, followed by Google scholar in 15 studies and both Dblp and ACM with
three and two studies.

Table 8 illustrates the types of papers that were investigated based on their effec-
tiveness for our study. Journals and Thesis were highest that indicates with 39 and
5 studies. Further, this study also included paper with two, inclusion of one book
and one report. In this paper, we provide the definition on entrepreneur by others
researcher. We also provide more specifically definition for successful entrepreneur
as shown in Table 9.

Below, we will further discuss the paper studied within the parameter of the
research questions defined above.

Table 10 shows the comparison analysis of factors considered to develop
successful entrepreneurs that for another researcherwork in year 2012 to 2018. Based
on the result on the Table 11, we found that the highest scored factors studied that

Table 9 Definition of entrepreneurs

Authors Definition

Ramadini et al. [4] Entrepreneurs possess several characteristics and personality, such as strong
self-confidence, task-and-result- oriented, courage to take risks, fond of
challenges, leadership skill, creative, innovative and flexible, as well as
having vision and perspective of the future

Jamali et al. [5] Entrepreneurship refers to an individual’s ability to turn ideas into action,
including creativity, innovation and risk taking, as well as the ability to plan
and manage projects in order to achieve the business or company goals

Lee [6] Entrepreneurs are people whose efforts in managing ventures are successful
due to their ability to use their knowledge and skills gained through
industry experience and education

Table 10 Definition of successful entrepreneurs

Authors Definition

Baumol [7] An entrepreneur that ends up in control of prosperous business ventures due to
their ability to manage the resources

Przepiorka [8] Successful entrepreneurs are measured by how well they are doing in
comparison to their competitors, within the industry, with similar business size
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are considered to be essential are as followed: knowledge and skill (5), Entrepreneur
itself (4), Attitude (3) and Technology (3). However, empowerment of Craftsmen as
a variable was lacking focus in any of the studies while there is still low capability
to adopt innovation by these craftsmen. Therefore, we believe that the technology
can be adapted in the initial stage to better assist craftsmen as entrepreneur in their
transformation into successful batik entrepreneurs. Therefore, based on the compar-
ison analysis in Table 11 development of entrepreneurs are (i) knowledge and skills,
(ii) attitude, (iii) technology as contributions factors. Thus, the research purpose of
this study, there are three factors are identified as the independent variables and the
characteristics of successful entrepreneurs as the dependent variable. In addition, IoT
usage is added as another independent variable that has significant influence to the
development of successful entrepreneurs.

RQ1: What are the important factors of batik entrepreneurship?

RQ2: How to develop entrepreneur?

RQ2 (a) What are available approach or model or method or theory to identify
entrepreneurship of batik entrepreneur?

Table 12 shows the comparison scope coverage with tools and frequency used by
researchers.Most of respectiveworks tend to focus on themodel and theory.However
currently, technology proposed by researcher based on the study on incorporation
of IoT into batik entrepreneurship in pursuance of successful attempt at building the
business incorporated at early stage is still lacking, almost non-existence especially
from craftsmen to entrepreneurs. Most of them are only implementing some form
of IoT solution towards the later commercial stage of batik business. We do not find
any tools or approaches that points to a functioning IoT model that performs as an
assisting tool for developing batik entrepreneurs that is implemented at early stage
of the business. The only form of IoT solutions encountered relates to e-business
that was implemented at later stage. By implementing an IoT model, testing the
application of proposed tool at early stage by the craftsmen while at later stage for
sales in order to increase business performance and to create successful entrepreneurs.
From our observation, most of the available research do not have full extent of IoT
implementation both at early stage and at later stage.

As a conclusion, based on the systematic literature review conducted, the four
important factors in developing entrepreneurs are identified as knowledge and skill,
technology, attitudes and IoT usage. In the next section, we will elaborate the general
and operation definition for these four factors of the IoT-basedmodel to develop batik
entrepreneurs.

2.2 Conceptual Framework

The conceptual framework is constructed for IoT based model to develop batik
entrepreneur. Figure 2 shows the conceptual framework. The model is developed
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Table 12 Existing approach/model/method/theory to develop entrepreneur

References Method/Model/Approach/Theory Method Model Theory # of
Paper

IoT Batik

[27, 27] Business Model 1 2 1

[14] Analytic Hierarchy Process
(AHP) technique

1 1 1

[28] Cross-cutting business models 1 1 1

[29] IoT Index 1 1 1

[15] Natural coloring material 1 1 1

[4] Triple Helix 1 1 1

[30] Inter-industry linkages model 1 1 1

[19] e-Business 1 1

[20] Hybrid of Customer Relationship
Management and Technology
Acceptance Model

1 1 1

[31] Cultural context of batik
production

1 1 1

[32] Profile and Marketing Strategy 1 1 1

[33] Theoretical Model 1 1 1

[13] Resource Based View (RBV)
theory

1 1 1

[34, 12] Full Model of Relationship of
entrepreneurial Orientation of
and Business Performance

1 2 1

Total 4 7 2 16 4 10

Fig. 2 Conceptual framework
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based on the literature review. The development of model starts by identifying the
dimension of IoT based model of batik industries to develop entrepreneur. The
purpose of developing IoT based model for batik entrepreneur which they are come
from the crafter or worker that they have the potential and ability to become batik
entrepreneurs. Based on the literature review conducted, we found that there are four
factors that are crucial in the development of batik entrepreneurs. These factorswould
be important to the IoT-based model that we are working on. These four factors are
as followed (1) knowledge and skills, (2) technology, (3) attitude, and (4) IoT usage.
These four factors are derived based on the systematic literature review conducted
are crucial to the development of batik entrepreneurs. The operation definition detail
description of the conceptual frameworks is explained in Table 13.

Based on the research conceptual model, the following hypothesis (H1–H5) are
formulated as shown in Table 14 and the proposed conceptual framework is shown
as in Fig. 2.

Table 13 Operation definition

Element Operation definition

Knowledge and skill Entrepreneurial knowledge and skills are the main assets of the business
and are gained through proper education or experience. Usai et al. [26]

Technology Most of the batik industry still use traditional equipment and have not
utilized recent equipment and technology. Batik industry that switches
from traditional stove to gas stove and had utilized the use of a computer
in the designing process. Mangifera [35]

Attitude Entrepreneur attitude are function of value, belief and favorability of
entrepreneurship that includes matters like innovation, risk-taking and
opportunity-seeking. Rosairo and Potts [36]

IoT Usage The Internet of Things is a system of physical devices having sensors and
built-in intelligence and people connected to the Internet. They talk to and
monitor each other over the mobile Internet thereby conserve resources,
take better decisions, and increase the efficiency and productivity. Krishna
[37]

Table 14 Formulated
hypothesis

Hypothesis

H1: There is a significant impact of Knowledge and skill on IoT
model for developing Batik Entrepreneurship

H2: There is a significant impact of Technology on IoT model
for developing Batik Entrepreneurship

H3: There is a significant impact of Attitude on IoT model for
developing Batik Entrepreneurship

H4: There is a significant impact of Usage on IoT on IoT model
for developing Batik Entrepreneurship

H5: There is a significant impact of IoT model on Batik
Entrepreneurship for developing Batik Entrepreneur
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3 Conclusion

The development of Batik industry depends on its industrial developments and is
strongly related to entrepreneurship. This study identifies important factors based on
the IoT basedmodel to assist the batik entrepreneurs in batik Industries. A systematic
literatures review has been carried to synthesize the result by adopting the Kitchen-
hamn’s, Planning, Conducting and Reporting in SLR approach. The review is done
by examining the frequencies and impacts of the key factors that might be crucial in
assisting batik entrepreneurs. The result of the SLR consists of the conceptual model
that becomes the basis of our study in such a way that crucial and high frequencies
factors become our independent variables to the proposed IoT-based model.
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Customer Segmentation Analysis
on Retail Transaction Data

Oliver Jewinly, Mohd Zaki Zakaria, and Shuzlina Abdul-Rahman

Abstract Customer segmentation is important because it can help businesses to
reach out to all of the customers in the market. Without customer segmentation, it
is difficult to develop a marketing strategy that fits for all groups of people. Many
research papers exploit the general attributes in finding the customer segmentation.
However, there are several issues when using general attributes which include the
difficulty in obtaining customer’s general information, incorrect and missing data in
the customer information dataset and people who has similar general attributes to one
another does not necessarily have similar purchasing pattern. Therefore, this study
proposes the use of transactional attributes to perform customer segmentation. Three
clustering algorithms were employed namely, KMeans, KModes, and KMedoids.
The algorithm that produced the highest Silhouette and Davies-Bouldin score was
the KMeans algorithm, in which the most optimal number of clusters were found to
be three.

Keywords Customer segmentation · Transactional data · Customer · Clustering ·
Data preprocessing

1 Introduction

Customer segmentation can be defined as dividing customer into groups that has simi-
larities in areas such as lifestyle, needs, characteristics, or behaviors [1]. Customer
segmentation provides insights on the customer preferences and can reduce the
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production cost while increasing productivity [2]. The importance of customer
segmentation cannot be denied, being successful in segmenting customers will give
more profit to the organization [1], and it can also affect the ability of a company
to survive. According to Chatterjee and Mandal [3], in the airlines business, these
knowledge of customer preferences have pushed the competition higher andmade the
competition among airlines more difficult, using low-cost carriers as their example
about how it has shifted the customers behaviors [3].

Another application of customer segmentation is to reduce customer churn.
Alkhayrat et al. [4] who did a study on reducing dataset dimensionality using deep
learning and PCA (Principal Component Analysis), mentions how most telecom
operators have adopted customer segmentation so that they canprovide their customer
with the suitable or appealing offer [4]. The application of market segmentation is
not limited to brick-and-mortar company, they can also be applied to e-commerce.
Muchardie et al. [5] who did a study on increasing customer retention and satisfac-
tion among online shoppers, found that brand switching is always connected and
associated with the level of customer happiness or loyalty and the level of customer
retention [5]. The result of their study found that it is true that market segmenta-
tion is very strongly related, and it influences customer’s level of satisfaction [5].
A good survey paper that reviewed the factors that affecting the customer online
purchasing behavior can be referred in Mustakim et al. [6] while review of single
clustering method can be found in [6, 7]. Even though there has been much research
about customer segmentation, there are still areas for improvement, or unexplored
methods and techniques.

This paper presents the use of transactional attributes to perform customer
segmentation which has similar characteristic. To achieve this objective, three clus-
tering algorithms were employed namely, KMeans, KModes, and KMedoids. The
remainder of this paper is organized as follows: Sect. 2 presents the methodology
that includes data collection,model design and development and clusteringmeasures,
Sects. 3 and 4 explains the pre-processing and the clustering results consecutively.
Finally, Sect. 5 concludes the paper.

2 Methodology

2.1 Data Collection

The dataset is obtained from Kaggle https://www.kaggle.com/vipin20/transaction-
data. with 1,083,818 samples as shown in Fig. 1 with eight (8) attributes. The Trans-
actionTime attribute will cause problems for the clustering algorithm because there
are so many unique values, affecting the result, hence it needs to be transformed.
The dataset needs to be processed before it can be used for clustering (Table 1).

For this study, the pre-processing tools that was used include Weka, Python and
Microsoft Excel. Among the steps was performed in the data cleaning process

https://www.kaggle.com/vipin20/transaction-data
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Fig. 1 A sample of transaction dataset

Table 1 Attribute and data type of the database

Attribute Data type

UserId It is a unique ID for customers. The data type is integer

TransactionId It contains unique transactions ID. The data type is integer

TransactionTime Data type is String that contains a transaction time in which the
transaction occurred

ItemCode Data type is Integer that contains the code of the purchased item

ItemDescription Data type is String that contains a simple description of each item

NumberOfItemPurchased Data type is Integer that contains the number of items purchased

CostPerltem Cost per item purchased. The data type is float

Country Country where the item is purchased. The data type is string

includes removal of the redundant records, replacing missing values, changing
nominal data type into numerical data, deleting unused attributes, normalizations,
and removing outliers [8]. These processes are very important and can affect the
quality of the clustering result if not done properly. The similarity method used for
this dataset is the KMeans algorithm where the dataset goes through a series of
pre-processing techniques before it can be applied into the algorithm.

2.2 Model Design and Development

Figure 2 shows the structure of the customer segmentation. It starts off with raw
dataset as the input, which is then pre-processed before it can be used for clustering.
During data pre-processing, the dataset is cleaned, then it is transformed using feature
transformation and selection technique, which modifies the dataset while retaining
the information. The most common feature transformation method includes outlier
detection and elimination, data binning, data encoding and data scaling [9]. After
that, the transformed feature is put into a clustering algorithm which produces a
customer segmentation model. Three clustering algorithms were used in this study:
K-Means, K-Modes and K-Medoids.
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Fig. 2 Customer segmentation structure

2.3 Clustering Measures

There are two formula that were used to evaluate the clustering result. The first
formula is Silhouette Coefficient, as shown in Eq. 1 [4].

S = 1

NC

∑
i

1

ni

∑

x∈Ci

b(x) − a(x)

max[b(x), a(x)] (1)

The second formula that has been used to measure the clustering quality is the
Davies-Bouldin index (DBI). The formula for the DBI is shown in Eq. 2 [4].

DBI = 1

k

∑k

i=1
max
i �= j

(
σi + σ j

d(Ci ,C j )

)
(2)

This process is repeated five times based on the commonly used approach and
the scores were averaged. Critical analysis of the result is performed to identify the
weaknesses and the resolutions.

3 Pre-processing Results

3.1 Data Cleaning Result

The original dataset has 1,083,818 rows of data, afterwards, it only has 390,158 rows
of data left, where more than half of the data was removed. The dataset has lots
of duplications where almost half of the data rows are duplicates. It is unclear why
there are so many duplicates, but it is assumed that duplicates are probably used
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for other purpose such as verifications. Invalid data such as missing attribute, and
incorrect data are also removed, further decreasing the size of the dataset. Figure 4
shows the information before and after of this process executed. On the left of the
figure, the column named TransactionTime is the original format whereas the column
formatted_date is after the formatting. The formatted date is now in a date format that
python could understand. This is important because in the later process, calculations
will be done using this reformatted date to create the Recency attribute that is used
to create the Recency, Frequency, and Frequency (RFM) table, which is shown in
Fig. 3.

To perform the customer segmentation using transactional data, it is required for
the transactional dataset to be transformed in a way that can feed into a clustering
algorithm and produce easy to understand result [10]. Hence the Recency, Frequency,
and Monetary (RFM) method is used. Figure 5 shows RFM that was created using
the cleaned dataset and reformatted date. There are 4329 customers in the dataset.

In this method, recency refers to the number of days since the customer last
bought something. To create this attribute, the maximum or latest date in the dataset
is used as the reference point. Then the days between latest date of customer and
this reference point is counted. For frequency, the number of occurrences of the
user’s identification is counted. Lastly, for monetary, the total of each transaction of
a customer is calculated, then summed up. After the RFM table is created, the data
distribution is checked, and the result is shown in Fig. 4.

From Fig. 5, we can see that the data is very skewed. All of them are heavily
positively skewed especially for Monetary. To fix the skewness, log transformation
is used. There is a function in Python’s NumPy library that allows for easy and quick
log transformation for the attributes. The result is shown in Fig. 6.

After using log transformation, the data distribution is now much better. When
comparing Figs. 6 and 7, the change is evident especially for attribute Monetary

Fig. 3 The result of the
formatted date
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Fig. 4 RFM table created by transforming the cleaned dataset

and Frequency. The dataset was also put through the process of standardization.
Standardization ensures that the data is internally consistent.Without standardization,
the attributes will be difficult to compare. For example, in this case, attribute Recency
and Frequency have much lower values which is generally below 10,000, whereas
compared to attribute Monetary, the value ranges from 0 to millions. The result of
the standardization is shown in Fig. 7. The StandardScaler function from Python’s
Sklearn library is used.

Fromboth Fig. 8, it is shown that themedian is now closer to zero. If we investigate
the values of these attributes, they are also now standardized as shown in Fig. 8.

4 Clustering Results

This study used three clustering algorithms: K-mean, K-Modes and KMedoids. To
measure the quality of the clusters, Silhouette Coefficient andDavies-Boulding Index
(DBI) are used. The results are shown in Table 2.
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Fig. 5 Distribution plot for RFM table

Fig. 6 Distribution plot for RFM after log transformation
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Fig. 7 Distribution plot for RFM after standardization

The range of the Silhouette Coefficient score is between −1 and 1, and a higher
score means better clustering quality. Meanwhile for the DBI score, the lower the
score, the better the clustering quality. The minimum (best) value for DBI is 0. In
Table 1, the KMeans algorithm showed the highest clustering result compared to the
other algorithms, with only a very small edge over KMedoids. KModes produced
the worst result among the three.

4.1 Elbow Method

Tofind the optimal number of clusters for the clustering algorithm, the ElbowMethod
is used. The result is shown in Fig. 9.

From a logical understanding, based on RFM, if the number of clusters is set
to 2, the segmented customers can either be high valued, or low valued. However,
there should be a middle ground for customers who do not possess the characteristic
of low or high valued customers. Hence, using 3 clusters enables the 3 categories
or segments of customers which is high, middle, and low value to be realized. It
is also important to take note that, with increasing number of clusters, the benefits
or information gained from additional clusters lowers. Thus, the chosen number of
clusters for the clustering model is 3.
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Fig. 8 RFM table after standardization and log transformation

Table 2 Algorithm clustering scores

Algorithm Silhouette score DBI score

KMeans 0.590852278394315 0.49865802376867613

KModes −0.059942400420307115 16.11495606524911

KMedoids 0.5909435600280278 0.49864354824655166

4.2 Cluster Analysis

After selecting the number of clusters, the clustering process using the KMeans
algorithm is performed. The result is 3 clusters with distinct features which can be
seen in Fig. 10. The clusters and their characteristics are:
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Fig. 9 The elbow method

Fig. 10 Snake plot of clusters

• Cluster 0: Average level of frequency, monetary and recency
• Cluster 1: High level of frequency, monetary and low recency
• Cluster 2: Low frequency, monetary and high recency.

The clusters can be interpreted as the label for the customers value. Cluster 1
represents high value customer, cluster 2 represents low value customer and cluster
3 represents the middle-valued customer. Using these knowledges, customers could
plan the strategic action and marketing strategy for each category of customers. For
example, a business would be more likely to get a customer that buys something if
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they could market a product to these high valued customers instead of the low valued
customers.

Businesses could also do promotions to attract these high valued customers to
increase their sales. Meanwhile, for the low and middle valued customers, a different
approach or strategy is needed to increase their value or loyalty. It is very important
for the business to know which values that their customers carried. The cluster is
visualized for further inspection of the cluster and the result is shown in Fig. 11.

However, to further see the clusters produced, it is plotted into a 2-dimensional
graph. Like the 3D plot of the clusters the colour and clusters are as follows:

• Green datapoints: low-valued customer (cluster 2)
• Red datapoints: middle-valued customers (cluster 0)
• Blue datapoints: high-valued customers (cluster 1).

When Fig. 11 is compared to Fig. 10, the flaws in the cluster becomes more
obvious. In Fig. 11a, it can be observed that there are red datapoints deep inside
the green clusters. Similar situation can be seen in Fig. 11b, c. However, despite the
wrong categorization of datapoints, the results are still useful and generally correct.

Fig. 11 2D visualization of the clusters
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Table 3 Silhouette
coefficient and
Davies-Bouldin scores

Round Silhouette coefficient
scores

Davies-Bouldin scores

1 0.5908522859697966 0.4986580141338972

2 0.5909295451815165 0.49864220675333776

3 0.5908459390225904 0.49866119780122814

4 0.5908797161600259 0.49865149834168193

5 0.5909052750422897 0.49864737318445956

Average 0.5908825523 Average: 0.498652058

4.3 Cluster Evaluation

To evaluate the cluster, the Silhouette Coefficient and the Davies-Bouldin Index were
used again, and the results are shown in Table 3. The scores produced were good and
showed that the model used to produce the clusters was reliable.

After the clustering process is done, it is now possible to assign labels (high,
mid, low) for each of the customers. After labelling them, the Python data frame can
be exported into a CSV file, which can be easily transferred, read, and understood
people. This can be seen in Fig. 12, in which a sample of the CSV file after the
customer has been given a label. From the original dataset, each unique customer ID
is extracted, then assigned a label based on the clustering result. The customers have
been labelled accordingly such as low, mid, and high next to their user ID. This will
certainly allow for business to better target their customers based on their values.

5 Conclusion

Currently, the model produced in this study are specifically for transactional data
types which relies on using transactional datasets that must contain specific attributes
such as dates, itemprice, quantity, customer ID and their transactions history.Another
limitation is the clustering algorithm itself, while it can produce good quality clusters,
the results can sometime produce low quality score when measured using Silhouette
Coefficient score. This is due to the nature of KMeans that produces random initial
centroids at the beginning of each process. Future work can also derive from better
data transformation technique and clustering algorithm.

This work used the original dataset that includes three attributes (Recency,
Frequency,Monetary), perhaps in the future,more than three attributes can be derived
from the transactional dataset, which can be then used to produce a more accurate
customer segmentation that can find better types of customers. While this study
managed to achieve its initial objective, it is plain to see that it requires more refine-
ment and fine tuning. The value in this study is high and especially applicable to real
life problems particularly for businesses that intend to reach out to more customers.
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Fig. 12 Sample of CSV file
after assigning cluster labels
to each customer

The clustering process itself is not very difficult to do, rather it requires proper under-
standing of the processes, the purpose of the processes, the business understanding,
and the skill to apply it in resolving real world problems.
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Classification of Daily Lifestyle Based
on Body Activities Obtained
from Wearable Devices

Nurul Hazwani Abdul Halim, Azliza Mohd Ali, Sharifalillah Nordin,
and Rozianawaty Osman

Abstract This paper presented a lifestyle analytic of daily routine data from wear-
able devices. Individual lifestyle is classified into light active, moderate active and
active group. The data collected from three wearable devices which were Xiaomi
band, Huawei wear and Fitbit for three to nine months. The data are then been
processed and classified into daily lifestyle group using three classification technique
i.e., k-Nearest Neighbor (k-NN), Naïve Bayes and support vector machine (SVM).
Through the experiments, it is found that k-NN achieved 98.37%, the highest accu-
racy among the three classifiers. Nevertheless, the result of the classification can be
improved by adding more data into training in the machine learning algorithms.

Keywords Data analytics ·Machine learning · Classification · Visualization

1 Introduction

Lifestyle includes behavior of a person and the activities that individual do in their
daily routine progress. Everyone has their own lifestyle which is affected by their
environment since their first year of childhood. Lifestyle of each individual can be
more or less similar with each other lifestyle [1]. Bad lifestyle may lead to various
diseases such as obesity, heart diseases and many more. However, these diseases
could be avoided a person knows how to practice a healthy lifestyle, for example
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walk 8000–10,000 steps per day, sleep 7–9 h per day, burned calories and have a
normal heart rate [2].

To ease monitoring one lifestyle, wearable devices are at useful as they can easily
track users’ health data [3]. In addition, its design is suitable for both tracking and
fashion. Not only wearable devices can track users’ daily routine progress to reach
the healthy daily life goals, but also in the long-term it can use to detect diseases
early and can provide an early warning. Therefore, continuous access to users’ daily
routine progress and personal data, can help analysis on individual’s lifestyle.

There are many wearable devices available in the market including Fitbit, Apple
Watch, Xiaomi band, Huawei, and many more. According to [4], the most accurate
wearable device to detect steps count and heart rate monitoring is MisFit Shine with
99.08% accuracy, followed by Apple Watch with 99.06% and Qualcomm Toq with
98.02%.

In this paper, we present a lifestyle analytics of daily routine data from wearable
device. Individual lifestyles are classified into three group which are light active,
moderate active and active based on three classification techniques applied which
include k-NN, Naïve Bayes and SVM. This paper organized as follows. Section 2
present related works on healthcare and wearable device. Methodology is presented
in Sect. 3. Section 4 discusses the results and finally Sect. 5 concluded the paper.

2 Related Works

Connection from wearable device has been popular recently especially for fitness
and games. This can be so called social connectivity. Figure 1 shows the general
idea from the input received (e.g. heart rate and step taken) to the output (e.g. total
number of steps in a day, week or month). The input is received from the wearable
devices such as Fitbit, Apple Watch, and many more. Then, the mobile app acts as

Fig. 1 Social connectivity [4]
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a middleware that connect to the wearable devices via Bluetooth. The mobile app
will retrieve data from the wearable devices and record the individual’s daily routine
progress.

According to [5], the activities take place mostly on weekdays and declines on
weekends whereas the sleep activity is highest on weekends compared to weekdays.
This is because majority of the people are having a busy life which they have to go to
work and finish their task, so they do not have enough rest during the weekdays due
to workloads. They tend to spend their weekends to relax including sleep activity
which is actually not a really good lifestyle.

There aremanymethods used to process and classify thewearable device data into
daily lifestyle for instance support vector machine (SVM), artificial neural networks
(ANN), decision tree, k-nearest neighbor (k-NN), naïve bayes and frequency/wavelet
[6].

K-Nearest Neighbor (k-NN) technique widely used for classification and regres-
sion predictive problems. k-NN is used for supervised learningwith provided targeted
data. From the research by [7] stated that k-NN and SVM techniques that they
used give quite high accuracy which both scored more than 82.5% the classification
functional fitness exercises within continuous workout.

To test and validate the model, [8] used sixteen new datasets. The execution time
for validating the new datasets is 15 s and the accuracy is 53%. The more datasets are
used, the higher the execution time. So, to be conclude that SVM does not support
large datasets. According to [9], they stated that Support Vector Machine (SVM) is
easier to use compared to any othermachine learning algorithms [10, 11]. The study is
about Solar Radiation Forecasting, and they used many machine learning algorithms
including Artificial Neural Network (ANN) and k-Nearest Neighbor (k-NN).

The study of prediction on breast cancer using Naïve Bayes classifier is written
by Kharya et al. [12]. Kharya et al. [12] stated that Naïve Bayes classifier is a
probabilistic technique that is widely used due to effective results [13]. The accuracy
achieved in predicting breast cancer using Naïve Bayes is 93% which is quite high
for the machine learning algorithms. This study is using 699 records for the training
dataset and 200 records for the testing dataset, which the data has been split with
ratio 0.8:0.2.

The most expensive, rapidly growing, uncontrollable problems that healthcare
providers and governments facing is the chronic disease management according to
[14]. Health monitoring is an essential to make sure an individual in a good condition
of health and if there is some abnormal data in the monitoring, doctor or someone in
charge for that individual will take a further action such as diagnose the symptoms
and many more. Wireless portable health monitoring using Internet of Things (IoT)
have numerous benefits which is not expensive [15] and also lighter compared to
traditional medical facilities [16].

All the activities such as individual heart rate, vital signs, health parameters are
monitored by the various types of detecting device [17]. Other than that, Kotz et al.
[18] explains that the increasing of use of emerging technologies, novel methodolo-
gies, and data analytics in the development of effective were due to the increasingly
evolving interdisciplinary field of behavioral health. Remoting health monitoring
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have the ability to diminish patient access issue [19]. Therefore, health monitoring
is important in order to make individual healthy and motivated so they can perform
better and remain loyal to the place that they work for a longer time [20].

Nowadays in healthcare domain, digital medication is really high demand because
digital medication is widely recognized as a digital revolution [21]. Islam et al. [22]
states that the Internet of Things is just like everything is connected in other words
machine connected to another machine via Bluetooth and can interact with each
other any time. In this twenty-first century society, one of the most difficult targets
is improving the productivity of healthcare infrastructures and biomedical systems
[23].

According to [24], in the healthcare facilities and services, it is important to have
this technology enhancements which is the Internet of Things in order to suit the
criteria of this big group. Some of Internet of Things can “interconnect” with c-
nodes that can be useful collaborations, from a point of view [25]. The Internet of
Things is widely recognized as the significant components in every organization.

Wearable device sensors are very famous for numerous practical applications as
they can be vigorously used to accurately identify people’s activities for example
entertainment, security and medical fields [26]. Wearable device is known as a
new kind of advancements Industrial Revolution 4.0 which is the wearable device
connected to the mobile phones to detect and gather data from the owner’s wrist [27].
Wang and Huang [16] explains that these new technology options can monitor elder
adults, the wearable devices are really suit for elder people which is to monitor their
health just over the IoT and checking their daily routine progress.

Moreover, the wearable devices have many benefits for example, the wearable
devices are used to track the daily routine progress including walking, running,
or cycling to record health data and statistics and give feedback to the caregiver
about the patient’s behavior [28]. Healthcare facilities are so high-priced like hospi-
tals or nursing homes, so remote healthcare monitoring lets people to continue to
stay at home [29]. These devices and technology are easily used and widely spread
throughout the world [30]. It is reasonable to monitor human’s health in various
condition [31].

3 Methodology

3.1 Data Collection

The data are collected from three wearable devices that were Xiaomi band, Huawei
wear and Fitbit within three to ninemonths period. The total number of data collected
is 1471. Table 1 shows sample of raw data which include number of data from
different brand and also the period of the data taken. The actual data to be processed
have 10 attributes which are gender, date, calories burned, step taken, distance
travelled, time active, resting heart rate (RHR), weight and height.
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Table 1 Samples of data

No Gender Brand No. of data Duration

1 Male Xiaomi band 90 3 months

2 Female Fitbit 270 9 months

3 Female Fitbit 130 4 months 10 days

4 Male Xiaomi band 90 3 months

5 Female Fitbit 215 7 months 5 days

6 Female Fitbit 123 4 months 3 days

7 Male Huawei band 99 3 months 9 days

8 Male Xiaomi band 148 4 months 28 days

9 Female Xiaomi band 188 6 months 8 days

10 Male Xiaomi band 118 3 months 28 days

Table 1 shows the sample of data which is the data were collected from 10 individ-
uals, 5 males and 5 females. The No. of data in fourth column shows the number of
rows of data based on their duration. For example, individual 1’s duration is 3months
so the number of rows of data from individual 1 is 90 rows.

Table 2 shows the sample of dataset before data pre-processing. The data collected
from the fitness tracker including, date, calories burned, steps taken, distance
travelled, time active, resting heart rate (RHR), weight and gender.

Based on the calories burned data obtained in Table 2 in second column, the
calories burned between 0 and 100 is defined as light active group (see Table 3). The
calories burned between 101 and 500 was defined as moderately active group, while
calories burned from 501 and above is defined as active group (see Table 3). This is
following [32] to the number of calories should be burned to lose weight in order

Table 2 The sample of dataset from the fitness tracker

Date Calories
burned

Steps
taken

Distance
travelled

Time
active

Resting
heart rate
(RHR)

Weight Height Gender

4/8 23 1073 705 18 67 66 173 Male

5/8 173 Male

6/8 18 738 483 13 82 66 173 Male

7/8 173 Male

8/8 2 127 83 2 88 66 173 Male

9/8 354 9504 7500 103 77 66 173 Male

10/8 102 4673 3000 70 75 66 173 Male

11/8 121 5176 3400 79 80 66 173 Male

12/8 79 3274 2100 49 82 66 173 Male

13/8 66 173 Male
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Table 3 Transformation of
data from numeric to labelled
data

Calories burned (cal) Labelled data

0–100 Light active

101–500 Moderate active

501 and above Active

to achieve healthy lifestyle. After the data transformation process, calories burned
attribute were removed and lifestyle status attribute were added.

3.2 Data Pre-processing

All the data pre-processing was done using RapidMiner software tools except for
deleting missing values. The data was also normalized using RapidMiner software
tools to get a specific range for the datasets. Before the normalization was performed,
feature selection and extraction were conducted to choose appropriate attributes to
be use in the analysis. Some attributes that seems to be less useful were removed,
this include date, height, weight and gender. After the normalization, the data were
split into training dataset and testing dataset with a ratio of 0.8:0.2 and were save as
Train.csv and Test.csv.

The pre-processing phase resulted in another five attributes left—calories burned,
steps taken, distance travelled, time active and resting heart rate (RHR). Then,
normalization step performed to the dataset in the range of 0–1.After data transforma-
tion process completed, ‘calories burned’ attribute was transformed into the labelled
data, named ‘status’ attribute. Table 4 shows sample of data after the normalization
and labelling process.

Table 4 Samples of data after normalization and labelling

Row No Steps taken Distance travelled Time active Resting heart rate
(RHR)

Status

42 0.350 0.315 0.213 0.364 Lightly active

42 0.172 0.155 0.114 0.383 Lightly active

44 0.164 0.149 0.105 0.374 Moderately active

45 0.272 0.24 0.16 0.355 Lightly active

46 0.176 0.16 0.109 0.364 Moderately active
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3.3 Classification

In order to classify the lifestyle status of the individual, the three classifier models
(k-Nearest Neighbour, SVM, and Naïve Bayes) were modelled and designed using
PHP programming language together with PHP-ML library, specifically for machine
learning algorithm.

Based on Table 4, steps taken have high influences on the individual status active-
ness. This is because the more steps taken, the high calories burned will become.
In Table 3, it stated that higher calories burned contributed to the highly active
individual.

The model designed using PHP was tested. The dataset was split into training
and testing set. The percentage split was 80% for training and 20% for testing. The
accuracy evaluation was shown in the confusion matrix between the three classifiers.
The threemachine learning algorithmswere used to check the accuracyof the lifestyle
status of the individuals.

4 Results

The classification of the lifestyle status was done using three classification algorithm
(k-NN, SVM, andNaïveBayes) and the results are discussed in the following section.

4.1 Accuracy Score Using k-NN

The number of single-neighbor (k) was experimented to gain better accuracy with k
= 1 until k = 10 as shown in Fig. 2.

According to Fig. 2, the single-neighbor was set to 1 (k = 1) as it yields the
highest accuracy among others. The datasets were tested by setting the number of
seed equals to 40 (n = 40). The value of single-neighbor equals to 1 (k = 1) as it
produced the highest accuracy for k-NN algorithm.

k-NN shows a very good weighted average which carried the precision scores
0.99 followed by recall scores 0.98 and F1-Score scores 0.98. k-NN achieved high
accuracy, 98% (see Table 5).

4.2 Accuracy Score Using SVM

Table 6 shows the accuracy of SVM which is 95.10% with the number of seed was
set up to 40 (n = 40). SVM achieved high accuracy, more than 90%. The confusion
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Fig. 2 Result of the accuracy based on the selected single-neighbor (k)

Table 5 Classification
summary of k-NN results

Precision Recall F1-score

Light active 1.00 0.95 0.98

Moderate active 0.98 1.00 0.99

Active 1.00 1.00 1.00

Average 0.99 0.99 0.98

Table 6 Classification
summary of SVM results

Precision Recall F1-score

Light active 0.94 0.93 0.93

Moderate active 0.96 0.97 0.96

Active 1.00 0.83 0.91

Average 0.96 0.91 0.93

matrix shows that the weighted average of precision scores is 0.96, followed by recall
scores of 0.91 and f1-score scores of 0.93.

4.3 Accuracy Score Using Naïve Bayes

The accuracy score of naïve bayes is 85.31% with number of seed was set up to 40
(n = 40). Naïve Bayes achieved good accuracy, less than 90%.

Table 7 shows the results of Naïve Bayes which produce low number in average
of precision that scores below than 0.8 and quite good in recall which scores 0.90
followed by F1-score scores 0.75. The accuracy of Naïve Bayes is 85.31%.
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Table 7 Classification
summary of Naive Bayes
results

Precision Recall F1-score

Light active 0.83 0.88 0.85

Moderate active 0.93 0.83 0.88

Active 0.35 1.00 0.52

Average 0.70 0.90 0.75

Table 8 Summary for the
accuracy of the classification
algorithm

Techniques Accuracy Precision Recall

k-NN 98.37 0.99 0.98

SVM 95.10 0.96 0.91

Naïve Bayes 85.31 0.70 0.90

4.4 Evaluation Result Summary

Table 8 shows the accuracy of the three machine learning algorithms. k-NN produce
the highest accuracy (98.37%) compared to SVM (95.10%) and Naïve Bayes
(85.31%). Precision, recall and F1 score in k-NN also present the higher number
which are 0.99, 0.98 and 0.98 respectively. Precision, recall and F1 score using
Naïve Bayes show the lowest number which are 0.7, 0.9 and 0.75 respectively. Naïve
Bayes shows high score in recall than precision means that algorithm returns most of
the relevant result including the not irrelevant ones. SVM produce more score than
Naïve Bayes which is 0.96 in precision, 0.91 in recall and 0.93 in F1 score.

5 Conclusion

The main purpose of this project is to analyse the lifestyle of the individuals based on
their daily routine progress whether the person on that day is light active, moderate
active or active. The data has been fetched using their wearable devices including
Fitbit, Xiaomi band and Huawei band. The techniques used to classify the data
were k-NN, SVM and Naïve Bayes. This project also compares the accuracy of the
machine learning algorithms between the three classifiers to predict the lifestyle of
the individuals. The training dataset from previous lifestyle status can be used to
predict a lifestyle status of an individual, further will help to improve to a healthier
lifestyle. This is possible as the analytics of the lifestyle status can be used to monitor
an individual’s health and lifestyle through the use of wearable devices.
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Design of an IoT Safety Distance
Monitoring Device for COVID-19

Chin-Sen Chan, Wai-Leong Pang , Kah-Yoong Chan ,
and Angie See-Tien Ng

Abstract The COVID-19 pandemic arises in the year 2020 that leads to almost
more than 100,000,000 confirmed cases happened in worldwide and yet, the cases
are continuing to rise now. One of the common methods that used to prevent the
COVID-19 is through keeping the social distancing between each other. However,
people do not aware of the importance of applying social distancing rules. A low-
cost solution is urgently needed for contact tracing and remind the users to keep the
social distancing with the others. An IoT-based safety distance monitoring (ISDM)
device is proposed to monitor safety distance, remind people to always stay alert and
keep the data of the users that violated the social distancing rules for contact tracing.
ISDM is a lightweight wearable wristwatch. Bluetooth Low Energy technique is
used to send and receive information such as body temperature and contact tracing
information. Fever is the most common symptom of COVID-19 patients. ISDM can
operate either online or offline. The health and contact tracing information are stored
in a local Micro-SD card storage when offline and data will be uploaded to the cloud
server for further analysis once ISDM is connected. The detailed contact tracing
information can be used to trace the potential COVID-19 patients with close contact
with the COVID-19 patient.
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1 Introduction

Coronavirus Disease 2019 (COVID-19) is an infectious disease that mainly attacks
a human’s respiratory system. The common symptoms of COVID-19 are coughing,
sneezing and fever [1]. The World Health Organization advises people to quickly
get the medical attention if they have suffered from any COVID-19 symptoms [2].
There aremany COVID-19 cases reported daily andmany lives are taken by COVID-
19 daily [3]. During the early stage of this outbreak, there is only limited medical
treatment supplied available such as a vaccine to tackle the pandemic [4]. Most of the
countries implement restrictive and precautionary rules including lockdown to slow
down the spread-out [5, 6]. These actions included keeping the social distancing,
quarantine and isolation of the affected population [7]. Keeping social distancing
among each other is a promising way to protect us from COVID-19. The standard
distance for social distancing is at least 2 m from other people [8]. By limiting the
human face-to-face interaction, the spread of the viruses can be reduced [9]. 92%
of cases will be reduced if people are practised social distancing among each other
[10].

Besides that, contact tracing plays an important role in keeping the outbreak under
control over a longer period [11]. The idea behind the contact tracing is to track the
potential COVID-19 patients who are in close contact with the COVID-19 patients.
The medical condition of the people and the time when they enter the premises
are recorded for contact tracing. However, there is a tendency for people to forget
about applying social distancing rules in a public place and this will increase the risk
of COVID-19 infection. Furthermore, the contact tracing seems able to reduce the
epidemic, but most people cannot remember those that have close contact with him
before. Manual contact tracing takes a longer period to locate potential victims and
it becomes more difficult if the number of cases is large [12].

Therefore, this project aims to control human interaction during this pandemic
through contact tracing. It minimizes human interaction by limiting the distance
between each other and therefore reduces the risk of inhaling the viruses. It warns
the users when they get too close to each other.

2 Literature Review

Various works and systems have been carried out to perform the contact tracing. One
of the promising solutions is to use a wearable device with high mobility to perform
the contact tracing. A low frequency oscillating magnetic field is used to design the
wearable device to detect distance. The device is constructed with a transmitter that
generated a 20 kHz magnetic field and a receiver that collected the induced voltage
which is filtered and amplified by a four-order Butterworth filter [13]. Furthermore,
a smart device that is constructed by passive infrared sensors and Arduino Uno helps
to alert the user if someone is detected in a specific range and analyze whether the
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Table 1 Comparison of the advantages and limitations of the existing works

Technology used Advantages Limitations

Oscillating magnetic field [13] High accuracy, portability,
real-time social distancing
tracking

Not support cloud database
and body temperature
monitoring

Passive infrared sensors [14] Real-time social distancing
tracking, portability

Not support cloud database
and body temperature
monitoring

Bluetooth low energy (BLE)
signal [17]

Real-time social distancing
tracking, portability

Not support cloud database
and body temperature
monitoring

Ultrasonic sensor [15] Real-time social distancing
tracking, portability

Not support cloud database
and body temperature
monitoring

Passive infrared sensors [16] Real-time social distancing
tracking

Not support cloud database
and body temperature
monitoring

close person has any COVID-19 symptoms with the implementation of artificial
intelligence [14]. Manav Rakshak used the same concept in [14] and replaced the
Arduino Uno with the ATMEGA 28p microcontroller [15]. The IoT-enabled head-
band is designed by the software called If This Then That (IFTTT) that provides
web-based services for social distancing and recorded the past location of the user
in the Google Sheet for data monitoring [16].

Contact tracing application designed using the signal strength of the Bluetooth
LowEnergy (BLE) tomeasure the proximity andmonitor the safety distance between
the users. The BLE-based contact tracing application can track anyone that has
close contact with the COVID-19 patients by matching the data generated from the
application [17]. Several countries have also implemented different contact tracing
systems to locate and quarantine potential COVID-19 patients [18–20].

Table 1 summarized the advantages and limitations of the existing works. Various
technologies are used to monitor the distance, however, extra works are needed to
monitor the body temperature and a cloud database to store and analyze the data
collected. This has motivated us to design a new real-time IoT safety distance moni-
toring device with high accuracy of monitoring the distance, body temperature and
with high portability. The data collected will be uploaded to the cloud for contact
tracing when the device is connected.

3 IoT Safety Distance Monitoring Device (ISDM)

ISDM alerts the users when they violate the social distancing rules with less than
2 m between each other. ISDM will record the detailed information of the users that
have close contact with each other for contact tracing purposes. ISDM is constructed
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Fig. 1 The system architecture of the IoT safety distance monitoring device

using ESP32 NodeMCU that acts as a microcontroller, LM35 temperature sensor to
measure human body temperature and a micro-SDmemory card to store the relevant
information when the system is offline. The data is uploaded to the Ubidots cloud
server once the ISDM is connected to the network for contact tracing analyses. The
architecture of the system is shown in Fig. 1.

ISDM is designed as a wristwatch that wears on hand and it can alert the users if
they violate the social distancing rules. ISDM uses the BLE technique that requires a
low power to operate. Figure 2 shows the working mechanism of the ISDM. It scans
for any nearby devices and records down the receive signal strength indicator (RSSI)
value of the respective devices. The distance is calculated according to the RSSI
values received. The blue LED light is blinking when the distance between the users
is less than 2 m. A datalog that consists of the information of the users within the
2 m range. The information reported in the datalog is date and time, user name, IC
number, body temperature, and the distance value computed. The datalog is stored
in the micro-SDmemory card. The information stored in the micro-SDmemory card
is uploaded to the Ubidots cloud server once the ISDM is connected to the network.

ISDM is in the passive deep sleep mode for 30 s when the ISDM does not find any
other ISDMs within the scanning area to reduce power consumption. ISDM wakes
up after 30 s and starts to scan for available devices within the scanning area.

Figure 3 shows the circuit diagram of the ISDM. The major components of the
ISDM are listed as follows.

• ESP32 NodeMCU: It is powered by Tensilica Xtensa 32-bit LX6 microprocessor
duo core that up to 240 MHz. ESP32 connects to the internet with its built-in Wi-
Fi module to reduce the deployment cost [21]. The RSSI value detected is used
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Fig. 2 The working mechanism of the IoT safety distance monitoring device

Fig. 3 Circuit diagram of the IoT safety distance monitoring device
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to compute the distance between both devices. There are various power modes
available in ESP32. The deep sleep mode deactivated most of the CPU processors
including the Wi-Fi and BLE module to minimize the power consumption.

• LM35 Temperature Sensor: It is a sensor that generates an analog signal which
is proportional to the temperature. The operating temperature range supported
by LM35 is from −55 to 150 °C that is fall within the range of human body
temperature. The linear scale factor of LM35 is +10 mV/°C and it has 0.08 °C
low self-heating which will not affect too much to the actual temperature.

• Micro-SD Memory Card Module: The micro-SD memory card is used as the
storage in this system. It stores the information received from other ISDMs into
the SD memory card as backup data if the device fails to connect to the internet
and unable to upload data to the cloud server.

The RSSI value is used to measure the radio frequency power level received by
the ISDM. When the distance is further, the received strength will be weaker. The
distance between the two ISDMs is computed from the RSSI value received from the
other ISDM. The distance can be obtained with a given RSSI value by using Eq. (1).

Distance = 10
Measured Power−RSSI

10∗N (1)

In order to obtain the temperature reading in degrees Celsius, the ESP32must first
read the analog output voltage from the LM35 temperature sensor. The raw value
obtained is divided by 2048 and then multiplied with 3300 to get the millivolt value
as presented in Eq. (2).

T (mV ) = Analog Value

2048
∗ 3300 (2)

As the scale factor of LM35 is 10 mV, the millivolt must divide by 10 to get
the real temperature value. The millivolt is then converted to temperature in degrees
Celsius using Eq. (3).

Temp ◦C = T(mV ) ∗ 0.1 (3)

4 Results and Discussions

Figure 4 shows the average RSSI value measured by ISDM at a different distance
under different conditions (ISDMs are covered inside or outside the bags). The RSSI
values measured are higher when the ISDMs are outside the bags (with the line of
sight) compared to the ISDMs that are covered inside a bag (without the line of sight).
This is due to the absence of a clear line of sight between both ISDMs that cause the
loss of signal.
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Fig. 4 Average RSSI value against distance in different situations

Figure 5 shows the comparison between actual distance and average distance
measured by the ISDM. The accuracy of the proposed device is excellent with the
difference between the actual and average distance measured by the ISDM is less
than 10%. This shows that the ISDM is a promising solution to measure the distance
between the users accurately.

Figure 6 shows the comparison of temperature readings taken by LM35 and the
contactless infrared clinical thermometer.Acontactless infrared clinical thermometer
is used as the reference to evaluate the accuracy of the LM35 temperature sensor.
A total of 30 sets of temperature readings are taken to compare the accuracy of
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Fig. 6 Temperature comparison between the LM35 temperature sensor and contactless infrared
clinical thermometer

the LM35. The temperature variation temperature of LM35 is minimum (±0.3 °C)
compared to the contactless infrared clinical thermometer that used as the refer-
ence. The accuracy of the temperature values measured by LM35 is excellent with
a discrepancy of less than 1% compared to the values measured by the contactless
infrared clinical thermometer.

Figure 7 shows the datalog stored in the cloud server of the people details that
have close contact with the owner before. The second value column shows the body
temperature of the ISDM owner. The last 6 digits of the IC number of the owner and
the other user that have close contact with each other will be displayed under the
third context column. The distance values indicate the actual distance between the
owner and another user during the date and time stated in the first column.

As shown in Fig. 8, full personal details such as name, IC number and body
temperature of the other ISDM’s users that detected by the ISDM of the owner
are revealed in the datalog stored in the micro-SD memory card. Each ISDM has

Fig. 7 Datalog stored in the cloud server
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Fig. 8 Datalog stored in the micro-SD memory card

its unique mac address, the unique mac address can be used to recognize the user
identity.

If the user has been diagnosed as a COVID-19 patient, the government and any
relevant health authorities can analyze the cloud database of the particular COVID-
19 patient to identify the people that have close contact with the patient by searching
the last 6 digits of his IC number. A list of the people that have close contact with
the COVID-19 patient will be discovered and necessary actions can be taken by the
relevant authority on this group of people to effectively minimize and control the
spreading of COVID-19.

Figure 9 shows the prototype of the ISDM device. The blue LED light is turned
on to alert the owner that the owner has violated the social distancing rules if the
ISDM detects other ISDM devices located within a distance of 2 m. The data of the
other ISDM’s user detected will be recorded in the micro-SD memory card and the
data will be updated to the cloud server once the ISDM is connected.
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Fig. 9 The prototype of the wearable ISDM device

4.1 Battery Consumption

The ISDM device deactivated in the deep sleep mode when there is no other ISDM
detected in the scanning range. The current consumption of ESP32 in active mode is
52.3mA,whereas, the current consumption of ESP32 in deep sleepmode is 11.4mA,
which is 78.2% lower. Assuming that the device is operated under active mode for
24 h a day, the battery life can be computed by using Eq. (4).

Battery Li f e = Capacity o f Batter y

Current Consumption
(4)

A battery with a capacity of 1000 mAh is used to power the ISDM and the current
consumption is 52.3 mA in active mode. The approximate battery runtime of 19.12 h
to operate the ISDM under the active mode.

5 Conclusion

COVID-19 pandemic has tremendous repercussions in many countries. Some of the
countries were forced to execute lockdown and enforcing quarantine at home to
minimize contact among people. People are not permitted to dine at the restaurant
and are advised to stay at home with safe. A low-cost safety distance monitoring
device is proposed to assist the government and the public by reducing and avoiding
close contact between people in all circumstances. Furthermore, the ISDM designed
is capable to track down anyone that has close contact with the user. ISDM also
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features the function to measure body temperature as fever is the most common
symptom of the COVID-19 patient. ISDM has high mobility and the user are free to
carry out most of the daily activities after wearing the ISDM. This proposed device
will help to reduce any close contact activities and the detailed record is stored in the
cloud for contact tracing. ISDM alerts the users when they are violating the social
distancing rules. The details of the users that detected within a distance of 2 m are
stored in the micro-SD memory card. The data recorded in the datalog are the date
and time, user’s name, IC number, MAC’s address of the ISDM, body temperature
and the distance between each other. The datalog will be uploaded to the cloud once
the ISDM is connected to the network for contact tracing. The RSSI value of BLE
is used to measure the distance with the accuracy of the values measured is more
than 90%. The accuracy of the body temperature values measured with the LM35
temperature sensor is 99% compared to a contactless infrared clinical thermometer.
The energy consumption of the ISDM is low and it can operate for 19.12 h with a
battery with a capacity of 1000 mAh. ISDM powered by a battery with a capacity of
1000 mAh can operate for 2 days with the usage of 9 h per day.
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Abstract E-Commerce companies are faced with a highly competitive environ-
ment today. Strengthening and optimizing the user engagement elements in an E-
Commerce is a promising approach to increasing value co-creation. However, the
lagged of attention to the recognition of user oriented emotional needs and expansion
of user-driven demands in E-Commerce will eventually deteriorate business using
the platform. Theoretical foundation of user engagement research is also still rela-
tively underdeveloped. The purpose of this research is to explore and validate the
user engagement attributes as it applies to peoples’ experiences with technology. By
building the attributes that asserts the theory of engagement and recognised funda-
mental attributes, the reliability factorswere then assessed for validation. Preliminary
study and reliability analysis were used for the identification of user engagements
that would benefit E-Commerce. The result of this research reveals six attributes
of user engagements and the reliability of the constructs was computed and have
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an alpha greater than 0.70 which presents excellent internal consistency reliability.
Results indicate user engagement is a process comprised of six focused attention,
perceived usability, aesthetics, endurability, novelty, and involvement. The process
is characterized by attributes of engagement that pertain to the user, the system, and
user-system interaction. This research provides the foundation for future work to
further explore the conceptual model in various application areas, and to develop
methods to measure engaging user experiences.

Keywords Design elements · User engagement · Cognitive · Usability · User
experience

1 Introduction

According to [1], user engagement is depicted as a positive attribute interaction
of a user experience. The experience is associated with users being captivated by
a website or application and inspiring the users to continue using it. In addition,
O’Brien and Toms [2] define engagement and a process characterized by attributes
of engagement that pertain to the user, the system, and user system interaction. Their
result demonstrated that engagement is a process comprised of four distinct stages,
namely, point of engagement, period of sustained engagement, disengagement, and
re-engagement. Moreover, user engagement is closely associated with an emotional,
cognitive and behavioral connection that exists, at any point in time and possible
overtime, between a user and a resource [3].

A successful site is used and engaged with; users will spend energy, time, and
emotion in them. When the customers’ transient interest becomes a major resource,
businesses are required to equip their E-Commerce site with an engaging experience
to ensure a steady flow of engagement process. For many years, human–computer
interaction (HCI) studies have emphasized the need to move beyond usability to
understand and design for a more engaging experiences [4]. The failure to engage
and satisfy users’ emotional demands is linked with no transaction of sales and no
transmission of information through the E-Commerce site. User engagement of a
website is generally measured based on various parameters such as click-through
rates, page views, number of unique visitors, the period spent on a website, and
others. The definition of user engagement is intentionally broad and is deliberately
influenced by various factors such as user context, the association of user interface
with process flow, value system and incentives.

E-Commerce has emerged in the depths of large enterprises as a systemof resource
allowing between many departments, the choices for shopping has evolved. Hence,
E-Commerce operation must flow along with this paradigm shift. To understand
the challenges faced by E-Commerce nowadays, it is vital to understand and delve
into the current issues. The issues related to topics of data security, competitors and
personalization for customer engagements. E-Commerce is an imperative extension
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of an organization to depict a positive figure of the organization. Consequently, an E-
Commerce platform that does not portray a satisfactory user experience and complex
to use will cause otherwise a poor presentation of the organization and may cause
customers to go to other sites. Nonetheless, Lightner and Eastman [5] stated that it
is fair to assume that an E-Commerce that considers both old and disabled users in
the design construction is essential for the success of online business.

2 Related Works

In the recent decade, the study of HCI has highlighted the necessity to move beyond
usability to build a more engaging experience [2, 6]. Consequently, practitioners [7]
convey difficulty in understanding, identifying, and developing user engagements
that comprises of user control, motivation, attention, system feedback, and indi-
vidual stimulation. According to [8], user engagement can be summarized into five
conceptual domains such as follows:

1. User engagement plays a central role within a homological network of service
relationships

2. User engagement reflects user experience psychological state which occurs
through an interactive user experience with organization within specific service
relationships

3. User engagement occurswithin a specific set of situational conditions generating
various user engagement levels

4. The state of user engagement occurs within a dynamic, iterative process of
service relationships that co-creates value

5. User engagement is a multidimensional concept subject to a context and
stakeholder-specific expression of relevant cognitive, emotional, and behavioral
dimensions.

On the basis of empirical studies on user engagement, an E-marketing relation
opinion [9] affirms that engagement between or among users and organization deco-
rates a dynamic space for value co-creation by generating user contents, providing
feedbacks for both sides, diffusing information and promoting advocacy sensitivity
of users. Figure 1 presents a generally straightforward process of user engagement
cycle.

The cycle is generally composed of the process for building user engagement. As
illustrated in Fig. 1, the notion of user engagement cycle refers to the connection,
interaction, satisfaction, retention, commitment, advocacy, and engagement. The
cycle establishes a connection tomotivate users and allows companies to interactwith
users to capture their needs or provide information to them. Inmoremarketing strate-
gies, the process commonly behaves as a key role that helps measure the effective-
ness of users’ progress from awareness to loyalty. Awell-knownmodel by Ertell [10]
defines user engagement into five levels: awareness, consideration, inquiry, purchase,
and retention. Sashi [9] corroborates the user engagement process as one of many
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Fig. 1 User engagement cycle

approaches to develop emotional bodies in relation to exchanges with consumers.
Fulfilling user satisfaction to continue with the engagement process retains an abun-
dance of positive emotions and results in a long-term connection over time, resulting
in a higher level of customer loyalty.

On the basis of the preceding theoretical foundation, O’Brien and Toms [2]
explores a unique insight for constructing the process of user engagement. They
considered a while user engagement process should contain circulation and gener-
alize various elements related to user engagement into four distinct stages: point
of engagement, period of engagement, disengagement, and re-engagement. They
believed a further comprehensive user engagement initiated from the resonance
between the aesthetic or informational compositive of the system interface with
users, then entered the period of sustained engagement developed by maintaining
user’s focus and interest in the interaction. Furthermore, experiencing a disengage-
ment with a break due to any user’s internal or external factors, companies finally
implemented a re-engagement by re-motivating users back to the initiated stage based
on utilizing user’s positive past experience before they truly decide to abandon. With
the emergence of E-Commerce in a highly environment, users are extremely likely
to get disengaged by cause of the end of purchase behavior, connection with other
websites after a horizontal service or price comparison or lack of novelty on the
website. Hence, re-engagement is an essential element to embed in the cycle to
achieve a sustainable user engagement flow.

Research by O’Brien and Toms [2] demonstrates a comprehensive study of
engagement based on four major fields of applications, namely: internet shopping,
webcasting for education, web search and video games. In addition, they also empha-
sized that websites with poor design architecture and accessibility could facilitate in
projecting possible challenges to engagement. The obtained outcome from the review
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study would be profitable for developers and designers to acquire a deeper under-
standing of the designation for engagement based on visible motives. Engagement is
interpreted as the user experience quality, which is contributes by six factors: focused
attention, perceived usability, endurability, novelty, aesthetic, and involvement.

The advancement in E-Commerce has enables customers to be involved in the
process of retailers’ business. Through a variety of accessible web tools, customers
can personally and effectively impact the business practice of online vendors. Hence,
proactively researching aspects that obtain, draw, maintain and encourage loyal.
Engaged and enthusiastic customers are part of strategic values for online business
[11]. Business that does not provide an experience to their customers have difficulty
to thrive. Undoubtedly, the emotional hooks for involvement and absorption in an
E-Commerce platform are engagement and interest [12].

User engagement from a traditional E-Commerce perspective has always concen-
trated on the term product innovation. It can be easily traced in the process of
product design, product testing and product introduction. An organization solicits
user input in order to have a better or faster product update or iteration [13]. Yang
[14] describes user-driven needs as User-generated Contents (UGC) that represents
an information repository where users reveal their individual needs, desires or any
other emotions. Considering that user engagement expands the customer’s role by
means of immersing them as co-creators of value in the value-adding mechanism [9].
These intangible assets created by users primarily exist in an internet-based environ-
ment in the form of UGC. The more users are engaged, the more valuable it becomes
to the organizations and users. Hence, optimizing user engagement elements in an
E-Commerce site will enable the organization to capture user behavior better and
results in a positive purchasing behavior and engagement from its customers.

3 Methodology

The optimization of user engagement in E-Commerce is a plausible approach to
creating an E-Commerce website with value co-creation. The recognition of user
engagement elements is key aspects for companies to understand consumer-oriented
needs and demands for providing anE-Commercewebsite that satisfies the consumer.
The identification of user engagement elements requires preliminary review study
from previous theories and research to understand the concept and relating attributes
of user engagement that positively influence visitors’ retention and purchasing
behavior [15]. This study will involve two stages, the first is to conduct preliminary
review that focuses on the user engagement elements and its contributing elements.
The next following stage is to analyse the extracted data through Cronbach’s alpha
where each identified measure is computed using the Statistical Package for the
Social Science (SPSS) tool. Alpha coefficients are to be calculated for each of the
factors to assess each factor’s internal consistency.
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3.1 Sample and Data Analysis

Data for the second stage were collected through Google Form completed and
returned by 204 Malaysian online shoppers. The survey form was distributed to
Facebook as the social media has the greatest number of active users out of all social
media platforms according to [16]. The respondents ranged in age from 17 to 47,
with sixty-nine percent of the sample being female and 31% were male. The sample
also accommodates various sectors of occupations from those working in govern-
ment sectors, private sectors, students, and those who are unemployed. The survey
included a Compulsive Buying Measurement Scale (CMBS) as a subject qualifier to
identify respondents shopping category (aversive, normal, and enthusiast) with an
ideal target user of normal and enthusiast shoppers that comprises individuals that
scored aminimumCMBS score of 28.211 for normal shoppers, and 42.237 for enthu-
siast shoppers. Not surprisingly, eighty-two percent of the respondents indicated an
ideal shopping behavior under normal and enthusiast shoppers.

4 Results and Analysis

Based on the preliminary review studies, six elements of user engagement elements
were identified, namely: focused attention, perceived usability, aesthetics, endura-
bility, novelty and involvement derived from the recognition of emotional, cognitive
and behavioral factors. The elements of user engagements are as listed in Table 1
with each element’s definition.

A few of the listed elements holds stronger linked with one of the dimensions
as indicated by Skelly et al. [17], although most of the elements are a combination

Table 1 List of user engagement characteristics

No Characteristics Definition

1 Focused attention The concentration of mental activity; concentration on one stimulus
only and ignoring all others

2 Perceived usability Emotions experienced by users when they are able to complete their
task

3 Aesthetics Visual beauty or the study of natural and pleasing (or aesthetic)
computer-based environment

4 Endurability Likeliness of remembering an experience and the willingness to
repeat or recommend it to others

5 Novelty Variety of sudden and unexpected changes (visual or auditory) that
cause excitement and joy or alarm. Features of the interface that of
users find unexpected, surprising, new, and unfamiliar

6 Involvement Fun factor of a website experienced by users during an interaction
and how drawn user’s potential can become
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Table 2 User engagement constructs reliability statistics

Reliability statistics

Cronbach’s alpha N of items

0.805 6

Table 3 User engagement constructs item-total statistics

Item-total statistics

No Scale mean if item
deleted

Scale variance if
item deleted

Corrected item-total
correlation

Cronbach’s alpha if
item deleted

Q1 30.30 15.506 0.576 0.773

Q2 30.21 15.365 0.574 0.773

Q3 30.35 15.582 0.554 0.778

Q4 30.12 16.774 0.440 0.800

Q5 30.78 12.986 0.608 0.769

Q6 30.67 13.184 0.661 0.751

of three dimensions (emotional, cognitive, and behavioral dimensions), the data in
Table 1 provides several approaches for analysing the designable causes and observ-
able consequences of user engagements. Additionally, a well-designed website with
high usability attributes contributes to a positive influence on customer retention and
purchasing behavior [15], hence the design elements that could influence the fulfil-
ment of user engagement elements is an essential aspect to be acknowledge. After
the extraction of the user engagement elements, the reliability of the extracted data
(6 constructs) was calculated using Cronbach’s Alpha. The Cronbach’s Alphas of
the six elements presents an overall reliability statistic of 0.805. Table 2 presents the
reliability statistics for the user engagement elements. Table 3 presents the item-total
statistics for the user engagement elements.

5 Discussion

The purpose of this study was to (1) identify the user engagement elements and
(2) to assess the extracted user engagement element’s reliability. First, in order to
identify the initial user engagement elements, an extensive literature review was
employed. According to [2], engaging systems extend beyond usability of the appli-
cation. Skelly et al. [18] suggested that engaging experiences were comprised of
curiosity, feedback, and challenged, while [19] concluded that feedback, challenge,
and novelty, but not perceived control were attributes of engaging presentation soft-
ware. The findings are in line with other research that has emphasized self-directed,
meaningful involvement with materials or applications based on cognitive challenge
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andmotivation [20] as users across platforms needs personal or external incentives to
continue their task and adequate levels of physical or cognitive challenge. Secondly,
to assess each of the extracted user engagement construct internal consistency, Cron-
bach Alpha was used to on six of the identified constructs. The Cronbach’s Alphas
of the six elements presents an overall reliability statistic of 0.805. This indicates
a good internal consistency for all six constructs. The validation of the reliability
of the user engagement elements will provide practitioners with a definitive source
to assess and revise their website to create a more engaging user experience more
efficiently. The construct of user engagement has gained much spurring from among
both academicians and marketers recently [19]. While the nomological network of
user engagement presents various constructs in its network, the empirical validity of
the same is still lacking. Thus, based on the employed evaluation, this study presents a
list of elements that contributes to the optimization of user engagement in the context
of E-Commerce settings. According to [21], their systematic literature analysis iden-
tified that of the various studies focusing on “Customer Engagement” from 2005
onwards, the emerging markets found a representation in only five studies. Hence,
this present study aims to address these gaps by presenting a customer engagement
in an E-Commerce context for emerging businesses.

While several of the attributes are associated with usability variables of effec-
tiveness, efficiency, and satisfaction, this demonstrates that usability is intricately
woven into the experience of engagement while an application may be usable, it may
not be engaging, but engaging applications do appear to have an inherent baseline of
usability. The outcome of this research is a reliable and valid data analysis that results
in six reliable elements: focused attention, perceived usability, endurability, novelty,
aesthetics, and felt involvement with good reliability statistics product. However, it is
apparent that the attributes of engagement identified in focused on this study are prod-
ucts of extensive literature reviews of existing elements and reliability assessment of
the identified factors through prior studies only, and not through a user-system inter-
action. The future work aims is to assess the validity of the elements with a specimen
that has been developed with integration of user engagement optimizing elements
and concrete user-driven demands of design parameters which can be achieved by
using Kansei Engineering methodology.

6 Conclusion

In this study, the elements of optimizing user’s engagement were identified through
an extensive literature reviewmethod which then evaluates the reliability of the iden-
tified factors to validate the data. The results show six elements of user engagements:
focused attention, perceived usability, aesthetics, endurability, novelty and involve-
ment. Through a profound understanding of the connection between consumer
emotions and user experience, the quality of E-Commerce platform may be notably
enhanced through a more engaging context experience. Further understanding the
influence of emotional variable on customer’s decision-making process during an
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online purchasewould facilitate the design scheme analysis for E-Commerce content.
Hence, the business organization would gain significant benefits when the orga-
nizations implement suitable tools when considering customers’ emotions. While
research in user engagement is witnessing an upward trend, there are still abundance
of context dimensions that are still unexplored. Although this work does not include
a user-system interaction that incorporates assessment of a designated domain spec-
imen, the data from this study can be the fundamentals that which can create a
dialog regarding user engagement in the business technology industry and be an aid
in performing metrics to assess the level of engagement in a specific domain and
provide insights on the development of a more user engagement E-Commerce for
emerging businesses. Future works will integrate Kansei Engineering methodology
as it assimilates consumer’s impression, feelings, and demands into a design solution
with concreate design parameters.
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Abstract In this article, we propose the use of two newly established second-order
Redlich–Kister finite difference (RKFD) discretization schemes and the Four-Point
Explicit group Modified Kaudd Successive Over Relaxation (4EGMKSOR) to solve
the two-point boundary value problems (TPBVPs). In order to study the efficiency
of the proposed method, first, discretize the RKFD scheme into all necessary derived
terms of the proposed problem to obtain the RKFD approximate equation. This
approximate equation is then used to generate the large-scale sparse linear system of
the proposed problem. Due to these characteristics of the generated linear system,
the advantages of the 4EGMKSOR iterative method considered and the generated
linear system is solved iteratively over this iterative method, in which its approx-
imate solution has been compared with the iterative methods Gauss–Seidel (GS),
KauddSuccessiveOverRelaxation (KSOR) and theFour-Point Explicit groupKaudd
Successive Over Relaxation (4EGKSOR). Then, a few examples of the proposed
problem are provided to investigate the performance of all the iterative methods
considered, and to compare them based on threemeasurement parameters: iterations,
time and maximum norm. The finding in this paper shows that the 4EGMKSOR
method is more effective than the GS, KSOR and 4EGKSOR methods accord to
iteration and time.
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1 Introduction

The study of the boundary value problem (BVPs) has been developed and growing
rapidly due to its application in physics, engineering and science research areas
including optimal control, beam deflection and heat flow [1–4]. In recent years, much
attention is given bymany researchers in literature for the development, analysis, and
simulation of the capability of numerical approaches to solve the BVPs especially
TPBVPs. For initial work, numerous authors attempted to obtain high accurate rate
to prove their numerical method is the stable method. It was done by introducing the
families of spline in solving the TPBVPs and the references are in [5–8]. In [9], the
cubic B-spline method has been developed based on the B-spline method to solve
the TPBVPs numerically. The basic idea of the methods in [9] is the construction
of a B-spline at each subinterval based on the division of interval considered and
it also applied for the others method related to the spline method. However, this
approach needs a system of linear equations for obtaining better accuracy. Also,
several numerical methods have been proposed with the advantage of the Galerkin
method for solving the same problem see in [10–12]. Other references related the
numerical solution of TPBVPs can be referred in [13–17].

While dealing with the TPBVPs by only using the numerical method, the appli-
cation of finite difference method (FDM) has attracted attention and been introduced
for getting the numerical solution. In line with that attraction, a new finite difference
discretization scheme family are existed based on the combination between the stan-
dard finite difference concept and other approximation functions are imposed for
solving TOBVPs [18–20]. Other new finite difference method has been also devel-
oped by the author in [21] in introduced the discretization schemes with fundamental
of exponential finite difference to solve the TPBVPs.

Besides the application of all approximation functions in the previous paragraph,
we use the Redlich–Kister (RK) polynomial function for the solution of the TPBVPs
in this current investigation.Many studies have been conducted on theRKpolynomial
function and they commonly to develop the model in fields of physics and chemistry
[22–24] but few studies that been explored this function in the numerical research
area [25, 26]. In [25], the authors focused on constructing the third-order piecewise
Redlich–Kister polynomial model and the first-order piecewise polynomial model
and compare the Gauss–Seidel iteration over the grid sizes considered. After consid-
eration, the piecewise third-order Redlich–Kister solution provides high accurate rate
than the piecewise first-order polynomial solution. In [26], the authors have intro-
duced the Redlich–Kister polynomial to improve the accuracy rate and compared it
with the Cubic Trigonometry B-Spline Interpolation (CTBIM) and Power polyno-
mial on solving the TPBVPs. Their findings show that theRedlich–Kister polynomial
gives higher accurate rate than the CTBIM and Power approaches. With the high
accurate rate from the findings in previous studies [25, 26], we follow and extend
the recent study [27] by applying the two newly established RKFD discretization
schemes for discretizing the TPBVPs to construct a corresponding linear system,
which is solved iteratively by using a KSOR block iteration family. By referring
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to previous works [19–21, 27] in establishing other finite difference discretization
schemes, it means that we attempt to apply newly established RKFD discretization
schemes that can be used to discretize any derivative term of the proposed problem
in attempting to derive a corresponding approximation equation.

In ways to introduce the two newly established RKFD schemes in this study, first,
discretize the RKFD scheme into all necessary derived terms of proposed problem to
get the RKFD approximate equation. Then, this equation will be used to construct a
system of RKFD approximation equations. Usually, the direct method can be useful
and acceptable to solve the small sizes of the generated linear system. In case of
solving the large linear system, in which its coefficient matrix is large scale and
sparse, the implementation of the iterative method is the suitable technique as a
linear solver [28–30]. For instance, the use of SOR [31], AOR [32], KSOR [33–35]
and MKSOR [36] methods are categorized as point iteration families that can be
applied to solve the large-scale and sparse linear system. Apart from these point
iteration families, the author in [37] come out with the interesting concept of the
block-to-block mainly on Explicit Group (EG) method. As dealing with the linear
system making the proposed method faster to converge compared to the classical
Gauss–Seidel (GS) method. Based on the advantages of the block-to-block concept,
many variants of EG iteration [38–42]were successfully developed, and it provide the
essentially decrease their convergence rate. Based on the claims of the excellence
convergence rate of the EG iteration method, this paper focuses to examine the
efficiency of the 4EGMKSOR iterative method for solving the linear system, which
is generated from the established RKFD approximate equation of one-dimensional
TPBVPs. For early preparation of discretization, the second-order TPBVPs given by

d2U

dx2
+ Z(x)

dU

dx
+ G(x)U (x) = r(x), (1)

with the Dirichlet conditions

U (0) = φ0, U (ϕ) = φ1.

2 RKFD Approximation Equation

Before doing the discretization process to introduce the newly established RKFD
approximation equation as mentioned in the previous section, we need to use the
prposed discretization schemes in this investigation to approximate the proposed
problem (1). Firstly, an approximation function based on the RK function of order n
is considered in the form
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Fig. 1 The illustration of grid sizes used

Fig. 2 The path for T1, T2 and T3.

Un(x) =
n∑

k=0

ak · Tk(x), (2)

where ak, k = 0, 1, 2, ..., n are unknown coefficients to be calculated.
To bemore clearly and facilitate us in explaining the application of theRK function

(2) in Fig. 1, let us construct the path of the first three RK functions, which are
considered in this investigation. All node points based on first three RK functions
need to be considered as illustrated in Fig. 2.

According to the concept illustrated in Fig. 2, let us expand the approximation
function (2) by considering n = 2, and then we get

U (x) = a0T0(x) + a1T1(x) + a2T2(x) (3)

where the first three RK functions are defined as

T0(x) = 1,

T1(x) = x,

T2(x) = x(1 − x).

Clearly, ak, k = 0, 1, 2, are unknown coefficients that need to be determined.
To determine all unknown coefficients ak, k = 0, 1, 2, we need to define any three
node points, xi = x0 + ih, i = c − 1, c, c + 1 over the grid network considered as
depicted in Fig. 1 where h = φ−0

n , n = 2p, p ≥ 1 indicates as the uniform step size.
From these three node points, we can obtain the approximation value of U (x) and
T (x) at any group of three node points, which are represented as U (xi ) = Ui , i =
c−1, c, c+1 and T (xi ) = Ti , i = c−1, c, c+1 respectively. Thus, by substituting
xi = x0 + ih, i = c − 1, c, c + 1 into Eq. (3), we can show the following equations

Uc−1 = a0T0,c−1 + a1T1,c−1 + a2T2,c−1, (4)

Uc = a0T0,c + a1T1,c + a2T2,c, (5)

Uc+1 = a0T0,c+1 + a1T1,c+1 + a2T2,c+1. (6)
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Then, to get the expression of three unknown coefficients, ak, k = 0, 1, 2 in
Eq. (3), we need to solve linear system of (3 × 3) in Eqs. (4)–(6) directly and get the
following coefficients

a0 = 1

2

(
c2T0.c−1 + cT0,c−1 − 2c2T1,c−1 + 2T1,c−1 − cT2,c−1 + c2T2,c−1

)
(7)

a1 = 1

2h2
(−hT0,c − 2hcT0,c + T0,c + 4hcT1,c − 2T1,c + hT2,c − 2hcT2,c + T2,c

)

(8)

a2 = 1

2h2
(−T0,c+1 + 2T1,c+1 − T2,c+1

)
(9)

All expression are unknown coefficients ak, k = 0, 1, 2 need to be substituted
into Eq. (3) and then the second-order RKFD approximation function written as

U (x) = N0(x)Uc−1 + N1(x)Uc + N2(x)Uc+1 (10)

where the RKFD shape functions, Nk(x), k = 0, 1, 2 are defined respectively as

⎧
⎪⎨

⎪⎩

N0(x) = 1
2h2

(
x2 − 2xhc − xh + h2c2 + h2c

)
,

N1(x) = 1
h2

(
2xhc − x2 − h2c2 + h2

)
,

N2(x) = 1
2h2

(
x2 − 2xhc + xh + h2c2 − h2c

)
,

(11)

Then the first and second derivatives of RK shape functions (11), which are
required to obtain the derivative of Eq. (3), can be defined as

⎧
⎪⎨

⎪⎩

N ′
0(x) = 1

2h2 (2x − h − 2hc),

N ′
1(x) = 1

h2 (2hc − 2x),

N ′
2(x) = 1

2h2 (2x + h − 2hc),

(12)

and

⎧
⎪⎨

⎪⎩

N ′′
0 (x) = 1

h2 ,

N ′′
1 (x) = − 2

h2 ,

N ′′
2 (x) = 1

h2 .

(13)

From Eqs. (12) and (13), the first derivative of the function (10) with respect to
xc is given as

∂U
∂x

∣∣
c
= N ′

0(xc)Uc−1 + N ′
1(xc)Uc + N ′

2(xc)Uc+1 (14)
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and the second derivative of the function (10) with respect to xc can be stated as

∂2U
∂x2

∣∣∣
c
= N ′′

0 (xc)Uc−1 + N ′′
1 (xc)Uc + N ′′

2 (xc)Uc+1 (15)

where U (xi ) = Ui , i = 0, 1, 2, ..., n represent the approximation solution of func-
tion U (x). Based on Eqs. (14) and (15), both equations can be known as two newly
established RKFD discretization schemes as mentioned in the first paragraph of this
section.

Before proceeding to the next step to derive the RKFD approximation equation,
we need to rewrite Eq. (1) in the discrete form and can be written as

∂2U
∂x2

∣∣∣
c
+ Z(xc)

∂U
∂x

∣∣
c
+ G(xc)U (xc) = r(xc) (16)

Then, by substituting Eqs. (14) and (15) into Eq. (16), we can easily define a
newly established RKFD approximation equation over TPBVPs as

αcUc−1 + βcUc + γcUc+1 = rc, (17)

where

αc = N ′′
0 (xc) + ZcN

′
0(xc),

βc = N ′′
1 (xc) + ZcN

′
1(xc) + Gc,

γc = N ′′
2 (xc) + ZcN

′
2(xc),

with Zc = Z(xc),Gc = G(xc), and rc = r(xc),c = 1, 2, ..., n − 1.
Next, Eq. (17) with c = 1, 2, ..., n − 1 obviously can be construct the generated

linear system in matrix form as follows

W ·U = r (18)

where

W =

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎣

β1 γ1 0 0 0 0
α2 β2 γ2 0 0 0
0 α3 β3 γ3 0 0

0 0
. . .

. . .
. . . 0

0 0 0 αn−2 βn−2 γn−2

0 0 0 0 αn−1 βn−1

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

U = [
U1 U2 U3 · · · Un−2 Un−1

]T
,

r = [
r1 − α1 · φ0 r2 r3 · · · rn−2 rn−1−γn−1 · φ1

]T
.
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3 Derivation of 4EGMKSOR Method

Referring to the generated linear system (18) is constructed in the second section; it
can be identified that the large-scale and sparse coefficient matrix (18). As explained
in [28–30], the best linear solver for linear system (18) is the families of iterative
method. Accord to the findings of previous published works for the KSOR itera-
tion family [33–35], current investigations, we investigate the use of the Modified
Kaudd Successive Over Relaxation (MKSOR) iterative method which this method
has been discussed by Suardi et al. [36]. The MKSOR method is inspired by the
advantage of the KSOR iterative method on speed up the convergence rate to obtain
the approximate solution with one weighted parameter compared to Gauss–Seidel
iterative method. Due to this advantage, the author [36] comes out with the idea
of the implementation of the red–black approach with two weighted parameters and
known asMKSOR iterativemethod. Inspired by the lower computational complexity
from the finding in a recent study [42], we attempt to establish the combination of the
MKSORblock iteration, 4EGMKSOR togetherwith the newlyRKFDapproximation
Eq. (17) to obtain the numerical solution of the proposed problem. To construct the
4EGMKSORmethod, let us consider any group of the four-point block as illustrated
in Fig. 3.

Before we proceed to formulate the 4EGMKSOR method, let the coefficient
matrix, W (18) be decomposed as

W = F + J + L (19)

where J is diagonal matrix, F and L are triangular lower and upper matrices
respectively. Then, the coefficient matrix of generated system (18) is formed as
follows

(F + J + L) ·U = r (20)

From Eq. (20), we implemented the MKSOR method based the point approach
and the formulation of this point iterative method in matrix form is obtained as [34,
43]

U (q+1) = [(1 − ω1)J − ω1F]
−1(J + L)U (q) + [(1 − ω1)J − ω1F]

−1r (21)

and

Fig. 3 Distribution of grid network for 4EGMKSOR method
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U (q+1) = [(1 − ω2)J − ω2F]
−1(J + L)U (q) + [(1 − ω2)J − ω2F]

−1r (22)

where the U (q+1) indicates the current value of U at the (q + 1)th iteration. Also,
Eqs. (21) and (22) can be rewritten as follows

U (q+1)
c = 1

(1+ω1)
U (q)

c + ω1
(1+ω1)

(
rc − αcU

(q+1)
c−1 − γcU

(q)

c+1

)
(23)

and

U (q+1)
c = 1

(1+ω2)
U (q)

c + ω2
(1+ω2)

(
rc − αcU

(q+1)
c−1 − γcU

(q)

c+1

)
(24)

where c = 1, 3, 5, ..., n − 1 is used for Eq. (23) and for Eq. (24) considers c =
2, 4, 6, ..., n − 2. In addition to both equations, (23) and (24), the optimum value
of the two weighted parameters are different, ω1 �= ω2 for each size value of n
considered. By taking the weighted parameters are same, ω1 = ω2, the MKSOR
iterative method becomes the red–black KSOR iterative method.

For the formulation of MKSOR block iteration, we are doing the same steps to
obtainEqs. (23) and (24) by referring to Fig. 3.Clearly,we can point out that two types
of block iterations can appear in Fig. 3 which are the four-point and three-point block
iteration for the completed and uncompleted group cases. Thus, the 4EGMKSOR
for completed group case can be defined as

⎡

⎢⎢⎢⎣

Uc

Uc+1
Uc+2
Uc+3

⎤

⎥⎥⎥⎦

(q+1)

= 1

(1 − ω1)

⎡

⎢⎢⎢⎣

Uc

Uc+1
Uc+2
Uc+3

⎤

⎥⎥⎥⎦

(q)

+ ω1

(1 − ω1)

⎡

⎢⎢⎢⎣

βc γc 0 0
αc+1 βc+1 γc+1 0
0 αc+2 βc+2 γc+2
0 0 αc+3 βc+3

⎤

⎥⎥⎥⎦

−1⎡

⎢⎢⎢⎣

S1
S2
S3
S4

⎤

⎥⎥⎥⎦

(25)

for c = 1, 9, 17, ..., n − 7 and

⎡

⎢⎢⎢⎣

Uc

Uc+1
Uc+2
Uc+3

⎤

⎥⎥⎥⎦

(q+1)

= 1

(1 − ω2)

⎡

⎢⎢⎢⎣

Uc

Uc+1
Uc+2
Uc+3

⎤

⎥⎥⎥⎦

(q)

+ ω2

(1 − ω2)

⎡

⎢⎢⎢⎣

βc γc 0 0
αc+1 βc+1 γc+1 0
0 αc+2 βc+2 γc+2
0 0 αc+3 βc+3

⎤

⎥⎥⎥⎦

−1⎡

⎢⎢⎢⎣

S1
S2
S3
S4

⎤

⎥⎥⎥⎦

(26)

for c = 5, 13, 21, ..., n − 11 where
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⎧
⎪⎪⎨

⎪⎪⎩

S1 = rc − αcUc−1,

S2 = rc+1,

S3 = rc+2,

S4 = rc+3 − βcUc+1,

However, the ungrouped case has been represented by one group of the three-point
block iteration as

⎡

⎣
Un−1

Un−2

Un−3

⎤

⎦
(q+1)

= 1

(1 − ω)

⎡

⎣
Un−1

Un−2

Un−3

⎤

⎦
(q)

+ ω

(1 − ω)

⎡

⎣
βn−3 γn−3 0
αn−2 βn−2 γn−2

0 αn−1 βn−1

⎤

⎦
−1⎡

⎣
Sn−3

Sn−2

Sn−1

⎤

⎦

(27)

where

⎧
⎨

⎩

Sn−3 = rn−3 − αiUn−4,

Sn−2 = rn−2,

Sn−1 = rn−1 − γnUn,

4 Numerical Problem and Discussion

This sectionwe verify the applicability of the 4EGMKSOR iteration computationally
by solving the three examples of problem (1), in which the analytical solution for
each example considered is known. Then,we applied and tested our proposedmethod
into these three examples with five grid sizes, n = 256, 512, 1024, 2048, 4096.Also,
the proposed method has been compared with other three benchmarking methods,
which are the GS, KSOR and 4EGKSOR methods accord to iterations (Iter), time
(Time) and maximum norm (MaxNorm). During the implementation of Algorithm
1, the same tolerance error value is used as ε = 10−10.

Example 1 [43]
We consider one-dimensional TPBVPs in Eq. (1) as

d2U

dx2
− dy

dx
= −e(x−1)−1

, x ∈ [0, 1] (28)

This problem (28) has the analytical solution as y(x) = x
(
1 − e(x−1)

)
.

Example 2 [44]
We consider one-dimensional TPBVPs in Eq. (1) as
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d2U

dx2
+U (x) = −1, x ∈ [0, 1] (29)

The analytical solution is given for problem (29) is U (x) = cos(x) +
1−cos(1)
sin(1) sin(x) − 1.

Example 3 [45]
We consider one-dimensional TPBVPs in Eq. (1) as

d2U

dx2
− 4U (x) = 4 cosh(1), x ∈ [0, 1] (30)

This problem (30) has the analytical solution asU (x) = cosh(2x − 1)−cosh(1).
All comparison parameters obtained from the solution of GS, KSOR, 4EGKSOR

and 4EGMKSOR iterative methods are tabulated in Tables 1, 2 and 3. The reduction
percentage of KSOR, 4EGKSOR and 4EGMKSOR methods over the GS method
illustrated in Table 4. These tables have verified the efficiency of our proposed
methods in solving TPBVPs (1).

Table 1 Numerical results for problem 1

n Method Iter Time MaxNorm

256 GS 82,043.0 7.92 4.0343e-07

KSOR 769.0 0.75 2.4866e-07

4EGKSOR 364.0 0.17 2.3889e-07

4EGMKSOR 353.0 0.15 2.3199e-07

512 GS 292,276.0 16.23 2.5291e-06

KSOR 1526.0 1.67 6.7370e-08

4EGKSOR 759.0 0.44 8.0806e-08

4EGMKSOR 742.0 0.42 8.9947e-08

1024 GS 1,025,489.0 76.67 1.0346e-05

KSOR 2853.0 3.19 2.5732e-08

4EGKSOR 1295.0 0.78 4.7925e-08

4EGMKSOR 1247.0 0.69 6.5037e-08

2048 GS 3,527,433.0 409.03 4.1443e-05

KSOR 5792.0 6.63 1.7614e-08

4EGKSOR 2545.0 2.30 5.9857e-08

4EGMKSOR 2312.0 1.57 1.7185e-07

4096 GS 11,811,519.0 2359.09 1.6579e-04

KSOR 10,221.0 10.41 9.8302e-08

4EGKSOR 5369.0 3.46 7.2651e-08

4EGMKSOR 4895.0 3.22 2.1474e-07
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Table 2 Numerical results for problem 2

n Method Iter Time MaxNorm

256 GS 89,973.0 19.88 5.4091e-07

KSOR 782.0 0.37 1.9062e-07

4EGKSOR 381.0 0.17 2.0338e-07

4EGMKSOR 353.0 0.16 2.1289e-07

512 GS 318,924.0 60.80 2.9059e-06

KSOR 1537.0 0.89 5.2948e-08

4EGKSOR 724.0 0.46 2.5886e-08

4EGMKSOR 704.0 0.41 1.1697e-08

1024 GS 1,111,808.0 256.86 1.1810e-05

KSOR 3057.0 1.82 1.5546e-08

4EGKSOR 1387.0 0.81 6.1722e-08

4EGMKSOR 1333.0 0.78 9.0939e-08

2048 GS 3,791,677.0 1260.25 4.7285e-05

KSOR 5734.0 3.43 2.5772e-08

4EGKSOR 2753.0 1.75 8.8766e-08

4EGMKSOR 2492.0 1.44 3.0394e-07

4096 GS 12,544,476.0 2681.69 1.8915e-04

KSOR 10,655.0 5.78 1.0642e-07

4EGKSOR 5463.0 3.21 1.1934e-07

4EGMKSOR 4939.0 2.85 3.6263e-07

From Tables 1, 2, 3 and 4, the KSOR method required a fewer iteration and
faster in time to get the approximate solution of TPBVPs for each example consid-
ered compared to the GS method. However, by applying the 4EGKSOR method,
the iteration and time can be improved by 99.56–99.95% and 97.28–99.85% for
Example 1, 99.58–99.96% and 99.14–99.88% for Example 2 and 99.48–99.92%
and 97.92–99.96 for Example 3 compared to the KSOR method with 99.06–99.91%
and 89.71–99.56% for Example 1, 99.13–99.92% and 98.14–99.78% for Example
2 and 98.91–99.84% and 94.13–99.91% for Example 3. With the good results that
obtained from the implementation of 4EGMKSOR method, the proposed method in
this investigation gives the lowest numbers required of iteration and time compared
to the 4EGKSOR method. This statement has been supported by Table 4 where the
percentage of the 4EGMKSOR method shows tremendous improvement among the
other iterative methods considered. For instance, the reduction percentage of the
4EGMKSORmethod for Example 1 significantly reduced by 99.57–99.96% in term
of iteration and 97.41–99.86% in speed up the time. For Examples, 2 and 3, the results
of the 4EGMKSOR method were obtained have the same pattern as Example 1 as
compared to the GS, KSOR and 4EGKSOR methods. Therefore, we can conclude
that the 4EGMKSORmethod has greatly reduced the iteration and time as compared
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Table 3 Numerical results for problem 3

n Method Iter Time MaxNorm

256 GS 66,139.0 13.96 2.4092e-06

KSOR 720.0 0.82 1.9355e-06

4EGKSOR 345.0 0.29 1.9411e-06

4EGMKSOR 324.0 0.19 1.9473e-06

512 GS 238,353.0 44.83 2.3742e-06

KSOR 1353.0 1.38 4.7876e-07

4EGKSOR 682.0 0.66 4.9151e-07

4EGMKSOR 619.0 0.39 5.1082e-07

1024 GS 848,604.0 184.48 7.6812e-06

KSOR 2609.0 2.78 1.0851e-07

4EGKSOR 1258.0 0.75 1.0718e-07

4EGMKSOR 1083.0 0.69 2.2762e-08

2048 GS 2,975,185.0 927.17 3.0271e-05

KSOR 4908.0 5.11 1.9449e-08

4EGKSOR 2443.0 2.59 1.1225e-08

4EGMKSOR 2140.0 1.27 1.1002e-07

4096 GS 10,223,821.0 2150.65 1.2097e-04

KSOR 9162.0 9.23 6.7222e-08

4EGKSOR 4584.0 2.67 1.3117e-07

4EGMKSOR 4262.0 2.56 3.9161e-07

Table 4 Reduction percentage of all methods

n Method KSOR 4EGKSOR 4EGMKSOR

Problem 1 Iter 99.06–99.91 99.56–99.95 99.57–99.96

Time 89.71–99.56 97.28–99.85 97.41–99.86

Problem 2 Iter 99.13–99.92 99.58–99.96 99.61–99.96

Time 98.14–99.78 99.14–99.88 99.20–99.89

Problem 3 Iter 98.91–99.84 99.48–99.92 99.51–99.93

Time 94.13–99.91 97.92–99.96 98.64–99.96

to other methods in this investigation. Thus, our proposed method, 4EGMKSOR
provides efficient solution than others methods. For the maximum norm, the approx-
imate solution of the KSOR, 4EGKSOR and 4EGMKSOR become closer to its
analytical solution than the GS method for each example considered.
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5 Conclusion

This paper adopted a combination between the MKSOR iterative method and the
Explicit Group method to formulate a new numerical method, 4EGMKSOR on
solving the TPBVPs which derived by using the newly established RKFD approxi-
mation equation. Then, three examples of TPBVPswere tested to verify the efficiency
of the 4EGMKSOR method. After the implementation of the 4EGMKSOR method
into these three examples, it can be observed that the 4EGMKSOR method has
tremendously reduced its iterations and time. Also, this block iteration provides the
solution which is closer to the analytical solution of the proposed problems. At the
same time, the 4EGMKSOR method are compared to the approximate solution of
GS, KSOR and 4EGKSORmethods. From the table of comparison of thesemethods,
it is evident that the 4EGMKSOR method is a superior method to the GS, KSOR
and 4EGKSOR methods in terms of iterations and time. For further study, this paper
should be continued with the same discretization scheme to solve multi-dimensional
BVPs by using the two-step iteration family [46, 47], and the application of the
concept of half-sweep [48, 49] and quarter-sweep [50, 51] approach.
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A Prepaid Energy Billing System
with Credit Shortage Forecasting
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and C. K. Tan

Abstract Climate change due to greenhouse gases emission is causing adverse
effects to the environment. Electricity production is one of the major causes and a
large amount of electricity originates from fossil fuels. Tomitigate this risk, countries
are converging towards using renewable energy. However, battery storage technology
still lags the advancement of energy production. Thus, some electricity produced
from renewable energy resources in a local grid could be dissipated. An online-based
prepaid energy billing system is proposed to enable a platform to support a market-
place for the local power generation. This allows excessive electricity produced to be
traded. The system enables end users to switch electricity providers, monitor energy
consumption and plan their usage. Users can choose to be connected to either a
large-scale utility provider via postpaid electricity or a trading point for renewable
energy through a prepaid scheme. Forecasting models and algorithms to predict the
shortage of prepaid credit for individual households were evaluated for the system.
The Multivariate Convolutional Long Short-Term Memory (ConvLSTM) yielded
the best result with an average Mean Absolute Percentage Error (MAPE) of 25.8%.
Energy consumption, temperature and humidity were the parameters used in training
the model. The NodeMCU board serves as the main controller for the system. It also
serves as a gateway to allow users to communicate wirelessly through a mobile app
developed using the MIT App Inventor.
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1 Introduction

Renewable energy (RE) originates from replenishable natural resources. The utiliza-
tion of RE spans from large scale power generation to small scale production, such
as rooftop solar panels. Unlike fossil fuels, RE technology focuses more on energy
flow and energy storage systems. Although RE takes up less than 10% of global
commercial energy [1], the number is rising. Prosumers can generate electricity for
their own consumption or sell back the surplus to the grid [2, 3]. Normally, a large-
scale utility provider (UP) acts as a middleman to purchase the surplus and sell it
back to other consumers. Energy flow upstream from prosumer to UP and energy
flow downstream from UP to consumer incur a large amount of cost due to the facil-
ities needed to setup and to maintain these complex flows. Eventually, the cost is
passed down to end consumers as the UP need to cover its operating expenses. This
middleman role could be abolished in peer-to-peer (P2P) energy trading. P2P scheme
allows purchasing and selling of energy between two or more grid-connected parties
in a real-time transactive distribution network (TDN) [3].

This project focuses on the energy consumer’s perspective, where consumers can
switch between postpaid and prepaid power supplies. The postpaid power supply
comes from UP while the prepaid power supply is obtained from energy generated
within the local grid. There are many types of electricity tariffs offered by UPs. The
tariffs can be charged flat-rate, but many UP employs tariffs based on block rate,
demand rate, seasonal rate, or time-of-day. For instance, consumers for block rate
tariff are chargedmore if they consumedmore energy. Consumers under seasonal and
time-of-day tariffs are charged higher during peak period. From [4], it was found that
consumers are willing to shift their load pattern to reduce their electricity bill when
given a notable incentive. On the contrary, the system proposed in this paper allows
the consumers to reduce their bills by switching to prepaid mode during peak period
for seasonal/ time-of-day tariff or when they have finished up the ‘cheap’ energy
block in a block rate tariff. The user is alerted by a mobile app when the prepaid
credit is almost zero. A forecast model that analyzes the historical consumer energy
utilization pattern, ambient temperature and humidity is incorporated to predict the
shortage of prepaid credit.

The paper is organized as follows. A background study is presented in Sect. 2.
Then, the system design which includes the hardware, forecast model and firmware
is described in Sect. 3. The results are presented and discussed in Sect. 4. Finally,
conclusions and future recommendations are given in Sect. 5.

2 Background Study

Dange et al. proposed a prepaid energy meter to cut the queuing time at billing
counters and to block energy consumption if the customer did not pay the bill [5]. In
their work, the Global System for Mobile communications (GSM) technology was
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employed to send power consumption information to consumers. The system also
sends a Short Message Service (SMS) to alert the consumer if the credit balance
reaches a minimum amount. A GSM-based energy recharge interface that holds a
prepaid card was integrated into the system. It holds the prepaid credit information
and communicates with UP through the GSM communication network. Since SMS
is used for prepaid recharge mechanism and notification through GSM, the user must
pay for telecommunication services through credit deduction of themobile SIM card.
Next, an IoT-based prepaid electricity systemwas proposed in [6] to reduce the loss of
power and revenue due to power thefts and other illegal activities. Arduino board was
used tomonitor and control the entire systemmodel. SIM900which is aGSM/GPRS-
compatible Quad-band cell phone, was used to access the internet and the Radio-
Frequency Identification (RFID) to enable the prepaid recharge mechanism. The
RFID recharge mechanism is done through SMS. Thus, consumers are also charged
for the SMS. Consumers are alerted through the internet when the credit balance
is low. Another IoT-based automatic energy metering system but with prepaid or
postpaid configurability via web server was proposed in [7]. The system records
and stores the readings in a cloud network. A web server was developed to monitor
monthly usage and to provide billing details for users. This project employs ARM
CortexM4 as the processor unit andWi-Fi module CC3100 Booster pack for the web
server. Like [5, 6], notification on low prepaid balance was given through SMS. Data
from the smart energy meter transmitted by Zigbee/Bluetooth modules requires the
user to be in proximity. Based on [5–7], GSM communication was used to notify the
user about the low prepaid balance. Thus, users are incurred fees for any notifications.

This paper has a similar configuration to [8] for its energy data transmission to
clouddata storage viaWi-Fi but differs in termsof energy consumption readingmech-
anism and overall system objectives. In this project, prepaid recharging mechanism,
system control and monitoring, and notifications are enabled through a mobile appli-
cation. This eliminates recurring charges for SMS notifications. Metering systems
mentioned in the literature do not have credit shortage forecasting. Hence, fore-
casting methods discussed here in this project are generally within the context of
energy management.

Forecast methodologies are normally employed for demand side management
and load planning. It is done by UP where energy consumption patterns are analyzed
using bulk information of energy consumption data. Aggregation of building level
data is the combination of the energy consumption data of individual units for
building energy study. Since data are aggregated in both scenarios, variations of
energy consumption pattern among consumers are normalized. Thus, the pattern
may be visible, especially with commercial building where the energy consumption
pattern is more regular compared to residential properties [9]. Irregularities tend to be
larger in residential properties due to unpredictable consumer’s lifestyle and changes
in occupancy. Edwards et al. reported that modeling done on commercial building
data using the Great Energy Prediction Shootout performed approximately fifteen
to 30-fold better than prediction done on individual residential houses using Feed
Forward Neural Network (FFNN) variant and sensor-based energy modelling [10].
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The Least Squares Support Vector Machines was found to perform better than the
neural network approach for individual residentials.

Statistical methods, such as the Seasonal Auto Regressive Integrated Moving
Average (SARIMA) are often used in modelling electrical load forecasting. It is
an extended version of ARIMA models with a combination of the seasonal term
of Moving Average (MA) and Auto Regressive (AR) models to capture trend and
seasonality [11]. SARIMA was implemented by Sulaimany Governorate to forecast
monthly electricity peak demands due to critical electricity supply scarcity reported
in Iraq’s northern region [12]. The study was motivated by the inadequacy of power
supply generated and extreme temperature changes that impact energy demand. It
yielded a good result with MAPE at only 1.24%. This may be due to the large,
aggregated data employed. Thus, visible temperature pattern due to seasonality that
can be captured using SARIMA.

Recently, studies steer towards deep learningmethodologies. Kong et al. proposed
a long short-term memory (LSTM) recurrent neural network (RNN) framework to
address the volatility in energy consumption pattern of residential properties [13].
They compared forecast results of individual loads and aggregated load, which
yielded ~44% and ~9%, respectively using LSTM. In their study, LSTM provides
the best results when compared to the empirical mean, empirical MAPE minimiza-
tion, backpropagation neural network (BPNN) and k-nearest neighbor (KNN) regres-
sion. They divided the result into three tiers for individual property’s load forecast:
MAPE below 50% (top-tier), MAPE between 50 and 100% (middle-tier) andMAPE
above 100% (bottom-tier). Energy consumption forecasting of individual residential
properties is applied in this project to estimate prepaid credit balance.

3 Methodology

The system consists of two blocks, namely the hardware block and the user block as
shown in Fig. 1. The detailed electrical configuration that conforms to the industry
standard is given in Sect. 3.1 while the remaining sections focus on the algorithm
and user interface.

3.1 Electrical Design

The hardware block consists of electrical and electronic circuitry. The Node MCU
microcontroller with a built-in ESP8266 Wi-Fi module is the main controller that
interfaces the hardware block and the user block. It reads the ambient temperature
and humidity through a DHT22 dual-sensor module. It also controls the switching
of power supply source through a relay. Only one power source can be supplied to
the distribution board at a time. A 2-channel relay (rating 250 V, 10A) is connected
to a prepaid supply contactor and a postpaid supply contactor. Two 40A 2-pole



A Prepaid Energy Billing System with Credit Shortage Forecasting 303

Fig. 1 System architecture

AC contactors were installed. Similar to a relay, the contactor is an electrically
controlled switch used for switching heavy load terminal. There are two types of
loads configured on the prototype, which are the lamps and switch socket outlet.
Up to twelve 80 W lamps can be connected. As computed in Eq. (1), the maximum
current is for lamp load is 4.17A (assumed power supply voltage is 230 V). Thus, a
miniature circuit breaker (MCB) with a 6A rating was chosen for the lamp load. On
the contrary, MCB with a rating of 16A is chosen for switch socket outlet to allow
an estimated 3000 W load.

I = P

V
= 12× 80W

230V
= 4.17A (1)

While MCB protects electrical equipment or the circuit from overcurrent due to
fault or short-circuit, the residual current device (RCD) protects people from shock
due to earth leakage. A residual current circuit breaker with overcurrent protection
(RCBO), which consist of the RCD was installed. A 20A RCBO with 0.01A sensi-
tivitywas installed to cater for the estimated 3960W load capacity. All the contactors,
RCBO andMCBs were placed in the single row distribution box. The design is given
in Fig. 2.

A Kozuka single phase electronic energy meter measures the energy consumption
of the load. It is a Class 1 m under IEC Standard 62053 [14] with an accuracy
equivalent to 1600 impulses per kWh. Only prepaid source passes through the meter.
Since this meter does not have a digital pinout, an LDR sensor module was used to
count the pulses of the energy meter. The sensor is placed at the LED of the energy
meter which blinks when electricity is being consumed. The pulse frequency is
proportional to the energy consumption of the load. Since 1600 blinks are equivalent



304 M. F. F. Abdul Ghani et al.

16A

6A

1x13A S/S/O

12x80W Lights

1.5 sqmm PVC in conduit

2.5 sqmm PVC in conduit

Conventional Supply

Cut Out Unit & Neutral
Link

Main Switch
20A

RCD
20A

DOUBLE POLE
(100 mA)

M

Cut Out Unit & Neutral
Link

Prepaid Supply

Meter

Fig. 2 Single line diagram for electrical protection design

to 1 kWh, one blink is equivalent to 0.625 Wh. If prepaid credit is charged $m per
kWh, then the payable cost of each LED blink is computed in Eq. (2).

Cost per one LED blink = $m × 10−3 × 0.625 (2)

3.2 Load Forecast

Dataset. This project employs two datasets that contain household energy consump-
tion coupled with temperature and air humidity measurement. The first dataset has
the energy consumption of 5567 London households that took part in the UK Power
Networks led Low Carbon London (UK’s LCL) project between November 2011
and February 2014 [15]. The other dataset is the Dark Sky API that contains temper-
ature and humidity information in London [16]. The energy consumption dataset and
weather dataset were taken half-hourly.

The total days recorded in the energy consumption dataset is 819 days. Missing
values were filled with the value of the energy consumption of the same day from the
previous week. Then, the weather dataset is added as the additional forecast features.
A randommeter data was split into training and validation datasets. Training data are
from 3/12/2011 to 28/11/2013 (728 days), while validation data are from 29/11/2013
to 28/2/2014 (91 days). Meanwhile, thirty other meters were used in the train-test
split.

Modelling. Forecast modelling is one of the main contributors to its performance.
A forecast model describes the grouping of the dataset. The original readings of the
dataset were measured in half-hourly intervals. Two models were experimented with
to find the model with the best result.

The first forecast modelling is designed by resampling the half-hourly interval
dataset into a daily interval dataset. Energy consumption for each day is summed.
This is categorized as group by day. Energy consumption is affected also by the type
of day as occupants’ behavior on a weekday tends to be different from a weekend.
For instance, the household load is usually higher during weekends because residents
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stay at home longer on weekends compared to weekdays. Thus, experiments were
also conducted on data that were grouped by type of day, which results in seven
groups (from Monday to Sunday). Separate training and validation were conducted
for each group and the results were combined.

Naïve Forecast. Naïve forecast is the forecasting method where the value of the
true output of the last time-step is utilized as the value of the current forecast, as
shown in Eq. (3). A weekly Naïve forecast was utilized as the baseline to compare
against other forecast models [17]. If the value of forecasting errors is higher than
the Naïve forecast error, the forecast is concluded as bad.

Ft = At−7 (3)

where:

• Ft = new forecast
• At−7 = past week actual demand.

Neural Network. A series of data is normally divided into three sets for a neutral
network with time series forecasting. The training set, validation set, and test set are
termed fixed partitioning. The model is trained with data from the training period
and evaluated with data from the validation period while hyperparameters are tuned.
Three hyperparameters were initialized in this project, which are window size, batch
size and epochs. The algorithm was designed to predict future energy consumption
for up to three months. Thus, the time step is set as 91 days. Two different time series
neural networks were studied.

RNN-LSTM. LSTM outperforms ARIMA in short to medium term load fore-
casting [18]. SARIMA can encapsulate data with seasonality and trend for large-
aggregated energy consumption [12]. However, this project focuses on individual
residential load where repetitive load pattern may not be obvious, and inputs are
susceptible to fluctuations compared to aggregated load. Thus, LSTM was selected.
LSTMmodel [13] collects the inner state andmake predictions one-step aheadwhich
is the future 91st day. This model uses an LSTM as a hidden layer which is charac-
terized as the encoder. The LSTM reads the input grouping and encodes the infor-
mation from the sequences. The encoder identifies a special pattern from the input
grouping. Another hidden LSTM layer is used as a decoder. The LSTM decoder
does not provide specific output toward the end of every cycle. However, it captures
the whole sequence and gives results based on the sequence characteristics. The
LSTM analyzes the internal state and decodes by making a one-time step ahead
forecast. The Encoder-Decoder LSTM is designed with the multivariate input selec-
tion, which means it takes in more than one input features. Energy consumption and
the corresponding weather series data are fed into the LSTM shown in Fig. 3.

ConvLSTM. Convolutional LSTM (ConvLSTM) [19] differs from RNN-LSTM
that analyze the information directly to understand the internal state. The convolution
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Fig. 3 RNN-LSTM block representation
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Fig. 4 Partial ConvLSTM block representation

step reduces variations within input features but captures the core pattern. In RNN-
LSTM, the window size was set as 14 days at the experimental stage. Since a two-
dimensional ConvLSTM was employed, the 14 days grouping is further separated
into two subgroups with seven days each [20]. The ConvLSTM would then analyze
based on two time-step. Then, convolution is performed on seven days of data within
each group. Figure 4 shows a data fragment fed into the ConvLSTM.

3.3 System Interface

Blynk is an IoT platform that can handle, screen, and communicate with IoT gadgets.
There are three types of pins to associate with IoT gadgets. They are the analog,
digital, and virtual pins. Only virtual pins were used here. Blynk server is the
connector between the mobile application with the NodeMCU board. Five virtual
pins were used to represent the variables of the system. NodeMCU sends the values
of temperature, humidity, and energy consumption to the mobile apps, while the
mobiles apps control the NodeMCU through the main switch and power supply
mode.

AnAndroid-basedmobile applicationwas developed using theMITApp Inventor.
After the forecasting, results of future predicted energy consumption are exported
as a csv file into the mobile app. Once the prepaid credit balance is updated, the app
computes the remaining days. These are the functionalities developed on the mobile
app: control main switch; switch power source; recharge prepaid credit; display
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energy consumption, temperature, humidity, and prepaid credit balance; access fore-
casted information and calculate the credit remaining days. When the credit balance
is zero, the system automatically switches to postpaid. This cater towards certain
household appliances that should be always turned on, like the refrigerator. A cloud
database using a ThingSpeak server was setup to store the data for future forecasting,
namely the energy consumption, temperature, and humidity. The database is updated
every minute. The mobile interface is presented in Sect. 4.

4 Results and Discussions

4.1 Load Forecasting

Model Validation. The dataset of Meter0246 was picked randomly for training
and validation. It represents the energy consumption pattern of one property. Table 1
summarizes the validation result usingNaïve Forecast, RNN-LSTMandConvLSTM
methods. Multivariate inputs were used during the process (energy consumption,
temperature and humidity). Naïve forecast was set as the benchmark for other fore-
casting algorithms. The results of the RNN-LSTM indicates that it is not suitable
because the value of MAPE is higher compared to Naïve forecasts. After adding
the convolution layer, the results improved to MAPE 26.65% using group by day
model. This result confirms that adding convolution steps can overcome temporal
fluctuations of energy consumption in the individual residential units.

Using ConvLSTM, the data was experimented using group by type of day model.
The MAPE of the validation result improved to 21.89%. Hence, group by type of
day was employed. Next, experiments were done to tune the hyperparameter. They
are the epochs, window size and batch size. For each hyperparameter values, the
program runs ten times. The results are summarized in Fig. 5.

Table 1 Naïve forecast and
LSTM algorithm forecast
errors

Algorithm Naïve forecast RNN-LSTM ConvLSTM

MAPE (%) 31.16 31.46 26.65

Fig. 5 Boxplot of hyperparameters versus MAPE
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Fig. 6 Bar graph of the MAPE of the forecast algorithm for the samples

Epochs are the number of full cycles that a model needs to undergo. The best
epochs value is essential to avoid overfitting. Window size is the number of days
of data that are used for grouping one unit of input sequences. Batch size is the
value that controls the amount of training cycle that the model goes through before
updating the inner state parameter. As shown in Fig. 5, the final hyperparameter
values were selected based on the smallest average MAPE (the epoch is 10; window
size is 28 days; batch size is 4).

Model Testing. Using ConvLSTM group by type of day and the final hyperpa-
rameters, the model was trained and tested using 30 other meter readings. Figure 6
displays theMAPEwith the respect to differentmeter IDs. Based on the bar graph, all
theConvLSTM group by type of day algorithm produce a smallerMAPE compared to
the Naïve Forecast. It shows thatConvLSTM can performwell on these samples. The
MAPE ranges from 9.38 to 59.12% for individual meters, with an average MAPE of
25.8%.

4.2 System Prototyping and Testing

All the electrical and electronic components explained in Sect. 3 were mounted on a
28 inches× 24 inches wooden board (see Fig. 7). The hardware and mobile interface
were tested, and they were able to communicate as intended. The electrical design
is safe as there was no electricity trip while testing the prototype. The postpaid
mode takes place by default after the system is switched on. The system starts to
record sensor data at this point. If the user wants to switch to prepaid mode before
top-up, a pop-up notification asks the user to recharge. After the user tops up, the
system calculates and displays the estimated days before credit shortage. In prepaid
mode, electricity is supplied by the prepaid source. The balance of prepaid credit
will be decreased following the amount of energy consumed. If the balance is zero,
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(a) (b)

Fig. 7 a Hardware prototype. bMobile app interface

a notification pops up that asks the user to recharge while the system automatically
switches to postpaid supply.

5 Conclusions and Future Work

A platform to support a marketplace for the local renewable energy generation was
presented. A prototype with electrical wiring installation akin to residential building
design was successfully designed, built, and tested. The system manages the prepaid
energy billing system by updating the prepaid credit balance and automatically
switch to the conventional energy supply source when credit runs out. Multivariate
ConvLSTM using group by type of day model was implemented to estimate credit
balance. Three parameters were used for the forecast, namely the energy consump-
tion, temperature, and humidity. Experimental results showed 21.89% MAPE for
validation and 25.8% MAPE for testing using samples from UK’s LCL dataset on
individual meters.

A 500 ms delay was invoked during the switching of power sources to avoid fault
due to the differences of phase angle and frequency of both prepaid and conventional
supply sources. In future, frequency and phase angle stabilizer design need to be
explored to improve the switching mechanism of power sources. In addition to that,
experimental work can be extended using finer grain forecasting models to further
reduce theMAPE.More public datasets can be explored to compare against different
models and to benchmark against other forecasting work.
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Abstract This paper presents a Newton Explicit Decoupled Group method based
on a half-sweep implicit finite difference scheme as an efficient solution method
for two-dimensional nonlinear porous medium equation problems. The mathemat-
ical problem is subjected to the initial and Dirichlet’s boundary conditions. This
paper used the half-sweep technique to derive the implicit finite difference scheme
to discretize the considered differential equation. The stability of the two-dimensional
half-sweep finite difference approximation is analyzed. Newton method is applied to
form the system of the linearized equation before the solution is approximated using
the proposed Explicit Decoupled Group method. The proposed method is tested on
several problems. The obtained numerical result is compared with the numerical
result from the existing method from the same family of Newton-Explicit Group and
the classical Newton-Gauss–Seidelmethod. The efficiency of the proposedmethod is
determined based on the number of iterations and computation time. Computational
complexity analysis is also reported.
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1 Introduction

In this paper, we consider the following two-dimensional nonlinear porous medium
equation (2D PME) [1],

ut = (αumux )x + (βumuy)y, (1)

and the solution u(x, y, t) is distributed within a cube-shaped domain of (x, y, t) ∈
[a, b]× [c, d]×[

t0, t f
]
. The values ofm, α and β in (1) can be any rational numbers.

The solution of (1) can be obtained by implementing a common initial condition,

u(x, y, t0) = g0(x, y), a ≤ x ≤ b, c ≤ y ≤ d, (2)

and Dirichlet’s boundary conditions,

u(x, c, t) = gc(x, t), u(x, d, t) = gd(x, t), (3)

u(a, y, t) = ga(y, t), u(b, y, t) = gb(y, t), (4)

where a ≤ x ≤ b, c ≤ y ≤ d, and t0 ≤ t ≤ t f .
There are many applications of (1), and one of them is to describe the flow of an

ideal gas in a homogeneous porous medium. The physics of gas flow can be accu-
rately modelled by (1), and the time-dependent flow behaviour can be predicted by
calculating the solution function. The solution of (1) represents the density func-
tion of space x, y and time t . Equation (1) is also one of the important nonlinear
partial differential equations in the heat propagation theory involving temperature-
dependent thermal conductivity. The nonlinear heat propagation can be described
mathematically using the solution function of (1), which measure the temperature
in space at a particular time. The constants in (1), α and β, are commonly estimated
based on the ratio of the thermal conductivity to the specific heat and the medium’s
density. Using the right values of α and β, unique properties of heat propagation can
be discovered.

The exact solution of (1) can be difficult to be computed due to the presence of
the nonlinear term um . Moreover, an analytic approximation to (1) is often more
difficult to develop than the numerical method. Although the numerical method can
only approximate the solution with a certain degree of accuracy or efficiency, it has
been very useful to many researchers because of its easiness of algorithm design and
computation construction. In the past, a numerical approximation method based on
a singular limit solution was proposed to solve and capture the moving boundaries
of (1) [2]. Then, a scale-invariant moving finite element method was introduced to
solve (1) [3]. Another related article presented a semi discretization of (1) and its
analysis of numerical properties [4]. The existing works of literature were devoted to
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investigating the accuracy of the solution instead of the efficiency. Besides that, there
is limited availability of numerical methods for solving (1). Hence, the efficiency of
numerical methods to solve (1) needs to be investigated so that researchers who deal
with physical phenomena modelled by (1) can apply them in their research.

The Explicit Decoupled Group (EDG) method has been identified as one of the
efficient numerical methods for investigating efficient solutions of (1). Based on
our review of this method, the EDG method was introduced by Abdullah [5] as
a complexity reduction solution approach to solve differential equation problems,
especially in tackling a large scale system of equations. The EDG method is derived
from the concept of half-sweep finite difference (see in [6–12]) and used the strategy
of fixed groups of points to approximate the solution of the system. Since the intro-
duction of the EDG method, it has been applied to solve many linear differential
equation problems, referred to in [13–17]. To increase the availability of an efficient
numerical method for solving (1), we propose a Newton Explicit Decoupled Group
(NEDG) method. The contribution of this paper is to present the formulation and the
stability analysis of a half-sweep finite difference approximation to (1) and to report
the development and the efficiency level of the NEDG method.

The proposed numerical method and the numerical experiment are outlined as
follows: Sect. 2 presents the formulation of a two-dimensional half-sweep finite
difference approximation. Section 3 discusses the stability of the formulated finite
difference approximation equation. Section 4 shows the derivation of the NEDG
method. Numerical experiments are illustrated in Sects. 5, and 6 concludes our
findings.

2 Two-Dimensional Half-Sweep Finite Difference
Approximation

To begin the formulation of the two-dimensional half-sweep finite difference approx-
imation of (1), we define the approximate solution Up,q,n = U

(
xp, yq , tn

)
where

p = 1, 2, . . . , M −2, M −1, q = 1, 2, . . . , M −2, M −1 and n = 0, 1, . . . , N −1.
The spatial and temporal steps are denoted as h = (b − a)/M = (d − c)/M and
k = (

t f − t0
)
/N respectively. Then, we define the following half-sweep implicit

finite difference scheme as follows:

ut = Up,q,n+1−Up,q,n

k , (5)

ux = Up+1,q+1,n+1−Up−1,q−1,n+1

2
√
2h

, (6)

uy = Up−1,q+1,n+1−Up+1,q−1,n+1

2
√
2h

, (7)

uxx = Up+1,q+1,n+1−2Up,q,n+1+Up−1,q−1,n+1

2h2 , (8)
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and

uyy = Up−1,q+1,n+1−2Up,q,n+1+Up+1,q−1,n+1

2h2 . (9)

By expanding the derivatives in (1) using the product rule of calculus, we obtain

ut = αumuxx + αmum−1u2x + βumuyy + βmum−1u2y, (10)

and by replacing themwith the operators shown by (5) until (9), the two-dimensional
half-sweep finite difference approximation of (10) can be written as

Fp,q,n+1 = Up,q,n+1 − A1U
m
p,q,n+1Up+1,q+1,n+1 + 2A1U

m+1
p,q,n+1

− A1U
m
p,q,n+1Up−1,q−1,n+1 − A2mUm−1

p,q,n+1U
2
p+1,q+1,n+1

+ 2A2mUm−1
p,q,n+1Up+1,q+1,n+1Up−1,q−1,n+1

− A2mUm−1
p,q,n+1U

2
p−1,q−1,n+1 − A3U

m
p,q,n+1Up−1,q+1,n+1

+ 2A3U
m+1
p,q,n+1 − A3U

m
p,q,n+1Up+1,q−1,n+1

− A4mUm−1
p,q,n+1U

2
p−1,q+1,n+1

+ 2A4mUm−1
p,q,n+1Up−1,q+1,n+1Up+1,q−1,n+1

−A4mUm−1
p,q,n+1U

2
p+1,q−1,n+1 −Up,q,n, (11)

where A1 = A3 = αk/2h2 and A2 = A4 = αk/8h2.
Equation (11) can also be known as the rotated finite difference approximation

due to its 45° clockwise rotation about xy-axis. By considering several grid points in
the solution domain, 1 ≤ p, q ≤ M −1, a system of nonlinear equation is generated
in the form of

F̃n+1 = 0, (12)

where F̃n+1 = (F1,1, . . . , F1,M−1, FM−1,1, . . . , FM−1,M−1)
T
n+1 and T stands for the

transpose of the vector of nonlinear functions.

3 Stability Analysis

To analyze the stability of the two-dimensional half-sweep finite difference approx-
imation Eq. (11), the linear Fourier analysis technique is adopted. It was found that
the Fourier analysis technique is effective for the stability analysis of the nonlinear
partial differential equation under a restricted solution domain [18, 19].



Newton Explicit Decoupled Group Solution for Two-Dimensional … 317

Assuming the solution u(x, y, t) exists within a unit cube-shaped domain of
(x, y, t) ∈ [0, 1] × [0, 1] × [0, 1] and for simplicity, the arbitrary values of α and β

in (1) are set to be equal, i.e., ρ = α = β. Since the solution domain is fixed in a
unit cube, the nonlinear term um in (1) is assumed to be bounded at some maximum
value and can be “frozen” at every mesh point in the domain. The “frozen” um can
be denoted as

φ = max|um |. (13)

Thus, (1) can be rewritten into

ut = ρφ
(
uxx + uyy

)
. (14)

Using the half-sweep implicit finite difference scheme, we obtain

Fp,q,n+1 = Up,q,n+1 − λ
(
Up+1,q+1,n+1 − 2Up,q,n+1 +Up−1,q−1,n+1

)

−λ
(
Up−1,q+1,n+1 − 2Up,q,n+1 +Up+1,q−1,n+1

) −Up,q,n, (15)

where λ = ρφk/2h2. From the von Neumann method, let

Up,q,n = ξ neiθ1 peiθ2q , (16)

and (15) can be rearranged into

ξ
(
1 − λ

(
ei(θ1+θ2) − 2 + e−i(θ1+θ2)

) − λ
(
ei(θ1−θ2) − 2 + e−i(θ1−θ2)

)) = 1. (17)

Hence, using the following trigonometric representations to complex numbers,

ei(θ1+θ2) − 2 + e−i(θ1+θ2) = −4 sin2 (θ1+θ2)

2 , (18)

and

ei(θ1−θ2) − 2 + e−i(θ1−θ2) = −4 sin2 (θ1−θ2)

2 , (19)

the amplification factor for the two-dimensional half-sweep finite difference approx-
imation becomes

ξ = 1

1+4λ sin2 (θ1+θ2)
2 +4λ sin2 (θ1−θ2)

2

. (20)

For all positive values of λ and θ1, θ2 ∈ [−π, π ], the two-dimensional half-sweep
implicit finite difference scheme applied to (1) is unconditionally stable.
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4 Newton Explicit Decoupled Group Method

To derive the NEDG method for solving (1), first, we find the Jacobian matrix that
has the form of

Jn+1 =

⎡

⎢⎢
⎢⎢⎢
⎣

D1

L2

V1

D2

. . .

V2

. . .

LM−2

. . .

DM−2

LM−1

VM−2

DM−1

⎤

⎥⎥
⎥⎥⎥
⎦

. (21)

Each subgroup of points from (21) can be denoted as:

for q = 3, 5, . . . , M − 1,

Lq =

⎡

⎢⎢⎢⎢⎢
⎢
⎣

LV
3,q

LL
5,q LV

5,q
. . .

LL
M−5,q

. . .

LL
M−3,q

LV
M−5,q

⎤

⎥⎥⎥⎥⎥
⎥
⎦

; (22)

for q = 2, 4, . . . , M − 2,

Lq =

⎡

⎢
⎢⎢⎢⎢⎢
⎣

LV
2,q

LL
4,q LV

4,q
. . .

LL
M−4,q

. . .

LL
M−2,q

LV
M−4,q

⎤

⎥
⎥⎥⎥⎥⎥
⎦

; (23)

for q = 1, 3, . . . , M − 1,

Dq =

⎡

⎢⎢⎢
⎢⎢⎢
⎣

DD
1,q

DD
3,q

. . .
DD

M−3,q

DD
M−1,q

⎤

⎥⎥⎥
⎥⎥⎥
⎦

; (24)

for q = 2, 4, . . . , M − 2,
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Dq =

⎡

⎢⎢⎢⎢⎢
⎢
⎣

DD
2,q

DD
4,q

. . .
DD

M−4,q

DD
M−2,q

⎤

⎥⎥⎥⎥⎥
⎥
⎦

; (25)

for q = 1, 3, . . . , M − 3,

Vq =

⎡

⎢
⎢⎢⎢⎢⎢
⎣

V V
3,q

V L
5,q V V

5,q
. . .

V L
M−5,q

. . .

V L
M−3,q

V V
M−5,q

⎤

⎥
⎥⎥⎥⎥⎥
⎦

; (26)

for q = 2, 4, . . . , M − 2,

Vq =

⎡

⎢⎢⎢
⎢⎢⎢
⎣

V V
2,q

V L
4,q V V

4,q
. . .

V L
M−4,q

. . .

V L
M−2,q

V V
M−4,q

⎤

⎥⎥⎥
⎥⎥⎥
⎦

. (27)

Then, defining a solution corrector in a vector form as
W̃ (l)

n+1 = Ũ (l)
n+1 − Ũ (l−1)

n+1 where the solution vector, Ũ (.)
n+1 =

(
U1,1, . . . ,U1,M−1, . . . ,UM−1,1, . . . ,UM−1,M−1

)(.)

n+1 with the iteration index l,
a system of the linearized equation at the time level n + 1 can be written as

J (l)
n+1W̃

(l)
n+1 = F̃ (l)

n+1. (28)

Taking four general equations from (28), i.e.

(
LL

p,qWp+1,q−1 + LV
p,qWp−1,q−1 + DD

p,qWp,q

+V L
p,qWp+1,q+1 + V V

p,qWp−1,q+1

)

n+1

= Fp,q,n+1, (29)

(
LL

p+1,q+1Wp+2,q + LV
p+1,q+1Wp,q + DD

p+1,q+1Wp+1,q+1

+V L
p+1,q+1Wp+2,q+2 + V V

p+1,q+1Wp,q+2

)

n+1

= Fp+1,q+1,n+1,

(30)
(
LL

p+1,qWp+2,q−1 + LV
p+1,qWp,q−1 + DD

p+1,qWp+1,q

+V L
p+1,qWp+2,q+1 + V V

p+1,qWp,q+1

)

n+1

= Fp+1,q,n+1, (31)
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and
(
LL

p,q+1Wp+1,q + LV
p,q+1Wp−1,q + DD

p,q+1Wp,q+1

+V L
p,q+1Wp+1,q+2 + V V

p,q+1Wp−1,q+2

)

n+1

= Fp,q+1,n+1, (32)

an equivalent 4 × 4 matrix can be formed into

A(l)
n+1W̃

(l)
n+1 = S̃(l)

n+1, (33)

where

A(l)
n+1 =

⎡

⎢⎢⎢
⎣

DD
p,q V L

p,q

LV
p+1,q+1 DD

p+1,q+1

DD
p+1,q

LL
p,q+1

V V
p+1,q

DD
p,q+1

⎤

⎥⎥⎥
⎦

(l)

n+1

, (34)

W̃ (l)
n+1 =

⎡

⎢⎢
⎣

Wp,q

Wp+1,q+1

Wp+1,q

Wp,q+1

⎤

⎥⎥
⎦

(l)

n+1

, (35)

and

S̃(l)
n+1 =

⎡

⎢⎢
⎣

Sp,q

Sp+1,q+1

Sp+1,q

Sp,q+1

⎤

⎥⎥
⎦

(l)

n+1

, (36)

where

Sp,q = Fp,q − LL
p,qWp+1,q−1 − LV

p,qWp−1,q−1 − V V
p,qWp−1,q+1, (37)

Sp+1,q+1 = Fp+1,q+1 − LL
p+1,q+1Wp+2,q − V L

p+1,q+1Wp+2,q+2

− V V
p+1,q+1Wp,q+2,

(38)

Sp+1,q = Fp+1,q − LL
p+1,qWp+2,q−1 − LV

p+1,qWp,q−1

− V L
p+1,qWp+2,q+1,

(39)

and
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Sp,q+1 = Fp,q+1 − LV
p,q+1Wp−1,q − V L

p,q+1Wp+1,q+2

− V V
p,q+1Wp−1,q+2.

(40)

We separate the matrix shown in (33) into a decoupled group of 2×2 independent
matrices, i.e.

[
DD

p,q V L
p,q

LV
p+1,q+1 DD

p+1,q+1

][
Wp,q

Wp+1,q+1

]
=

[
Sp,q

Sp+1,q+1

]
, (41)

and
[
DD

p+1,q V V
p+1,q

LL
p,q+1 DD

p,q+1

][
Wp+1,q

Wp,q+1

]
=

[
Sp+1,q

Sp,q+1

]
, (42)

then, by finding the inverse of both (41) and (42), the NEDG method for solving
(1) can be derived becomes

[
Wp,q

Wp+1,q+1

](l)

=
[

DD
p,q V L

p,q

LV
p+1,q+1 DD

p+1,q+1

]−1[
Sp,q

Sp+1,q+1

]
, (43)

and

[
Wp+1,q

Wp,q+1

](l)

=
[
DD

p+1,q V V
p+1,q

LL
p,q+1 DD

p,q+1

]−1[
Sp+1,q

Sp,q+1

]
. (44)

The formula shown by (43) and (44) work independently. For instance, when
formula (43) is implemented in the iteration cycle of the code, then the other formula
(44) is used for the direct calculation. The implementation of the NEDG method
can be facilitated by referring to Fig. 1. Based on Fig. 1, the NEDG method solves
the groups of points in the following order: groups of four points, groups of two
points and one-point iterations, which eventually solve the whole mesh points in the
solution domain. The algorithm of the NEDG method is provided as follows.



322 J. V. L. Chew et al.

Fig. 1 The distribution of mesh points for the NEDG method

Algorithm 1: Newton Explicit Decoupled Group
Initialize the values ;
while do

Initialize 
Set up system of equations (28);
while do
while do

Compute (43);

end
Direct calculation using (44);

end
end
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5 Numerical Experiment

We use three 2D PME problems for the numerical experiment to be simulated using
the proposed NEDG method. The parameters used to evaluate the efficiency of the
proposed method are the number of iterations (l) and the computation time (s).
The maximum absolute error (εmax ) is observed for accuracy checking. For the
comparison purpose, we simulate the same problems using the Newton-Explicit
Group (NEG)method, which come from the same familywith theNEDGmethod [8],
and the Newton-Gauss–Seidel (NGS) method, which developed according to [20].
The simulation of all three 2D PME problems using NEDG, NEG and NGSmethods
is conducted independently. The domain used for the numerical simulation follows
the solution function (x, y, t) ∈ [0, 1]× [0, 1]× [0, 1]. Then, each simulation is run
at five different sizes of mesh, i.e., M = 16, 32, 64, 128, and 256, for consistency
checking. Below are the following five problems that we used in the numerical
experiment:

Problem 1

ut = Dx
(
u
5 · ux

) + Dy
(
u
5 · uy

)
. (45)

The given exact solution is u(x, y, t) = x + y + 0.4t [21].

Problem 2

ut = Dx

(
u2

5 · ux
)

+ Dy

(
u2

5 · uy
)
, (46)

with the exact solution u(x, y, t) = √
5x + 5y + 5t [21].

Problem 3

ut = Dx
(
u5 · ux

) + Dy
(
u5 · uy

)
, (47)

and the exact solution is u(x, y, t) = 4
√
0.8x + 0.8y + 1.6t [22].

Below are the numerical results recorded from the simulation of Problems 1, 2
and 3 using the NEDG, NEG and NGS methods.

From the numerical results tabulated in Tables 1, 2 and 3, it can be observed
that the NEDG method requires fewer iterations and shorter computation time in
computing the approximate solutions of Problems 1, 2 and 3, compared to the NGS
and NEG methods. On average, the NEDG method requires 58.03–59.10% lesser
iterations and 51.03–57.03%shorter time than theNGSmethod,while 23.36–24.55%
lesser iterations and 24.74–29.85% shorter time than the NEG method. Hence, the
significant outcome from using NEDG is a quicker iteration process with a computer
to obtain the final approximate solution of 2D PME. Furthermore, when NEDG
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Table 1 The numerical result of Problem 1 by NGS, NEG and NEDG methods

16 32 64 128 256

l NGS 136 436 1525 5462 19,404

NEG 84 244 818 2903 10,338

NEDG 60 184 633 2220 7915

s NGS 0.76 2.93 19.59 360.89 4586.69

NEG 0.44 2.64 8.55 214.01 3717.50

NEDG 0.30 2.36 7.86 178.05 1621.64

εmax NGS 8.86 (10–11) 3.25 (10–10) 1.90 (10–9) 9.02 (10–9) 3.86 (10–8)

NEG 1.05 (10–11) 1.36 (10–10) 6.59 (10–10) 3.96 (10–9) 1.80 (10–8)

NEDG 1.96 (10–12) 1.22 (10–10) 5.89 (10–10) 2.62 (10–9) 1.27 (10–8)

Table 2 The numerical result of Problem 2 by NGS, NEG and NEDG methods

16 32 64 128 256

l NGS 130 400 1380 4901 17,458

NEG 80 223 738 2596 9279

NEDG 61 166 560 1977 7073

s NGS 0.97 2.70 18.26 248.82 4243.79

NEG 0.62 1.93 8.56 187.24 2295.15

NEDG 0.42 1.77 7.61 78.99 1382.19

εmax NGS 7.57 (10–11) 2.31 (10–9) 1.31 (10–8) 4.95 (10–8) 1.75 (10–7)

NEG 2.09 (10–11) 8.45 (10–10) 6.39 (10–9) 2.79 (10–8) 9.92 (10–8)

NEDG 2.36 (10–12) 3.81 (10–10) 3.38 (10–9) 2.00 (10–8) 7.27 (10–8)

Table 3 The numerical result of Problem 3 by NGS, NEG and NEDG methods

16 32 64 128 256

l NGS 739 2630 9478 34,098 121,649

NEG 406 1393 4996 18,034 64,894

NEDG 312 1073 3828 13,786 49,480

s NGS 0.98 9.51 113.63 1653.85 29,234.80

NEG 0.86 7.75 61.96 763.70 14,890.79

NEDG 0.79 5.95 49.21 425.74 9269.68

εmax NGS 1.10 (10–9) 6.69 (10–9) 3.56 (10–8) 1.72 (10–7) 7.78 (10–7)

NEG 1.95 (10–10) 2.50 (10–9) 1.51 (10–8) 7.45 (10–8) 3.56 (10–7)

NEDG 1.55 (10–10) 1.42 (10–9) 7.01 (10–9) 4.64 (10–8) 2.61 (10–7)
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Table 4 Computational complexity by NGS, NEG and NEDG methods

Arithmetic operation per iteration

Addition Multiplication

NGS 4(M − 1)2 5(M − 1)2

NEG 8
( M
2 − 1

)2 + 8
( M
2 − 1

) + 2 12
( M
2 − 1

)2 + 12
( M
2 − 1

) + 3

NEDG 3
( M
2 − 1

)2 + 2
( M
2 − 1

) + 1 4
( M
2 − 1

)2 + 3
( M
2 − 1

) + 2

is applied to a larger mesh size, which yields a more accurate approximation, the
efficiency is always superior to the NGS and NEG methods.

In terms of the accuracy of the solution, the εmax for the five different mesh
sizes in all three problems by the NEDG method are always smaller than both NEG
and NGS methods. It can be said that the accuracies of the approximate solution
at the distributed grid points on the domain of 2D PME are improved when the
NEDG method is implemented. Besides that, the study found that when the mesh
size used to calculate the approximate solutions of 2D PME problems increases, the
magnitude of absolute errors slightly increases. This sign indicates the limitation of
the implicit scheme to approximate the two-dimensional nonlinear equation and the
linearization effect by the second-order Newton method. Although the accuracy of
the approximate solutions of 2D PME declines as the mesh size increases, which
showed very small growth in the magnitude of absolute errors for the three tested
problems, the NEDG method can make the absolute errors always smaller than both
NEGandNGSmethods. Investigation on the accuracyof the proposedNEDGmethod
becomes the future direction of this paper.

In terms of the computational complexity, which has been analyzed based on
the number of arithmetic operations implemented per iteration, the study found that
the proposed NEDG method uses a lesser number of addition and multiplication
processes for every iteration toward the solution of (1), compared to NEG and NGS
methods, see Table 4. Since the computational complexity is lesser by the NEDG
method, the number of iterations and computation time to solve 2D PME are smaller
than both NEG and NGS. Hence, it can be said that the application of the half-
sweep technique and the group of points orientations from the NEDG method has
successfully yielded a better efficiency in computing the solution for 2D PME.

6 Conclusion

In conclusion, we have presented the half-sweep implicit finite difference approx-
imation formulation for solving the 2D PME. Newton method has been applied to
form the linearized equation system, which is then solved using the derived Explicit
Decoupled Groupmethod. The numerical experiment finding clearly showed that the
proposedNEDGmethod ismore efficient in the number of iterations and computation
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time in solving 2D PME problems than the NEG and NGS methods. Although the
half-sweep technique used by theNEDGmethod considers only half of the totalmesh
points for the iteration process and direct approximation for the remaining points,
the solutions’ accuracy is better than the NEG and NGS methods. For future work,
the theoretical convergence of the proposed NEDGmethod will be investigated. The
application of a relaxation parameter in the derivation of the NEDGmethod will also
be studied.
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Prediction of Gestational Diabetes
Mellitus Using Artificial Neural Network

Aqilah Saibah Abdul Rahman and Sharifalillah Nordin

Abstract This paper discusses gestational diabetes mellitus prediction using Arti-
ficial Neural Network (ANN). Gestational diabetes mellitus (GDM) is a condition
where a woman has a high blood sugar level during their pregnancy. Approximately
87.5% of all diabetes in pregnancy is GDM. GDM occurs when the body cannot
make enough insulin during pregnancy. Screening for GDM is usually conducted
in the second to third trimester. Performing tests too late in the third trimester will
increase several dangerous risks. This paper is developed to provide an early risk
prediction and information for pregnant women developing GDM. The prediction
model was developed by using Artificial Neural Network (ANN) as the machine
learning technique. The dataset used for the prediction were retrieved from a website
plos.figshare.com. The risk factors of GDM used in this paper are age, Body
Mass Index (BMI), number of times pregnant, history of hypertension, history of
preeclampsia, history of pregnancy-induced hypertension, fasting plasma glucose,
1-h plasma glucose, and 2-h plasma glucose. Two experiments have been conducted
in order to achieve the highest accuracy model. With the highest accuracy of 96.8%,
the correctness and evaluation of the model were analyzed by using confusion matrix
and performance matrix. The best model was then used to apply in Android Studio
to develop a prototype which is an interactive mobile application for predicting and
monitoring Gestational Diabetes Mellitus in pregnancy.

Keywords Gestational diabetes mellitus · Prediction · Artificial neural network

1 Introduction

Gestational diabetes mellitus is a condition where a woman has a high blood sugar
level during their pregnancy. Approximately 87.5% of all diabetes in pregnancy is
gestational diabetes mellitus (GDM) [1]. GDM usually happens in the second half of
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pregnancy. Usually, the time range where the doctor will check for GDM is between
week 24 and week 28.

Diagnosing women with GDM is crucial during early pregnancy to reduce
maternal and neonatal morbidity. Based on the current screening guidelines, there
will be two tests to diagnose GDM. According to reference [2], the first diagnostic
consists of a 50 g of oral glucose challenge test performed after 24 weeks gesta-
tion, followed by a second diagnostic test guideline. If the patient is at high risk,
but the test results are normal, the doctor might test again later in pregnancy to get
the confirmation. This will require more time to do the screening again and need to
spend longer time due to limited resources at the hospital [3]. However, according
to reference [4], the studies on risk factor analysis did not consider the details of
gestational trimesters. The mix of maternal demographic and characteristics of the
pregnant women can predict the risks of GDM as early as the first trimesters of
pregnancy.

According to reference [5], screening for GDM is usually conducted at 24–
28 weeks which is around the second to third trimester of pregnancy because during
the second trimester, insulin resistance and glucose resistance increases in women
who do not have the ability to produce enough insulin to adopt this resistance.
Performing tests too late in the third trimester limits the time in which metabolic
interventions can take place. Gestational diabetes can lead to increased risk of high
blood pressure during pregnancy and also increase the risk of having a large baby
where the baby needs to be delivered by caesarean section (C-section). Besides, if it
is left untreated, it would lead to having diabetes type 2 later in life. Type 2 diabetes
is diagnosed in up to 10% of women soon after delivery with a history of GDM [6].

If we can predict disease earlier, we can improve health and improve outcomes.
Machine learning algorithm is one of the AI techniques that are capable of predicting
the percentage of a pregnant woman who was diagnosed with gestational diabetes
mellitus earlier. Machine learning methods application can give a worthy informa-
tion and prediction on health risks based on the electronic health record dataset.
According to reference [7], the recent machine learning algorithms progress in
designing and applying it on the Electronic Health Record (HER) dataset has given
positive results. Machine Learning algorithms facilitate the development of intelli-
gence into a machine. Hence, it can perform better in the future using the experience
that has been learned. In this research, the early prediction of GDM will be made
based on multiple common risk factors of the pregnant woman.

2 Related Works

This section explains the summary of existing related work which is from previous
research related to prediction of gestational diabetes mellitus using machine learning
technique. Moreover, this project is motivated from the thesis produced by the
previous research. All of this research explains how the predictions were conducted
in different techniques and approaches.
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Reference [8] proposed to make a prediction model for gestational diabetes
mellitus (GDM) with macrosomia based on risk factor analysis and provide sugges-
tions in preventing and controlling strategies for GDM along with macrosomia. The
total of 1981 of pregnant women with GDM and macrosomia were chosen by using
cluster random sampling. The risk factors of GDM were single pregnancy and age
below 49 years old, having the possible factor of GDM without other diseases, and
body mass index (BMI), more than one pregnancy, metabolic disease, and assisted
reproduction. The result shows that the four prediction models used in this study
produced the classification accuracy of 86% by using these risk factors as variables.
The result for the experiment shows that in terms of the comparison parameters,
ANN model produced a higher result. According to Reference [9], SVM and ANN
were the two most consistent machine learning techniques used for classification.
Based on the previous study, it can be found that SVM technique has been applied
in various applications such as biometrics, sentiment analysis and security [10].

A study by Reference [11] focuses on predicting GDM by considering various
risk factors using ensemble classification techniques. In this paper different ensemble
learning models were used for prediction of GDM. The dataset used for testing the
model were collected from the local hospitals of Mysuru, Karnataka state, India. The
risk factors that were used to make predictions are age, history of fetal loss, history
of congenital anomalies, history of macrosomia, family history of diabetes, obesity,
history of preeclampsia, number of times pregnant, neonatal loss, and history of
GDM.

According to Reference [12], the paper aims to make an early prediction of
high risk gestational diabetes mellitus via different machine learning models. The
advanced machine learning models were then being developed such as using Deep
Neural Network (DNN), Support Vector Machine (SVM), K-Nearest Neighboring
(KNN), and Logistic Regression (LR), based on the features that has been selected
using feature selection method.

In Reference [4] work, five machine learning models are used to construct the
predictive models of GDMwhere it shows the future risks of GDM. The dataset used
was from a nested case–control study cohort which consists of 33,935 gestational
women in West China Second Hospital.

Author in Reference [13] proposed a prediction of gestational diabetes by using
datamining. This paper aims to use suitable datamining and classification techniques
to determine the best method to be used to classify pregnant women whether they
have diabetes or not. The dataset used in this paper were PIMA Indians diabetes
dataset.

In Reference [14], the author proposed a machine learning based system for
predicting diabetes risk using mobile devices. The system provides some sugges-
tions and knowledge about diabetes. Four machine learning (ML) algorithms were
performed in this experiment as the comparative analysis. As a result, it turned out
that the Decision Tree (DT) classifier (J48) outperforms among all the four ML algo-
rithms with an accuracy of 89%. Hence, the experiment was proceeded by using DT
classifier to design the mobile based application for predicting diabetes using real
world dataset. The dataset is gathered from a reputed hospital in the Chhattisgarh
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state of India consisting of the common symptoms of developing diabetes and regular
activities of the patient.

3 Proposed Architecture

As this project requires prediction, supervised machine learning is used rather than
unsupervised and reinforcement training since supervised learning uses patterns to
predict the values of the label on additional unlabeled data. It can be proved that
supervised learning is more suitable in healthcare AI data analytics more than the
unsupervised category because an outcome is considered as mandatory for every
healthcare [15]. Supervised machine learning obtains a set of inputs along with the
corresponding correct outputs, and the errors will be found by comparing the actual
and the correct outputs. The examples of supervised learning algorithms are Nearest
neighbor, naïve bayes, decision tree, linear regression, support machine vectors,
neural network. For the prediction of diabetes in this paper, the model is built using
python language and the Jupyter Notebook was used to write the Artificial Neural
Network (ANN) Algorithm. Figure 1 shows a flowchart design of this project using
the machine learning technique which is Artificial Neural Network (ANN).

The architecture design in this project will be describing the input, process, and
output of the system. Figure 2 shows the architecture design of the system. Based on
the figure, the users need to insert all the input required by the application. The input
will then be processed by using ANN model and it will display the result based on
the user’s input.

4 Methodology

Artificial Neural Networks or ANNs are connectionist systems where it describes
how the brainworks in living organisms. The neural network is amethod underwhich
manymachine learning algorithmswork to process complex data. An artificial neural
network works on three layers for classification which were used to classify the class
[16]. Input is taken by the input layer. The hidden layer will then process the input.
Finally, the output layer sends the calculated output similar to dendrite terminals
[17]. ANN application to diagnosis is popular where ANN are increasingly used to
make decisions for healthcare management [18]. Figure 3 shows the structure of an
artificial neural network.

The advantages of using neural network models in diagnosis or healthcare are
their ability to generalize in addressing both the nonlinear and fuzzy nature of the
patients’ data. Unlike many other prediction techniques, ANN does not impose any
restriction on the input variables. Besides, in the healthcare industry, ANN includes
high accuracy in decision making, increased confidence, creating medicine tools,
and reducing costs. Other than that, ANN can be used to solve problems that are
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Fig. 1 Flowchart of ANN model

Fig. 2 Architecture design of the system

related to text data. The process to develop the ANNmodel includes data collection,
data pre-processing and classification.
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Fig. 3 Structure of artificial neural network

Fig. 4 Samples of data

4.1 Data Collection

The dataset was retrieved from plos.figshare.com on Screening gestational diabetes
mellitus: The role of maternal age by reference [19] with the advice from doctors
from Obstetrics and Gynecology (O&G) Department, Faculty of Medicine, UiTM
Sungai Buloh. The data collection is a secondary data which is a processed data. The
dataset consists of 12 attributes with 946 records of pregnant women. Figure 4 shows
the sample of the first seven data in the dataset. The data consists of the profile of
the patients with GDM and patients without GDM based on the risk factors.

The 12 attributes in the GDM dataset are Age, Birth_Weight, BMI (Body
Mass Index), Parity (Number of times pregnant), history_of_HTN (hypertension),
history_of_preeclampsia, history_of_PIH (Pregnancy-induced Hypertension), FPG
(Fasting Plasma Glucose), 1hPG (1-h Plasma Glucose), 2hPG (2-h Plasma Glucose),
and GDM (Gestational Diabetes Mellitus).

4.2 Data Pre-Processing

All the data pre-processing was done using Jupyter Notebook software tools with
python language. Pre-processing analysis describes how the process of data cleaning
and data normalization were performed to improve the data. From the exploratory
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Table 1 Number of missing
values

Attributes Number of missing values

Birth_Weight 109

BMI 112

Parity 1

2hpg 1

data analysis, the missing values were identified in four attributes which are
Birth_Weight, BMI, Parity, and 2hpg. Table 1 shows that this dataset consists of
223 missing values in total. The missing values were then be replaced with the mode
value in the column since imputing missing data with mode value can be done with
numerical and categorical data.

Next, removing the columns that are highly correlated were also performed. The
dataset shows that attributes Birth_Weight and BMI are highly correlated. If the
attributes remained in the dataset, the attributes will not be meaningful. Attribute
Birth_Weight was chosen to be removed. This is because attributes BMI already
covered the value of weight and height of a person. Therefore, there are in total
of 11 attributes that will be used to perform the prediction. The finalized attributes
that will be used are Age, BMI, Parity, history_of_HTN, history_of_preeclampsia,
history_of_PIH, FPG, 1hPG, 2hPG, and GDM.

The normalization was then performed using Min Max Scaler (MMS). MMS
normalization will transform the data in range of 0 and 1. The comparison between
the result that usedMMS and without usingMMS has been experimented to see how
normalization affects the result and performance of the prediction.

4.3 Classification

In order to classify the GDM status of pregnant women whether it is high risk or
low risk, the artificial neural network classifiers were modelled and designed using
Tensorflow library. The dataset was split into a training and testing dataset. In this
experiment, different sizes of splitting dataset have been experimented to see how the
size of data will affect the accuracy result of ANN. Table 2 shows the sample size of

Table 2 Sample size of data Training
dataset (%)

Testing
dataset (%)

Size of
training
dataset

Size of testing
dataset

90 10 850 95

80 20 756 189

70 30 661 284

60 40 567 378
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data used to make the comparison. The highest accuracy achieved will be evaluated
by using confusion matrix and performance matrix to measure the correctness of the
model.

5 Results

In this section, the result that has been achieved after experimental design will be
discussed. The classifiers namely ANN were experimented using several different
ratios of training and testing data. Following Table 3 depicts the average accuracy
result achieved. Without performing Min Max Scaler (MMS) normalization, the
average accuracy achieved is 95.6% with all four sizes of testing data. Among all
the sizes of testing data being experimented, the testing dataset with the ratio of
90:10 data shows the highest accuracy which is 96.8%. An experiment of ANN
with Min Max Scaler (MMS) also has been performed to see how normalization
affects the result and performance of the prediction. Based on the table, it shows
that the average accuracy achieved is lower when using MMS normalization method
compared to without using MMS normalization with the difference of 0.02% The
reasons why MMS normalization produces lower accuracy are most likely because
of the high-dimensional data and not enough training samples.

The evaluation of the model will then be analyzed by using a confusion matrix.
The model that will be evaluated is according to the size of the training and testing
dataset that has the highest accuracy achieved in the partitioning analysis. Table 4
shows the highest accuracy achieved in the partitioning analysis.

According to the confusion matrix result for testing dataset, which is shown in
Table 5, the model misclassified 1 instance as being predicted to have diabetes when
in reality they actually have no diabetes. Besides, for False Positive, the model
misclassified 2 instances, as being predicted to have no diabetes but in reality, they
actually have diabetes.

Table 3 Accuracy results Ratio of data splitting ANN (%) ANN + MMS (%)

90:10 96.8 95.7

80:20 94.7 96.2

70:30 95.4 95.4

60:40 95.5 94.4

Average 95.6 95.4

Table 4 Highest result
accuracy achieved

Training dataset Testing dataset Accuracy (%)

850 95 96.8
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Table 5 Confusion matrix Predicted class

No diabetes Diabetes

Actual class No diabetes 84 (TP) 1 (FN)

Diabetes 2 (FP) 8 (TN)

Table 6 Performance matrix Accuracy Sensitivity (recall) Specificity Precision

0.968 0.99 0.80 0.98

Next is the evaluation of the performance matrix based on Table 6. It can be seen
that this model has high Sensitivity with a value of 99%. This means that, for all the
patients who actually have no diabetes, 99% were correctly predicted as having no
diabetes. Next, compared to the Sensitivity, this model has slightly lower Specificity
as 80% of the instances were correctly classified as diabetic where in reality, they are
actually diabetic. This means that around 30% of the instances were misclassified
as having no diabetes when in reality they actually have diabetes. Lastly, this model
also has a high precision with 98% meaning that 98% of the overall testing data
were correctly predicted to have no diabetes out of all patients who are actually not
having it. Having a high precision value is neededwhenworking formedical problem
statements as it involves with human’s life.

Following figure represents the mobile application that has been developed based
on the highest accuracy of the ANN model. The application was developed using
Android Studio with Java language and Tensorflow lite for the code implementa-
tion of the ANN Model. In order to make the prediction, the users need to provide
information which are the risk factors of GDM as the input shown in Fig. 5 and the
application can predict whether the result is low risk or high risk. In healthcare, each
description should have a unique and understandable meaning [20]. In this applica-
tion, the medical terms that were used to get the input from users were simplified to
make it more understandable.

After the risk factors of GDM form has been filled by the user, the Prediction
Result interface will show up. This interface will display the percentage result as
well as the possibility of users to develop GDM whether it is high risk or low risk.
In this application, users will also be provided with information about GDM such as
the risk factors and the suggestion on monitoring food and dietary intake for those
who are at high risk. Figure 6 shows the example of prediction risk result.
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Fig. 5 GDM prediction page on mobile application

Fig. 6 Example of risk prediction results
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6 Conclusion

The aim of this paper is to propose a prediction of GDM for pregnant women using
machine learning technique which is Artificial Neural Network (ANN). Two types of
experiments have been performed to achieve the best accuracy. The first experiment
was by performing the prediction by using different ratios of training and testing
dataset and the second experiment was comparing the accuracy result between ANN
with Min Max Scaler normalization and ANN without Min Max Scaler normaliza-
tion. The highest accuracy model was then implemented in Android Studio as the
prototype. This prediction of GDM using machine learning techniques has a signifi-
cant potential in the medical field for prediction of various types of medical data. As
future directions, a larger dataset with more features will be trained and tested and
further investigations will be conducted for a better result.
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Detecting Risk of ACL Injury Using
CNN-Expert System

Natasha Nazamil, Nurzeatul Hamimah Abdul Hamid, Raihana Sharir,
Azliza Mohd Ali, and Rozianawaty Osman

Abstract Anterior Cruciate Ligament (ACL) injuries often occur during dynamic
physical activities which have sudden change of direction, sudden stops/brakes and
jump landings movements. There is no self-healing in ACL injury. Even with a high-
cost surgery, it requires a long recovery period. Thus, ACL injury risks screening
application can bring a huge impact in sports science. This paper presents the devel-
opment of ACL injury application using the Landing Error Scoring System (LESS).
We propose an application to screen the risk of ACL injury using a hybrid system
of Convolutional Neural Networks (CNN)-Expert method. We capture images of
participant jump landing from 30 cm high box. These images are then fed into the
CNN-Expert system model. 12 models are created and trained to classify the first
twelve items out of the seventeen items in the LESS protocol respectively. The 12
models are then integrated into a system which and calculate the total risk score.
The system yields a promising result with 70% of accuracy predicted risk level.
Compared to the three-dimensional screening, the application is more convenient
with less cost.
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1 Introduction

Anterior Cruciate Ligament (ACL) is the main ligament that gives stability during
the knee’s movement. Often sports’ vigorous physical activities such as immediate
change of direction, sudden stops/brakes, and jump landings movements [1–5] cause
injury to theACL [6, 7].When the knee experiences excessive loading, it can partially
or completely tear the ACL [1, 2, 8–10].

ACL injuries has no self-healing [9, 11]. Even with surgery, ACL takes a long
period of time to heal [9, 11–13]. Additionally, the cost to perform ACL reconstruc-
tion surgery in hospitals and medical centres in Malaysia is extremely high within
the range of RM 21,200.41 to RM 29, 539.61 [14]. Consequently, having an ACL
injury will affect a persons’ health quality as well as their financials [4, 15].

ACL injury risk screening should be done prior to any injury as an act of preven-
tion. Sharir [16] states that injury screening should be performed to help Malaysian
coaches to optimize athlete’s performances, training program and to prevent injuries.
Nonetheless, not manyMalaysian coaches acknowledge the ACL injury risk. Conse-
quently, it is impossible for them to predict whether their athletes at-risk of ACL
injury [16].

Currently, experts use the in-lab motion capture method using three-dimensional
motion analysis [17–19] to perform ACL injury screening. The approach is the ACL
injury screening benchmark which requires specialized equipment. The screening
process is time-consuming and expensive [20]. ACL injuries also affect athletes’
career performances due to long periods of ACL reconstruction recovery [21–23].

Advanced statistical approaches and machine learning algorithms can help in
predicting and profiling the ACL injury [4]. Machine learning can provide a system
that classifies the participants with high or low risk of having ACL injury. It bridges
the gap between laboratory motion analysis and the outside world. Landing Error
Scoring System (LESS) protocol assess the risk level based on the position of an
individual performing a 30 cmheight box jump from the frontal and side view. Images
from the position can be fed into a trained convolutional neural networks (CNN) to
assess the risk. CNN is a machine learning technique that have been successfully
applied in image identification applications [24–28].

By developing a CNN-Expert System mobile application it could act as a useful
and convenient tool identifying the classification of ACL injury risk where less
equipment is needed. There are 12 models (for 12 LESS item) and five rules’ items
applied into the system and produce 70% of accurately predicted risk level. This
system analyzes the participants through a two-dimensional video analysis without
the use of markers and having the need to commute to the laboratory for screening.
Additionally, it reduces the occurrence of ACL tear since early prevention actions can
be taken before hand. Financially, this system is relevant where it only requires access
to the system and no additional equipment is needed. Moreover, since prevention
actions can be made, users will not have to spend a big amount of money for injury
treatments.
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This paper describes the application ofACL injury risk usingCNN-Expert system.
The process beginswith collecting image data, then applied the CNN-expert systems.
Finally, the best model is selected, and the system development is carried out.
Section 2 discusses related works of ACL and LESS score. Followed by Sect. 3
explained the methodology of the research. Then, Sect. 4 discussion of the results.
Lastly, conclusions will be made in Sect. 5.

2 Related Works

Risk factors consist of predictive parameters to distinguish injured and non-injured
participants. These parameters identify whether the participant is at risk of having
ACL injuries [4, 29]. ACL injuries aremultifactorial. The non-modifiable risk factors
have non-changeable features such as genetics, sex, ACL size, and bone structures.
In contrast, the modifiable risk factors are changeable through intervention, such as
knee flexion angles [4, 30–32].

Screening methods prove to be effective in identifying the risk of ACL injury
among young athletes [28]. While laboratory-based methods are more accurate in
screening the risk, it is not a cost-effective procedure than field setting screening
methods. The five standard ACL screening methods are the Observational Screening
of Dynamic Knee Valgus (OSDKV), Landing Error Scoring System (LESS), Clinic-
based Algorithm, 2D-Cam Method, and Tuck Jump Assessment [19]. The LESS
method has predictive validity and requires less extensive equipment and time than
the Clinic-based Algorithm. Consequently, LESS is a more practical approach for
general community-wide use [33–35].

LESS is a score-based system that has 17 scored items continuous point scale.
The items analyze We observe the maximum flexion, global fluidity, and range of
motion by analyzing the frontal and sagittal plane videos of the lower extremity and
trunk positioning during initial ground contact in the drop vertical jump movement
[36]. A low score infers a good jump-landing technique and indicates a reduced
ACL injury risk [34, 36]. Although LESS takes less time than the other methods, its
implementation is also clinician-dependent. Nonetheless, the automation of LESS
screening using a machine learning approach is possible [37].

3 Methodology

3.1 Data Collection

Data are collected based on LESS screening test. LESS screening participants are
required to do jump landing from a 30 cm high box to a distance. The distance is 50%
of their height away forward from the box, and down to a force platform. During
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the jumping the motion data will be recorded using high-speed video camera which
will be taken from both frontal and sagittal plane (see Table 2). Each participant
performs the tasks in three trials. The first standard cameras are placed at the frontal
and the second camera captures the sagittal plane of the task performing area. The
collected data are divided into 80% training and 20% validation. The definition and
scoring for each item are presented in Table 1. The item number is also referring to
the rules used in the CNN-Expert System. Subsequently, the score is an indicator of
the participant’s risk of having ACL injury. A LESS score of 5 and higher indicates
a high ACL injury risk [37].

3.2 CNN-Expert System

Figure 1 shows the CNN-Expert system architecture. The input of the system are
images of the participants’ jump-landing task from frontal and sagittal view during
initial contact and maximum knee flexion as shown in Table 2. Depending on the
respective LESS rules, the collected images are fed into different CNN models.

From the CNNmodels, the scores are evaluated using forward chaining reasoning
in the scoring system. Figure 2 shows the mapping of the image input to their
respective rules and classifications. The classifications of each model are based on
the scoring in Table 1. The total scores obtained are then further mapped into the
respective ACL risk level in Table 3.

We adapt the equipment setup for data collection based on [35]. Figure 3 shows
the standard equipment placement during the data collection process. In the jump-
landing task, the participants are required to jump from a 30 cm high box and forward
to 50% of their height on to a force plate.

The images from sagittal view during initial contact correspond to Rule 1, Rule
2, Rule 3 and Rule 4 models. Whereas, only the image from sagittal view during
maximum knee flexion corresponds to Rule 12 model. Then, the combination of
sagittal views images classified in Rule 2 and Rule 3 models to obtain the classifica-
tion for Rule 13 and Rule 14 respectively. Rule 16 further evaluates the overall joint
displacements, based on Rule 1, Rule 2 and Rule 3 classifications.

The images from frontal view during initial contact are classified using Rule 5,
Rule 6, Rule 7, Rule 8, Rule 9, Rule 10 and Rule 11 models. Whereas, Rule 15
and Rule 5 focus on a similar body posture. Rule 15 uses both images from frontal
view during initial contact and maximum knee flexion. Rule 17 describes the overall
impression of the participants jump based on Rule 15 and Rule 16 classification.

3.3 System Development

This project adopt the CNN and knowledge-based system development approach.
There are 12 convolutional neural network models developed. The remaining 5 rules
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Table 1 LESS operational definition for 17 items [37]

No/rule Item Operational definition of error Score

1 Knee flexion: initial contact The knee is flexed less than 30o 0 = Absent
1 = Present

2 Hip flexion: initial contact The thigh is in line with the trunk 0 = Absent
1 = Present

3 Trunk flexion: initial contact The trunk is vertical or extended
on the hips

0 = Absent
1 = Present

4 Ankle plantar flexion: initial
contact

The foot lands heel to toe or with a
flat foot

0 = Absent
1 = Present

5 Medial knee position: initial
contact

The center of the patella is medial
to the midfoot at initial contact

0 = Absent
1 = Present

6 Lateral trunk flexion: initial
contact

The midline of the trunk is flexed
to the left or the right side of the
body

0 = Absent
1 = Present

7 Stance width: wide initial contact The feet are positioned greater
than shoulder width apart
(acromion processes)

0 = Absent
1 = Present

8 Stance width: narrow initial
contact

The feet are positioned less than
shoulder width apart (acromion
processes)

0 = Absent
1 = Present

9 Foot position: external rotation The foot is externally rotated more
than 30o between initial contact
and maximum knee flexion

0 = Absent
1 = Present

10 Foot position: internal rotation The foot is internally rotated more
than 30° between initial contact
and maximum knee flexion

0 = Absent
1 = Present

11 Symmetrical initial foot contact:
initial contact

One-foot lands before the other
foot or one foot lands heel to toe
and the other foot lands toe to heel

0 = Absent
1 = Present

12 Knee flexion displacement The knee flexes less than 45°
between initial contact and
maximum knee flexion

0 = Absent
1 = Present

13 Hip-flexion displacement The thigh does not flex more on
the trunk between initial contact
and maximum knee flexion

0 = Absent
1 = Present

14 Trunk-flexion displacement The trunk does not flex more
between initial contact and
maximum knee flexion

0 = Absent
1 = Present

15 Medical knee displacement At the point of maximum medial
knee position, the center of the
patella is medial to the midfoot

0 = Absent
1 = Present

16 Joint displacement Soft: the participant demonstrates
a large amount of trunk, hip, and
knee displacement

0 = Soft
1 = Average
2 = Stiff

(continued)
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Table 1 (continued)

No/rule Item Operational definition of error Score

Average: the participant has some,
but not a large amount of, trunk,
hip, and knee displacement

Stiff: the participant goes through
very little, if any, trunk, hip, and
knee displacement

17 Overall impression Excellent: the participant displays
a soft landing with no
frontal-plane or transverse-plane
motion

0 = Excellent
1 = Average
2 = Poor

Average: All other landings

Poor: the participant displays large
frontal-plane or transverse-plane
motion, or the participant displays
a stiff landing with some
frontal-plane or transverse-plane
motion

Table 2 View and phase of the motion data recorded

View
Phase

Ini a l  contact Maximum knee flexion

Frontal

Sagi a l
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Fig. 1 CNN-expert system architecture

Fig. 2 The mapping of the input, CNN models and classification

Table 3 Range of LESS score and its classification [37]

LESS score <5 >4 to ≤5 ≥5 to ≤6 >6

Classification Excellent Good Moderate Poor

are based on the existing 12 models. Every model contains, convolutional layers and
hidden layers. The hidden layers consist of dense layers, max pooling layer, and
activation layer where the models are built using Keras Tensorflow.

Each model has similar 80% of the data are used for training and 20% are used
for validation. Each model contains two two-dimensional convolutional layers with
32 nodes, a two-dimensional convolutional layer with 64 nodes and a dense layer
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Fig. 3 Placement of
equipment during data
collection. Source [35]

with 64 nodes. The layers also contain L2 regularizing function to reduce overfitting.
Each layer contains reLU activation function and a two-dimensional max pooling
layer with a 2 by 2 strides. The parameters are defined by several trial and error
based on training and validation charts. Every model was trained with a standardized
number of epochs which allows all models to be tested equally within those epochs.
These models were also trained within 50 epochs following previous studies, [38,
39]. This allows the models to be evenly evaluated based on the type of optimizer and
the presence of regularizing function. Table 4 shows the difference of the models for
Rule 1, Rule 4, and Rule 12 where the models contain different optimizers which are
RMSprop, SGD and Adam. All three models also contain L2 regularizing function.
However, for Rule 2, Rule 3, Rule 5, Rule 6, Rule 7, Rule 8, Rule 9, Rule 10 and
Rule 11, the difference in the models are shown in Table 5. Four different models
are tested where model A and B consists of RMSprop as the optimizer but vary in its
regularizing function where model A contains no regularizing function and model B
with L2 as its regularizing function. As for model C and D, they differentiate in its
optimizer functions which are SGD and Adam. Both model C and D contains L2 as
its regularizing function.

Table 4 Difference in the
models for Rule 1, Rule 4,
and Rule 12

Model Optimizer Regularizing function

A RMSprop L2

B SGD L2

C Adam L2
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Table 5 Difference in the
models for Rule 2, Rule 3,
Rule 5, Rule 6, Rule 7, Rule 8,
Rule 9, Rule 10 and Rule 11

Model Optimizer Regularizing function

A RMSprop None

B RMSprop L2

C SGD L2

D Adam L2

The knowledge-based system then be designed to classify the risk levels of ACL
injury using forward propagation which the parameters obtained were compared to
the rules and provides a final solution. Since the testing data were unbalanced, the
best model for each rule was based on the F1 score [40] where the highest F1 score
among the models will be the chosen model for its respected rule. We conduct the
testing phase by feeding the model with images that vary in classifications. The
testing results were evaluated based on each rule model, respectively, to ensure the
models’ reliability. We then compare the calculated scores to the expert’s analysis.

4 Results and Discussion

There are 17 rules and 12 CNNs models were developed in this project. There rules
and models are presented in Table 6. A total number of 13, 288 images used as an
input to the CNN-Expert System. Rule 1 model classifies the knee flexion and joint
displacement using sagittal images during initial contact. Rule 1 model was also
divided into another three model—A, B and C and implemented L2 regularizing

Table 6 Number of rules, CNNs model and number of images

Rule CNNs model No of images

1 Knee flexion: initial contact 1090

2 Hip flexion: initial contact 1312

3 Trunk flexion: initial contact 1072

4 Ankle plantar flexion 1063

5 Medial knee position: initial contact 1076

6 Lateral trunk flexion: initial contact 1084

7 Stance width: wide 1088

8 Stance width: narrow 1074

9 Foot position: external rotation 1189

10 Foot position: internal rotation 1034

11 Symmetrical initial foot contact: initial contact 1090

12 Knee flexion displacement 1116

Total 13,288
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functions and vary in its optimizer. Model B with SGD optimizer produce highest F1
score, 0.8046. While Rule 2 model classifies the hip flexion and joint displacement
using sagittal images during initial contact and maximum knee flexion. The model
uses 875 images for training and 455 images for validation. This rule model divided
into another 4 model with a different optimizer. Model A produce higher F1 score
(0.5333) using RMSprop optimizer.

Rule 3 model classifies the trunk flexion and joint displacement using sagittal
images during initial contact and maximum knee flexion. The number of images
for training this model were 857 images and validation 215 images. To determine
the appropriate model for Rule 3, three different models are trained. Each model
contains L2 regularizing functions and vary in its optimizer functions. The results
of each model vary in its training and validation scores. Model B using RMSprop
optimizer is the best model for Rule 3 because it has the highest F1 score of 0.7077
compared to Model A and Model C.

Rule 4 model classifies the ankle plantar flexion using sagittal images during
initial contact. 845 images were used for training and 218 images for validation.
To determine the appropriate model for Rule 4, three different models (A, B and C)
were trained. Eachmodel contains L2 regularizing functions and vary in its optimizer
functions. Model C is the best model for Rule 4 with the highest F1 score of 0.8387.

Rule 5 classifies the medial knee position and medial knee displacement using
frontal images during initial contact and maximum knee flexion. Images data was
divided into 755 images for training and 321 images for validation. To determine the
appropriate model for Rule 5, four different models were trained. Model A contains
no regularizing function while Model B, C and D contains L2 regularizing functions.
Also, the models vary in its optimizer functions. The result shows that Model A is
the best model for Rule 5 with the highest F1 score of 0.4889.

Rule 6 model use 916 data for training and 168 data for testing. Rule 6 model
classifies the lateral trunk flexion using frontal images during initial contact and
maximum knee flexion. To determine the appropriate model for Rule 6, four different
models are trained. Model A contains no regularizing function while Model B, C
and D contains L2 regularizing functions. Also, the models vary in its optimizer
functions. Model A is the best model for Rule 6 with the highest F1 score of 0.5385.

Rule 7 model classifies the wide stance width using frontal images during initial
contact. This model uses 870 images data for training purposes and 218 images for
validation. To determine the appropriate model for Rule 7, four different models are
trained. Model A contains no regularizing function while Model B, C and D contains
L2 regularizing functions. Also, the models vary in its optimizer functions. Model
B is the best model for Rule 7 with the highest F1 score of 0.5714.

Rule 8 model classifies the narrow stance width using frontal images during
initial contact. This model uses 716 images for training and another 358 images for
validations. To determine the appropriate model for Rule 8, four different models
were trained. Model A with no regularizing function while Model B, C and D with
L2 regularizing functions. Also, the models vary in its optimizer functions. Model
A is the best model for Rule 8 with the highest F1 score of 0.5000.
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Rule 9 model uses 971 images for training and 218 images for validation. Rule 9
model was built to classify images based on the foot position whether it is externally
rotated or not using frontal images during initial contact. To determine the appropriate
model for Rule 9, four different models are trained.Model A contains no regularizing
functionwhileModelB,CandDcontainsL2 regularizing functions.Also, themodels
vary in its optimizer functions. Model D is the best model for Rule 9 with the highest
F1 score of 0.2857.

Rule 10 Model was built to classify images based on the foot position whether it
is internally rotated or not using frontal images during initial contact. The images are
divided into 817 training and 217 validation images. To determine the appropriate
model for Rule 10, four different models are trained. Model A contains no regular-
izing function while Model B, C and D contains L2 regularizing functions. Also, the
models vary in its optimizer functions. Model A is the best model for Rule 10 with
the highest average validation accuracy of 0.9449.

Rule 11 model classifies the symmetrical initial foot contact using frontal images
during initial contact. The images are divided into 871 training and 219 validation
images. To determine the appropriate model for Rule 11, four different models are
trained. Model A contains no regularizing function while Model B, C and D contains
L2 regularizing functions. Also, the models vary in its optimizer functions. The
results show that all four models contain the same F1 score. However, Model A has
the highest average validation accuracy of 0.9073 as compared to Model B, Model
C and Model D. Hence, Model A was chosen as the best model.

Rule 12model classifies the knee displacement using sagittal images during initial
contact and maximum knee flexion. The images were divided into 892 training and
224validation images.Todetermine the appropriatemodel forRule 12, three different
models are trained. Each model contains L2 regularizing functions and vary in its
optimizer functions. The results of each model vary in its training and validation
scores. Model A is the best model for Rule 12 with the highest F1 score of 0.8205.

Table 7 shows the chosen model for each rule and their F1 score (average score =
0.5074). Once the models for each rule is chose, the models are then integrated into
the main system to identify the score for each of the 17 items in the LESS protocol
and the total score. 20 cases were predicted to compare to the systems evaluation
and the expert’s evaluation. Within those cases, 70% of them have accurate risk level
predicted. Finally, those models were integrated in a mobile application called My
Knee (see Fig. 4) This mobile apps, able to assist users to screen and check their
ACL injury risk.

5 Conclusion

In this paper, we propose an application in detecting risk of ACL injury using CNN-
Expert System. 12 models were created and trained to classify the first twelve items
out of the seventeen items in the LESS protocol. The 12 models were then applied
into the main system to identify the remaining five items in the LESS protocols and
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Table 7 The best models for each rule and its F1 score

Rules Best model F1 Remarks

Rule 1 Model B 0.8046

Rule 2 Model A 0.5333

Rule 3 Model B 0.7077

Rule 4 Model C 0.8387

Rule 5 Model A 0.4889

Rule 6 Model A 0.5385

Rule 7 Model B 0.5714

Rule 8 Model A 0.5000

Rule 9 Model D 0.2857

Rule 10 Model A 0.0000 Similar F1 score among models, thus the decision made upon
highest validation accuracy

Rule 11 Model A 0.0000 Similar F1 score among models, thus the decision made upon
highest validation accuracy

Rule 12 Model A 0.8205

Fig. 4 My knee: mobile
application prototype

calculate the total score with 70% of accurately predicted risk level. This application
able to classify the items in the LESS protocols using images and able to calculate the
total LESS score from four main frames taken from LESS screening videos. It is less
time consuming from evaluating the videos based on the seventeen items in the LESS
protocol. Additionally, using the system as an ACL injury pre-screening tool, reduce
costs and it is more convenient than performing three-dimensional screening. Several
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enhancements can be done in the future such as increase the accuracy by feeding
more data to the CNN-Expert System model and implementing video processing in
real time instead of images. Hence, this could automatically analyze the ACL injury
rather choosing the required images as input to the system.
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SOR Iterative Method for the Linear
Rational Finite Difference Solution
of Second-Order Fredholm
Integro-Differential Equations

Ming-Ming Xu, Jumat Sulaiman, and Labiyana Hanif Ali

Abstract In this paper, a new three-point linear rational finite difference (3LRFD)
formula is investigated, which is combined with the compound trapezoidal scheme
to discretize the differential term and integral term of second-order linear Fredholm
integro-differential equation (SOLFIDE) respectively, and then the corresponding
3LRFD-quadrature approximation equation can be derived and generate the large
and dense linear system. Additionally, the Successive Over-Relaxation method is
implemented to solve the generated linear system and ultimately obtain the numerical
solution of the SOLFIDE. To verify the effectiveness and accuracy of the proposed
method, several numerical examples are considered and solved through the classical
Gauss–Seidel method, which illustrates that the proposed method leads to a fewer
number of iterations and faster execution time, and higher accuracy.

Keywords Second-order Fredholm integro-differential equation · Linear rational
finite difference · Compound trapezoidal scheme · Successive over-relaxation
method

1 Introduction

Integro-differential equations (IDEs) as mathematical models have a great deal of
application in various fields of natural science and engineering, such as epidemic
models, fluid dynamics, oscillating magnetic field, biological models, etc. [1–3]. In
general, this class of IDEs in most practical problems is too complex to obtain their
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exact solutions. Therefore, considerable works have been focusing on the devel-
opment of efficient numerical methods for the approximate solutions of IDEs, for
instance, stochastic computational intelligence method [4], Bernstein polynomials
method [5], Spline collocation method [6], and sixth-kind Chebyshev collocation
method [7]. The primary purpose of the present paper is to get the numerical solution
of the second-order linear Fredholm integro-differential equation (SOLFIDE):

y′′(t) = p(t) y′(t) + q(t)y(t) + r(t) +
∫ b

a
K (t, u)y(u) du, a ≤ t ≤ b, (1)

y(a) = ya, y(b) = yb, where the functions p(t), q(t), r(t) and the kernel
K (t, u) are known, a, b are constants, but the y(t) is unknown function and the
solution to be determined.

In addition to polynomial interpolation, plenty of forms of rational interpola-
tion have been widespread discovered by many researchers as powerful tools for
constructing approximation functions, for example, barycentric rational interpolants
[8], barycentric Lagrange interpolation [9], and linear barycentric rational interpola-
tion (LBRI) [10]. In recent years, the linear rational finite difference (LRFD) [11–16]
method has attracted much attention as a valuable application of the derivative of
LBRI. For example, in 2018, Abdi et al. proposed applying the LRFD method to
discretize the differential part of VIDEs [17] and delay VIDEs [18]. In 2019, Abdi
and other collaborators further extended the application of the LRFD method to
solve stiff ODEs [19]. Nevertheless, there are no references to applying the LRFD
method to solve the numerical solution of SOLFIDE, which allows us to deal with the
numerical method. In this work, we combine the 3LRFD scheme with the first-order
quadrature scheme, especially the compound-trapezoidal (CT) scheme to discretize
the differential part and integral part of the SOLFIDE respectively to generate a linear
system. This combination of the 3LRFD discretization scheme and the composite
trapezoidal quadrature scheme is referred to as the three-point linear rational finite
difference-quadrature discretization scheme.

Solving any linear system has attractedmany studies to produce the fast numerical
solution of a linear system. Considering that the SORmethod [20] has the advantage
of selecting the value of relaxation factor flexibly, we mainly implement the GS and
SOR methods to obtain the numerical solution of a linear system, which generated
by using the corresponding three-point linear rational finite difference-quadrature
approximation equation.

This paper is organized into four sections, including the introduction. In Sect. 2,
we present the 3LRFD scheme, CT scheme, and SORmethod, and derive the approx-
imation equation for SOLFIDE and the process of obtaining the linear system. Some
numerical experiments are given in Sect. 3 to clarify and demonstrate the feasibility
of the constructed methods in this paper. In the end, the conclusion is given.
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2 Methodology

As mentioned in the introduction, our main objective is to solve the numerical solu-
tion of the SOLFIDE. The solution process is divided into two steps. The first step is
to apply the 3LRFD formula and CT scheme to discretize the differential term and
integral term of the SOLFIDE to get the three-point linear rational finite difference-
quadrature discretization scheme approximation equation of the Eq. (1). The second
step is to implement the SOR method to get the numerical solution of the corre-
sponding approximation equation for Eq. (1). In this section, we will derive the
solution process in detail.

2.1 Derivation of Linear Rational Finite
Difference-Quadrature Approximation Equation

Before we derive the three-point linear rational finite difference-quadrature approx-
imation equation of problem (1) based on 3LRFD and CT schemes, the following
discussion attempts to give the explanation of these used schemes. We firstly divide
the solution domain [a, b] of the problem (1) into N subintervals of equal step length
Nh = b − a, ti = ui = a + ih, i = 0, 1, · · · , N . In our study, the value of N is
given by N = 2p, p ≥ 1.

Three-Point Linear Rational Finite Difference formulas

In this subsection, we construct the 3LRFD formula, which is mainly used to
approximate the first derivative and second derivative of the problem (1).

First, let us recall the LRFD [11–13] formulas based on the LBRI function.
Let t0, t1, · · · , tm are interpolation nodes of m + 1 and y(t0), y(t1), · · · y(tm) are
corresponding values. The LBRI [10, 12] function to these data will be expressed:

Ym(t) =
m∑
j=0

⎛
⎝

(
ξ j

t−t j

)
y
(
t j

)
(∑m

j=0
ξi

t−ti

)
⎞
⎠. (2)

Floater and Hormann [10] gave the weights ξ j , j = 0, 1, · · · ,m. (0 ≤ d ≤ m).
For nodes of equal step size, the weights formulas are as follows:

ξ j = (−1) j−d

2d
∑
s∈J j

(
d

j − s

)
, Jj = {s ∈ {0, 1, · · · ,m − d}| j − d ≤ s ≤ j}. (3)

A canonical application of the LBRI function is to approximate the derivative
of the given function. In fact, the first derivative and second derivative of the LBRI
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function and evaluating them at the point t0, t1, · · · , tm , lead to the formula of LRFD
formulas to approximate y′(ti ) and y′′(ti ) as follows:

y′(ti ) ≈ Y ′
m(ti ) = 1

h

m∑
j=0

D(1)
mi, j

y(t j ), (4)

and

y′′(ti ) ≈ Y ′
m(ti ) = 2

h2

m∑
j=0

D(2)
mi, j

y(t j ), (5)

with

D(1)
mi, j

=
⎧⎨
⎩

ξ j

(i− j)ξi
, j �= i,

−∑m

l = 0, l �= i
D(1)

mi,l
, j = i. (6)

and

D(2)
mi, j

=
⎧⎨
⎩

1
i− j (

ξ j

ξi
D(1)

mi,i
− D(1)

mi, j
), j �= i,∑m

l = 0, l �= i
D(2)

mi,l
, j = i. (7)

As taking m = 2 for Eqs. (2)–(7), so we need to consider three node points to
construct the derivation of the 3LRFD formulas which been applied to approximate
the first derivative and second derivative of y(t) on ti (i = 1, 2, · · · , N − 1) as
follow:

y′(ti )=Y ′(ti )+e(1)(ti ), (8)

and

y′′(ti )=Y ′′(ti )+e(2)(ti ), (9)

in which

Y ′(ti ) = 1

h

i+1∑
j=i−1

D(1)
i, j y

(
t j

)
, (10)

and
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Table 1 The values of ξi, j , D(1)
i, j , D(2)

i, j

i = 1, 2, · · · , N − 1

ξi,i−1 ξi,i ξi,i+1 D(1)
i,i−1 D(1)

i,i D(1)
i,i+1 D(2)

i,i−1 D(2)
i,i D(2)

i,i+1

−1/2 1 −1/2 −1/2 0 1/2 1/2 −1 1/2

Y ′′(ti ) = 2

h2

i+1∑
j=i−1

D(2)
i, j y

(
t j

)
, (11)

where

D(1)
i, j =

{
ξi, j

(i− j)ξi,i
, j �= i,

−(D(1)
i,i−1 + D(1)

i,i+1), j = i,
(12)

and

D(2)
i, j =

{
1

i− j (
ξi, j
ξi,i

D(1)
i,i − D(1)

i, j ), j �= i,

−(D(2)
i,i−1 + D(2)

i,i+1), j = i,
(13)

In this study, we are going to use the 3LRFD formulas to discretize the y′(ti )
and y′′(ti ) of the problem (1) in order to derive the 3LRFD-quadrature discretization
scheme approximation equation for the Eq. (1). Here, we primarily concentrated on
the 3LRFD formulas at d = 1, and the values of ξi, j , D(1)

i, j and D(2)
i, j can be shown in

Table 1, and then the order of error accuracy can be obtained from Klein and Berrut
[11] as

∣∣e(1)(ti )
∣∣ = O(h),

∣∣e(2)(ti )
∣∣ = C (C is a constant).

Composite Trapezoidal Quadrature Formula

In this subsection, we present the CT formula. The integral term in Eq. (1) needs to
be discretized by implementing CT scheme from the family of compound quadra-
ture methods to construct a three-point linear rational finite difference-quadrature
discretization scheme approximation equation consistent with the differential term.
Generally, the quadrature scheme can be expressed as

∫ b

a
y(u) du =

N∑
j=0

Bj y
(
u j

) + δN (y), (14)

where N is the number of subintervals, u j are the u-coordinate of the point of interval
[a, b], Bj are the coefficients of numerical quadrature and δN (y) is the truncation
error. To construct the formula of the approximation equations for SOLFIDE, we
consider the CT scheme. Hence, the Bj of the CT scheme can be shown:



362 M.-M. Xu et al.

Bj =
{

h
2 , j = 0, N ,

h, others.
(15)

Substitute Eqs. (8)–(15) into Eq. (1), a general form of the three-point linear
rational finite difference-compound trapezoidal (3LRFD-CT) approximation equa-
tion can be constructed as

2

h2

i+1∑
j=i−1

D(2)
i, j y j = 1

h
pi

i+1∑
j=i−1

D(1)
i, j y j+qi yi

+ ri +
N∑
j=0

Bj Ki, j y j , i = 1, 2, · · · , N − 1. (16)

where pi = p(ti ), qi = q(ti ), ri = r(ti ), yi = y(ti ), Ki, j = K (ti , u j ).
Based on Eq. (16), the linear system can be constructed as.

Ã ỹ = b̃. (17)

where Ã = AT A, b̃ = AT b, ỹT= [y1, y2, · · · , yN−1],

b =

⎡
⎢⎢⎢⎢⎢⎣

r1 + B0K1,0y0 + BN K1,0yN − p1y0/2h − y0/h2

r2 + B0K2,0y0 + BN K2,0yN
...

rN−2 + B0KN−2,0y0 + BN KN−2,0yN
rN−1 + B0KN−1,0y0 + BN KN−1,0yN + pN−1yN/2h − yN/h2

⎤
⎥⎥⎥⎥⎥⎦

(N−1)×1

.

Therefore, the first step of the discrete process based on the 3LRFD-CT discretiza-
tion scheme has been completed, and the linear system (17) corresponding to the
approximation Eq. (16) is generated. Clearly, it can be observed that the main char-
acteristic of the coefficient matrix Ã for the linear system (17) is a large and dense
matrix. In the next subsection, we continue with the second step, which is to get the
numerical solution of the linear system (17) generated in the first step.

2.2 The Formula of Successive Over-Relaxation Method

Generally, when the coefficient matrix of the low-order dense matrix uses the direct
method to solve the exact solution of a linear system, however, coefficient matrix is
usually a higher-order dense matrix in most practical problems, so it is very chal-
lenging to apply the directmethod to obtain the exact solution. In thiswork,wemainly
implement the SOR method to obtain the numerical solution. To start the discussion
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of constructing the formula of the SOR method, let us decompose the coefficient
matrix, Ã as the summation of three matrices which is expressed as follows

Ã = D̃ − L̃ − Ũ , (18)

where D̃, L̃ and Ũ are diagonal, strictly lower triangular and strictly upper triangular
matrices respectively. Hence, the SOR method can be written as

(D̃ − ωL̃)ỹ(k+1) = ((1 − ω)D̃ + ωŨ )ỹ(k) + ωb̃, (19)

where ω is the relaxation factor. As taking ω = 1, Eq. (19) can be reduced as the
standard GS iteration method. k is the number of iterations.

According to Eq. (19), we can get

Ãi,i ỹ
(k+1)
i = Ãi,i ỹ

(k)
i + ω(b̃i −

i−1∑
j=1

Ãi, j ỹ
(k+1)
j −

n∑
j=i

Ãi, j ỹ
(k)
j ), i = 1, 2, · · · , N − 1.

The algorithm for the SORmethod to solve the linear system (17) can be described
as in Algorithm 1. Here we apply MATLAB software to achieve Algorithm 1.

Algorithm 1 Implementation of SOR method.

(a) Initializing all the values. Set k = 0 and ỹ(0)
i = 0, i = 1, 2, · · · , N − 1.

(b) For k = 1, 2, 3, · · · , perform

• Compute

ỹ(k+1)
i = ỹ(k)

i + ω(b̃i −
i−1∑
j=1

Ãi, j ỹ
(k+1)
j

−
n∑
j=i

Ãi, j ỹ
(k)
j )/ Ãi,i , i = 1, 2, · · · , N − 1.

• Convergence test. If the error of tolerance
∥∥ỹ(k+1) − ỹ(k)

∥∥ ≤ σ = 10−10 is
satisfied, then go step c). Otherwise repeat this step b).

(c) Display the numerical solution.
(d) Stop.
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3 Numerical Experiments

To better demonstrate the favourably of our numerical results for implementing the
SOR method to solve the problem (1), three numerical examples of SOLFIDE have
been considered in this paper:

Example 1 [21] Consider the SOLFIDE

y′′(t) = 32t +
∫ 1

−1
(1 − tu)y(u)du, −1 ≤ t ≤ 1, (20)

with two-point boundary conditions y(−1) = −5/2, y(1) = 15/2, and true solution
is y(t) = 5t3 + 3t2/2 + 1.

Example 2 [22] Consider the SOLFIDE

y′(t) = 2 − 16t/15 − 16t2/15 +
∫ 1

−1
(tu2 + t2u2)y(u)du, −1 ≤ t ≤ 1, (21)

with two-point boundary condition y(−1) = 1, y(1) = 3, and true solution is
y(t) = t2 + t + 1.

Example 3 [22] Consider the SOLFIDE

y′′(t) = et − t +
∫ 1

0
tuy(u)du, 0 ≤ t ≤ 1, (22)

with two-point boundary condition y(0) = 1, y(1) = e, and true solution is y(t) =
et .

For Examples 1, 2 and 3, the number of iterations (Iterations), the execution
time (Time) in seconds and the maximum values of absolute errors (Error) are got
from the application of GS and SOR methods based on the 3LRFD-CT scheme are
taken into account. As for comparison, the GS method acts as the control method for
numerical experiments. Here the number of subintervals N to be considered is 32,
64, 128, 256, and 512, and the results are reported in Tables 2, 3 and 4.

Tables 2, 3 and 4 visually show the three parameters obtained by the GS and SOR
methods based on the 3LRFD-CT scheme. It is very clear that compared with the
GS method, the SOR method has fewer Iterations, faster Time, and higher accuracy,
especially with the increase of N , the difference is more obvious, the latter is signifi-
cantly better than the former, also can see Figs. 1, 2 and 3. Finally, we calculated the
percentage reductions of the first two parameters obtained by using the SORmethod
compared with the values obtained using the GS method, which is as high as about
99%, as shown in Table 5. To sum up, there is no doubt that the SORmethod is much
more efficient than the GS method.
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Table 2 Comparison of two different iterative methods for Example 1

N Methods Iterations Time Error

32 3LRFD-GS 185,224 0.4624 1.2910E−03

3LRFD-SOR (ω) 8216 (1.89470000) 0.0262 1.2908E−03

64 3LRFD-GS 2,492,458 7.6251 3.2510E−04

3LRFD-SOR (ω) 58,845 (1.94304900) 0.2959 3.2270E−04

128 3LRFD-GS 32,429,703 232.2066 1.0914E−04

3LRFD-SOR (ω) 435,012 (1.97389410) 4.2856 8.1130E−05

256 3LRFD-GS 400,325,235 6634.2979 4.5008E−04

3LRFD-SOR (ω) 3,139,706 (1.98725000) 59.6045 2.2816E−05

512 3LRFD-GS 4,513,359,199 190,132.3872 4.9842E−03

3LRFD-SOR (ω) 21,559,438 (1.99293625) 903.6976 2.2708E−05

Table 3 Comparison of two different methods for Example 2

N Methods Iterations Time Error

32 3LRFD-GS 448,234 1.0256 5.3204E−04

3LRFD-SOR (ω) 9670 (1.9443380000) 0.0327 5.3154E−04

64 3LRFD-GS 5,959,234 27.3561 1.3904E−04

3LRFD-SOR (ω) 70,503 (1.9723800000) 0.8217 1.3323E−04

128 3LRFD-GS 76,098,613 566.8762 1.2114E−04

3LRFD-SOR (ω) 486,033 (1.9853554600) 11.9369 3.2263E−05

256 3LRFD-GS 910,442,625 14,873.0139 1.1261E–03

3LRFD-SOR (ω) 3,470,593 (1.9927109326) 58.8191 5.6794E−06

512 3LRFD-GS 9,658,341,997 414,576.0779 1.2686E−02

3LRFD-SOR (ω) 26,735,660 (1.9967859460) 1364.6092 4.7144E−02

Table 4 Comparison of two different methods for Example 3

N Methods Iterations Time Error

32 3LRFD-GS 461,118 1.0987 6.7632E−06

3LRFD-SOR (ω) 9239 (1.94229380) 0.0305 6.0313E−06

64 3LRFD-GS 6,163,295 23.7031 1.0129E−05

3LRFD-SOR (ω) 68,893 (1.97100000) 0.2732 1.4170E−06

128 3LRFD-GS 79,290,805 622.6473 9.9643E−05

3LRFD-SOR (ω) 482,127 (1.98553000) 3.7970 1.2164E−06

256 3LRFD-GS 960,096,418 6634.2979 1.1235E−03

3LRFD-SOR (ω) 3,685,270 (1.99341000) 59.6045 8.4394E−06

512 3LRFD-GS 10,428,247,925 441,013.7995 1.1207E−02

3LRFD-SOR (ω) 24,259,791 (1.99643221) 992.9554 5.3243E−05
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Fig. 1 Iterations and time versus N of two different methods in Example 1

Fig.2 Iterations and time versus N of two different methods in Example 2

4 Conclusion

In this paper, the SORmethod based on the 3LRFD-CT scheme is employed to obtain
the numerical solution of the linear system (17). One of the advantages of the method
used in our paper is mainly due to the good approximation property of 3LRFD.
Moreover, it is worth noticing that the convergence can be remarkably accelerated
by applying the SOR method with a suitable relaxation factor 0 < ω < 2. Finally,
to reflect the advantages of the proposed method, several numerical experiments are
given in the third section. The obtained results clearly show that the present method
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Fig. 3 Iterations and time versus N of two different methods in Example 3

Table 5 Percentage
reductions of SOR method
relative to GS method in
solving Examples 1–3

Methods Examples Iterations (%) Time (%)

3LRFD-SOR 1 95.57–99.52 94.33–99.52

2 97.84–99.72 96.81–99.67

3 97.99–99.77 97.22–99.77

is a cogent mathematical tool for finding the numerical solutions of SOLFIDE. Due
to the benefit of the SOR iteration family, which is categorised as one of the point
iteration family, this analysis can be generalised to deal with the application of
Alternating Group Explicit [23–25], Arithmetic Mean [26, 27] and Geometric Mean
[28, 29] iteration families can be used as the linear solver.
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Mathematical Modelling of As(V)
Adsorption by Humic Acid-Coated
Magnetite Nanoparticles
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Abstract In recent years, arsenic contamination in our surface water sources has
become a major problem. Therefore, water treatment is the key to alleviate this
problem. Adsorption as one of the polluted water remediation methods has proven
to be efficient and rapid. Its underlying mechanisms can be ascertained through
the study of isotherm, kinetics and thermodynamics parameters of the adsorption
process itself. Therefore, in the present paper, existing data of arsenate (As(V))
adsorption mechanisms by multiple samples of adsorbents will be interpreted by
modelling the data. The data were obtained from experiments conducted previously
involving humic acid-coated magnetite nanoparticles (NP). The effect of variables
such as the synthesis temperatures and humic acid concentrations on the adsorption
was thoroughly investigated via the experiments. In this paper, both linear and non-
linear models were applied, and the results were compared. The non-linear model
fitting was done with Microsoft Excel 2016 solver. The equilibrium adsorption data
was fitted to the Freundlich, Langmuir and Temkin isotherms as well as the kinetic
pseudo-first order (PFO) and pseudo-second order (PSO) models. Linear coefficient
of determination was used for linear regression while non-linear regressions was
done through the non-linear error function chi-square (χ2). The best model that fits
the experimental data were decided accordingly for the different adsorbent samples.
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1 Introduction

1.1 Overview

Water pollution is a problem prevalent with most water sources around the globe.
It is a serious issue to be addressed since it will affect every species along the food
chain. This environmental concern is further compounded with the discharge of
heavy metals and metalloids such as arsenic (As), cadmium (Cd), chromium (Cr),
cobalt (Co), copper (Cu), iron (Fe), manganese (Mn), nickel (Ni) and zinc (Zn) [1].
The main source of heavy metal contamination is primarily from human activities
involving manufacturing industries and agriculture. These metals may be directly
discharged by factories or via soil dissipation [2]. Thus, remediation needs to be
carried out to preserve our water sources and save aquatic lives. As is positioned third
among group five elements of the periodic table and has an atomic number of 32 as
well as relative atomic mass of 74.92 [3]. As has no taste and colour, thus requiring
chemical analysis to confirm its presence. It exists in either organic or inorganic form,
whereby the latter is more toxic compared to the former. The inorganic versions are
either arsenite (As(III)) or arsenate (As(V)) depending on their respective chemical
valence states. Those two forms are deemed to be common toxins in our drinking
waters [4]. Heavily populated countries such as Bangladesh, China, India, Pakistan,
Mexico and Taiwan are dealing with the threat of As poisoning. Such a major issue
needs a solution and adsorption is one of the many water treatment options that is
being extensively researched as it is effective and economical. Recent studies have
proven the ability of As removal from water using iron oxide nanoparticles (NP)
such as magnetite/maghemite. By modifying the surface, thus altering the magnetic
property of the NP, variations obtained would be beneficial as it would be applicable
to certain situation and places, such as different types of aquatic habitats. Hence,
the comprehension of adsorption mechanisms of NP is essential via modelling of
isotherms and kinetics equations [2].

For this project, we have interpreted the existing adsorption data that was obtained
experimentally and reported elsewhere [5]. This paper thus presents the results of
the adsorption data modelling. For isothermmodels, linear and non-linear Langmuir,
Freundlich and Temkin were fitted to the data while kinetic models such as pseudo-
first order (PFO) andpseudo-secondorder (PSO)were applied aswell. For allmodels,
the data fitting was done using Microsoft Excel 2016 solver. Linear and non-linear
results were compared and analysed, hence the best model to fit the experimental
data for each type of adsorbent was ascertained.
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2 Literature Review

2.1 Water Pollution Incidences

As is a powerful toxin that interacts with several biomolecules, including deoxyri-
bonucleic acid (DNA) which carries our genetic information. More than 137 million
people in more than 70 countries are expected to be affected by As-tainted drinking
water, with at least 20 cases of groundwater pollution recorded worldwide so far. In
Asia, four major incidences involving Thailand and China were reported previously.
However, with 35–77 million individuals affected, the construction of shallow wells
tapping into polluted groundwater in Bangladesh caused the largest contamination
of a population in history [6]. As a matter of fact, the elevated levels of As in water
is not limited to developing countries but in developed ones as well such as in parts
of US and Europe.

2.2 Adsorption

Adsorption is known as a process whereby pollutants such as heavy metals in
aqueous solution, adhere onto the surface of an adsorbent. This method is widely
used in environment control mainly for water and wastewater treatment. Due to its
simplicity, high efficiency, and stability against most toxic compounds in addition to
the numerous options available for adsorbent materials, this process has been exten-
sively researched. Cost-saving adsorbent materials such as agricultural residues; rice
paddy, sawdust, orange peel, almonds, peanuts, peel and wheat bran are good candi-
dates because of their high efficiency ofmetal adsorption [3]. It has been reported that
heavy metal adsorbents which are most efficient are metal oxide-based ones, such as
water treatment sludges (WTR), bog iron ores, ferrihydrite, goethite, layered double
hydroxide, Sn/Tn-Mn binary metal oxides, Al/Fe oxide-oxyhydroxide composite
powders, and red mud [1].

3 Methodology

3.1 Isotherm Models

Langmuir Isotherm. Langmuir portrays monolayer sorption on different localised
adsorption sites whereby it is assumed that the energies are uniform throughout the
surface [7]. Langmuir considers the surface coverage by balancing the relative rates
of adsorption and desorption (dynamic equilibrium) [8]. Langmuir equation in linear
form is as per Eq. (1):
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Table 1 Absorption
favourability according to
different ranges of RL

Range Absorption favourability

RL > 1 Unfavourable

RL = 1 Linear

0 < RL < 1 Favourable

RL = 0 Irreversible

Ce

qe
= 1

qmKL
+ Ce

qm
(1)

while its non-linear form is shown in Eq. (2) [8]:

qe = KLCeqm
1+ CeKL

(2)

where Ce is the concentration of adsorbate at equilibrium (mg L−1), qe is equilib-
rium adsorption capacity (mg g−1) while qm is the maximum adsorption capacity
(mg g−1). KL is Langmuir constant of the adsorption capacity (mg g−1), which can
be correlated with the variation of the suitable area and porosity of the adsorbent. A
larger surface leads to a higher pore volume and thus, higher adsorption capacity [8].
This model can be presented by a constant RL known as the separation factor (which
is a dimensionless constant) [7].

RL = 1

1+ KLCo
(3)

where Co is the initial concentration of adsorbate (mg L−1). The range of RL values
indicates the absorption favourability as shown in Table 1.

Freundlich Isotherm. Freundlich isotherm explains adsorption process that
happens onheterogenous surfaces, including active siteswith different energies based
on multilayer adsorption. It gives a definition of heterogeneity and the exponential
distribution of active sites and their energies [8]. Its linear form is as shown in Eq. (4)
[7]:

log qe = logKF + 1

n
logCe (4)

while its non-linear form is as in Eq. 5 [7]:

qe = KFC
1/n
e (5)
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whereKF is the Freundlich constant which is related to adsorption capacity while 1/n
is the adsorption intensity indicating the relative distribution of energy and hetero-
geneity of active sites. Plotting log qe against log Ce and extracting the intercept and
slope values will enable the derivation of KF and 1/n, respectively.

Temkin Isotherm. Temkin isotherm model assumes an indirect adsorbate-
adsorbent interaction. The hypothesis is that the heat of adsorption of all molecules
in the layer decreases linearly due to increased surface coverage. This isotherm is
applicable only for medium ion concentration levels. Its linear equation is shown in
Eq. (6) [8]:

qe = BT ln KT + BT ln Ce (6)

where BT is the Temkin constant which is related to the heat of sorption (J mol−1)
obtained from the slope while KT is Temkin isotherm constant ( L g−1 ) determined
from the intercept of the plot of qt against ln Ce. Its non-linear form is shown in
Eq. (7) [8]:

qe = BT ln KT Ce (7)

3.2 Kinetic Models

Pseudo-First Order (PFO). PFO which is originally known as Lagergren’s first
order equation, describes the kinetic process of liquid–solid phase adsorption and
relates the adsorption rate to the adsorption capacity. It is expressed as per Eq. 8 [9].

log
(
qe − qt

) = log qe −
k1

2.303
t (8)

whereby qt (mg/g) is the adsorption capacity at time t (min), whilst k1 (min−1) is the
PFO rate constant. Its non-linear form is according to Eq. (9):

qt = qe
(
1− e−k1.t

)
(9)

Pseudo-Second Order (PSO). This model can be defined in its linear form as in
Eq. (10) [2]:

ln
(
qe − qt

) = lnqe − ln
(
1+ k2qet

)
(10)

where k2 (g/(mg·min)) is the PSO rate constant, while its non-linear form is as shown
in Eq. (11):
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qe = k2q2
e t

1+ k2qet
(11)

3.3 Regression Methods

The isotherm parameters were ascertained by both linear and non-linear regressions.
For kinetic parameters, only non-linear regression was included.

Linear Regression. This regression involves the correlation of the linear coeffi-
cient (R2) whereby the closer its value is to unity (R2 = 1), the better the fit of the
experimental data to the linear model, which translates to the adsorption being in
accordance to the assumptions of the said model.

Non-linear Regression. Magnitude of R2 being near to unity is preferred and has
been deemed to provide the experimental data with the best fit. Nonetheless, there
are inherent biases which mainly result from linearisation. Subsequently, non-linear
regression is applied to determine alternative isotherm parameter sets. To evaluate
the fit of the isotherm equation to the experimental equilibrium data, error functions
are required to enable the optimisation procedure. One of the error functions is the
non-linear chi square (χ2) which is calculated in Eq. (12) where qecal is the calculated
(modelled) equilibrium adsorption capacity while qemeas is that from the experiment
[10].

χ2 =
n∑

i=1

(qecal − qemeas)
2

qemeas
(12)

4 Results and Discussion

In this chapter, the results obtained are presented and analysed based on the data
pre-obtained from two experiments which involved different manipulated variable
such as synthesis temperature and concentration of humic acid. Both isotherm and
kinetic models were fitted to the adsorption data and the parameters were tabulated
for analysis. The models involved are Langmuir, Freundlich, Temkin, PFO and PSO.
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4.1 Modelling of Adsorption Data at Different Synthesis
Temperatures

Isotherm models. Examining the results of the data fit to the linear Langmuir model
suggests that this particular model could be fitted to the adsorption of As(V) onto
humic acid-coated NP. The same goes for the other two isotherm model fittings,
whereby reasonable linearity were observed and are supported with the fact that their
respective R2 values are between 0.916–1, as shown in Table 2. It can be immediately
observed the R2 values are the lowest at a synthesis temperature of 90 °C compared
to the other temperatures.

Based on the data in Table 2, theKL value seems to drop with increasing synthesis
temperature of 70–80 °C, however increasing at 90 °C. The value of qm shows the
same trend with respect to the increasing synthesis temperature which indicates the
exothermic sorption of As(V) in nature. RL values of in between 0.654 and 0.952
translates into favourable adsorption. It is also observable that theKF value decreases
with increasing temperature, which proves the adsorption process to be exothermic.
The values of 1/n indicate the linearity of the adsorption and depicts the degree
of curvature of the plots obtained, which according to Table 2 are negative values
(less than 0). Since the value of 1/n should be between 0 to 1 [11], the negative
numbers obtained suggest that Freundlich isotherm may not provide the best fit to
the experimental data. The value of BT is negative which indicates the exothermic
nature of the adsorption process [12].

From the results in Table 3, it is possible to conclude that the results are not
consistent with the parameters of the linear models. Among the three isotherms, the
one with most similarity between the linear and non-linear models is Freundlich as
the KF values are the closest to each other despite not having the same trend. As

Table 2 Parameters of Langmuir, Freundlich and Temkin linear models for the adsorption data at
different synthesis temperatures

Isotherm Parameters Synthesis temperature, °C

70 80 90

Langmuir KL 26.464 2.534 9.503

qm 1.622 1.467 1.575

R2 0.999 0.999 0.995

RL 0.654 0.952 0.84

Freundlich KF 2.215 2.023 1.779

1/n −0.235 −0.161 −0.063

R2 1 0.988 0.916

Temkin KT 0.004 0.001 0

BT −0.38 −0.276 −0.113

R2 1 0.991 0.935
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Table 3 Parameters of Langmuir, Freundlich and Temkin non-linear models for the adsorption
data at different synthesis temperatures

Isotherms Parameters Size, nm (Synthesis temperature, °C)

3203 nm (70 °C) 3450 nm (80 °C) 3712 nm (90 °C)

Langmuir KL 19.48757 3561.446 397,847.2

qm 1.632434 1.716764 1.734258

χ2 0.006899 0.006899 0.05284

Freundlich KF 1.529533 1.715194 1.733047

1/n 0.038062 0.000122 4.64E-05

χ2 2.028572 0.006891 0.052834

Temkin KT 2.656969 7.741201 90,141.05

BT 0.688 0.548256 0.141967

χ2 2.039098 0.062252 0.250086

opposed to the linear Freundlich model, the 1/n values are positive and are less than
1 which seems to be much more reasonable.

Kinetic models (non-linear).
The non-linear PFO model provided a decent result of modelled qe. The value

however falls short and it’s an underestimation as it is much lower than the highest
experimental qt in each of the data set. The values of k1 and h decrease along with
increasing synthesis temperature while the modelled qe increases instead (Table 4).

The non-linear PSO model proved to be a decent fit to the data whereby the
obtained qe is higher than that of PFO (as shown in Table 5). However, the values

Table 4 Kinetic parameters of the non-linear PFO model for the adsorption data at different
synthesis temperatures

Synthesis temperature, °C Pseudo-first order parameters

k1 qe h χ2

70 0.816 1.715 2.398 0.0000

80 0.237 1.718 0.700 0.0000

90 0.093 1.780 0.295 0.0019

Table 5 Kinetic parameters of the PSO non-linear model for the adsorption data at different
synthesis temperatures

Synthesis temperature, °C Pseudo-second order parameters

k2 qe h χ2

70 347.372 1.715 1021.583 0.0698

80 15.475 1.719 45.714 0.0070

90 0.231 1.839 0.781 0.0441
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Table 6 Parameter of Langmuir, Freundlich and Temkin linear models for the adsorption data at
varying humic acid concentrations

Isotherms Parameters Concentration of humic Acid(mmol)

0 4.4 6.6

Langmuir KL −3.468 −3.162 −1.478

qm 1.546 1.523 1.232

R2 1 1 0.998

RL 1.075 1.068 1.030

Freundlich KF 1.982 1.993 2.136

1/n −0.137 −0.144 −0.235

R2 0.999 0.999 0.979

Temkin KT 0 0 0.004

BT −0.24 −0.252 −0.372

R2 0.999 0.999 0.985

still fall short when compared to the highest qt value in each data set. The values
of k2 and h values can be observed to be decreasing as the synthesis temperature
increases. Meanwhile, the value of modelled qe increases instead. Hence, the same
trends of the parameter values with respect to increasing synthesis temperature was
obtained for both the kinetic non-linear models.

4.2 Modelling of Adsorption Data at Varying Humic Acid
Concentration

Isotherm models. The three model fittings showed promising values of R2 which are
either 1 or values close to 1. This proves good reproducibility of the data and that
the three models fit the experimental data very well (Table 6).

The value of KL obtained was negative which is physically impossible, thus high-
lighting the fact that Langmuir is not suitable to be fitted to the experimental data
despite having R2 value of unity or close to unity. This fact is supported by the values
of RL being more than 1, which indicates unfavourable adsorption. The negative
values of 1/n are once again illogical. As for Temkin model, the BT values are all
negative which shows that the adsorption process is exothermic in nature.

Table 7 shows the parameters of the three isotherm models calculated by non-
linear regression. From the results, similarities are not applicable to most parameters
as different results are obtained when compared to the linear model values. However,
there are few consistent trends that can be detected. For instance, the value of qm of
the Langmuir model decreases with higher concentration of humic acid, as well as
the value of KF for both the linear and non-linear models are relatively close to each
other.
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Table 7 Parameter of Langmuir, Freundlich and Temkin non-linear models for the adsorption data
at varying humic acid concentrations

Isotherm Parameters Concentration of humic acid (mmol)

0 4.4 6.6

Langmuir KL 76.43668 524.0043 12,300.67

qm 1.779695 1.766099 1.672933

χ2 0.000999 0.002904 0.083346

Freundlich KF 1.756571 1.763361 0.456815

1/n 0.008542 0.001607 1.506893

χ2 0.001041 0.002951 0.450001

Temkin KT 142.3995 14,361.6 686.3181

BT 0.30506 0.169097 0.215776

χ2 0.004735 0.007993 0.203177

Kinetic models (non-linear)

The PFO non-linear model provided a decent result of the modelled qe, as shown
in Table 8. The values are once again an underestimation as they are much lower
than that of the highest experimental qt in each of the data set. An exception is the
6.6 mmol sample whereby the modelled qe is higher than the experimental qt values,
thus making themodelled qe value reasonable to be the adsorption equilibrium value.
The values of the modelled qe increased with increasing concentration of humic acid.
However, the values of k1 and h decreases instead.

Table 8 Kinetic parameters of the PFO non-linear model for the adsorption data at varying humic
acid concentrations

Concentration of humic acid (mmol) Pseudo-first order parameters

k1 qe h χ2

0 0.154 1.781 0.487 0.0003

4.4 0.126 1.785 0.402 0.0008

6.6 0.040 1.866 0.141 0.0187

Table 9 Kinetic parameters of the PFO non-linear model for the adsorption data at varying humic
acid concentrations

Concentration of humic acid (mmol) Pseudo-second order parameters

k2 qe h χ2

0 0.697 1.805 2.270 0.0000

4.4 0.416 1.823 1.384 0.0004

6.6 0.051 2.063 0.218 0.0025
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The non-linear PSO model, whose parameters are as shown in Table 9 fitted the
data relatively well whereby the obtained qe is slightly higher than that of PFO. This
makes the obtained qe a little bit more reasonable to be the adsorption at equilibrium.
Themodelled qe also increases with increasing concentration of humic acid, whereas
the k2 and h values decreases instead. Similar trends with the non-linear PFOmodels
were again obtained as thewith the other experiment involving the different synthesis
temperatures.

5 Conclusion

The best model that fits was decided from the comparison of both R2 and χ2 values
which is the closest to unity for the former and the smallest value possible for the
latter. Comparison between linear and non-linear results are made and should there
be contradictions of results, the isotherm that accommodates such results between its
linear and non-linear form results were deemed unsuitable and thus discarded. This
might be due to the bias of linearisation and a very small number of experimental
data points that skewed the quality of the results obtained. This explains the tendency
as well of getting a high value R2 despite being an unfavourable model since there
were few points of experimental data involved resulting in a good linear fit in general
(Table 10).

The modelling shows that the adsorption data of As(V) onto humic-acid coated
magnetite NP resulted in a good agreement with both linear and non-linear forms
of Langmuir for the experiment involving the effect of synthesis temperature. In
the other experiment of varying humic acid concentrations, for linear regression,
Temkin seems to fit the best and gave the most rational values among the three
isotherms. Meanwhile, for the non-linear regressions, Freundlich showed the most
reasonable result in comparison with the other two isotherms. The rate of PFO and
PSO constants decrease with temperature which indicates the exothermic nature of
adsorption. In conclusion, the fit to both of the assigned kinetic models were good to
the experimental data of humic acid-coatedmagnetite and further proves it suitability
as an As(V) adsorbent.

Table 10 Summary of modelling results for the adsorption data according to experimental
parameters

Experiment type Type Best fit isotherm model Best fit kinetic model

Effect of synthesis
temperature

Linear Langmuir –

Non-linear Langmuir PFO

Effect of concentration of
humic acid

Linear Temkin –

Non-linear Freundlich PSO



382 A. A. Mubarak bin Hamzah and N. K. Devaraj

References

1. Wołowiec M, Komorowska-KaufmanM, Pruss A, Rzepa G, Bajda T (2019) Removal of heavy
metals and metalloids from water using drinking water treatment residuals as adsorbents: a
review. Minerals 9(8):487. https://doi.org/10.3390/min9080487

2. López-Luna J, Ramírez-Montes LE, Martinez-Vargas S, Martínez AI, Mijangos-Ricardez OF,
González-Chávez, Carrillo-González R, Solís-Domínguez FA, Cuevas-Díaz, Vázquez-Hipólito
V (2019) Linear and nonlinear kinetic and isotherm adsorption models for arsenic removal by
manganese ferrite nanoparticles. SN Appl Sci 1(8):N/A. https://doi.org/10.1007/s42452-019-
0977-3

3. Rahdar S, Taghavi M, Khaksefidi R, Ahmadi S (2019) Adsorption of arsenic (V) from aqueous
solution using modified saxaul ash: isotherm and thermodynamic study. Appl Water Sci
9(4):87–96. https://doi.org/10.1007/s13201-019-0974-0

4. Water QualityAssociation (2014) Arsenic fact sheet [Fact Sheet]. International Headquarters&
Laboratory

5. Devaraj NK, Elghazali SR, Ganapathe LS, Mukter-Uz-Zaman ASM, Wong HY (2019) As(V)
Adsorption kinetics of humic acid-coated magnetite particles. Appl Mech Mater 892:72–78

6. Arsenic Contamination of Groundwater—an overview | ScienceDirect Topics. Arsenic
Contamination of Groundwater. https://www.sciencedirect.com/topics/pharmacology-toxico
logy-and-pharmaceutical-science/arsenic-contamination-of-groundwater#:%7E:text=Over%
20137%20million%20people%20in,locations%20in%20Thailand%20and%20China. Last
accessed 05 June 2020

7. Edet UA, Ifelebuegu AO (2020) Kinetics, isotherms, and thermodynamic modeling of the
adsorption of phosphates from model wastewater using recycled brick waste. Processes
8(6):665. https://doi.org/10.3390/pr8060665

8. Ayawei N, Ebelegi AN, Wankasi D (2017) Modelling and interpretation of adsorption
isotherms. J Chem 2017:1–11. https://doi.org/10.1155/2017/3039817

9. Saruchi,KumarV (2019)Adsorption kinetics and isotherms for the removal of rhodamineBdye
and Pb+2 ions from aqueous solutions by a hybrid ion-exchanger. Arab J Chem 12(3):316–329.
https://doi.org/10.1016/j.arabjc.2016.11.009

10. Hokkanen S, Bhatnagar A, Koistinen A, Kangas T, Lassi U, SillanpääM (2017) Comparison of
adsorption equilibrium models and error functions for the study of sulfate removal by calcium
hydroxyapatite microfibrillated cellulose composite. Environ Technol 39(8):952–966. https://
doi.org/10.1080/09593330.2017.1317839

11. Palanivell P, Ahmed OH, Latifah O, Abdul Majid NM (2020) Adsorption and desorption of
nitrogen, phosphorus, potassium, and soil buffering capacity following application of chicken
litter biochar to an acid soil. Appl Sci 10(1):295

12. Chowdhury S,Mishra R, Saha P, Kushwaha P (2011) Adsorption thermodynamics, kinetics and
isosteric heat of adsorption ofmalachite green onto chemicallymodified rice husk.Desalination
265(1–3):159–168. https://doi.org/10.1016/j.desal.2010.07.047

https://doi.org/10.3390/min9080487
https://doi.org/10.1007/s42452-019-0977-3
https://doi.org/10.1007/s13201-019-0974-0
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/arsenic-contamination-of-groundwater%23:%257E:text%3DOver%2520137%2520million%2520people%2520in,locations%2520in%2520Thailand%2520and%2520China
https://doi.org/10.3390/pr8060665
https://doi.org/10.1155/2017/3039817
https://doi.org/10.1016/j.arabjc.2016.11.009
https://doi.org/10.1080/09593330.2017.1317839
https://doi.org/10.1016/j.desal.2010.07.047


RFID Based Identity Authentication
System in COVID-19 Era

Muhammad Luqman Mohd Tajuddin, Kah-Yoong Chan ,
Wai-Leong Pang , and Angie See-Tien Ng

Abstract To control the COVID-19 outbreak, the Malaysia government has to
tighten the rules and add on some standard operating procedures (SOP) for all
premises. There will be an entrance registration for people that enter any shops,
malls, schools, or offices. This entrance registration will take their identities, such
as name, contact number, and current temperature. Thus, the government can easily
track down and notify the person if the virus transmission occurs. This paper ismainly
about improving the daily registration system tomonitor themovement ofMalaysians
during the Covid-19 outbreak. With that needs in mind, a Radio-frequency Identi-
fication (RFID) based identity authentication system is developed and presented in
this paper. Users do not need to fill in the manual form or scan the Quick Response
(QR) code repeatedly, and instead, they are required to just key in the personal data
once at the entrance. The RFID tag is applicable to be used as a self-registration at
all premises. It can also keep track of the user identity, and the data will be recorded
automatically through a monitoring application every time the users enter or leave
the premises.

Keywords COVID-19 · RFID ·Monitoring applications

1 Introduction

Coronavirus 2019 which is also known as COVID-19 is a new form of airborne
disease that emerged in December 2019. The virus that causes COVID-19 tends to
spread more aggressively than influenza. COVID-19 virus is one of the most infec-
tious viruses and easily spreads from person to person. This virus spreads mainly
through close contact, even among individuals within 6 feet. The common signs of
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COVID-19 are cough, fever, shortness of breath, muscle aches, sore throat, loss of
taste or odor, diarrhoea, headache, fatigue, nausea, vomiting or runny nose. This virus
transmission can be extreme and cause death [1].World Health Organization (WHO)
published prevention statements that include regular hand washing, coughing into
the elbow bend, staying at home when sick, wearing a cloth face covering, and prac-
tising physical distancing. These preventions tend to reduce the spread of infectious
viruses. Efficient techniques and improvements in healthcare were studied to mini-
mize the effect of the pandemics. The adaptation involved the discovery of vaccines,
quarantining the COVID-19 patients, introducing social distancing measures, and
undertaking geographical and statistical research to prevent the spread. The steps
taken by governments have made it possible to control the pandemic and to end
this pandemic more quickly [2]. The creation of contact tracing was introduced as
a mean of self-registration to increase the Covid-19 concern among the community.
The government of Malaysia implemented a mobile application which is known as
MySejahtera [3]. It contains an individual self-identity, and users can use it by scan-
ning the Quick Response (QR) code via smartphone. It will automatically detect the
person’s data through the mobile application. Otherwise, the users must fill in the
registration form at the registration counter manually. If anything is happening to
any of the shoppers during the visit, the government can easily detect the potential
victim of this outbreak. So, they can notify the potential victim and ask them to do
the self-quarantine for 14 days. Other than that, there is also a mobile application
which is SELangkah [4]. It is specifically being used in Selangor and can also be used
nationwide and have the same purpose as the MySejahtera application. In addition,
the SELangkah application is already integrated with the MySejahtera application,
and this action demonstrates that it can be used for registration regardless of which
system is used.

An alternative solution towards the current implementation is to have something
which eliminates the needs for multiple check-ins at different premises as well as the
needs of using smart devices during peak hours where public places are crowded, and
social distancing is difficult to be practiced in limited space. In a worst-case scenario,
social distancing is not being practiced and the orders were given by Kementerian
Kesihatan Malaysia (KKM) are not abided. With that needs in mind, a RFID based
identity authentication system is developed and presented in this paper as a self-
registration system. This technology consists of the personal RFID tags and the RFID
gateway as its reader. RFID is a contactless technology used to identify objects,
record metadata, or monitor individual data through radio waves. There are two
main elements in the RFID system, which are a transponder and a transceiver [5].
By implementing this technology, it speeds up the time needed for registration. All
is done automatically, and no phone is required or any other devices that depend on
internet connectivity. Thus, it speeds up the time needed for registration, and users
do not need to do the manual registration. The detailed design is described in this
paper.

The prime objective for this project aims to develop a RFID gateway and sensing
system at the entrance which can be used to detect the user’s tag. Thus, user data will
be automatically detected at the entrance. Furthermore, this project aims to enable
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personal identification to be scanned at the RFID gateway as an alternative way
for automatic self-registration. The overall project scope primarily focuses on using
RFID technology as amedium for communication to improve the registration system
by implementing RFID technology as a platform for the self-registration system.

2 RFID System

2.1 RFID as a Smart Registration System

RFID applications can be seen in many sectors. In the education sector, the RFID
smart attendance management system registers the identity of students, staff, and
course-related information in the university [6]. In addition, it is often used to record
and monitor the attendance and movement of students during any courses attended.
It is capable of automatically recognizing the identity of each person based on their
RFID tag. Compared to the traditional method, this form of attendance systemmakes
the process simpler, quicker, and reliable. After the student enters or exits the class-
room by scanning the RFID card, the lecturer could view the class attendance and
student’s movement via theweb page, smartphone, and tablet device. As for students,
they could only view their attendance and activity. RFID technology was further
developed to expand its use for security purposes in user identification using RFID
technology for registration, monitoring, and control of an access pass. This system
is equipped to track and register personal information data by the manager at the
Sudan Atomic Energy Commission premises [7]. The device proposed consists of
a control circuit that controls the entry of a gate that tracks, monitors and records
user data and status. The system will read and show the number of the user’s RFID
card, name, time of arrival, and the number of times used by the card and store all
these data in a text file. The control circuit is connected to a GSM modem module
which sends an SMS message to the master control mobile phone in the event of
intruders or unauthorized access detected. The developed framework is completely
versatile, meaning that all data and fields can be easily changed according to user
requirements. With IoT technology, the framework can be built where user data can
be released online for global control, tracking, and used for foreign employee issues
such as travel arrangements and vacations.

2.2 Bandwidth of the RFID Module

RFID response bandwidth is the operating frequency bandwidths of the RFID tag’s
ability to respond to the band’s signals at various frequencies. In reference [8], the
more comprehensive the bandwidth ranges from f2 to f1, the greater the frequency at
which a tag can respond to the signal.Within this band, the reader’s hopping frequency
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will change its frequencies at random and preventing interference from occurring
between tags. Thus, the relationship between this hopping frequency and the tag
response bandwidth affects the applications in the real world. In reference [9], the
comparison ismadebetween theCeramicMount onmetal (MoM)with theComposite
MoM. The Ceramic MoM shows a better-read range at a few frequencies and offers
a shorter read range at most frequencies than the Composite MoM. A collection of
the Composite MoM is likely to perform better than the longer-read-range Ceramic
MoM. It has a broader range of hopping frequency, even though it offers a shorter read
range. In the RFID application, the wider the bandwidth, the more uniform reading
distance when reading high number of tags in the operating frequency band. A well-
built RFID tag usually has outstanding bandwidth characteristics. The tag reaction
to the reader is almost consistent around the bandwidth. This reality has significantly
eased the implementation of RFID systems across supply chains to trace commercial
inventory movements [10].

2.3 Google Spreadsheet as IoT Platform

Google Sheets is a free web-based spreadsheet program offered by Google. Google
Sheets is available as a web browser, mobile application and desktop application that
canbe accessed throughGoogleChrome.The application is compliantwithMicrosoft
Excel file formats. The software helps to create and update the files remotely in real-
time [11]. Google Sheetsmakes it easy for teams towork together in a task, see update
arise, get alerts for edits, and communicate with colleagues in the same text [12]. It
helps to store the data for future contact tracing purposes during this pandemic.

2.4 Monitoring Application

Themonitoring application is a software program designed to run on a mobile device
or tablet computer. The person in charge can monitor the system through the applica-
tion, and it can automatically update the data in real-time. AppSheet is an application
that is used to develop the monitoring application. It offers an application software
framework without code creation that uses data sources in cloud-based or database
systems [13]. It is a friendly software application because it lets non-developers build
a custom mobile application without any coding knowledge [14]. Users just provide
the data from the spreadsheets, and the AppSheet’s service will translate their data
into a mobile environment.
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Fig. 1 Type of identification used to make self-registration

Table 1 Differences between the proposed RFID system with the existing identification system
used in schools and premises

Characteristics MySejahtera SELangkah School system RFID system

Number of users Unlimited Unlimited Depend on the
bandwidth of
database

Depend on the
bandwidth of
database

Type of
implementation

QR code QR code QR code QR code &
RFID

Data stored Federal
government

State government Administrator Administrator

Internet
connection

Yes Yes Yes Yes (First
registration)

Multiple
registration

Yes Yes Yes No (Only RFID
card scan)

2.5 Current Implementation of Identity Authentication
System in COVID-19 Era

Figure 1 shows the MySejahtera application, Selangkah application and the system
that is used in the school. Their comparison is further summarised in Table 1. It shows
that the proposed RFID system has advantages in terms of the needs of multiple
registrations.

3 Details of the Design

RFID gateway consists of NodeMCU, RFID reader, organic light-emitting diode
(OLED) display, temperature sensor, buzzer and LED. RFID gateway can make the
registration process more convenient and user friendly. The RFID tag contains a
unique ID linked to a person’s data stored in a database. User needs to register their
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identities, such as name, contact number and their RFID ID number by scanning
the QR code via smartphone to be recognized in the system. Users need to register
once at the entrance. After that, users can use the RFID tag given to do the other
self-registration at other places. This RFID gateway will be placed at the entrance,
it will capture the RFID ID number and send it to the google cloud for further
action. A datalog that consists of the RFID tag’s ID number, user personal details,
premises details, user’s body temperature, the time of the user entering and leaving
the premises is created in the online Google Sheets. An external temperature sensor
that uses an infrared signal is added to the system proposed to capture the user’s
body temperature. It will automatically detect the user’s body temperature. The body
temperature reading and the RFID idwill be captured and stored in theGoogle Sheets
automatically.

The RFID gateway is linked with the Google Sheets to store the user’s data entry.
The apps script tool is used to deploy the spreadsheet as a web application. After
that the system itself can be linked with the microcontroller, The individual RFID
ID data from the RFID gateway can be sent through the web application’s link.
Then, data will be passed to the apps script and it will recognize the RFID ID and
attach the information of the user’s identity with their body temperature, entering
or leaving time. The data will be stored in Google Sheets as the user’s data entry
for the data analysis. It contains the user’s information and detailed information for
each of the premises that entered. Next, an application for mobile and desktop view
for the user’s data registration and user’s data entry will be deployed to make the
monitoring processmore user friendly. The application will display all the user’s data
in the Google Sheets and it can be updated automatically. This application is easy to
set up with the install link. It allows the person in charge to install the application
in their smartphone or use the browser link to run the app directly in the browser
(Fig. 2).

4 System Components

4.1 RFID Reader

The RFID RC522 reader [15] is an easy-to-use, low in cost, small size, and non-
contact card reader chip. It is commonly used in attendance systems and other object
identification applications to capture the RFID tag. This RFID reader operates via
radio waves signal and sends the information to the microcontroller. It operates at the
frequency of 13.56 MHz and the reader can support I2C, SPI and UART protocol.
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Fig. 2 Block diagram of
RFID gateway

4.2 RFID Tag

Passive RFID tag was chosen due to its low cost, easy to use and it is available
massively [16]. The most suitable and convenient operating frequency to be used
is High Frequency (HF) and Near Field Communication (NFC). The operating
frequency is the same as the RFID reader, which is 13.56 MHz. So, the RFID reader
and the RFID tag can communicate via the radio wave signal.

4.3 MLX90614 Non-Contact IR Temperature Sensor

MLX90614 non-contact IR temperature sensor consists of an infrared sensor and
dedicated signal processing chip [17]. It canmeasure the object’s temperature ranging
from−70 °C to 382.2 °C with 2 cm until 5 cm scanning distance and has an accuracy
of 0.02 °C.The temperature sensor used isGY-906-DAAand support the I2Cprotocol
to communicate with the microcontroller.
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4.4 APDS9960 Proximity Sensor

APDS9960 sensor is a proximity, motion, and ambient light sensor [18], which
allows it to detect motion accurately in high speed. This component will also serve
as a distance sensor that can secure the measurement of temperature readings.

4.5 NodeMCU

NodeMCU is an open-source Lua firmware and suitable for applications based on
IoT [19]. It includes theWi-Fi SoC firmware running on Espressif Systems ESP8266
and ESP-12 Wi-Fi module-based hardware. The NodeMCU has 128 KB of RAM
and 4 MB of Flash memory for data and programming. It is easy to use because of
its compatibility with the Arduino IDE software tool. NodeMCU can be powered
through the Micro-USB port jack and VIN pin, which comes from an external power
supply. It uses the 3.3 V as input voltage and it has 5 V and 3.3 V for the output
voltage source. It has 16 digital I/O pins and one pin for analog input, UARTs, SPIs,
and I2Cs protocols.

4.6 OLED Display

The SSD1306 organic light-emitting diode (OLED) display with a 0.96-inch mono-
colour 128 × 64 pixels display is used to show the instructions to the user and
make it more user-friendly [20]. There is no backlight needed for the OLED display,
which results in a very nice contrast in dark environments. Additionally, the pixels
only consume energy when they are on, thus it consumes less power. This model
has four pins and it uses the I2C communication protocol to communicate with the
microcontroller.

5 Data Presentation and Discussion of Findings

5.1 Personal Data Registration System

This smart registration system of the personal data can be registered using two
methods:

• Instant registration: For first-time users, they have to register their personal data
to the system via QR code. Then, they will be given a RFID tag which has its
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specific RFID number. The RFID tag will contain their personal data and ready
to use for the other entrances registration.

• Permanent registration: For this method, the administrator or person in charge
need to register all the personal data with an assigned RFID card in the Google
Sheets. The user has a valid ownership of aRFID tag and the systemwill recognize
the user according to their RFID IDnumber. They do not need to do the registration
by scanning the QR code (Fig. 3).

Google apps script is used as a medium to deploy personal data registration as
a web application. Google apps scripting is a background scripting tool that can
automate individual apps by creating a basic script in Google Sheets to read and
write cell data. Thus, the individual RFID ID data from the RFID gateway can be
sent through the web application’s link. The data will be passed to the apps script
and it will recognize the RFID ID and attach the information of the user’s identity
with their temperature, entering or leaving time which shown in Figs. 4 and 5.

Fig. 3 User’s data registration in excel application

Fig. 4 User’s data entry premise 1
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Fig. 5 User’s data entry premise 2

Fig. 6 User’s data
registration in mobile
interface

5.2 AppSheet Application Development

The mobile application interface of the user’s data registration and data entry after
the development process is shown in Figs. 6 and 7.

The desktop application interface of the user’s data registration and data entry
after the development process is shown in Figs. 8 and 9.

5.3 RFID Authentication System Prototype

It consists of hardware connection and software development to make the RFID
gateway fully function as expected. RFID gateway will scan the user’s temperature
and their RFID tag. Monitoring the body temperature can help to detect the disease
early. Besides, fever is one of the body’s first reactions toward infection and it is
common in illnesses. The human body’s average temperature ranges from 36.1 °C to
37.2 °C. When the thermometer detects a reading of over 38 °C, it indicates that our
body is fighting the infection [21]. Thus, by implementing the temperature sensor
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Fig. 7 User’s data entry in mobile interface

Fig. 8 User’s data registration in desktop interface

Fig. 9 User’s data entry in desktop interface
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in the RFID gateway can help to monitor the user’s body temperature during the
registration process. It will automatically detect the user’s temperature reading and
record it in the Google Sheets. With implementation of the distance sensor, make
the temperature sensor reading more accurate and activate the temperature sensor
when there is any movement detection in the range of 2–5 cm. Thus, the temperature
sensor only consume energy when the sensor is turn on.

Figure 10 shows the RFID gateway and the development kits used in the design.
For the hardware design, there are 7 main components which are NodeMCU, RFID
Module, OLED display, buzzer, LED, temperature sensor and proximity sensor. A
NodeMCU microcontroller controls the RFID reader, temperature sensor, OLED
display, LED, and buzzer. The I2C protocol helps to reduce the connection and
enable the connection can be shared with the other I2C devices. The RFID reader
will capture the user RFID tag via radio waves while the temperature sensor will
detect the user’s temperature and send both information to the Microcontroller. LED
light used as an indicator for the user to acknowledge the RFID reader detection
availability. Next, the buzzer is used to make a ‘beep’ sound to acknowledge the
user when the RFID card is detected. Last but not least, the OLED display is used to
display the ‘Scan Here’ instruction and the user’s body temperature reading.

Figure 11 shows the testing process to justify the reliability of the proposed RFID
based system. The user needs to scan the QR code to register the RFID tag, perform
the temperature scanning and tag the RFID card to the RFID gateway. The user data
assessing different premises were tabulated in Figs. 4 and 5, which shows multiples
users accessing two premises with data given.

Fig. 10 RFID gateway and development kits
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Fig. 11 Testing process of RFID Gateway

6 Conclusion

COVID-19 has transformed our life and restricted our access into public domains.
There is a need to trace the close contact of the infected individual. The RFID system
developed in this work serves as an alternative to MySejahtera and SELangkah in
tracing individual access. The system is low cost, capable of personal entry registra-
tion and is useful in helping society to come to gripwith the newnormpost-pandemic.
It is composed of a simple RFID gateway, sensor and monitoring application. It can
be useful for different industries. The world will experience significant changes after
the pandemic, and the implementation of RFIDmay become an important alternative
technology to current access registration systems.
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Source Code Plagiarism Detection Using
Siamese BLSTM Network
and Embedding Models
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Abstract Source code plagiarism is a severe ongoing problem that threatens
academic integrity and intellectual rights. Students from computing disciplines
commit plagiarism through diverse channels, in which direct in-class plagiarism
being themost popular. Programming instructors struggle tomanually inspect plagia-
rism activities in large volumes of submissions. Thus, many research works on
detection approaches have been proposed to overcome prolonged manual inspec-
tion. In this article, we present a deep learning framework that leverages a Siamese
BLSTM network and character-based embeddings to detect source code plagiarism.
The goal of this research is to determine which character-based embedding architec-
ture produces the most accurate plagiarism detection scores. The proposed frame-
work uses Word2Vec and fastText models to obtain various pre-trained source code
embedding sequences as input to the network. Subsequently, we utilise Manhattan
distance to measure the plagiarism scores between the two outputs produced by the
network. To the best of our knowledge, this is the first research work to utilise
various embedding models for source code plagiarism detection. Experimental
results showed that the embeddings from the Word2Vec Skip-Gram and Negative
Sampling (W2V-SGNS) architecture produce the most accurate detection scores.
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1 Introduction

Computing students practice a vast domainof programmingproblem-sets to construct
a robust comprehension of problem-solving and analytical thinking capabilities.
Therefore, programming instructors assess their students’ competencies based on
individual assignments and computing projects to secure academic credits [1]. Such
assessments aim to create a competitive atmosphere and preserve academic integrity.
However, studies have shown that students in higher learning institutions tend to
commit source code plagiarism [1, 2] which violates the Association of Computing
Machinery (ACM) principles of ethical computing practices [3]. The ACM princi-
ples state that practitioners shall avoid any source code violations and encourage
sufficient acknowledgement of the contributions and copyrights of others.

Source code plagiarism is a severe malpractice in computing disciplines where
the plagiarist allegedly claims a source code’s ownership without proper attribution
to the genuine owner [4, 5], which is an infringement of the intellectual property
rights in computing practices. As a result, the academic community is on an ongoing
endeavour to detect plagiarism in source codes and eventually prevent it [1].

Source code plagiarism detection inspects suspicious source codes that may
involve plagiarism activities by either manual inspection or using software [1, 4,
6]. The manual inspection is an extremely exhausting duty considering the large
volume of students’ submissions throughout the academic term. To save time and
effort, various researchers and practitioners have proposed automated inspections
through various detection approaches. However, programming instructors shall only
use the automated detection results as references [7] and consistently re-examine the
results to ensure that they are not due to potential software errors.

In this article, we propose a deep learning framework that leverages a Siamese
neural network and character-based embeddings of a corpus of source codes to detect
source code plagiarism.The proposed framework uses two embeddingmodels,which
areWord2Vec and fastText to obtain pre-trained embeddings of character sequences.
Subsequently, the framework utilises the pre-trained embeddings as input points to
a Siamese Bidirectional LSTM (BLSTM) network. Finally, the framework produces
the similarity detection using Manhattan distance to compute the distance between
the left-side and the right-side outputs on a zero-to-one scale.

The rest of the article is structured as follows; Sect. 2 reviews source code plagia-
rism and detection approaches in state-of-the-art literatures. Section 3 presents the
proposed framework, which consists of different source code embedding sequences
and theSiameseBLSTMnetwork to detect source codeplagiarism. Section 4 explains
the experiments and reports the implementation and evaluation results. Finally, Sect. 5
concludes the results and proposes future works to improve the results.
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2 Literature Review

Plagiarism in source code threatens academic integrity and intellectual rights [8, 9].
In response to these threats, various research works proposed detection approaches
for source code plagiarism. This section reviews the proposed approaches to detect
source code plagiarism.

Source code plagiarism detection is an investigation process of suspicious source
codes to recognise plagiarism activities [4]. The literature on source code plagiarism
detection revealed four domains of detection approaches. These domains are software
engineering-based approaches, knowledge discovery and Information Retrieval (IR)
approaches, shallow parsing NLP approaches, and machine learning approaches.

Software engineering approaches found in the literature address two research
works that proposed their own algorithms based on similarity metrics to compare
two source codes at method-level [10, 11]. In addition, three research works utilised
Running Karp Rabin and Greedy String Tiling (RKR-GST) algorithms to match
sequences of two source codes [12–14]. One research work employed Unix shell
matching commands to find similarities between two source codes [15].

Knowledge discovery and IR approaches address source code similarity detec-
tion by using other representational forms, such as hierarchical trees or hierarchical
graphs. These forms were clustering of graph-based representations in two research
works [16, 17], and clustering of tree-based representations in three research works
[18–20].

Shallow parsing NLP approaches address N-gram with similarity measurement
comparator in one researchwork [21] and Latent SemanticAnalysis (LSA) technique
with cosine similarity in another research work [22].

Machine Learning approaches address two sub-domains which are machine
learning algorithms and deep neural networks (i.e., deep learning). In the machine
learning subdomain, one research work proposed the effective use of three machine
learning algorithms for plagiarism detection in Java programs. The proposed model
integrated K-nearest neighbour for pattern recognition, Naïve Bayes algorithm for
classification, and Adaboost algorithm for optimisation [23]. Another research work
proposed two models of trained classifiers using random forest and xgboost to
compute the importance of selected features in classifying paired vectors corre-
sponding to plagiarised solutions [24]. In the deep learning subdomain, four research
works proposed different deep learning architectures for plagiarism detection in
which two research works employed character-based LSTM with Support Vector
Machine (SVM) classifier [25, 26], while one research work proposed an encoder-
decoder LSTM network and cosine similarity [27]. Additionally, one research work
utilised a Siamese CNN network with Word2Vec embeddings and cosine similarity
[28].
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3 Proposed Framework

This section describes the proposed framework which consists of the source code
embedding sequences and the SiameseBLSTMnetwork to detect source code plagia-
rism. The Siamese network uses the character-based embedding sequences of source
codes as input to learn similarity representations. The network produces an output
for each side of the network where Manhattan distance computes the similarities
between two source codes based on their similarity representations.

3.1 Character-Based Embeddings

Embedding models are computationally efficient NLP models that utilise shallow
neural networks to construct semantic similarity and analogy relationships between
words in a given corpus [29–31]. These models represent words randomly in n-
dimensional space and eventually optimise the correlations between words so that
words that indicate common meanings are in close vectors [32, 33]. The two most
commonly used embedding models are Word2Vec and fastText models [31].

Word2Vec model is a three-layered neural network to learn semantic features for
a given text corpus [29, 34]. The model learns by embedding each word in the corpus
vocabulary into vector representations in dimensional space. The resulting projection
of vectors in the dimensional space leverages semantics to constitute similarity and
analogical relationships [33]. The model has two learning architectures which are
Continuous Bag-of-Words (CBOW) and Skip-gram. The CBOW architecture learns
to predict one target word from its context words according to the maximum distance
of words within that context known as the window size parameter, which determines
the number of words in the context. On the contrary, the Skip-gram architecture
learns to predict the context words from one input word [29, 35].

The Word2Vec model either applies the Hierarchical Softmax algorithm or the
Negative Sampling algorithm for the output computations [34]. Hierarchical Softmax
algorithm is an efficient computation algorithm that overcomes softmax computa-
tional complexity with the ability to compute complexity using O(log2V) instead of
O(V), which significantly reduces the computations. Hierarchical Softmax algorithm
applies a Huffman tree of balanced binary tree nodes where each node is indexed by
a bit vector based on its path from the root [33, 35]. The probability approximation
for the Hierarchical Softmax algorithm is defined as,

p(w|wI ) =
L(w)−1∏

j=1

σ
([[n(w, j + 1) = ch(n(w, j))]].v′

n(w, j)
T h

)
(1)

where (σ ) is the sigmoid activation function, n(w, j) denotes the j-th node in the
tree path starting from the root until the word is located, ch(n) represents the inner
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node of (n) and
(
v′
n(w, j)

Th
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is the vectors matrix of the dot product of the transpose

of input vectors
(
v′
n(w, j)

T
)
and the output vectors (h).

Negative Sampling is an algorithm based on Noise Contrastive Estimation (NCE)
that discriminates between actual data and noise by comparison. The Negative
Sampling algorithm chooses negative samples (k) based on noise distribution
P(w) = U (w)0.75, where U (w) refers to the unigram distribution of words raised
to the power of 0.75, which significantly improves performance. Thus, words in the
corpus that are the most frequent such as articles and prepositions are more likely
to be selected as negative samples, which usually represent less meaningful words.
Therefore, the algorithm uses less meaningful words (i.e., negative samples) as noise
data to the meaningful words of the context by comparison [34, 36]. The probability
estimation for the Negative Sampling algorithm is,

log(w|wI ) = log σ
(
v

′T
w vwi

)
+

k∑

i=k

Ew ∼ pn(w)
(
log σ

(
v

′T
w vwi

))
(2)

where (σ ) is the sigmoid activation function, Ew ∼ pn(w) is the noise estimation for
negative samples (k) and

(
v

′T
w vwi

)
is the dot product of the transpose of input vectors(

v
′T
w

)
and the output vectors (vwi ).

The second embedding model is the fastText model which extends the Word2Vec
model to take advantage of “sub-words”. Sub-word entities can enrich the capturing
of more morphological features and rarely occurring words [30]. The model utilises
N-gram modelling to represent internal word structure as character-based features
in which the embedding vector for a word is the sum of all vectors of the N-gram
representations. Similar to theWord2Vecmodel, the fastText model supports CBOW
andSkip-gram as learning architectures for prediction.Moreover, themodel also uses
the Hierarchical Softmax algorithm or Negative Sampling algorithm for the output
computations. The fastText model however, requires a longer training time since the
number of N-gram representations is larger than the number of words, but the model
can better handle out-of-vocabulary words due to its character-based features.

Natural features of source codes allow single character declarations of identi-
fiers (e.g., variables, methods, etc.) which are more likely to be found in students’
submissions in introductory programming courses. Students in these courses focus
more on solving problem-sets than declaring identifiers with meaningful names. We
thus propose character-based embeddings as pre-trained embeddings for the Siamese
BLSTM network.

We use Word2Vec and fastText models to obtain various character-based embed-
dings of source codes using the Skip-gram architecture for each model. Mikolov
et al. [29] found that Skip-gram architecture produces better embeddings thanCBOW
architecture. Besides, Le [33] also reported that Skip-gram architecture works more
efficiently with a smaller corpus which suits the nature of our corpus that contains
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characters only. Mikolov et al. [29] stated that Negative Sampling outperforms Hier-
archical Softmax; however, Hierarchical Softmax captures more infrequent terms
[34]. Thus, we intend to explore the finest embedding model for character-based
source codes using four pre-trained configurations; Word2Vec using Skip-gram
and Negative Sampling (W2V-SGNS), Word2Vec using Skip-gram and Hierar-
chical Softmax (W2V-SGHS), fastText using Skip-gram and Negative Sampling
(FT-SGNS), and fastText using Skip-gram and Hierarchical Softmax (FT-SGHS).

3.2 Siamese BLSTM Network

RecurrentNeuralNetwork (RNN) is a deepneural network that utilises recurrent units
to capture long-term dependencies using Backpropagation Through Time (BPTT).
Such recurrent units can learn from the sequential flow of data that require the
full stream to understand the meaning, such as language and speech data. The RNN
processes the data sequence {x1, x2, . . . , xt }where t ∈ [1, 2, . . . , T ],which indicates
timesteps. One timestep refers to one instance of a recurrent unit that processes one
input to produce one output. The recurrent units perform cyclic processing of inputs
at timesteps where the previous output becomes an input to the next unit allowing it to
learn fromprior experience [37]. However, vanilla RNN (i.e., base RNNarchitecture)
is exposed to either vanishing or exploding gradient descent’s cost function during the
training [38]. Thus, some research works derived the base RNN to propose variants
to stabilise the minimisation of gradient descent’s cost function.

Long Short-Term Memory (LSTM) is a successful RNN variant that overcomes
the vanishing or exploding gradient descent using state-aware memory cells to the
input sequences [39]. Each memory cell has three gates: forget gate, input gate,
and output gate to maintain important information in the state [37]. The three gates
utilise the sigmoid activation function (σ ), where the input gate determines which
information to keep, while the forget gate determines which to throw away. Finally,
the output gate determines the final output of the cell [38]. The computations of the
LSTM memory cell start with applying sigmoid function for each gate as follows,

it = σ(wi
[
ht−1, xt

] + bi (3)

ft = σ(w f
[
ht−1, xt

] + b f (4)

ot = σ(wo
[
ht−1, xt

] + bo (5)

where (σ ) is the sigmoid activation function, (it ), ( ft ) and (ot ) denote the input
gate, forget gate and output gate respectively, while (wi ), (w f ) and (wo) refer to the
initialised weight for each gate. Next, (ht−1) is the output of previous information,
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(xt ) is the current input, while (bi ), (b f ) and (bo) indicate the initialised bias for each
gate.

Subsequently, the LSTM memory cell applies the tanh activation function to
the candidate information at current input followed by dot product computations to
produce the final output,

c′
t = φ

(
wc

[
ht−1, xt

] + bc
)⊕ (6)

ct = ( ft � ct−1) + (it � c′
t ) (7)

ht = (ot � φ(ct )) (8)

where (φ) is the tanh activation function, (c′
t ) denotes candidate information for the

cell state, (ct ) is the current cell state and (ht ) is the final output of the cell.
RNN and its variants support two traversal methods through input sequences

where unidirectionalRNN traverses in the forward direction only. In contrast, bidirec-
tional RNN traverses in both forward and backward directions. Bidirectional LSTM
(BLSTM) mimics bidirectional RNN; it travels from the beginning of a sequence to
the end and vice versa to improve learning [40].

Siamese neural network is a robust solution for learning feature representations
of two input points simultaneously. The Siamese network consists of twin networks
that share identical hidden layers, neurons, weights, and other configurations [41].
In the context of NLP applications, the Siamese LSTM network learns semantic
similarities of two textual sentences using the embeddings of the sentences as input
feed into the left-side network and the right-side network. The network produces the
final output as similarity feature representations for the two sides where a distance
measurement metric computes the similarity of the two sides on a zero to one scale
[42].

Neculoiu et al. [41] proposed a Siamese LSTM network with cosine similarity
for semantic sentence similarities. At the same time, Mueller and Thyagarajan [42]
proposed a Siamese LSTM network with Manhattan distance (MaLSTM) for the
same purpose. Although the two measurement methods seem to work, Yih et al. [43]
found that theManhattan distance slightly surpasses the cosine similarity. Therefore,
we chose Manhattan distance as a measurement for our proposed framework. To
compute Manhattan distance, let the output of the right-side be source code ‘A’ and
for the left-side be source code ‘B’. Subsequently, from Eq. (8), source code ‘A’ is
(hat ) and source code ‘B’ is (hbt ). Manhattan distance is defined as follows:

distance(hat , h
b
t ) = exp

(∑
−∥∥hat − hbt

∥∥
)

∈ [0, 1] (9)
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Fig. 1 Proposed framework for the detection of source code plagiarism

We conducted four experiments where we fed each embedding configuration into
the Siamese BLSTM network to learn the similarity feature representations. Subse-
quently, we computed the Manhattan distance for each pair of source code. Figure 1
illustrates the proposed framework for the detection of source code plagiarism.

4 Experiments

4.1 Dataset

Mou et al. [44] created a dataset of 52 K source codes in their research work for
Programming Language Processing (PLP). Their dataset consists of 104 problem-
sets for introductory C programming courses that are available to the public for
non-commercial use. We utilised the JPlag tool to annotate 33.7 K source codes
of the original dataset. The JPlag engine is a famous detection engine for source
code plagiarism that generates a plagiarism detection report as an HTML file based
on the source codes’ directory [45]. Therefore, we built a series of Python scripts
to automate Jplag’s annotation and place our source codes into training and testing
CSVfiles using Python IO utilities. As a result, our dataset consists of 16.8 K training
pairs, where 7.7 K are plagiarised pairs and 9.1 K are non-plagiarised pairs.

4.2 Implementation

We consider the same hyperparameters, optimisation and regularisation techniques
for the four experiments. Firstly, for the embedding hyperparameters, we set the
space dimensionality to 300, window size to 5 and negative samples to 5. Secondly,
in terms of the Siamese BLSTM network, we set two stacked layers where each layer
has 128 units wherewe apply 0.25 of dropout regularisations for each. Thirdly, we set
the loss function to binary cross-entropy since we conducted a binary classification.
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Fig. 2 The graph of accuracy and loss for the four character-based experiments of the Siamese
BLSTM network

Finally, we chose Adamwith the NesterovMomentum (Nadam) optimiser following
Dozat [46] who reported that Nadam works well in NLP tasks that leverage LSTM
networks and Word2Vec embeddings. Figure 2 shows the accuracy and loss values
over 50 epochs for the four experiments of the Siamese BLSTM network. TheW2V-
SGNS embedding architecture shows the highest accuracy value (0.918) and the
lowest loss value (0.264) indicating the W2V-SGNS as the finest model.

4.3 Evaluation

We used twofold evaluations for the experiments as follows; evaluation based on
performance metrics using precision, recall and F1-score, and ground-truth eval-
uation by a senior programming instructor on a real-world test dataset. Precision,
recall, and F1-score are three performance metrics that utilise a confusion matrix to
interpret machine learning classification models. The confusion matrix is a measure
of classifications that indicates four states of predictions: True Positive (TP), True
Negative (TN), False Positive (FP) and False Negative (FN). The precision, recall
and F1-score formulas are as follows:

precision = T P

T P + FP
(10)

recall = T P

T P + FN
(11)
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F1 − score = 2(precision ∗ recall)

precision + recall
(12)

The evaluation results of the three metrics for the BLSTM Siamese network
showed that the pre-trained embeddings of W2V-SGNS outperformed other exper-
iments, followed by the pre-trained embeddings of FT-SGNS. Table 1 shows the
precision, recall and F1-score for the four experiments.

For the ground truth evaluation, we chose a random subset of 10 source code pairs
from the testing dataset to be manually inspected by a senior C/C+ + instructor. The
similarity scores for theWord2Vec Skip-Gram andNegative Sampling (W2V-SGNS)
embedding architecture are the most consistent with the scores from the ground truth
evaluation in comparison to other embedding architectures. Figure 3 illustrates the
detection results for the four character-based experiments against the ground truth.

Table 1 Precision, recall and F1-score for the four character-based experiments of the Siamese
BLSTM network

Experiment Embedding Precision Recall F1-score

1 FT-SGHS 0.44 0.42 0.40

2 FT-SGNS 0.65 0.64 0.61

3 W2V-SGHS 0.65 0.54 0.49

4 W2V-SGNS 0.76 0.74 0.74

Fig. 3 Similarity visualization of four different character-based embedding architectures when
compared against the ground truth evaluation for 10 randomly selected pairs of source codes from
the testing dataset. The W2V-SGNS embedding architecture exhibits the closest similarity scores
to the ground truth evaluation in most cases when detecting plagiarism between each pair of source
codes
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5 Conclusion

Weproposed a deep learning framework that utilised a Siamese BLSTMnetwork and
character-based embeddings to detect plagiarism in source codes. We obtained four
different pre-trained embeddings fromWord2Vec and fastTextmodels. Subsequently,
we trained our base models (the Siamese BLSTM network) in four experiments
where each uses a pre-trained embedding as an input feed. Finally, we computed
the output of the two network sides through Manhattan distance. The evaluation
results showed that W2V-SGNS embeddings produced the finest results based on
performance measurement and a ground truth evaluation.

Our experiments showed that the Negative Sampling algorithm outperformed the
Hierarchical Softmax algorithm for character-based embeddings, which conforms
to what Mikolov et al. [29] found in word-based embeddings. Furthermore, the
Word2Vec model surpassed the fastText model, considering that embeddings are
characters that do not contain inner structure “sub-words” information. However, we
cannot generalise that the Word2Vec model outperformed the fastText model in all
sequence forms of source codes. Token-based sequences for example, may possibly
yield better similarity representations since the fastText model can extract sub-words
information. Our findings are constrained to only character-based embeddings of
source codes.

The literature review unveiled one research work that utilised Siamese neural
network for source code plagiarism detection by Xie’s et al. [28]. The results of our
best experiment in the proposed framework (i.e., W2V-SGNS embedding architec-
ture) in Table 1 outperformed the precision value of theWICE-SNN approach in [28]
but fell behind in terms of recall while achieving an equal score in terms of F1-score.

As a part of our future work, we plan to examine further hyperparameters fine-
tuning, train larger volumes of datasets and use other sequence forms instead of
character-based sequences for better generalisations to improve our results.
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Analysis Methods of the Design
of Clothing Customization System in AR

Feng Liying, Ma Liyao, and Ng Giap Weng

Abstract Top-down from the super-set for design of a cheongsam customization
system of this work, this paper analyses and connects its subsets of (a) the application
advantages of augmented reality technology in the field of clothing in general, (b)
the feasibility of introducing augmented reality into cheongsam customization, (c)
enlightened by wisdom from cognitive task analysis, expert interviews, genetic engi-
neering and other methods, (d) the process of cheongsam customization is analyzed
in depth, and the results of the elements of cheongsam design and required knowl-
edge elements, and finally, combined with (e) the development and application of
Azure Kinect auxiliary equipment, Unity engine, and Kinect SDK. Forward looking,
AR is destined to integrate technology into life, serving life, and changing life with
high quality.

Keywords Augmented reality · Cognitive task analysis · Apparel industry ·
Customized systems

1 Introduction

The primary object of this paper is generally, analysis methods on the super-set of
design on clothing customization system in Augmented Reality (AR).Joining this
Section is its subsets of the application advantages of AR technology characteristics
in the field of clothing (Sect. 2). Next, the feasibility of AR customization (Sect. 3).
Thereafter, AR custom system design analysis (Sect. 4). Then, its related problems
and countermeasures (Sect. 5). Finally, it is the summary of this work (Sect. 6).
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Fig. 1 The Cheongsam and characteristic elements display

Broadly, clothing (aka clothes, apparel and attire) are items worn on the body.
More specifically, the cheongsam aka the qipao, the artefact of this paper is a type
of body-hugging dress of Manchu origin. It is a high-necked, closefitting dress with
the skirt slit partway up the side (see Fig. 1).

Clothing is a product with high demand, many element characteristics, and strong
personalization. Since the emergence of e-commerce, clothing has always been the
leading product in online sales. Augmented Reality and Virtual Reality applications
are set to revolutionize the eCommerce space when they go mainstream, in what is
called virtual or v-commerce. Virtual outlets in which customers can “try on” and
buy products virtually in 3D. According to China’s Alibaba sales data, clothing is
the most in demand category in online marketing. In the company’s annual Double
Eleven sales activities, the clothing category has ranked first in sales for many years.
By 2018, the clothing category’s online sales reached Daily transaction volume of
63.8 billion yuan [1]. However, since 2019, the daily sales of clothing categories have
fallen below the top 5 lists and have been decreasing year by year. Not only that, the
return rate of clothing is also the highest category in online sales, and even the global
return rate of clothing is very high, [2] this is a common problem, and has caused a lot
of waste in logistics costs, time costs, and product consumption costs. It can be seen
that people’s individual pursuit of clothing styles has become increasingly promi-
nent, and the demand for experience and interaction in clothing purchases has become
stronger. Traditional clothing industry operations cannot meet people’s development
needs, making the contradiction between supply and demand more prominent. On
the other hand, with the development of the Internet, marketing forms have followed
innovative development, and live sales have emerged. Live sales, real-time display
of products through online video, can realize real-time interaction with users and
provide customers with accurate services. On October 20, 2020, Wei Ya, the sales
champion of China’s live webcast, set a record of 5.32 billion yuan in daily sales,
which even exceeded the total annual revenue of some well-known Internet compa-
nies [3]. With its strong display, interactivity, experience, and sense of introduction,
live sales provide peoplewithmore convenient and efficient purchase services, which
strongly stimulate users’ desire to purchase and effectively increase consumption. It
can be seen that the key towinningmarket competition is to bettermeet the individual
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needs of customers and create experience opportunities and service value for them.
Digital, experiential and interactive development and customization of clothing is
an important measure to promote the upgrading of the clothing industry and the
key to promoting the sustainable development of the industry. To this end, it is the
future trend of the clothing industry to provide customized serviceswith personalized
design functions, interactive functions, and experience functions.

2 Application Advantages of AR Technology
Characteristics in the Field of Clothing

Virtual reality (VR) is the use of computer technology to digitize the real environ-
ment. Through necessary equipment, people can have the experience and experience
corresponding to the real environment in terms of sight, hearing, and touch. It is
to simulate real scenes in a purely digital environment. Augmented reality (AR)
technology is to superimpose electronic elements such as virtual images, anima-
tions, audios, etc. on real scenes. It can also incorporate dynamic and static real
scenes in virtual scenes, giving people a richer and more real sense of experience.
Reality is the fusion of digitalization and real environment. Compared with virtual
reality technology, augmented reality has better scalability and stronger integra-
tion. Augmented reality technology gives people a strong sense of experience and
realism in product design, display, and other aspects with its powerful interactivity
and diverse display functions. Virtual reality technology and augmented reality tech-
nology are committed to showing customers more realistic dynamic effects. They
are the core technology to realize the digitalization and customization of clothing
and the technical means to promote the in-depth development and expansion of the
clothing industry. According to the research of Larsson, J. K. J., digital sales, smart
design and smartmanufacturing havemade important contributions to the sustainable
development of the textile and apparel industry [4].

2.1 AR Interactive Applications

AR virtual fitting is a typical representative of the application of AR interactive
features in the field of clothing, and it is also the largest application of AR tech-
nology in the field of clothing. AR virtual fitting is based on augmented reality
technology to improve the user experience of virtual fitting. Users need to use video
capture devices to recognize their faces and human bodies, so that they can get their
own image photos after matching with the product, or form a real sense of touch,
and experience the wearing effect, texture, material, and quality of the product.
On October 21, 2020, FaceCake CEO Linda Smith demonstrated the augmented
reality (AR) shopping platform driven by artificial intelligence (AI) in the “Future



414 Feng et al.

of Technology” conference series hosted by KeyBanc Capital Markets, hoping to
compensate for the new crown virus The epidemic’s restrictions on the fitting room
experience have increased consumer confidence and promoted purchases. Both the
AR fitting mirrors in offline terminal stores and the online AR fitting rooms have
great development potential in future industry applications [5].

2.2 AR Demonstration Applications

ARadvertising andmarketing is a typical representative of the use ofARdisplay char-
acteristics in the field of clothing. Theworld’smajor brands are actively committed to
combining AR technologywith products and use the powerful display characteristics
of AR technology to promote brand marketing and promotion. Research firm Intage
conducted a survey on the marketing effect of the You CamMakeup App developed
with AR technology in Japan. The data shows that the shopping conversion rate of
APP users is 1.6 times that of non-users, and the former spends on APP. It is 2.7 times
the latter. TheAR trial section on this app has doubled the sales of beautymakeup and
even increased the sales of some brands tomore than 6 times [6]. ForeignHeRmawan
et al. analyzed the application of augmented reality T-shirts in product promotion and
believed that AR technology is a good choice for product promotion [7]. Large online
shopping groups such as Alibaba and JD.com are actively developing AR display
experiences for online shopping products, creating a new way of online shopping in
China [8]. Internationally well-known brands ZaRa (see Fig. 2) [9], FILA (see Fig. 3)
[10], RebeccaMinkoff, etc. They have also launched the physical display experience
of AR products. Users can scan the specific augmented reality icon through the soft-
ware to see the model wearing brand clothing “live” Get up, walk around and present
a panoramic live display of modeling and clothing show, or in-depth introduction of
product-related information and game interaction.

At present, more and more world brands use AR technology to promote their
product display, marketing, and experience, and enhance shopping experience and
brand influence through AR’s interactivity and fun and create greater economic
value for brands. However, the pre-designed AR experience model cannot attract

Fig. 2 ZaRa AR application
display [9]



Analysis Methods of the Design of Clothing Customization … 415

Fig. 3 FILA AR application display [10]

consumers for a long time.UnlessAR technology can help consumers in a furtherway
and create benefits for consumers, people will soon lose interest in AR technology
[11]. In the future, the application of AR technology in the field of clothing will focus
on all aspects of real life, and truly achieve the application purpose of intelligent
technology serving people. At the same time, this is also the development trend of
AR technology to lead future clothing companies to intelligent and diversified [12].

3 The Feasibility of AR Customization

3.1 The Realization Principle of AR Customization

In AR customization, computers, cameras, sensors and other auxiliary equipment
are needed to realize the digital and visual processing of the clothing design process.
That is, through the interactive and display features of AR technology, designers can
accurately analyze user needs and ensure the effectiveness of the communication link
in the customization process; through 3D modeling technology, 2D clothing design
drawings are transformed into 3D clothing models, and Placed in the real scene, for
users to intuitively view the design styles of clothing, using coloring technology to
enable users to achieve clothing color design, and can directly watch the colored
clothing effect, realize that both users and designers are clothing style designers,
improving User participation and satisfaction ensure the effectiveness of the design
process in the customization process; the use of AR rendering technology can make
the fabric of digital clothing lookmore realistic. Throughmotion tracking technology,
the clothing can follow the different actions of the user and show the corresponding
status. And finally achieve the effect of real-time interaction with users and try-on
experience, improve the try-on experience effect, ensure the effectiveness of the try-
on link in the customization process, and finally achieve the customization process
of user participation in design, user experience design results, and user confirmation
of the design style.
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3.2 Realization Conditions of AR Customization

Reality and real-time are important guarantees for the experience and interactivity of
customized systems, and they are also the most prominent contradiction. At present,
the arrival of the 5G era provides a broader platform and guarantee for the application
of AR technology, effectively reducing the delay of AR display effects, and also
improving the picture quality of cloth simulation and rendering effects, providing
users with faster speed, Better quality visual effects of clothing. In terms of hardware,
sensors (such as Kinect) used in image recognition and motion tracking are more
mature and advanced, providing peoplewith high-quality capture effects. Particularly
worth mentioning is the Unity 3D platform, a comprehensive game development tool
that allows users to easily create interactive content such as 3D video games, visual
architecture, and real-time 3D animation. It is a fully integrated professional game
engine. People can use its related functions to simplify the development process.
The development of these technologies provides strong technical support for the
development of AR clothing customization system. For this reason, now is the best
time to launch AR customization.

3.3 Market Demand for AR Customization

At the end of 2016, the Nike brand launched a shoe customization service using AR
technology (see Fig. 4) [13]. AR technology will turn the customer’s design into
reality and wear it on the customer’s feet to realize the design of sports shoes. The
shoes can be made in 90 min. This service has won praise from experiencers, and
people enjoy the process of independent design.At the beginningof 2019, theChinese
shepherd clothing brand released the AR clothing design software Hologarment in
Beijing. The software is developed on the basis of Microsoft Hololens and is the
first to apply mixed reality technology to the textile industry [14]. The software uses
augmented reality technology for virtual proofing and virtual design. At the same
time, it can break through the geographical restrictions, so that manufacturers in
different regions can see the holographic design through Hololens, simultaneously
see the virtual human model, clothing display, and use gestures to directly adjust the

Fig. 4 Nike AR application display [13]
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Fig. 5 People’s attitudes towards smart technology

details of the clothing. This product has the “design batch personalization” function,
which greatly demonstrates the application value of AR technology in design.

AR customization is a comprehensive application of AR technology. According
to existing data collection, AR customized products are rare, and are limited to fixed
products and styles. Only a small range of experiences cannot meet the needs of
consumers. For this reason Research and in July 2020, a survey on the perception
of AR customization was carried out for social practitioners in 30 major provinces
in China, hoping to understand people’s acceptance of AR technology and clothing
customization. The survey is in the form of online questionnaires. It took 3 days
to receive a total of 365 valid questionnaires, which reached the basic amount of
data analysis. According to the data of this survey, the broad market demand is
the fundamental driving force for the development of AR customization. The data
shows that 66% of people are looking forward to technology coming to life, 94.5%
of people can accept smart technology into life, and 89.32% are looking forward to
the experience of AR customized clothing. These data strongly prove people’s strong
desire for smart technology to change their lives., Combining AR technology with
clothing customization is to meet people’s need for high-quality life. For this reason,
we are more confident in the content of this research (Fig. 5).

4 AR Custom System Design Analysis

4.1 Analysis of Cheongsam Customization Process Based
on CTA Method

The effectiveness of the customized system depends on the degree of satisfaction
of different user needs. How to better dig out the explicit and implicit needs of
users and provide them with expert experience services are important issues and
difficulties in the design of customized systems. Cognitive Task Analysis (CTA)
attempts to determine the thought activity process of workers when completing tasks
and the knowledge required to complete tasks at different levels (such as beginners
and proficiency stages) [15]. It is a description of typical strategies for acquiring
knowledge through experts and other sources. Various interview and observation
strategies are used to capture explicit and tacit knowledge that experts use to perform
complex tasks, and then apply the captured knowledge to training or developing
experts system.Expert interviews can collect qualitative data. The selection of experts
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Fig. 6 Cheongsam custom task map

is based on purposeful sampling, which is a common method in qualitative research.
The focus of qualitative research is on the content of information materials, and
its purpose is to maximize information, not to promote statistical inference. This
research uses the CTA method and expert interview method to analyze the function
of the cheongsam customization system. Through the four analysis links of CTA, the
design process, design elements and knowledge content necessary for cheongsam
customization are analyzed from the perspective of experts.

Establisha taskmap. First, according to the customizationprocess of cheongsam,
a task map is drawn as shown in Fig. 4, and according to the task map, it is deter-
mined that the cheongsam customization system consists of four main links: demand
communication, design, try on and manufacture (Fig. 6).

Knowledge Audit. According to the task map, further analyze the content and
methods that support the implementation of each link, list the outline of the inter-
view, and dig in-depth expert knowledge to obtain the knowledge content required
to design the cheongsam customization system. Based on the design of interview
content and the answers of experts, this study sorted out that the process of cheongsam
customizationneeds to be completed in seven steps: style selection, feature collection,
style design, main material design, auxiliary material design, effect presentation and
design confirmation, and customization implementation. There are corresponding
knowledge clues and strategies in each step.

Scenario Simulation Process of Designing Cheongsam Customization. In this
session, a simulation exercise of the cheongsam customization process is required to
form a video, audio or paper record for the interviewed experts towatch. The designer
will ask a series of questions around the simulation process, such as what are you
watching and thinking? What are the operational problems, what are the causes, are
there other solutions, and whether the customization process is effective and reason-
able. The role of situational simulation is to collect detailed information generated
by experts in the cognitive process of setting the situation, to promote the designer’s
cognitive process, decision-making and judgment of the customization process, to
dig deep into the tacit knowledge of experts, and to improve the effectiveness of the
system.

In this study, the scenario simulation of the communication link analyzes the user’s
customization needs through two aspects of the user’s occasional needs and personal
characteristics. Circumstance requirements are the external factors of the user, which
can change with different occasions. Personal characteristics are the internal factors
of the user, which are not affected by external factors and are determined by the
objective data of the user’s body and internal personality. In this way, the communi-
cation link of the system is designed It can meet the subjective and objective needs
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of users from both external and internal factors, which is the fundamental way to
ensure the effectiveness of the system and improve user satisfaction.

For the scenario simulation of the design link, this research is based on the theory
of genetic engineering, and proposes that the function of the cheongsamdesign link is
realized through the transformation and combination of the three knowledge elements
of style, main material and auxiliary material, and 17 DNA design elements. Firstly,
it is defined that the style elements of cheongsam consist of eight design elements:
collar style, rotator sleeve style, button style, placket style, waist style, skirt fork style,
skirt style and length. Through the transformation and combination of eight design
elements, the cheongsam is determined For different styles, the 8 defined design
elements are collectively referred to as style designDNA. Secondly, it defines that the
main material elements of cheongsam are composed of five design elements: fabric
material, fabric color, fabric pattern, pattern position, and pattern process. Through
the transformation and combination of 5 design elements, the differentmainmaterials
of cheongsam are determined, and the 5 will be defined. The design elements are
collectively referred to as the main material design DNA. Third, it defines that the
cheongsamaccessories are composed of four design elements: buttonmaterial, button
color, embossing material, and embossing color. Through the transformation and
combination of the four design elements, the different accessories of the cheongsam
are determined, and the four design elements will be defined. Collectively referred
to as excipient design DNA.

Preview and try-on scenario simulation: After the implementation of the design
link, the system enters the preview and try-on link to confirm the design style. In
the preview situation, through the system platform, you can see the 3D effect of the
cheongsam. The user can control the 3D cheongsam in the display through themouse
or gesture sensing and view the 360-degree cheongsam style. If satisfied, enter the
virtual try-on link. If satisfied, revise the design again. This study uses the AR virtual
try-on function to replace the traditional custom-made sample try-on, saving sample
production time and production cost. Users can confirm the design style by watching
the try-on effect on the screen. If they are not satisfied, modify them until they are
satisfied.

Situational simulation in the production link: According to the process of making
cheongsam, the elements of data collection are the key content of the situational
simulation. After visiting and investigating many time-honored cheongsam custom
shops in China, this study summarized 25 measurement data. The specific content
is: Front length, back middle length, bust, lower bust, waist, belly, hip, lower hip,
swing, shoulder width, back width, front chest width, BP, chest distance, front waist
section, Back waist section, belly height, hip height, collar circumference, collar
height, sleeve length, sleeve fat, cuffs, sleeve cage, sleeve elbow.

In this research, through expert interviews, the AR customization system has
been simulated many times, and the workflow of the customization system and the
implementation path of each functional module have been clarified. In this study, the
workflow and the functional module of cheongsam customization is as shown in the
Figs. 5 and 7.
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Fig. 7 The workflow and the functional module of cheongsam customization

Knowledge Representation. This study summarizes 15 knowledge elements
of cheongsam customization, which are as follows: understanding of cheongsam
culture, classification of cheongsam style, design elements of cheongsam style,mate-
rial characteristics of cheongsam fabric, colormatching of cheongsam, pattern design
of cheongsam, matching of cheongsam accessories, size of cheongsam Measure-
ment, structure design of cheongsam, craft design of cheongsam, fitting inspection
of cheongsam, correction technology of cheongsam, maintenance and maintenance
of cheongsam, design of cheongsam accessories, innovation and development of
cheongsam. These 15 elements of cheongsam customization are not only the guar-
antee for customization, but also the knowledge system for cheongsam customiza-
tion. People canmaster the process andmethods of cheongsamcustomization through
systematic training and learning.

4.2 System Function Architecture

Through CTA in-depth analysis of the process of the cheongsam customization
system, the system function framework is obtained, and personalized cheongsam
customization is realized. Personalized clothing customization is mainly embodied
in the four important links of effective communication, personalized design process,
effect display and try-on experience thatmeets customer needs, and exquisite clothing
production technology. Among them, effective communication, design process, and
virtual try-on are all It involves the communication and collaboration between the
merchant and the user. At the same time, computers, Kinect cameras and other hard-
ware can be used as auxiliary equipment to better promote the design of clothing
styles, colors, effect display, and the implementation of try-on links. The specific
system function structure is shown below Fig. 8.
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Fig. 8 System design framework

5 Problems and Countermeasures

Through the preliminary investigation of this research, it is concluded that people’s
awareness of augmented reality technology is the restrictive condition for the promo-
tion of AR customization system. According to survey data, (see Tables 1 and 2)
people’s conceptual awareness of VR and AR is 76.71, 35%, and the conceptual
understanding of mixed reality MR and extended reality XR is only 10%. For typical
AR devices Microsoft HoloLens, Google glass, and Huawei. The experience rate of
AR glasses is 5.48%, 7.40% and 25.21% respectively. This shows that people are
very unfamiliar with the concept of AR, very unfamiliar with AR equipment, not to
mention the knowledge and understanding of AR technical content. For this reason,

Table 1 Smart project
experience rate

Experience project Participation rate (%)

Smart navigation 89.59

Smart tour 46.03

VR games 57.81

Virtual fitting 23.56

Microsoft HoloLens 5.48

HTC Vive series HMD 4.93

Oculus series HMD 2.47

Google glass 7.40

Huawei AR glasses 25.21

Other products 5.21

Never experienced 2.01
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Table 2 Smart technology
awareness rate

Technology Awareness rate (%)

AI-artificial intelligence 89.04

VR-virtual reality 76.71

AR-augmented reality 35.07

MR-mixed reality 11.51

XR-extended reality 10.14

Voice recognition 73.70

Image recognition 76.71

Location recognition 61.64

Machine learning 47.12

Deep learning 30.41

Other 2.47

Don’t understand 3.01

the promotion and popularization of AR-related knowledge for ordinary people is to
promote AR customization Effective measures for products and AR applications.

6 Summary

This paper analyzes methods design of clothing customization system in Augmented
Reality that was launched recently by this work. It began with feasibility of AR
customization, joined byARcustom systemdesign analysis andfinallywas its related
problems and countermeasures. The design and analysis ideas of this systemprovides
useful references to future research on similar category of AR system development.
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Bioinformatic Analysis of SARS-CoV-2 S
Protein

Pugalzhetha K. Elangovan, Boon Zhan Sia, and Chong Han Ng

Abstract Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus is
the causative agent of the COVID-19 pandemic possibly originated from an open
market in Wuhan, China in December 2019. Multiple variants of SARS-CoV-2 virus
have been reported from different regions and this may result in lower efficiency in
immune response induced by vaccination. TheSARS-CoV-2 spike protein (S protein)
facilitates the viral entry into human host cells by binding to human angiotensin
converting enzyme 2 (ACE2) receptor protein. A number of nonsynonymous muta-
tions located at various domains of S protein have been reported. Specifically, five
mutations which are V367F, G476S, D614G, Q675H and A706V have been iden-
tified at receptor binding domain (RBD) and S1-S2 linker region, respectively. The
biological consequences of these mutations on the structure and function of the
protein remain largely unknown. In this study, these five mutations of S protein
are characterized using bioinformatics tools to predict the effect of its structure and
function involved in the disease pathogenesis. The mutations involved in these two
domains are analyzed with secondary structure prediction analysis, protein structure
visualization analysis, protein structure stability analysis and pathogenicity predic-
tion analysis. Our result shows that V367F mutations of S protein may affect the
secondary structure while D614G and A706V may affect the protein stability. In
addition, V367F and A706Vmay be deleterious to the structure of S protein whereas
Q675H mutation may affect the structure of S protein.

Keywords SARS-CoV-2 · COVID-19 · S protein · Bioinformatics

1 Introduction

In December 2019, a new coronavirus disease known as COVID-19 caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged world-
wide causing a deadly outbreak. This coronavirus infection was first detected at a
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seafood market in Wuhan, Hubei province of China [9]. Coronavirus is a group of
related viruses that causes disease in animals like mammals and birds. It is identified
as a subfamily ofOrthocoronaviridae, family ofCoronaviridae, order ofNidovirales
and the realm of Riboviria [8].

SARS-CoV-2 is classified as a positive-sense single stranded RNA virus. The first
Open Reading Frame (ORF), ORF1ab consists of 16 nonstructural proteins (nsp) [4].
These nsps contain viral cysteine proteases such as the nsp3 (a papain-like protease),
nsp5 (main protease) and proteins involved in replication such as nsp12 (RNA-
dependent RNA polymerase) and nsp13 (RNA helicase) [4]. SARS-CoV-2 consists
of four major structural proteins which are membrane protein (M), envelope protein
(E), nucleocapsid protein (N) and spike protein (S). The focus of this study, S protein
is a 600 kDa trimeric structure with a length of 1273 amino acids and functions as
an attachment and a vital component of the fusion viral protein consisting of two
subunits called subunit 1 (S1) and subunit 2 (S2). The entry into host cells is mediated
by S protein which forms homotrimer structure on the surface of the host cell [19].
S protein plays a significant role in the development of vaccines since it induces
immune response during disease progression. The binding of S protein to human
ACE2 receptor protein facilitates the entry to the human host, leading to the rapid
transmission of SARS-CoV-2 [19]. Sequence analysis of SARS-CoV-2 reported a
number of nonsynonymous mutations across various locations of the domains of S
protein.Mutations inSprotein located in the receptor binding domain (RBD) (V367F,
G476S) and S1-S2 linker region (D614G, Q675H and A706V) are of interest to the
researchers since these two domains are important for the fusion of virus to human
host cells [11, 20]. In a computational study done by Teruel et al., (2021), it has been
shown that the conformational changes due to S protein mutations may alter the
flexibility of the protein, leading to a change in viral infectivity [17]. Using multiple
sequence alignment, statistics analysis and binding free energy calculation analysis,
it has been predicted that S protein mutations at amino acid residues of 452, 489, 500,
501 and 505 may make SARS-CoV-2 more infectious [5]. However, the biological
consequences of thesemutations on the structure and function of the S protein remain
largely unknown.

Our study aims to predict the effects of the S protein mutations, namely
V367F, G476S, D614G, Q675H and A706V using various bioinformatics tools
for secondary structure prediction analysis, protein structure visualization analysis,
protein structure stability analysis and pathogenicity prediction analysis.
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2 Methodology

2.1 Sequence and Structural Retrieval

The protein sequence of SARS-CoV-2 S protein, accession, YP_009724390.1 was
downloaded from NCBI database. The wild type protein structure of S protein, PDB
ID: 6XR8 was obtained from Protein Data Bank.

2.2 Secondary Structure Prediction

The sequences of wild type and mutant portions are analysed with an online
secondary structure prediction server, GOR IV tool (https://npsa-prabi.ibcp.fr/cgi-
bin/npsa_automat.pl?page=/NPSA/npsa_gor4.html). A sequence length up to 200
bases upstream and downstream is uploaded to this server for each mutation for
prediction analysis. This server predicts the possible secondary structures including
alpha-helix, extended strand and random coil of a protein based on the amino acid
sequence. The GOR IV method is based on the properties of amino acid which
involves the charge and exposed surface area of secondary structure.

2.3 Protein Structure Visualization and Analysis

In silico protein structure visualization and analysis were done bymodelling the wild
type and mutant S protein structures using PyMol software to study the structural
differences between wild type and mutant proteins. The wild type S protein (PDB
ID: 6XR8) is mutated to V367F, G476S, D614G, Q675H and A706V, individually
using the mutagenesis feature in PyMol.

2.4 Pathogenicity of Mutational Changes

Two prediction software that use different prediction principles, namely Sorting
Tolerant From Intolerant (SIFT) 4G [21] and Provean [6] were used to predict the
deleteriousness of the nonsynonymous single nucleotide polymorphisms (nsSNPs)
upon the mutation changes in SARS-CoV-2 protein structure. SIFT 4G applies the
principle of sequences conservation and amino acid properties for pathogenicity
of mutation analysis. The heuristic search algorithm in SIFT 4G combines a seed
detection algorithm and SW#db, a GPU-based Smith-Waterman algorithm to find
similar sequences. Firstly, for SIFT 4G tool, gene annotation files (GTF), fasta files
containing DNA sequence of SARS-CoV-2 genome from Ensembl genome database

https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl%3Fpage%3D/NPSA/npsa_gor4.html
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and a variant call format file (VCF) comprising all SNP of SARS-CoV-2 were
retrieved. VCF file built with SNP-sites tool was also implemented in Linux. Next,
a genomic database for SARS-CoV-2 genome with SIFT 4G algorithm was created.
Lastly, SIFT 4G annotator was used to annotate VCF file with SARS-CoV-2 genome
database to obtain SIFT 4G prediction score result. Provean utilizes the principle of
alignment-based score for pathogenicity of mutation analysis. For PROVEAN algo-
rithm, an “unbiased averaged delta score” using BLOSUM62 substitution matrix
and gap penalties of 10 for opening and 1 for extension is computed. The wild type
and mutant amino acid sequences were processed in the Provean server to get the
prediction result.

2.5 Prediction of Protein Stability and Analysis

To predict the stability of the S protein structure with different mutations, HHpred, an
online server (https://toolkit.tuebingen.mpg.de/tools/hhpred) and DynaMut (http://
biosig.unimelb.edu.au/dynamut) were used. The fasta sequence of S protein is
uploaded to HHpred online server to obtain a relevant experimental structure avail-
able in Protein Data Bank. The wild type structure from the PDB is uploaded to
DynaMut to calculate the impact of mutation on protein stability. The mutations
are analysed to predict the effect on the stability of protein structure. The results
of DynaMut also include the vibrational entropy and the energy predictions of wild
type and mutant for the determination of the protein stability.

3 Result

3.1 S Protein V367F Mutation May Alter Secondary
Structure

The effects of mutations on secondary structure of S protein were predicted using
GOR IV secondary structure prediction tool. The output of GOR IV includes the
theoretical information and Bayesian statistics to express the changes in secondary
structures of protein. Out of the five mutations, only S protein V367F has shown
changes in its secondary structure, shifting from beta strands to coil (Table 1).

https://toolkit.tuebingen.mpg.de/tools/hhpred
http://biosig.unimelb.edu.au/dynamut
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Table 1 Secondary structure
prediction for S protein
mutations using GOR IV tool

Mutations GOR IV prediction outcome

V367F Beta strands shifts to coil

G476S No changes

D614G No changes

Q675H No changes

A706V No changes

3.2 S Protein Q675H Mutation May Change the Structure
of S Protein

The overall structure of the S protein can be affected by amino acid substitutions at
the RBD and S1-S2 linker. Thus, the structural changes associated with mutations,
namely V367F, G476S, D614G, Q675H and A706V were investigated individu-
ally. After the prediction of three-dimensional structures of all five nonsynonymous
mutants based on wild type protein structure (PDB ID:6XR8) using Swiss model
server, the effects of these mutations on the structures of S protein were predicted.
The structural variation between wild type and mutant proteins were visualized and
analysed in PyMol software. After analysis, the wild type structural differences were
compared to nonsynonymous mutants, namely V367F, G476S, D614G, Q675H,
A706V in S protein as shown in Fig. 1. No changes were observed for mutations,
V367F and A706V mutations since all the amino acid residues remain nonpolar. For
G475S, it changed from nonpolar to polar while for D614G, it changed from nega-
tively charged to nonpolar. For Q675H, it changed from polar glutamine to positively
charged histidine, which may have a stronger impact on the protein structure.

3.3 S Protein V367F and A706V Mutations May Change
the Disease Pathogenicity

After the prediction on the effect of secondary structure and three-dimensional struc-
ture ofmutations inSprotein,wewanted to know the consequences of thesemutations
on the structures and functions of S protein, andwhether they affect the pathogenicity
changes in S protein. The pathogenicity prediction results of the nonsynonymous
mutations in S protein are shown in Table 2. This study used multiple SNP prediction
analysis, including SIFT 4G and Provean to predict if the nonsynonymous mutations
in S protein are tolerant or deleterious. For SIFT 4G, it predicts if a mutation affects
protein function based on the biochemical properties of amino acids and sequence
homology. The lower the SIFT 4G score, the higher the deleterious effect on the
structure and function of the SARS-CoV-2 protein. SIFT 4G results showed that two
mutations, namely V367F and A706V in S protein was intolerant (score 0.00 and
0.03) while three mutations (G476S, D614G, Q675H) in S protein were tolerated
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Fig. 1 Comparisons of S protein structures between SARS-CoV-2 wild type andmutant proteins. a
Ribbon diagram for (i) wild type VAL367, (ii) mutant PHE367. b Ribbon diagram for (i) wild type
GLY476, (ii) mutant SER476. c Ribbon diagram for (i) wild type ASP614, (ii) mutant GLY614. d
Ribbon diagram for (i) wild type GLN675, (ii) mutant HIS675. e Ribbon diagram for (i) wild type
ALA706, (ii) mutant VAL706

Table 2 Prediction of pathogenicity of S protein mutations

Nucleotide position Mutation SIFT 4G Provean

22,661 V367F 0.00 (deleterious) −1.016 (neutral)

22,988 G476S 0.12 (tolerated) −0.203 (neutral)

23,403 D614G 1.00 (tolerated) 0.598 (neutral)

23,587 Q675H 0.43 (tolerated) −0.040 (neutral)

23,679 A706V 0.03 (deleterious) −0.166 (neutral)

(>0.05). For Provean, it uses an alignment-based score approach to predict functional
impact on amino acid substitution. The score of Provean <−2.5 was predicted to be
deleterious while score > −2.5 was predicted to be neutral. For Provean results, all
mutations (V367F, G476S, D614G, Q675H, A706V) were predicted to be neutral
(score > −2.5).
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Table 3 Prediction of stability of S protein mutations

Mutation location Mutation ��G prediction (kcal/mol) Prediction

RBD V367F 1.441 Stabilizing

RBD G476S 0.853 Stabilizing

S1-S2 D614G −0.441 Destabilizing

S1-S2 Q675H 0.240 Stabilizing

S1-S2 A706V −0.291 Destabilizing

3.4 S Protein D614G and A706V Mutations May Change
the Stability of S Protein

To study the stability of S protein, the free energy (��G) of wild type and mutant
was measured. The changes of 3D structures depend on the ��G, thus the effects
of mutation on its stability were predicted using DynaMut. The results obtained in
Table 3 calculate the change in free energy due to the mutations. The value of ��G
which is above zero represents a good stabilization while the value below zero or
negative shows a destabilizing outcome. Three mutations, namely V367F, G476S
and Q675H have shown stabilization with positive values which are 1.441, 0.853
and 0.240, respectively. While two other mutations, namely D614G and A706V
have shown destabilizing effects, which are −0.441 and −0.291, respectively.

4 Discussion

In our study, we performed the secondary structure prediction, protein structure
visualization analysis, protein structure stability analysis and pathogenicity predic-
tion analysis for the SARS-CoV-2 nonsynonymous mutations in S protein. Our study
predicted that some S protein mutations may affect protein structures and functions.
It is a labor intensive and time-consuming procedure to conduct lab experiments to
establish the functional consequences of all single nucleotide polymorphisms (SNPs),
even for a single gene, due to the presence of large number of SNPs in whole SARS-
CoV-2 genome. Therefore, SNPs that may be structurally or functionally important
for the genes of interest are prioritized using computational approaches. There are
various protein function prediction tools for nonsynonymous mutations based on
different prediction principles, including sequence homology-based approach [21],
alignment-based score approach [6], sequence and comparative evolutionary analysis
[1], and structure and sequence analysis based prediction [3].

To improve the accuracy of the prediction analysis, multiple tools with different
algorithms are applied. According to Miosge et al. (2015), prediction analysis has
a low specificity, resulting in a low false negative (FN) rate and high false positive
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(FP) and the deleterious effects of variants appear to be overestimated by computa-
tional prediction [12]. When conducting prediction analysis, the variations between
predicted and experimental outcomes of variant impacts can be further reduced by
using high quality data [7].

There are five mutations, which are D614G, V367F, A706V, Q675H, and G476F
that are present in RBD and S1-S2 linker regions.Mutant V367F has been previously
shown to display higher human ACE2 affinity, and probably higher infectivity [15].
It is plausible that the mutation may allow the virus to escape the immune response,
hence causing a rapid transmission. The secondary structure changes observed in
mutation V367F may make the mutant more stable at a coil region.

Next, we observed that the mutation, Q675H changed from polar glutamine to
positively charged histidine may affect the protein structure. Previously it has been
shown that positively charged amino acid residues in viral proteins may stabilize the
virus by interacting with negatively charged viral nucleic acid [14]. We speculate
that histidine amino acid residue may have similar effect on viral RNA.

For disease pathogenicity prediction analysis, A706V andQ675Hmutations were
predicted to be functionally tolerated in SIFT 4G and Provean. SIFT 4G and Provean
are chosen to predict the effect of the mutation on the function of the protein. For
V367F and A706V mutations, they were expected to be deleterious in SIFT 4G,
although tolerated in Provean, indicating that these mutations may have some impact
on the structure of S protein as predicted in our study. The use of SIFT 4G allows us to
build a SARS-CoV-2 genome database and annotate the variants with this database.

After pathogenicity prediction, the effect of S proteinmutation on protein stability
was studied. The DynaMut software provides us the details about changes in protein
stability by studying the free energy (��G) of wild type and mutant. These muta-
tions have also shown some alteration of the protein structure which may have great
influence on native protein structure. D614G mutation may cause stronger binding
for the furin, leading to the cleavage of S protein cleavage [13]. The two mutations
in RBD (V367F and G476S) and one mutation in S1-S2 (Q675H) have shown some
increase in stability. Interestingly two mutations in S1-S2 linker region (D614G and
A706V) have shown a decrease in stability. The free energy differences caused by
mutations are correlated with the structural changes such as surface areas and the
density of the structure.

Of all these five mutations, the most studied mutation is D614G. Multiple studies
have stated that D614G mutation gives an evolutionary advantage for replication in
SARS-CoV-2, but not in the receptor binding portion of the S protein. One study has
confirmed thatmutationofD614Genhances virus infectivity as it has been found tobe
associated with higher viral loads [10]. A study by Toyoshima et al. [18] has shown
that D614G mutation is associated with a higher fatality risk, while other studies
showed no association with higher fatality risk [10]. In our study, D614G mutation
is predicted to be functionally tolerated and this is in line with another research
which has reported D614G mutation is neutral [2]. There have been questions about
the effect of the D614G mutation on the development of the vaccine, however, the
mutation does not occur in the S protein receptor binding region, which is required for
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the neutralization of the antibodies. Several studies have been shown that antibodies
developed from the D614 variant can protect against G614 variant viruses [10, 16].

5 Conclusion

In this study, the effect of fivemutations, namelyV367F, G476S, D614G,Q675H and
A706V on the structure and function of the S protein is analyzed using computational
tools, such as PyMol for structural visualization, GOR IV tool for secondary structure
prediction, DynaMut Server for protein stability analysis, SIFT4G and Provean for
pathogenicity prediction. This study predicted that the V367F and A706Vmutations
has the highest number of changes in its structures and function. Therefore, it will
be of great interest to check if these mutations affect the interaction between S
protein and candidate drugs using molecular docking analysis. One of the main
limitations of our study, we could not link these five mutations to clinical outcomes
since this information are not available. Hence, these biological consequences of
these mutations of S protein should be further validated by in vivo and in vitro
experimental studies in the future.
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Spatial Panel Data Modelling
of COVID-19 Spreading at District Level
in Sarawak, Malaysia
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Abstract The COVID-19 outbreak was well-controlled in the state of Sarawak,
Malaysia in year 2020. A surge in positive cases started in January 2021 and affected
all districts including the rural areas which have relatively limited health facilities.
Hence, we investigated the spatial patterns of COVID-19 spreading at district level
for the first 16 epidemiological weeks of 2021 by spatial autocorrelation analysis and
spatial panel regressionmodel. The results show that there existsweak positive spatial
autocorrelation of COVID-19 confirmed cases. Having said that, the spatial cluster of
high values in both weekly rate of confirmed cases and its spatial lag emerged in the
center part of Sarawak in the seventh epidemiological week. Six other districts were
identified as high potential for spill overing the disease to its neighbouring districts.
Among the six spatial panel regressionmodels constructed, the spatial autoregressive
model which includes the spatial lag of COVID-19 confirmed cases, apart from the
other two independent variables (recovered and death), is a better-fitting model. This
implies that the COVID-19 spreading in the neighbouring districts has a significant
effect on the rate of confirmed cases in a particular district of Sarawak.
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1 Introduction

Since the beginning of year 2020, the Coronavirus Disease 2019 (COVID-19) has
been affecting almost all parts of the world. As of 4 August 2021, there have been
over 199 million COVID-19 infected confirmed cases and nearly 4.24 million deaths
worldwide. Malaysia has recorded over 1.16 million confirmed cases of COVID-19
with 9 598 deaths, according to WHO [1].

As the largest state by area in Malaysia and located in the northwest of Borneo
Island, Sarawak is divided into 12 administrative divisions and further sub-divided
into 40 districts. Though the nation’s first detection of COVID-19 was reported on
25 January 2020 [2], Sarawak remained COVID-free until 13March 2020. However,
sadly, four days later, Sarawak recorded the nation first COVID-19 fatality [3]
and on the very next day, a country-wide lockdown formally known as Movement
Control Order (MCO) was implemented by the Government of Malaysia. It was then
followed by various phases of MCOs. Since then, until 3 January 2021, the COVID-
19 outbreak could be considered aswell-controlled in Sarawak since the total number
of confirmed cases in the state was just 1 141 [4] with 19 fatalities. Moreover, the
cases mostly occurred in the urban districts. A surge of positive cases ensued after
that and almost all districts including the rural ones were severely affected. The accu-
mulated confirmed cases in the whole of Sarawak state increased tremendously and
reached 28 307 [4] with 156 total number of fatalities on 25 April 2021.

Therefore, there is an urgent need for analysing the historical COVID-19 data of
the above-mentioned period at district level in Sarawak as the pandemic is heavily
burdening the public health resources and the state has large rural areas with rela-
tively limited health facilities. Hence, understanding the spatial–temporal patterns
of COVID-19 spreading at district level is crucial in explaining or predicting the
disease transmission which may benefit the local public health authorities in curbing
the disease.

To investigate the spatial and temporal dynamics of COVID-19 transmission
within and between 40 districts in Sarawak, we adopt spatial–temporal modelling
approachwhereby the districts are the spatial or cross-sectional units and the temporal
units can be in any suitable timescale. Spatial–temporal analysis has beenwidely used
to study COVID-19 transmission [5, 6] worldwide at various spatial scales, ranging
from country [7–10], state or province [11–14], county or prefecture [15, 16], to
district and/or municipality [17–19] levels. Spatial regressionmodels are constructed
to examine the factors affecting either the numbers of COVID-19 attributed deaths
[7, 10, 14, 15] or infected confirmed cases [12, 17, 19, 20]. As highlighted in the
two review papers [5, 6], the contributing factors might cover very wide dimen-
sions including demographic, health facilities, economic, building environment [20],
community structures, urban and rural population ratio [17] etc. Modelling these
factors requires data accessibility and this could be a huge challenge, especially if
the relevant data are not up to date.

Spatial–temporal analysis has also been carried out to explore COVID-19
spreading within Malaysia [21–24]. However, these works mostly investigated the
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spatial heterogeneities of COVID-19 in Malaysia in the form of disease mapping,
with addition of spatial clusters detection using spatial scan statistics [23] and GIS-
based autocorrelation analysis [24]. To the best of our knowledge, none of them
studied the relationship between infected confirmed cases and other variables of
interest using spatial regression models to further explore the spatial dependence
between administrative units within a state in Malaysia on COVID-19 spreading.

Considering that Sarawak COVID-19 attributable deaths data have high propor-
tion of zeroes, our aim is to study to what extent the spatial influence affects the
spread of COVID-19 at district level in Sarawak. Specifically, we inspect the district-
wise COVID-19 confirmed cases data through spatial autocorrelation analysis and
constructing spatial panel regression models, by choosing the recovered and death
cases as two explanatory variables. The latter variables could reflect the public health
system efficiency at district level. This allows us to focus on the spatial dependence
over the districts and capture the possible spatial spillovers of COVID-19.

In other words, we assume two disease spreading mechanisms that take place in
a district, namely the epidemic-within and epidemic-between districts. The former
relies on the active cases in each district whereas the latter depends on the disease
incidence level from other districts, especially from neighbouring districts or from
the mobility of people across districts [11]. The latter mechanism is quantified by
calculating the spatial lag of the variable of interest in spatial modelling framework.
More of the methods employed will be discussed in Sect. 2 and following with the
discussion of the results obtained in Sect. 3. We conclude the study in the last section
highlighting the outcome to be beneficial in addressing the spatial heterogeneity of
district-wiseCOVID-19 cases by quantifying the spatial dependence over the districts
in Sarawak.

2 Materials and Methods

2.1 Data Source

We rely on secondary data that are presented in the daily media statements of the
Sarawak Disaster Management Committee (SDMC) from January to April 2021.
The district-wise daily confirmed cases, recovered and COVID-attributable deaths
for 40 districts in Sarawak are extracted. As the daily data have high proportion of
zeroes and the district-wise population sizes range from 12 700 (Tanjung Manis) to
717 200 (Kuching), we converted the daily data into weekly aggregated confirmed
(resp. recovered, death) cases rate per 1 000 population. The projected populations
for 2021 based on administrative districts in Sarawak are obtained from MyCensus
Portal provided by Department of Statistics Malaysia [25].

We focus on the first 16 epidemiological weeks (henceforth termed as epi week),
from 4 January to 25 April 2021, as Sarawak started to record three-digit new daily
cases since 11 January 2021 as opposed to its highest recorded daily cases in the
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year 2020 which was just 32. In view of the fact that the total number of death cases
throughout the study period is 137 and approximately half of the districts do not have
death cases, we set the weekly aggregated rate of confirmed cases as the response
(or dependent) variable whereas the weekly aggregated rate of recovered and death
cases as the explanatory (or independent) variables. Presumably, the latter variable
could reflect the health system efficiency in a district.

2.2 Spatial Autocorrelation

We first examine the structure of the interactions between each pair of districts by
constructing a spatial weight matrix,W using the polygon queen contiguity in which
all adjacent districts with touching boundaries are set as neighbours. Specifically,

w′
i j =

{
1 if district j shares a common boundarywith district i
0 otherwise

wi j = w′
i j∑n

j=1 w
′
i j

, and (1)

keeping the elements of the matrix to be normalized, i.e.
∑40

j=1 wi j = 1, i =
1, . . . , 40.

The resulting non-zero elements (wij �= 0) of the 40 × 40 matrix W indicate two
districts are neighbours and their magnitudes give the intensity of the relationship
between the districts. This allows for an assessment of local effects of neighbourhood
spillover without taking into account the global context.

By definition (1), the average number of neighbours for the 40 districts in Sarawak
(see Fig. 1) is 4.25 while the least and most connected districts are Lawas and Sibu,
with 1 and 8 neighbours respectively. With these structural relations, the spatial
dependence effect is tested by first calculating the local spatial autocorrelation using
univariate Moran’s I statistics

I = n

S0

∑n
i=1

∑n
j=1 wi j (xi − x)

(
x j − x

)
∑n

i=1(xi − x)2
, (2)

where S0 is the aggregation of all the spatial weights, n is the number of districts, xi
(resp. xj) is the number of confirmed cases at a particular (resp. another) district and
x is the mean of the variable.

To investigate the diffusion of COVID-19 outbreaks in relation to its spatial inter-
action between districts in Sarawak, we then find the spatial lag of weekly rates of
confirmed cases for each district by calculating the weighted average of their respec-
tive neighbouring values. The relationship between the weekly rates of confirmed
cases and its spatial lag is obtained by constructing theMoran scatter plot,whereas the
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Fig. 1 Map showing the location of districts in Sarawak

cluster map known as local indicators of spatial association (LISA) is used to identify
the spatial clustering of COVID-19 confirmed cases among districts in Sarawak on
weekly basis. All computations and map illustrations are carried out in R and QGIS
respectively.

2.3 Spatial Panel Regression Model

As the data contain time series observation of 16 epi weeks for 40 spatial units
(districts), we analyse the effect of the explanatory variables on the response variable
by using spatial panel regression model. The full spatial panel regression model can
be formulated, in a simplified notation form [26], as follows:

y = Yπ + Xβ + WXγ + λWy + u, (3)

where π, β, γ and λ are the corresponding vector of parameters. Here, y is the vector
of n observations on the response variable, Y is the n × p matrix of observations
on p endogenous variables, X is the n × k matrix of observations on k exogenous
variables, W is the spatial weight matrix (defined in Eq. (1)) with size n × n. Note
that the n denotes the total number of districts which is 40 in our case. The last term
in Eq. (3), denoted as u, is the error vector of n observations which follows a spatial
autoregressive process
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u = ρWu + ε, (4)

where ρ is error correlation coefficient and ε is the random error which is assumed
to be independent and identically distributed.

The spatial lag of the response and explanatory variables are expressed as λWy and
WXγ respectively in Eq. (3). The λ and γ values reflect the degree of spatial depen-
dence which can be used to determine the existence of significant spatial dependence
of confirmed cases and recovered (or death) cases in a district on the neighbouring
districts.

Unfortunately, it is unavoidably complicated to analyse the full model as defined
in Eq. (3). Since the endogenous variable is treated as an independent variable in
Eq. (3), for the sake of simplicity, we set π = 0 in all of our model specifications so as
to exclude endogenous variables in our framework. Moreover, by setting some of the
parameters in Eqs. (3) and (4) to zero, we can create the following six spatial panel
regression models as well as a non-spatial panel regression model as a benchmark
for comparisons with the spatial models, as listed:

Model 0: Panel linear model (PLM)

y = Xβ + ε (5a)

Model 1: Spatial autoregressive model (SAR)

y = Xβ + λWy + ε (5b)

Model 2: Spatial error model (SEM)

y = Xβ + u,where u = ρWu + ε (5c)

Model 3: Spatial autoregressive model with autoregressive error term (SARAR)

y = Xβ + λWy + u,where u = ρWu + ε (5d)

Model 4: Spatial lagged X model (SLX)

y = Xβ + WXγ + ε (5e)

Model 5: Spatial Durbin model (SDM)

y = Xβ + WXγ + λWy + ε (5f)

Model 6: Spatial Durbin error model (SDEM)

y = Xβ + WXγ + λWy + u,where u = ρWu + ε (5g)
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The non-spatial model (i.e. Model 0) does not consider heterogeneities across
either districts or epi weeks. On the other hand, the unobserved heterogeneities in
the COVID-19 confirmed cases across districts and epi weeks caused for example
by delayed swab test results are implicitly assumed in spatial models 1 to 6. There-
fore, we need district specific intercepts. Hence, the two-way fixed effects, namely
individual (cross-section) and temporal (time) effects are included in all six spatial
models (5b–g), for the considerations of the unobserved heterogeneities.

3 Results and Discussion

3.1 Spatial Autocorrelation of COVID-19 Confirmed Cases
in Sarawak

We first explore how related the district-wise weekly aggregated rate of confirmed
cases compared to its neighbouring districts in Sarawak by illustrating the local
Moran’s I statistics for the first 16 epi weeks of 2021 in Fig. 2. Evidently, the district-
wise COVID-19 cases exhibited weak positive spatial autocorrelation in 9 out of
16 epi weeks whereas weak negative or no spatial autocorrelations are detected
for the remaining 7 weeks. Moreover, only epi weeks 3, 4 and 16 are statistically
significant at p-value <0.05. This weaker degree of spatial autocorrelation might be
a good indicator of the strict adherence by the people in Sarawak to the inter-district
travel bans implemented by the Government of Sarawak under various phases of the
Movement Control Order (MCO).

Next, we characterized the type of spatial autocorrelation by plotting local indi-
cators of spatial association (LISA) cluster maps depicted in Fig. 3. The cluster map
shows the districts colour coded by the type of spatial autocorrelation. The high-high
(resp. low-low) associations indicate the weekly rate of COVID-19 confirmed cases

Fig. 2 Local Moran’s I statistics for the first 16 epi weeks
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Fig. 3 Local indicator of spatial association (LISA) cluster map of COVID-19 confirmed cases for
epi week 1 (top panel) and epi week 7 (bottom panel)

is high (resp. low) in a particular district and this rate on its neighbouring districts
is also high (resp. low). These high-high and low-low associations correspond to
districts with positive spatial autocorrelation and could be considered as spatial clus-
ters.Meanwhile, the high-low and low–high associations indeed show spatial outliers
and negative spatial autocorrelation.

As the spatial pattern shown by LISA cluster map evolves weekly, we only high-
light the LISA cluster map for epi weeks 1 and 7 showing significant change as
portrayed in Fig. 3. At the beginning of our study period, that is, in the week of
4–10 January 2021, most of the inner rural districts in north-eastern part of Sarawak
could be categorized as low-low clusters whereas the southern parts of the state
mostly grouped as low–high regions. Only 4 districts were identified as having high-
high associations. However, the spatial association evolved substantially whereby
in epi week 7 (i.e. 15–21 February 2021), high-high clusters emerged in the center
part of Sarawak, which was most probably triggered by the Pasai cluster in Sibu,
the Sarawak’s largest and most notorious COVID-19 cluster to date [27]. Also,
the epidemic in two high-low association districts (Sebauh and Kota Samarahan)
possibly spilled over to their respective neighbours (Bintulu and Serian), as both
districts recorded 3565 and 939 cases in the following nine weeks compared to just
382 and 24 cases respectively in the first seven weeks of 2021.
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Fig. 4 Moran scatter plot on the average weekly aggregated rate of confirmed cases for 16 epi
weeks

Apart from depicting the weekly evolution of spatial association in LISA cluster
map, we further give an overall picture of the spatial associations throughout the 16
epi weeks with Moran scatter plot in Fig. 4 which plots the average of 16 weekly
aggregated rates of confirmed cases versus its average spatial lag. The blue line
suggests that when weekly rates increase, the spatially lagged weekly rates also
increase. It is noticeable that all the districts in high-high clusters in epi week 7 (see
the bottom panel of Fig. 3) consistently appeared in the high-high quadrant in this
Moran scatter plot. These districts include Dalat, Sibu, Kanowit, Julau, Song, Kapit
and Bukit Mabong. Also, from such a scatter plot, we could say that the districts
in high-low quadrant, for instance, Maradong, Bintulu, Beluru and Serian may have
higher potential for spilling over COVID-19 to other neighbouring districts.

3.2 The Estimation of Spatial Panel Regression Model
of COVID-19 in Sarawak

Wefirst carry out the cross-sectional dependence (CD) test for our panel data by using
Pesaran CD test. As the test result shown in the bottom of Table 1 is significant, we
reject the null hypothesis that there is no local cross-sectional dependence between
districts on COVID-19 in Sarawak.

Table 1 shows all the estimates and significance tests for six spatial panel data
models and one aspatial model. It is noteworthy that the coefficients estimated are
stable across the different models and show the same signs. Except for SEM, all other
spatial models improve the fit of the model when compared with the aspatial PLM
model, as explained by the values ofR-squared (R2), whichmeasure the proportion of
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Table 1 Spatial panel regression model for COVID-19 in Sarawak

Aspatial Spatial panel regression model

(0) (1) (2) (3) (4) (5) (6)

Variables PLM SAR SEM SARAR SLX SDM SDEM

Recovered 0.369a 0.370a 0.372a 0.374a 0.365a 0.364a 0.361a

Death 16.105a 15.656a 14.981a 15.283a 16.723a 15.968a 16.154b

Constant 0.327 0.206a 0.328a 0.268a 0.334 0.257a 0.298a

λ 0.226a 0.109 0.236a 0.128

ρ 0.238a 0.149 0.133

Recovered lag −0.084 −0.166 −0.137

Death lag 11.332 6.237 8.159

Statistics

F-stat 30.314a 15.508a

R2 0.398 0.421 0.397 0.411 0.399 0.423 0.414

LM test – 0.081 0.176 0.380 – 0.092 0.404

AIC 1706.3 4010.770 4009.898 3466.150 1708.7 4012.582 3468.520

BIC 1965.1 4273.997 4273.125 3733.838 1976.4 4284.732 3745.131

Pesaran CD test stat = 7.605 a

a p <0.01; b p <0.05

the variance for the response variable that is explained by the independent variables.
However, similar to the R-squared results obtained in [10, 19], all our R-squared
values fall in the range from 0.3 to 0.5 and this implies that the estimated models
have a weak or low effect size. It is not surprising that our regressionmodels with just
two explanatory variables, namely weekly aggregated rate of recovered and death,
turn out to have little predictive power. Perhaps, if other factors related to population
such as age structure, the population density in urban and rural areas [17] could be
considered, amoremeaningful relationship between the variables might be achieved.

We conducted several tests to validate the model specifications. These include
testing for correlation between individual (or time) effects with explanatory variables
using the Hausman test for spatial models. We also perform an F-test for panel data
regression and find that the p-values are significant at α = 0.05. Hence, we argue that
a fixed effect model is a better choice than a random effect model as well as ordinary
least squares in PLM.Asmodels (3) to (6) consist of spatial effects and/or parameters
which are not statistically significant at the 5% level, it follows that the spatial lag
of explanatory variables could be neglected, and thus we are left with models (1)
and (2). The Akaike information criterion (AIC) and Bayesian information criteria
(BIC) for both of these two models are found to be almost the same. In addition,
both their Lagrange Multiplier (LM) tests are not statistically significant. Hence, we
reassessed the R-squared values and selected SAR which accounts for spatial lag in
the dependent variable as a better-fitting spatial panel regression model.
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Table 2 The impact measures of spatial autoregressive model (SAR)

Impact measures Independent variables dy/dx Standard error 95% confidence
interval

Lower Higher

Direct effect Recovered 0.375** 0.052 0.323 0.427

Death 15.871** 4.529 11.342 20.400

Indirect effect Recovered 0.103** 0.030 0.073 0.133

Death 4.361* 1.761 2.600 6.122

Total effect Recovered 0.478** 0.073 0.405 0.551

Death 20.233** 5.928 14.305 26.161

*p < 0.05, **p < 0.01

As there exists spatial multiplier effect in SAR model, it is necessary to calculate
the direct, indirect and total effects of the impact of changes in the right-hand side
variables of the selectedmodel, as shown in Table 2. A change in a single observation
associatedwith any of the independent variables produces a change in the observation
itself (direct impact), as well as in all other observations (indirect impact) [28].

We interpreted the results in the same manner as in [12], whereby the average
direct effects of the weekly rate of recovered and the weekly rate of death, which
are 0.375 and 15.871 respectively, imply that a 1% increase in the weekly rate of
recovered leads to 0.4% positive change in the weekly rate of confirmed cases,
meanwhile a 1% increase in the weekly rate of death leads to 15.9% positive change
in the weekly rate of confirmed cases in a district. Meanwhile, the indirect effects of
the weekly rate of recovered and the weekly rate of death in a district lead to 0.1%
and 4.4% positive change, respectively, in the weekly rate of confirmed cases for
their respective neighbouring districts. However, the indirect effect of the weekly
rate of death to its neighbouring districts is not as significant as the weekly rate of
recovered.

4 Conclusion

Spatial dependence of infectious disease can provide an insight into the spatial scale
of disease transmission and thus can assist in suggesting optimal surveillance and
control of the disease. In this paper, we have investigated the spatial dependence
of COVID-19 at district level in Sarawak state of Malaysia from 4 January to 25
April 2021. We have used spatial autocorrelation analysis by considering the weekly
number of confirmed cases as the response variable.

We have found that the local Moran’s I statistics throughout the study period are
weak positive suggesting that the number of confirmed cases is weakly related to
space. Nevertheless, we managed to categorize the 40 districts in Sarawak into four
types of spatial association in weekly basis. Such insights may assist the local public
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health authorities to impose applicable disease control intervention for those districts
in high-low cluster to minimize spillover effect.

In addition, we have developed six spatial panel regressionmodels to probe further
into the spatial dependence of COVID-19 in Sarawak with the consideration of
the weekly recovered and death cases as the explanatory variables. By eliminating
the models with insignificant parameters and using statistics such as R-squared,
AIC and BIC, we concluded that the spatial autoregressive model (SAR) which
includes the spatial lag of COVID-19 confirmed cases, apart from the other two
independent variables (recovered and death), is a better-fitting model. This implies
that the COVID-19 spreading within the neighbouring districts will affect the rate of
confirmed cases in one district, of which can be quantified by the indirect effect of
the impact from this measure.

As this work relies on secondary data, our explanatory variables are restricted
to only two, which are the number of recovered and death cases of which the data
suffer from some common quality-related issues. We suggest that to improve the
investigations, data which relate to the population density ratio between urban and
the rural districts stratifying according to age structuremay perhaps be a better choice
for explanatory variables. Understandably, the methods used will benefit better from
the availability of more diverse and accurate data.
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An Approach to Recognize Handwritten
Digits Using Machine Learning
Classifiers

Md Ismail Hossen, J. Hossen, and Md Nazmul Hossain

Abstract Handwritten digit recognition is one of the most important issues in the
area of pattern recognition researches. There are many uses of handwritten digit
recognition such as Bank check processing, sorting postal mail form, phone number
data entry are common applications of automatic digit recognition. The sentiment
of the problem deceits within the capability to develop an efficient algorithm that
can recognize handwritten digits. Usually, these digits are normally found from
scanning documents with digital devices. Typically storing handwritten digits such
as phone number, bank account number, postal numbers and so is extremely trou-
blesome with human intervention. An efficient handwritten digit recognition can
eradicate this hazard. To eliminate the difficulties of recognizing handwritten digits,
this paper proposes an approach using machine learning algorithms. The objective of
this research is to present a reliable and effective approach to recognize handwritten
digits. Several supervised machine learning classifiers were employed for the recog-
nition and their accuracy are compared and discussed. The highest 97.07% accuracy
is found by the Random Forest classifier.

Keywords Handwritten digit recognition ·Machine learning · Text recognition

1 Introduction

Nowadays, the popularity of using images to represent information is rapidly
increasing. Therefore, extracting information from images are getting prevalent.
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Recognition of images is a very hot research area for its variety of applications
[1]. Handwritten text recognition is one of the sub-area of the image recognition
area. In the field of pattern recognition, accurate handwriting recognition is a very
challenging task because there is considerable variety in handwriting from person
to person. Although, variances can easily be understood by a human, yet it is too
difficult for computers to recognize general handwriting [2]. For the image recogni-
tion relevant tasks, it is essential to figure out how data is represented in the images
[3]. Handwritten digit identification from the best discriminating features is very
challenging in the field of character recognition because it has to extract the exact
regions of the digits. To recognize the digits from handwriting, the feature of the
digits’ structure need to be extracted from the strokes.

Handwritten digit communication is being used most of the times a day as a
means of recording information and conversation to be shared with individuals at
present. One of the biggest challenges in recognizing handwritten characters solely
lies in the distortion and variation of handwritten character sets because distinct
community uses a diverse style of handwriting. To locate regions different types of
region sampling techniques are being used in pattern recognition [4]. Furthermore in
handwritten digit recognition challenges generates mainly from the variety of styles
from person to person [5]. Hence, it is very important to have a robust algorithm
to recognize the handwritten digit that can encounter challenges. Therefore, the
objective of this paper is to propose amethod to recognize handwritten digit correctly.
The proposedmethod uses supervisedmachine learning classifiers. The experiment is
executed with the MNIST dataset that is a very popular benchmark dataset. Decision
trees (DT),Multilayer perceptron (MLP),K-nearestNeighbor (KNN)RandomForest
(RF) classifiers are used. Among all these classifiers, the highest accuracy 97%
achieved with RF.

2 Literature Review

With the humanization of machine, a vast amount of research and development work
that has given a surge to deep learning, machine learning accompanied by artificial
intelligence. Day by day machines are getting more and more intelligent as they
have made our lives more protected and controllable. Similarly, handwritten data
reorganization is a vital application in machine learning which helps by detecting
counterfeiting. It’s the capability to identify human handwritten digits from different
sources like papers, images, touch screens etc. [6].

In this paper theyworkedwith Bangla handwritten characters as very few amounts
of research have been done for Bangla Handwritten Character Recognition (BHCR).
With evaluation matrices and graphical visualization, they have tried to give a
comparative overview and a clear idea about BHCR.

In BHCR research they focused on a comparative overview with different classi-
fication algorithm which may help researchers to find out the suitable classification
algorithm for this kind of research. Around 150 volunteers at different levels worked
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for creating a new dataset for the research. 2500 samples of characters written in
Bangla was extracted which are Bangla vowels only. In this research, seven classifi-
cation algorithms were used which are commonly used for measuring performance
and comparing between algorithms. Among those ANN is the best. This research can
be extended in future on consonant and joint alphabet also. This research is signifi-
cant for recognizing Bangla handwritten text like handwritten letters, applications,
examination scripts and so on [7].

The combination of handwritten characters and computer input for identifying
handwriting is gettingmore andmore concentration due to its importance in practical
life [8]. Handwritten recognition is acting as a bridge between handwriting and
machine and can perform an important role in education, accounting, finance and
other fields that helps by reducing labour cost greatly [8].

Handwritten recognition is still a very big challenge because handwritten digits
that can be different from one user to another as writing style is not the same for
all. At the same time, the variation can happen in size, stroke, thickness, translation,
rotation, deformation etc. as it varies fromuser to user. In recent years the handwritten
recognition problems are wide studies additionally a large amount of preprocessing
methods and algorithms have been established already [9].

The paper [5] presents an approach that recognizes handwriting offline using
different machine learning techniques. For the study, they used a digit dataset
(Fig. 1) from theAustrianResearch Institute forArtificial Intelligence,Austria. Seven
machine learning algorithms have been used to recognize handwriting minerals.
Accuracy and time complexity were the main factors to make difference between
algorithms. The overall highest accuracy is achieved for applyingMultilayer Percep-
tron. The paper aims to recognize handwriting numerals avoiding any standard
classification technique [5].

Themost famous three Neural Network (NN) approaches are deep neural network
(DNN), deep belief network (DBN) and convolutional neural network (CNN) has
been compared and evaluated for recognizing [10]. The main factors were accuracy
rate, performance and execution time also. The MNIST dataset was used to train
the classifier was collected from Yann LeCun of Courant Institute at New York
University. The result presents that CNN and DNN are almost the same in terms of
accuracy rate but DNN was better than CNN and DBN in terms of execution time.
So DNN is the most accurate algorithm of the other two algorithms. More complex
image recognition and optimization of deep learning can be the future goal for the
research [10].

Fig. 1 A sample of the
dataset [11]
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Handwritten recognition with challenging dataset (Fig. 1) is done in [11]. Here
they have used Arabic digits which are more challenging than English patterns. The
motivation for the research comes from the lack of research using Arabic digits. For
confirming different writing patterns, the data was collected from different institutes:
Middle Schools, High Schools and Colleges. For the research deep convolutional
neural network was used and auspicious accuracy was achieved [11].

Several machine learning technique and models were applied to discover a repre-
sentation of isolated handwritten digits to achieve the highest accuracy for recog-
nizing handwriting numeral in [9]. From the study comparing the classification
models, they liked K-Nearest Neighbor most for its high accuracy and computa-
tional efficiency. Future goal for the research might be hardware implementation and
exploring data classification in industry related applications [9].

3 Method

The block diagram of the proposed approach is shown in Fig. 2 and the details
of the approach are illustrated below. There are mainly seven steps in the proposed
algorithmwhich are data collection, data processing, choosingmodel, trainingmodel,
evaluation, parameter tuning and prediction.

3.1 Data Collection

This research used the primary standard dataset named MNIST dataset published by
a researcher named Yan Lecun at New York University. In this domain, this is up to
date and standard benchmark dataset. It consists of 70,000 data from 250 different
writers [12].

Fig. 2 Block diagram of proposed model
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Fig. 3 Sample of the used
dataset

3.2 Data Processing

The primary dataset was stored in an IDX as a binary file format and the visualization
of the sample data is shown in Fig. 3.

3.3 Choosing Model

Model selection a crucial step for any type of machine learning algorithm. It requires
the analysis of inputs and the target outcome. Based on the nature of the outcome,
the model has to choose wisely. Supervised machine learning consists of regres-
sion and classification. For both cases, it finds a specific structure or relationship
of input to predict the accurate output. The selection of classification or regression
model depends on the dataset. When a dataset has continuous numeric values it
requires regression. For example, a regression model is used to predict how much
amount ofmoney can an apartment be sold. Some regressionmodels are linear regres-
sion, logistic regression, poly nominal regression and so on. However, if the dataset
consists of targeted output values then it requires choosing a classifier as the model.
Considering the distinct outcome of this task, supervisedmachine learning classifiers
are selected. It is because the task classifies the input into any number from 0 to 9.
Hence, classifiers algorithms have been utilized. To observe how the data works with
different types of classifier, it has employed DT, MLP, KNN and RF algorithms [12].

3.4 Training Model

To train the model, 60,000 data are used to train the model whereas 10,000 are used
to test the model. There was no interaction between the training and testing dataset.
[12].
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3.5 Model Evaluation

A test dataset is employed to evaluate the model. Evaluation is made on some factors
such as accuracy, precision and recall. Accuracy, precision and recall are calculated
based on equations I, II and III respectively.

Accuracy = TP+ FP/(TP+ FP+ TN+ F) (1)

Precision = TP/(TP+ FP) (2)

Recall = TP/TP+ FN (3)

where TP, FP, TN, FN stands for true positive, false positive, true negative, false
negative respectively.

4 Method

This section describes the experimental results obtained through the research. The
experiment has been done using python machine learning tools named Scikit-learn
that is one of the robust and most useful libraries for machine learning in Python
language. Scikit-learn has a selection of competent tools for statistical modelling and
machine learning including classification, clustering, regression and dimensionality.
Based on the problem of this research, it has chosen supervised machine learning
classifiers. Four different classifiers are employed named DT, RF, KNN, and MLP.
The factors that have been considered for the experiment are accuracy, precision and
recall scores. Furthermore, to validate the accuracy scores, K-fold cross-validation
(K-CV) is used. K-CV is one of the very popular and powerful techniques that is
widely being used for validating machine learning models. In K-CV dataset is split
into K number of folds where each of the folds is used as a testing set in each
iteration. In this case, the dataset is split into 10 folds. Hence, the value of k is here
10. The experimented result of the accuracy, precision, recall and cross-validation are
described below sequentially. First of all, the performance of the proposed systems in
term of accuracy for all of the chosen classifiers is shown in Fig. 4. Figure 4, shows
that the accuracy scores of DT, RF, KNN and RF are 87.94%, 97.07%, 96.88%,
96.78% respectively. The highest accuracy 97.07% is achieved by the RF classifier.

Secondly, to appraise the performance of the proposed method, precision scores
have experimented with. Precision score calculates the ratio of total positive obser-
vation vs correct positive prediction. It demonstrates how many occurrences in the
positive prediction are positive. in this case, the higher is better. From the experiment
87.81%, 97.05%, 96.93% and 96.79% precision scores have been found for DT, RF,
KNN and MLP respectively. The experimented outcome of the precision for all the
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Fig. 4 Classifiers versus accuracy

Fig. 5 Precision score versus classifiers

classifiers is shown in Fig. 5. The obtained scores shows that RF provides the highest
results.

Furthermore, recall score computes the observation of actual positive prediction
number among all actual label classes. A recall is also known as the sensitivity which
presents the rate of true positive number. The higher the recall score the better the
performance. From the achieved recall score, it shows that 87.79%, 97.04%, 96.85%,
96.75% are found for DT, RF, KNN and MLP respectively. Again, RF performance
the highest score which is 97.04%. Figure 6 shows the experimental recall scores.

Lastly, the summary of all the classifiers is illustrated in Fig. 7 that shows the
result of the accuracy, precision and recall for all the classifiers in a single figure.
from the figure, it is seen that RF, KNN andMLP provide all the most the same result
and the scores are seen very high while DT is comparatively low.

As shown in the aforementioned figure, RF provides the highest accuracy, to
validate the accuracy of RF K-CV is conducted and the result of K-CV is given in
Fig. 8. From the figure, it is clear that all the folds of K-CV provide the most the
same scores. Since there is minimal differences among the folds it indicates that
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Fig. 6 Recall score versus classifiers

Fig. 7 Summary of performance for all the classifiers

the accuracy is consistent. Besides, the mean of tenfold CV is seen at 97.04% which
validates the result of RF as the accuracy of the test is also the same. These two points
of K-CV strongly proves that the accuracy found by the experiment well consistent
and the data used for the experiment is sufficient for the experiment.
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Fig. 8 Result KCV for RF classifier

5 Conclusion

This paper presents an approach to recognize the handwritten digits that could be
used in many real-life applications such as sorting and storing handwritten phone
numbers, parcel number, serial numbers. Differentmachine learning algorithmswere
used to recognize handwritten numbers. In the process of recognition, it addresses the
details of model training, testing, validation and prediction approaches. The overall
highest accuracy 97% is achieved in the process of recognition by RF while other
classifiers also provided a satisfactory level of accuracy score. This research is carried
as a preliminary attempt for recognizing handwriting digits. The future direction of
this research will be converting it to real-life application for storing and managing
handwritten numeral using digital devices.
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Home Activities Sequence Pattern
Analysis
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Abstract The elderly population in most of the countries has risen from year to
year. Number of elderlies that staying alone at home also increase accordingly since
the number of children in one family is decreasing. The cost of hiring caregivers
is normally expensive and might cause financial burden to a family in the long-
term. Fortunately, with advance technology, alternative approaches such as Global
Monitoring System, smart clothing as well as embedded health care system in smart
phone and smart watch could be the alternative approaches to monitor the health of
some elderly that is able to live alone. The most feasible and cost-saving approach
for in-house monitoring should be setting up sensors at different locations in a smart
home for independent elderly that stay alone. Daily activities recorded through the
sensors can be collected and analyzed to detect if there is any anomaly found. In this
paper, analysis of staying alone elderly’s daily activities and behaviors are performed.
This analysis is important to further developing suitable model that can be used to
detect the anomalies in their routine home activity patterns.
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Elderly
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1 Introduction

According to World Health Organization (WHO), most developed countries have
accepted the definition of “elderly” as those aged 65 years and above. From the study
by United Nations on the global trends in population ageing [1], the share of popula-
tion aged 65 years old and above had increased from 6% in 1990 to 9% in 2019. This
proportion is expected to accelerate to 16% in the year of 2050. This rapidly growing
pace of ageing population has been worrying. The increasing negative association
between the growth of the number of children in one family and the growth of ageing
population indicates that the number of solitary elderlies will rise accordingly due
to less manpower in one family to take care of the elderly parents. Caregivers could
be hired but the cost associated may not come in cheap [2, 3]. Moreover, despite
the high salary paid for caregivers, the elderly needs may not be necessarily met.
Although this may due to the high demand from the elderly. However, what worries
the family members is that the elderly may become the victims of violence. That is,
the possibility of exposing the elderly to maltreatment and abuse by the caregivers,
whether verbally or physically [4–6]. From a survey conducted by Homer [4], of
the caregivers interviewed, 45% of them admitted to have committed to at least one
mistreatment at the elderly. Fortunately, with rapidly evolving technology, hiring
caregivers or assigning caregiving roles among the family members are not the only
solutions that can be provided to older adults. For those that can live independently,
various monitoring systems could be furnished. A tracking system or Global Moni-
toring System is one of the devices that can be used tomonitor the elderly’s activities.
In Hong Kong, the Assisted Global Positioning System (AGPS-based) that focuses
on the elderly was designed [7]. Such a device is mainly used to trace the mobility
of the elderly. These satellite-based systems mostly can accurately approximate the
outdoor coordinates, but may encounter an error in determining the indoor scenarios
[7, 8]. A device like AGPS terminal in [7] may not be accepted across all elderly
since some may not like carrying such a device. Another interesting digital health
technology that could be utilised is smart clothing. Literature review in [9] revealed
various considerations in designing the smart clothing and concluded that trade-
offs need to be made among parameters such as bandwidth, efficiency and size to
create an efficient wearable antenna. Other similar technologies that are wearable are
smartphones and smartwatches with embedded health care functions [10]. Nonethe-
less, a person might want to have leisure and relaxation while at home and wearing
such devices could make some people feel restraint and uncomfortable. Hence, a
more feasible approach for in-house monitoring would be to utilize the Internet of
Things (IoT) technology by installing different sensors in a smart home to recognize
the elderly’s activities [11, 12]. This technology has not only promote independent
living for the elderly but can also reduce the anxiety of the working adults that worry
about their older parents.

Sensors installed at different points can be used to record the elder’s activities and
hence detect any abnormality in their usual behavioural routine. The two main types
of anomaly detection in-home activities are sequence anomaly and time anomaly.
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Sequence anomaly is referring to the abnormalities in the sequence pattern of home
activities while time anomaly is referring to the change in the usual routine of home
activities. Many researchers used different techniques in detecting both anomaly
home activities, such as Hidden Markov Model (HMM) [13, 14], Support Vector
Machine (SVM) [15], and Density Based Spatial Clustering with Noise (DBSCAN)
[16, 17].

Wilson [18] studied the activity patterns of Canadian women by using a software
package, ClustalG. This research showed that the activity-pattern groupswere related
to work, weekend days, age, marital status, and the presence of children. It was also
reported that most of the elderly women activities were at home and isolated from
other people. Another group of researchers were using mixture models to build a
probabilistic model of behavioural patterns for elderly [19]. They concluded that the
clusters were consistent over the time with low classification uncertainty, when the
work and off-days were separated in the mixture model. Li et al. [20] focused on
detection of behavioural patterns by proposing nominal matrix factorization method
to extract highly interpretable daily routines for elderly care. The proposed method
has shown promising results when compared with the experiments on both synthetic
and real human trajectory data.

There is no identical structure of one home and no exactly alike daily activities
for each individual. Because each dataset is unique, hence before choosing a suitable
modelling approach to detect the anomaly, statistical analysis has to be performed
on the dataset. In this paper, the dataset “Aruba” that is available at the website of
the Centre of Advanced Studies in Adaptive System (CASAS), Washington State
University [21] is analyzed.

The rest of this paper is organised as follows: Sect. 2 describes the methodology
which includes data collection, data pre-processing, and activities sequence data
analysis. Section 3 presents results and discussion. Finally, we conclude the research
and introduce future works in Sect. 4.

2 Methodology

Figure 1 shows the flow of analyzing the home activities carried out by an adult
woman. In Sect. 2.1, the details of the dataset used in this research are presented.
Next, Sect. 2.2 illustrates the data preparation and preprocessing. Following Sect. 2.3
describes the home activities sequence data analysis.

2.1 Data Collection

In this work, the “Aruba” dataset is taken from the WSU CASAS Smart Home
project that available on the CASASweb page (casas.wsu.edu/datasets/). The dataset
consists of 220 days of sensor data collected from a volunteer adult woman staying in
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Data Collection

Data Preprocessing

Activities Sequence Data Analysis

Results and Discussions

Fig. 1 Flow of methodology

a smart home. The sensors installed in the smart home including the motion sensors
(indicated as “M”), door closure sensors (indicated as “D”) and temperature sensors
(indicated as “T”). Figure 2 shows a portion of data taken from the “Aruba” dataset.
In Fig. 2, the first column is referring to the date, the second column is the time,
followed by the sensor and the sensor status. Lastly is the annotation of activities. In
this dataset, the type of activities and the number of each activity type are presented
in Table 1. The total number of unique dates is 220 days.

2010-12-31   13:48:46.587543   T004    22
2010-12-31   13:52:11.03139     M030   ON         Enter_Home begin
2010-12-31   13:52:14.521396   M028   ON
2010-12-31   13:52:14.602035   M029   ON
2010-12-31   13:52:15.112253   D004   CLOSE   Enter_Home end
2010-12-31   13:52:16.167244   M023   ON

Fig. 2 Portion of data taken from Aruba dataset

Table 1 Type and number of
activities in Aruba dataset

Type of activities Number of activities

Meal_Preparation 1606

Relax 2910

Eating 257

Work 171

Sleeping 401

Wash_Dishes 65

Bed_to_Toilet 157

Enter_Home 431

Leave_Home 431

Housekeeping 33

Resperate 6
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2010-12-31   13:52:11.03139      Enter_Home begin
2010-12-31   13:52:15.112253    Enter_Home end

Fig. 3 Portion of data taken from Aruba dataset after cleansing process

In this research, the analysis of activities or model building will be carried out by
considering the sequence of activities in a day which is called a data instance.

2.2 Data Preprocessing

In data preprocessing, the main objective is to process the data into the form which
is ready to be used for analysis and modelling. The data which are not having direct
involvement for the objective will be removed. There are two stages in this process,
which are data cleansing and data transformation.

In the data cleansing process, there are 3 types of data will be removed. Firstly,
the sensor and sensor status columns are removed because these information are
not needed in analyzing and building the detection model based on activities done.
Secondly, those data recorded in between the beginning and end of activities at the
annotation activities column are also removed. These types of data are considered
as noise and it may affect the analysis and model building for the activities. Thirdly,
the activities “Resperate” is only happened 6 times out of total 6468 activities, thus
it is not significant and will be removed. After the data cleansing process, the data
in Fig. 2 is now cleaned and become as shown in Fig. 3. The total number of days is
195 days after cleansing.

In the data transformation process, the rows that indicating the end of the process
and the column of time are dropped. Only the data instance for each unique day is
recorded. To simplify the data, each of the activities is mapped to a numeric symbol
as shown in Table 2. Finally, the example of data that ready to be used is shown in
Table 3.

2.3 Activities Sequence Data Analysis

In this subsection, the transitions of activity are investigated by looking into transition
probabilities from one activity to another activity. The formulae to calculate the
transition probability is given as follow:

P (k)
i, j = total number of transition from i to j for day k

total number of transitions in a day
(1)
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Table 2 The mapping of activity to a numeric symbol

Type of activities Numeric symbol

Meal_Preparation 0

Relax 1

Eating 2

Work 3

Sleeping 4

Wash_Dishes 5

Bed_to_Toilet 6

Enter_Home 7

Leave_Home 8

Housekeeping 9

Table 3 Example of data instance for each of a day

Date Data instance

2010–11–04 [4, 6, 4, 0, 1, 9, 0, 2, 5, 9, 8, 7, 8, 7, 1, 0, 2, 3, 1, 0, 1, 0, 1, 2, 5, 3]

2010–11–05 [4, 6, 4, 0, 3, 1, 9, 8, 7, 8, 7, 8, 7, 3, 1, 8, 7, 8, 7, 0, 2, 5, 8, 7, 3, 4]

2010–11-06 [6, 4, 0, 2, 5, 3, 9, 1, 9, 0, 2, 5, 2, 8, 7, 8, 7, 8, 7, 1, 3]

2010–11–07 [4, 6, 4, 6, 4, 6, 4, 0, 2, 1, 3, 1, 0, 2, 0, 2, 1, 2, 1, 9, 3, 0, 2, 1, 2, 0, 2, 1, 3, 1, 2, 0, 2,
5, 1, 3, 2, 1, 4]

2010–11–08 [6, 4, 0, 1, 0, 1, 0, 1, 2, 8, 7, 8, 7, 8, 7, 0, 2, 5, 1, 9, 8, 7, 3, 8, 7, 3, 1, 0, 2, 1, 4]

where k is an integer and {i, j} are the numeric symbol for activity of type i and j,
respectively. The transition probability can be represented in a matrix format as in
Eq. (2).

P (k) =
(
P (k)
i, j

)
(2)

The average, maximum and median of transition probability for each of the days
will be calculated. The most frequent and common transition of activities will also
be presented in the results and discussions section.

3 Results and Discussions

The matrix below shows the transition probability from i to j for day 0 (which is the
first day, dated 2010–11–04):
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P (0) =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

0.00 0.12 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.12 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.04
0.00 0.00 0.00 0.04 0.00 0.08 0.00 0.00 0.00 0.00
0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.04 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00
0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.04
0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00
0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00
0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

All the P (k)
i, j can be calculated to understand the frequency of transitioning between

activities in thisAruba dataset. Someof the graphs for P (k)
i, j with fixed i, j are presented

in Fig. 4. In the graphs, k takes the values from 0 to 194.
Figure 4a and b are transition probabilities plot for the case from 0 to 1 and

vice versa, where 0 is meal preparation and 1 is relax. It shows that these is a
popular transition and is happening almost every day. Figure 4c and d are transition

(a) i = 0, j = 1 (b) i = 1, j = 0 

(c) i = 0, j = 4 (d) i = 4, j = 0 
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Fig. 4 Some of the graphs for P(k)
i, j with fixed i, j and k is from day 0 to day 194
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Fig. 5 Transition activities
that never happen in
195 days

i j
0 0, 4,5,6,7
1 1,6,7
2 2, 6,7
3 3,  6, 7
4 2, 3, 4, 5,7,9
5 4, 5, 6, 7
6 1, 2, 3, 5, 6, 7, 8, 9
7 5, 6, 7
8 0, 1, 2, 3, 4, 5, 6, 8, 9
9 2, 4, 5, 6, 7, 9

probabilities plots for the case from 0 to 4 and vice versa, where 0 is meal preparation
and 4 is sleeping. It shows that the transition of activity from meal preparation to
sleeping is not performed at all by this adult woman in her daily routine activities.
However, the transition of activity from sleeping to meal preparation is happening
frequently but not as frequent as the transition activities as shown in Fig. 4a and b.

Based on the analysis of transition probabilities, it is found that some of the
transition probabilities are zero throughout the 195days. Figure 5 shows the transition
activities from i to j that never happen in all the 195 days.

4 Conclusion and Future Work

In this project, the transition activities of an adult woman living lonely at home
is analyzed. From the analysis, the frequency of each transition activities is calcu-
lated. Those transition activities that could never happened are also identified in this
research. Future work can be carried out to develop anomaly activities detection
by using transition probability. A threshold of frequent happens transition activi-
ties can be determined by using transition probabilities. For any new data instance,
the detector score is calculated to compare with the threshold. Then the anomaly
activities for a day can be determined.
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Comparison Between PIN
and Picture-Based Implementations
in Gaze-Based Authentication

Yvonne Hwei-Syn Kam and Mohamad Haziq Bin Mohd Azmi

Abstract Legacy passwords (e.g., PINs, text or graphical passwords) which are
compatible with existing server backends, are textual or image based. The type of
password may have bearing on the memorability of the password. It has been proven
that pictures are more memorable than text, but will the maxim still hold when
the pictures in the challenge set have high visual similarity to one another? We
consider pictures in comparison to the alternative of the highly familiar Personal
Identification Number (PIN). Both these types of password were implemented and
tested on a gaze-based authentication platform. Gaze-based systems already reduce
the tendency of leakage of information during login and thus it is in this context we
consider the need for usability over resistance to shoulder surfing. Two login systems
were developed which is the normal PIN number and picture-based password. 27
people participated in the user testing and survey. In both systems, users had 100%
login success rate within the three attempts given, and the participants perceived
the gaze-based authentication systems positively. However, for the picture-based
password, where the pictures in the challenge set had high visual similarity to one
another, 33.3% took two attempts while one attempt was sufficient in PIN password
for all participants. The time taken was also longer than with the PIN. Feedback
also showed that the participants were less positive about the pictures’ memorability.
The results show that PINs may be more usable than pictures when the pictures
have similar semantic meaning and visual similarity with the pass images. These
considerations may inform the design of passwords in gaze-based authentication.
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1 Introduction

Existing login systems have been around for ages in this modern world for users to
enter their identifier information, generally a username and a password or Personal
Identification Number (PIN) into a system to access a system as a part of security
procedures. The systemmaybe vulnerable to security attacks such as shoulder surfing
where the attacker can acquire the user’s information.

Various styles of authentication system had been developed to overcome these
security attacks. As such, authentication systems using eye-tracking were developed
to make authentication system safer. An eye-tracker will be placed in front of a user
and it emits invisible near-infrared light to project light onto the eye. It records the
direction of light reflected off the cornea. Algorithms are then used to calculate the
position of the eye and determine exactly where it is focused at. The position of
human eyes on the screen can be hidden using an eye-tracking software. Therefore,
input of information can be safely gathered without the worry of shoulder surfing
attack as it requires no finger input onto the keyboard, only eye gaze input. Thus, the
security problem with typical authentication systems can be significantly reduced.
Since gaze-based systems already reduce the tendency of leakage of information
during login, it may be more important to contemplate the need for memorability
rather than resistance to shoulder surfing in the design of passwords.

Legacy passwords (e.g., PINs, text or graphical passwords) have the advantage
that they are compatible with existing server backends since they are textual, or
image based. The type of password may have bearing on the memorability of the
password. It has been proven that pictures are more memorable than text, but will the
maxim still hold when the pictures in the challenge set come from the same semantic
category and have visual similarity with one another?

In a study [1], a set of graphical password schemes, called VIP were compared
with PINs. In VIP, the password consisted of images (pass images), each taken from
different categories (flowers, animals, landscapes and so on). The distractors were
chosen from the remaining unused categories. Thus, the distractorswere semantically
dissimilar to the pass images. VIP1 was the pictorial equivalent to the Personal
Identification Number (PIN). The researchers found the picture superiority effect [2]
was not replicated when comparing between VIP1 and PINs on the first day of the
login attempts. However, the effect was seen in later attempts.

A question remained that if semantically dissimilar pictures were comparable or
better than PIN, would semantically similar images have less usability compared
to PIN? Thus, comparison between PIN and graphical password using semanti-
cally similar images is of interest and adds to the body of knowledge. Thus, in this
research, a picture-based login system which uses images in the same semantic cate-
gory for both the pass image and the distractors was implemented and compared with
PIN. In the previous study [1], the interface was the touchscreen which may have
subtle differences with gaze input. Thus, we implemented the methods as gaze-based
authentication methods.
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In the next section, a background of existing gaze-based authentication methods
is presented which looks at the common password types that were employed.

2 Literature Review

In the survey paper by Katsini et al. [3], gaze-based authentication methods are cate-
gorized into the password type. There are two kinds of passwords. Firstly, legacy
passwords (e.g., PINs, text, or graphical passwords) and secondly, gaze-based pass-
words where the password symbols are made up of eye movements. A review of
works in these categories is presented in this section.

2.1 Previous Works

Authentication using Gaze Sequences. In this work, Maeder et al. [4] presented an
idea of graphical authentication scheme where the user needs to gaze at predefined
grid cells over an image. Every grid cell has its very own PIN, therefore, the sequence
of user’s gaze points makes up a PIN sequence.

An image of the city of Prague was used in this gaze-tracking experiment as they
said it was a natural scene and it is considered to have little difficulty for the user to
recognize distinct points in the image. A 3 × 3 non-uniform grid was used where
each cell is encoded with number 1–9 having the top left as number 1 and bottom
right as number 9, which is basically the same as telephone keypad except that there
is no number 0.

Eye-Password. Kumar et al. [5] introduced Eye-Password, a gaze-based authenti-
cation system using an on-screen keyboard, that provides QWERTY, alphabetic and
keypad layout as shown in Fig. 2. The user needs to gaze at their desired letters or PIN
number to input their password. This is to prevent shoulder surfing from happening
as there are no finger input on the keyboard as it only uses gaze input. There are two
methods for triggering the character that they are gazing at. First is the user needs to
gaze at a character and press a trigger button such as space bar button. Another one
is using dwell time where the user needs to gaze at the character for a specific span
of time. According to the results, the second method achieve a higher accuracy and
precision where it produces slightly lower error rates.

ImagePass. This graphical authentication system [6] provided a grid consisting of
im-ages that differ from one another as shown in Fig. 1. The grid contains both valid
and decoy authentication images. Access is granted when both the sequence and
clicked images are correct.

EyePassShapes. De Luca et al. [7] proposed PassShapes as an authentication system
that user needs to paint shapes using their eye gesture in a stroke manner where there
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Fig. 1 ImagePass prototype [6]

Fig. 2 PassShapes contains
8 different strokes that
represent each code [7]

are eight possible strokes (see Fig. 2). Eye gesture symbols are not compatible with
existing server backends.

Cued Gaze-Points (CGP). Cued Gaze-Points [8] is the gaze-based version of Cued
Click-Points. They used a sequence of images. The user must press the space bar, as
a trigger to eye mo-tion tracking where they need to gaze at 5 points in the sequence
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of images as their password. After they release the space bar button, gaze density
method is used to calculate the user’s gaze-point. It resists shoulder surfing by not
putting any indicators on the screen that reveal the gaze points of the user.

The user needs to get the password sequence correct. If the user inputs their password
incorrectly, the system will show a different picture, not from the original sequence,
as the next picture.

EyeDent System. Weaver et al. [9] presented EyeDent System which also uses an
on-screen keyboard or keypad layout (see Fig. 3) where they need to press a trigger
for every single symbol that they have a gazed to input the symbol that they are
gazing at. This method is beneficial in a way that user authenticate in their preferred
pace and to reduce error while inputting their password. The buttons are designed in
a circle and the characters in the inner circle. The purpose of the design is to attract
the user’s point of gaze into the center of the circle which amplify the accuracy of
password input.

iType, mobile platform authentication system. Li et al. [10] proposed iType that
uses mobile as a platform. In iType, the keyboard consists of unique characters
whether they are number or letter. To type in their password, the user needs to gaze
at their password sequentially to enter their private information. Even if an adversary
can read gaze input, it does not proportionally meaningful as it is only a gaze. It is
beneficial in terms of the fact that if a user needs to authenticate something publicly,
they can safely use iType instead of using keyboard input.

GazeTouchPass. Khamis et al. [11], on the other hand, came up with an idea of
multimodal scheme that requires both touch and gaze input named Gaze-TouchPass
Scheme. Gaze-TouchPass accepts both password between input modalities whether
gaze or type input, with switches whenever required by the user. An adversary will

Fig. 3 EyeDent system [9]
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have a difficult time to trace the user’s private information as it is hard to pay attention
to both gaze and finger input. The user can use either gaze, type or both inputs to
enter their password.

Perception of Interface for Eye Movement Biometrics. Brooks et al. [12] wrote a
paper on Perception of Interface for EyeMovement Biometricswhere they developed
authentication system called Targeting and Reading using a costly eye tracker named
TobiiX120.The authentication system’s prototype resembles anAutoTellerMachine
(ATM) where user will first see a welcome screen and proceeded with inserting the
bank card. The Tobii eye tracker detects the pupil of the eye and give an instruction
to whether move closer or away from the screen. Then, the system run a 5-dot
calibration followed by verification. They provided two different types of stimulus
which was Targeting and Reading. Targeting displays nine circles with a plus symbol
was displayed and the user must gaze at the highlighted circle. Meanwhile, Reading
requires the user to read a selected text given. As from the feedback, the ease of use
was given the worst for both having the preference of normal ATM as the easiest but
in terms of security they are rated good from most of the participants involved.

AuthenticationSystembasedonSaliencyMask. AndreasBulling et al. [13] tackled
the problem of shoulder surfing problem using an eye-gazed authentication scheme.
In this scheme, user is required to gaze at points in a single image. The points must
not be in salient region, the main part or the part that grabs most attention, of the
image.

2.2 Comparison of Previous Works

Table 1 shows the type of password of the previous works described in the preceding
section.

Table 1 Type of password in
the previous works

Research work Type of password

Maeder et al. [4] Image

Eye-password [5] Text

ImagePass [6] Image

EyePassShapes [7] Gaze gesture

CGP [8] Image

EyeDent [9] Text

iType [10] Text

GazeTouchPass [11] Text, touch

Brooks et al. [12] Text

Bulling et al. [13] Image
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The literature review shows that quite a number of gaze-based authentication
systems use the two types of legacy passwords: textual (e.g. PIN or password) and
image-based (or picture) password. The superiormemorability of graphical password
in comparison with textual passwords has been recognized [14]. In most previous
works [6, 8], the pictures chosen to be presented in the challenge set are semantically
dissimilar pictures. However, when the pictures in the challenge set have visual
similarity to one another, the effect may not be as pronounced compared to the PIN
which is familiar to most users.

For comparison, PIN and picture-password were implemented for comparison in
gaze-based authentication systems. The PIN entry implementation was similar to
the PIN entry methods e.g. [12] and the picture password implementation was akin
to image selection methods [6, 8] but with the difference that the decoys have high
visual similarity to the password elements as they all come from the same semantic
category. Implementation details are described in the next section.

3 Implementation

3.1 Setup

The experiment setup is shown in Fig. 4. The eye tracker used in this project was
the Tobii EyeX. The eye-tracker is a commercial product, which allows and detects

Fig. 4 Setup of Tobii EyeX
on a laptop



476 Y. H.-S. Kam and M. H. B. M. Azmi

user’s gaze point on the screen. The device responded at 70 Hz and it has a small
build with a dimension of 20 × 15 × 318 mm and weight of 91 g.

3.2 Implementation

Two variants were implemented as the login systems. One of them is the normal
keypad layout and the other one is picture-based authentication system. Both using
eye-tracking system to input their password. Both applications were designed using
VS2017 and C# programming language (WPF). Eye tracker calibration is needed
before usage.

Registration. The registration system was designed to acquire information from
the user. The participants enter their identifier information such as username and
password for both systems and a few relevant personal but non-identifying questions
(Fig. 5).

After clicking the “Next” button in the main registration window it will lead to
another window (see Fig. 6) for the user to enter their 6-digit password input using
the mouse for the PIN entry system.

It will then be followed by choices of categories to be selected from for the picture
password system as shown in Fig. 7. The picture-based login system requires the
user to choose their desired categories among the nine choices given which is beach,
building, bus, dinosaur, elephant, flower, food, horse and mountain. Each category
contains pictures which have a similar meaning and visual similarity. The purpose of
having high visual similarity within the challenge set was to resist shoulder surfing
by making it hard for the shoulder surfer to differentiate and remember the pictures.

Sign in. After registration, the user can start to test the system. The sign in process is
commenced after a short time of familiarisation. The difference between password
entry during registration and sign inwould be that the registrationwill be usingmouse
input to click on the buttons, meanwhile for the sign in, the user needs to use gaze

Fig. 5 Registration system design
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Fig. 6 Registration of the
password for the PIN entry
system

Fig. 7 Registration of the password for the picture password system

input and look at the buttons while using space bar button to trigger the selection.
Numbers are selected for the PIN entry authentication. Pictures are selected in the
picture password system. User are given three attempts to login to each system.

During picture password authentication, there will be nine pictures per screen
(see Fig. 8) from the category that the user chose during the registration for each
password round for a total of six rounds. The user needs to choose the one picture
that they chose during the registration.

4 Results and Discussion

In this section, the data, and results of the participants from the experiment will be
presented in a form of graphs, tables and pie charts. For instance, the time taken
to register and log in to the system for both experiments, the information of the
participants, the success and failure rate will be shown in this section. Participants
were also given a set of questionnaires through Google Form to gain their feedback.
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Fig. 8 Picture-based login system login screen where the challenge set is from the beach category

Registration System.

Before using the login system, the users were be asked to register their creden-
tials such as username, email, password (for both experiments), gender and some
questions. The participants took 50–200 seconds to register with an average of
142.46 seconds among the 27 participants that registered.

The participants were mostly males with 26 males and 1 female. The participants
were all undergraduates in the same age group which was 22–23 years old (Fig. 9).

Fig. 9 The number of
participants that use
prescription glasses or
contact lenses
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As shown in Fig. 9, eleven of the 27 participants wore prescription glasses or
contact lens. For the remaining 16 participants, they wore neither. This is to investi-
gate if the usage of glasses affects the input from their gaze. No impediments were
detected.

In terms of Information Technology (IT) familiarity (see Fig. 10), most of the
participants rated themselves intermediate (17 participants) in IT-related things
because most of them have engineering background or were at least interested
in playing computer games. Only 4 of them were beginners and 6 of them were
advanced. On the other hand, all participants had never participated in any experi-
ments involving eye-tracker for authentication system before nor had they ever used
eye-tracking systems.

PIN Entry System. For this login system, users are given a maximum of 3 attempts
to enter their password. All the participants managed to enter their password success-
fully on their first try. Given that the space between buttons is large, the user finds it
easy for them to gaze at a button without losing focus. An addition to that, the user
can input their password by using their gaze at their preferred pace with a trigger
button.

Fig. 10 Participant’s IT
knowledge

Fig. 11 Participants’
number of attempts to
successfully access the
system



480 Y. H.-S. Kam and M. H. B. M. Azmi

All users managed to login on their first try. The users took between 10 and
30 seconds to gaze at the button and trigger their selection to enter their sequence
of 6-digit PIN number. The average time taken for the user to enter their password
is 21.14 s. Based on the participant’s feedback, the login system is easy to use, and
the eye-tracker detects the gaze input well. It is shown by the fact where the success
rate for this login system being 100% on the first try.

Picture-Based Login System. This login system also let the user to attempt
maximum three times. All participants managed to input their password correctly
within the three attempts given. Given that the users are able to pick their own choice
of picture within the category is giving them freedom by making it easy for them to
remember their selection of pictures compared to system assigned pictures.

Two-thirds of the participants managed to successfully enter their password
correctly on their first attempt (see Fig. 11).Meanwhile, the other one-third managed
to enter their password correctly on the second attempt. This shows that the success
rate for this login system is still 100% but 66.7% managed to do it on the first try
and the remaining 33.3% managed to do it on the second attempt. The average time
taken for the user to enter their password (successful attempts, either on 1st or 2nd
try) was 32.85 s.

Memorability. The participants were asked for their view of the statement “I
can remember the picture password easily” on a 5-point Likert scale (1 = Strongly
disagree, 5=Strongly agree). Themost chosen optionwas 2= disagree (see Fig. 12).
From the comments gathered, they suggested that the pictures provided were rather
uninteresting as there was no significant meaning or significant difference between
the pictures for the participants to remember their chosen pictures.

Summary of results. The average login success rate on the first attempt (out of three
attempts) using the PIN entry system was 100% versus 66.7% using the picture-
based login sys-tem. The mean time taken using the PIN entry system was also
shorter compared to using the picture-based login system. However, the time taken
may not be di-rectly comparable because there are six rounds involved in entering
the picture password versus the one round for entering the six-digit PIN. Overall, in

Fig. 12 Participants’ view on the picture-based login system
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comparing between PIN and graphical password using semantically similar images,
PIN had better performance. This is supported by the survey re-sult that 44% of the
participants disagreed that they could remember the picture password easily.

5 Conclusion

In this research, two authentication methods using textual password and picture
password respectively was developed. The project was then tested and evaluated on
users. For the PIN-based authentication system, the success rate was high where
a 100% successful login rate was achieved on the first attempt (out of 3 possible
attempts). On the other hand, for the picture-based authentication system, 66.7%
of the participants managed to enter their password successfully the first attempt.
The other 33.3% managed to enter the password successfully in the second attempt.
Additionally, the time taken using the PIN entry system was also shorter compared
to using the picture-based login system. Moreover, from the user survey, 40% of the
participants felt they could not easily found it difficult to remember the pictures that
they selected during registration for the picture-based authentication system. The
pictures in the challenge set were chosen from the same category of pictures and
had visual similarity to one another. An implication could be that pictures for the
challenge set may need to be dissimilar to one another for better memorability. This
supports the recommendation by [2] to display distractors from different semantic
categories and which are visually dissimilar from the pass image set. Given the
fact that gaze-based mechanism already resists shoulder surfing, having dissimilar
pictures may provide better usability without adversely affecting shoulder surfing
resistance.
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Driving Simulator for Drivers Education
with Artificial Intelligence Traffic
and Virtual Reality: a Review

Yun-Quan Cheng , Sarina Mansor , Ji-Jian Chin ,
and Hezerul Abdul Karim

Abstract Simulators are games that give a sense of realism and simulate of the real
world in a virtual world, such as racing games or serious medical training games.
These have been widely documented to have positive effects on the specific techni-
cal skills training on their respective field of users. However, in the area of simula-
tors for driving education, there has been a lack of a comprehensive survey which
encompasses the various contributions in this area. In this paper, we fill that gap by
providing a review of previous work in literature that focuses on driver’s education
using simulators. In addition, we include also works on Artifical Intelligence (AI)
and Computational Intelligence (CI) in games that could be used to enhance the
project and the effects of implementation of virtual reality in such studies.

Keywords Driving education · Driving simulator · AI techniques · CI
techniques · Virtual reality

1 Introduction

Simulators have been in existence for quite awhile. These computer programs pro-
vide a platform for simulating the real world in a virtual one where mistakes can be
forgiven and learning can be encouraged. These platform have been used in appli-
cations such as racing simulators and medical training simulators to teach and train
user skills that are specific to the field. With the technology of virtual reality, these
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platforms now can be further enhanced to provide users with immersive learning
where the user is immersed in the simulated environment to enhance the learning
effectiveness.

Simulators such as racing sims and medical training serious games have been
studied and widely documented in [4]. For example, Kandhai et al.’s paper [13]
presented an analysis on Immersive Driving Simulation for Driving Education. The
authors reported positive results on favourable learning experiences by the users in
their early testing. Chan et al. [5] also argued that driving simulators can be effective
tools for evaluating novice drivers in hazard anticipation, speed management and
attention maintenance. Finally, Burkhardt et al. mentioned in his paper [4], to a lesser
extend of the simulators and itself, VR have been documented copiously for research
purpose in road safety and (to a less extend) driving education. These technologies
however have not received as much attention in the training and learning purposes
of the simulators in driving schools [4]. Also, as the publication years suggest, these
works have not received recent attention.

For these driving simulators, they will need to be simulated traffic to simulate a
realistic virtual traffic environment. Artificial Intelligence (AI) and Computational
Intelligence (CI) have been linked to computer games since the first programwhere it
was designed to play chess [24, 29]. Inmodern computer games, AI andCI have been
uniquely designed for their specific purposes in their games. In this review paper, we
mainly focus on racing games, simulators and open world games that have simulated
traffic. AI and CI in racing are not just for running laps in the track mindlessly. It is
there to give challenge and immersion to the user. In some cases with modern open
world racing games and games, it could be an integral part of making the virtual
world come alive. Traffic in games like the Forza Horizon 4, Cyberpunk 2077 and
Grand Theft Auto V give the world a sense of liveliness and realism.

In the context of driving simulator, an adaptive AI traffic could provide the user
with realism and challenges as the AI technique might act randomly to interfere with
the user when he is driving. As mentioned by Aiolli et al. [2], an AI that can adapt to
the user’s behaviour and can react with more unpredictable behaviours. MacKinnon
et al. [15] also found that adaptive AI gave users a more challenging and enjoyable
experience. These factors suggest that AI in a driving simulator can be adaptive to
provide certain challenges to the user.

Virtual Reality (VR) has been in trend recentlywith simulators such asMicrosoft’s
Flight Simulator. But according to Cipresso et al. [7], the technology has been in
existence for quite some time, formulated during the 1960s with the first commercial
VR tools appearing in the late 1980s. VR has attracted the interest of investors and the
general public after Mark Zuckerberg purchased Oculus. Now big corporations such
as Samsung, Sony, HTC, and Google are investing heavily into VR/AR technologies.
With the recent emergence of consumer focused VR technologies like HTC VIVE,
Sony PlayStation VR and the Oculus Rift, VR is attracting attention of users and
researchers alike, suggesting it may be the next stepping stone in technological
innovation [7]. Gutierrez et al. [18] mentioned in his paper that it is sound to take
advantage of these technologies to facilitate learning with the increased affordability
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and accessibility of VR/AR technologies. This suggests that more fields of education
could be experimented with VR/AR.

In this article, we set out to achieve two objectives: first we review existingwork in
literature that focuses on driver’s education using simulators, AI and CI in games that
could be used in the projects. Secondly we discuss the effects of VR towards filling
the gap that we found to be available for further studies. It also serve as a call for
using available technology to improve user learning engagement and effectiveness,
while improving the safety, controllability and repeatability of driver education. We
note that prior to this work, to the best of our knowledge no such work has been done
to consolidate existing studies done in these three main areas of driving simulation,
AI and CI as well as VR. This article is also intended to provide a rough guideline
on designing the requirements of a driving simulator for driving education studies.
The major contributions are summarised as below.

1. We reviewed papers that analysed the effects of simulators for training and edu-
cation and found a gap in their use in driving education studies.

2. We surveyed AI and CI techniques used in racing games that can help create an
environment with simulated traffic that can mimic real world randomness and
provide the user with an immersive experience.

3. We also examined papers that study VR and their effects on improving skill
training, hazard perception and learning effectiveness. In theseVR-related papers,
we found that there is also a gap in driving education studies, while exploring the
possible use to improve learning effectiveness in driving education.

This article explored ten papers related to driving simulators used for driving edu-
cation: five papers regarding AI and CI techniques in games to enhance experiences
and five papers regarding VR and its effect in educational and training uses. All of
the papers are published between 2005 and 2021.

The organisation of this article is as follows. Section2 presents the literature
review of driving simulators use for driving education and serious games. Section3
discusses about the AI and CI techniques used in games, including its methods used
and how would it help with our upcoming project. Effects of virtual reality used in
education will be subsequently discussed in Sect. 4. Section5 will be the conclusion
of the article.

2 Driving Simulators

We arrange our review in accordance to chronology, with one exception of the final
article which focuses on drivers’ education for the Malaysian road system. In this
section, we reviewed papers regarding driving simulators and serious games on their
effects on education. Exploring the papers to see if there is really a gap in drivers
education in relation to driving simulators.

A study did byWade et al. [19] in 2005 highlighting the effects of Driving Simula-
tor Fidelity on over 500 novice drivers accompanied by driver education instructors
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who have no prior experience in running human subject experiments. Three types of
setups with different fidelity, from least to highest, was used to run against training
groups that did Literature Training and among themselves [19]. In their results, we
focused solely on the results of different fidelity of the simulators used and discover
that greater fidelity produce better results in driving training.

The issue here is that this paper was published in 2005. Computer graphics fidelity
and the commercialisation of VR technology is getting better and more common in
2021 compared to 2005. Hence, with the technology now, we can improve further
on the fidelity of the driving simulator and in turn, improve the results of our project.

Fisher et al. designed a program that is pc-based to train novice drivers’ hazard
detection. The authors’ method was a pc training session where it has 3 sections, a
pre-test, training and post-test [10]. The program will ask their users to manually
click on and identify the hazard or where to be aware in the situation. The users are
supposed to look at the scenario photo and drag circles indicating where they should
monitor [10] and where potential hazards can be [10]. After the pre-test the users
were required to go to a simulator to be trained for risk awareness. Then theywill take
another post-test to evaluate their learnings [10]. We have decided to take inspiration
from their methods of designing pre-programmed scenarios to train our user’s risk
awareness but will incorporate the scenarios in the simulator itself including the
evaluation. Their result shows reduced likelihood of crashes proving novice drivers
can be trained to gain information and reducing their likelihood to crash. It also
indicates possible improvement if driving simulators were used for training.

Wang et al. [28] paper concludes that driving simulator is slowly becoming an
important approach for driving safety studies due to its repeatability and controlla-
bility of experiments. It is also safer and have lower cost [28]. The authors signify
that the masses can benefit from the widespread consumer use of mid-level and
entry-level sims as computer technology progresses [28]. In modern times (2021),
the Covid-19 Pandemic had pushed entry-level sims in trend as cost to own is low.
Signifying that the use of low-cost simulators for driving education is viable.

Backlund et al.’s paper [3] concluded that there is a positive link between specific
skill-oriented aspects of driving and gaming. The authors did this by constructing a
simulator with off-the-shelf hardware running on an open-source software [3]. Data
was collected from 70 participants and analysed to study the possible individual
learning effects and it came out positive [3]. They showed a simulation based on
game is viable to be employed as a catalyst to enhance various aspects of learning in
traffic safety context and driving education [3]. Kandhai et al. [13] did their analysis
on immersive driving simulation for driver’s education by putting the users into a
predefined starting point in the simulator they built and asking the users to follow
the voice instructions en route. The faults were recorded and compared with users’
simulation experience report. The results showed that users commit more faults
than they perceive, suggesting users can improve using the simulator [13] while
reinforcing Backlund et al.’s statement [3].

Underwood et al. [27] assessed the comparability between driving on the road and
in a simulator and chose to evaluate [13] simulator. The authors compared the sim-
ulators hazard detection while watching recorded short clips from a vehicle moving
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through traffic and “driving” in a simulated city in a fully instrumented fixed-base
simulator [27]. The conclusionwas only relative validity as the authors are not able to
replicate similar hazardous situations in the simulator. However, individuals showed
similar behaviour in both cases, and the authors mentioned that this comparability
could encourage simulators being in use for driver training and testing [27].

Nieto et al. [11] agreed that in order to create a great learning experience in
serious games, it will require a balanced mix of entertainment, perceived educational
value and specific instructional content. The authors also suggested that educational
computer games in high school CS can create a motivational and effective learning
environment regardless the gender of the students [11]. Hence, gender biaswill not be
an issue if the driving simulator can create a learning environment with this qualities.

Erhel et al. [9] concluded from their experiments, serious games environment are
able to promote learning and helps with learning motivation if it is equipped with
features that prompt the learners to process the educational content actively. Also
noting that learning instructions are able to enhance the learning and the entertainment
biased instructions with feedback are beneficial [9].

Mazer et al. [17] examined the effectiveness on the retraining of clients with neu-
rological impairment using driving simulators and factors associated with treatment
effectiveness. The results of their experiment showed the preliminary potential clin-
ical usefulness of driving simulator training and the authors suggested that moderate
impairment clients had the potential to benefit [17]. Mazer et al.’s paper indicates
that driving simulator for driving educationmay prove to bemulti-purposed and have
the potential to benefit many students.

Uhr et al. [26] did an experiment with 50 experienced truck drivers to perform
a specific driving manoeuvre using both an advanced driving simulator and a real
system. Then the authors evaluated the results to find any transfer of training from
driving simulator into the real system [26]. The results showed positive [26], indi-
cating that driving training could be transferred from simulator to the real system.

To the best of our knowledge, only one prior work that focuses on drivers’ educa-
tion for the Malaysian system that exists. Ismail et al. [12] did a preliminary study on
drivers’ readiness for using a driving simulator as a tool to improve driving skills. The
study was a survey conducted on 122 driving candidates and 35 driving instructors
at several driving institutes around Selangor and Kuala Lumpur, Malaysia. Three
issues were focused in the survey which are: (i) the respondents’ perception towards
the advantages of using such simulator, (ii) the purpose of the simulator as an educa-
tional tool and (iii) their readiness to accept and use such a tool. The survey results
show that majority of candidates agree that simulators are necessary for early driving
exposure and would use a simulator if it was available. It shows that Malaysians are
ready to accept the driving simulator as a tool for driving education.

In summary, there is a positive link in using simulators to improve learning effec-
tiveness, but there is still a gap to fillwithmore studies in relation to drivers’ education
especially in Malaysia where the authors reside. A common difficulty found was the
lack of an unified software that can give a full driver learning experience and have
the ability to evaluate the users. We also found a gap to be filled in with studies in
relation to physically or neurologically impaired patients using driving simulators



488 Y.-Q. Cheng et al.

for their drivers’ education. Another factor in exploiting the potential of driving sim-
ulators for drivers’ education, the driving simulator need to have a balanced mix of
entertainment and specific educational content to get users actively engaged in the
simulator.

3 AI and CI Techniques in Games

We arrange our review in accordance to chronology. In this section we will mainly
focus on how AI and CI techniques are used to improve game experiences. As
mentioned in the previous section, driving simulators with a balanced mix of enter-
tainment and educational value encourage the users to be actively engaged in the
simulators. In addition, users would be able to enjoy the simulated environment that
has natural driving AI that simulates traffic, and behave randomly like the real world
situation. In this section, we review papers on AI and CI techniques used in games
that can provide the entertainment aspect of the simulator.

With natural driving AI and real world randomness in mind, the paper from
Aiolli et al. about Enhancing AI in Games by Learning the Opponent’s Playing Style
provide the entertainment aspect. AI sometimes can get too predictable and obvious
to players that are good at the game [2].Machine learning techniques could be used to
identify the player’s behaviour and consequently adapt to it [2], making it react to the
player with more unpredictable behaviours. This technique could be implemented
into the driving simulators to give the traffic more depth and randomness. It may also
improve the players hazard perception as random events or scenarios might play out
unbeknownst to the player nor the instructor. Giving a true sense of hazard.

MacKinnon et al.’s paper [15] also proves that using adaptive AI, majority of the
users found the races “challenging”, 50% of the users find it “enjoyable”, 30% says
its “thrilling” and the rest finds it “fun”. Although the AI technique was used in a
racing simulator, a different use case from driving simulators for driving education,
using adaptive AI could give the users a more enjoyable experience. In MacKinnon
et al.’s case [15], the adaptive AI adapts to the human driver and adjusts itself to the
human driver to provide a tighter/challenging racing. There is a pseudo code that
determine the AIs speed depending on where the AI is at in accordance to the player
and track section.

Another pseudo code in the adaptive AI that we can take reference from is for
more varied speed limits [15]. As the AI is closer or further away from the player,
it will adjust its maximum speed to catch or let the user catch it, a technique known
as rubber-banding [21]. Its motive is to keep the AIs in close proximity of the user,
creating a sense of “similarity of skill”, in a racing game, this might cost some loss
of realism if done badly [21]. In our case, cars on the highway have to adhere to a
constant speed limit, the AIs then can provide a sense of “fullness” on the highway
instead of a lone user driving.

Chan et al. [6] developed a car racing simulator game using AI techniques on
its AI racers. The purpose of developing the AI was not to overpower or defeat the
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player, instead it was to give the player an enjoyable and challenging experience.
The AI is incorporated with AI techniques that enables the cars to be controlled in
a manner that mimics natural driving [6]. The AI is designed with the combination
of Waypoint systems with Vector Calculation, Conditional Monitoring System and
Artificial Environment Perception [6]. These methods enable the AI to find where
they should go, traverse the track with natural steering and throttle/brake inputs and
be able to determine their surroundings and avoid obstacles such as walls. With the
AI techniques, we believe that it will provide the player with a sense of realism
in the driving simulator. The authors mentioned Unity has native support for the
development effort and reduces the implementation effort of the simulator game. It
is good news, as Unity is our platform of choice for our project.

Tomlinson et al. discussed about the AI architecture for racing games, touching on
racing behaviours. In this section, the authors mentioned that most realistic games,
AI can make occasional mistakes and recover from their mistakes [25]. As driving
simulators are not focused on racing, but the mistake and recovery design can help
make the experience of driving simulator more engaging and realistic in regards to
natural driving AI.

In our project, we wanted the AIs to know how to maneuver out of obstacles
and to prevent them crashing into obstacles all the time. We can refer Muhammad
Salman paper’s [23] look ahead, and overtaking methods. In his paper, his look
ahead method was used for path finding and obstacle avoidance. In his use case, the
lookahead points position on the track were determined by a general formula. The
AI will use the lookahead points to “lookahead” for obstacles and track scanning to
manoeuvre itself. As for his overtaking method, he uses a few inputs of information
to determine the overtake. The AI would first determine which opponent to overtake,
when the AI got close, a negative potential field indicating a crash was given. The
AI then made adjustments to the steer value and speed while adhering to the track
and cornering limits to make an overtake move. His paper concluded by stating that
his implementation has achieved the task of collision detection and overtaking while
driving in a car racing game.

In summary, driving simulators should be engaging and entertaining to get users
motivated and actively engaged in learning. AI and CI techniques discussed here can
provide the users with a simulated environment that is entertaining, challenging and
lively. The difficulty here is the implementations as all papers here have different
systems with different implementations, developing from scratch would require a
significant amount of time.We also believe that wemay found a gap in using adaptive
AI techniques in driving simulators for driving education that could be filled with
more experimentation in termsof giving a realworld randomness in drivingbehaviour
of the simulated traffic.
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4 Virtual Reality

We arrange our review in accordance to chronology. In this section, we will focus on
the effects on learning with VR. Virtual Reality has been in trend in many fields of
training recently. In this section, we explore the effects of using VR in educational or
training settings to evaluate the feasibility in implementing VR in driving simulators
for driving education.

Agrawal et al. [1] did an experiment by using Virtual Reality Headset as a training
device to improve young drivers’ mitigation skills and latent hazard anticipation. 3
training groups which all use different training namely, VRH based-Risk Awareness
Training (V-RAPT), PC based RAPT program (RAPT), and PC-based placebo train-
ing program. Experiment results concluded that drivers that are trained on V-RAPT
anticipated a significantly greater proportion (86.25%) of latent hazards than the
RAPT at 62.36% and placebo at 30.97%[1]. The V-RAPT group were also better at
mitigating potential threats, showing promise in VR to help improve drivers’ ability
to anticipate and mitigate latent threats, and thus reducing accidents [1].

Queiroz et al. [20] gave an overview of how learning assessments have been used
in studies using Immersive Virtual Environment and its applications in education.
They reviewed 46 studies and categorised into 6 categories, technological immersion,
type of knowledge, skills learnt, techniques, context, process, techniques, andmethod
of assessment. Only technological immersion, process, technique, and methods of
assessment will be discussed here.

They found that all studies used some type visual of immersion [20]. Auditory
immersion was used in 69% of the studies and only 2% of the studies use 3D auditory
immersion. Haptics immersion is only used in 20% of all studies. 67% of the studies
use metrics as their assessment technique, followed by pattern-based at 30 and 3%
used AIs. Most assessment processes are automated at 45% where 40% are manual
and 15% is partially automated. It is also found that 85% of studies uses quantitative
assessments while only 2% uses qualitative, 13% uses both [20]. The authors encour-
aged studies of immersive learning target high school students as research targets
as there are many abstract concepts in high school curriculum that students need to
assimilate and master [14, 20].

A meta-analysis done by Zhao et al. [30] on the effectiveness of virtual reality-
based technology on anatomy teaching. The meta-analysis was done on randomised
controlled studies of the performance of VR anatomy education. The authors 15 ran-
domised controlled trials with outcome measure analysis. By applying Standardised
mean difference to assess the systematic results, while heterogeneity is determined
by I2̂ statistics, laterwas then investigated bymeta-regression and subgroup analyses.
The results showed that VR did improve the test scores moderately when compared
with other approaches (standardizedmean difference [SMD]=0.53; 95%Confidence
Interval [CI] 0.09–0.97, p < 0.05; I2 = 87.8%). The high homogeneity indicated that
the studies were distinct. With this reason, the authors executed a meta-regression
and subgroup analyses with these seven variables (learners, course, country, year,
intervention, duration, comparator) [30]. Conclusion, VR improves post-intervention
test score of anatomy compared with other types of teaching methods.
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The findings of the authors proves that VR can be an efficient way in improving
the learners’ level of anatomy knowledge [30]. In accordance with [19] the fidelity
of a driving simulator will produce a better result, VR can provide the users with
better fidelity than screens. VR has been confirmed to have an impact and would be
beneficial to include it in our project.

Masoumzadeh et al. [16] did a pilot study on improving spatial cognition in older
adults. The pilot study was done on older patients with varying degrees of dementia.
The experiment uses an in house designed virtual reality driving simulator and a
sample size of 10 participants. The author’s result shows that with repeated practice
with their designed virtual reality driving simulator, it has positive effects on older
adults’ spatial cognition and giving the patients an uplifting experience even on those
with different degrees of dementia. This gave the project a motivation to incorporate
VR into the project as it has been shown to help with older adults, it could benefit
the younger adults as well.

Dobrowolski et al. [8] done an experiment on learning transfer effects of complex
skill after training in younger and older adults with ImmersiveVR. Themethodswere
splitting 118 participants into 2 training groups: the non-interactive training group,
which uses a manual and training videos and the IVR training group which uses a
virtual simulation of the real-world task. The authors concluded that IVR training
of a complex skill can be transferred into a real-world analog, and is vastly more
effective than text-based and video methods. It is also equally beneficial to both age
ranges of adults [8].

A systemic review done by Renganayagalu et al. [22] recently concluded that VR
is considered as a technology with the potential to enhance learning processes with
trainees due to the ability of being able to provide experiential learning with elevated
levels of interaction and encourage active learner engagement. The review identified
training in these fields with VR is highly valuable to are such as aerospace, defence,
industrial, health care, safety and emergency preparedness training, indicating there
is a gap in drivers education. The authors mentioned that more rigorous research
are needed to examine the most promising uses of VR-Head Mounted Displays (VR
HMDs) in authentic training context [22] which gave motivation to our project.

Summarising this section, the VR papers we reviewed here are all quite recent,
indicating a boom of studies in recent years. There is still a gap in studies related
to drivers’ education despite the boom. The difficulty that we can possibly see is
motion sickness in using the VR HMDs. In general, we found a positive outlook on
the effects of using VR to boost learning effectiveness regardless of age as in [16]
paper was done with older adults and in [1] is done with younger adults. Hence we
came with the conclusion that including an immersive experience with VR or VR
headsets can positively affect the learning effectiveness of the driving simulator.
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5 Conclusion

In conclusion, we reviewed various papers and affirm that there is an area for appli-
cation in drivers’ education with driving simulators, and the use of Virtual Reality in
drivers’ education. To design a driving simulator for driving education, we found that
the entertainment factor is as important as the educational, and by using AI and CI
techniques used in racing games, a challenging and unpredictable simulated traffic
can be designed. In relation to all the sections, we conclude that driving simulators
that uses AI simulated traffic with VR fidelity for driving education can and should
further developed as the potential of using these technologies to improve learning
effectiveness seems promising. Future works’ direction should include attempts in
developing a driving simulator that has thementioned qualities to be tested on human
subjects.
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Abstract This research sheds light on the impact of user behavior on mobile that
contributes to Advanced Persistent Threat (APT). Based on the research, there is a
lack of understanding for APT derived from user behavior. User behavior can be
defined as a user action performed on digital systems with or without malicious
intent that leads to APT attacks. As a result, most Advanced Persistent Threat (APT)
detection solutions failed to provide completeness and mitigate APT attacks. There-
fore, this paper proposes a Mobile Advanced Persistent Threat detection based on a
Device Behavior (SHOVEL) framework. This paper demonstrates how user behavior
impacts Advanced Persistent Threat (APT) via social engineering attacks such as
Spear phishing, watering hole, Repackaging the application, SQL injection, and
Malware attacks. The proposed APT detection framework is a novel technique in the
fight against APT that presents decision-making as self-adaptive, auto-predictive,
and auto-reflective. Furthermore, it complies with Confidentiality, Integrity, and
Availability (CIA) to protect sensitive information.
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1 Introduction

Mobile devices contain multiple sensors and services critical to the user’s daily activ-
ities and may collect sensitive data. As a result, mobile devices have been identified
as the primary target of Advanced Persistent Threats (APT), such as XLoader for
Android and Finspy [1, 2].

Advanced Persistent Threats are covert attacks carried out by knowledgeable
and resourceful adversaries to damage the system in the aspect of Confidentiality,
Integrity, and Availability (CIA) [3]. APT is a data leakage attack based on social
engineering and data collection [1]. APT has been targeting everyone who retains
valuable data, including government or non-government organizations such as corpo-
rations and business firms, using cutting-edge techniques that subtly remain unno-
ticed for an extended period [4]. According to Red Canary, the annual number of
APT attacks had risen from approximately 500 in 2009 to nearly 1500 in 2016. At
the same time, Verizon and SANS estimated that about 68% of attacks in 2017 went
undetected and that approximately 77%of these attacks required hours to several days
to remediate [5]. Social engineering is the art of manipulating users into disclosing
confidential information such as user credentials [4]. According to PURPLESEC,
in 2021 [6], attempts at Social Engineering increased more than 500% between the
first and second quarters of 2018. Additionally, 98% of cyber-attacks rely on Social
Engineering.

Several solutions for detecting APT attacks had been proposed, including encryp-
tion, networkmonitoring, andmalware behaviormonitoring [1].However, these solu-
tions were network-centric and did not focus on the end-user. Users are not aware
of how to protect their phones because of their knowledge, such as downloading
applications without knowing the risks. Despite these solutions for detecting APT
attacks, it still occurs due to user knowledge remains low. As a result, there is a lack
of comprehension for APT caused by user behavior. User behavior is the user actions
performed on digital systems [7] with or without malicious intent to contribute to
APT attacks [8, 9]. According to CybSafe [10], user error was increased from 61
to 90% of cyber data breaches from 2017 to 2019. In another study in 2021 by
Cybint [11], 95% of cybersecurity breaches were caused by user error. The human
mistake refers to unintentional actions by users that result in, spread, or allow a secu-
rity breach, such as downloading a malicious file that introduces malware into the
internal network and slowly leaks private and confidential data [12]. There are several
APT solutions focused on end-users, such as access control [1] and profiles system
(Five-Factor model) [8]. However, it fails to provide a comprehensive solution. This
is because of the lack of APT profiles or fingerprints. Fingerprinting is a set of infor-
mation regarding cyber-threat that can be used to describe Tactics, Techniques, and
Procedures (TTP) [13].

Threat Modelling can be helpful to identify any threat where one of the tools is an
Attack Tree. A conceptual diagram utilizes a branching, hierarchical data structure
to investigate device vulnerabilities [3]. Creating an Attack Tree is (1) To explore
attacks on a system and expose vulnerabilities. (2)Allow security analysts and system
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experts to view the system from the attackers’ side to understand the TTP of APT
[14]. The Attack Tree approach had been used within the MITRE framework to
enhance the modelling capability [3]. MITRE ATT&CK framework is a knowledge
based on adversary strategies, Tactics, Techniques, and Procedures (TTP) gathered
from real-world cybersecurity observations [15]. This paper aims to propose aMobile
Advanced Persistent Threat detection using Device Behavior (SHOVEL) framework
to detect APT attacks on mobile devices. The objectives of this paper are as follows:
(1) To investigate the impact of user behavior using Five-Factor Model (FFM) that
leads toAPT attacks, (2) To construct a set ofAttackTrees based on the impact of user
behavior on mobile using MITRE Framework, and (3) Finally to propose a Mobile
Advanced Persistent Threat detection usingDeviceBehavior (SHOVEL) framework.
In this paper, a set of Attack Trees will be designed to show the relationship between
Attack Tree, Five-Factor Model (FFM), and MITRE framework to create a TTP
fingerprint. The contribution of this paper is the SHOVEL detection framework that
would benefit security organizations by proposing a framework for APT detection
on mobile based on device behavior. This paper comprises five sections. Section 2
covers the background of APT, TTP fingerprints, RiskManagement with a Zero-trust
model, and Situational Awareness (SA). Sections 3 and 4 include both methodology
and APT attack Tree withinMITRE framework implementation. The conclusion and
future work are discussed in Sect. 5.

2 Related Work

This section presents a background ofmobile APT attacks, Device and user behavior,
FFM, Threat Modeling approaches such as Attack Tree and MITRE framework,
ISRM, Zero-trust model, and Situational Awareness (SA) brief account.

2.1 Advanced Persistent Threat (APT)

Advanced Persistent Threats are covert attacks carried out by knowledgeable and
resourceful adversaries to damage the system in the aspect of Confidentiality,
Integrity, and Availability (CIA) [3]. APT is a three-word acronym that stands
for Advanced, Persistent, and Threat. In Advanced, the APT attacker is usually
well-funded and has access to advanced, sophisticated equipment and techniques to
conduct an APT threat [3]. Persistent, on the other hand, is the attacker’s readiness
to wait until the targeted information is received [3]. At the same time, Threat is an
APT threat that is skilled, motivated, organized, and has a clearly defined objective
such as damage the system in the aspect of Confidentiality, Integrity, and Availability
[3].

APT is different from a traditional threat, as APT targets Specific organizations,
governmental institutions, and commercial enterprises for competitive or strategic
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Fig. 1 The typical life cycle of APT attack-based

benefits. In contrast, traditional threats target unspecific, mostly individual systems
looking for personal data that provide financial rewards [4]. Moreover, APT attacks
are often carried out by a group ofwell-planned,well-resourced actors,which ensures
that the attack will keep going on until achieving the goal. At the same time, the
traditional Threat episode goes on for a short period and moves on to another target
if the current one is difficult to attack [4].

A well-planned APT attack consists of several phases designed to reach the target
without detection. Figure 1 shows the lifecycle of APT attack that consists of five
steps [3], explained as follows:

Reconnaissance. In this phase, APT attackers conduct comprehensive research on
their target, gathering required information about the target to increase their success
rate to establish a foothold.

EstablishFoothold. This phase represents theAPT attackers successfully infiltrating
the target’s system through Social Engineering techniques.

Lateral Movement/Stay Undetected. In this phase, stealing legitimate credentials
from a targeted device and gaining access to required sensitive information may
spread to other systems within the target’s internal environment to steal sensitive
information.

Exfiltration/Impediment. During this process, the attacker’s goal is to steal data
or undermine critical components of the target by disabling or destroying essential
elements.
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Post-Exfiltration/Post-Impediment. After completing phase 4, the APT attackers
either continue to exfiltrate, disable additional critical components or remove
evidence to ensure a clean network exit.

2.2 Device Behavior

Mobile devices contain multiple sensors and services critical to the user’s daily activ-
ities andmay collect sensitive data. As a result, mobile devices have been identified as
the primary target of Advanced Persistent Threats (APT) [1]. Device fingerprinting
has been recognized as one of the most promising solutions to tackle this issue [16].
Device behavior can be defined as how a mobile device works either in a normal or
abnormal situation. Device behavior patterns (fingerprints) can be collected through
extracting Static, Dynamic, or Meta-data features for the detection of anomalous
cyber threats scenarios, depending on the previously known normal behavior of
mobile devices [17].

2.3 User Behavior

With the advancement of each new technology, not only benefits are introduced, but
also potential vulnerabilities and abuse of these systems by users. Users are consid-
ered the weakest link in the cybersecurity chain, and thus the attackers exploit this
fact to get access to user data [18]. Risky user behavior can be defined as user actions
performed on digital systems [7] with/without malicious intent that can contribute to
damage the systems in the aspects of Confidentiality, Integrity, andAvailability (CIA)
[8, 9]. Currently, cybersecurity system designers concentrate on system elements to
defend against maliciousness. However, users of cybersecurity systems have intrinsic
differences in their perceptions, knowledge, and experience about the security threats
that affect their behaviors. Although advances have been made in designing and
implementing cybersecurity systems, it fails to provide completeness and mitigate
APT attacks due to a lack of understanding of APT derived from user behavior.

Table 1 shows the difference between malicious and without malicious behavior
intent contributes to APT attacks. Various examples exist in which users bypass

Table 1 Difference between malicious and without malicious intent contributes to APT

Malicious intent Without malicious intent

1. Malicious intent is a set of actions
performed by cyber threats such as APT

1. It is a set of actions performed by users with
low or little knowledge about protecting their
data, such as novice users

2. The purpose of performing malicious
actions is to damage the system’s
confidentiality, Integrity, or Availability (CIA)

2. The reason to perform malicious actions is a
lack of knowledge on protecting their data
against APT attacks
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Table 2 The risky user’s behaviors examples that can lead to APT attack [19]

No Risky user behavior

1 Create a simple guess password, sharing the same password for multiple sites, or sharing it
with friends and colleagues

2 Use a free-to-access public WIFI

3 Downloads apps, digital media from unknown sources

4 The system is not updated, rooted, or jailbroken

5 Anti-virus is disabled, not installed, or not updated

6 Disclosure of personal information / sharing current location on social media

7 Click on the links from the unknown source or friend without thoroughly check them
before opened

security mechanisms designed to protect them or simply do not comprehend the
risks, despite well-organized awareness efforts as shown in Table 2.

Table 3 shows the risky behaviors of novice users and APT through Social
Engineering attacks such as (Repackage of the application, Watering hole, and
Spearphishing). The payload is malware that had been used to exploit the system
vulnerabilities such as (XLoader for Android, Stealth Mango, AndroRAT, and
Finspy).

Since the attacker’s motivation is either Espionage or stealing sensitive data, we
present the background of the Five-Factor Model (FFM) in the next section.

2.4 Five-Factor Model (FFM)

Personalities denote individual differences in thought, feeling, and behavior patterns.
Personality traits are stable across time, cross-culturally shared, and account for a
significant portion of behavior. Therefore, knowing one’s traits and understanding
the variations in their preferences would assist understand user behavior on mobile
that could lead to APT. One of the most widely used measurements of personality
traits is the Five-FactorModel (FFM) [21]. FFM is a personality profiling system that
correlates mobile users with susceptibility to APT based on five distinct personality
traits:Openness to experience,Conscientiousness,Extraversion,Agreeableness, and
Neuroticism [22].

2.5 Threat Modelling (TM)

Threat Modelling (TM) is an iterative method that defines and profiles an asset,
identifies, prioritizes, andmonitors security risks, aswell as evaluates their associated
controls. It formalizes the process of analyzing the security vulnerabilities and risks
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Table 3 Risky behavior with or without malicious intent

APT attacks Risky behavior with malicious intent Risky behavior
without malicious
intent

Motive Action that triggers
the attack

Effect of the attack

XLoader for
Android [2]

Stealing
information by
targeting Japan,
Korea, China,
Taiwan, and
Hong Kong
South Korean
users

Application
repackaging

Gain information
on (SMS and GPS
sensors data)

Download the
malware
applications from
third-party sites

Stealth
Mango [20]

Espionage on
Pakistan,
Afghanistan
officials and
citizens,
Balochistan, and
nearby cities

Watering hole Gain information
on (Microphone,
camera, SMS, and
GPS sensors data;
phone logs,
calendar events)

The victim clicked
on a watering hole
URL that could
have been sent in a
phishing attack via
Facebook
messenger

AndroRAT
[1]

Stealing
information by
Targeting the
United States,
and Turkey

Application
repackaging

Gain information
on (Phone log,
internal and
external storage)

• Download
malicious apps
from third-party
sites

• Click on the
malicious link
through email or
delivered
through an
‘in-app’
advertisement in
another app such
as a popular
game

Finspy [1] Espionage on
Bahraini human
rights activists

Spear phishing via
email

Gain information
on (SMS, MMS,
contact, device
information, voice
call, boot info, and
internet browser)

Install the
malicious
applications
attached to an
email

associated with hosts, applications, and network services [3]. The purpose of TM
is to create a fingerprint or Tactic, Technique, and Procedure (TTP) for APT using
Attack Tree and MITRE framework.

Attack Tree. Attack Tree is one of the threat modelling approaches used to model
APT. Attack Trees are conceptual diagrams that employ a hierarchical data structure
with branches that map threats and their potential attack vectors to accomplish their
goal [3]. The aim of creating an Attack Tree is to explore attacks on a system and
expose vulnerabilities. It allows security analysts and system experts to view the
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Fig. 2 Attack tree construction [3]

design from the attackers’ side to understand the TTP of APT [14]. The Attack
Tree structure consists of five stages: reconnaissance, establishing Foothold, learning
about the system/ critical nodes, performing a harmful activity, and post dangerous
move, as shown in Fig. 2, Attack Tree contains a root node that represents the final
goal of the attack and intermediate nodes (sub-goals), which denote the various stages
of the episode leading up to the root node.

In contrast, leaf nodes are actions that APT attack uses to carry out each stage of
the APT attack cycle to achieve their goals. Subgoals of the attack Tree can be (OR)
or (AND). An (AND) subgoal needs to accomplish all the subgoals, while an (OR)
subgoal requires to achieve only one subgoal. The five stages of the Attack Tree are
explained as follows:

Reconnaissance. In this stage, attackers conduct comprehensive research on the
specific target and gather the required information to increase their success rate
to establish a foothold.

Establish Foothold. This stage represents the attackers successfully infiltrating the
target’s system through Social Engineering attacks that exploit the vulnerabilities of
the mobile system and communicate with the attacker’s command and control server.

Learn about the system/critical nodes. In this stage, the attacker adapts undetected
techniques when compromise mobile victims to evade detection. In this stage, the
attackers search for private and confidential information or critical components
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and may escalate privilege and exploit other systems within the target’s internal
environment to achieve their goal.

Perform Detrimental Activity. During this process, the attacker’s goal is either to
steal data or undermine critical components of the target by disabling or destroying
essential elements.

PostDetrimental Activity. After completing stage 4, theAPTattackers either continue
to exfiltrate, disable additional critical components, or remove evidence to ensure a
clean exit from the network.

MITRE ATT&CK Framework. MITRE ATT&CK is an acronym for the
Massachusetts Institute of Technology Research and Engineering, Adversarial
Tactics Techniques, and Common Knowledge [3]. The MITRE Corporation, a not-
for-profit organization that manages federally funded research and development
centers (FFRDCs), developed the MITRE Framework in 2013 and released it in
2015 [23]. ATT&CK is a living, evolving framework of shared tactics, techniques,
and procedures (TTP) used byAPT and other cyber threats. The tactic is a behavior to
accomplish a goal, the technique is a possible method of executing a tactic [5], while
Procedure is a unique sequence of actions that APT actors use to carry out each stage
of their attack cycle [24]. Security engineers use this framework to create analytics
that identifies potential adversary behaviors. As a result, MITRE has become a
practical tool for threat hunters and defenders to improve attackers’ classification
and behavior analysis [25]. MITRE ATT&CK has three main matrices: Enterprise,
Mobile, and IndustrialControl Systems (ICS) [26].ATT&CKmatrix contains various
adversarial tactics that span the entire lifecycle, from initial access to impact. Each
tactic comprises several techniques that an attacker employs to carry out the attack.
Following from here, ISRM will be explained in the next section.

2.6 Information Security Risk Management (ISRM)

The Information Security Risk Management (ISRM) approach is designed to safe-
guard an organization’s information infrastructure against various security threats
through the most effective and cost-effective means. ISRM necessitates ranking
and prioritizing the security risks associated with assets, after which risk-treatment
solutions can be used to mitigate the risks associated with these assets. Six phases
comprise the ISRM process: Context establishment, Risk assessment, Risk treat-
ment, Risk acceptance, Risk communication and consultation, and Risk monitoring
and review [27].
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2.7 Zero-Trust Model

Zero-trust securitywas first proposed by theNational Institute of Standards andTech-
nology (NIST). The Zero-Trust concept is that the network as a whole is untrust-
worthy. It does not trust any users, device terminals, or data and requires users
to authenticate and authorise themselves before accessing network resources. This
mechanism is based on the principle of least privilege. When a user obtains trusted
access to one of the resources, it must still complete relevant authentication, where
different trust privileges are necessary for accessing other network resources. Three
Fundamental Principles of Zero Trust are as follows [28]

1. In the resource access region, there are no trusted domains. Here, all domains
have secure access.

2. By default, no credit is given to all access users. They tightly enforce access
control policies in the gateway and anti-firewall areas and adhere to the least
privileged policy.

3. Examine and record all network traffic that comes into the system, whether from
the LAN or WAN network.

2.8 Situational Awareness (SA)

Situation Awareness (SA) is the perception of environmental elements within a time
and space volume, the comprehension of their meaning, and the projection of their
future status [29]. SA is being aware of what is happening around you and having
explicit knowledge of what that information means to you now and in the future [25].
SA is classified into three stages that correspond to maturation phases: perception,
comprehension, and projection levels [29] Next, we will present our methodology.

3 Methodology

This research methodology includes three primary steps: phase 1, phase 2, and phase
3, as shown in Fig. 3. The first phase is achieved by analyzing several research papers
on APT caused by user behavior. In the second phase, FFM is used. FFM is one of
the most well-known measurements of personality traits that correlate user behavior
with susceptibility to APT through Social Engineering attacks. Social Engineering
is the art of manipulating users into disclosing confidential information such as user
credentials [4]. In this phase, APT threats can be identified using Threat Modelling
(TM) approaches such as Attack Tree and MITRE framework. Attack Trees are
conceptual diagrams that depict threats and their possible attack vectors via the use
of a hierarchical data structure with branches [3]. The aim of constructing an attack
Tree is to simplify the TTP of APT on mobile devices caused by malicious and
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Fig. 3 Research methodology

without malicious intent. In contrast, MITRE ATT&CK is a living and evolving
framework of common Tactics, Techniques, and Procedures (TTP) used by APT
and other cyber threats. It has become one of the most referenced and recognized
resources in cybersecurity compared to Cyber Kill Chain and Diamond Model for
the following reason: (1) MITRE maps and indexes virtually all information about
an intrusion from both the attack and defense perspectives. (2) MITRE contains
information about threat groups, their TTP, and also references and examples. (3) In
MITRE ATT&CK, attack scenarios can be reproduced by red teams and tested by
blue teams. In addition, a set of Attack Trees is constructed based on the impact of
user behavior onmobile using theMITRE framework. In comparison, the third phase
is to propose a (SHOVEL) detection framework. The proposed SHOVEL detection
framework is a novel technique in thefight againstAPT that presents decision-making
as self-adaptive, auto-predictive, and auto-reflective. It complieswithConfidentiality,
Integrity, and Availability (CIA) to protect sensitive information. Next, the proposed
work of this research will be discussed.

4 Proposed Work

Based on the research, our SHOVEL detection framework is proposed to detect APT
onmobile devices. The proposed SHOVEL detection framework is a novel technique
in the fight against APT that presents decision-making with self-adaptive, auto-
predictive, and auto-reflective. The framework also complies with Confidentiality,
Integrity, and Availability (CIA) to protect sensitive information. In general, the
proposed framework can be divided into five stages, as shown in Fig. 4:



506 T. Jabar et al.

Fig. 4 SHOVEL detection framework

i. Input stage: In this stage, device behavior has been determined. Device
behavior is how a mobile device works. Three standard features have been
used, such as Static, Dynamic, andMeta-data features, to understand a device’s
behavior. Static features can be extracted by not executing the application. The
features that can be extracted from an application by performing it are called
dynamic features [17].Meanwhile,meta-data features are the information users
get before downloading or installing an application [30].

ii. Design stage: In this stage, a TTP fingerprint is designed based on the features
from stage 1 using threat modelling approaches such as an Attack Tree and
MITRE framework. MITRE ATT&CK is a living, evolving framework of
common Tactics, Techniques, and Procedures (TTP) used by APT. At the same
time, Attack Trees are conceptual diagrams that employ a hierarchical data
structurewith branches thatmap threats and their potential attack vectors neces-
sary to accomplish their goal. The aim of creating Attack Trees is to explore
attacks on a system and expose vulnerabilities, which allows security analysts
and system experts to view the design from the attackers’ side to understand
the TTP of APT.

iii. Development stage: Information Security Risk Management (ISRM) is used
to manage information asset risks through six phases as context establish-
ment, risk assessment, risk treatment, risk acceptance, risk communication and
consultation, and risk monitoring and review [27]. ISRM is used to evaluate
the perception stage of SituationalAwareness and also present decision-making
(self-adaptive, auto-predictive, and auto-reflective). In this stage, a Zero-Trust
model has been adopted within ISRM to achieve Confidentiality, Integrity, and
Availability (CIA) of sensitive information.
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iv. Detection stage: In this stage, Situation Awareness (SA) is adapted. Endsley
definesSituationAwareness as the perception of environmental elementswithin
a time and space volume, the comprehension of their meaning, and the projec-
tion of their future status. SA is classified into three stages that correspond to
maturation phases: perception, comprehension, and projection levels [29].

v. Evaluation stage: The proposed framework will be evaluated in terms of
effectiveness, security mechanism, and usability.

4.1 Personality Profiling of Mobile Users

Based on Fig. 5, FFM has been used to correlate mobile users with susceptibility to
APT through Social Engineering attacks. It is one of themostwell-known personality
traits that are Openness to experience, Conscientiousness, Extraversion, Agreeable-
ness, andNeuroticism.Meanwhile, the users can be classified intofive different types:
novice, advanced beginner, competent, proficient, and expert users [31]. In compar-
ison, the Social Engineering attacks are adapted by APT such as Spear phishing,
Malware, SQL injection, Watering hole, and Application repackaging.

Personality traits for each user can be determined using Five FactorsModel (FFM)
as follows:

Novice. Novices, by definition, have little or no prior knowledge, have little desire
to learn and are solely interested in achieving a short-term goal. They have ten years
of experience, but the user might be doing something the same way for ten years

Fig. 5 Susceptibility of the users to APT attack
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(one year of experience, ten times). Their risky behaviors are immutable. Inability
to alter one’s behavior is the first indication of low levels of Conscientiousness and
Openness to experience [8]. Also, the lack of responsibility means a user with a low
level of Conscientiousness. Inability to respond to mistakes indicates low levels of
Conscientiousness, while vulnerability to confusion when things go awry indicates a
highdegree ofNeuroticism.Novice users are prone to unintentional errors.According
to [8], Conscientiousness correlates positively with attention. Consequently, low
attention indicates a low level of Conscientiousness. To conclude, the personality of
novice users can be characterized by a low degree of Conscientiousness, Openness to
experience, and a high degree of Neuroticism. They are prone to deceptive phishing
strategies and force users to make pressured decisions.

Advanced Beginner. The personality profile of an advanced beginner is hard to
develop due to the lack of intention to commit harm. As opposed to novice users,
advanced beginners can change their behavior. An advanced beginner has consider-
able experience, but they do not want to understand the overall problem. They want
the information fast and get things done [31]. It means that they have considerable
experience in responding to online threats, and they do not want to understand the
overall problem of dealing with risky situations. This is an indication of a medium
degree of Conscientiousness and Openness to experience. Conscientiousness had an
indirect effect on susceptibility to cyber-attack victimization [31]. Thus, a medium
degree of Conscientiousness represents a medium degree of vulnerability to cyber-
attack victimization. To conclude, the personality of advanced beginners can be
characterized by a medium degree of Conscientiousness and Openness to experi-
ence. They may be prone to watering hole attacks by deceiving users to visit the
malicious sites as they are not careful enough regarding the legitimacy.

Competent. In the third stage, Competent users can start fixing problems on their
own, troubleshoot, and think about new issues. However, they do not have enough
experience to recognize a situation in which aspects are most salient and important.
This means Competent users may become victims by online threats, indicating a
medium degree of Openness to experience and a high degree of Conscientiousness.
According to [32], Competence was positively correlated with Conscientiousness.
Thus, a high degree of Conscientiousness presents a high degree of Competence.
The ability to interact with other expert users and novices indicates a high degree
of Extraversion [32]. Extraversion positively affects susceptibility to cyber-attack
victimization; thus, a high degree of Agreeableness represents a high degree of expo-
sure to cyber-attack victimization [32]. To conclude, the personality of competent
users can be characterized by a high degree of Conscientiousness, Extraversion, and
a medium degree of Openness to experience. They may become prone to SQL injec-
tion or watering hole attacks as they possess a high motive to engage in the social
network.

Proficient. In the fourth stage, users seek it out and solve the problem with a deeper
understanding and improve poor situations. This is an indication of a high degree of
Openness to experience and Conscientiousness. Proficient users who are more likely
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to adopt security software indicate a high level of Agreeableness [32]. Openness to
experience and Agreeableness had a positive effect on susceptibility to cyber-attack
victimization [32]. To conclude, the personality of proficient users can be charac-
terized by a high degree of Openness to Experience, Conscientiousness, and Agree-
ableness. They may be prone to Application repackaging attacks as they explore and
download different applications on mobile devices.

Expert. Experts are the primary source of knowledge. They work from intuition, not
from reason, meaning they just “feel right” to do things. This is an indication of a
high degree of Openness to Experience and Conscientiousness. According to [32],
an expert is positively correlated with Openness to experience; thus, a high degree
of Openness to experience presents a high degree of an expert. Careful planning and
low anxiety despite the possible complicated consequences indicate a low degree of
Neuroticism [8]. Openness to experience had a positive effect on susceptibility to
cyber-attack victimization [31]. To conclude, the personality of expert users can be
characterized by a high degree of Openness to Experience, Conscientiousness, and
a low degree of Neuroticism. They may become prone to application repackaging
and malware attacks as they explore, download, and develop different applications
on mobile devices.

4.2 Attack Tree

AttackTree is one of the ThreatModelling approaches used tomodelAPT.Compared
to Alshamrani et al. [3], our Attack Tree is constructed within theMITRE framework
to simplify the TTP for APT. It is also constructed based on user behavior on mobile
that could lead to APT. Figure 6 illustrates the construction of an Attack Tree within
the MITRE framework, while Fig. 7 illustrates the construction of an attack Tree
within the MITRE framework based on user behavior. Figure 6 shows how APT
attackers target a high-profile Tibetan activist using spear-phishing on mobile in
2013. In stage 1, attackers conduct comprehensive research on their target and gath-
ered the required information to increase their success rate to establish a foothold
using Social Engineering, Reconnaissance at Site, scan applications, and external
network. While in stage 2, the attacker sent an email with an APK attachment using
(Deliver Malicious App via Other Means) technique to exploit the mobile victim. In
this stage, the attacker had initially compromised themobile victim and communicate
to the command and control (C&C) server once the victim download and install the
malicious app on the device. In stage 3, the attacker can discover the mobile victim
using (Location Tracking) technique to steal geo-location data, and (System Infor-
mation Discovery) technique to gather system information such as phone number,
Operating system (OS) version, phone model, and Software Development Kit (SDK)
version.

Moreover, the attackers may steal the user credentials such as user ID using the
(Capture SMSMessages) technique to penetrate deeper into the network and explore
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Fig. 6 Construction of APT attack tree for (Android/Chuli. A) malware to steal data

other systems to achieve their goal. While in stage 4, the attackers collect sensi-
tive information such as (Global Positioning System (GPS), Short Message Service
(SMS) sensor data, and phone logs), and start to exfiltrate them to the C&C server
through Hyper-Text Transfer Protocol (HTTP) and SMS using (Standard Applica-
tion Layer Protocol, Alternate NetworkMediums) techniques. Finally, in stage 5, the
attackers either continue to exfiltrate the data through discovering other systems; or
end the attacking process and remove any evidence to ensure a clean exit from the
network to avoid the tracking techniques that could lead to them.

Figure 7 shows stage 2 of constructing the APT attack Tree Fig. 6. It shows how
user behaviour with or without malicious intent on mobile could lead to APT. For
example, when the attacker (malicious intent) sent a spear-phishing email with an
APK attachment, the victim (without malicious intent) had one of the following risky
behaviours as (side downloaded: to download the apps from third-party sites, click on
a malicious link, Anti-virus is not installed/not updated, and the system is rooted or
jailbroken, etc.). Once the victim opens and installed the malicious APK attachment,
the attacker will establish a foothold in a mobile victim. Next, the conclusion and
future work is presented.
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Fig. 7 APT attack tree based on user behaviour for the second stage—establish foothold

5 Conclusion and Future Work

In this paper, we have shown that user behavior can contribute to APT attacks.
APT gathers the victim’s information and starts to exploit the mobile victim by
manipulating the victim’s trust using Social Engineering attacks. Thus, a SHOVEL
detection framework is proposed to detect APT onmobile devices. In this framework,
a set of Attack Trees have been constructed based on user behavior and Five-Factor
Model (FFM) to simplify the TTP for APT. FFM is a personality profiling system
used to correlate user behavior with APT attacks. The proposed SHOVEL detection
framework is a novel technique in thefight againstAPT that presents decision-making
as self-adaptive, auto-predictive, and auto-reflective. It complieswithConfidentiality,
Integrity, and Availability (CIA) to protect sensitive information.
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Our future work includes the research plan to have device behavior instead of user
behavior. Device behavior can be determined using static, dynamic, and meta-data
features to detect abnormal behavior as APT attacks. Finally, the SHOVEL detection
framework will be integrated to focus on different APT attacks, not only against
Social Engineering attacks.
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Abstract Advanced Persistent Threat (APT) is a targeted attack technique utilized
by a sophisticated and expert adversary to preserve undetected access over an
extended period to the exfiltration of important information. The APT attack has
several attacks, such as social engineering techniques via spear phishing, SQL injec-
tion, malware, and watering hole. A smartphone contains many sensors and services,
which are essential in supporting user activities that could comprise sensitive infor-
mation. Therefore, a smartphone has become the primary goal of attackers to carry
out Advanced Persistent Threat (APT) attacks. Many challenges occurred due to
the vulnerability of smartphone sensors and services, security framework, and inef-
fectiveness of methods for detecting APT. Although there are many APT solutions
designed and implemented, they fail to provide a comprehensive solution. The reason
is due to the lack of APT attack profiles or fingerprinting. Fingerprinting of attacks
follows a step by steps of TTP. As a result, this paper proposes an FORMAP frame-
work based on the correlation between MITRE Framework and the attack tree. This
framework contributes in improving the security awareness that supports detecting
an APT attack on smartphones.
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1 Introduction

Advanced Persistent Threat (APT) has targeted people reserving valuable data, both
government and non-government organizations like business firms and companies,
for an extended period with inventive techniques and remained undetected for a
long time. APT seeks to exile the victims’ data, whether beneficial or not at the
time, which would be valuable when mixed with other compromised data [1]. When
APT has been detected, data harm has already been done, especially concerning
confidentiality.Outmoded computer defensemechanisms, such as firewalls, intrusion
detection and prevention systems (IDPS), or antivirus, are incapable of defending
against APT because it uses social engineering, which involves exploiting unwary
humans’ vulnerability to achieve access for the attackers [2]. APT mobile attacks
are sophisticated data leakage attacks carried out by social engineering exploiting
smartphone functionality, as smartphones rely on sensors and services to process
information [3].

According to Red Canary, APT assaults increased from approximately 500 per
year in 2009 to nearly 1500 per year in 2016. Regarding Verizon and SANS, about
68% of threats in 2017 went undetected. Around 77% of these attacks needed hours
to days to patch immediately after they were discovered. The failure to identify and
respond promptly is mainly because associations of attack measures and predic-
tions are not sufficiently supported to enable proactive intrusion investigation and
mitigation [4]. The targets of APT attacks, which are deliberately selected and inves-
tigated, are usuallymajor corporations or governmental networks. The effects of such
intrusions are numerous. They include stealing intellectual property, compromised
sensitive data, essential corporate infrastructure sabotage, and takeovers of the entire
site. Additionally, the government often financedAPT attacks and used them as cyber
warfare weapons [3]. Many APT attacks on smartphone sensors have been explored.
A specificway inwhichAPT attacks typically start is with social engineering attacks.
The attackers use spear-phish and repackage the smartphone program. Malware and
social engineering are the essential methods for attacking APT. The attacker tricks
the intended customer into opening their emails with an enclosed file by using social
engineering. The attached file usually has familiar features or appears in trustworthy
formats such as .doc, .pdf, and .img. Themalicious code tries to download theRemote
Administration Toolkit when the file is opened. This enables the intruder to remotely
access the targeted victim’s computer [5, 6].

Several challenges have been addressed to detect APT on smartphone sensors.
It has been summarized as sensors vulnerabilities, smartphone services, and secu-
rity framework on smartphones called Mobile Security References Architecture
(MSRA). In smartphones, sensors play an essential role in collecting input, passing,
and processing it within a smartphone application. However, there are some vulner-
abilities such as small capacity, low-cost sensors, and the nature of always “ON”.
Several security attacks occur due to these vulnerabilities, such as AndroRAT, Desert
Falcon, and Finspy. Another challenge is smartphone services. In this case, users
could install applications that allow them to install any mobile apps without prior
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scrutinization. Finally, the Security framework on smartphones usesMobile Security
References Architecture (MSRA). Employing the security mobile architecture alone
is not enough due to the following reasons: (1) attacks evolved from time to time,
leading to the current framework unable to be employed, (2) it is hard to recognize
new attacks, (3) it is hard to implement mobile OS Mobile Device Management
(MDM), and (4) Mobile Application Management cannot protect data and ensure
fine-grained control [6, 7]. APT is a new kind of intelligent and sophisticated attack
that is hard to combat. It can hide from being detected by constantly changing itself
and using encryption to be unrecognizable [8]. Even though there are many APT
solutions designed and implemented, it fails to provide a comprehensive solution.
The reason is due to the lack of APT attack profiles or fingerprinting. Fingerprinting
of attacks follows a step-by-step TTP. In addition, many threats are modeling onAPT
such as the MITRE Framework, which includes the life cycle of APT and TTP of
APT detection. Therefore, security analysts are unable to characterize an attack as
APT. As APT is hard to detect, hackers could employ several tactics and techniques
to create an APT attack [4, 9].

In any threat modeling, understanding each attack is crucial. One tool used to
identify any attack is by simplifying the process using an attack tree. Attack trees
are utilized in cybersecurity to outline threats of information systems and potential
attacks. It is easy to use this method if there is a thorough understanding of the system
[10]. In addition to that, theAttack tree is amethod of threatmodeling that can provide
analysis in a graphical, easy-to-understand format. Furthermore, it helps determine
the various ways in which an information system can be attacked and aids in the
development of countermeasures to prevent such attacks [11]. Therefore, this paper
aims to propose a Fingerprint for Mobile APT Detection (FORMAP) framework
based on the correlation between MITRE Framework, mobile sensors, and attack
trees. The objectives of this research are as follows: (1) To present a comprehensive
study on vulnerabilities of smartphone sensors that cause APT attacks to occur in
smartphones. (2) To design a set of attacks tree for Mobile APT based on theMITRE
Framework. (3) To propose a framework for Mobile APT detection FORMAP based
on TTP and MITRE framework. This framework will support other researchers in
understanding the TTP of sub-attacks for APT, which occurs onMobile phones. This
research paper is organized in the following ways. The background analysis of the
MITRE Framework and the APT attack is covered in Sect. 2. Section 3 describes the
methodology of constructing an attack tree and determining the stages that could be
implemented in designing the attack tree. Meanwhile, Sect. 4 explains the proposed
work that includes smartphone sensors vulnerability, attack tree construction, and
proposed framework design. Finally, Sect. 5 offers the conclusion and future work.
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2 Related Work

Some background on sensors, Advanced Persistent Threats (APT), ThreatModeling,
MITRE Framework, attack tree, and situational awareness will be presented in this
related work.

2.1 Smartphone Sensors

Smartphone sensors are classified into three types [12]: inertial, positioning, and
ambient sensors. Interface orientation and event detection (e.g., the device is either
dropped or tilted) control on a smartphone requires inertial sensors (e.g., gyroscope
and accelerometer). Positioning sensors, for example, global positioning satellite
(GPS) andWi-Fi, are critical for determining location and information exchange. As
cameras and microphones, ambient sensors must recognize or process the client’s
atmosphere, share documents, and communicate with other IoT devices using the
same technology. Telephony networks (such as SMS andMMS), telecommunication
(such as call logs and voice calls), and services (like Calendar) all provide a constant
stream of data. Therefore, numerous services need sensor access. Once an attacker
has access to or reads this material, the attacker’s protection can be jeopardized.
These facilities are heavily reliant on the user’s attention [13], and the attacker can
conduct a highly active APT assault on the smartphone [14].

According to Zulkifli et al. [13], social engineering sensors can act as the means
of transferring and sharing files. The Bluetooth connectivity and Android beam are
among those sensors. The malware used to threaten APT attacks the location sensor,
environmental sensors, and sensitive information resources. Consequently, there is a
real case scenario of an APT attack on mobile phones. Firstly, the Baumgartner et al.
[15] attack target the Tibetan activist using spear-phishing email with an attachment.
It exploited the vulnerability to compromise GPS and Wi-Fi sensors. Secondly, the
Androrat [16] attack targeted the US and Turkey utilizing Application repackaging
as an attack vector to exploit the GPS, Wi-Fi, Camera, and Microphone of smart-
phone sensors. Finally, the attack targets Bahraini human rights activists [17] via
spear-phishing through email, where it exploited the GPS, Wi-Fi, Bluetooth, and
microphone sensors [14].

2.2 Overview on Advanced Persistent Threats (APT)

It is a targeted attack technique employed by a knowledgeable and trained opponent to
preserve unobserved access to the exfiltration of critical information over a prolonged
period. APT attacks take various forms, including social engineering tactics such as
spear phishing, SQL injection, malware, and watering hole attacks. The name of an
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Fig. 1 APT life cycle [22]

advanced persistent threat provides an overview of the threat. One or more of these
features are lacking from traditional attacks. In Advanced, assaults are organized by a
group of individuals who have considerable resources, experience and are often well-
financed. To be effective, the attacks themselves must not be highly complex. The
phishing and widely-accessed malware creation tools are often used by an attacker
[18, 19]. However, if required, they will use their software (e.g., zero-day exploits)
to target certain loopholes and use many attacks to invade the target. In Persistent,
the attackers are persistent in their attempts to compromise the victim’s systems to
get access to the resources. Then, the intruder can continue accessing the system.
They provide backdoors, and when one link is disconnected, another may be opened
and used to continue collecting confidential data. Meanwhile, a Threat is something
that may cause harm or risk. Because APTs are both intended and able to damage
their goals and not just automatic apps, they are challenging [8, 14].

As can be seen in Fig. 1, the APT attack life cycle comprised of eight stages as
follows:

Stage 1 (Initial Reconnaissance): A survey is the first move towards a targeted
attack. The targeted organization’s research and information are gathered to breach
the organization’s border security and establish a foothold within the internal
network.
Stage 2 (Initial Compromise): The second stage entails various entry vectors used
to establish an initial footholdwithin a network. The attackerwill phish their target
company’s clients to open a malicious file or click on a specially crafted URL.
Stage 3 (Establish Foothold): A malicious code is executed on the server or
endpoint, granting complete access to the machine. After the initial agreement,
the stage will attempt to retain persistence.
Stage 4 (Escalate Privileges): After gaining complete access to the compromised
node, the attacker would attempt to gain additional access to the system and data
through privileged accounts.
Stage 5 (Internal Recon): The attacker attempts additional recognition on the
internal network. All techniques, including discovering files and directories,
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discovering network sharing, discovering the cloud service, and network analysis,
are used to locate high-value targets containing other information of interest.
Stage 6 (Lateral Movement): Techniques allow an intruder to access and
manipulate various internal network systems.
Stage 7 (Maintain Presence): The APT maintains access to the environment by
installing several malware backdoors or using some remote administration tool.
Usually, these remote administration tools aremounted on the compromised nodes
and configured to operate in reverse-connect mode. The reverse-connect commu-
nication mode establishes a link to central command and control (C&C) servers
to retrieve and execute commands.
Stage 8 (Complete Mission): In order to accomplish the attacker’s goal, confiden-
tial datamust be retrieved from remote devices prior to data exfiltration. Data from
network shared drives, email collection, and cloud object storage are frequently
used target sources [20–22].

2.3 Threat Modeling Definition

Threat Modeling (TM) is a method that identifies possible security vulnerabilities
and their related threats in a targeted manner [23]. It is a framework for assessing
controls, device protection, and an essential role for designing safe applications. TM
establishes and formalizes a framework for identifying risks and analyzing the vulner-
abilities of a single or a collection of information and communication technology
(ICT) assets [24]. By threat modeling, the goal is to be proactive in recognizing, clas-
sifying, and defining risks to use an invasion or attack the camp. In order to identify
attackers in a network or on a host, it is necessary to have visibility of unusual activ-
ities or behavior detected through indicators. An indication of compromise (IoC) is
an event known to be triggered or influenced by an attacker [25]. A primary role of
a Security Information and Event Management System (SIEM) is to identify these
indicators. A SIEM compares incidents, warnings, and other low-level indicators of
compromise (IoC) from various sources. To achieve this, it is necessary to explicitly
define the complex links between collected information and actual intrusions. There
have been numerous threat-modeling methods developed, such as STRIDE, Attack
Trees, Kill chain, ATT&CK, Diamond, and TARA. They can be integrated to provide
a more comprehensive and well-rounded picture of possible risks [26].

MITRE Framework for Attacks. It is an abbreviation for the Massachusetts Insti-
tute of Technology Research and Engineering, Adversarial Tactics Techniques, and
Common Knowledge [26]. The MITRE attack Framework explains how adver-
saries infiltrate networks, travel laterally, escalate rights, and generally evade your
defenses. It is a cyber-security system that threat hunters in IT security teams use
to detect and categorize cyber-attacks and determine an organization’s risk. MITRE
ATTACKSare developedusing the sameconcepts as other cybersecurity frameworks.
However, unlike most cybersecurity systems, MITRE ATTACKS assumes a breach
will occur and approaches the issue from the attacker’s perspective [4]. It outlines
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12 possible attacker tactics or goals, such as Initial Entry, Execution, Persistence,
Privilege Escalation, Defense Evasion, Credential Access, Discovery, Lateral Move-
ment, Collection, Command And Control, Exfiltration And Impact, and hundreds
of attacking techniques such as Drive-by-Compromise Spear-phishing or Root-kit
attacks [26, 27].

Attack Trees. Attack Trees are conceptual graphs that illustrate a data system with
a branching, hierarchical structure. They map challenges and the potential attack
vectors necessary to accomplish their objective or state. Bruce Schneier coined this
term to describe vulnerabilities to data systems. It categorizes all known attacks
according to a scheme and then applies threat and cost values to each attack vector
[26, 28].

In cybersecurity, attack trees are used to outline vulnerabilities to information
infrastructure and future attacks. This approach is simple to apply if the mechanism
is well understood [29]. Furthermore, as a threat modeling tool, the Attack tree can
provide insight in a graphical, easy-to-understand format. It assists in implementing
countermeasures to combat such attacks by determining the different ways in which
an information system can be targeted. Furthermore, Attack trees facilitate the devel-
opment of an information security strategy. However, it is worth noting that adopting
a policy to carry out this strategy alters the attack tree [30]. In Fig. 2, the rectangular
nodes reflect one or more activities, each stage being aimed at the highest rectangular
node. In comparison, elliptical nodes are the measures that can be implemented at
any stage by the attackers to achieve their goals. The defenders estimate the risk and
the answer required to mitigate the threat with a threat score given for each action
(leaf node), which the attackers identified through the alerts and correlates these
alerts.

Thehighest node in eachof the three attack trees is the attacker’s assignedobjective
for the target selected [26, 31]. The attack tree has five stages; the following are a
brief description of each stage.

• Stage 1: APT attackers will be more effective in their assault if they grasp the
target better. Reconnaissance in APT attacks is usually passive since attackers do
not exploit a victim. Once APT actors have gathered enough intelligence, they
devise an attack strategy and gather the appropriate resources.

• Stage 2: As seen in the APT attack tree, information gathered in the previous
stage can be used to exploit vulnerabilities discovered in the target organization’s
web applications or to exploit vulnerabilities in end-user systems via malware
execution.

• Stage 3: The attacker employs various tactics to gain access to other hosts
from a compromised device. The tactics involve installing ransomware and other
software on various computers inside infected system modules.

• Stage 4: Attackers export the command and control server data they have obtained.
Becausemost intrusion detection and prevention systems perform ingress filtering
rather than outgress filtering, data exfiltration can go undetected.

• Stage 5: An APT attack aims to continue carrying out harmful action until the
attack sponsor terminates it. The sponsor may choose to terminate the attack until
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Sub-Goal    OR    AND

Fig. 2 Attack tree construction [31]

the data retrieved is determined to be desired or continue the attack indefinitely
to obtain data [31].

The Importance of Using an Attack Tree Process. An Attack Tree process is a
valuable technique for exploring various ways an attacker might accomplish their
target. Numerous advantages can be attributed to a well-built mechanism in the case
of Attack Tree, including the following [32]:

1. Create an iterative process with several inputs: An Attack Tree allows a
system analyst to adopt an approach in which individuals of varying experi-
ences/expertise sets can analyze potential risks and what can be done to mitigate
them.
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2. Capture and reprocess the procedure for future projects: By saving the informa-
tion generated by a process, it ensures that the next time a system is developed,
it can have an archive to reference possible security threats and strategies for
dealing with them.

3. Calculate the probability of a particular type of attack: Common attacks have
varying probabilities of occurrence and varying costs if an episode has a low
advantage but a high cost of prevention.

2.4 Situational Awareness (SA)

Having situational awareness requires an ability to see, understand, and analyze what
is happening around you at any given moment. Achieving situational awareness also
depends on the ability to understand how others react to the world around them [33].
Situational awareness requires an understanding of adversaries, estimating impacts
of attacks, evaluating risks, analyzing situations, and making effective decisions to
protect valuable assets [34]. It is based on the collection, processing, and fusion of
data from a technological standpoint. The ability to examine data fragments, fused
information, and offer a practical evaluation of its information quality is required for
such data processing. As a result, it is feasible to technically link and assess data bits
with one another. On the other hand, the cognitive aspect of situational awareness
is concerned with the human ability to grasp technical implications and draw infer-
ences tomake educated judgments [35]. Endsley [36] provided a generally applicable
definition of situational awareness that might be utilized as a foundation for such
measurement. It is defined cognitively as the process of observing the circumstances
of the environment in a volume of time and space, understanding their meaning,
and projecting their future status. Based on Endsley’s analysis, perception, compre-
hension, and projection are stages in the progression of awareness, including (i) the
ability to perceive and comprehend important data, (ii) interpretation and combining
information to produce knowledge, and (iii) capability to expect future events and
their consequences [36].

3 Methodology

In this section, the research methodology of the paper has been illustrated. As indi-
cated in Fig. 3, there are five main stages. This research also mentions the problem
statement, identifying the APT attack, mobile and its sensors, the implementation
of attack tree based on MITRE Framework, and explaining the study’s findings,
conclusion, and futurework that could be implemented. In the first stage, the problem
statement addresses the challenge in APT on smartphones such as sensors vulnera-
bilities and smartphone services. It also investigates and specifies the objectives of
the research. In the second stage, the literature review of relevant research papers on
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Fig. 3 Research methodology

APT in terms of smartphones and mobile sensors has been conducted, specifically
on identifying the APT attack, how APT happens in smartphones, and the life cycle
model of APT attack. In addition to that, this stage has also reviewed a thorough
investigation of MITRE ATTACKS and attack tree.

Moreover, the methods of constructing the attack tree and their implementation
are illustrated. The third stage of the research has planned the methodology focusing
on achieving the research objectives. Meanwhile, in the fourth stage, the proposed
work (FORMAP) has been conducted. This stage has sub-stages that include the
implementation of the research objective. That includes presenting a table to identify
the smartphone sensor’s vulnerability, exploiting the sensor, and the attack that might
occur accordingly. Furthermore, the second sub-stage demonstrates an attack tree
for the GPS sensor to design a set of attacks tree for Mobile APT based on the
MITRE Framework. Additionally, the FORMAP framework has been conducted.
The framework will support other researchers in understanding the TTP of sub-
attacks for APT, which occurs on mobile phones. In the final stage, the finding and
conclusions of the study have been stated. Meanwhile, future work also has been
identified and suggested by developing and implementing the proposed framework.
The reasons for selecting MITRE Framework were due to the (1) identification
network loopholes and configuration issues, (2) standardization of various tools and
techniques of defense, (3) improvement of specifying adversarial actions and how a
target is reached (4) a broad range of industry implementation and confidence, and
(5) a communal threat reporting approach that ensures accurate information [27].
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4 Proposed Work

This section comprises three phases to implement the proposed frameworkFORMAP.
Based on the correlation between MITRE Framework, mobile sensors, and attack
tree, the FORMAP has been suggested. Having such a framework improves the
security awareness that supports detecting an APT attack on Smartphones. The first
phase presents a comprehensive study on vulnerabilities of smartphone sensors that
cause APT attacks.Meanwhile, in phase 2, a set of attack trees is designed forMobile
APT sensors based on theMITREFramework. The third phase proposes a framework
(FORMAP) for detecting APT attacks in mobile sensors based on TTP and MITRE
framework.

4.1 Vulnerability

A comprehensive study on the vulnerability of smartphone sensors has been
presented. The existence of the vulnerabilities allows the attacker to exploit smart-
phone sensors and establish the APT attack. Investigating sensor vulnerability spec-
ifies these loopholes and flags them as a high priority in designing security policies
and frameworks. This helps in avoiding systems exploitation and provides a secure
work environment. Based onTable 1, there are fewvulnerability points in smartphone
sensors, leading to several security attacks taking place, exploiting the weak points in
smartphone sensors. For example, in GPS sensors, the loopholes in the communica-
tion channel can be utilized to performMan in theMiddle Attack (MIMT) and Reply
attack. Bluetooth sensor also has several vulnerability points, such as Link Manager
Protocol/Link Layer Protocol (LMP/LLP). Exploiting this weak point could permit
variant attacks like Hijacking attack, Blue Stiff, or Snigging attack to be executed.
Moreover, having no Access Control Mechanism in Gyroscope and Accelerometer
sensors, these sensors target Side Channel attack, Tap Logger attack, Tap Print attack,
and Eavesdropping attack. NFC sensor has its share of attacks like Eavesdropping
attack andSpoofing attack because ofLack of Security Protection ofCommunication,
URL/URI spoofing, and lack of AuthenticationMechanism. Finally, the venerability
points of Camera and Microphone sensors has led to a few security attacks such as
Acoustic side-channel attack, Eavesdropping, and spyware attack. Having a clear
idea of the sensors and their loopholes enhances the awareness of security system
designers and users from being targeted.

4.2 Attack Tree

Based onmobile phone sensors, the attack tree has been designed. Thorough research
on MITRE Framework has been adopted. This includes identifying the descriptions
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Table 1 Vulnerability of smartphone sensors

Sensors Vulnerability point How this happen Security attack

GPS sensors [37] Non-secure
communication
channel

Convince a mobile to
swap an attacker with
A-GPS. Malicious
WI-FI network
telephones can relay all
possible A-GPS
requests for assistance
and report localization
corrections

Change/modify of
message-MIMT and
replay attack

No permission added
into the sensor setting

Compromise your
location privacy
(privacy attack)

Bluetooth [38] A loophole in link
manager protocol/link
layer protocol

In the attack in a car,
the attacker sends
commands and
overrides several
controls of the vehicle

Hijacking attacks

The attacks take
advantage of flaws in
the LMP/LLP

Sniffer is used to
intercepting data by
capturing network
traffic and obtain
address books

Blue stiff or snigging
attacks

The attacking distance
can be significantly
extended with an
inexpensive antenna

The range of the
connectivity is
extended so attacks can
be conducted at a
distance

Range extension attack

Gyroscope and
accelerometer [39]

Have no access control
mechanism
(permissions), making
the sensors more likely
targets

Data filtration and
transmitting to a
remote server;
computation on the
server learns features
of the data to determine
private information
about the device’s users

Side-channel attack
(Keystrokes can be
inferred, enabling the
recovery of password
information)

Have no access control
mechanism
(permissions), making
the sensors more likely
targets

The user location of
types or swipes being
recorded to label the
motion data (PIN
inference)
Sensors can determine
letters typed on the
smartphone QWERTY
keyboard

Tap logger attack
Tap prints attack

(continued)
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Table 1 (continued)

Sensors Vulnerability point How this happen Security attack

Have no access control
mechanism
(permissions), making
the sensors more likely
targets

The user is typing on a
computer keyboard and
smartphone next to the
keyboard with the
phone’s vibrations,
searching for keywords
that may be extracted

Eavesdropping attacks

Gyroscope,
accelerometer, and
magnetometer [40]

A fingerprinting
technique that is
capable of tracking
mobile devices across
the Internet using
factory-set calibration
information

Using accelerator,
gyro, and
magnetometer
calibration information
that monitor user web
browsing habits

Sensor ID attack

NFC [41] Lack of security
protection of
communication

The intruder put the
NFC reader/writer
between the NFC
provider and the
recipient

Eavesdropping attacks
and jam the data which
can lead to a DoS
attack toward the NFC
service provider

URL/URI spoofing The hacker would
develop an exact copy
of a reputable website
with nearly the same
URL

Spoofing attack

Lack of authentication
mechanism of NFC
device

The attacker either
replaces the NFC tags
with malicious data or
replaces the physical
tag with another tag

Tag replacement and
tag hiding (TRTH)
attack

Microphone [40,
42, 43]

Unsecure environment The voice of the screen
being tapped can be
used to decrypt
passwords or other
phrases

Eavesdropping Attacks

Unsecure smartphone
password system

Malware can exploit
the smartphone’s
microphone to steal
the device’s
passwords and codes

Acoustic side-channel
attack

Camera and
microphone [40, 42,
43]

The preinstalled
camera app can give
other apps on the
phone permission to
access the camera and
microphone

A malicious app can
trick the built-in
camera app into taking
photos or recording
videos on its behalf

Eavesdropping attacks
and spyware

Privacy, pictures, and
videos can be recorded
without client consent

Eavesdropping attacks
and spyware

(continued)
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Table 1 (continued)

Sensors Vulnerability point How this happen Security attack

Lack of privacy,
location can be tracked

The attacker can track
the location of the
photos that have been
taken

Compromise your
location privacy
(privacy attack)

of all tactics and techniques to establish the attack tree for mobile phone sensors.
According toMandiant [44], the APT attack model has seven stages: Initial Compro-
mise, Establish Foothold, Escalate Privileges, Internal Reconnaissance, Move Later-
ally, Maintain Presence and Complete Mission. However, in all APT attack models,
these stages do not have to be identified. The operations involved in APT attacks
can be either too general or too specific. In [31], APT attacks are classified into five
stages that may reflect any APT attack regardless of the objective.

Based on [31], the attack tree of the GPS sensor has been designed. As shown in
Fig. 4, the First Stage of the tree is Reconnaissance. In this stage, the attacker collects
information passively about the target to identify the best targeting method. This
may contain searching into the target location, their own devices, and their contact
information. It also tracks the websites that are visited and explored frequently [21].
In the Second Stage (Establish Foothold), the Initial Access is identified. It can be
gained through the Trojan, which accesses the mobile phone via APT attack vectors

Trojan Exploit via Radi 
Interfaces

Exfiltration

Egress Data To C&C

Stage 4

Cover Up

Post Exfiltration

Reconnaissance

Social
Eng.

Stage 1

Exploit via Malware

Reconn.
at Site

Initial 
Communicati
on with C&C

External 
Network 
Scan

Exploit Web

App
Vulnerability

Scan
Apps."

Initial Access

Stage 5

Establish Foothold

Client Surveillance / Tracking physical Location

Stage 2
Stage 3

Find 
Data

Fig. 4 Attack tree of GPS sensor
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that can exploit the vulnerabilities of the GPS sensor. It also uses the technique of
exploiting via radio interfaces and the exploits of the web application for getting
access to the sensor.

Having the goal of stage one and components of the second stage leads to achieving
the objective of the second stage. Meanwhile, the purpose of the third stage of the
GPS sensor is Lateral Movement. This stage includes the tactics and techniques in
MITREFramework related to theGPS sensor, starting from the Execution tactic until
the Later Movement tactic. In our case, Defense Evasion, Discovery, and Command
andControl (C2) tactics and their related techniques such asDiscover theAltitude and
Magnitude, Alternate Network Medium, and Standard Application Layer Protocol
have been adopted. Thus, it can be noticed from achieving the sub-goals and the goal
of each stage of the GPS attack tree, which combines the results of previous stages
and the tactic and technique related to the current stage.

Moreover, the goal of the fourth stage is to gain the exfiltration of the data. It
can be achieved by combining the Finding Data, which resulted from acquiring
the previous three stages of information: Reconnaissance, Establish Foothold, and
Lateral Movement. Then, the results of the three stages will be combined with the
Collection Tactic of MITRE Framework related to the GPS sensor. Finally, In the
fifth stage, if there is no further exfiltration or obstruction required, any tools installed
during the attack or logs that provide clear proof will be deleted [31]. Completing
all these stages will achieve the main goal of the GPS sensor; client surveillance and
tracking physical location.

4.3 FORMAP Framework

This section proposed an FORMAP framework to detect the APT attack based on the
correlation between smartphone sensor, TTP MITRE Framework, and attack tree.
This correlation leads to achieving TTP Fingerprinting for smartphones. As shown in
Fig. 5, the proposed framework comprises four stages: Input, Design, Development,
and Detection.

The first stage (input) consists of several components: smartphone sensing, appli-
cations, APT, andUsageLoge. The available sensors onmobile phones, asmentioned
previously, can be classified as inertial, positioning, and ambient sensors such asGPS,
Wi-Fi, Camera, Microphone, Accelerometer, and Gyroscope sensors [14]. Each of
these sensors can sense different aspects of user context and is selected and config-
ured based upon application requirements. It also collects information that is provided
from using services of the mobile application. The application of mobile phones can
be categorized into 36 categories available in Google Play Store. That contains many
applications like Maps, Communications, Entertainments, and Finance [45].

The APT attack is considered an essential component that breaches the system
to the exfiltration of critical information over a prolonged period. APT attacks take
various forms, including social engineering tactics such as spear phishing, SQL injec-
tion, malware, and watering hole attacks. Usage log of sensing data, smartphone
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Fig. 5 Proposed framework of APT attack detection (FORMAP)

application, and APT attack can be determined through duration, frequency, and
Temporal and Spatial patterns. The initial sensing step typically produces raw obser-
vational and measurement data, often refined and passed to the next stage (design
stage).

In the design stage, the TTP Fingerprint has been created and configured to detect
the APT attack. The fingerprint utilizes the correlation of the attack tree and MITRE
Framework. Based on [31], the attack tree includes all mobile tactics and techniques
of MITRE Framework distributed through all existing stages of the attack tree. The
proposed FORMAP framework has to determine the life cycle of APT based on the
attack tree of each sensor. Considering that each smartphone sensor has its tactic and
technique in the MITRE Framework, so that the APT life cycle has to be different in
every single mobile sensor. Artificial intelligence techniques can be adopted in the
development stage to test, compare, and evolve the designed fingerprints. In addition
to that, it achieves high accuracy, good performance, and an efficient model. For
example, it could utilize Fuzzy logic and Graph Theory or any other AI techniques
depending on the efficiency of the developed method.

In the final stage (Detection and Outcome stage), the APT attack is simulated
and tested. It will be then evaluated with the proposed fingerprint to solve the APT
problem as quickly as it can be detected. In addition to that, the evaluation can be
achieved via the determination of accuracy, system response, and impact on detecting
APT attacks and minimize their effect on mobile sensors. Situation awareness (SA)
has been proposed for system detection. It can be used by employing three levels,
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which are perception, comprehension, and projection. This allows the system to
assess the impact of recent attacks. It consists of two parts: (1) assessment of the
current impact (damage assessment) and (2) assessment of the future impact that
additionally entails vulnerability analysis (what we know about and how we may
be impacted in the future). Assessment of future impact could also include threat
assessment [36].

5 Conclusion and Future Work

This paper has proposed an FORMAP framework for the detection of APT attacks
that affect smartphones. It also presents how the APT attack can exploit the vulner-
ability of smartphone sensors for compromising the mobile sensors using attack
vectors such as spear phishing, Application Repackaging, Malware, and SQL Injec-
tion. The proposed framework presents a set of attack trees for each smartphone
sensor based on the MITRE Framework. It can also determine the APT Life cycle
based on MITRE Framework. The FORMAP framework can simplify TTP the APT
attacks of smartphones and provide a better understanding for researchers regarding
the TTP of sub attacks for APT, which can happen on a smartphone. The future work
of this research will focus on implementing a mathematical model of the FORMAP
framework, utilizing Situational Awareness. A new optimized and high-performance
AI model is also designed to present decision-making based on self-adaptive, auto
predictive, and auto reflective.

Acknowledgements This work was supported by the Fundamental Research Grant Scheme
(FRGS), Ministry of Higher Education, Malaysia, under Grant FRGS 203.PKOMP.6711931.

References

1. Anatomy of Advanced Persistent Threats, [Online]. Available: https://www.fireeye.com/cur
rent-threats/anatomy-of-a-cyber-attack.html

2. Chuan BLJ, Singh MM, Shariff ARM (2019) APTGuard: advanced persistent threat (APT)
detections and predictions using android smartphone. Lect Notes Electr Eng 481:545–555.
https://doi.org/10.1007/978-981-13-2622-6_53

3. Advanced Persistent Threat (APT), [Online]. Available: https://www.imperva.com/learn/app
lication-security/apt-advanced-persistent-threat/#:~:text=Theconsequencesofsuchintrusion
s,infrastructures (e.g.%2C database deletion)

4. Al-Shaer R, Spring JM, Christou E (2020) Learning the associations of MITRE ATT&CK
adversarial techniques

5. Sood AK, Enbody RJ (2013) Targeted cyberattacks: a superset of advanced persistent threats.
IEEE Secur Priv 11(1):54–61. https://doi.org/10.1109/MSP.2012.90

6. Gervasi O et al (2015) Computational science and its applications. In: ICCSA 2015: 15th
international conference banff, AB, Canada proceedings, Part IV, Lecture notes in computer
science (including Subser. Lect. Notes Artif. Intell. Lect. Notes Bioinformatics), vol 9158, pp
90–105. https://doi.org/10.1007/978-3-319-21410-8

https://www.fireeye.com/current-threats/anatomy-of-a-cyber-attack.html
https://doi.org/10.1007/978-981-13-2622-6_53
https://www.imperva.com/learn/application-security/apt-advanced-persistent-threat/%23:~:text%3DTheconsequencesofsuchintrusions,infrastructures
https://doi.org/10.1109/MSP.2012.90
https://doi.org/10.1007/978-3-319-21410-8


532 A. A. Al-Kadhimi et al.

7. Leavitt N (2013) Today’s mobile security requires a new approach Neal Leavitt companies.
IEEE Comput Soc 16–19
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Performance Comparison of Equal
Width and Equal Frequency
Discretization Methods for Author’s
Handwriting Recognition

Intan Ermahani A. Jalil, Mohd Sanusi Azmi, Sabrina Ahmad,
and Azah Kamilah Muda

Abstract Feature’s reformation or representation is a vital process to give impact
towards the study of author’s handwriting recognition. This process is aimed to
improve the recognition’s performance accuracy. The generation of features by some
feature extraction methods usually resulted in a high dimensionality problem that
led to some features redundancy and dependency among features that could lower
recognition performance. This study implemented the Higher-Order UnitedMoment
Invariant (HUMI) feature extraction method to extract the features of the author’s
handwriting image. The EqualWidth (EW) and Equal Frequency (EF) Discretization
methods are proposed to discretize theHUMI features. TheEWdiscretizationmethod
reconstructs the HUMI features by reforming each feature with their representation
values. These representation values are their unique general features for each bin.
While the EF discretization method repositions the HUMI features into their bins
based on the number of features frequency. Each bin will have almost the same
number of feature values based on the determined range. As a result, the proposed
EW discretization method has achieved the highest performance by classifier DTNB
that performs at 99.91% for ten (10) cross-validation experiment setup while EF
discretization method managed to reach at best 83% performance by classifier Naive
Bayeswith the same experimental setup. This study aims to compare the performance
of both discretization methods and this shows that the EW discretization method
has outperformed the EF discretization method. Nevertheless, both discretization
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methods have performed at the uppermost level and improve the performance of the
author’s handwriting recognition.

Keywords Discretization · Equal-width · Equal-frequency · Classification

1 Introduction

Data transformation is a crucial process for some field of study such as engineering,
mathematics, physics and image processing when handling massive amount of data
to construct better data representation by a technique called discretization [1–4]. The
aim of improving classification accuracy rate when dealing with a huge amount of
data could be done by the reformation and reconstruction of particular data in order
to input better feature values for the classification models [3, 4].

Thus, the features representation process in the research of author’s handwriting
recognition is important to unfold the issues of features redundancy or dependency
that could lead to high dimensionality problem [5, 6]. The process of transforming
complex varieties of data into unique features representation is done through a
discretization process that manages to give the advantage of infusing generaliza-
tion factors into feature values to improve the performance accuracy rate [5, 6]. This
is aimed to transform the representation of each data into invariant discretization that
is easier to use and learn by classifier models.

Hence, this study proposes to construct two (2) discretization methods on the
handwriting image for the author’s handwriting recognition by deploying the Equal
Width (EW) and Equal Frequency (EF) discretization method towards the Higher-
Order United Moment Invariant (HUMI) features. This study also aimed to compare
the performance results of both discretization methods. This paper is aligned as the
following: Sect. 2 is the Literature Review of the study. Section 3 presents the two (2)
proposed discretization method in Methodology. Thus, Sect. 4 discusses the result
and discussion. Lastly, Sect. 5 is the conclusion of this study.

2 Literature Review

The study of supervised and unsupervised discretization methods has been done
by several researchers and their work are improved by the increased classification
accuracy by deploying the discretization methods [7–12]. They have managed to
present their data in a simple, consistent, and accurate way. The method of Equal
Width Binning (EWB) as a supervised discretization method for the independent
offline handwriting dataset has been proposed by researchers of [10, 11]. The new
scheme of writer identification has been proposed by researchers of [6] that include
the features ranking procedure being done after this discretization procedure towards
the handwriting image for writer identification.
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Besides, [13] has implemented the work proposed by [10, 10] into the research of
twins’ handwriting to determine the variation of style between the twins to identify
their individual unique features. Their work has produced a result as high as 97.66%
of accuracy rate on average for discretized features as compared to the non-discretized
features. In other, the adaptation of this EqualWidth Binning (EWB)method into the
handwriting of Chinese characters is presented by [9] for the purpose of supervised
discretization and contributing towards the use of discretized local features for writer
identification.

The research that has discussed on the best discretization methods and their effect
on classification is done through systematic literaturewith extensive experiments and
analysis by [14]. On the other hand, [15, 15] has long ago discussed the comparison
between several supervised and unsupervised discretization methods for continuous
features and have reached some conclusions that the unsupervised discretization
method has significantly improved the induction algorithms for Naïve Bayes and
also C4.5. While the current research in the big data field of study has shown a
significant impact on the author’s identification performance [17].

This shows that the discretization method is influential towards contributing to
the increase in performance of some features and contributing to the improvement
factor for induction algorithms of some classifiers.

3 Methodology

Discretization is divided into two (2) categories that are the supervised and unsuper-
vised discretization. There are two types of unsupervised discretization methods
that are the Equal Width (EW) discretization method and the Equal Frequency
(EF) discretization method. The EW discretization method is aiming to separate
all potential feature values into a certain ‘N’ range of bins that have the same width
dimension.

The purpose of the EF discretizationmethod is also to separate all potential feature
values into a certain ‘N’ number of bins that have an equal or almost equivalent quan-
tity of feature values based on determined ranges. This study proposes to compare
the performance of both discretization methods towards the Author’s Handwriting
Recognition.

3.1 Equal Width (EW) Discretization Method

The process of calculating the amount of minimum and maximum values for each
class for its whole feature values is done for the Equal Width (EW) discretization
method. The number of features for HUMI will determine the number of bins that
are eight (8) number of HUMI features that defined eight (8) bins. The minimum
and maximum values will specify the width or ranges of the values of each interval.
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As supposed the number of features data is represented by k, minimum value by
min, maximum value by max and the width of each interval or bin is provided by w.

w = (max− min)/k (1)

Thus, the production of each interval or bin is as follows:

min + w,min + 2w, . . . ,min + kw (2)

Each feature that falls within the counterpart represented by each interval or bin
is transformed into the same representation value. The first representation value is
calculated as below:

l = min u = min + w r = (l + u)/2 (3)

The universal value will be represented by r that is used to transform the HUMI
featureswithin the interval or bin. The interval or range value is constructed by adding
l that represents the lower boundary and u that represents the upper boundary. This
process will be done iteratively until the total number of bins reaches the value k.
Then, any features data that falls within the range of lower and upper boundary
value is transformed using its representation value respectively. Table 1 shows the
representation values based on the upper and lower values for each bin for the class.

The implementation of the Equal Width discretization method is done towards
all HUMI features and their reformation for each feature value is defined by the
representation values. This is aimed to improve the author’s handwriting recognition
performance accuracy.

Table 1 Lower and upper
range of features for equal
width discretization method

Bin number Lower Upper Representation values

1 0.000613994 0.869376 0.434995

2 0.869376 1.73814 1.30376

3 1.73814 2.6069 2.17252

4 2.6069 3.47566 3.04128

5 3.47566 4.34442 3.91004

6 4.34442 5.21319 4.7788

7 5.21319 6.08195 5.64757

8 6.08195 6.95071 6.51633
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Table 2 Range and number
of features for equal
frequency discretization
method

Bin number Range of each bin Number of features

1 [−infinity–3.961525] 78

2 [3.961526–4.058525] 80

3 [4.058526–4.1876] 81

4 [4.1877–4.256695] 75

5 [4.256696–4.427645] 73

6 [4.427646–4.56102] 65

7 [4.56103–4.890495] 80

8 [4.890496–infinity] 68

3.2 Equal Frequency (EF) Discretization Method

The Equal Frequency (EF) discretization method repositions the HUMI features into
each bin based on the ranges and frequency calculated for each bin. This procedure
will collect all features that fall in the ranges to be relocated into the bin based on the
defined frequency set for the bin. This study has set the number of bins to be eight
(8) based on eight (8) HUMI features. This follows the same requirement as EW
discretization method. Thus, the WEKA toolkit is used to calculate the range values
of each bin altogether with the number of features belong to each bin as shown by
Table 2.

Table 2 shows the first bin range as [−infinity–3.961525] that refers to 78 HUMI
features that are equal or lower than 3.961525 to be repositioned into first bin. While
bin number 2 is in the range of 3.961526 until 4.058525 which accumulated 80
number of HUMI features. The subsequent bin will have the range of 4.058526 until
4.1876 that have 81 features relocated into bin number 3 and the process continues
until it reaches the total number of bins. Thus, the last bin range is [4.890496–infinity]
that refers to 68HUMI features that are equal ormore than 4.890496. The distribution
of each HUMI features for all eight (8) bins by EF discretization method is shown
in Fig. 1.

Algorithm1 shows the process flowof the Equal Frequency discretizationmethod.
The process starts by determining the number of total features and the number of
designated bins.Next, it calculates the number of features for each bin and repositions
the features into their designated bins. The algorithm works in a recursive manner to
relocate HUMI features into the ranges of bins.
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Fig. 1 HUMI features are distributed into eight (8) bins by the equal frequency discretization
method

HUMI features are allocated into each designated bin by the Equal Frequency
discretization method, and it positioned the features based on the ranges of each bin.
This is in the hope to increase the performance of Author’s Handwriting Recognition
in comparison with the Equal Width discretization method’s performance.
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4 Result and Discussion

The performance identification is done among three types of data that include
the Non-Discretized data (ND), Equal Width (EW) Discretized data and Equal
Frequency (EF) Discretized data for the Higher-Order United Moment Invariant
(HUMI) features. This is done to compare two types of discretization methods as the
generalization factor towards the feature vectors altogether with the non-discretized
data. Both EW and EF discretization methods have the datasets being divided into
eight (8) bins of HUMI features.

These HUMI features are constructed from images of thirty (30) authors’ hand-
writing datasets that are used to input eight (8) classifier schemes. The extracted
HUMI features are derived from twenty (20) handwriting images at word level for
each author. The selected classifier schemes are the J48 Decision Tree, Random
Forest, Random Tree, Decision Table, Decision Table Naïve Bayes (DTNB), One
Attribute Rule (OneR), Naïve Bayes (NB) and the Instance-based classifiers with k
parameter (IBk) that is using the k nearest neighbor algorithm (k-NN). The authors’
datasets are trained and tested for all eight classifier schemes by using the five (5)
and ten (10) fold cross-validation and also the 70% of training and 30% of the testing
experiment setup.

Figure 2 shows the performance of Non-DiscretizedHUMI Features, EqualWidth
Discretized HUMI Features and Equal Frequency Discretized HUMI Features for
five (5) fold cross-validation. Besides, Fig. 3 shows the performance of ten (10) fold
cross-validation setup while the 70% of training and 30% of testing setup result is
shown by Fig. 4.

Fig. 2 Performance of all non-discretized HUMI features, equal width discretized HUMI features
and equal frequency discretized HUMI features for five (5) fold cross validation
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Fig. 3 Performance of all non-discretized HUMI features, equal width discretized HUMI features
and equal frequency discretized HUMI features for ten (10) fold cross validation

Fig. 4 Performance of all non-discretized HUMI features, equal width discretized HUMI features
and equal frequency discretized HUMI features for split percentage of 70% training and 30% of
testing experiment setup
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The result shown in Fig. 2 presents that the highest accuracy of 99.85% was
performed by classifier DTNB for the discretize data by the Equal Width discretiza-
tion method. Besides, the discretize data by the Equal Frequency discretization
method has managed to reach its performance up to 81% for the same DTNB classi-
fier while the Non-Discretized data is only able to get 3.33%. The Non-Discretized
data could only reach its highest performance at 4.64% for Random Forest and OneR
classifiers.

Almost all classifiers for discretized features by Equal Width discretization
method has achieved more than 90% results that presented the classifier OneR with
98.67%, Decision Table with 98.66%, J48 with 98.5%, Random Forest with 97.28%
andRandomTreewith 92.83% that outperformed the Equal Frequency discretization
method while another two classifiers that are the IBk and Naïve Bayes only managed
to get 29.9% and 27.71% respectively.

The classifier Naïve Bayes and IBk for Equal Frequency discretization method
present the result of 80.5% and 69.17% respectively that outperformed the perfor-
mance of the Equal Width discretization method for the same classifiers.

The classification result of 99.91%was achieved by theEqualWidth discretization
method by classifier DTNB from ten (10) fold cross-validation experiment setup as
shown by Fig. 3. This is the highest classification performance in comparison for
all the experimental setups for both discretization methods. All classifiers for this
environmental setup have increased a little bit in comparison with the five (5) fold
cross-validation shown by Fig. 2 and split percentage of 70% training and 30% of
testing environment setup shown by Fig. 4.

Besides, the Equal Frequency discretization method outperformed the perfor-
mance of the Equal Width discretization method and performs at their best with
the result of 83% and 70.56% for the classifier Naïve Bayes and IBk respectively.
Whereby the Equal Width discretization method only managed to get 27.32 and
31.95% for the same classifiers from ten (10) fold cross-validation experiment setup.
As a result, the Equal Width discretization method still performing the highest result
of 99.91%byclassifierDTNB in comparison for all environment setup and classifiers.

Figure 5 has shown the results performance on average by each classifier from
three (3) different experiment setups. On average, the performance of DTNB for
discretized features of the EW discretization method has succeeded as the best
performance for all classifier schemes that reached the highest of 99.86%. The
second highest includes three classifiers that are the OneR, Decision Table and J48
have presented the performance of more than 98% on average. Besides, Random
Forest classifier has given 97.36% while Random Tree has performed 92.88% for all
discretized features for the EW discretization method.

However, in comparisonwith the EF discretizationmethod, two classifier schemes
performed quite lower. The classifier IBk has presented the performance accuracy
of 29.97% while Naïve Bayes can only reach as high as 27.71% on average. These
performances are still substantially higher to be compared with the Non-Discretized
features that can only performed on average up until 4.47% for classifier Random
Forest.
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Fig. 5 Average comparison performance of all non-discretized HUMI features, equal width
discretized HUMI features and equal frequency discretized HUMI features for different experiment
setup

The EF discretization method has achieved their best result on average of 81.69%
for classifier DTNB. This is lower than the EW discretization method for the same
classifier that reached 99.86% on average. However, there are two (2) classifiers
that manage to surpass the EW discretization method that are the classifier Naïve
Bayes that presented the result of 80.98% and the classifier IBk with performance of
70.46% while EW only managed to reach 27.71% and 29.97% respectively for the
same classifiers.

5 Conclusion

The aim to infuse the discretization method into transforming feature vectors for
better feature representation is to gain better performance classification accuracy
for HUMI features. As a result, the performance of the Equal Width discretization
method has presented promising results with the highest achievement of 99.91%
for classifier DTNB by ten (10) fold cross-validation setup and in the average of all
experimental setups has resulted to 99.86%. Besides, the Equal Frequency discretiza-
tion method has managed to perform at their best for classifier Naïve Bayes at 83%
by ten (10) fold cross-validation setup and in an average of all experimental setups
has resulted to 80.98%. Both discretization methods have shown better results in
comparisonwith the result of Non-Discretized features that on average onlymanaged
to reach 4.47% by classifier Random Forest. As a result, both discretization methods
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have given a highly significant improvement for the HUMI features by deploying the
generalization factor that contributing to transforming features into unique feature
values. This has significantly increased the classification performance for the author’s
handwriting recognition. Thus, this study has chosen and conducted the experiment
for eight (8) classifiers based on five (5) and ten (10) fold cross-validation and also the
70% of training and 30% of testing experimental setup. Other experimental setups
for training/testing such as 60/40, 80/20 and 90/10 will be considered for the future
work including the three (3) and fifteen (15) fold cross-validation to be compared
among different classifiers for different experimental setups. In future, this is also in
hope to find the best experimental setups for author’s handwriting recognition.
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Fresnel Lens Defect Classification Using
Deep Learning Technique

Loo Kean Li, Saw Chong Keat, and M. H. Ibrahim

Abstract Plastic injection molded Fresnel lens is one of the important components
for illumination in smart devices. To perform inspection on this type of optical
component is challenging for machine vision due to the presence of groove pattern
and texture. This paper discusses the limitation of classical image analysis for defect
inspection and proposes a Deep Convolutional Neural Network (CNN) with Transfer
Learning for defect classification. This paper also presents a Hybrid CycleGAN and
geometric augmentation to expand image dataset for model training.

Keywords Fresnel lens · Defect classification · Image generation · Image
augmentation · Deep learning

1 Introduction

Plastic injection molded Fresnel lenses are commonly used in smart devices for
the purpose of flashlight illumination. The use of Fresnel lenses promises enhanced
collimating properties while keeping the dimensions as thin as possible. The design
of Fresnel lenses involves a specially formed plano-convex lens with concentric rings
formed by horn shaped grooves cross section profile. The quality of the lens is critical
as any defect introduced during manufacturing process can lead to different optical
properties. When light passes through the lens, any deformity and impurities on the
lens can change the distribution and angle of the light, causing non-uniformity and
off axis illumination.
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In the smart devices’ applications, manufacturers need to minimize the defects on
the lens before lens attach process to maximize the yield of the flash module. While
the numerous studies are available for semiconductor and electronic components
inspection [1], inspection for plastic injection molded Fresnel lens are few and far
between. Loaldi et al. [2] proposed the use of optical microscopy to measure the
microstructure of the fresnel lens. However, the use of highmagnificationmicroscope
for inspection is slow and only suitable or sampling check for quality control purpose.
Another problem in manufacturing environment is the limited defect samples for
the purpose of anomaly detection training. Niu et al. [3] proposed surface defect-
generation adversarial network (SDGAN) to augment images and generate sufficient
defect images of commutator cylinder. This paper proposes an effective method for
detecting defects on Fresnel lens for volume production and overcoming limited
samples available for training. The proposed system includes a convolutional neutral
network with transfer learning for classification. A separate CycleGAN network
combined with geometric image augmentation were implemented for image data
generation for Fresnel lens.

2 Methods

2.1 Classical Image Analysis

Classical image processing techniques involves image segmentation by thresholding
followed by feature extraction by particle filter. Figure 1 shows the classical methods
for surface defect inspection.

The conventional particle analysis is divided into several steps. First the position
of the component of interest are detected using pattern matching. The position of
the result of pattern matching are served as an anchor for inspection Region of

Fig. 1 Classical method of
image analysis for surface
defect inspection
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Fig. 2 Thresholding 0–120 Gy values for binary image segmentation

Interest (ROI). The ROI are then translated to actual position as compared to golden
image. Then the ROI can be decomposed into its respective color channels and apply
grayscale filtering to remove unwanted noise. Thresholding are then performed on
the ROI for image segmentation. Features are extracted with particle filter on the
segmented patches by evaluating the area, width, height, radius, moments etc. to
identify the suspected patches as defect. Finally, the defects are classified by the
geometric information of the filtered particles.

The classical method works very well on a smooth and uniform surface. Chen
et al. [4] proposed a classical image analysis method on 5 surfaces of Integrated
Circuit (IC) chips with uniform surface by judging defect area after segmentation.
With surface with little texture, the proposed system was able to defect up to 95%
accuracy. Kaur and Kaur [5] described several image segmentation techniques using
image thresholding. However, the existence of grooves pattern on the Fresnel lens
pose a challenge for classical method. The groove pattern on the lens often interfere
with the conventional particle analysis to provide false positive result. The presence
of grooves increases the pattern noise that prohibit effective detection of defects.
This is due to the defects present on the Fresnel may have similar gray values of the
grooves. As shown in the Fig. 2, after applying threshold to the image, the scratch
defect cannot be differentiated from the background, resulting in poor detection using
conventional particle filter.

Another challenge of using classical methods for image analysis is different
textured surface on the Fresnel lens. Given the lens molded from different tooling
have some variation in texture, the image segmentation becomes more challenging.
Figure 3 shows the comparison of different tooling of the same type of lens having
different texture, causing huge variation in the image contrast.

2.2 Hybrid CycleGAN with Geometric Augmentation

One of the common issues in the manufacturing environment is limited defect
samples available for training. To expand the image dataset, several studies were
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Fig. 3 Fresnel lens of different texture due to different tooling used for injection molding

conducted on different techniques of image augmentation. Stark [6] proposed
contrast limited adaptive histogram equalization (CLAHE) augmentation method
that normalizes the image after flip and shift augmentation. A survey done by Shorten
and Khoshgoftaar [7] describes geometric transformation that involves, flipping,
rotation, translation, color space manipulation as a viable technique for overcoming
limited image dataset. For more advanced image manipulation technique, Tsai et al.
[8] and Mi et al. [9] proposed Cycle-Consistent Adversarial Network (CycleGAN)
and Generative Adversarial Network (GAN) respectively to overcome the unbal-
anced and limited dataset for classification problem. Niu et al. [3] proposed SDGAN
to generate diversified commutator cylinder surface defect images for anomaly defec-
tion. However, the defect shape and sizes were not varied and thus does not repre-
sent the large variation of defects observed in actual production environment. In
this research, we combine CycleGAN and geometric augmentation to expand image
database to make the most of few training examples. Due to the nature of Fresnel lens
where the texture contrast varies fromsample to sample,we can utilize theCycleGAN
to improve variety of contrast of the images. The generated image was then fed to
Keras Image data generator for image augmentation. The geometric transformation
will randomly change the shapes and sizes of the defects on the imagewhich improves
the defect variation in the dataset. This helps prevent overfitting and helps the model
generalize better.

By feeding original images to CycleGAN before geometric image augmentation,
more images of different contrast level were generated before been augmented to
increase image dataset. Figure 4 shows the process of generating large image dataset
by using CycleGAN and Geometric Image Augmentation.

CycleGAN is a Generative Adversarial Network (GAN) that uses two generators
and two discriminators. The first GAN will generate images of Fresnel with defects
given images of Fresnel without defects, and the second GAN will generate images
of Fresnel without defects of different contrast given images with defects.

Each of the GAN network has a generator model that will process and generate
images from an input image. Then each GAN network has its own discriminator
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Fig. 4 Increasing image dataset by using CycleGAN and geometric image augmentation

model to check the generated image whether it is from the original image pool. The
generator and discriminator models are trained under normal adversarial loss like a
standard GAN model.

Thus, the images generated by CycleGAN varies in terms of contrast and texture
based on the training samples, while increasing the population of the defect images.
These images will become useful candidates for further geometric image transfor-
mation to augment the defect sizes and shapes. Figure 5 shows some of the images
generated with CycleGAN. With the images generated from Hybrid CycleGAN and
Geometric augmentation, the image dataset can be expanded to allow more variety
of images to be fed to the deep convolutional neural network for training. Figures 6
and 7 show the generator and discriminator model for CycleGAN respectively for
generating images from original samples. The number of filter layers in the first layer
of generator and discriminator was set to 64, while the kernel size was 3 × 3.

For geometric image augmentation, we employ shearing, zooming, and flipping
for generating variety of defects of different shapes and sizes. This is to increase
the robustness of the classification model to inspect different defect categories with
higher accuracy. The augmentation performed by the image generator is defined by
parameters described in Table 1.
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Fig. 5 Defect images of various contrast and texture generated with CycleGAN

2.3 Deep Convolutional Neural Network with Transfer
Learning

The defect detection method using deep learning have made huge progress and
achievement in recent years. Go et al. [10] compared several defect detectionmethods
and concluded that deep convolutional neural network (CNN) provides the best
result for surface inspection with accuracy up to 97%. The defect detection of this
research will be based on CNN. The captured images are used as the dataset for
defect classification. The images are labelled together with the defect information
and used to train a deep convolutional network for defect detection.

The specific neural network for detection will vary depends on the application.
For CNN used for defect classification, each layer serves specific purpose which
takes an input and produces an output which is transformed by activation function.
Each of the building block has a weighting factor known as filter weights. These are
the parameters modified during the training of a network. The output of most layers
is feature maps. The number of feature maps (the depth of the layer output) and their
size (width and height) depends on the specific layer. Figure 8 shows schema of the
defect classification network.

A loss function was used to determine the error of the current state when training
a network for image classification. The loss function compares the prediction from
the network from the actual label of the image and penalizes deviations. The filter
weightswere updated in such away that the loss function isminimized. Thus, training
the network for the Fresnel defect, the target is tominimize the loss (or error function)
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Fig. 6 Generator model for CycleGAN
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Fig. 7 Discriminator model
for CycleGAN

Table 1 Vision hardware setup for AVI machine

Transformations Values Description

Shear_range 0.2 Shearing transformations

Zoom_range 0.2 Zooming transformations

Rescale 1./255 Normalizes the image from 0–255 to values between 0 and 1
to aid deep learning model training

Horizontal_flip True Flipping the image horizontally

Vertical_flip True Flipping the image vertically

Preprocessing_function CLAHE Contrast limited adaptive histogram equalization which uses
several histograms corresponding different areas of image
and use for improving the contrast of local area. The contrast
was limited at a default value before computing the
cumulative distribution function
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Fig. 8 Schema of defect classification network and its corresponding layer’s feature map

of the network, so that minimizing the loss will improve the performance measure.
The optimization is done by calculating the gradient and updating the parameters of
the different layers (filter weights) accordingly. This is repeated by iterating multiple
times over the training data.

Training all filter weights from scratch requires a lot of resources. Therefore, to
optimize the training process we observe the feature maps. The first layer usually
detects low level features like edges and curves. As the image progresses in the
network, the feature map became smaller, but they represent more complex features.
The low-level features of a large network are generic enough that the weights of the
corresponding layers do not vary significantly between tasks. This leads to transfer
learning technique thatweused for training. Transfer learning takes an already trained
network and retrains it for a specific task, benefiting from already quite suitable filter
weights for the lower layers. As a result, considerably less resources are needed.

A model was created with Transfer learning using InceptionResNetv3 as a base
model. As opposed to traditional machine learning where each model is trained
separately for the respective domain, transfer learning provides a faster approach
towards training a targeted domain model. Figure 9 shows the differences between
the traditional machine learning method and the transfer learning method.

While a larger dataset couldmake the networkmore reliable in general, the amount
of data required for retraining depends on the task’s complexity. Figure 10 shows a
simple schema for the transfer learning workflow with the aid of classification.

Fig. 9 a Traditional machine learning method. b Transfer learning method
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Fig. 10 (1) A pretrained model is read. (2) Training phase, the network gets trained with training
data. (3) The trained model with new capabilities. (4) Inference phase, the trained network infers
on new images

The weights of a pretrained model were used with a mixture of additional layers
at the output for domain specific purposes in transfer learning. The assignments
are performed by sending the input image through the new network. The output of
the total network consists of a number of predictions. In a classification task, the
confidence for each class expresses how likely the image is an instance of that class.

Using SoftMax function at the output layer, the defects were categorized based
on highest probability. Since all of the outputs of the classic logistic function are
bounded between 0 and 1, it’s a natural candidate for modelling the probability
distribution in a multi-class problem.

There are additional parameters that influence the training, but which are not
directly learned during the regular training. Different Deep Learning (DL) methods
are designed for different tasks and will vary in the way they are built up. However,
what they all have in common is that the objective of the training is to minimize
the loss function. For doing so, there is a set of additional parameters that are set
before starting the training and not optimized during the training. These parameters
are known as hyperparameters.

The purpose of this research is to train a model is for defect classification with
3 categories. Thus, we use categorical cross-entropy as our loss function. The loss
function compares the predictions from the networkwith the given information about



Fresnel Lens Defect Classification Using Deep Learning Technique 557

the content of the image and penalizes the deviations. The weights were changed
during the training of the network in such a way that the loss had to penalize less,
resulting in an optimized loss. A portion of the training dataset is used to accomplish
this. The gradient of the loss is determined for this subset, and the network is updated
with new filter weights accordingly. This is repeated for each subset of data until all
of the training data has been processed. Batches are subsets of the training data, and
the size of these subsets, or ‘batch size,’ specifies the amount of data taken into a
batch and processed together as a result. To balance hardware resources and training
time, we chose a batch size of 32 to maximize the number of images that travel
through the network.

Epoch refers to a complete iteration of all of the training results. The number of
iterations is determined by the number of ‘epochs’ that the algorithm loops over the
training set. To observe the efficiency of the model under training, the number of
epochs was set to 30.

For the deep learning model for defect classification, due to our dataset is
processed batch-wise, the Stochastic Gradient Descent algorithm (SGD) is used.
The filter weights are modified after each measurement of the loss gradient. The
‘learning rate’ specifies the effect of previous updates on the updated loss function
arguments (the filter weights), and the ‘momentum’ within the interval specifies the
weight of the gradient on the updated loss function arguments (the filter weights).

When the network updates the loss function arguments during network prepara-
tion, it recalls the steps it took the last time. The following iteration takes a step in the
direction of the gradient, the length of which is determined by the learning rate. A
high learning rate will cause the algorithm to diverge, while a low learning rate may
cause the algorithm to take unnecessarily many steps. Thus, the learning rate was set
at 0.001 to balance the training time and performance while themomentumwas set at
0.With a 0 momentum, the momentummethod has no influence, so only the gradient
determines the update vector. There are several factors that can affect the outcome
of such complex algorithms, including the training data and all hyperparameters.

Apart from the accuracy matrix, the overall training progress offers valuable
insights into the validity of the measure for validating network results. It is generally
beneficial to visualize a validation metric, such as the error over the samples of a
batch, in order tomonitor the trainingprogress. The complexity of the assignment task
can vary depending on the samples. As a result, it’s possible that the network works
better or worse for samples from one batch than samples from another batch. The
validation measure does not change smoothly over the iterations in model training,
but it does show progress in general. Figure 11 shows the accuracy and loss curves
of the network. The validation accuracy for model is increasing in general while
the validation loss is decreasing. Given the model loss decreasing, in general, the
network does not overfit the image data and viable to use for inference.

The network’s result infers a top prediction. It denotes the class for which the
network has the strongest affinity. We may compare the two class affiliations: the
expected one and the truth one, since the images are labelledwith their corresponding
ground truth class.
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Fig. 11 a Training and
validation accuracy measure
of the model. b Training and
validation loss of the model

Whenmore than two classes are distinguished, one can also reduce the comparison
into binary problem. This means for a given class we compare if it is the same class
(positive) or any other class (negative). Thus, there are 4 possibilities of each class
can fall into:

• True positives (TP: predicted as positive, actual positive),
• True negatives (TN: predicted as negative, actual negative),
• False positives (FP: predicted as positive, actual negative),
• False negatives (FN: predicted as negative, actual positive).

Using a confusion matrix, it is easy to see howwell the network performs for each
class. For every class it lists how many instances have been predicted into which
class. In this research, we have a classifier distinguishing the three classes ‘scratch’,
‘dent’, and ‘FM’, the confusion matrix shows how many images with ground truth
class affiliation ‘scratch’ have been classified as ‘scratch’ and how many have been
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Table 2 Confusion matrix for defect classification

Actual

Classification Scratch Dent FM

Predicted Scratch 505 0 1

Dent 0 539 14

FM 0 10 450

Total 505 549 465

Table 3 Result for defect classification

Class Truth Classified Accuracy (%) Precision Recall F1 score

Scratch 505 506 99.93 1.0 1.0 1.0

Dent 549 553 98.42 0.97 0.98 0.98

FM 465 460 98.35 0.98 0.97 0.97

classified as ‘dent’ or ‘FM’. Table 2 shows the confusionmatrix for the classification.
The result is shown in Table 2.

Based on Table 2, the performance was evaluated on the accuracy, recall and F1
score as shown in Table 3.

3 Results and Discussion

In this work, we applied the convolutional neural network with transfer learning
technique to classify the defects on plastic injectionmolded Fresnel lens to overcome
the limitation of classical image analysis on textured surface. The model achieved an
accuracy up to 99.93% as compared to classical image analysis method which yield
46.7%.

To further benchmark the performance our work, we simulated the dataset with
Support Vector Machine (SVM) and Multi-Level Perceptron (MLP) and the result
is shown in the Table 4.

Furthermore, to solve the limited image dataset due to limited samples, we employ
CycleGAN with Geometric Image augmentation. We found that CycleGAN shows

Table 4 Comparison of
accuracy of different
classification methods

Methods Scratch (%) Dent (%) FM (%)

Classical 46.7 78.1 74.2

SVM 88.6 83 81.4

MLP 92.2 91.4 93.3

CNN (proposed) 99.93 98.42 98.35
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promise for generating various textured and contrast images which is useful for
expanding the image dataset further with geometric image augmentation. From the
model accuracy and loss graph, the network does not show signs of overfitting. From
an initial image dataset of 150 images, we generated 1500 training images using the
above method.

Due to the limited types of defects present on the initial dataset, our classification
was limited to 3 types of defects, namely dent, scratch and foreign material. In the
future, we are planning to increase the defect categories and enlarging image dataset
for robustness.

4 Conclusion

In this paper, we presented a convolutional neural network with transfer learning
technique to classify the defects on the plastic injection molded Fresnel lens. With
the proposed method, we are able to achieve high accuracy of defect classification
up to 99.35%. With a hybrid of CycleGAN and geometric image transformation,
we managed to increase the initial image dataset to 1500 for network training. This
method can be used for future reference for other types of components with textured
surfaces.

References

1. EbayyehAARMA,MousaviA (2020)A reviewand analysis of automatic optical inspection and
quality monitoring methods in electronics industry. IEEE Access 8:183192–183271. https://
doi.org/10.1109/ACCESS.2020.3029127

2. Loaldi D, CalaonM,Quagliotti D, Parenti P, AnnoniM, ToselloG (2018) Tolerance verification
of precision injection moulded Fresnel lenses. In:Moroni G, Petro S (eds) 15th Cirp conference
on computer aided tolerancing, Cirp Cat, vol 75, pp 137–142

3. Niu S, Li B, Wang X, Lin H (2020) Defect image sample generation with GAN for improving
defect recognition. IEEE Trans Autom Sci Eng 17(3):1611–1622

4. Chen C, Chen M, Chen C, Hwang C, Chou C (2016) An automatic optical system for micro-
defects inspection on 5 surfaces of a chip. In: 2016 international conference on manipulation,
automation and robotics at small scales (MARSS), pp 1–5

5. Kaur D, Kaur Y (2014) Various image segmentation techniques: a review. Int J Comput Sci
Mobile Comput 3(5):809–814

6. Stark JA (2000) Adaptive image contrast enhancement using generalizations of histogram
equalization. IEEE Trans Image Process 9(5):889–896

7. Shorten C, Khoshgoftaar TM (2019) A survey on image data augmentation for deep learning.
J Big Data 6:60. https://doi.org/10.1186/s40537-019-0197-0

8. Tsai D-M, Fan M, Huang Y-Q, Chiu W-Y (2019) Saw-Mark defect detection in heterogeneous
solar wafer images using GAN-based training samples generation and CNN classification.
In: Proceedings of the 14th international joint conference on computer vision, imaging and
computer graphics theory and applications. Prague, Czech Republic, 25–27 February 2019, pp
234–240

https://doi.org/10.1109/ACCESS.2020.3029127
https://doi.org/10.1186/s40537-019-0197-0


Fresnel Lens Defect Classification Using Deep Learning Technique 561

9. Mi Z et al (2020) GAN-generated image detection with self-attention mechanism against GAN
generator defect. IEEE J Sel Topics Signal Process 14(5):969–981

10. Go GM, Bu SJ, Cho SB (2019) A deep learning-based surface defect inspection system
for smartphone glass. In: Yin H, Camacho D, Tino P, TallonBallesteros AJ, Menezes R,
Allmendinger R (eds) Intelligent data engineering and automated learning—ideal 2019, Pt
I, vol 11871. Springer International Publishing Ag, Cham, pp 375–385



The Development of Artisanal Food
Products E-marketplace with Intelligent
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Abstract As the technology today is moving forward at an exponential rate, e-
commerce platforms have become a common trend for business. The platforms
allow the implementation of Consumer-to-Consumer (C2C) businessmodel inwhich
everyone can become a seller. All kinds of products can be found and purchased on
these online platforms. However, these channels have been unfavorable to indepen-
dent creators who produce homemade products. Malaysia is a multi-ethnic country
with multicultural and rich in food heritage. However, there is limited platform for
independent creators to promote their food products. Also, food products are suscep-
tible to spoilage upon expiration date. This paper presents the design anddevelopment
of an e-commerce platform for the marketing and transaction of artisanal food prod-
ucts with intelligent depletion feature. The algorithm of this feature is designed to
track the clearance duration set by the sellers for the near-expired products to be
automatically displayed under stock clearance at half-price. Therefore, through this
platform, artisanal food producers are able to promote their unique and customizable
products, and to have a better management of near-expired products. On the other
hand, consumers can easily search for artisanal food products that are authentic,
unique, healthy, and customizable to meet their choice.
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1 Introduction

In this era of modernization, e-commerce platform has become the need of today’s
business. E-commerce platform is an online marketplace that allows entrepreneurs
to sell their products and services to customers over the internet. When considering
e-commerce platforms, the top few brands such as Amazon, eBay, Alibaba, Shopee
and so onwill come tomind. These onlinemarketplaces provide sellers great channel
for marketing of goods, support global market reach with lesser cost and have thus
become the common choice for global consumers.

Current e-commerce platforms sell a variety of commercialized products that are
essential, high demand, and popular. These products can fulfil consumer general
needs and contribute to majority of online sales. Through the e-commerce plat-
forms, consumers are able to search and buy a wide range of products. Nevertheless,
these platforms can be disadvantageous for creative entrepreneurs who want to sell
homemade goods online [1, 2].

Homemade or artisanal food products are made by creators who spend hours
or days to complete them. They are unique, authentic, and one of a kind product.
However, in terms of pricing, they are not competitive as compared tomass-produced
products. Homemade or artisanal products are niche products that serve a specific
target market and product category. If these products are sold on general e-commerce
platforms, thiswill attract wrong audience andwill have limited sales. This is because
artisan producerswill have to compete againstmass-produced items for cheaper price
rather than product uniqueness [1].

This research paper reports on the design and development of an e-commerce
platform with product customization and intelligent depletion features for artisanal
food products. Section 2 provides some literature reviews on some other similar
e-commerce platforms targeting for niche market. Section 3 presents the prototype
design anddevelopment of the proposed systemknownasBestBazaarE-Marketplace
System. Some screenshots of the prototype interface togetherwith user flow chart and
activity diagram are provided to delineate the functionality of the prototype system.
Section 4 presents some functional testing results of Best Bazaar system. Section 5
concludes the paper with limitation and future work.

2 Literature Review

With the advent of advanced technology today, e-commerce has become a common
platform for business.Many e-commerce platforms are built and can be used for free.
These platforms have provided great opportunities to flourish Business-to-Consumer
(B2C) and Consumer-to-Consumer (C2C) marketing [3]. However, these channels
have been unfavourable to artisanal products due to the products in these channels
are normally produced in mass production and are competing against lower cost [1].
Artisanal food is unique. It is defined as good food for its three important qualities:
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(i) Tasty for it is delicious and makes anyone who eats it happy, (ii) Authentic for it
contains high-quality ingredients, and (iii) Responsible for it is made of trust, trace-
able ingredients for the sake of consumers’ well-being [4]. Reference [5] described
artisanal producers as values-based individuals who carefully source for ingredients
and preserve traditional production methods to produce quality products. However,
there is no proper e-marketplace for artisanal food producers to promote their prod-
ucts or businesses. Small producers are confronted with dilemma of distributing
their products [6]. Some artisanal food producers are lack of e-commerce experience
and do not make use of e-commerce model to promote their products [3]. Artisanal
food producers are urged to develop media skills to promote their businesses [7, 8].
Some artisanal food producers promote their products through food media such as
television [7]. There is limited network engagement for innovation and very little
institutional support in network development for artisanal food [9, 10].

Homemade products that target on a niche market require unique e-commerce
platforms to provide efficientmarketing of goods, promote the uniqueness of products
and boost sales for independent creators. Several e-commerce platforms have been
established for independent creators to connect to each other and to promote their
product online such as Etsy, Cargoh, and ArtFire.

2.1 Etsy Homemade Product E-commerce Platform

Etsy is an onlinemarketplace that enables artists to sell handmade or vintage products
globally [11]. Etsy has a simple design of home content in grid layout with colorful
product photos of a wide range of product categories. Users can search for a specific
handmade product by using the search engines and view the product listing. It has
user-friendly navigation with mega menu. This makes it very easy for users to find
the right category. Besides that, Etsy has a powerful listing filtering functions in
which users can filter the product listings by categories, shop location, product type,
product price range, and so on that make it very easy for users to search for products.
Some other useful features include the notification bar that sendsmessages to users to
notify them about any special events or status for transaction process. Buyers are able
to send messages to sellers for product enquiries. Purchase history is also available
for users to view their past purchase record. It is similar to common online platform
such as Amazon but it holds a dominant marketplace worldwide for handmade and
unique items.

2.2 Cargoh Online Social Marketplace

Cargoh is another example of online social marketplace [12]. It is a community
driven marketplace that gathers artists, designers, creators and buyers. It connects
sellers mostly of indie products and interested buyers from around the world. Cargoh
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has various product categories such as crafts, home living accessories, decorations,
and many more except food. It provides banner to advertise crafts products and has
unlimited listings of photos. User can search for a specific product via the main
search functions and the product category navigation menu. It also provides filtering
options for users to view products by newest, popular, lowest price, highest price,
sale or customized price range. The blog feature with site-selected promo section,
news and help enables a user to read and discover more about artisanal products.

2.3 ArtFire Online Marketplace

ArtFire is an onlinemarketplacewhere artists can sell their handmadeor vintage items
without having to pay for listing fees [13]. There are hundreds of different categories.
Banner is used to advertise products and products are listed by categories. It comes
with filtering options for better searching of products based on type and price range.
The sorting function enables users to sort out product based on the newest item,
most viewed or random. The listing of products is clear with big product images and
details. However, the layout is inconsistent. The inconsistency of product image size
may cause users to miss out products that have smaller images. Artfire provides mega
menu for each of its product category in which users can search more specific items
under the subcategory by using the mega menu provided. Favourite list is available
for users to create new product list and organize favourite products into different
categories. Users can also add shop to favourite shop list. Messaging feature allows
buyers to communicate with the shop owner in the listing. ArtFire equips sellers
and buyers with unique shopping and selling tools to increase discovery for online
handmade product. Some other useful tools include market hub and rapid cart.

In general, these artisanal products e-commerce platforms possess product cate-
gories, search and filtering functions, user-friendly navigation, notification and
messaging features, purchase history, shopping cart and blog features to facil-
itate online marketing and transaction of artisanal products. Table 1 presents

Table 1 Feature comparison of artisanal product e-commerce platforms and the proposed system

Feature Etsy Cargoh Artfire Best Bazaar

Coverage Worldwide Canada and USA Worldwide Malaysia

Product category All All except food All except food Edible product

Search engine Yes Yes Yes Yes

Filtering options Yes Yes Yes Yes

Intelligent depletion tool No No No Yes

Notification alert Yes No No Yes

Messaging feature Yes No No Yes
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feature comparison of these three homemade product e-commerce platforms and
the proposed system known as Best Bazaar E-Marketplace System.

Malaysia is a multi-ethnic country with multicultural and rich in food heritage.
There are many independent creators selling unique and customizable homemade
food products. These independent creators are confronted with several challenges
such as lack of channel to promote their homemade products and have a lot of
competitors who are selling the products of assembly line in current e-marketplace.
Based on the review of existing homemade e-marketplace systems available such as
Etsy, Cargoh and Artfire, none of the systems focuses on authentic Malaysian arti-
sanal food products. Also, food products are susceptible to spoilage upon expiration
date. None of the existing systems act intelligently to the near-expired products that
help the independent creators to deplete these products. Therefore, the motivation
of this research work is to design an e-marketplace in promoting Malaysian arti-
sanal food products with intelligent depletion tool to manage the near-expired food
products.

3 Prototype Design

The proposed system is known as Best Bazaar E-Marketplace System. It is a web
application system. Figure 1 presents the context diagram that illustrates how users
interact with the proposed system.

User in the context diagram refers to the systemadmin, buyer users and seller users.
Theproposed systemprovides awide rangeof edible product category such as spreads
and jams, cookies and snacks, healthy remedies, spices, bread andbakery, noodles etc.
The system has search engine, filtering function, clear input validation procedures
and error handling message, stock management tools, product customization and

Fig. 1 Context diagram of best bazaar E-marketplace system
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intelligent depletion tools, notification alert, message between seller and buyer, etc.
This paper focuses on the marketing of artisanal products and product transactions
that also include product customization feature and the intelligent depletion tool.

3.1 Prototype Design that Facilitates Product Transaction
and Product Customization

Some system interface screenshots, and the Buyer Product Search activity diagram
are used to explain the product transaction through the Best Bazaar E-Marketplace
System. For buyer users, they have to register for an account before start using the
platform. Once users have successfully login to the system, they are presented with
Best Bazaar user landing page that consists of popular product, popular shop and
clearance products (see Fig. 2).

Figure 3 illustrates the activity diagram of how a buyer user can place an order
through this system. First, buyer users can search for their desired products through
the Search engine available at the top of Best Bazaar page (Fig. 2). They can then

Fig. 2 Best Bazaar user landing page
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Fig. 3 Buyer users search, customize and purchase product activity diagram

view the product details including the similar products and clearance products recom-
mended by the system to identify the product for purchase. If a product is customiz-
able, users can proceed to customize the product before adding the product to Shop-
ping Cart (Fig. 4). They also can add product to Favorite by clicking on Favorite
button (Fig. 4) if they do not want to make purchase but intend to come back for it
later. The product will be saved in My Favorite page for user future reference. After
users have customized the product they want, they can proceed to order the product
by adding it into the shopping cart.
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Fig. 4 The interface of product customization and add product to favourite feature

Once a purchase order is confirmed, buyer users can proceed to checkout andmake
payment. After payment ismade, the order status will be updated to Paid. Buyer users
will receive an email notification with the order details to serve as a proof or receipt
of transaction. The seller can then get the order details and start to prepare the order
based on the customization details. Buyer users also can add product to Favourite
if they wish to purchase it in the future. From the same page, users also can go to
the seller’s shop page to view the shop and add the shop to Favourite and contact
the seller. My Purchase page provides purchase history to users (Fig. 5). Users can
search for an order they have made by entering the order number and view the orders
by order status such as All, Paid, Shipped, Completed, and Rated. Once the status is
changed to Shipped, a Complete button will be displayed to users. Upon receiving
the product ordered, the buyer or the system admin can click on the Complete button.
It is important to click the Complete button so that the sellers are able to obtain an
updated sales report from the system. Buyers can then proceed to Rating. Buyers are
able to give star rating and qualitative comments.

3.2 Prototype Design of Marketing of Artisanal Food
Products with Intelligent Depletion Feature

The flow of marketing activities to be carried out by the sellers with intelligent
depletion feature is explained by the seller flow chart as in Fig. 6.

First, seller users will be led to seller dashboard. From the dashboard, the system
provides analytic tools for sellers to view their shop performance that includes the
profit and loss, sales order made by date, popular products, product sales and product
stock level. An example of the analytic interface is as shown in Fig. 7.
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Fig. 5 The interface of my purchase page

Fig. 6 Flow chart of how a seller user can interact with Best Bazaar E-marketplace System
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Fig. 7 An example of seller dashboard

The product stock level analytic data is meant to assist sellers in decision making
of depleting near-expired products. For example, based on the product stock level
and product expiry date in the analytics provided as in Fig. 8, sellers can identify the
products that are going to be expired soon and make changes to the product details.
They can set a clearance duration for those near-expired products in order to deplete
them fast to avoid loss. These near-expired products will then be displayed under
Clearance from the Shop and the price will automatically be set to half-price until its
end date. Figure 9 presents the interface of how sellers can set the clearance duration
for a product so that the product can be displayed under Clearance based on the date
set by the sellers.

Fig. 8 An example of stock level analytics
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Fig. 9 Setting clearance duration

In consideration of product delivery time, the algorithm of the system has been
designed so that any products that are going to be expired in one week will not be
presented to buyers. The products status will be automatically updated to inactive by
the system oneweek before the actual expiry date.With these features, the system can
then act intelligently to any near-expired products. This helps the sellers, especially
artisanal food producers to deplete the near-expired products as soon as possible
to avoid expected loss whereas the buyers can enjoy half-price products before the
expiry dates.

Besides that, seller users can manage their shop profile, add or delete products
and view all the products in their shop. They can see reviews and ratings given by
buyers. It also allows sellers to add customization options for their product in which
buyers are given options to customize a particular product. The system is equipped
with auto notification feature in which sellers will be notified if there is any new
order or rating. Once there is a purchase order notification, seller users can view
the order details. They can then start to prepare the standard product or customized
product based on buyer requirements and prepare for shipment. For any doubts, they
can contact the buyers via the conversation page. Sales report is also available for
sellers to monitor their business performance.
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4 Prototype Testing

Functional testing has been conducted to ensure Best Bazaar E-Marketplace System
works well and fulfills the expected outcomes. It is important to note that a complete
system testing has been performed for Admin, Buyer and Seller features, user sign
up and login, and system navigation. The entire system works properly and there is
no major functional problem. For the presentation of this paper, only the functional
testing for some buyer and seller user features are shown. Table 2 presents the results.

Table 2 Functional test cases, expected outcomes and results

Buyer User

Test cases Expected outcomes Results

1 Customize product Buyer user should be able to
customize product before
purchasing the product

Pass

2 Purchase product Buyer user should be able to
purchase product

Pass

3 View purchase history Buyer user should be able to
view purchase history

Pass

4 Rate product Buyer user should be able to rate
the product after receiving it

Pass

5 Receive email notification Buyer user should be able to
receive an email notification
about successful transaction

Pass

Seller user

1 Shop performance dashboard Shop performance dashboard
should capture the updated data

Pass

2 View, add, edit and delete product Seller user should be able to
view, add, edit and delete any
product in the shop

Pass

3 View orders Seller user should be able to view
orders placed by buyers

Pass

4 Print order report Seller user should be able to view
and print report for all completed
orders

Pass

5 Contact buyer Seller user should be able to
contact buyers through chat

Pass

6 Set clearance duration to deplete
near-expired products

Seller user should be able to set
the clearance dates

Pass

7 Display of the near-expired
products in clearance at half-price

The near-expired products should
be automatically be displayed in
clearance at half-price based on
the clearance start date

Pass
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5 Conclusion and Future Research

Artisanal food products are unique and authentic. These products aim at a niche
market. More online platforms should be set up for this niche market to integrate all
independent creators and buyers in one place and for better network building. Also,
recoup value from near-expired food products is a major concern to most artisanal
food producers. The proposed e-marketplace system helps artisanal food producers
for setting up their business through the internet, attracting target audience, allowing
them to advertise artisanal goods and promote homemade brands. Most importantly,
the intelligent depletion tool helps them to manage near-expired products and to
minimize their loss. The system is built to encourage use of homemade goods and
provide healthier choice of goods. As the system is not suitable for perishable food
that has very short shelf life, future enhancement can include the pre-order features
to cater for wider range of homemade food products.
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Abstract The study presents an attempt to analyse how social media netizens in
Malaysia responded to the calls for “Social Distancing” and “Physical Distancing”
as the newly recommended social norm was introduced to the world as a response to
theCOVID-19 global pandemic. The pandemic drove a sharp increase in socialmedia
platforms’ use as a public health communication platform since the first wave of the
COVID-19 outbreak in Malaysia in April 2020. We analysed thousands of tweets
posted by Malaysians daily between January 2020 and August 2021 to determine
public perceptions and interactions patterns. The analysis focused on positive and
negative reactions and the interchanges of uses of the recommended terminologies
“social distancing” and “physical distancing”. Using linguistic analysis and natural
language processing, findings dominantly indicate influences from the multilingual
and multicultural values held by Malaysian netizens, as they embrace the concept of
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1 Introduction

The emergence of specific syntax applied during the pandemic is used to gauge how
well the public understands the dynamic nature of information during the outbreak.
Unlike the previous pandemic such as SARS, MERS, Zika and H1N1, COVID-19
presents a more significant challenge for humanity as its spread throughout the globe
is substantially bigger and higher in volume. Studies that have addressed communi-
cation issues during the previous pandemic have not investigated the substantial role
social media plays, as it does during the COVID-19 pandemic. Previous research on
communication and psychology in pandemic contexts have illustrated how opinion
change is much more complicated than opinion formation. In the study by [10] on
social media communication about the Zika virus vaccine, “transmission and health
consequences of the Zika virus has created a fertile environment for conspiracy theo-
ries and pseudoscientific claims, and these claims have emerged in social media plat-
forms. They examined their 2015 tweets for English language anti-vaccinementions.
86% of these users tweeted about vaccines in 2015, and 19% of users tweeted an
anti-vaccine message. In Malaysia’s case, where its people are made up of multi-
ethnic groups who practice diverse beliefs and values, the government’s challenge
to formulate effective pandemic communication strategies is unique. Therefore, a
linguistic analysis of social media interactions becomes necessary for government
agencies to design and deploy public health messages containing awareness and
educational guides. At the time of writing, the linguistic analysis of social media
content predominantly centres on English speakers and popular media platforms.

Social media refers to a conversational, distributed mode of content generation,
dissemination and communication among communities [29]. Social media analytics
(SMA) gather inputs from social media platforms and analyse the data to make
recommendations or decisions. Many companies have used the approach to under-
stand the consumers’ needs and observe their reactions to products and services [7].
For example, SMA has been used to investigate social media users’ perceptions of
the Turkey-Syria crisis [26]. [21] have recently begun investigating social distancing
perceptions during the COVID-19 outbreak in Australia based on Twitter data for
their future work to develop a social distancing model. Authors observed that most
tweets favour keeping distance despite some dissatisfaction over social distancing
as a policy. The study was done by analysing tweets with “social distancing” as the
keyword phrase using sentiment analysis. However, public opinions on “physical
distancing” was not included in the study eventhough the term is practised in the
WHO guidelines after a call for rebranding “social distancing” [14].

This paper uses natural language processing techniques to examine how do social
media users use “social distancing” and “physical distancing” in their posts. It is an
attempt to capture public sentiments on the new norm in the last nineteen months
using computational linguistic tools. We believe that this is the first initiative to
discover physical and social distancing perceptions amongMalaysians through social
media.
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2 Social Media Analytics (SMA)

The basic concept of conducting SMA is capturing, understanding, and presenting
[11]. The first step is to capture social media postings by acquiring web-based appli-
cation programming interfaces (APIs) from socialmedia applications such as Twitter.
The data then needs to be normalized using open-source NLP tools such as NLTK
[5] to remove unnecessary tags that come with the raw data. Once the data is cleaned,
it can be restructured to understand the data by conducting sentiment analysis [24],
measuring relevance, novelty or visual analysis [4].

In sentiment analysis, tweets are classified as positive, negative or neutral based
on the sentence polarity scores. Sentiment models can be derived by conducting
supervised learning such as Naïve Bayes [12, 22] and latent dirichlet allocation
(LDA) [20] or unsupervised learning such as latent semantic analysis (or latent
semantic indexing) [15]. There are also open-source Natural Language Processing
(NLP) modules available to support SMA, such as Polyglot NLP [2] and Malaya
NLP [16]. Polyglot NLP has Python modules and tools to support multilingual text
processing such as tokenizer, language detection, word embeddings and sentiment
analysis. Its tools were built by training Wikipedia data that has more than 100
languages. Malaya NLP was developed by a Malaysian to support text processing
in Malay and English. The toolkit offers features, and the models were built on its
Malay dataset gathered from social media and other sources. Past research studied
word behaviours in SMA using the n-gram approach [1]. In NLP, n-grams have been
used as features for word prediction [6] language modelling [17, 19] and grammar
checker [25]. N-gram forms a sequence of N words that are adjacent to each other.
N-gram analysis could bring valuable insights into social media content.

Since the beginning of the Movement Control Order in Malaysia on 18 March
2020, hashtags such as #perintahkawalanpergerakan, #kitajagakita, or #stayathome
have dominantly appeared in social media posts. The Malaysian government and
citizens increasingly used them to spread public health information and break the
pandemic chain. Theoretically, the analysis of social media interaction is an onto-
logical investigation. [27] retrieved and analyzed social media data on delivery
services in the United Kingdom,they combined technologies for Twitter extraction,
data cleaning, subjective analysis, ontology model building and sentiment analysis.
Their study found that a rule-based classifier could generate automated online replies,
beneficial to mitigate communication between agencies and the public.

3 Reported COVID-19 Cases in Malaysia

The World Health Organisation confirmed a new pneumonia disease called Coron-
avirus disease 2019 or COVID-19 on 12 January 2020. The deadly disease spread
globally, affecting more than 200 countries and 1.8 million confirmed positive cases
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Fig. 1 Confirmed COVID-19 cases in Malaysia from 1 January 2020 to 31 July 2021

and 38,000 deaths as of 31August 2020. TheMalaysian government officially imple-
mented the first national Movement Control Order (MCO) on 18 March 2020, a
consequential move after religious gatherings in Seri Petaling [3, 24] and Kuching
[18] that took place early March 2020. The virus spread among the delegates and
resulted in many positive cases in March and April 2020. Figure 1 depicts the
chronology of events of the confirmed COVID-19 cases and deaths in Malaysia
from 1 January 2020 until 31 July 2021. The data was extracted from Our World in
Data (https://ourworldindata.org/), a website developed by researchers from Univer-
sity of Oxford to provide data and research findings related to real world problems
freely.

4 Linguistics Analysis Framework for Analyzing Social
Media Posts

Two types of linguistics analysis which are syntax and semantics analyses were
conducted to study tweets collected from 1 January to 31 July 2021. In a multi-
ethnic, multilingual and multicultural community in Malaysia, the tweets represent
how Malaysians use their official second language, English, to project their reac-
tions, responses and reasons at the start of the outbreak. Tweets were collected
using snscrape (https://github.com/JustAnotherArchivist/snscrape), an open-source

https://ourworldindata.org/
https://github.com/JustAnotherArchivist/snscrape
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Fig. 2 Overall process to conduct SMA on “social distancing” and “physical distancing”

Python tool that helps to scrape tweets without using Twitter API. We filtered tweets
using two English terms: “social distancing” and “physical distancing” and two
Malay terms: “penjarakan sosial” and “penjarakan fizikal”, where the latter terms
are Malay translations of social distancing and physical distancing, respectively.
Besides that, tweets were also filtered based on users’ location profiles in Malaysia.

We proposed a simple waterfall process to conduct SMA as depicted in Fig. 2. The
model include applying selected NLP techniques, specifically by using linguistics as
the core element of investigation. The processes are described as follows:

4.1 Social Media Data Capture

In Stage 1: Capture, Malaysian social media posts were extracted from Twitter from
pre-MCO to post-MCO periods (1 January 2020 to 31 July 2021) using terms such
as “social distancing”, “physical distancing, “penjarakan sosial”, and “penjarakan
fizikal”. Tweets were normalised by removing HTML tags, emojis, punctuations,
and stop words that could influence SMA results.

4.2 Understanding Social Media Data

The next stage involves analyzing trends based on frequency and timing posts and
NLP techniques to understand the tweets that were collected using those keywords.
To investigate how people react to the “social distancing” and “physical distancing”,



582 S. S. Juan et al.

frequencies of each keyword were recorded. Then, Min–Max Feature Scaling [13]
was applied to the frequencies to normalize the values. Normalisation will help in
describing the trends in the later stage. Each value x that corresponds to the term
frequency was transformed using the following equation:

xnorm = x − xmin

xmax − xmin
(1)

where xnorm has a value between 0 and 1, while xmin and xmax are the respective
minimum and maximum values of term frequency. For example, if 108 tweets have
the “social distancing” term, given that the minimum = 0 and maximum = 678, the
frequency will be normalized as follows:

xnorm = 108− 0

678− 0
= 0.159 (2)

The normalized values were compared to know which of the terms were popular
during the pandemic period. Subsequently, NLP techniques namely, sentiment anal-
ysis and n-gram analysis, were used to understand the syntax and semantics of the
social media data. For n-gram approach, we applied bigram analysis to observe the
frequencies and relationships of co-occurring words.

Due to English and Malay conversations found in our data, we used open-source
tools such as Polyglot NLP and Malaya NLP tools to acquire sentiment labels. As
mentioned in the earlier part of this article, Polyglot NLP is a text analyzing tool
with various features such as language detection, morphological analyzer, sentiment
analyzer, and many more. The advantage of using the sentiment analyzing tool from
Polyglot NLP is that it has polarity lexicons from 136 languages, including English
and Malay. However, the tool’s drawback is that lexicons were developed based on
Wikipedia articles [8], which may not have enough informal words to detect the
multilingual tweets in our data. Malaya NLP is a text analyzing tool that offers
several modules such as normalization, generative, classification and tagging. Its
sentiment analyzer has six sentiment models that were developed using multinomial
Naïve Bayes classification [23], state-of-the-art techniques such as XLNET [28] and
deep bidirectional transformers (BERT) [9]. The models were all trained on a Malay
dataset that contains news and tweets. The feature fits our type of data since we
have collected tweets that contain informal words. However, the downside of the
tool is that it can only predict sentiments for Malay sentences. Therefore, each tool
mentioned has its advantage and disadvantage in analyzing multilingual text.

Hence, a hybrid sentiment analyzing approach was devised to incorporate both
tools for obtaining sentiments from the data and the processes are as depicted in
Fig. 3. The diagram shows how the multilingual data was processed by identifying
the language used in the twitter post first using a language detection tool available in
PolyglotNLP.Next, PolyglotNLPanalysedEnglish data, andMalayaNLPprocessed
non-English data. Both tools returned sentiment scores which were then converted
into labels that represent positive, negative and neutral sentiments. As a baseline
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Fig. 3 A proposed sentiment analysis approach to obtain sentiment labels from multilingual tweet
data using open-source tools

experiment, we selected the BERT sentiment model in the Malaya NLP tool that has
the size of 57.4 MB.

Outcomes from Stage 2: Understand were analyzed and presented in Stage 3:
Present for describing the impact of the physical and social distancing movement
that the government has imposed.

5 Results and Analysis

Results from applying our proposed framework and sentiment analysis are described
based on trends, bigram analysis and sentiment analysis.

5.1 Analysing Trends of the Four Terms

Using snscrape tool, 7,078 public tweets were extracted and results of term frequen-
cies are tabulated in Table 1. It is observed that before the start of MCO, all four
terms were hardly mentioned in tweet posts. When the MCO period began in March
2020, the English terms appeared, and “social distancing” reached its peak in the
first month of MCO in 2020. “Physical distancing” was not a popular English term
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Table 1 Number of tweets that mentioned “social distancing” or “physical distancing”

Social dist Physical dist Penjarakan sosial Penjarakan fizikal

Year 2020 January 0 0 0 0

February 4 0 0 0

March 1513 25 35 0

April 843 24 96 0

May 1041 27 214 3

June 348 11 131 2

July 336 18 84 14

August 111 38 37 64

September 122 24 17 24

October 162 31 44 44

November 95 3 23 11

December 83 10 12 8

Total 4658 211 693 170

Year 2021 January 131 9 30 21

February 79 2 14 20

March 67 4 14 15

April 78 6 27 12

May 133 15 35 20

June 87 5 26 4

July 403 17 48 24

Total 978 58 194 116

compared to “social distancing”. The term reached its peak in August 2020 with only
38 tweets and 2021 did not show better statistics in terms of frequency and became
the least used term among the four terms.

From the table, it is shown that not many tweets mentioned “penjarakan sosial”
and “penjarakan fizikal” where each term appeared in 887 tweets and 286 tweets,
respectively. It seems that the English and Malay terms have similar trends where
“social distancing” is more.

To visually present the trends Fig. 4 shows the behaviour of the terms against
COVID-19 cases inMalaysia. The values were obtained fromTable 1 and normalised
using the min- max feature scaling method. The figure shows that “social distancing”
(blue square) was the first term trending at the beginning ofMCO 1.0 while “physical
distancing” (orange pyramid) and “penjarakan social” (grey diamond) appeared later
and reached their peaks in August 2020 and May 2020, respectively. “Penjarakan
fizikal” (yellow x), the least popular term also reached its highest frequency inAugust
2020 although the trend started later. In the same month, there is a drastic decline in
the usage of “social distancing” or “penjarakan sosial” in tweets. The drop could be
due to the terms have been revised to “physical distancing” or “penjarakan fizikal” by
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Fig. 4 Trends of using the four terms in tweets and cumulative COVID-19 cases in Malaysia based
on normalised frequencies

the Malaysian government to follow the WHO guideline released in March 2020. It
is also interesting to observe that there is a falling trend on all four terms in the second
year of COVID-19 pandemic despite the rising COVID-19 cases inMalaysia. Hence,
the trend could indicate that the public’s awareness/discussion on “social distancing”
or “physical distancing” is declining.

5.2 Bigrams and Sentiment Analysis

5.2.1 Identifying Top 21 Bigrams

As expected, “social distancing” and its Malay translation, “penjarakan sosial”, are
the two most frequently occurring bigrams as shown in Table 2. The table showed
frequencies of bigrams that appeared in the tweet data. As the most used phrase,
“penjarakan sosial” coincidentally denotes another meaning, from the root word in
Malay “penjara”, which is translated as “prison” in English.

The limitations of movement in public spaces have also implied “imprisonment”,
as the public has been disallowed to leave their homes and gather in groups during
the lockdown. The results also showed that several bigrams are semantically similar
such as “pakaimask” and “wear mask”, where the former is formed usingMalay and
English words to bring the same meaning as the latter. Another similar bigram pair
are “practice social” and “jaga social”. These bigrams confirmed the high tendency
among Malaysians to code-switch, as they are used widely in tweets to echo public
health advice and messages. Bigrams such as “ikut SOP”, “wash hands”, and “prac-
ticing social” indicated that users are aware of the general standard operating proce-
dures or SOPs to combat COVID-19. Table 2 also shows that words such as “social”,



586 S. S. Juan et al.

Table 2 Top 21 bigrams occur in Malaysian tweets on social distancing and physical distancing

English Malay Code-switched

Bi-gram Freq Bi-gram Freq Bi-gram Freq

Social, distancing 4370 Penjarakan,
sosial

816 Pakai, mask 179

Physical, distancing 245 Penjarakan,
fizikal

281 Jaga, social 102

Practice, social 225 Amalkan,
penjarakan

123 Ikut, sop 76

Stay, safe 157 Pelitup, muka 93

Wear, mask 107 Jaga,
penjarakan

74

Mask, social 88 Jangan, lupa 67

Practicing, social 74 Pakai, pelitup 54

Wash, hands 57

Wearing, mask 56

#Covid19,
#socialdistancing

53

Maintain, social 50

“mask”, and “distancing” were linked to more than one word to form bigrams. The
analysis urges us to investigate how many connections and to understand the rela-
tionship of the bigrams. Hence, a bigram network graph was produced using top 30
bigrams and the network is shown in Fig. 5. The graph confirms that “social” has
the highest number of nodes (ten words, white ˛) directly connected to it compared
to the other bigrams. The height of the “social” network is two: the maximum level
of all the vertices connected to the word “social”. All words linked to the network
are generally derived from public health advice and SOPs regularly transmitted on
social distancing and wearing masks.

5.2.2 Obtaining Sentiments from the Public Posts

Table 3 reveals the number of tweets classified as positive, negative and neutral. Most
of the tweets have negative sentiments and tweets discussing “social distancing” have
the highest frequency.

The results show that the public reacted negatively through social media when
discussing “social distancing” or “physical distancing”. On the other hand, tweets
with “physical distancing” have a significant number of positive sentiments in its
class. We note that human experts have not validated the results obtained from this
baseline experiment. The proposed hybrid strategy was applied to quickly identify
sentiments in public opinions related to social distancing and physical distancing
during the pandemic outbreak. Due to our data requirements, such as multilingual,
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Fig. 5 A network of the top 30 bigrams for tweets in Malaysia

Table 3 Sentiments from tweets obtained from Polyglot and Malaya NLP tools

Positive Negative Neutral Total

Social distancing 1968 1927 1741 5636

Physical distancing 98 83 88 269

Penjarakan sosial 276 567 44 887

Penjarakan fizikal 94 187 5 286

Total 2436 2764 1878 7078

code-switching, and informal words, the current results require further annotations
to represent the public sentiments.

6 Conclusions

This paper described how public health messages on “social distancing” and “phys-
ical distancing” were used in Malaysian social media posts during COVID-19
outbreak. Tweets were collected from 1 January to 31 July 2021 and analysed using
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computational linguistic tools to understand the contents based on syntax and seman-
tics. We proposed a waterfall model as the research methodology to incorporate NLP
techniques such as N-gram and sentiment analysis that helped us to discover code-
switching issues, bigram networks and sentiments from the public. A network graph
showed links of 30 most frequent bigrams and the outputs suggested that the public
used “social distancing” or “physical distancing” for public health advice and to
describe SOPs for COVID-19. These bigrams also showed the rampant use of code-
switching in tweets to echo public health advice and messages. Due to this, a hybrid
strategy was proposed to automatically obtain public sentiments from the multi-
lingual tweets. A baseline experiment was conducted and results showed that the
majority of the tweets suggested negative sentiments. Investigation on the outputs
from the hybrid strategy will be conducted in the future to validate the performance.
At the moment, the sentiment labels have not been verified. Due to the large number
of tweets, we anticipate that verifying the labels take time to complete therefore
there is a need to conduct a research on appropriate computational approaches to
expedite the process. Another interesting observation found from this study was on
the falling trend of “social distancing” or “physical distancing” in the second year of
COVID-10 pandemic despite the rising cases in the country. This trend could indicate
that public’s awareness/discussion on “social distancing” or “physical distancing”
is declining. Last but not least, the tweet data is now available on Github to be
used freely for future research (https://github.com/sarahjuan/malaysia-tweets-with-
sentiment-labels).
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Computational Accuracy Using
Combined Time Sensitive Technologies

Yip Kin Choy

Abstract In today’s Industry 4.0 revolution, time-sensitive technologies are fast
becoming critical elements within smart manufacturing factories where automation
capability is deployed over massively matrixed and inter-connected edge devices,
providing real-time and determinism communication throughout the multi-layer
ecosystems. The real-time network routes create a path for a prioritized response
within the closed-loop feedback mechanism to demand immediate correction in
action, be it a change in production modelling, a re-characterization request on the
spot to optimizemanufacturing efficiency and even to the extent of triggering a safety
flag over potential security flaws in the system. All these require quick, responsive,
and deterministic data flow from one node to another. Time Sensitive Network (TSN)
standards andTimeCoordinatedComputing (TCC) capabilities are the two important
technologies to warrant guaranteed data transmission in a cyber-physical closed-loop
communication system. This paper introduces these two technologies, their impor-
tance, the co-existence, computational routines and how they inter-operate to achieve
best in class accuracy in reduced data transmission latency for both in-system and
across the eco-system.

Keywords Time synchronization · Real-time technology · Ethernet · TCC · TSN

1 Introduction

The upcoming generation of smart, lean, and automated manufacturing represented
by the digital transformation of Industry 4.0. Internet of Things (IoT) is shaping a
drastic deployment strategy where all logic controllers and their associated nodes
including computing capabilities at the edge are interconnected with massive data
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Fig. 1 IEEE TSN and TCC real-time technology for time synchronization and timeliness

exchanges yet determinism and real-time in nature. On top of cognitive machine
learning, artificial intelligence, intra and inter security, real-time features are another
critical anchor point to connects dots within the eco-system in the realization of
deterministic latency and on-time communication between multiple tiers of clients
and servers’ systems.

This paper provides details of TSN implementation including its architectures
and selective library of real-time features used to attain precise and accurate time
synchronization capability within the network of logic controllers. TCC technology
comes into the picture to re-organize the entire timeliness structure of the core and un-
coremodulewithin the SystemonChip (SoC). This includes as andwhere applicable,
the communication to the corresponding device Input–Output (IO). High-level TSN
and TCC intended capabilities for time synchronization and timeliness are shown in
Fig. 1.

Towards the end of this paper, there is an elaboration of a real-time application
where TSN and TCC technologies are deployed onto an industrial automation use
case. It talks about precise synchronization control of high-speed stepper motors
alongside computation of deterministic communication latency with the implemen-
tation of both technologies for both idle and stressful scenarios with the injection of
external interference.

2 Real-Time Features

2.1 TSN

TSN is an industrial standard derived from the Institute of Electrical and Elec-
tronics Engineers (IEEE) 802.1 task group. TSN is the industry best-known network
protocol. It provides ultra-reliable data transmission latency between devices across
multiple platforms [1]. The key to TSN technology is to first coordinate time accu-
racy and deterministic offset amongst connected devices and in doing so, the stimulus
(for example, sensors) and response (for example, actuators) will react according to
the same reference clock and hence aligning all time-coordinated events. In Fig. 2, a
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Fig. 2 TSN for time deterministic within network of connected systems

deterministic low latency path is enabled between different logic controllers on TSN
technology.

TSN has a set IEEE defined networking libraries and protocols which can be
used in various applications and scenarios depending on the real-time needs and
practical use cases requirements by industries [2]. Table 1 shows a list of IEEE 802.1
TSN standards. While it is not necessary to enable all the defined standards, it offers
customization flexibility for IoT platforms to implement TSN standards that are only
relevant to the specific business needs. Hence, the cheery picking of TSN standards
for a robotic manufacturing factory would largely differ from its usage model in the
automobile industry.

Only TSN standards and base features relevant to this paper are described below.

802.1AS is a profile of IEEE 1588 Precision Time Protocol (PTP) synchroniza-
tion protocol that enables time synchronization between different TSN devices. It
lays the foundation for the scheduling of traffics through each participating network
device, hence ensuring all of them are time-synchronized to a grandmaster reference
clock [3].

Table 1 List of IEEE 802.1
TSN standards

IEEE 802.1 standards Features

802.1AS Time synchronization

802.1Qbv Scheduled traffic

802.1CB Seamless redundancy, stream
identification

802.1Qcc SRP enhancements

802.1Qbu Frame preemption

802.1Qci Filtering and policing

802.1Qca Path control and reservation

802.1Qch Cyclic queuing and forwarding

802.1Qcr Asynchronous traffic shaping

802.1Qcp YANG model for bridging

802.1Qcw YANG model for Qbv, Qbu, Qci

802.1CBcv YANG model for CB
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802.1Qbv provides traffic scheduling capability on a shared global time endorsed
by 802.1AS. A schedule is created and distributed between participating network
devices. 802.1Qbv defines the mechanisms for controlling the flow of queued traffic
through gates at the egress of a TSN switch [4]. The transmission of messages from
these queues is executed during scheduled windows. Other queues will typically
be blocked from transmission during these dedicated time slots, therefore removing
the chance of scheduled traffic being impeded by non-prioritized traffic. This means
that the delay through each switch is deterministic and that communication latency
through a network of TSN-enabled components can be guaranteed at all times.

802.1Qbu is another real-time TSN standard used to minimize interference from
other network traffic and in doing so, providing a path for minimal communication
latency. 802.1Qbu allows the transmission of standard Ethernet or jumbo frames to
be interrupted in favor of enabling the transmission of higher priority TSN frames
and then resumed afterwards without discarding the previously transmitted piece of
the interrupting messages [5]. 802.1Qbu is often used hand in hand with 802.1Qbv.
While 802.1Qbv shapes scheduled traffic using the time-basedmechanism, 802.1Qbu
introduces a pre-emptible feature so that the desired traffic can be processed first
without having to follow the sequential queuing system [6].

2.2 TCC

TCC is primarily a silicon hardware capability. It is proprietary Intellectual Property
(IP)which is designed to provide deterministic on-fabric latencywith a dedicated and
secured channel of transmission access within all IOs residing in the SoC. It’s tunable
using hardware register configuration to optimize performance and achieve the best
possible latency to enhance the overall Quality of Service (QoS) on time-sensitive
traffics. These features enable the silicon to be a more powerful platform for time-
sensitive IoT applications, making use of internal fabrics for faster and deterministic
communication in between cores, un-core and the IOs as shown in Fig. 3.

The next section describes TCC features that are utilized in this paper.

Always Running Timer (ART) is a system-based timer that runs at core crystal
clock frequency. It acts as the SoCmaster time heartbeat. All TCC time synchroniza-
tion enabled IOs to capture cross-timestamps of the respective local clock counter,
aligning to ART in the scheduling of time-stamp events. This provides a feedback
mechanism for IOs in the SoC to continuously synchronize with the master clock.

Cache Pseudo-Locking refers to the ability to lock real-time data within the Static
Random-Access Memory (SRAM) capacity covering L2 (Level 2) and L3 (Level 3)
caches. Figure 4 shows the core and cache hardware organization on a two-module
system.Cache reservation and lockingmechanismprevent cores from evicting higher
priority cache lines for time-critical traffic as it ensures a secured and identified
allocation of storage spaces for immediate and prioritized processing ahead of others.
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Fig. 3 TCC for guaranteed latency deterministic within SoC

Fig. 4 Core and cache hardware organization

3 System Level Use Case and Computational
Methodologies

3.1 Workload Setup and Use Case Demonstration

A system, end to end, and use case demonstration including computation method-
ologies and measurements are often interrelated. The system refers to higher-level
protocol stacks testing beyond unit level validation. Here, traffics frequently interact
with other onboard components as part of the stimulus and response process. In this
paper, the testing scope is confined to only demonstrating co-existence and inter-
operability of TCC and TSN technologies through an industrial application. This
is where realistic and deterministic payload is exercised to quantify overall robust-
ness in real-time features implementation with foremost importance laser-focused
on deterministic latency.
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Fig. 5 TSN and TCC realtime system level use case setup

Figure 5 outlines the daisy-chained setup of a time-synchronized industrialmotion
control use case involving multiple high-speed integrated stepper motors and drives.
This is the typical building block of articulated robots, Selective Compliance Artic-
ulated Robot Arm (SCARA) robots and Cartesian robots in Computerized Numer-
ical Control (CNC) automated manufacturing processes [7]. This use case demands
high precision synchronization accuracy and time-deterministic communication. The
expected industry performance is scaled inmicroseconds (us) range for internal cores,
fabrics, and IO processorswhilemilliseconds (ms) range for interactionswith higher-
level operating systems, kernel scheduling, network bridges andmulti-layer software
stacks.

Few important enabling steps are listed here:

1. Two TSN-enabled platforms are connected through 1 Gigabit Ethernet port.
2. Both platforms are time-synchronized using TSN 802.1AS standard with

deployment of generalized Precision Time Protocol (gPTP) mechanism.
3. One of the two platforms is identified as grandmaster and takes authority to

maintain a reference clock source to the rest of downstream nodes within the
same network.

4. None of the subsequent operations can be initiated without first adhering to TSN
time-synchronized requirements.

5. Hardware TCC features for ART and pseudo cache reservation, allocation and
locking is actively configured on both TSN-enabled platforms.

6. Advanced Micro Controls Incorporation (ACMI) SMD23 industrial graded
steppermotors are connected to each end of the platforms throughEthernet ports
and Peripheral Component Interconnect Express (PCIe) to Network Interface
Card (NIC) TSN adaptor [8].

7. All TSN traffics are Qbv and Qbu pre-configured. This ensures traffic sched-
uler management is enabled, real-time queues are identified, pre-empted, and
prioritized ahead of best-effort traffic with a dedicated window of transmission.
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Fig. 6 Gears synchronization on different TSN-enabled platforms

8. Aside from the data traffics used for time synchronization andhigh-speedmotion
control, the Ethernet pipeline is also purposely swamped with external interfer-
ence introduced by iPERF and Ostinato. iPERF is a tool for network perfor-
mance measurement while Ostinato is an application for packet generator and
network load testing.

There is a total of four AMCI SMD23 high-speed integrated stepper motors
connected to both TSN-enabled platforms. As the client and server’s communication
is time-synchronized, all the stepper motors are programmed to mechanically rotate
at the same instant of time, controlled by the host system [9]. While two motors on
the first platform rotate in a clockwise manner, the other two motors connected to
the second platform must synchronize their movement, anti-clockwise. This is to
achieve unison in the gear’s rotational movement all time regardless of speed and
direction. Figure 6 shows such a concept.

The objective is that by implementing the real-time TSN and TCC technologies
adhering to a tightly coupled timing control mechanism, the stepper motors rotate
simultaneously at a precise rotational speed even when they’re positioned nearby
of one another at about 3 mm (mm) apart from width of space of the first gear
to the summation of dedendum and addendum of the second gear. This was also
demonstrated in the scenario covering the change of rotation speed and direction on
the fly.

In the actual industry application, it also means that multiple robotic arms oper-
ating within a constraint workspace can independently align its movement through
complying against a time-synchronized network that is ultra-reliable in providing
low-level latency where real-time responses to a given stimulus can be achieved
within ms duration. This is particularly critical for cases where safety and security
requirements would need almost immediate response within the closed-loop control
system for contiguous action to be taken in preventing the occurrence of anyunwanted
and undesired catastrophic event.
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3.2 Test Outcomes and Rotational Performance Comparison

Figures 7, 8 and 9 show motor rotational speeds at different steps per revolution.
It represents performance data obtained from the integrated encoders of SMD23
high-speed motors on both platforms. The speed was primarily set at 1000 steps per
revolution for a duration of 5 s intervals with 10 iterations each to ensure consistency

Fig. 7 Gears synchronization accuracy at 1000 steps per revolution

Fig. 8 Gears synchronization accuracy at 3000 steps per revolution

Fig. 9 Gears synchronization accuracy at 5000 steps per revolution
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and sufficient stress time all the way to 15 s duration. In this configuration, at peak,
the rotational steps reached 15,000. The highest validated was 75,000 steps at 5000
rotational per revolution. The encoder delta shown on the secondary axis represents
the difference in positional feedback between the motors. It was so minute that both
motors recorded super high accuracy in locked-step rotational movement. From the
graphs, they overlap each other at every point of the iterations across different speed
settings.

3.3 TSN-Enabled Scenario—Best and Worst-Case Measures

Data from the most stressful configuration is shown in Table 2. Here, the rotational
steps attained were highest at 75,000 steps within a maximum duration of 15 s
across 10 iterations. In between SMD23-1 (stepper motor attached on TSN-enabled
platform 1) and SMD23-2 (stepper motor attached on TSN-enabled platform 2),
the respective encoder embedded within the motor’s feedback mechanism recorded
the positioning of every rotational step. A maximum error margin measured was 11
steps or 0.0145% mismatch while in the best-case iteration, it was only a difference
of 1 step variance or 0.0013% off from the desired target. As can be seen in both
scenarios, the accuracy achieved on time-synchronized platforms was ultra-reliable
in between 99.9856% on the worst-case and 99.998% on the best case.

This is only possible with the implementation of real-time TSN 802.1AS tech-
nology in keeping the time offset always in synchronized mode between platforms.
The precision of clock synchronization using gPTP standard enables accuracy up
to nano second range. Therefore, the instructional commands controlling all stepper
motors are so closely timed that the encoder delta and offset between them is almost
negligible.

Table 2 Error margin computation on encoder readout

Interval Pulse/Step Cycle SMD23—1
motor

SMD23—2
motor

Encoder
delta

Error
margin

Percentage
error (%)

15 5000 1 75,647 75,645 0.144 2 0.0026

15 5000 2 75,649 75,643 0.432 6 0.0079

15 5000 3 75,644 75,643 0.072 1 0.0013

15 5000 4 75,647 75,650 0.216 3 0.0040

15 5000 5 75,647 75,638 0.648 9 0.0119

15 5000 6 75,639 75,643 0.288 4 0.0053

15 5000 7 75,653 75,642 0.792 11 0.0145

15 5000 8 75,652 75,642 0.72 10 0.0132

15 5000 9 75,645 75,643 0.144 2 0.0026

15 5000 10 75,649 75,648 0.072 1 0.0013
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While 802.1ASmaintains the base for time synchronization accuracy, the deploy-
ment of TSN 802.1Qbv allows kernel scheduling to prioritize stepper motor traffics
ahead of time where it’ll always get processed within the pre-defined window of
transmission.

On top of that, TSN 802.1Qbu preemptible technology allows traffics to be
dissected within the same transmission period even in the presence of undesirable
external interferences as inducedby iPERFandOstinato to intentionally create bottle-
necks in traffic bandwidth similar to the practical application of industrial implemen-
tations. Upon arriving at its destination, the previously disassociated pre-empted traf-
fics will now get stitched back into its original data packet format to be processed by
subsequent flows.

A combination of 802.1AS with 802.1Qbv and 802.1Qbu ensure the shortest
possible latency in the execution of stepper motor’s commands and yet timely
synchronized, therefore ensuring ultra-reliable accuracy of motor’s positioning to
as high as 99.998%.

Additional data points were gathered to assess the overall stability of data trans-
mission latency on TSN-enabled platforms in a stressful condition where additional
noise traffics are injected into Ethernet streams to purposely disrupt existing TSN
prioritized workload. As seen in Fig. 10, the x-axis represents the percentage of inter-
ference or competing traffic going into the same pipeline as with the TSN-enabled
traffic. In the context of Ethernet terminology, out of a 1 GB bandwidth capacity,
80% or 800 Megabits (Mb) are forcefully occupied with external interfering traffics
that are not required to be prioritized, leaving only 20% or 200 Mb allocated for
real-time traffics. This creates a competing and stressful scenario for time-sensitive
traffic to take precedence in maintaining a dependable data transmission latency. Yet,
at 80% interference rate, TSN induced latency remains solid and reliable with the
worst case of only 115 µs latency.

Fig. 10 TSN versus best effort traffic latency performance comparison
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On the same discussion point, the best effort traffic which is not a prioritized
stream will randomly compete against one another to secure an allocated slot in the
transmission packet. At 10% interference rate, the best effort latency stood at 213µs.
When the traffic rate went up to 50%, latency was up by slightly more than doubled
to 490µs.When it reached the peak of 80% traffic rate, latency was so bad that it now
needs 1875 µs or 1.875 ms to complete just one round trip of transmission whereas
TSN-enabled traffics are so consistent and reliable with ultra-low latency, ranging
from only 112 to 115 µs. At 80% congestion rate, latency for TSN-enabled traffic
is 16.3 times better. In other words, the prioritized traffic arrived and was processed
16.3 times faster.

TSN technology enables always on-time and guaranteed data arrival with non-
negotiable latency duration, hence it warrants deterministic behavior in data trans-
mission at all times. As mentioned, TSN standards by themselves are important to
achieve locked-step time-synchronization between platforms and all the associated
downstream logic controllers.

However, to enhance the overall real-time utilization and customer experience,
the inclusion of TCC with ART and pseudo locking capabilities further improve the
overall internal processing latency in between IOs and components residing within
the SoC with core and caches, primarily being the two main contributors.

3.4 Deployment of TCC Real-Time Technology and Its
Implication

TCC technology was introduced as an enhancement to real-time features as it has the
capability to further fine-tune the hardware performance of core and cache organiza-
tion modules. In this specific use case deployment, a comparison was made to first
perform logic arithmetic computation on the stepper motor instructional commands
following the default processing flow and without any prioritization. The results are
fetched from Central Processing Unit (CPU) into DRAM. This is again a best effort
practice aswhile it’s happening, the CPU is also scheduled towork on other incoming
traffics in queues. TCC cache pseudo locking allocation, partitioning and reservation
are then introduced as a hardware mechanism to optimize latency for time-critical
traffic.

In Fig. 11, the two critical parameters of interest areCPUcycle time and jitter. CPU
cycle time computes the total instruction cycles that it processes from the moment
data is fetched, decoded, executed, and stored. Upon completion, a handler will be
issued to notify the completion of the task. CPU can now be released to service other
incoming requests. Jitter is the variation in data packets arrival time, often caused
by network congestion. The longer data packets take to transmit, the more jitter is
introduced.

Table 3 summarizes the computation data between DRAM versus L2 cache. It
can be clearly seen that by allocating a region in L2 cache to service a dedicated
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Fig. 11 TCC implication of pseudo locking on cache L2 versus DRAM

Table 3 Maximum CPU cycles and jitter on L2 versus DRAM

Storage Cycle Max CPU cycle Delta (DRAM over L2) % reduced cycle

DRAM 3 11,054,774 3,743,168 (3.74 million cycles) 33.8%

L2 cache 3 7,311,606

Storage Cycle Max Jitter, ns Delta (DRAM over L2) % reduced Jitter

DRAM 3 6,584,125 3,261,616 (3.26 ms) 33.12%

L2 cache 3 9,845,741

incoming traffic, there is saving of over 3.74 million of CPU instruction cycles
as compared to regular processing sequence. The jitter on the same transmission,
improved significantly from 9.8 to 6.5 ms, a saving of 3.26 ms. Since CPU cycles
and jitters work hand in hand, TCC mechanism demonstrated a combined 33%
improvement in latency.

4 Summary and Conclusion

The next era of the Industrial Internet of Things (IIoT) relies heavily on the existence
of real-time technologies to realize the importance of scaling time-critical traffics
for new market evolution in mass manufacturing and smart automation factory as
part of Industry 4.0 initiatives [10]. TSN for industry applications have just been
actively revamped the past few years and is now making a strong presence to assist
in smart factory deployment and assisting in operational efficiency and real-time
rationalization. Data from this paper demonstrated the absolute high precision accu-
racy of 99.9856% on the worst-case scenario, leaving only 0.0144% margin of error
in transmission latency. This level of accuracy is a significant cause of ultra-reliable
solutions. On top of that, the latency stability of TSN-enabled traffic is warranted
even in the presence of unwanted interference. TCC improves internal hardware
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capability by 33%, a saving of 3.7 million CPU instructional cycles and 3.26 ms
reduced jitter duration. Combining both represents a new powerhouse in real-time
technologies to realize the future of the industrial revolution.
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Dominant Gray Level Based Particle
Swarm Optimization Clustering
for Segmenting Brain Tumor Sub-regions
from Multimodal Magnetic Resonance
Images
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Abstract Brain tumor is one of the significant causes of death in human beings.
If not timely and properly diagnosed, the probability of it becoming malignant is
high. Therefore, accurate segmentation of brain tumors at an initial stage is essen-
tial for quantifying the brain tumor structures. Many automatic and semi-automatic
approaches such as machine learning and deep learning have been explored for
brain structure segmentation. However, these approaches suffer mainly from high
dependency on the large training datasets and computation burden. To resolve these
issues,weproposed anunsupervisedbrain tumor sub-regions segmentation approach,
termed Dominant Grey Level based PSO Clustering. This segmentation approach
utilizes dominant grey levels to provide automatic centroids initialization to the
Particle Swarm optimization method to perform the segmentation of brain tumor
sub-regions. The sensitivity to unwanted artifacts and random cluster initialization is
greatly reduced for the proposed approach. Furthermore, using a dominant grey level
to enhance the quality of initial candidate solutions of the PSO population improves
the convergence speed of particles toward an optimal solution and prevents traping
into local optima. The whole approach is evaluated on 30 volumes of MRI images
acquired from the BRATS 2019 dataset and attained a Dice score of 0.865, 0.822, and
0.803 for the whole, core, and enhancing tumor regions respectively. The quantitative
results are also compared with the standard K-Means and conventional PSOmethods
and some other recently published studies which report a promising segmentation
efficiency in term of Dice score and Jaccard index.

Keywords Brain tumor · Magnetic resonance imaging · Particle swarm
optimization · Clustering · Segmentation

A. Fawzi · A. Achuthan (B) · B. Belaton
School of Computer Sciences, Universiti Sains Malaysia, 11800 Penang, Malaysia
e-mail: anusha@usm.my

A. Fawzi
e-mail: alifawzi95@student.usm.my

B. Belaton
e-mail: bahari@usm.my

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
R. Alfred and Y. Lim (eds.), Proceedings of the 8th International Conference
on Computational Science and Technology, Lecture Notes in Electrical
Engineering 835, https://doi.org/10.1007/978-981-16-8515-6_46

605

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-8515-6_46&domain=pdf
http://orcid.org/0000-0001-9988-6064
http://orcid.org/0000-0002-2015-2269
mailto:anusha@usm.my
mailto:alifawzi95@student.usm.my
mailto:bahari@usm.my
https://doi.org/10.1007/978-981-16-8515-6_46


606 A. Fawzi et al.

1 Introduction

Brain tumor is the abnormal growth of cancerous cells in the brain tissue, and it can
be classified as benign or malignant. The research tendency in brain medical images
is of high importance because of the requirement for timely diagnosis and surgical
planning of brain-related pathologies. Medical brain images are often obtained by
different imaging devices such as Magnetic Resonance Imaging (MRI), Computed
Tomography (CT), and Positron Emission Tomography (PET). MRI is preferable to
CT and PET for the anatomical analysis of brain tissue. It can produce high contrast
images with a high spatial resolution compared to other imaging modalities. Being
one of the significant components in medical brain image analysis, segmentation of
brain images deals with the delineation and identification of interesting anatomical
structures from a stack of medical images [1]. On the basis of the degree of human
interaction, brain tumor segmentation approaches from MRI images can be classi-
fied into three categories: (i) manual, (ii) semi-automatic, and (iii) fully automatic
approaches [2]. In general, medical experts’ manual segmentation approaches are
still the standard for tissue assessment and approved as a clinical routine. Lesions
have many variations in volume, intensity levels, shape, and texture. Even well-
trained neurologists or surgeons tend to misjudge the tumor boundary due to these
problems. For these reasons, accurate automatic segmentation methods are required
[2, 3] to reduce the inter and intra rater variability.

Reviewing recent studies indicated that the automatic and semi-automatic brain
segmentation approaches using MRI images can be classified into three main theo-
retical categories, namely, (i) intensity-based, (ii) machine learning, and (iii) deep
learning [2]. Deep learning methods have been recently proven promising for brain
image segmentation and dominate other state-of-the-art segmentationmethods in this
field [4]. However, these approaches require high computational resources because
numerous parameters are involved, requiring significantly more training data to over-
come overfitting problems. Acquiring plenty of manually annotated brain medical
images is not feasible (expensive and time-consuming), leading to overfitting issue
because of training models on small datasets. Such approaches fall behind conven-
tionalmethods inworst cases because of this issue. Consequently, the training dataset
should be preprocessed, and patches from training images are selected very carefully
as input to the deep learning networks to overcome the class label imbalance problem
(background region is much bigger than the target regions). The major limitation of
patch-based methods is loss of spatial context from MRI slices and high computa-
tional time for both training and inference. These reasons explain why the traditional
methods are still being used in clinics because of their robustness to data scarcity
and adaptability to work in noisy domains [5]. The limitations mentioned above
motivate us to introduce a new unsupervised segmentation approach to segment sub-
regions of brain tumor, namely, whole tumor, tumor core, and enhancing tumor,
accurately without usage of single training dataset. Conventional clustering-based
segmentation such as K-means and Fuzzy C-means (FCM) approaches has been
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widely used as unsupervised brain MRI segmentation approaches due to their effi-
ciency and simplicity [2]. Nevertheless, these methods suffer from the following
drawbacks: (i) high sensitivity to noise and intensity inhomogeneity, (ii) dependency
on initialization, and (iii) tendency to terminate in local optima.

The aforementioned drawbacks led to the proposal of a clustering approach based
onParticle SwarmOptimization (PSO) for the automatic segmentation of sub-regions
of brain tumor namely the whole tumor, tumor core, enhancing tumor from MRI
images. We first enhanced the MRI images to eliminate the noise and intensity
inhomogeneity artifacts. The image histogram was then utilized to seek the most
recurrence (dominant) of gray levels in the MRI images. There are approximately
six peaks of pixel with high frequency that are supposed to be possible centroids
of clusters. For the proposed PSO clustering approach, these peak values are then
applied as the initial cluster centroids. The remaining paper is structured as follows
to describe the proposed work in more detail. The proposed segmentation approach
is described in Sect. 2. A discussion of experimental results is presented in Sect. 3,
and the conclusion is given in Sect. 4.

2 Related Work

In this section, we introduce a brief literature review of the recent sub-regions brain
tumor segmentation approach from MRI images. To the best of our knowledge,
clustering based segmentation approach have not been proposed so far to solve sub-
regions brain tumor segmentation. Therefore, we have reviewed other recent similar
work on the brain tumor sub-regions segmentation. In this context, a co-training
method was assessed by Zhan et al. [6], who used sparse representation classi-
fication and Support Vector Machine (SVM) algorithms. This method allows the
extraction of high confidence pseudo-labeled samples from each classifier, which
are then added to the training sets of the other side of a classifier to re-train the
corresponding classifier. Finally, a super-pixel graph is plotted on the post-contrast
T1 image to generate spatial and clinical constraints to remove false positives and
interference of noise. However, this model has a drawback where prior clinical
knowledge is required to refine the segmentation results by manually correcting
pixel labels, making it subjective as it depends on the user’s expertise. Sun et al. [7]
presented a method based on multi-pathway 3D FCN architecture to segment brain
tumor scans into three sub-regions using multi-modal MRI images. The proposed
method employs 3D dilated convolution to better locate boundaries of tumor regions.
However, the approach requires post-processing stage. Another method presented by
Zhang et al. [8] uses attention residual U-Net (AResU-Net) to segment brain tumor
scans into three regions. The AResU-Net method embeds a series of attention and
residual units among corresponding down-sampling and up-sampling processes to
simultaneously improve local responses of down-sampling and recovery effects of
up-sampling. Zhou et al. [9] proposed a dense 3D networking architecture and 3D
atrous convolutional layers to construct the backbone and reuse features to alleviate
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the problem of exploding and vanishing gradients. However, the segmentation of
cores and enhancing tumor regions is inferior compared with that of the whole tumor,
which requires considerable improvement. Silva et al. [10] introduced a three-stage
cascade FCN model based on deep layer aggregation to enrich spatial and semantic
information. However, the model requires high computational resources and post-
processing to refine the segmented tumor regions. Overall, the limitations of these
recent supervised segmentation approaches include (i) need large training dataset,
(ii) high computational cost, and (iii) less adaptive to unseen samples (overfitting).
Considering that unsupervised clustering-based approaches reduce the dependency
on large training, the aim of this paper is to explore the effectiveness of a new
unsupervised clustering-based approach termed as Dominant Gray Level based PSO
clustering for segmenting brain tumor sub-regions.

3 Proposed Methods

3.1 Overview

Figure 1 illustrates the proposed brain tumor sub-regions segmentation approach.
This segmentation approach consists of two main stages. First, the pre-processing

and enhancement stage is proposed to remove noise and elevate intensity inho-
mogeneity artefacts of the brain images. Second, the brain tumor sub-regions and

Fig. 1 Overview of the proposed segmentation approach
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other brain tissue are segmented using the Dominant Gray Level based PSO Clus-
tering, termed as DGLPSOC. Four MRI modalities, namely, T1-weighted (T1), T1-
contrasted (T1c), T2-weighted (T2), and fluid-attenuated inversion recovery (Flair),
are used as input data to the proposed approach. These MRI scans are first fed
into an image enhancement method using Adaptive Entropy-Clip Limit Histogram
Equalization (IAECHE) [11] to preserve and highlight local tumor structures. These
enhanced images are then fed to theDGLPSOCapproach for brain tumor sub-regions
segmentation. The approachmimicsmedical experts’ procedure, where all of the four
MRI modalities are used to benefit the complementary information extracted from
different modalities. Finally, the segmented sub-regions from each modality is then
fused to formulate the resultant brain tumor sub-regions.

3.2 Pre-processing and Enhancement

The pre-processing stage must be performed to obtain good qualitative and quanti-
tative segmentation results. Pre-processing involves some essential procedures such
as noise removal, intensity inhomogeneity correction, contrast enhancement, and
increasing information richness of MRI images, resulting in a high segmentation
performance at an efficient computational cost. In MRI images, Rician noise and
non-uniformity of intensity distribution across homogeneous tissues are the most
common noises and unwanted artifacts that affect brain images [12]. To eliminate
these artifacts from the input MRI image, a new version of local histogram equal-
ization called IAECHE is employed [11]. In this approach, the MRI images are
subdivided into non-overlapping contextual regions called blocks. The number of
blocks in the MRI slice is set to R × C, where R is the number of blocks in the row
of the image slice and C is the number of blocks in the column of the image slice.
In this approach, the height and width of the blocks are both set to 10 pixels. Each
block will be processed with an adaptive number of iterations of enhancement deter-
mined locally by IAECHE. This approach ensures that the resultant local blocks are
best enhanced during noise removal and intensity inhomogeneity correction by the
IAECHE method. The enriched blocks are then combined to produce the resulting
final image, as illustrated in Fig. 2.

3.3 Particle Swarm Optimization

The PSO belongs to the class of population-based optimization methods, and it was
inspired by the fish schooling or flocking behavior of birds [13]. In PSO, every single
particle is a “fish” in the search area. These particles spread through the search area
to locate an optimal position through information sharing between neighborhood
particles. Each particle in the swarm has essential values: the position and velocity
in the N-dimensional search area. Each particle’s velocity and position values are
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FLAIR T1 T1c T2 

Fig. 2 Qualitative enhancement results using the proposed models on selectedMRI slices obtained
from BRATS 2019. The first row represents original MRI slices (T1, T2, T1c, and FLAIR), and the
second row represents the resultant enhanced images using IAECHE method

updated during each iteration by following the two “best” values this particle has
achieved so far. Similarly, the swarm saves the record of the “best” position tracked
by the particle swarm optimizer as the best velocity and position values obtained so
far by neighborhood particles in the population, and it is referred to as the global best
position. The particles change their position and velocity values until they reach the
global best solution state. After the best values are obtained, the velocity and position
values of the particles in the swarm are updated by the following two equations:

μk
i = wμk

i + c1s1
(
Lbestki − xki

) + c2s2
(
Gbestki − xki

)
(1)

xk+1
i = xki + μk

i (2)

where and xki and μk
i are the recent best position and velocity of the ith particle at the

kth iteration, respectively. c1, c2 are positive constants. s1, s2 are the two random
values ranging from 0 and 1. w denotes the acceleration weight factors that show the
previous velocity vector’s effect on the new vector.

Consequently, the particle updates the position value based on its current velocity,
local (Lbest), and global best (Gbest) positions as presented in Eq. (1).

3.4 Particle Swarm Optimization Clustering

The segmentation approach based on the PSO algorithm aims to determine the brain
tumor sub-regions, namely, whole tumor, tumor core, and enhancing tumor from the
preprocessed MRI brain images. PSO employs the concept of swarm interaction to
extract suspicious tumor region(s) of interest from healthy brain tissue through MRI
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images. The justifications for adopting the PSO method as a clustering approach to
solve brain tumor sub-regions segmentation are as follows: (i) the PSO method is
applicable and easy to implement, and (ii) the convergence rate of PSO is relatively
fast compared with other swarm-based approaches because it does not require opti-
mized functions, such as the derivative and differential. The enhanced MRI image
slices are subjected to PSObased clustering that formulates clusters (segments) based
on inter clusters intensity similarity. The objective function of PSO for obtaining the
clusters is to minimize the distance metric between the centroids of clusters and the
pixel point by minimizing the error function. The objective function is given as

F =
k∑

i=1

n∑

j=1

∣∣Ci − Pj

∣∣ (3)

where Ci denotes the centroid of cluster, and Pj denotes the pixel point. k is the total
of clusters, and P refers to pixel points present in the individual clusters. The key
idea of PSO based clustering is to accelerate the direction of each particle toward its
local, neighborhood, and global best locations, which is carried out in the following
order:

1. Determining the initial candidate centroids for PSO population to formulate
clusters.

2. Assigning the particles of PSO population into specific clusters based on the
local/global best position (fitness) achieved so far by these particles as the new
current position in a particular grey level. The local best positions of particles
in the PSO population are determined based on the minimum distance value
between the initial candidate centroids in the swarm and the individual particle.
The global best position is obtained based on the minimum fitness value that
is reported by any neighboring particles in the same search region of the grey
value of that particle during tracking by the remaining PSO population through
information sharing with neighborhood particles.

3.5 Dominant Grey Level Based PSO Clustering

The detailed explanations of the stages in the proposed brain tumor sub-regions
seg-mentation approach are as follows:

Dominant Gray Level Extractions.

The spatial histogram approach is used to determine the local peak values in the
histogram of MRI image slices. Then, the corresponding dominant gray levels to
the local peaks are taken as initial centroids for the PSO population. In this work,
six peaks corresponding to the six local peaks in the image histogram chosen to
represent the initial centroids. Generally, the six dominant grey level values represent
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the objects of MRI brain slices, i.e., white matter, grey matter, cerebrospinal fluid,
whole tumor, tumor core, enhance tumor.

PSO Method.

The swarmpopulation is initialized using centroids computed from the dominant grey
levels derived from the MRI image slices. The six dominant grey level values are
allocated as the initial cluster centroids for the proposed dominant PSO clustering
approach to avoid falling into local solution. The fitness value for every particle
(pixel) is calculated as given in Eq. (3).

Each individual particle in a given swarm represents a possible solution to the
optimization of this swarm, and it updates search capability (the position andvelocity)
depending on the individual experience of the particle and that of its neighbors. The
updating scheme is expressed in Eqs. (1) and (2). Moreover, to establish balance
between exploration and exploitation and boost the convergence rate of PSO during
updating position of the particles (increase convergence ability and boost exploitation
toward the optimal position), a non-linear parameter control approach by Yang et al.
[14] is utilized. In this approach, the positive constants parameters c1 = c2 = 2 and
the updating criteria of the inertia weight factors w are represented as follows:

wk = wmax − (wmax − wmin).(k/Niter)1/�2
(4)

where (wmax,wmin) are the range of inertiaweight betweenwmin=0.4 andwmax=
0.9.Eachwindowsize of anMRI image is treated as particles of a swarmflying around
the MRI image matrix exploring the optimal pixel value. The particles continuously
update their position for the maximum number of iterations until they reach the
optimal global state. The suspicious tumor regions are extracted from theMRI image
based on individual and another particle’s flying experience in the swarm. Eventually,
the particles are clustered according to each tumor region. The derived clusters from
the PSO algorithm are represented as

C = C1,C2,C3,C4 (5)

where C1,C2,C3, and C4 indicate the whole tumor, tumor core, enhancing tumor,
and nontumor regions segmented from the enhanced MRI modality slices, respec-
tively. Then, the segmented tumor regions were incorporated spatially using the
weighted averaging fusion [15] method.

4 Experimental Results

Fundamentally, existing PSO approaches specify the population’s initial parameters
in swarm via random selection. In the proposed DGLPSOC approach, the domi-
nant grey levels were chosen using image histogram approach and considered initial
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population information to PSO. The resultant segmented images were more accu-
rate upon performing the DGLPSOC approach than the conventional PSO approach.
The proposed DGLPSOC was evaluated on multimodal brain tumor segmentation
challenge 2019 dataset (BRATS 2019). The BRATS 2019 dataset consists of multi-
institutional MRI acquisitions composed of a training dataset of 335 glioma patients,
including 259 high-grade glioma cases and 76 low-grade glioma cases. The vali-
dation set consists of 125 patient subjects of unknown grade. The training dataset
is manually labeled by experts and provided by the BRATS organizers. There are
four MRI scan modalities, namely, T1, Flair, T1C, and T2. All modalities are co-
registered to T1c and then resampled at 1 mm3 isotropic resolution. Unfortunately,
not one series of theMRI modality can accurately segment the sub-regions of tumors
in all cases. Therefore, the four MRI modalities are used to provide comparatively
more apparent tumor regions, which are experimented within this study. The four
MRI modalities are used in this approach because they are often utilized in clinical
analyses of tumors.Whole tumors can be distinguished via the Flair modality, and the
tumor core sub-region can be discerned via the T2 modality. Similarly, some parts of
a tumor core and enhancing tumor can be distinguished from the other tissues using
the T1c MRI modality.

Therefore, our approach follows the clinical practice of employing multimodal
MRI images as input to the clustering model for heterogeneous tumor segmentation.
The segmented regions from each MRI modality (i.e. T1, T2, T1c, and FLAIR) are
then finally fused using the weighted averaging fusion method [15] as illustrated in
Fig. 3. The segmentation results are evaluated by two measurement criteria: Dice
ratio (DICE) and Jaccard coefficient (JC) [4], which are defined below:

DICE(S1, S2) = 2|S1 ∩ S2|
|S1 + S2| (6)

Jaccard(S1, S2) = |S1 ∩ S2|
|S1 ∪ S2| (7)

where Dice is the overlap measurement between ground truth and segmented im-
ages, and JC is the ratio between the union and intersection of segmented result and
ground truth of brain images, and the outcome values range between 0 and 1.

Table 1 depicts the findings based on the average Dice score and JC, obtained by
applying all clustering approaches (K-means, PSO, and DGLPSOC) on the standard
brain tumor dataset individually. The DGLPSOC approach showed higher average
Dice and JC, which suggested that it outperformed other clustering approaches for
multiclass brain tumor segmentation. This approach provides about 6%, 4.8%, and
5% points absolute improvement of complete, core, and enhance tumor segmenta-
tion respectively compared with the conventional PSO. Given the obtained results,
the DGLPSOC approach can segment tumor regions from the MRI slices accurately
and proved its capability to enhance the intensity of MRI image and control PSO
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(a) Enhanced FLAR slice (c) Enhanced T1 slice (e)Enhanced T1c (g) Enhanced T2 slice

(b) Whole tumor segment-
ed from FLAIR

(d) Anatomical brain 
structures segmented 

from T1

(f) Enhancing and 
core tumor regions 

segmented from T1c

(h) Tumor core 
segmented  from T2

(i)  (j)
(i), (j) Final segmentation of the tumor structures after fusion using weighted averaging fusion: whole tu-

mor (green), core tumor (red), enhancing tumor (yellow).

Fig. 3 Qualitative segmentation results using the proposed models on selectedMRI slices obtained
fromBRATS 2019. The first row represents enhancedMRI slices from left to right (FLAIR, T1, T1c,
and T2), the second row represents the resultant segmented images of brain tumor substructures.
The third row represent the final segmentation results after fusion and structure labeling

Table 1 Table Quantitative evaluation results of the DGLPSOC compared with k-means and PSO
approaches

Approaches DICE Jaccard

Whole Core Enhanced Whole Core Enhanced

k-mean 0.742 0.691 0.651 0.771 0.737 0.670

PSO 0.805 0.774 0.753 0.845 0.801 0.813

DGLPSOC 0.865 0.822 0.803 0.875 0.851 0.843

parameters’ initialization to prevent particles from leaking in other irrelevant adja-
cent regions. we can observe from the results that DGLPSOC approach playing an
important role in brain tumor segmentation.

The achieved quantitative results were also compared with other brain tumor
segmentation approaches introduced in previous studies. Many approaches are
proposed for multiclass brain tumor segmentation and most of them use deep
learning-based segmentation approaches [16]. The DGLPSOC approach compared
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Table 2 Quantitative comparison of results for three brain tumor regions segmentation

Study Approaches DICE Data source Level of
implementationWhole Core Enhanced

Zhan et al.
[6]

Co-trainind
SVM & src

0.88 0.81 0.74 BRATS 2013 Require
post-processing

Sun et al.
[7]

multi-pathway
3D FCN

0.89 0.78 0.76 BRATS 2019 Require
post-processing

Zhang
et al. [8]

Attention
U-Net

0.870 0.777 0.709 BRATS 2019 End to end

Zhou et al.
[9]

Dense
3DCNNs

0.870 0.777 0.709 BRATS 2018 Require post-
processing

Silva et al.
[10]

Three-stage
cascade FCN

0.885 0.829 0.790 BRATS 2020 Require
post-processing

Proposed
approach

DGLPSOC 0.865 0.822 0.803 BRATS 2019 End to end

the reported results with state-of-the-art deep learning andmachine learning segmen-
tation methods, which were identified to have adopted deep learning methods and
segmented the same tumor sub-regions under study in this research.Consequently, the
achieved segmentation results of three brain tumor regions were compared with five
recent approaches as presented in Table 2. Based on the experiment conducted, the
DGLPSOC approach did not achieve the best Dice scores for whole tumor segmen-
tation. However, this method reported good Dice scores for core and enhancing
tumor regions comparedwith other segmentation approaches and could help segment
tumor sub-regions of the patients affected by brain tumor diseases. The proposed
DGLPSOC approach is efficient toward accurate and fast segmentation of brain
tumor sub-regions. DGLPSOC can also be adaptively applied to segment other chal-
lenging (imbalanced, small, and inhomogeneous) datasets of other human organs,
provides controllable segmentation time, and can infer in real-time. It is considered
self-independent as no training data are required for the segmentation process in
contrast to the current deep learning-based segmentation methods, which require (i)
a large number of resources for model training, (ii) high computational resources for
both training and inference, and (iii) high computation time.

5 Conclusions

In this paper, the DGLPSOC approach was developed to segment the brain tumor
into sub-regions, namely, whole tumor, tumor core, and enhancing tumor, fromMRI
brain images obtained from the BRATS dataset. This study focused on adapting
the PSO algorithm to perform the clustering process on multimodal MRI slices and
addressed the weakness of arbitrarily selecting initial cluster centroids for the PSO
approach. Instead of using a random initial position in PSO, six dominant grey-level
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pixels were employed as initial swarm centroids using the histogram approach to
extract the image’s dominant intensity value. DGLPSOC approach also addresses
data scarcity problem which is the most common deficiency related to the process of
image segmentation and yields promising segmentation performance compared with
the state-of-the-art approaches that utilize hand-crafted features. In addition, our clus-
tering approach can be effectively adapted to segment heterogeneous (imbalanced,
small, and difficult) datasets with no training data are required for the segmentation
process, provides controllable segmentation time, and infers in real-time. Experi-
mental results of the proposed approach revealed better findings in terms of Dice and
JC compared with the conventional clustering approaches for brain tumor segmenta-
tion. In the future, this segmentation approach can be improved to achievemore accu-
rate segmentation with a shorter computation time by introducing a new approach
based on the adaptation of optimization algorithms to improve the performance of
metaheuristic algorithms for image segmentation.
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Analysis of Training Function
for NNARX in Solar Radiation
Prediction Modeling
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Abstract Neural Network Autoregressive Model with Exogenous Input (NNARX)
is one of the Evolutionary Neural Network that had been used to develop a prediction
model for solar radiationwhich involves a dynamic non-linear for a time-series based
prediction. The whole process of Training, Testing, and Validation of NNARX is
carried out by using a Training Function. Since there are several improvements that
had beenmade in enhanced the prediction results usingNNARX, it is the best to setup
an analysis on the Training Function in finding the best to suit the solar radiation
prediction modeling. In this paper, the analysis of the Training Function algorithm
for solar radiation prediction modeling development using NNARX is carried out
using MATLAB R2019a software. Each Training Function algorithm will be used
in modeling development and their prediction output will be compared with the
actual output. Based on the results, it is shown that Levenberg–Marquardt Training
Function is the best Training Function algorithm for NNARX in solar radiation
prediction modeling with the coefficient of determination value, R2 of 0.93423.
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1 Introduction

Neural Network is one of the Machine Learning methods that uses computing algo-
rithm for system execution. It starts with the conceptual studies on brain func-
tion mechanism by Warren McCulloch in 1943 to illustrate how information been
processed based on neurons [1]. Later in 1958, Frank Rosenblatt introduces the
programming concept of perceptron which mimics the neuron’s process flow inside
a biological human brain [2]. Neural Network develops a specificmathematical func-
tion to perform a task based on the expected output required. It is widely applied in
various artificial intelligence system including predictionmodeling for solar radiation
using multi-layer networks.

Since it has been applied in a multi-layer networks, the Neural Network had
evolved into a complex design. Evolutionary Neural Network is the new method
of multi-layer Neural Network which consists of several other methods which used
in data processing, modeling, and prediction for more advanced and specific appli-
cation [3]. Example of Evolutionary Neural Network are Neural Network Autore-
gressive Model with Exogenous Input (NNARX), Multi-layer Perceptron Neural
Network (MLPNN), Generalized Regression Neural Network (GRNN), and Radial
Basis Function Neural Network (RBFNN) [4]. NNARX is applied for the solar
radiation prediction modeling development because of its ability to perform predic-
tion based on the endogenous and exogenous input parameters [5]. This separation
is needed in predictive modeling to draw a line between the statistical component
and deterministic component to reduce the complexity of the prediction model thus
avoid errors generated that can disturb the whole prediction results. To enhance the
prediction model results, proper algorithm arrangement is needed [6]. The process
of algorithm programming for NNARX follows the steps as shown in Fig. 1.

Fig. 1 Methodology
flowchart of NNARX

Data Acquisition

Data Normalization

Training and Generalization 
Process

Testing Process 

Data Denormalization

Data Validation

Performance Analysis
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Based on Fig. 1, the process of NNARX starts with data acquisition where entire
data is stored in a single database file. This data loaded to the MATLAB by recog-
nizing their position in the database. Entire data will then be processed by data
normalization. In this step, the entire data is compressed to the value between 0 and
1 to ease the prediction process. The data normalization for non-linear is done by
using Sigmoid Transfer Function as shown in Eq. (1).

S(x) = 1

1 + e−x
(1)

The data used for the solar radiation prediction modeling on this paper are; solar
irradiance, ambient temperature, sunshine duration, zenith angle and azimuth angle
retrieved from the satellite-based measurement equipment for Malaysia for the year
of 2017–2018. The prediction model developed is for a weekly solar radiation value
using the weekly average value of these parameter. The data is then segregate into
Training, Testing and Validation process by composition of 40–40–20. This indicate
that 40% of the data used for model training, 40% of data used for model testing
and remaining 20% of data will be used for model validation. This entire process
of NNARX is done by using a Training Function algorithm in MATLAB software.
Based on the MATLAB, there are currently eight (8) Training Function available for
multi-layer network development consists of Levenberg–Marquardt, BFGS Quasi-
Newton, One Step Secant, Resilient Backpropagation, Scaled Conjugate Gradient,
Fletcher-Reeves Conjugate Gradient, Polak-Ribiére Conjugate Gradient, and Conju-
gate Gradient with Powell/Beale Restarts. This paper develops a study to find the
best Training Function algorithm that can fit the solar radiation prediction model
using NNARX. This will ease the further improvement for solar radiation prediction
modeling development by using an enhanced NNARX.

2 Training Function

Training Function is the main algorithm for Neural Network development on
MATLAB software. It is varying with the several factors related to the prediction
behavior depends on the complexity, number, and types of input data, a number
of weights calculated, targeted error placed for the network, and the objectives of
the network whether it been used to develop a discriminant analysis or a regression
as for approximation functions. Eight (8) Training Function available in MATLAB
software considered in this comparative analysis is shown in Table 1.
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Table 1 Training function
algorithm

Algorithm MATLAB Function

Levenberg–Marquardt trainlm

BFGS Quasi-Newton trainbfg

One step secant trainoss

Resilient backpropagation trainrp

Scaled conjugate gradient trainscg

Fletcher-Reeves conjugate gradient traincgf

Polak-Ribiére conjugate gradient traincgp

Conjugate gradient with Powell/Beale
restarts

traincgb

2.1 Levenberg–Marquardt

Levenberg–Marquardt Training Function algorithm was first developed by Kenneth
Levenberg in 1944 and was further improved by Donald Marquardt in 1963 [7].
Levenberg–Marquardt algorithm had been used to solve a non-linear relationship
problem due to over-fitting of parametricmathematical modeling involving quadratic
probabilistic function. It is used to scaled down the sum of squared error between the
functions of the model and the input data points. Levenberg–Marquardt algorithm
is the combination two type of algorithm: the gradient descent algorithm and the
Gauss–Newton algorithm [8]. This combination improves training process where
gradient descent algorithm is used to solve a complex curvaturewhileGauss–Newton
algorithm used to solve a quadratic approximation [9]. This had made Levenberg–
Marquardt algorithm able to achieved fast convergence on both situation prompt.
To further understand this algorithm, let’s consider the weight update calculation as
shown in Eq. (2).

E(x, w) = 1

2

P∑

p=1

M∑

m=1

e2p,m (2)

Based on Eq. (2), E defined as the error calculation, x is the input vector, w is
the weight vector, P is the number of patterns, p is the index of patterns, M is the
number of outputs, m is the index of outputs and ep,m is the training error at output
m when pattern p is applied. ep,m can be derived as Eq. (3).

ep,m = dp,m − op,m (3)

Based on Eq. (3), d is denote as the desired output in vector form and o is denote
as the actual output in vector form. The gradient descent algorithm used for weight
update calculation in Eq. (4) using first-order derivative of the sum of error function
to obtain the lowest error value as shown in Eq. (5).
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wk+1 = wk − αgk (4)

Based on Eq. (4), k is defined as the index of iterations, α is defined as the learning
constant and g is defined as gradient with the derivation as shown in Eq. (5).

g = ∂E(x, w)

∂w
=

[
∂E

∂w1

∂E

∂w2
. . .

∂E

∂wN

]T

(5)

Using Eqs. (2) and (5) can be derived as shown in Eq. (6).

gi = ∂E

∂wi
=

∂
(
1
2

∑P
p=1

∑M
m=1 e

2
p,m

)

∂wi
==

P∑

p=1

M∑

m=1

(
∂ep,m
∂wi

ep,m

)
(6)

Based on Eq. (6), the gradient calculation can be expressed as Eq. (7) using
Jacobian matrix, J .

g = Je (7)

The weight update in Newton’s method is using the second order derivatives
calculation using Hessian matrix, H Eq. (8) as below.

wk+1 = wk − H−1
k gk (8)

Jacobian matrix, J is used to simplify the process of weight update on Newton’s
method to obtained the Hessian matrix, H using the relationship as shown in Eq. (9).

H ≈ J T J (9)

By using Eqs. (7–9), the Gauss–Newton can be derived as Eq. (10).

wk+1 = wk − (
J T
k Jk

)−1
Jkek (10)

For the Hessian matrix, H to become an invertible, an approximation technique
used in Levenberg–Marquardt algorithm using a combination coefficient, μ and one
identity matrix, I as shown in Eq. (11).

H ≈ J T J + μI (11)

By using Eq. (9), the weight update in Levenberg–Marquardt algorithm can be
expressed as Eq. (12).

wk+1 = wk − (
J T
k Jk + μI

)−1
Jkek (12)
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2.2 BFGS Quasi-Newton

In prediction modeling network, there is an issue related to the unconstrained opti-
mization for weight update process. While Newton had been developed to update
the exact calculation of Hessian matrix as shown in Eq. (8), Quasi-Newton is the
alternative quadratic models which used to estimate the Hessian matrix with gradient
measurement [10]. This approximationwayofHessian hadmade it able to update iter-
ation faster thanNewtonmethodwhilemaintaining its constraint. ThisQuasi-Newton
is optimized by the BFGS method when Charles George Broyden, Roger Fletcher,
Donald Goldfarb and David Shannon implement the quadratic Taylor approximation
for the objective function [11] as shown in Eq. (13).

f (x + d) = f (x) + dT g(x) + 1

2
dT H(x)d (13)

Based on Eq. (13), the function of f used to execute the prediction with d-vicnity
of x , g(x) is denote as gradient vector and H(x) denote as Hessian matrix. The
relationship between the gradient vector and Hessian matrix can be expressed using
Newton direction, d with Eq. (14).

d = −H(x)−1 − g(x) (14)

Quasi-Newton used to approximate Hessian matrix. BFGS uses this approxima-
tion with updating formula to converges to the Hessian matrix approximation as
shown in Eq. (15).

Bi+1 = Bi − Bisi sTi Bi

sTi Bi si
+ yi yTi

yTi si
(15)

Based on Eq. (15), B is the Quasi-Newton method with BFGS optimization for
weight update measurement with the si denotes as the iteration of input computation
given by si = xi+1 − xi and yi denotes as the gradient computation given by yi =
gi+1 − gi .

2.3 One Step Secant

One Step Secant backpropagation algorithm introduce to draw a line between conju-
gate gradient and quasi-Newton [12]. This algorithm avoids the matrix inverse calcu-
lation and use backpropagation to compute the derivatives using weight and bias
vector, M. The line search function applied in conjugate gradient is used to identify
the minimum point with the first line search is in form of negative gradient value
[13]. For subsequent iterations, the search direction is as shown in Eq. (16).
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dM = −gM + As
(
Mstep

) + Bs(dgM) (16)

Based on Eq. (16), As and Bs are the product of scalar combination of gM , Mstep

and dgM .Mstep denotes as the weight variation based on previous iteration and dgM
denotes as gradient changes based on previous iteration.

2.4 Resilient Backpropagation

Resilient Backpropagation follows the backpropagation formula for weight update
in Neural Network with different approach [14]. Backpropagation update the weight
using the gradient descent using partial derivate magnitude as shown in Eq. (17).

�wi, j (t) = αxi (t)δ j (t) (17)

Based on Eq. (17), α denotes as learning rate, xi denotes as the input in time-
series and δ denotes as gradient error. Resilient improves the backpropagation with
individual �wi, j for each connection to determine the weight update size using
learning rule shown in Eq. (18) with 0 < η− < 1 < η+.

�wi, j (t) =

⎧
⎪⎨

⎪⎩

η+ × �wi, j (t − 1), if ∂E(t−1)
∂wi, j

× ∂E(t)
∂wi, j

> 0

η− × �wi, j (t − 1), if ∂E(t−1)
∂wi, j

× ∂E(t)
∂wi, j

< 0

�wi, j (t − 1), else

(18)

The value of the �wi, j constantly evolves based on training process with the
constraint of the error gradient value. This error gradient value is the combination of
previous and current iteration and act as a guideline to maintain the update value of
�wi, j . The update value for the weight, wi, j is needed to proceed with the weight
update for the total number of iterations based on error gradient value. The weight
update for resilient backpropagation is shown in Eq. (19).

wi, j (t + 1) = wi, j (t) + �wi, j (t) (19)

2.5 Scaled Conjugate Gradient

Scaled Conjugate Gradient was developed by Martin Fodslette Moller in 1993 [15].
This algorithm implements the conjugate gradient search but with the exception of
line search for each iteration [16]. This had made the Scaled Conjugate Gradient
converges much faster than the original congate gradient algorithm. This Training
Function algorithm update weight and bias using quadratic approximation error
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calculation by using Eq. (20), where Eqw denotes as quadratic error approximation
at point w.

Eqw(y) = E(w) + E ′(w)T y + 1

2
yT E ′′(w)y (20)

2.6 Flecther-Reeves Conjugate Gradient

The Fletcher-Reeves Conjugate Gradient algorithm is the further improvement
method which inspired by the conjugate gradient algorithm used in backpropa-
gation for weight update in Neural Network architecture using Fletcher-Reeves’s
update [17]. The conjugate gradient algorithms execute first iterationwith the steepest
descent direction or the negative gradient. The optimal distance is determine using
a line search using Eq. (21).

xk+1 = xkαk pk (21)

The next line search determined by using the combination of the new steepest
descent direction with the previous direction as Eq. (22).

pk = −gk + βk pk−1 (22)

Fletcher-Reeves update the conjugate gradient algorithm with Eq. (23). βk can be
defined as the ratio of current gradient with previous gradient in norm squared value.

βk = gTk gk
gTk gk−1

(23)

2.7 Polak-Ribiére Conjugate Gradient

The Polak-Ribiére Conjugate Gradient algorithm applies for Training Function is
same with the Fletcher-Reeves algorithm setting in solving a quadratic case but with
the different βk computation approach [18] as shown in Eq. (24).

βk = �gTk−1gk
gTk−1gk−1

(24)
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2.8 Conjugate Gradient with Powell-Beale Restarts

The rate of convergence in conjugate gradient needs a restarts mechanism in specific
number of iterations. Due to the negative gradient results in a periodically reset on
conjugate gradient, Beale had proposed the restart function using computed direction,
dc with second-order information type and an additional component [19] as shown
in Eq. (25).

dk = −gk + βkdk−1 + γkdc (25)

With γk = g′
k yc+1

d ′
c yc+1

. Powell then set the condition for the Beale restart criteria by
using Eq. (26) to set the c = k − 1 with every hold on specific iterations.

∣∣g′
k−1gk

∣∣ ≥ 0.2‖gk‖2 (26)

Powell also set an additional check for the search direction by verifying the descent
direction by using Eq. (27) for every hold implement.

−1.2g2k ≤ dt
kgk ≤ −0.8‖gk‖2 (27)

If both conditions did not satisfy the iteration hold, the process is reset with the
c = k − 1 and dk is further refine using yc+1 = 0.

3 Model Development

The comparative analysis of Training Function is done by using MATLAB R2019a
software with Neural Network toolbox to develop a series–parallel NNARX for solar
radiation prediction modeling as shown in Fig. 2.

The performance analysis on the prediction output is carried out using coefficient
of determination, R2 value as shown in Eq. (28).

Fig. 2 Configuration of NNARX in MATLAB
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R2 = 1 −
∑(

yactual − ypredict
)2

∑
(yactual − ymean)

2 (28)

Based on Eq. (28), the calculation of Sum Squared Error represents by∑(
yactual − ypredict

)2
, while the calculation of Total Sum of Square represents

by
∑

(yactual − ymean)
2 with the ymean is the mean product of the total output and

measured by ymean =
∑

y
n . R2 present the performance measurement of the predic-

tion output and indicate the model’s goodness fit [20]. It also defined as a regression
analysis tool and measure the statistical value within the regression line which repre-
sent the goal of the prediction model. The value of R2 is in the range between 0 and
1.

4 Results and Discussions

Based on prediction model developed using NNARX for solar radiation, the perfor-
mance of each Training Function algorithm evaluated using number of epoch and
regression value based on coefficient of determination, R2. Cross-validation method
is applied to the NNARX model to maintain the time dependencies with the parti-
tioned of the time-series data into 10 folds. One-step-ahead calculation for next data
trained is done using the Mean Square Error (MSE) as shown in Eq. (29).

MSE =
∑N

1

(
yactual − ypredict

)2

N
(29)

The result of Training Function algorithm on solar radiation prediction model
developed using NNARX is shown in Fig. 3 and the number of epochs and R2

value of each Training Function shown in Table 2. The results show in the form of
regression plot of the prediction output based on the training, validation and testing of
theNNARXapproach using each of the Training Function available on theMATLAB
R2019a software.

Table 2 below shows the performance analysis results based on the number of
epochs and the regression value of R2 results.

Based on the results, it is shown that the Levenberg–Marquardt Training Func-
tion algorithm is the best to suit the prediction model development for solar radi-
ation using NNARX. The Levenberg–Marquardt Training Function (trainlm) gives
the coefficient of determination, R2 of 0.93423 followed by Polak-Ribiére Conju-
gate Gradient Training Function (traincgp), Conjugate Gradient with Powell-Beale
Restarts Training Function (traincgb), Fletcher-Reeves Conjugate Gradient Training
Function (traincgf), One Step Secant Training Function (trainoss), Resilient Back-
propagation Training Function (trainrp), BFGS Quasi-Newton Training Function
(trainbfg), and Scaled Conjugate Gradient Training Function (trainscg).
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(a) ‘trainlm’ (b) ‘trainbfg’

(c) ‘trainoss’ (d) ‘trainrp’

(e) ‘trainscg’ (f) ‘traincgf’

Fig. 3 The results from each Training Function consists of Training, Validation, Testing and overall
results for R2 values
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(g) ‘traincgp’ (h) ‘traincb’

Fig. 3 (continued)

Table 2 Performance analysis results

Algorithm Number of epochs R2 value

Levenberg–Marquardt 10 0.93423

BFGS Quasi-Newton 8 0.89042

One Step Secant 9 0.8944

Resilient Backpropagation 9 0.89377

Scaled Conjugate Gradient 8 0.89025

Fletcher-Reeves Conjugate Gradient 10 0.89602

Polak-Ribiére Conjugate Gradient 10 0.89697

Conjugate Gradient with Powell/Beale Restarts 10 0.8964

It is also noted that the prediction model development using a multi-layer Neural
Network had several constraints that limits the performance of the predicted output.
Since solar radiation involves various dependent and other independent input param-
eter, the prediction performance can be further improved by considering those param-
eters. In this study, the focus is to find the best Training Function algorithm that suit
the development of solar radiation prediction using NNARX method. The number
of epochs ranging from 8 to 10 and the based on the R2 value, Levenberg–Marquardt
Training Function had achieved higher performance results compared with others.

5 Conclusions

This paper presents the comparative analysis of Training Function algorithm that
available in MATLAB software for multi-layer Neural Network development for
prediction modeling. Solar radiation involves dynamic non-linear time-series data
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which had made the Training Function to be critically reviewed to develop a high
precision prediction result. In this study, a multi-layer Neural Network of NNARX
had been developed for the solar radiation prediction model. Based on the results of
R2, it is shown that the Levenberg–Marquardt Training Function algorithm delivers
the best prediction results for solar radiation compared with other Training Function.
The R2 had been choose as the key results parameter because, in prediction modeling
development, the aim is to get the final prediction result as close as the actual result.
The results obtained in this paper indicate that future work considering improvement
for NNARX can be made by using Levenberg–Marquardt Training Function for
the modeling development. As for future works, we will consider to analyzed the
Levenberg–Marquardt Training Function algorithm with other multi-layer Neural
Network methods such as RBFNN andMLPNN for solar radiation prediction model
development.
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Interpretation of Machine Learning
Model Using Medical Record Visual
Analytics

Nur Hidayah Mohd Khalid, Amelia Ritahani Ismail, and Normaziah A. Aziz

Abstract The state of the art of medical application that being implemented are
mostly based on common machine learning model. Nevertheless, one of the draw-
backs of the practice of medical diagnosis is the lack of explanation on the proposed
solution, which is also known as a black box, without knowing the internal decision
process between the input and output. It will lead to untrustworthiness and difficult
to understand by the medical expert. They are questioning how the complexity of
machine learning methods decide on the output without clear and understandable
explanations. Moreover, in machine learning field the characteristic of a black box
model may lead to biased data analysis and incorrect output decisions. There is
work that uses visual analytics techniques to interpret the machine learning output to
ease the understanding of medical experts. However, the functionality of existed and
combined visual analytics techniques is not sufficient to visualized and interpreted
the output of machine learning operation. Other visual analytic techniques faced the
same problem, unreliability to produce strong reason on the output when working
with complex machine learning models. This paper analyzed several visual analytics
approaches instantiated in machine learning algorithm for medical record analytics.
The motivation of this paper is to allow medical experts to understand the interpreta-
tion of a black boxmachine learningmodel in predictingmedical outcome.This paper
studied on the effectiveness of visual analytics techniques to identify the appropriate
technique to be instantiated to themachine learning algorithm to further elaborate the
results obtained by demonstrating transparency, interpretability and explainability of
the machine learning algorithm. The visual analytics that are been studied are Local
Interpretable Model-agnostic Explanations (LIME) and Shapley Additive exPlana-
tions (SHAP). Based on the comparison of LIME and SHAP methods, this paper
found that SHAP has consistent interpretability as compared to LIME.
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1 Introduction

Accurate and complete medical records are very important in keeping track of a
patient’s health and condition. A medical record also known as may consists of a
patient’s demographics, medical histories, medication and test results. For example,
diabetes diseases medical records. This disease is one of the lifelong diseases that
affect old and young generations.Other examples ofmedical records areward records
and administrative records very vital in the medical domain. Since the global human
population growth is increasing the number of medical records is also escalating.
With the large number of medical records, it is tedious and difficult to manage
the care and documentation process. In the past, the medical records are based on
paper repository however due to severe limitations of accessibility on the medical
records and time consuming to complete a medical record of every patient, thus,
a new method of documenting the medical records is proposed by using an elec-
tronic system, called electronic health record (EHR). The benefits of EHR are, it can
be viewed simultaneously by medical practitioners and experts and provides mean-
ingful information and insights. The drawbacks of EHR are inaccurate and outdated
information of the patients by wrong data entry, redundant data, and inconsistent
standard of documentation. In order to improve the efficiency of medical records, a
paradigm shift of machine learning algorithms is introduced. The objective of the
involvement of Machine Learning methods in the medical domain is to provide an
efficient overview of medical records’ insight as well as documentation integrity.
Additionally, the potential of machine learning is to extract significant information
from the data and contribute real-time decisionmaking. Nevertheless, themechanism
and result of machine learning algorithms alone is not comprehensive to be under-
stood by medical practitioners. The characteristic of machine learning is known as
black box, where the output is directly created from the input without further anal-
ysis. They do not provide an explanation on how the model learns from individual’s
data to make predictions.

2 Related Work

2.1 Involvement of Machine Learning in Medical Domains

Decision making by machine learning have a big influence and expended in medical
area [10, 11, 16]. The example of usingmachine learning algorithm is to assist in diag-
nosing condition of patient from specific diseases, moreover decision tree one of the
promising algorithms when it comes to learning medical data classification and data
mining. Tree ensemble implementation developed by using combination of several
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decision trees in order to improvise the performance to develop an optimal predic-
tive model and to reduce minimum errors [15]. The most common techniques used
to perform ensemble decision trees are bagging and boosting. Bagging (Bootstrap
Aggregation) and boosting technique are aiming to reduce the variance of a deci-
sion tree to generate higher stability of the model [8]. Random Forest is an example
of bagging technique [11], whereas Gradient Boost Model (GBM) [12], Extreme
Gradient Boosting (XGboost) [4] and Categorical gradient Boosting (CatBoost) [12]
are using boosting technique.

Random Forest is one of the popular tree-based models with ensemble methods.
It builds with a combination of many outputs from individual trees [9]. Each tree in
RandomForest trained independently and averaged the result [21]. The advantages of
Random Forest, it selects the most importance features, and it can handle overfitting
problem [14], whereas the disadvantage of Random Forest is the final output is
based on the average prediction from the subset tree, thus it is less interpretable to
understand [2]. Each of the decision trees in Random Forest takes input from sample
of the primary data then selects features by random to use for each node in the tree
[19]. Each of the tree produces predictions and Random Forest will performs major
voting on the predictions. The final prediction result is based on tree with the most
vote [20].

Gradient Boosting Model (GBM) is one of decision tree ensemble model that
can solve regression and classification problem [18]. GBM model is developed by
Freidman in 2011, it is a combination of trained weak successive trees to produce
strong and accurate prediction [21]. One of advantage of GBM is that it reduces bias
and variance [1] and the disadvantage of GBM, it is less interpretable and requires
additional visualization method in order to interpret the result [6]. In March 2014,
Extreme Gradient Boosting model known as XGboost developed Tianqi Chen as an
optimized distributed Gradient Boosting Model [2]. XGboost added the base GBM
framework by algorithmic system optimization [4]. Benefits of XGboost are it can
handle missing values from the datasets and learn faster by consisting of parallel and
distributed computing [13]. By having distributed computing, the model is designed
to work with a cluster of machines and higher amount of input data, hence it can
expand its capacity in performing various tasks at the same time. However, XGboost
only accepts numerical values [17], therefore it does not provide parameters for
categorical values. Categorical gradient Boosting (CatBoost) is an improved model
under decision tree frameworks [11]. The main differences between CatBoost and
other boosting algorithms is that it applied symmetric trees in order to reduce forecast
time that can avoid overfitting [17]. The major advantages of CatBoost are designed
for categorical features support and produced great result with small amount of data
[12] stated that CatBoost learn faster andmakemore accurate prediction compared to
other machine learning models [10]. The next section will explain on visual analytics
techniques, LIME and SHAP.
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2.2 Model Agnostic Methods as Visual Analytic Approach

Model-agnostic Interpretability methods interpret supervised machine learning
model’s outcomes by globally or locally without depending on the model’s internal
parameters [7].

There are several model-agnostic Interpretability methods for machine learning
models, however in this paper focuses on SHAP and LIME interpretation because
these two interpretations support local interpretability [3]. Local interpretability
explains the interaction between individual features with model predictions, how
each individual influences the decision making of the machine learning model [3].
While other methods such as Feature Importance, Partial Dependence Plot (PDP),
Individual Conditional Expectation (ICE) and feature interaction do not support local
interpretability and only support global interpretability [7].

2.3 Local Interpretable Model-Agnostic Explanations
(LIME)

LIME stands for Local Interpretable Model-agnostic Explanations introduced by
Ribeiro, Singh, and Guestrin in 2016. It assists to interpret model prediction by
providing local interpretation for each individual data. The advantages of LIME are it
can be applied for tabular data, images, and text [7]. Recent researchmentions the use
of LIME to explain heart failure’s predictionwith Recurrent Neural Network (RNNs)
[21]. It helps to identify the variable contribution towards the model predictions,
which variable are impacting the rate of heart failure of a patient [6]. However,
researcher claims LIME has several issues regarding its performances. One of the
major problems with LIMEExplanation, the fidelity is low [12]. It produces different
explanations when rerun several times with same specific individual and parameters.

2.4 Shapley Additive ExPlaination

SHAP (Shapley Additive exPlanations) introduced by Lundberg and Lee in 2016 and
it is known as one of the visualization tools to explain any machine learning model’s
output [15]. SHAP based on the Shapley value concept from a game theory [5].
SHAP elaborates on the importance value of the individual players that contributes
to the collaborative game. There are fairly compared the outcome of the model is
resemblance the “game”, while the feature in themodel is resemblance the “players”.
The formula for SHAP value is shown as follows:

φi(p) =
∑

S⊆ N
i

|S|!(n − |S| − 1)!
|n|! (p(S ∪ {i}) − p((S)) (1)
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Table 1 Dataset descriptions Datasets Instances Features Type

Pima Indians Diabetes 768 9 Numeric

φ shap value for feature
i specific feature
p prediction of machine learing model
n total features
S coalition of features
P (S ∪ { i}) contribution of set of feature with order and ith feature is present
P((S)) contribution of set of feature with order and ith feature is absent.

3 Methodology

3.1 Data Descriptions

The Pima Indians Diabetes dataset obtained fromKaggle website with 768 instances
and 9 features as listed in Table 1. The 768 patients were all female and aged at least
21 years old. The 9 attributes are Diastolic blood pressure (mm/Hg), Diabetes pedi-
gree function, Plasma glucose concentration, 2-hour-Serum Insulin(mu/ml), Triceps
skin fold thickness, Number of time pregnancies, Age, Body Mass Index (BMI) and
class of diabetic.

3.2 Evaluation Metrics

Evaluation metrics in machine learning are essential to measure the performance of
the model. The evaluations we use in this paper are Accuracy, Precision, Recall F1
scores and AUC.

1. Accuracy: The percentages of correct of predicted data from the total number
of predictions in the test datasets.

Accuracy = Numberof correct predictions

T otalnumberof predictions
(2)

2. Precision: to determine on how accurate the model in predicting the predicted
positive to the actual positive.

Precision = TruePosi tive

TruePosi tive + FalsePosi tive
(3)
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3. Recall: Evaluates the percentages of positive prediction from predicted results.
The closer recall to 1 means the model successfully to identify relevant results.

Recall = True Positive

True Positive + False negative
(4)

4. F1 Score: The overall percentage of the combination precision and recall. The
good measure of F1 Score is low false positive and low false negatives. If the
F1 score is closer to 1 it shows positive prediction and great accuracy.

F1Score = 2 × Precision × Recall

Precision + Recall
(5)

5. ROC AUC SCORE: known as Area Under the Receiver Operating Character-
istic Curve, calculates the rank correlation between target feature and model
predictions. The values of ROC AUC are from 0 to 1, the closer the ROC AUC
to 1, the more accurate the model. In order to measure ROC AUC score, we
must find the value of true positive rate (TPR) and false positive rate (FPR).

ROC AUC Score = ∫ T PR · (FPR) (6)

4 Experiment and Results

4.1 Comparison of Model Performances

In this section, model performances are compared between CatBoost, XGboost,
GBM, and Random Forest. The results of tenfold cross-validation with the average
accuracy, precision, recall, F1 score andROCAUC. The best performing Pima Indian
Diabetes dataset are CatBoost and Gradient Boost, respectively.

Based on the Table 2, CatBoost has the highest accuracy 78.32%, precision 0.735,
and F1 Score 0.658, compared to other models.While, Random Forest has the lowest
accuracy 73.93%, precision 0.674, recall 0.544, F1 Score 0.540 and Roc Auc Score

Table 2 Comparison of results for pima Indian diabetes dataset

Model
performances

Average
accuracy

Average
precision

Average recall Average F1
score

Average
ROC-AUC
score

CatBoost 78.329 0.735 0.605 0.658 0.84

XGboost 75.56 0.659 0.629 0.640 0.821

GBM 77.35 0.697 0.615 0.650 0.844

Random Forest 73.93 0.674 0.544 0.540 0.788
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0.788. From the comparison result, CatBoost model has the consistent performances
compared with other models even though the size of dataset is small. Moreover,
CatBoost has three highest value from the five-evaluation metric. This due to the
advantage of boosting technique, CatBoost trains a strong learner by using a series
of weak learners. While Random Forest uses bagging techniques, only creates many
weak learners to prevent from overfitting. Hence, it proves that Random Forest has
lower performances compared to other boosting models.

4.2 Visualization with LIME

Visualization of Individual predictions on CatBoost with LIME

We further analyze the method as it provides visualization for highest to lowest rank
of important individual feature towards the model’s prediction. The rows represent
particular features. The length and color of the bar show the influence of features
towards the model prediction, the positive impact is green color, and the negative
impact is red.

FromFig. 1a, b, the LIME Interpretation able to identify strong features’ influence
towards CatBoost model. Figure 1b is the several rerun of LIME Interpretation on
the same patient with the same parameters. From the above figures, it shows that age
has the highest negative impact among all the features. The second most influential
feature towards the model prediction is plasma glucose. On the other hand, in Fig. 1a,
b their third rank of features are different.

Visualization of Individual predictions on GBM model with LIME

FromFig. 2a, b, LIME interpretation interprets GBMmodel’s prediction. Figure 2a is
the first run of LIME interpretation, Fig. 2b is the several rerun of LIME interpretation
on the same parameter andGBMmodel. The visualization from the twofigures shows
a slight difference. From the Fig. 2a, b, the most negative impactful feature towards
the model’s prediction is age, followed by diabetes pedigree function and plasma
glucose. While, at the fourth rank, body mass index has positive impact towards the
prediction. On the other hand, after the fourth rank each of the figure shows different
results of feature influential.

Fig. 1 a First run for Individual predictions on CatBoost model; b Several run for Individual
predictions on CatBoost model
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Fig. 2 a First run for Individual predictions onGBMmodel;bSeveral run for Individual predictions
on GBM model

Visualization of Individual predictions on XGboost model with LIME

As shown in Fig. 3a, b, LIME interpretation interprets XGboost model’s prediction.
Figure 3a, is the first run of LIME interpretation, while Fig. 3b, is the 9 is the
several rerun of LIME interpretation on the same parameter and XGboost model.
The visualization from the two figures shows a large difference. From Fig. 3a, b,
the most negative impactful feature towards the model’s prediction is age, followed
by diabetes pedigree function. However, at the third rank, Fig. 3a, shows body mass
index has positive impact towards the prediction. While, in Fig. 3b, body mass index
has negative impact.

Visualization of Individual predictions on Random Forest with LIME

In Fig. 4a, b, LIME interpretation interprets Random Forest model’s prediction.
Figure 4a is the first run of LIME interpretation, and Fig. 4b, is the several rerun of
LIME interpretation on the same parameter and Random Forest model. From the two

Fig. 3 a First run for Individual predictions on XGboost model; b Several run for Individual
predictions on XGboost model

Fig. 4 a First run for Individual predictions on Random Forest model; b Several run for Individual
predictions on Random Forest model
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figures, there are major differences. From the Fig. 4a, b, the most negative impactful
feature towards the model’s prediction is age, followed by diabetes pedigree function
and plasma glucose. conversely, at the fourth rank, each of the LIME interpretation
interprets different features. In Fig. 4a, it shows that body mass index has negative
impact towards the prediction. While in Fig. 4b body mass index has positive impact
towards the prediction.

4.3 Visualization with SHAP

Visualization of Feature Importance with SHAP

The results of the importance features from the PIMA Indian Diabetes are discussed
with using SHAP interpretation in this section.

Based on the variance importance plot from the four model CatBoost, GBM,
XGboost, and Random Forest, the most significant feature is plasma glucose, next
is body mass index, followed by age. From CatBoost model, the fifth place is times
pregnant while for XGboost and GBM model, diastolic blood pressure is at the fifth
place. The pattern of feature importance of the models is quite similar but the only
differs we can observe is CatBoost, GBM, XGboost, at the fifth and last rank of
SHAP Feature Importance. These are all shown in Fig. 5a–c.

Visualization of Summary Plot with SHAP

In SHAP the dot represents each of the patient in the study. The position of the dot
in the x axis corresponds of feature impact towards the model prediction. Red dot
indicates higher feature values, while blue dot represents lower feature values.

Fig. 5 a Feature Importance of CatBoost model; b Feature Importance of GBM model; c Feature
Importance of XGboost model
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Fig. 6 a Summary plot of CatBoost model; b Summary plot of GBM model; c Summary plot of
XGboost model

Based on the three models CatBoost, GBM, and XGboost, Plasma glucose is at
the highest rank; the second highest is body mass index and followed by Age. We
can spot the difference at the fifth and the bottom rank of the model’s prediction.
Times pregnant is placed at the fifth place in Fig. 6b from model GBM, while in
Fig. 6a, c times pregnant is placed at the very bottom. In Fig. 6b, c clearly shown the
distribution of the dots from the diastolic blood pressure, are negatively correlated,
because the red dot is drawn to the left side of the x-axis. While CatBoost model
in Fig. 6a, the red dots are drawn to right side of the x-axis, this indicates plasma
glucose is high correlated with the model output.

Visualization of Local Interpretability with SHAP

In order to visualize local interpretability of data points from test data, we use SHAP
Force Plot. Red color represents high feature impact and positive predictions, and
blue color shows low feature impact and negative predictions.

In Fig. 7a, SHAP interprets a strong negative prediction for CatBoost model with
patient’s age, diabetes pedigree function and plasma glucose level. On the other
hand, serum insulin and body mass index of a patient pushes towards the positive
test for diabetes. In Fig. 7b, based on GBM’s decision, SHAP interprets a strong
negative predictionwith patient’s age, diabetes pedigree function and plasma glucose
level. There is a low positive prediction by serum insulin and body mass index of a
patient. In Fig. 7c, based on XGboost’s decision, SHAP interprets a strong positive
prediction with patient’s, diabetes pedigree function, age, and plasma glucose level.
SHAP shows that body mass index and serum insulin of a patient has lower impact
towards the prediction. To conclude, the three models predicted the patient has no
risk of diabetes disease based on the SHAP interpretation.
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Fig. 7 a Local Interpretability of CatBoost model; b Local Interpretability of GBMmodel; c Local
Interpretability of XGboost model

Table 3 Contradiction findings between LIME and SHAP

Contradiction of Interpretation methods

LIME SHAP

The result of interpretations is inconsistent
and instable

Able to provide consistent and stable result of
interpretation

Only focus on local interpretation of the
machine learning model

Focus on global and local interpretation of the
machine learning model

4.4 Summary of Visual Analytic Approach

Based on the findings, there are several of contradictions that we can find between
lime and SHAP. The contradictions are listed in Table 3.

5 Conclusion

Based on the two visualization methods used, LIME and SHAP, both have different
interpretations based on the same dataset and parameters. It is quite difficult to
compare which visualization produces the best interpretation. However, SHAP has
more visual analytics methods compared to LIME.Moreover, SHAP shows a clearer
interpretation based on the local and global importance. SHAP produces reliable
result on the individual prediction with the different models. Due to inconsistency
of LIME interpretation, it is not easy to trust.
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CoinChain: Effective Coin Mixing Tool
for Anonymous CryptoCurrency

Wai Kok Chan, Ji-Jian Chin, and Vik Tor Goh

Abstract Many anonymous cryptocurrencies have been introduced to address the
privacy issue in Bitcoin. Compared to traditional security schemes like hashing and
encryption, the security measurement for cryptocurrency is less precise. In hashing,
there is a direct security challenge, such as reproducing a hash collision. However, in
anonymous cryptocurrency, a direct security challenge is not precise. Many anony-
mous cryptocurrency proposals address this issue in the form of cryptographic proof.
This paper describes a brief evolution of anonymous cryptocurrency, followed by a
brief description of CoinChain Protocol. This paper also proves that CoinChain has a
high anonymity set. Amethodology and code to produce a simulated blockchain from
a list of actual transactions for any third party to decipher is also described. If a third
party can correctly decipher the simulated blockchain into actual transaction, then
the privacy aspect of the cryptocurrency is consider broken.

Keywords Blockchain · Coin mixing · Anonymous CryptoCurrency · Privacy coin

1 Introduction

In traditional security schemes such as hashing and encryption, the security chal-
lenge is straightforward. For example, in hashing the security parameter will be the
number of hashing repetitions to produce a hash collision. In encryption, the attack
classes are brute-force, known ciphertext, chosen ciphertext, chosen-plaintext, linear
cryptanalysis, differential cryptanalysis, and side-channel. In each attack class, the
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security can be generally summed up to the amount of computation required to obtain
the decryption key.

There are few security parameters to measure in an anonymous cryptocurrency
blockchain, such as sender anonymity, receiver anonymity, transaction amount
obscurity [6, 19], and user asset ownership. Moreover, some cryptocurrency trans-
actions are inter-related, thus making the security measurement for privacy diffi-
cult. In addition to that, some anonymous cryptocurrency proposals have additional
side-effects such as unprunable blockchain and unverifiable coin mintage.

Most anonymous cryptocurrency proposals only provide cryptographic proofs on
their coin privacy security effectiveness, but a direct challenge is rarely shown. This
paper proves that CoinChain [6] has a high anonymity set. A tool to generate a simple
anonymous cryptocurrency blockchain based onCoinChain [6] for anonymity testing
is also given. Any third party can act as an adversary to decipher as much information
from the blockchain as necessary. The deciphered information can then be compared
with the valid transaction list.

Section 2 describes the related work on anonymous cryptocurrency proposals.
First, the user must understand some of the privacy issues and the methods used
to enhance privacy. Only upon understanding it can a framework can be described.
Section 3 describes some of the technical details on CoinChain. Section 4 describe
the proofs that CoinChain has a high anonymity set. The detailed description of the
coin mixing simulation is described in Sect. 5. Some limitations are discussed in
Sect. 6, followed by the conclusion in Sect. 7.

2 Related Work

All transaction information in the Bitcoin blockchain is public. If one can link a
Bitcoin address to an identity, much private information such as transaction amount,
parties, and time are disclosed. Some commercial software such as BitIodine [16]
and BitConeView [1] provide blockchain analysis services. Therefore, these privacy
issues need to be addressed in order for a successful cryptocurrency deployment.

Initially, a Bitcoin mixer is used to anonymize the information in the Bitcoin
blockchain. Users send their Bitcoin to a Coin Mixer. The Coin Mixer will mix
users’ Bitcoin and return a new Bitcoin to the users. This coin mixing may break the
connection between the real sender and receiver. Thus, all historical transactions are
unlinked from the real sender. However, the coin mixer can steal their customer’s
coin. Thus, CoinJoin [10] is proposed to prevent theft. In CoinJoin, all users will
check whether their output is listed in the CoinJoin before signing their input. Thus,
theft is prevented. However, all inputs for a transaction must be signed before a
CoinJoin is considered valid. Thus, CoinJoin is susceptible to Denial of Service
attacks where rogue users can refuse not to sign their input in a CoinJoin. Thus, the
CoinJoin process should be done multiple times to remove any rogue users. In basic
CoinJoin, the user who initiated the CoinJoin, also known as ‘coin mixer’, knows
the mixing details and may disclose it to other parties.
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There are few algorithms such as CoinShuffle [13], CoinShuffle++/DiceMix [14],
SecureCoin [8],MixCoin [2], BlindCoin [17] and PayJoin (BIP 79) [15] that perform
a CoinJoin anonymously without leaking out the mixing details. Coin Mixing is a
well-studied topic. However, all these coin mixing algorithms can be broken via
transaction amount tracing. Coin mixing with the same input and output amount has
little use in real life. Many recent coin Mixing schemes such as CoinLayering [9],
decentralized Signature [20] and Coin Mixing using semi-trusted supervisor [7] do
introduce new methods of coin mixing. However, the problem of amount tracing is
not addressed in these papers.

The Pedersen commitment [12] addresses this problem by encrypting the transac-
tion amount and ensuring that the total input amount is equivalent to the total output
amount. However, given an input of 1 Bitcoin(BTC), an adversary can create two
outputs of −10 BTC and 11 BTC, respectively. The adversary ignores the −10 BTC
output and cashes out the 11 BTC output elsewhere. Thus, the adversary has gain 10
BTC out of nowhere. Therefore, range proof is required to ensure all output values
are non-negative. There are three ways to do range proof which are Zk-Snarks [18],
Zk-Stark [3], and BulletProof [4]. Zk-Snarks has a small range-proof size and fast
verification time. However, a trusted setup is required. If the trusted setup is compro-
mised, an adversary can secretly mint coins for themselves undetected by generating
fake proof. Thus, it is not recommended to use a trusted setup. ZeroCash and Zcash
use Zk-Snarks. Zk-Stark and BulleftProof do not require a trusted setup. In Zk-Stark,
the proof size is 200 Kb per output which is too big for a blockchain. BulletProof
reduces the range proof size to 1–4 KB per output. However, BulletProof is compu-
tationally expensive. The combination of Pedersen Commitment and BulletProof is
referred to as Confidential Transaction [11]. Confidential Transaction is used in the
Bitcoin sidechain called the liquid network and also used in MoneroRing CT. The
evolution of anonymous cryptocurrency proposals is summarized in Table 1.

In CoinChain [6], multiple binary divisible coins are used to represent a transac-
tion. Each Coin is represented by a CoinID with a fix denomination of $0.25, $0.5,
$1, $2, $4 until $1024. Each transaction is a CoinJoin consist of multiple CoinID
transaction. One CoinID transaction is similar to a Bitcoin P2PKH (Pay to Public
Key Hash) single input single output transaction. The blockchain in CoinChain is
prunable. CoinChain is simple to understand, requires no trusted setup and coin
mintage is easily verifiable without complex cryptographic approaches [11, 12]. In
this paper, a coin mixing simulation tool is written based on CoinChain. This tool
enables third party to test and verify the effectiveness of CoinChain protocol. Most
privacy coin proposals with transaction amount encryption [4, 11, 18] only provide
formal proof and do not provide any external tools to test the effectiveness of their
anonymity protocol.
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Table 1 Evolution of privacy coin proposal

Proposals Description Problems

Bitcoin Peer to peer monetary
transaction

All transaction data are public.
Thus, no privacy

CoinMixer Mix Bitcoin from multiple
users. Can delink a user from
their historical transaction

Mixer can steal the user fund

CoinJoin All transaction inputs must be
signed before it is valid. Thus,
theft of fund is prevented

Rogue Users can launch DOS
attack by refusing to sign their
input
Mixer still have the coin
mixing detail

CoinShuffle, CoinShuffle++ Prevent DOS attack by
removing rogue users each
round
Nobody knows the coin mixing
details

Users can still be traced via
transaction amount

Pedersen commitment Transaction amount is
encrypted. Total input minus
output amount must be zero

User can mint coin out of thin
air by generating negative
output. Thus, range proof is
required to ensure no negative
output

Zk-Snarks Range-Proof using trusted setup
Proof size are small and fast to
verify

If the trusted setup is broken,
adversaries can generate fake
proof to mint unlimited
number of coins undetected

Zk-Stark Range proof with no trusted
setup

Proof size is 200 KB per
output. Too big for blockchain

BulletProof Range proof with no trusted
setup. Proof size of 1 KB per
output

Proof is too computationally
intensive to verify. Unprunable
blockchain

CoinChain CoinJoin with P2PKH
transaction. Simple and easy to
understand. No Complex
cryptographic approach.
Required no Trusted Setup

Prunable Blockchain. 220

anonymity set

Cannot support small
transaction such as $10.19
Insufficient change to
complete a transaction

3 CoinChain Preliminaries

This section briefly described some of the CoinChain features. Initially, a user will
peg his Bitcoin in exchange for several coins pegged in a sidechain called CoinChain.
An example of a sidechain [5] is the liquid network [21] operated by BlockStream
corporation. In our CoinChain, a 2% fee is collected during the pegging and de-
pegging process. This fee is used to operate the sidechain. There is no transaction fee
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Table 2 Number of banknotes required

Value $1 or $5 $2 or $6 $3 or $7 $4 or $8 $9 Total

Notes 1 2 3 4 5 [(1 + 2 + 3 + 4) × 2] + 5 = 25

inside our CoinChain. Thus, no fee analysis can be done. Each coin is represented by
a CoinID which has a denomination of either $0.25, $0.5, $1, $2, $4, $8, $16, $32,
$64, $128, $256, $512 or $1024. This binary divisible denomination will ensure that
the least number of CoinIDs are needed to represent a transaction value.

Assume X ($1 ≤ $X < $1000) is represented in a normal cash denomination of
$1000, $500, $100, $50, $10, $5 and $1. Let $X consist of 3 decimal digit ABC,
where $123 means A = 1, B = 2 and C = 3. Thus, the minimum number of bank
notes required for each decimal digit are shown in Table 2.

On average 2.5 bank notes are required to represent one digit. Thus, the minimum,
average and maximum number of banknotes required to represent a three-digit
amount is 1, 7.5 and 15 respectively. An 11-bit binary number can represent any
decimal value from 0 to 1000. Thus, the minimum, average and maximum number
of CoinID required to represent a three-digit decimal amount is 1, 5.5 and 11 respec-
tively. Therefore, binary denomination is more efficient. A 13 bit CoinID denomina-
tion is used to represent any binary divisible values from $0.25 till $2047.75. Each
CoinID has a lifespan of 100 transactions. After 100 transactions, the CoinID will
be depegged. One Bitcoin is pegged to $1024 worth of CoinID.

Each transaction consists of a CoinJoin with amaximum of 20 CoinID transaction
to preventDenial of Service attack.ACoinID transaction is similar to aBitcoin single-
input single-output P2PKH transaction. ACoinID transaction involves the ownership
transfer of a single coin. Since there is no change output, tracing using transaction
amounts tracing cannot be done. A single CoinChain transaction is at least 10–20
bigger than a similar Bitcoin transaction. Since only the last owner information is
essential, the blockchain can be pruned from time to time.

4 Coin Mixing Effectiveness Proof

In the initial pegging process, the CoinID can be traced back to the pegged Bitcoin
address. Thus, in the pegging process, the same pegging packages are given to users.
In this paper, a single package of 20 CoinIDs is used as an example. Each package
consists of ten $1CoinIDs, four $2 CoinIDs, three $4CoinIDs, and three $8CoinIDs.
If users need more funds, they can subscribe to multiple packages. Users must mix
their CoinID among themselves in a CoinJoin consisting of four or more users. All
CoinIDmust be fully mixed before usage. Multi parties coin mixing is a well-studied
topic and beyond the discussion of this paper. Users can use any of the proposed
algorithms [1, 2, 8, 10, 13, 14, 16] for the initial mixing process so that nobody knew
the mixing detail.



652 W. K. Chan et al.

After the mixing process, each user will still have the same amount and number of
CoinID. However, an adversary cannot determine which CoinID belongs to which
users. For example, if there are ten users with 100 coins each, then 50 rounds of
mixing are required. Most transaction involved two parties. Initially, both buyer and
seller negotiated and exchange CoinID information before initialling a CoinJoin. For
example, Alice buys a $7 item from Bob. Alice may give Bob $8 and Bob will return
Alice $1. This information is exchanged before the CoinJoin is initiated. Thus, a
simple analysis involving n CoinIDs in two parties CoinJoin is given, where,

n = b + c + f b + f s

b CoinIDs from buyer to seller
c CoinIDs from seller to buyer (return change)
f b buyer self-paying CoinID transactions
f s Seller self-paying CoinID transactions.

Tables 3, 4 and 5 show how different CoinIDs combination is derived.
For each possible way, there are many different CoinIDs combination.
In CoinChain, there are few types of peg users shown in Table 6
Once the Bitcoin is pegged into a sidechain, all CoinID is directly traceable to the

Bitcoin address. After the secure mixing process, the probability to locate a sender
of a CoinID is

Pr [(Owner(ρi ,Cid) == True)] = 1/ρ

Table 3 No of ways to form a transaction between 2 parties with n coins in one CoinJoin

n 2 3 4 5 6 7 8 9 10 11 … … 20

Ways 10 20 35 56 84 120 165 220 286 364 … … 1771

Table 4 Different CoinID combination when n = 2

b 0 0 0 2 1 1 1 0 0 0 Total

f b 0 0 2 0 1 0 0 1 1 0

c 0 2 0 0 0 1 0 1 0 1

f s 2 0 0 0 0 0 1 0 1 1

Combination 1 1 1 1 2 2 2 2 2 2 16

Table 5 No of different CoinID combination in a CoinJoin with n CoinID

n 2 3 4 … 10

Ways 16 64 292 … 1,043,956



CoinChain: Effective Coin Mixing Tool … 653

Table 6 Different type of users in CoinChain

Role Description

ρ, ASender Number of Bitcoin addresses pegged inside the sidechain in exchange for
CoinIDs. Sender anonymity set

ANonPegger Number of users who did not pegged their Bitcoin inside the sidechain but
obtain CoinIDs from other users

ANoDePeg Number of users who pegged their Bitcoin but has use up all their CoinIDs and
there is no need to repeg

AReceiver Number of Bitcoin addresses depegged their Bitcoin from the sidechain upon
complete termination of CoinChain operation

The value of ANonPegged and ANoDePeg cannot be determined. The value of
AReceiver can only be determined after all CoinIDs are depegged. However, for any
security measurement, a value for receiver anonymity set AReceiver is required. Thus,
the minimum value of AReceiver is

AReceiver = min(ASender , ASender + ANonPegged − ANoDePeg).

The maximum value for AReceiver is the number of CoinIDs in the CoinChain.
Since ANonPegged and ANoDePeg cannot be determined until all CoinID are depegged,
a conservative number shown below is assumed

AReceiver = (0.5)ASender

Let PredCid = True, if one CoinID ownership transfer is correctly predicted.
The probability of predicting one correct CoinID ownership transfers is

Pr [(PredCid = True)] = 2

ρ2
.

Let PredC Jid = True, if all n coins in a CoinJoin is correctly predicted.

Pr [(PredC Jid = True)] = max

((
2n

ρ2n

)
, 1/(CidComb)

)
.

The maximum values for n is 20 in CoinChain. Since
(

2n

ρ2n

)
approaching zero for

large n. Thus,

Pr [(PredC Jid = True)] = 1/(CidComb).

Considering Table 5, CidComb is 1,043,956 when n = 10. Thus,

Pr [(PredC Jid = True)] ≤ 1

1043956
, where n ≥ 10.
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Table 7 Anonymity Set for various privacy Coin proposal

Protocol Monero ZeroCash ZeroCoin Lelantus 1 Lelantus 2 CoinChain

Anonymity set 10 232 213 214 216 220

This value is sufficient for a user to perform plausible deniability even with a
small number of users inside the sidechain. Let us calculate the minimum number
of users to obtain this level of anonymity set. Let assume n = 10,

210

ρ20
≤ 1

1043956

ρ ≥2.83

In Table 7, CoinChains’ anonymity set is much larger thanMonero, Lelantus, and
ZeroCoin. In addition to that, only a small number of users (ρ ≥ 3) are required to
achieve a high anonymity set.

5 Coin Mixing Simulation

This section describes how privacy testing is done using Python code [22]. For
tracking purposes, each CoinID transaction consists of the following fields: Coin-
JoinID, CoinID, Denomination, Sender, Receiver, and PrevCoinJoinID. The sender
and receiver address can be anyone from the sender/receiver anonymity set. In this
simulation, the actual sender and receiver for each transaction are recorded. Thus,
two additional fields RealSender and RealReceiver are added. In order to simplify
the tracking and simulation, an ascending integer value starting from ‘1’ is assigned
to all appropriate fields. The first CoinID is ‘1’; the value is incremented for every
subsequent CoinID. The same applies to other applicable fields. There are five-part
in this simulation process.

The first part is the pegging process. Initially, the number of users, the number
of coins, and each CoinID denomination used in the pegging package is specified.
Next, a numbered integer ID is assigned to each CoinID and user. A two-dimensional
array stores thewhole database. The pegging information can still be derived from the
database. The second part is the mixing process. All the user’s CoinID are randomly
mixed. After this process, an adversarywill not knowwhichCoinID belongs towhich
users. Thirdly, it is the transaction generation where the number of transactions is
specified. Most transactions involved two parties; thus the simulated transaction
involves the following parameters:

(a) list of CoinIDs transferred from userA to userB
(b) list of CoinIDs transferred from userB to userA,
(c) list of CoinIDs userA self-swap
(d) list of CoinIDs userB self-swap.
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Table 8 CoinID Pegging and
Mixing

No of coin = 20
No of round 1
No of users: 4
CoinID per user: 20
CoinIDs before mixing
One user per column
[ 1 21 41 61]
[ 2 22 42 62]
[ 3 23 43 63]
[ 4 24 44 64]
[ 5 25 45 65]
[ 6 26 46 66]
[ 7 27 47 67]
[ 8 28 48 68]
[ 9 29 49 69]
[10 30 50 70]
…

[11 31 51 71]
[12 32 52 72]
[13 33 53 73]
[14 34 54 74]
[15 35 55 75]
[16 36 56 76]
[17 37 57 77]
[18 38 58 78]
[19 39 59 79]
[20 40 60 80]]
CoinIDs after mixing
One user per column
[ 1 21 61 41]
[42 62 2 22]
[63 23 3 43]
[ 4 44 64 24]
[ 5 25 45 65]
…

[26 6 66 46]
[67 7 27 47]
[28 68 8 48]
[29 69 9 49]
[70 50 30 10]
[11 71 51 31]
[32 12 52 72]
[33 73 53 13]
[74 34 14 54]
[15 55 35 75]
[16 76 36 56]
[37 17 77 57]
[58 78 38 18]
[59 39 19 79]
[40 20 80 60]]
Mixing done

After that, the transaction lists are randomly generated. From our coding experi-
ence, it is error-prone for an administrator to define a transaction. The administrator
needs to know which CoinIDs belong to which users at each different transaction
point. Thus, most likely, an administrator will only be able to define the first few
transactions correctly. Tables 8 and 9 show the pegging, mixing, and transaction
output from the simulation program. Only the output formatting is modified, but the
data remain the same.

After the reference database is generated in the fourth part, the actual owner fields
are removed from the database. This database formed a simulated blockchain which
will be passed to any third party for a security challenge. The actual database and
simulated blockchain is displayed in Table 10. CoinJoinID 1–4 is for the pegging
process, CoinJoinID 5–8 is for the mixing process, and CoinJoinID 9 to 10 is for
some transactions.

The fifth part is to test the effectiveness of CoinChain privacy in terms of the
sender, receiver, and transaction anonymity. In order to test the effectiveness of the
coin mixing protocol, the third party must predict the sender and the receiver for
each CoinID transaction. If there are four users in the trace, the probability to predict
the sender or receiver correctly is ¼. The probability to predict a single CoinJoin
consisting of n CoinIDs transaction correctly is (1/16)n . Once a CoinJoin is correctly
predicted, the transacting amount will be known. This process has to be repeated for
all the generated transactions. A 100 CoinJoin transaction may have 2000 CoinIDs
transactions. There are 4000 predictions to be made. Thus, third parties may need
to write some tools on how to perform data prediction input. The output of their
tools (sender/receiver CoinID prediction) can be compared with the output from our
tools. With these given tools, it is up to third parties to prove that CoinChain coin
mixing is insecure. Table 11 shows another transaction trace between two users with
20 CoinID each. From Table 11, it is challenging for an adversary to identify all the
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Table 9 Transaction output

TxNo 1 User1: 0 NoOfUser1Coin: 20 User2: 1 NoOfUser2Coin: 20
NoOfCoinSelected 18 Buyer2Seller Seller2Buyer Buyer2Buyer Seller2Seller Total 5 8 3 2 18
BuyerCoin 20 SellerCoin 20
CoinJoinID 9 CoinID 28 $ 1.0 108 → 161 1 Real → 2 PrevCoinJoinID 6
CoinJoinID 9 CoinID 11 $ 2.0 91 → 162 1 Real → 2 PrevCoinJoinID 5
CoinJoinID 9 CoinID 63 $ 1.0 143 → 163 1 Real → 2 PrevCoinJoinID 8
CoinJoinID 9 CoinID 67 $ 1.0 147 → 164 1 Real → 2 PrevCoinJoinID 8
CoinJoinID 9 CoinID 1 $ 1.0 81 → 165 1 Real → 2 PrevCoinJoinID 5
CoinJoinID 9 CoinID 50 $ 1.0 130 → 166 2 Real → 1 PrevCoinJoinID 7
CoinJoinID 9 CoinID 71 $ 2.0 151 → 167 2 Real → 1 PrevCoinJoinID 8
CoinJoinID 9 CoinID 23 $ 1.0 103 → 168 2 Real → 1 PrevCoinJoinID 6
CoinJoinID 9 CoinID 44 $ 1.0 124 → 169 2 Real → 1 PrevCoinJoinID 7
CoinJoinID 9 CoinID 21 $ 1.0 101 → 170 2 Real → 1 PrevCoinJoinID 6
CoinJoinID 9 CoinID 76 $ 4.0 156 → 171 2 Real → 1 PrevCoinJoinID 8
CoinJoinID 9 CoinID 39 $ 8.0 119 → 172 2 Real → 1 PrevCoinJoinID 6
CoinJoinID 9 CoinID 62 $ 1.0 142 → 173 2 Real → 1 PrevCoinJoinID 8
CoinJoinID 9 CoinID 32 $ 2.0 112 → 174 1 Real → 1 PrevCoinJoinID 6
CoinJoinID 9 CoinID 29 $ 1.0 109 → 175 1 Real → 1 PrevCoinJoinID 6
CoinJoinID 9 CoinID 33 $ 2.0 113 → 176 1 Real → 1 PrevCoinJoinID 6
CoinJoinID 9 CoinID 17 $ 4.0 97 → 177 2 Real → 2 PrevCoinJoinID 5
CoinJoinID 9 CoinID 20 $ 8.0 100 → 178 2 Real → 2 PrevCoinJoinID 5
TxNo 1 User1 → User2 -52 User1Self 20 User2Self 48
**************************************************************************

COinPeruser [23 17 20 20]
TxNo 2 User1: 3 NoOfUser1Coin: 20 User2: 0 NoOfUser2Coin: 23
NoOfCoinSelected 10 Buyer2Seller Seller2Buyer Buyer2Buyer Seller2Seller Total 2 2 4 2 10
BuyerCoin 20 SellerCoin 23
CoinJoinID 10 CoinID 31 $ 2.0 111 → 179 4 Real → 1 PrevCoinJoinID 6
CoinJoinID 10 CoinID 47 $ 1.0 127 → 180 4 Real → 1 PrevCoinJoinID 7
CoinJoinID 10 CoinID 33 $ 2.0 176 → 181 1 Real → 4 PrevCoinJoinID 9
CoinJoinID 10 CoinID 21 $ 1.0 170 → 182 1 Real → 4 PrevCoinJoinID 9
CoinJoinID 10 CoinID 22 $ 1.0 102 → 183 4 Real → 4 PrevCoinJoinID 6
CoinJoinID 10 CoinID 48 $ 1.0 128 → 184 4 Real → 4 PrevCoinJoinID 7
CoinJoinID 10 CoinID 49 $ 1.0 129 → 185 4 Real → 4 PrevCoinJoinID 7
CoinJoinID 10 CoinID 65 $ 1.0 145 → 186 4 Real → 4 PrevCoinJoinID 8
CoinJoinID 10 CoinID 29 $ 1.0 175 → 187 1 Real → 1 PrevCoinJoinID 9
CoinJoinID 10 CoinID 37 $ 4.0 117 → 188 1 Real → 1 PrevCoinJoinID 6
TxNo 2 User1 → User2 0 User1Self 16 User2Self 20
**************************************************************************

privacy information correctly. The first 18 CoinIDs were sent from user3 to user4.
The 19th CoinID:21 was sent from user4 to user3, and the 20th CoinID:58 was
sent from user3 back to itself. After multiple transactions, coin tracing will become
extremely hard. Once the blockchain is pruned, only the latest CoinID ownership is
preserved. There is no way to trace the transaction history unless the adversary kept
a full copy of the blockchain.
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Table 10 Reference database and simulated BlockChain

Complete database Information
CoinJoinID CoinID $ Sender Receiver
RealSender RealReceiver PreviousJoinID
1 CoinID 1 $1.0 -1 → 1 -1 Real → 1 -1
…Pegging Output Omitted
4 CoinID 80 $ 8.0 -1 → 4 -1 Real → 4 -1
5 CoinID 1 $ 1.0 1 → 81 1 Real → 1 1
… Mixing Output Omitted
8 CoinID 80 $ 8.0 4 → 160 4 Real → 3 4
9 CoinID 28 $ 1.0 108 → 161 1 Real → 2 6
… Transaction Output Omitted
9 CoinID 20 $ 8.0 100 → 178 2 Real → 2 5
10 CoinID 31 $ 2.0 111 → 179 4 Real → 1 6
… Transaction Output Omitted
10 CoinID 37 $ 4.0 117 → 188 1 Real → 1 6

Simulated BlockChain with RealSender and
RealReceiver removed
CoinJoinID CoinID $ Sender Receiver
PreviousJoinID
1 CoinID 1 $ 1.0 -1 → 1 -1
…Pegging Output Omitted
4 CoinID 80 $ 8.0 -1 → 4 -1
5 CoinID 1 $ 1.0 1 → 81 1
… Mixing Output Omitted
8 CoinID 80 $ 8.0 4 → 160 4
9 CoinID 28 $ 1.0 108 → 161 6
… Transaction Output Omitted
9 CoinID 20 $ 8.0 100 → 178 5
10 CoinID 31 $ 2.0 111 → 179 6
… Transaction Output Omitted
10 CoinID 37 $ 4.0 117 → 188 6

Table 11 Sample simulated
BlockChain transaction for
chain analysis

9 CoinID 9 $ 1.0 89 → 161 5 9 CoinID 41 $ 1.0 121 → 171
7

9 CoinID 10 $ 1.0 90 → 162 5 9 CoinID 53 $ 2.0 133 → 172
7

9 CoinID 43 $ 1.0 123 → 163
7

9 CoinID 71 $ 2.0 151 → 173
8

9 CoinID 65 $ 1.0 145 → 164
8

9 CoinID 32 $ 2.0 112 → 174
6

9 CoinID 75 $ 4.0 155 → 165
8

9 CoinID 79 $ 8.0 159 → 175
8

9 CoinID 17 $ 4.0 97 → 166 5 9 CoinID 68 $ 1.0 148 → 176
8

9 CoinID 56 $ 4.0 136 → 167
7

9 CoinID 60 $ 8.0 140 → 177
7

9 CoinID 66 $ 1.0 146 → 168
8

9 CoinID 2 $ 1.0 82 → 178 5

9 CoinID 14 $ 2.0 94 → 169 5 9 CoinID 21 $ 1.0 101 → 179
6

9 CoinID 7 $ 1.0 87 → 170 5 9 CoinID 58 $ 8.0 138 → 180
7

6 Limitations

Some of the CoinChain protocol limitations are odd payment amounts such as $10.19
cannot be performed and need to be rounded up to a binary divisible denomination.
In order to prevent tracing, users are given a fixed pegging package consisting of fix
number of CoinID with a specific denomination. These CoinIDs must be fully mixed
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before usage. Thus, there will be some time delay to wait for willing mixing parties.
Transacting parties need to pre-communicate their CoinID information before trans-
acting the CoinJoin. A single CoinChain transaction may be equivalent to 20 Bitcoin
P2PKH transactions. Thus, it may need up to 20 times processing power and network
bandwidth compared to Bitcoin. Lastly, adversaries who get hold of the simulation
code may gain more information to assist in their ChainAnalysis process. Thus, the
simulation code has to be written to prevent any information from leaking.

7 Conclusion

This paper shows that binary denomination currency is more efficient to be used
as a privacy cryptocurrency. Our proposal is mathematically proven to achieve high
anonymity setwith only a small set of users.Our proposal enables anonymous senders
plus receivers with an untraceable transaction amount. This paper also described a
methodology andprovided a tool to test the effectiveness of theCoinChain transaction
privacy. Users can use our methodology to generate their anonymous cryptocurrency
blockchain. This blockchain can be forwarded to any third party to determinewhether
it has sufficient transactions’ anonymity. Users can also organize a competition with
competitive prizes to anyone who can derive the closest transaction details. We
believe this is the best way to measure a privacy cryptocurrency.
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A New Method of EEG Classification
for Motor Impairment Neural Disorders
Using Deep Learning

Binh Tran, Duc M. Duong, Hoai Su, and Nhan Trinh

Abstract The research recent, convolutional neural networks (CNN) was usually
used to automatically identify patterns on the medical signals. Among them, the
EEG signal is receiving the most attention. The studies are looking for ways to
represent the EEG signal to input the CNN model with the best results. Our study
will present a method for analyzing EEG signals as time-frequency representations
and will use it to execute end-to-end deep learning. Our proposed method will build
a network without expert manipulation which automatically learns features from
extracting the EEG signals as time-frequency representations. Our research propose
methods of representing the EEG signals as time-frequency and it was used the input
of the CNN to identify disorders. We have experimented with two time-frequency
representations (Scalogram, Spectrogram) and two CNN (AlexNet, LeNet). After
the experiment, we were very good results and evaluated them. The results show that
the performance of the CNN was affected by the representation of the EEG signal
and using AlexNet with the Scalogram images as input data is the most suitable with
the accuracy 76.92%.

Keywords Convolutional neural networks · AlexNet · Scalogram ·
Electroencephalography

1 Introduction

In recent years, many researchers have involved in the processing and analyzing
electroencephalogram (EEG) signals in order to use signal information for diagnose
some kind of neurological disorder in a person.

The possible diagnoses identified in this way has been increasing over the years
and covers a wide range of neurological diseases, from mild cognitive impairments
[10], through neurodegenerative diseases such as Alzheimer Disease [17], to the

B. Tran · D. M. Duong (B) · H. Su · N. Trinh
University of Information Technology VNU-HCM, Ho Chi Minh, Vietnam
e-mail: ducdm@uit.edu.vn

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
R. Alfred and Y. Lim (eds.), Proceedings of the 8th International Conference
on Computational Science and Technology, Lecture Notes in Electrical
Engineering 835, https://doi.org/10.1007/978-981-16-8515-6_50

661

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-8515-6_50&domain=pdf
mailto:ducdm@uit.edu.vn
https://doi.org/10.1007/978-981-16-8515-6_50


662 B. Tran et al.

most severe forms of neurological disorders such as amyotrophic lateral sclerosis
or cerebral palsy, where the patients may be severely physically impaired or even
completely paralyzed [15]. Thereby, it shows the high feasibility of diagnosing neu-
rological diseases from the analysis of EEG signals. From that, the motivation of our
work for analysis EEG.

In the EEG analysis, we found 7 methods Kaur [11]. However, recent studies
have shown that the Wavelet Transform (WT) or the Short-Time Fourier Transform
(STFT) are good methods Verstraete [19]. In Ghael [8] paper, the signals transform
from time to frequency domain which will help us understand more. For example
Vilamala [20], transforming the signal into frequency over time helps to classify
sleep stages. We decided to choose WT for signal analysis based on the result of
Alaskar [1]. In addition, we chose STFT that compared WT.

There aremany popular convolutional neural networks such asAlexNet,VGGNet,
GoogLeNet, ResNet, MobiLeNet. However, end-to-end learning is commonly cho-
sen AlexNet because it achieves very good results. At Dong [6], cells infected with
malaria were classified by traditional machine learning tools and it achieved an accu-
racy of 91.66%. While AlexNet obtained a higher accuracy of 98.13%. Therefore,
we chose AlexNet for EEG analysis to diagnose motor neuron impairment disor-
der. Besides, the LeNet is also chosen because it also gives high performance in
classifying motor impairment neural disorders Vrbancic [21].

2 Methods

The proposed methods will explore two CNN architectures, evaluate them and will
analyze the learning rate. In addition, we will evaluate Scalogram images and Spec-
trogram images.

The research experiment will be implemented using eight-channel the recorded
the EEG signals of 13 participants, which were then analyzed to classify the spinal
cord injuries and multiple sclerosis (ms) and unimpaired person. Figure1 illustrates
our experiment process in using time-frequency representation as input data for end-
to-end learning.

The obtained result, a CNN architecture is suitable for diagnosing neurological
disorders and good image type to use for EEG analysis.

2.1 EEG Data Set

In this paper, we selected an EEG database from Colorado State University [5].
In data sets, we used g.Tec g.GAMMASys machine data. It includes 8 channels
256Hz sampling frequency and hardware range filters from 0.5 to 100Hz (−3 dB)
Forney [7].
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Fig. 1 The experiment
process

Table 1 The data set description

Data sets

Subject s16, s13, s15, s11, s28, s23, s24, s27, s20, s21, s26, s25, s22

Electrode 8 channels (C3, F3, O1, P3, C4, F4, O2, P4)

Multiple sclerosis classes s16, s13, s15

Spinal cord injuries classes s11

Unimpaired person classes s28, s23, s24, s27, s20, s21, s26, s25, s22

Length of EEG signals 3 s

Data g.GAMMASys were taken from 13 people with a sample length of almost
3min. In which, one person had a disease of spinal cord injury, 3 people had multiple
sclerosis disease and the other had no history of the disease (Table 1).

About Fig. 2 was shown the data EEG signals sample about spinal cord injuries,
multiple sclerosis and an unimpaired person.

2.2 Data Preparation

About the experiment data, we will download the raw EEG signals of each subject
from Colorado State University [5]. The result was shown in Fig. 2. According to
research Podgorelec [17], the EEG signal rhythms are characterize:
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(a) Spinal cord injuries classes

(b) Multiple sclerosis classes

(c) Unimpaired person classes

Fig. 2 Data EEG signals samples

• delta waves (0–4Hz)
• theta waves (4–8Hz)
• alpha waves (8–14Hz)
• low beta waves (14–20Hz)
• high beta waves (20–30Hz)
• low gamma (30–50Hz)

Among the above characterization, our primary focus was on delta and theta
waves frequency range. Because based on previous Podgorele [17], Schirrmeister
[18] research, their frequency was characteristic enough to indicate some brain dis-
eases. Therefore, we filtered frequency band from 0.5 to 7.5Hz to remove low and
high frequency noises and non-signal artefacts. Then, we ware used the Wavelet
transform and the short-time Fourier transform to generating the Scalogram and
Spectrogram images. About input data to the CNN, the signals were cuted into seg-
ments of about 3.84s with 20% overlapped which produce one Scalogram image and
the same with Spectrogram image.

Overall, the EEG data was used to created 6032 Scalogram or Spectrogram
images, including 464 images generated from spinal cord injuries and 1392 images
generated from multiple sclerosis and 4176 images generated from unimpaired per-
son.

Time-frequency representation
The EEG signal is represented in time-frequencywhich helps us to obtain the signal’s
characteristic. Scalograms and Spectrograms are popular methods in time-frequency
representations. About creating a Scalogram, we used the Wavelet Transform (WT),
whereas a Spectrogram uses The Short-Time Fourier Transform (STFT). The two
methods are one of the ways to analyze the EEG signal Kaur [11] and recent studies
have shown that WT or STFT are good methods Verstraete [19].
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(a) Spinal cord injuries (b) Multiple sclerosis (c) Unimpaired person

Fig. 3 Scalogram images of EEG recording on channel C3

(a) Spinal cord injuries (b) Multiple sclerosis (c) Unimpaired person

Fig. 4 Spectrogram images of EEG recording on channel C3

In this study, we will evaluate the two types of time-frequency representation. The
two methods would create 2-D images and passed into the AlexNet.

Wavelet Transform (WT)

Wavelet Transform was used to generate Scalogram images. In Bhosale [3] paper,
non-stationary and transient signals were commonly processed by theWT. Basically,
WT is extractedonwavelets to produceScalogram imageswhere the x-axis represents
time and the y-axis represents frequency. Scalogram color is very important which
represents the amplitude of the frequency.

The WT of EEG signal represented by:

W (s, b) = 1√
(s)

∫ +∞

−∞
f (x)ψ∗

O

(
x − b

s

)
dx (2.1)

where:

• f (x) is the 1-D signal
• W (s, b) is the continuousWavelet transformation coefficient of f (x), where s is the
ratio (reciprocal of the frequency) and b is the position characteristic displacement.

• ψ∗
O a complex conjugate called the analysis Wavelet function.

Equation (2.1) shows that theWT is a mapping that converts from a variable f (x)
to functionW (s, b) dependent on two variables which are the scale variable s and the
shift variable b. The normalization coefficients 1/

√
s in (2.1) ensures standardized

the wave of Wavelet with analysis rates s other ‖ψ0(s,b))‖ = ‖ψ0‖.
In research, we used the widely applied Morlet function and obtained the Scalo-

grams Fig. 3.

Short-Time Fourier Transform (STFT)
Short-Time Fourier Transform was used to generate Spectrogram images which is a
method for sinusoidal functions. Classification tools Alaskar [2], Xia [22] commonly
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Fig. 5 LeNet architecture [13]

used spectrogram images as input data that achieving better performance because
the spectrogram images hold more unknown features of EMG signals.

The STFT of EEG signal represented by:

S(τ, w) =
+∞∫

−∞
w(t − τ)x(t)e−iwt dt (2.2)

where:

• x(t) is the input signal.
• w(τ) is window function using the signal analysis, commonly a Hann window or
Gaussian window centered around zero

• e−iwt is basic function.

In the article,wehadused theHannwindow function that creating theSpectrogram
images and Fig. 4 was our result.

LeNet
In the last decade, Convolutional Neural Network (CNN) is one of the most compet-
itive neural network architectures for image classification tasks, in some cases even
outperforming human performance Ciresan [4]. In the research LeCun [14], LeCun
et al. proposed the original form of LeNet. Which is one of the improved architec-
tures of CNN. LeNet architectures are two convolutional layers with filter size 5 ×
5 and stride 1 × 1, each of them followed by a pooling layer using maximization
function with filter and stride size 2 × 2 (Fig. 5).

AlextNet Architectures
The AlexNet architecture was one of the top performers in the ImageNet Large
Scale Visual Recognition Challenge (ILSVRC) competition in 2012. It is one of the
typical convolution neural networks published by the Krizhevsky team [12]. The
Alex Krizhevsky team built the AlexNet architecture based on the following ideas:

• Processing on multiple GPUs.
• ReLu Nonlinearity to speed up calculation.
• Local Response Normalization to normalize each layer.
• Overlap pooling to reduce the size of the network.
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Fig. 6 AlexNet architecture [12]

• Using Dropout as a new mainstream method for CNN. Dropout helps the model
to avoid overfitting and reduced model training time.

• Enhancing data by translations, horizontal reflections.

The above ideas, the AlexNet team created a structured network consisting of 5
convolution layers (11 × 11, 5 × 5, 3 × 3 convolution), 3 fully connected layers (3
× 3, 3 × 3, 3 × 3 max pooling), with middle layers are sampling classes and ReLu,
which trained in parallel on two GPU graphics cards (Fig. 6).

3 Experiments

In this study, we had training experiments about classifying the patterns on EEG
signals as either spinal or multiple sclerosis or normal class with AlexNet and LeNet
models.

In the first step, signals were filtered to remove noise. Then, we extract two types
of images from time-frequency representation. Their size are 384 px × 384 px. For
AlexNet, we proportionally resized images from original 384 px× 384 px resolution
to 227 px × 227 px according to AlexNet input standards. About the training-test
data of each CNN, Goodfellow [9] recommended to randomly chosen as 80–20%.

After the training was run 50 epochs with a learning rate of 0.000001, we received
the model separately from each EEG channel. Then, we received the model sepa-
rately from each EEG channel. Then, we will randomly choose 20% of images from
each EEG channel and passed the vote to evaluate. Subjects denoted as s20–s28
represented persons without known neural disorders (marked as F—false cases),
while subjects s11–s16 represent patients with motor impairments (marked as T—
true cases). If more than half of the votes are neural disorders, the result will be
impairment and vice versa. Next, the results of each experiment was presented.
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Table 2 Scalogram—AletNet (LR = 0.0001)

C3 F3 O1 P3 C4 F4 O2 P4 class

ms 0 0 0 1 0 0 0 0 0

spinal 1 1 1 1 1 1 1 0 1

normal 12 12 12 11 12 12 12 13 12

Table 3 Scalogram—LeNet (LR = 0.0001)

C3 F3 O1 P3 C4 F4 O2 P4 class

ms 0 0 0 1 0 0 0 0 0

spinal 0 0 0 0 0 1 0 0 0

normal 13 13 13 12 13 12 13 13 13

Table 4 Scalogram—AletNet (LR = 0.000001)

C3 F3 O1 P3 C4 F4 O2 P4 class

ms 0 1 0 2 0 0 0 0 0

spinal 1 1 1 1 1 1 0 1 1

normal 12 11 12 10 12 12 13 12 12

Table 5 Scalogram—LeNet (LR = 0.000001)

C3 F3 O1 P3 C4 F4 O2 P4 class

ms 0 0 0 0 0 0 0 0 0

spinal 0 1 0 0 0 1 1 0 0

normal 13 12 13 13 13 12 12 13 13

3.1 The Scalogram

In this section, the results of using the Scalogram images as input AlexNet were
shown in Table2 (LR = 0.0001) and Table4 (LR = 0.000001). Besides, we also
apply that the Scalogram images as input LeNet. The results were shown in Table3
(LR = 0.0001) and Table5 (LR = 0.000001).
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Table 6 The performance for Scalogram images

LR = 0.0001 LR = 0.000001

AlextNet (%) LeNet (%) AlextNet (%) LeNet (%)

Accuracy 76.92 69.23 76.92 69.23

Sensitivity 25.00 0.00 25.00 0.00

Specificity 100.00 100.00 100.00 100.00

F1 score 71.65 56.64 71.65 56.64

Table 7 Spectrogram—AletNet (LR = 0.0001)

C3 F3 O1 P3 C4 F4 O2 P4 class

ms 0 1 0 1 0 0 1 0 0

spinal 0 1 0 0 0 0 1 0 0

normal 13 11 13 12 13 13 11 13 13

Table 8 Spectrogram—LeNet (LR = 0.0001)

C3 F3 O1 P3 C4 F4 O2 P4 class

ms 0 0 0 0 0 0 0 0 0

spinal 0 0 0 0 0 0 0 0 0

normal 13 13 13 13 13 13 13 13 13

From the results obtained,we comparing theperformanceofAlexNet andLeNet as
Table6. FromTable6, LeNet performancewas lower compared toAlexNet.However,
the performance did not increase as the learning rate decreases and neither did LeNet.

3.2 The Spectrogram

In this section, we have replaced the Scalogram image with the Spectrogram image
which is the input data of AlexNet and LeNet. The results were displayed as follows:
Table7 (LR = 0.0001) and Table9 (LR = 0.000001) and Table8 (LR = 0.0001) and
Table10 (LR = 0.000001).

For Table11, it could be observed that the AlexNet performance same as the
LeNet performance. Which did not increase as the learning rate decreases.
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Table 9 Spectrogram—AletNet (LR = 0.000001)

C3 F3 O1 P3 C4 F4 O2 P4 class

ms 0 0 0 0 0 0 0 0 0

spinal 0 0 0 0 0 0 0 0 0

normal 13 13 13 13 13 13 13 13 13

Table 10 Spectrogram—LeNet (LR = 0.000001)

C3 F3 O1 P3 C4 F4 O2 P4 class

ms 0 0 0 0 0 0 0 0 0

spinal 0 0 0 0 0 0 0 0 0

normal 13 13 13 13 13 13 13 13 13

Table 11 The performance for Spectrogram images

LR = 0.0001 LR = 0.000001

AlextNet (%) LeNet (%) AlextNet (%) LeNet (%)

Accuracy 69.23 69.23 69.23 69.23

Sensitivity 0.00 0.00 0.00 0.00

Specificity 100.00 100.00 100.00 100.00

F1 score 56.64 56.64 56.64 56.64

4 Discussion

We present methods that extracted EEG signals to create time-frequency images for
inputting data to CNNs. Above results, the AlexNet will obtain the performance
highest when using Scalogram image as the input data. It completely identified
completely 9 subjects unimpaired persons and 1 out of 4 subjects with the disease
of motor neuron impairment. The results are very good with an F1-score of 71.65%
and an accuracy of 76.92%. In addition, sensitivity and specificity were respectively
achieved at 25% and 100%.

For the purpose of improving AlexNet’s performance, we have reduced the learn-
ing rate. The overall result is no performance increase, but performance increase in
some EEG channels. For example, channel P3 of s15 in Table2 was misclassified
as persons without known neural disorders. Whereas, channel P3 of s15 in Table4
was correctly classified as patients with motor impairments. This is also important
for our further research work.
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Fig. 7 Comparison of all tested classification methods

LeNet does not correctly patients with motor impairments (s11–s16) at all EEG
channels when using Spectrogram images as the input data. About AlexNet with the
Spectrogram images as input data, the result obtained was low. From there, draw
conclusions that the Scalogram image will improve the performance of CNNs.

We also compared the model performance with a paper working on motor impair-
ment neural disorders. Vrbancic [21] and our paper were matched because using the
same data set. Vrbancic [21] took a different approach which was using Spectrogram
images to display data for each EEG channel. Also through Vrbancic [21], we also
compared further with some traditional classification methods: Linear Regression
(LR), Linear Discriminant Analysis (LDA), K-Nearest Neighbours (KNN), Classifi-
cation andRegressionTrees (CART),NaïveBayes (NB) andSupportVectorMachine
(SVM).

As illustrated as Fig. 7, regarding to the analysis of F1 score, we have shown that
our method gave the highest result of 71.65%, 6.01% more than LeNet. In addition,
regarding to the analysis of accuracy, our diagnostic model also gave the highest
result at 76.92%. Thereby, it can be seen that our method is the best method in
diagnosing motor neuron impairment disorder.

5 Conclusions

In this paper, we presented two types of time-frequency images for the analysis
of the EEG signal. Before extracting time-frequency images from the EEG signal,
we filtered Butterworth Bandpass for the EEG signal that will increase the CNN’s
performance. Through the experiment results shown that the classification of motor
impairment neural disorders should use the AlexNet architecture with Scalogram
images as input data. Because the EEG signal of motor impairment neural disorders
is non-stationary and transient signals, while the Scalogram images were created by
WTwhich is amethod for non-stationary and transient signalsBhosale [3]. Therefore,
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our proposed model for the accuracy and F1-score was higher than the previous
studies Vrbancic [21]. In addition, we have seen a method for increasing CNN’s
performance that reducing learning rates.

For future work, we will applying the Scalograms as input data of AlexNet for
the classification of motor impairments neural disorders. Then, we will adjust the
parameters to get better results Pasi [16]. This has been proven in the experiments.
In addition, we would like to expand our work with the use of a larger EEG dataset
and using the combined model to increase the performance.
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Comparison of Electricity Usage
Forecasting Model Evaluation Based
on Historical Load Dataset Duration
Using Long Short-Term Memory
Architecture

Nur Shakirah Md Salleh, Azizah Suliman, and Bo Nørregaard Jørgensen

Abstract Electricity prediction helps electric power companies to generate suffi-
cient electrical power to consumers. The primary source used in performing fore-
casting is historical electricity usage. This research identified the optimum historical
load data period in generating the best model for short-term forecasting of a house-
hold. The experiment applied Long Short-TermMemory (LSTM) architecture using
Adaptive Learning Rate Method (Adadelta) on four categories of dataset: one-year,
two-years, three-years, and four-years. The models produced were evaluated using
mean squared error (MSE) and mean absolute error (MAE). The model generated
from two-years of historical data performed the best among all other models with
MSE value of 0.133621 and MAE value of 0.050653. The experiment was enclosed
with the application of the model to predict the electricity usage of the following
year, shown in two sample categories: one day and one week. Then, the prediction
results were compared with the actual load.

Keywords Electricity · Prediction ·Machine learning · LSTM

1 Introduction

Electricity is oneof themostwidely used formsof energy.Theprimary energy sources
to generate electricity are from either renewable or non-renewable energy. Electricity
is being used extensively for residential consumption to run daily errands such as
washing, cooking, powering televisions, computers, and mobile phones. Electricity
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demand forecasting helps power generation companies to generate sufficient elec-
tricity by not over-producing the power.Medium-term and short-term forecasting are
useful for system operation, while long term forecasting is beneficial for planning.
Short-term forecasting is essential in avoiding waste of resources for over-generating
energy.

Machine learning uses a statistical approach to perform forecasting by applying
supervised learning based on historical data. Forecasting using machine learning
goes through training, and testing processes. The training process produces a model,
which is then evaluated by evaluation metrics. The factors that may influence the
model quality are features and number of historical data. The hypothesis of this paper
is that the model quality becomes better when longer historical duration sample is
used. Short-term load forecasting (STLF) is one of the forecasting methods that is
applied in predicting electricity. It adopts regression machine learning methods such
as Recurrent Neural Network (RNN) and its extended version, Long Short-Term
Memory (LSTM).

The rest of paper is organised as follows. Section 2 provides the related works of
electricity usage and machine learning. Section 3 describes the methodology applied
in this study. Section 4 elaborates the model generation using the selected architec-
ture. Section 5 shares the experimental result and discussion. Finally, a conclusion
of the study is made.

2 Review of Related Works

2.1 Electricity Usage

Residential, commercial, and industrial are categories of electricity consumers. In
developed countries such as Denmark, residential electricity usage is transforming
into smart meter utilisation from the conventional meter type. The smart meter allows
consumers tomonitor the electricity bill on an hourly basis. The intention is to reduce
power consumption during peak hours [1]. The electricity consumption recorded
based on the time interval captured by the meter.

The historical electricity load dataset uses as training dataset. The dataset duration
depends on data availability. Tongta and Chooruang [2] used as short as 21 days of
sample historical load data in their study.Hossen et al. [3],Kumari et al. [4],Magoulès
et al. [5], Salam and El Hibaoui [6], and Liu et al. [7] used only one-year of historical
load data, while Lee and Choi [8] and Alden et al. [9] applied two-years of historical
load dataset. Zheng et al. [10] used four-years of electricity load duration in their
studies. The study by Karunathilake and Nagahamulla [11] managed to collect data
up to ten-years. The results from the reviewed articles cannot be compared directly
due to different dataset used.

Not all periods of data are useful for prediction due to the difference in the interval
period. Previously, the data collected using conventional meters were recorded
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monthly. These data may not be useful to predict users who use a smart meter,
whereby it is expected to read the electricity usage every minute, 15 min [8], 30 min,
or hourly. The research by Kumari et al. [4] examined smart meter data for hourly
intervals, while Hossen et al. [3] presented the result for one-minute intervals.

Historical electricity usage consists of historical electricity consumption at a
particular duration. The fundamental content of the historical load dataset comprises
the date, time, and electricity usage. The reviewed paper by Karunathilake and Naga-
hamulla [11] showed that including additional features into the datasetmight increase
the prediction accuracy. The additional features consisted of external factors that
might influence electricity consumption such as weather, temperature, and holiday.

Alden et al. [9], Shabbir et al. [12], Fayaz et al. [13], and Zheng et al. [10]
conducted studies on single residential household units. Other researchers, Lee and
Choi [8], Liu et al. [14], Seyedzadeh et al. [15], and Magoulès et al. [5] reported
on the electricity usage prediction for single buildings. The research study for a city
was reported by Salam and El Hibaoui [6]. The consumer types help to identify the
suitable additional features for the sample data.

2.2 Machine Learning

Electricity forecasting predicts in a series of a timeline. This type of problem is known
as a regression problem. Liu et al. [7] applied RNN to perform electricity usage
prediction. The prediction result of basic RNN was compared with the extended
version of RNN, LSTM architecture. LSTM had the advantage of keeping the histor-
ical weightage for each cycle. The research by Hossen et al. [3] showed that LSTM
performed better than RNN. Previous research Lee and Choi [8], Zheng et al. [10],
and Hossen et al. [3] compared LSTM with Gated Recurrent Unit (GRU). LSTM
still showed the best result. Kumari et al. [4] implemented deep learning by applying
LSTM, and it provided a low error value for the evaluation.

Evaluation metrics are used to measure the quality of the model produced during
the training. The suitable evaluation metrics used for regression problems are mean
squared error (MSE), root mean squared error (RMSE), mean absolute error (MAE),
and mean absolute percentage error (MAPE) [16]. The acceptable value of these
evaluation metrics is between zero and one. If the value is more than one, it may
be caused by the different data range existing in the dataset. Applying data scaling
may solve this problem. RMSE applied in Lee and Choi’s [8] work gave a result of
0.9698. Tongta and Chooruang [2] applied MAE that provided a result of 36.98. On
the other hand, Hossen et al. [3] applied LSTM and used MAPE as an evaluation
metric that showed a result in between 24 and 35%.

The main objective of this paper is to identify the optimum duration of historical
load dataset to be used in LSTM without compromising the model quality.
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3 Methodology

This section discusses the methodology applied in this study to prepare the dataset.
The first part explains the distribution of the dataset based on duration. The second
part describes the machine learning algorithm applied to the selected dataset. This
machine learning project employed the Cross-Industry Standard Process for Data
Mining (CRISP-DM)methodology [17]. The process began with data understanding
until model management [18].

3.1 Business Understanding

The first phase in CRISP-DM was business understanding phase. It was reported in
Sect. 2.

3.2 Data Understanding

The historical electricity usage dataset was the primary source of the dataset. This
dataset consisted of electricity consumption from January 2015 until May 2019 of a
single household unit in Denmark. The dataset features included the historical data:
datetime and electricity usage, and independent variables including seasons, holiday,
holiday type, and day length.

Table 1 shows the columns with their data type. The datetime column consisted
of the date and time information in datetime format, dd/mm/yyyy hh:mm:ss. The
time interval of the reading was one hour. The electricity usage in the usage column
was represented in kWh. The seasons column denoted the four seasons in Denmark:
winter, spring, summer, and autumn. The holiday column represented all special
days in Denmark. Some of the special days were announced as a public holiday,
special holiday in a specific sector, and non-holiday. The indication of holiday type
was stated by the holiday type column. The final column was day length. There were
different ranges of daylight period for every season. This situationmight lead tomore
electricity usage required to power lights as well as heaters.

Table 1 Electricity dataset features

Column Datetime Usage Seasons Holiday Holiday Type Day length

Default data type Datetime Float String String String Time
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3.3 Data Preparation

The data preparation phase comprised four activities: data cleaning, data integration,
data formatting, and finalising dataset. A Phyton programme was used to complete
this phase.

Data Cleaning. Data cleaning is a process to identify any noises or missing data
of the selected dataset. The availability of the data in a sequence is important because
the implementation is based on a time series. The selected dataset was checked and no
missing data or not-a-number (NaN) value was found. The whole historical dataset
consisted of 36,888 rows from 1st January 2015 until 31st May 2019 with one-hour
readings.

Table 2 shows the total dataset rows per year from 2015 until 2019. The year 2016
was a leap year. Due to that, this year had additional 24 rows as compared to the
other normal years.

Data Integration. The data integration activity was not applied to this study
because it only came from a single source. The experiment proceeded with the data
formatting activity.

Data Formatting. The data were represented in various formats such as datetime
object, string, and float. Since the research applied a machine learning algorithm, all
data required a numerical format to enable the computation.

Day, month, year, and hour were information extracted from the datetime column.
The programme could identify the day name and week number. The day name value
of Saturday and Sunday was labelled as weekend while others were labelled as
weekdays. The week column indicated the week number of the year. Finally, the
datetime column was converted into the index to retain meaningful values for data
selection later.

The other non-numerical columns were seasons, holiday, holiday type, and day
length. All of these columns were converted into numerical values and the format
shown in Table 3.

All of the data were denoted in numerical format but in different ranges. The
rescaling process was performed on these data except for usage to minimise the error
value. The rescaling method applied was MinMaxScaler, whereby it rescaled the
value between zero and one.

Table 2 Total dataset rows
per year

Duration Total rows

1 January–31 December 2015 8,760

1 January–31 December 2016 8,784

1 January–31 December 2017 8,760

1 January–31 December 2018 8,760

1 January–31 May 2019 3,624

Total 38,688
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Table 3 Reformatted and
rescaled data

Column New formatted data
type

New rescaled data type

Datetime Index Index

Day Int Float

Month Int Float

Year Int Float

Hour Int Float

Week Int Float

Weekend Int Float

Usage Float Float

Seasons Int Float

Holiday Int Float

Holiday type Int Float

Day length Int Float

Finalising Dataset. The processed dataset comprised datetime as the index, day,
month, year, hour, week, weekend, usage, seasons, holiday, holiday type, and day
length columns. The dataset started from 1st January 2015 at 12.00 a.m. until 31st
May 2019 at 11.00 p.m. The data were split into training, testing, and prediction
datasets.

The purpose of the experiment was to observe the number of year duration that
might influence the prediction accuracy. The datasets were split into several cate-
gories: one-year, two-years, three-years, and four-years. Table 4 shows the total rows
for training and testing dataset for each category.

The prediction datasets are samples of unknown data to the model. In this study,
the prediction datasets consist of one day of public holiday, weekend, and weekdays,
and one week.

Table 4 Categories of dataset for training and testing

Categories Training dataset duration Total rows
for training
set

Testing dataset
duration

Total rows
for testing
set

1 year January 2015–December 2015 8,760 January–May 2016 3,624

2 years January 2015–December 2016 17,544 January–May 2017 3,648

3 years January 2015–December 2017 26,304 January–May 2018 3,624

4 years January 2015–December 2018 35,064 January–May 2019 3,624
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4 Modelling Using LSTM

The next phase in CRISP-DM methodology is Modelling. LSTM was the selected
architecture used in this research due to the problem shown in time series. In the
standard Neural Network approach, the data input represents a two-dimensional (2-
D) array consisting of samples and features. LSTM requires an additional dimension
to set the time steps. The data input for LSTM is represented in three-dimensional
(3-D) array that consists of the sample, time steps, and features.

The study applied the Adaptive Learning Rate method (Adadelta) activation func-
tion on each dataset duration to observe which duration produced a better model.
The programme constructed a model on each cycle.

The evaluation phase is the next CRISP-DM phase. The quality of the model was
observed based on the evaluation metric values. There were two evaluation metrics
applied in this study, MSE and MAE. MSE measures the average squared distance
between the real data and the predicted data. MAE measures the absolute average
distance between the real data and the predicted data, but it fails to punish large errors
in prediction.

Figure 1 shows the experiment methodology applied in this research study. This
methodology was applied four times as the study observed the prediction result
based on the input year. The three input datasets of training, testing, and prediction
data were applied to this methodology as stated in Table 4. There were four models
produced for each category: one-year, two-years, three-years, and four-years.

Fig. 1 Experiment methodology using LSTM
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5 Results and Discussion

This section shows the results of the proposed methodology’s implementation. The
models were trained and tested on Intel® Core™ i7-3930 K CPU with 6 cores and
maximum clock frequency of 3.2 MHz. The software used was Jupyter Notebook
on Anaconda Navigator. The Tensorflow Keras library was applied in the execution.

A series of pre-experiments were conducted to identify the epoch values, and
optimizer. The EarlyStopping method was used to identify the optimum epoch
value. Based on the initial experiment, the epoch values were not exceeding 40.
Due to that, the epoch value was set to 50. The pre-experiment also involved training
and testing the model using five optimizers: Adadelta, Adagrad, Adam, Stochastic
gradient descent (SGD), and RootMean Square Propagation (RMSProp). The model
produced by Adadelta optimizer shown the lowest MSE and MAE error compared
to the others. The learning rate of Adadelta also shown the best with the value
1.0. The hyper-parameters used was standardized as follows: epoch = 50, opti-
mizer = Adadelta, learning rates = 1.0, evaluation metrics = mean_squared_error,
mean_absolute_error.

The LSTM applied consists of three layers: input layer, hidden layer, and output
layer. The input layers accepted 12 neurons with the input shape was set to 24 and
12 based on the timesteps and number of features, and it applied ReLU activation
function. The hidden layer accepted eight neurons, and the ReLU activation function
was applied to this layer too. Finally, the output layer, it expected to produce a
prediction value that represent the electricity load.

5.1 Training and Testing Results

The training, testing, and prediction activities were performed for each dataset cate-
gory. The output of the training and testing phases was a model. The model produced
was labelledwith the prefixwordmodel, followed by the dataset duration. The quality
of the models produced was evaluated using the selected evaluation metrics, MSE
and MAE.

Table 5 shows the MSE, and MAE error rates and the data sorted based on the
lowest MSE values. TheMSE values produced for each model was quite similar. The

Table 5 Model quality Categories Model Name MSE MAE

1 year Model 1year 0.143026 0.059918

2 years Model 2years 0.133621 0.050653

3 years Model 3years 0.152041 0.054784

4 years Model 4years 0.147318 0.044774
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Table 6 Validation of
optimised duration

Training dataset
duration

Testing dataset
duration

MSE MAE

2015–2016 Jan. – May 2017 0.133621 0.050653

2016–2017 Jan. – May 2018 0.130669 0.045330

2017–2018 Jan. – May 2019 0.124363 0.041493

model2years showed the lowest value with MSE value of 0.133621 and MAE value
of 0.050653. The model error increased for the three-year and four-year datasets.

Validation of Optimised Duration. The model2years were generated from the
training dataset from 1st January 2015 until 31st December 2016. The experiment
was further conducted with another two years duration of training dataset to validate
the finding. The new training and testing dataset duration, and the model evaluation
results as shown in Table 6.

The MSE and MAE values are consistent in between 0.12 and 0.13 for MSE, and
0.04 and 0.05 for MAE.

5.2 Prediction Results

The final phase in CRISP-DM methodology is deployment phase, where we
conducted prediction of the electricity usage. The prediction activities was executed
in two categories, one day and one week by using the best model produced in Table
5, model 2years.

One Day. The study selected three sample days to perform prediction based on
the following categories: public holiday, weekend, and weekday.

The first prediction was executed for the public holiday category, New Year’s
Day, which fell on Friday, 1st January 2017. Figure 2a shows that the prediction
managed to get the camel graph type, whereby the peaks were between 11.00 a.m.
and 12.00 p.m., and 6.00 p.m. and 7.00 p.m. However, the actual peak time was
relatively high than the usual utilisation where it stroke more than one kWh at 11.00
a.m. The second category picked for prediction was weekend. Figure 2b shows the
prediction dataset of actual and prediction values on 4th February 2017, which fell
on Saturday. The prediction managed to get almost similar curves as compared to the
actual value, except for increasing electricity usage at 2.00 p.m. and 7.00 p.m. The
final category for the one-day prediction was weekday, i.e., on 1st February 2017,
Wednesday. Figure 2c shows a similar trendline throughout the day.

One Week. The next category of prediction was one week. Figure 3 shows the
overall prediction for a week that started from 1st until 7th February 2017.

Overall, the prediction managed to predict skilfully for usage below 1.00 kWh.
The model could identify that electricity usage could increase at a particular hour.
However, the model was unable to predict usage higher than 1.00 kWh.
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(a)

(b) (c)

Fig. 2 a Prediction on public holiday, b Prediction on weekend, c Prediction on weekday
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6 Conclusion

The motivation of this study is to find the optimum historical load dataset duration
required in generating a good model. At the beginning of this study, the hypoth-
esis stated the model quality is better when more historical data used in training
phase. In proofing the hypothesis, this research study applied theCRISP-DMmethod-
ology to handle the dataset and models. The study began with data understanding,
wherein the dataset and features were identified. The selected dataset, a historical
load dataset with additional features of a single household in Denmark, went through
the data preparation phase, including data cleaning, data integration, and data format-
ting. Finally, the dataset was distributed into four categories: one-year, two-years,
three-years, and four-years. The data from these categories were split into training,
testing, and prediction sets. Due to the nature of the prediction in time-series and
regression, LSTM architecture was applied in the experiment. The training dataset
used Adadelta activation function for all dataset categories. There were four models
produced: model1year, model2years, model3year, and model4years. These models
were evaluated using MSE and MAE evaluation metrics. The research was found
that model2years performed the best among the other models with MSE value of
0.133621 and MAE value of 0.050653. The model error increased for the three-year
and four-year datasets. In validating the two years of historical data duration was
sufficient in generating the best model, two more datasets of two years duration
were generated and trained. As the results, both models maintain the MSE value
below 0.133621 and MAE value below 0.050653. Due to that, it concluded that the
two-year of historical load dataset duration was sufficient to generate a good model
and it was able to perform electricity load prediction. This research study enclosed
with the prediction samples for one day and one week for the year 2017. The model
managed to obtain prediction curves almost similar to actual curves. Future work:
This research will expand the research scope to a sub-grid. It will include a few
houses from an area in Denmark.
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iFind: Image-Based Indoor Navigation
System
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Abstract In this time of life, people always rely upon navigation systems to help
them get around. From GPS devices embedded in a car to GPS embedded in mobile
devices, it provides accurate navigation. This project is motivated by three current
scenarios happening at three different locations i.e., the difficulty in finding a class-
room in the faculty, the difficulty in finding a specific room in the hospital, and diffi-
culties in finding shops in the shopping mall. GPS networks are bad when indoors
because the signal cannot penetrate the thick structure of the building. Therefore,
finding a specific location in a building is a difficult task. iFind is a navigation
system that utilizes image recognition techniques and path-finding algorithms. The
techniques used for localization are ASIFT and Flann-Based Matcher. The combi-
nation of the two algorithms produces a very accurate image matching system and
the accuracy of this system can be tested while the image was taken at 3 m or less
and have enough light source. A navigation module using the A-Star algorithm is
added to complete the system. Experiment for both localization and navigation has
been made and the chosen algorithm shows a lot of promise. The system runs on a
server which is then used to take input images and targets. The output of the system
is a map that can be used by the user to navigate to their wanted shops. This project
contributes to the GPS community towards making and developing the best method
for indoor navigation systems.
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1 Introduction

Today, almost everyone spends time inside such in campuses and shopping malls
[1]. Modern communication goals are to let users have access to fast data usage
rates with a vast amount of coverage [2]. With smartphones getting into everyone’s
hands and improving in terms of technology, estimating the location of the device
will allow location-based services and context-aware applications [3]. Examples of
location-based applications is navigation systems likeWaze and self-driving vehicles
[4].

Mobile devices are growing, and wireless technologies are turning into crucial
parts of embedded systems to bestow cheap, wherever, and whenever connectivity.
Nevertheless, different attributes of wireless communication will exist based on
different environments (e.g.: indoor vs outdoor and Wi-Fi versus Bluetooth). Mean-
while, in outside conditions, these signals communicate well in large ajar and reach-
able areas with limited signal problems. During inside situations, wireless commu-
nication signals are easily affected by things such as walking motion and the very
position of objects. The problem is due to the contrasting degree of influence signals
on the indoor communication situation. In outdoors, localization is heavily relying
on Geographical Positioning Systems (GPS). But for indoors, GPS’s localization
correctness is far from satisfactory and this is not suitable. The technologies that are
used outdoors are not suitable for inside situations due to distinct qualities.

But when executing these tasks indoors, GPS performs badly due to unstable
wireless propagation conditions [3]. These signals are prone to signal interference
and multiple reflections. When is still used for indoors purpose, it will cause bad
meter level accuracy due to [4] buildings that contain several floors such as shopping
malls, contains layers of concrete walls and floors which is the main reason of signal
attenuation. Better localization methods are needed to promote indoor navigation
technologies [5]. This project aims to help people such as university students or
patients (and family) in the hospital to help them find their class or hospital wards
as there is a lot of classes and ward rooms in the building. The same goes for people
that go shopping when people take more time shopping rather than just getting to
the shop, they tend to spend more, which equals more sales.

Many positioning techniques can be exploited for localization purposes.
Combining some techniques such as mobile and Wireless Local Area Network
(WLAN) technologies has gained a lot of attention from communication and local-
ization communities. But there is a problem, which is, there is a practical limit
to combination techniques and anchor nodes (AN) that are used in such a scenario.
WLAN localization shows that there is always a significant error evenwith reasonable
accuracy. These errors are usually related to the presence of similar radio signatures
in different locations [2].

This project is developed to be used by people that can make use context of
location-based services. To supply the machine or engine that processes the images,
a smartphone will be used to gain and capture images on the site. These images will
be the reference point or coordinate for the location of the shops.
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2 Related Works

Many works have been put into making better techniques and technology for indoor
localization and positioning systems. Some works are closely related to Indoor
Localization technology such as follows.

In 2018, a related image recognition method is carried out using deep neural
networks in research into cancer detection [6]. Health professionals and experts use
diagnostic images to assess the presence of cancer in the lungs of the patient. The
study focuses on incorporating layers of convolution and max-pooling to help better
and more reliably identify and diagnose this cancer early [6].

Next, a project called plant diseases using image recognition research in 2019 has
been done [7].More than 70%of countries inAsia depend heavily on agriculture. The
identification of diseases in plants is significant because it preserves crop quality and
keeps agriculture alive. In this work, a tool is used to identify and recognize diseases
in plants using image process techniques.

In a separate investigation in 2019, a system is made to help in clinical decision
support [8]. The project assists physicians to improve the decision-making processes
and facilitates healthcare services. The project’s system uses an ontology-based
CDSS model.

In a recent study [9] a project to solve the shortcoming of ASIFT was made. In
this project, a Hadoop-based image retrieval system is used to reduce the ASIFT
main problem which is high computational power. The system uses Bag-Of-Words
and a support vector machine.

In Indoor Localization research, several methods are used instead of Image
Recognition. Some of the works can be read as follows.

In a 2016 study [10], a high-precision indoor localizationwithWi-Fiwas achieved.
They proposed aWi-Fi indoor reversal system (WiFi-TRIPS) using location-specific
CSI-generated fingerprints. This system consists of phases online and offline. CSIs
are collected from every point of interest during the offline stage, compensating
for timing and frequency synchronization errors. In the online phase, the reso-
nant strength of the time-reversal is evaluated. This research has produced a perfect
location estimate precision of 5 cm [10].

Next, a real-time indoor positioning system based on VLC (visible light commu-
nication) [11]. This program works with a smartphone camera that can capture coor-
dinate data in format via light-emitting diode-based lights. The camera position can
be estimated employing a new algorithm that determines the location in 3D to 2D
points. The effect is a mean error of 4.81 cm and 6.58 cm, respectively, at heights of
50 and 80 cm [11].

In the year 2015, similar research has been done [12]. The research on IPS involves
foot-mounted pedestrian dead counting (PDR), efficient map matching, received
signal strength (RSS) measurements, and an enhanced motion model that includes
estimates of turn rate distortions. The systemwas implementedwith a two-level struc-
ture that includes a low-level PDR filter and a high-level particulate filter (PF). The
inclusion of a corresponding map algorithm reduces the error level of the positioning
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of the RSS-PDR from 1.9 to 0.75 m, 90%. The system is tested in several trajectories
to demonstrate improved positioning, the time to converge, and the required number
of particles [12].

To add, research was made at Toyo University [13]. The research is about using
360° spherical cameras to obtain awider range of views and increase information gain
for indoor navigation systems. It ismade upof a cloud service that contains the images
with the features and estimates the user’s position. After numerous experiments, the
results are low localization errors which are great in this domain.

There is also research in 2020 where a Graph-based Simultaneous Localization
and Mapping (SLAM) algorithm is applied in a simulated environment [14]. The
algorithm uses a lot fewer computer resources which are the RAM and CPU usage
compared to Hector SLAM.

There is also a research in 2020 where a Graph-based Simultaneous Localization
and Mapping (SLAM) algorithm is applied in a simulated environment [14]. The
algorithm uses a lot less computer resources which are the RAM and CPU usage
compared to Hector SLAM.

3 System Architecture and Methodology

Figure 1 above shows the system architecture of this proposed project. In this section,
the technique that will be used to perform the experiment is explained. In the Data
Extraction part, the phase begins with Image Database that are made from Image
Capture at site. Following that, imagematching and adjustments to the image (prepro-
cesses) occurs and are saved into Structured Image Database. In the recognition part

Fig. 1 System architecture of the project
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or live part, user will have to capture an image at the place they are at and the image
will be saved in theUser ImageDatabase before starting the same process. The image
will go through the same process as in extraction part and the feature extracted will be
matchedwith the ones in the Structured ImageDatabase. Once the image is found and
matched, location is assumed to be found and navigation process begins. Following
the subchapter, a more thorough explanation of each phase is shown.

3.1 Data Collection

Firstly, image capture. The system will compile all the images from the image
database (made from the initially captured image from data collection). The data
collection process consists of the compilation of the required data for the project.
Throughout the data collection process, we can estimate the right position for image
capturing. It is necessary to collect accurate indoor images because their accuracy
has a major impact on the creation and localization of structured images.

There are some precautions to take the pictures. First, the camera position should
not be too close to the target. Otherwise, adequate textures would be difficult to
obtain, which gives fewer feature points resulting in image matching difficulties.
Secondly, it is important to avoid looking at directions that include strong reflective
surfaces, transparency or vegetation, and light sources. Many of these conditions
would be unclear. Eventually, the camera’s direction will be roughly perpendicular
to the objective and traveling track to alleviate rotational effect and reflection issues
for the target objects such as glasses and mirrors.

3.2 Data Preparation

After collecting the images to store in the initial image database, a few image prepro-
cessing is needed to be done. Before that, each picture has a size of around 5 to
8 megabytes (MB). Multiply average of 3 MB with 215 (images) equal to 645 MB.
If each of these images is stored in the application, it will increase the time to process
the image. Therefore, certain important steps are to be taken.

The preparation begins with resizing the image and adding paddings to the image.
This will reduce the image size and the resolution which makes it lighter for the
database and system to run the image matching process later. Before the preprocess,
the image is at 2.7MBand after the preprocessing, the size of the image is 97 kilobytes
(KB). In the system design, the image will go further in more image manipulation
and alteration to be suitable for the image matching algorithm. The next phase will
discuss the system design.
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3.3 Image Localization

In this stage, the feature of the image will be extracted and then the image will run
image matching. The image features and keypoints, as well as adjustments from the
feature descriptor, will be stored inside a binary file and the building blocks of the
Structured Image Database.

Although CNNs is one of the famous neural networks [17] and has proven itself in
image identification [18], this project will utilize ASIFT. Each of the images trans-
formed by simulating possible affine distortions caused by the change of camera
optical axis orientation from the front position. There are two parameters that the
distortions are depending on, which are longitude and latitude. The image will be
rotated by tilts and applied to the antialiasing filter, Gaussian with standard devi-
ation. The rotations and tilts are continued with numbers of latitude and longitude
angles. All simulated mages are then compared with a similarity invariant matching
algorithm (SIFT) and the key points and lines are created. In Fig. 2 below, consider A
and B as their squared images representing u, a first image, and v, the second image.
The simulated images represented by parallelograms are then compared by SIFT.
Each of A’s and B’s will then draw a line between them if they are matched with
each other.

Linking the correspondences between two sets of images on the same scene is
called image matching or feature matching. The applications such as to recognize
the object in an image, calibrate the camera, and image registration. A feature is a
bit of data that is important to the solution of a certain application-related computa-
tional task. Specific structures in the image, such as points, edges, or objects, be the
keypoints for the image features. Features can also be the product of the picture being
added to a general neighborhood operation or feature detection. These features can

Fig. 2 ASIFT algorithm [19]
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be classified into two sets which are features that are in a specific part or location and
features that are based on their orientation and local appearance. [15]. Using image
matching, image searching will run to find similar images throughout the whole
database (Structured Image DB).

3.4 Indoor Navigation

Adatabase containing shop’s images, and names aremade. After receiving the image
matched from the user in the previous part, the user can then choose a shop to go to.
After selecting, both coordinates will be processed and then a pathfinding solution
using the A-Star algorithm is used. The coordinates are in tuple format (y, x). Once
the navigation is done, the path towards the shop from the current shop will be drawn
on a map and shown on the screen.

4 Result

In this section, the result that has been achieved after the experimental design will be
discussed. This chapter will be focused on data processing, image matching, system
navigation, and the result presentation for the outcome of the project.

4.1 Data Processing Result

Image collected containing around 215 images. After thoughtful and careful consid-
erations regarding the algorithm for the image descriptors, there is no need for more
than one image representing each shop. Therefore, the number of images used to build
the database has been reduced significantly from 215 to 45 where 45 is the number of
shops, including 4 shops that have been closed. This causes the system to process a lot
faster, from comparing images (feature detection and featurematching) to processing
navigation, a difference of almost 5 min in processing has been achieved. The bigger
size of the image (KBs/MBs) and the number of images greatly affect the speed of
the processing.

4.2 Image Matching for Localization

To localize the user from an image, image matching using the ASIFT descriptor
has been used for this project. Several other alternatives have been tried and ASIFT
stands out the most amongst the alternatives. In the next subchapter, the difference
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between these alternatives is shown. Localization is the most focused part of this
project as it has the most weight towards having the most accurate positioning of the
user on the map.

4.3 Choice of Image Matcher and Descriptor

Features are those that exist in the images. The process of finding the image features
is called feature detection. Once the image’s features are found, a feature description
is needed. Feature description is where the region around the feature can be described
from one image onto other images.

For this comparison, the important points to be compared are the features found
using the feature descriptors, the inliers, and matches of the features of the images.
Two images were used for the comparison, the same picture that is used in the
database. The results from the comparison are shown in Table 1 below.

Based on the experiment conducted, ASIFT with Flann Matcher turns out to be
the best. ASIFT shows a lot of promises where it contains a good number of features
of 28 thousand to 30 thousand and a processing time of 878.07 ms which equals
0.87 s. ASIFT also has the highest number of matches which is 1703 with an inlier of
997. ORB manages to process the fastest but has the least matches which may cause
accuracy errors. Therefore, for image localization purposes, the fastest method or
approach that can be taken is using the ASIFT descriptor with the FLANN matcher.
Looking back at the 45 images in the database, each image has around 1 s on average,
totals up to around 45–50 s of processing.

Table 1 Feature descriptors and matchers

Variables\Descriptors ASIFT + BF ORB + BF BRISK + BF

Features Img1: 28,703
Img2: 30,685

Img1: 13,686
Img2: 13,766

Img1: 44,397
Img2: 50,920

Time (s/1000) 9,011.17 ms 651.22 ms 8,582.29 ms

Inliers 984 479 669

Matches 1393 738 1184

ASIFT + Flann ORB + Flann BRISK + Flann

Features Img1: 28,703
Img2: 30,685

Img1: 13,686
Img2: 13,766

Img1: 44,397
Img2: 50,920

Time 878.07 268.15 ms 7,750.00 ms

Inliers 997 465 731

Matches 1703 794 1232
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Fig. 3 Navigation setup

Fig. 4 Navigation result
nodes

4.4 Algorithms for Navigation

For navigation, a path-finding algorithm is neededwhere two possiblemethodswhich
are A* Algorithm and Dijkstra Algorithm. In general, both algorithms are almost
identical but, A* tries to look for a better path using a heuristic function that gives
priority to nodes that are supposed to be better than the others while Dijkstra’s just
explore all possible paths. To compare, experiment contains 8 nodes where each of
the nodes has a similar distance towards the other closest nodes is conducted (Figs. 3
and 4).

Figure 5 shows the result of an experiment. Since both have the same target, the
same figure is used for reference. Each of the arrows shows the path the previous
node is going at. Both algorithms will be processed and go through most and all
nodes (for Dijkstra) to calculate the best path-finding solution (Table 2).

4.5 Results Presentation

To present the system in a more friendly and understandable manner, a website is
made as depicted previously. Awebsite is built using Flask framework and the system
is available there. The figure below shows the website layout.

On this page (Fig. 6), the user will be prompted on the iFind page. Here user can
enter their image to begin the navigation process. In Fig. 7, the user enters the place
they want to go (dropdown select). After that, the processing will begin.
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Fig. 5 iFind homepage

Table 2 Results on both
algorithm

Algorithm Results (seconds)

Dijkstra 2.29

A-Star 2.1

Fig. 6 iFind shop selection

From the image user has chosen, the image is matched with the database, and
the data are passed for the navigation to process. After successful processing, the
navigation will be drawn on the map as shown in Fig. 7. A red ‘dot’ is assumed as
the user’s initial position with the grey ‘dots’ as the path for the user to navigate to
the destination.
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Fig. 7 Result of the navigation in a pixel map

5 Conclusion

In this paper, iFind is the proposed project that focuses on developing a system that
can be used for indoor navigation. It uses another method which is image processing
and artificial intelligence as compared to the widely used approach (Wi-Fi-Based).
From the experiment, the best techniques are chosen to ensure the best accuracy and
performance. Using ASIFT + Flann-Based Matcher for the localization and A-Star
Algorithm for the navigation produces the best result. This research can be used as a
guideline or reference for upcoming projects regarding indoor navigation and indoor
localization. By having accurate indoor navigation such as iFind, users can easily
navigate throughout the building without fear of having wrong results.

Hopefully, this project will contribute to the community that tries to find the best
possible and accurate method of indoor navigation.
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Half-Sweep Newton-SOR Iteration
with Quadrature Scheme to Solve
Nonlinear Fredholm Integral Equations

L. H. Ali, J. Sulaiman, A. Saudi, and M. M. Xu

Abstract This paper aims to propose an efficient and fast iterative method to solve
the nonlinear Fredholm integral equations of the second kind (NFIE-2). For this
starting point, we discretize the general NFIE-2 using a quadrature scheme into a
corresponding nonlinear quadrature approximation equation to generate a system
of nonlinear equations. Then, we convert the nonlinear system into a linear form
usingNewton’smethod so the linear system can be solved using iterativemethods. To
speedup the convergence rate in solving the linear system,weproposed the hybridiza-
tion of the Newton-Successive Overrelaxation (NSOR) method with the half-sweep
(HS) complexity reduction technique to boost its convergence rate, called half-sweep
NSOR (HSNSOR) method. Also, we used the standard form of Newton-Gauss–
Seidel and NSOR called FSNGS and FSNSOR, respectively as control methods to
test the ability of this iterativemethod. Based on the output of numerical experiments,
we found that the application of half-sweep to the existing NSOR provides us with
a method that converge faster than the FSNGS and FSNSOR.
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1 Introduction

In this work, we consider the nonlinear Fredholm integral equations of the second
kind (NFIE-2) given by

u(s) = f (s) + λ
b∫
a
k(s, t, u(t))dt (1)

where λ is a constant real number, k is continuous on interval [a, b], f (s) is known
function, and u(s) is the unknown function which represents the solution of the
problem [1]. The linearity of Eq. (1) depends on u(t). Fredholm integral equations
are known as the most useful integral equations [2]. These equations arise in various
fields, including mathematics, physics, and engineering [3]. For that reason, many
studies have been done, which then enhance the discovery of many novel methods
as the solution of nonlinear Fredholm integral equations. The general numerical
solution of NFIE-2 consists of two major aspects, which are the discretization part
and the iteration scheme [4]. There are many methods that have been discussed to
solve these equations in the literature, either new methods or the modification of the
existing ones. Among these methods are the collocation method [5, 6], various types
of wavelets [7–9], Homotopy analysis method [10], Homotopy perturbation method
(HPM) [11, 12], Adomian decomposition method (ADM) with modified Bernstein
polynomials [3]. Newton-Kantorovich method [13, 14], etc. Basically, the studies
done always want to develop a better approach to solve the NFIE-2 to overcome
the shortcomings of the existing methods. For instance, the study in [13] has found
Newton-Kantorovich to be more accurate than HPM and ADM in solving nonlinear
Fredholm integral equations. Meanwhile in [15], study reveals that the ADM is only
the special case on HPM. In [16, 17] reveals that the discrete ADM and HPM can
overcome the weakness of the classical ADM and HPM and so on. Therefore, the
scientific research on solving NFIE-2 is developing to find a gap of improvement to
the existing methods.

The purpose of this study is to present the application of a half-sweep approach
towards the NSOR method named as HSNSOR with a quadrature scheme for
solving nonlinear Fredholm integral equations of the second kind (NFIE-2). Before
discussing on how to solve the general NFIE-2 using quadrature scheme, several
previousfindings have shown the advantages of using the quadrature family in solving
different linear mathematical models, which consist of integral part such as Fred-
holm integral equations of the second kind [18–20], Fredholm integro-differential
equations of the second kind [21] and Fuzzy Fredholm integral equations of the
second kind [22]. The main idea of their studies is to integrate the half-sweep iter-
ation concept together with a family of quadrature schemes to derive the corre-
sponding linear approximation equation. Based on the discovery of their findings,
this paper present the half-sweep iteration concept with the first-order quadrature
scheme mainly on composite Trapezoidal (CT) rule to formulate the half-sweep
composite Trapezoidal (HSCT) discretization scheme for NFIE-2.
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By imposing this proposed discretization scheme over Eq. (1), we also attempt
to present the application of the half-sweep iteration approach towards the NSOR
method named HSNSOR to solve NFIE-2. The combination of Newton’s method
with SOR iteration, which is known as NSOR iteration, has been applied in solving
NFIE-2 in [23]. It shows that the Newton’s method can play an important role to
linearize the nonlinear system to a linear form; meanwhile, SOR iteration is useful in
solving the proposed problemeffectively. It is also found that theNSOR to be efficient
method in solving large-scale nonlinear system compared to Newton-Gauss–Seidel
(NGS) and Newton-Jacobi methods. However, to fully utilize the ability of NSOR,
we improve the NSOR with the half-sweep approach to increase the efficiency of
NSOR in solving NFIE-2. Basically, the idea of the half-sweep approach was intro-
duced in the early 1990s to reduce the complexity of the iteration so the iteration time
can be reduced to form a more efficient solver [24]. The effectiveness of the half-
sweep approach has been discussed and applied in many problems such as porous
medium equations [25], two-point boundary problem [26], free space wave propaga-
tion problem [27], fractional diffusion equations [28, 29], Burger’s equations [30],
indoor path planning [31], and reaction–diffusion equations [32]. Thus, the applica-
tion of the half-sweep approach is expected to minimize the arithmetic operation
involved in the iteration process of NSOR and hence reduce the iteration time to
solve NFIE-2.

This paper is split into four main sections. In Sect. 2, we will discuss the method-
ology of this study, which covers the discretization of the NFIE-2 to form a corre-
sponding system of nonlinear equations and the formulation of HSNSOR iteration
to get the numerical solution. In Sect. 3, we present some numerical examples to test
the proposed method. Then, we present the output of this study in tables and figures.
Also, based on these outputs, we discuss the findings of this study. Finally, we give
conclusions in Sect. 4.

2 Methodology

In this section, we discuss the HSCT discretization scheme, in which this scheme
is based on the hybridization of the half-sweep iteration approach with a quadra-
ture scheme particularly on Trapezoidal rule to discretize the general NFIE-2 and
form a corresponding system of nonlinear algebraic equations. Then, we discuss the
formulation of the HSNSOR iteration based on the HSCT nonlinear approximation
equation for solving the nonlinear system. Now, referring to Eq. (1), let the interval
[a, b] to be distributed into u0, u1, u2, . . . , un with mesh spacing for full- and half-
sweep cases which equals to h and 2h, respectively so the discretization of integral
part in Eq. (1) is based on Fig. 1.

Figure 1 shows the implementation of full- and half-sweep iteration over the
corresponding linear system of Eq. (1). The difference is that the full-sweep case
counts every node point in the iteration loop, whereas the half-sweep case only
counts even numbers of the entire nodes in the iteration loop. The nodes points with
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(a)

(b)

Fig. 1 The distributions of node points on interval [a, b] for full- and half-sweep approach

odd numbers for half-sweep case will be calculated directly after the convergence
criterion is satisfied. The main advantage of this half-sweep iteration approach in
comparison to the full-sweep case is that it can reduce the arithmetic operations
involved in the iterations, so its convergence rate increases.

Using the quadrature scheme, we represent this problem using a half-sweep
approach into

u(s) − λ

n∑

j=0,2,4,...,n

k(s, t, u(t)) = f (s) (2)

For i = 0, 2, 4, . . . , n, any HSCT nonlinear approximation equations by means
of the Trapezium rule towards Eq. (2) becomes

ui − 1

2
hk(s, t0, u0) − hk(s, t2, u2)

− hk(s, t4, u4) − · · · − 1

2
hk(s, tn, un)

= fi (3)

If we consider all interior even node points i = 0, 2, 4, . . . , n towards Eq. (3),
then a system of nonlinear algebraic equations can be formed as follows

Gi (u0, u2, u4, . . . , un) = fi − 1

2
hk(s, t0, u0) − hk(s, t2, u2)

− hk(s, t4, u4) − · · · − 1

2
hk(s, tn, un) − ui (4)

Furthermore, by applying Newton’s method into Eq. (4), we can obtain the
following system of linear equations [23]
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J
(
u(k)

)
�u(k) = −G

(
u(k)

)
(5)

where,

J
(
u(k)

) =

⎡

⎢⎢⎢⎢⎢⎢⎣

d f0
du0

d f0
du2

d f0
du4

· · · d f0
dun

d f2
du0

d f2
du2

d f2
du4

· · · d f2
dun

d f4
du0

d f4
du2

d f4
du4

· · · d f4
dun

...
...

...
. . .

...
d fn
du0

d fn
du0

d fn
du4

· · · d fn
dun

⎤

⎥⎥⎥⎥⎥⎥⎦

( n
2 +1)×( n

2 +1)

,

�u(k) =
[
�u0 �u2 �u4 · · · �un

]T

We now can solve this linear system using the SOR method by splitting the
Jacobian matrix, J

(
u(k)

)
into

J
(
u(k)

) = D − L −U,

where D is a diagonal matrix, L is a strictly lower triangular matrix, and U is a
strictly upper triangular matrix. The formulation of the HSNSOR method is defined
as follows [33]

�u(k+1) = TSOR�u(k) − (ωL − D)−1G
(
u(k)

)
, (6)

where TSOR = (D − ωL)−1((1 − ω)D + ωU ), ω ∈ (0, 2).
Specifically, the implementation of the HSNSOR iteration to solve the linear

system (5) is written in Algorithm 1.
Algorithm 1: HSNSOR method

Step 1. Let ∇u(k) = 0 and k = 0 be the initial value and ε = 10−10.
Step 2. Assign k = 0 and compute J

(
u(k)

)
and G

(
u(k)

)
,

Step 3. Find current value, �u(k+1).

(i) For i = 0, 2, 4, . . . , n, calculate

∇u(k+1)
i ←

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(
∇u(k)

i + ω
Ai Ki,i

(
bi −

n∑
j=2

Ai Ki,i∇u(k)
j

))
, i = 0

(
∇u(k)

i + ω
Ai Ki,i

(
bi −

n−2∑
j=0

Ai Ki,i∇u(k+1)
j

))
, i = n

(
∇u(k)

i + ω
Ai Ki,i

(
bi −

n−2∑
j=0

Ai Ki,i∇u(k+1)
j −

n∑
j=2

Ai Ki,i∇u(k)
j

))
, otherwise

(ii) Repeat step 3 (i) until the convergence criterion
∣∣∣∇u(k+1)

i − ∇u(k)
i

∣∣∣ ≤ ε is

satisfied, otherwise go to step 4.
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Step 4. Repeat step 2 until the convergence criterion
∣∣∣∇u(k+1)

i − ∇u(k)
i

∣∣∣ ≤ ε is

satisfied, otherwise go to step 5.
Step 5. Calculate the approximate solution of odd node points using directmethod.
Step 5. Display the output.
Step 6. Stop.

3 Numerical Experiments

In this section, we present three numerical examples and their findings to validate
the proposed method based on performance analysis in solving Eq. (1).

Example 1 Consider the following NFIE-2 [34]

f (s) = 1 − 5

12
s + 1∫

0
ts[u(t)]2dt (7)

where the exact solution is u(s) = 1 + 1
3 s.

Example 2 Consider the following NFIE-2 [35]

f (s) = − s

9
− s2

8
+ s3 + 1∫

0

(
s2t + st2

)
u2(t)dt (8)

where the exact solution is u(s) = s3.

Example 3 Consider the following NFIE-2 [36]

f (s) = e(1)s + 1 − 1∫
0
(s + t)e(u(t))dt (9)

where the exact solution is u(s) = s.

To test the ability of this HSNSOR method, we used the FSNGS and FSNSOR as
control methods. The experiment of this study has been done using the C language
on Borland C++. For each tested example, the methods are applied on five different
orders of the coefficient matrix as n = 512, 1024, 2048, 4096, 8192. Basically, the
output of numerical experiments obtained from FSNSOR and HSNSOR methods
depends on the value of the weighted parameter, ω. The value of optimum ω, which
gives the minimum iteration time, will be chosen as the best output. All data are cate-
gorized based on three parameters: number of iteration, iteration time, andmaximum
absolute error. The obtained results of HSNSOR are compared with the FSNGS and
FSNSOR in the following Tables.

Tables 1, 2 and 3 indicates the overall performance of HSNSOR in comparison
with FSNGS and FSNSOR. Specifically, trends for the iteration time of all these
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Table 1 Numerical results for example 1

M Methods k Time Error

512 FSNGS 183 0.94 3.17884E-06

FSNSOR 120 0.65 3.17895E-06

HSNSOR 120 0.18 1.27165E-05

1024 FSNGS 183 3.76 7.94608E-07

FSNSOR 120 2.52 7.94720E-07

HSNSOR 120 0.65 3.17895E-06

2048 FSNGS 183 14.97 1.98558E-07

FSNSOR 120 10.04 1.98670E-07

HSNSOR 120 2.52 7.94719E-07

4096 FSNGS 184 60.23 4.95456E-08

FSNSOR 120 40.20 4.96584E-08

HSNSOR 120 10.03 1.98670E-07

8192 FSNGS 184 240.11 1.22926E-08

FSNSOR 120 159.97 1.24055E-08

HSNSOR 120 40.10 4.96584E-08

Table 2 Numerical results for example 2

M Methods k Time Error

512 FSNGS 64 0.35 1.12683E-05

FSNSOR 54 0.32 1.12683E-05

HSNSOR 54 0.10 4.50768E-05

1024 FSNGS 64 1.41 2.81702E-06

FSNSOR 54 1.18 2.81703E-06

HSNSOR 54 0.30 1.12683E-05

2048 FSNGS 64 5.54 7.04247E-07

FSNSOR 54 4.72 7.04254E-07

HSNSOR 54 1.18 2.81703E-06

4096 FSNGS 64 22.00 1.76056E-07

FSNSOR 54 18.78 1.76063E-07

HSNSOR 54 4.69 7.04254E-07

8192 FSNGS 64 87.79 4.40084E-08

FSNSOR 54 75.06 4.40156E-08

HSNSOR 54 18.77 1.76063E-07
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Table 3 Numerical results for example 3

M Methods k Time Error

512 FSNGS 91 2.18 8.77993E-07

FSNSOR 76 1.82 8.77991E-07

HSNSOR 76 0.52 3.51197E-06

1024 FSNGS 91 8.65 2.19497E-07

FSNSOR 76 7.25 2.19496E-07

HSNSOR 76 1.83 8.77991E-07

2048 FSNGS 91 34.56 5.48736E-08

FSNSOR 76 28.85 5.48718E-08

HSNSOR 76 7.16 2.19498E-07

4096 FSNGS 91 139.20 1.37176E-08

FSNSOR 76 115.41 1.37158E-08

HSNSOR 76 28.54 5.48735E-08

8192 FSNGS 91 498.64 3.42862E-09

FSNSOR 76 417.53 3.42680E-09

HSNSOR 76 114.36 1.37176E-08

methods are shown in Figs. 2, 3, and 4 for Example 1, 2, and 3, respectively. It is
shown from these figures that the iteration time for the HSNSOR iteration has a
faster convergence rate compared to FSNGS and FSNSOR iterative methods. Also,
the amount of iteration time needed for HSNSOR n = 1024, 2048, 4096, 8192
is approximately as much as the amount of iteration time recorded for FSNSOR
from the previous n = 512, 1024, 2048, 4096, respectively. This matter is due to
the implementation of half-sweep towards NSOR, which has reduced the arithmetic
operation involved in the iteration process to half its actual arithmetic operation.

Fig. 2 The behavior of execution time for considered methods as mesh size increases (example 1)
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Fig. 3 The behavior of execution time for considered methods as mesh size increases (example 2)

Fig. 4 The behavior of execution time for considered methods as mesh size increases (example 3)

Table 4 Reduction
percentages of FSNSOR and
HSNSOR in comparison with
FSNGS

Methods Iteration time (%)

Example 1 Example 2 Example 3

FSNSOR 30.85–33.38 8.57–16.31 16.18–17.09

HSNSOR 80.85–83.35 71.43–78.72 76.15–79.50

The advantage of NSOR, which was discussed in [23], is that it can solve the
large-scale system of nonlinear equations of NFIE-2 by converting it to a linear form
then solving it iteratively. Also, the application of NSOR can reduce the number of
iterations and boost iteration time compared to NJacobi and NGS iterative methods.
Thus, when paired with the half-sweep approach to form the HSNSOR, we can
utilize it to solve NFIE-2 by lowering the computational complexity of NSOR so the
iteration time will be minimized (Table 4). Hence, this proposed method produces a
significantly faster convergence rate compared to FSNGS and FSNSOR.
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4 Conclusions

This study proposed the combination of half-sweep with NSOR to form HSNSOR
for solving the NFIE-2. From the numerical experiments, we found that the imple-
mentation of the HSNSOR iteration can reduce the efforts of its iteration time up to
83% compared to NGS by reducing the numbers of arithmetic operations involved
in implementing its iteration process. The comparative analysis with FSNGS and
FSNSOR methods found that the HSNSOR iteration has tremendously boosted its
convergence rate much higher than the FSNGS and FSNSOR. This matter is due
to implementing the half-sweep approach, which helps in utilizing the FSNSOR in
solving NFIE-2. For future research, this finding could be motivated to generate
more efficient methods by adding some improvements. This research can be further
expanded into the means of two-step level [18, 20, 31], weighted parameter block
point [24, 37], and accelerated parameter [28] iterative methods.

Acknowledgements The authors would like to acknowledge the financial support by Universiti
Malaysia Sabah under UMSGreat: GUG0485-1/2020.
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Microphone-Independent Speech
Features for Automatic Depression
Detection Using Recurrent Neural
Network

Mugahed Al-Ezzi Ahmed Ezzi, Nik Nur Wahidah Nik Hashim,
and Nadzirah Ahmad Basri

Abstract Depression is a common mental disorder that has a negative impact on
individuals, society, and the economy. Traditional clinical diagnosis methods are
subjective and necessitate extensive expert participation. Because it is fast, conve-
nient, and non-invasive, automatic depression detection using speech signals is a
promising depression objective biomarker. Acoustic feature extraction is one of the
most challenging techniques for speech analysis applications in mobile phones. The
values of the extracted acoustic features are significantly influenced by adverse envi-
ronmental noises, a wide range of microphone specifications, and various types of
recording software. This study identified microphone-independent acoustic features
and utilized them in developing an end-to-end recurrent neural network model to
classify depression from Bahasa Malaysia speech. The dataset includes 110 female
participants. Patient Health Questionnaire 9, Malay Beck Depression Inventory-II,
and subjects’ declaration of Major Depressive Disorder diagnosis by a trained clin-
ician were used to determine depression status. Multiple combinations of speech
types were compared and discussed. Robust acoustic features derived from female
spontaneous speech achieved an accuracy of 85%.
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1 Introduction

Depression is one of the most widespread mental illnesses. Depression is thought to
affectmore than 300million people of all agesworldwide [1]. As a result, the affected
person may underperform at work, school, and at home. In the worst-case scenario,
depression may lead to suicide. In Malaysia, depression is the most common mental
disorder [2]. The prevalence of mental health disorders has gradually increased
from 10.7% in 1996 to 29.2% in 2015 [3]. According to the World Health Orga-
nization’s Global Health Observatory data repository, Malaysia recorded a ratio of
1.05 psychiatrists per 100,000 people in 2016 [4]. In 2018, the number increases to
410 registered psychiatrists, or equivalent to 1.27 psychiatrists per 100,000 people,
however, still far from sufficient. WHO recommends a psychiatrist-to-population
ratio of 1:10,000. The current ratio, however, is just 1:80,000 [5]. A severe shortage
of psychiatrists in the country may cause a slew of issues for those suffering from
mental illnesses. Delays in seeking help, long wait times for medical consultations,
poor quality outpatient mental health services, insufficient follow-up and treatment
compliance, increased substance abuse and addiction prosecutions, increased suicide
rates, unemployment, and homelessness are just a few examples.

Early intervention to prevent clinical depression may be an effective technique
for reducing the disease’s impact. However, there are currently few diagnostic tools
available for identifying depression. Furthermore, in evaluation procedures, profes-
sional judgment is mainly used, leading to a number of subjective biases. As a result,
it’s critical to look for new objective ways to help doctors diagnose and monitor
clinical depression [6].

Scientific researches have established a link between depression and human
speech. Prosodic abnormalities are associated with a person’s depression. Low, slug-
gish, hesitating, monotonous, stuttering, and whispering are all characteristics of a
depressive voice. These irregularities are caused by phonation and speech problems
caused by phonological loop and neuromuscular motor control deficiencies linked
with depression. As a result, speech is a sensitive output system; slight physiological
and cognitive changes can cause audible modifications [7–10].

The use of speech signal processing to create diverse tools is an integral part
of cognitive information communication [11]. Automatic depression diagnosis is
now achievable because of this intriguing study topic of generating non-invasive
diagnostic biomarkers utilizing speech signals. Speech-based depression diagnosis
is quick and straightforward for a broader range of people to use.

2 Related Work

Many researchers have proven the effectiveness of prosodic indicators to capture
depression levels, especially the promise of speech rate [12–16]. Liu et al. examined
92 depressed and 92 controlled participants and revealed that speech pause time
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is a potential depression biomarker in spontaneous speech. However, there were
insufficient experimental results to prove these features’ robustness for an automatic
depression diagnosis [17].

Low et al. investigated numerous acoustic features, such as glottal, cepstral, spec-
tral, prosodic, and aTeager energy operator-based feature [18]. Their best-performing
systems, using sex-dependentmodels, achieved 87%and 79%accuracy formales and
females, respectively. In Cummins et al. study, Mel-Frequency Cepstral Coefficients
(MFCCs) and spectral features were helpful, distinguishing 23 depressed partici-
pants from 24 controls with an accuracy of 80% in a speaker-dependent setup [19].
Scherer et al. found glottal features (normalized amplitude quotient and quasi-open
quotient) varied substantially between and control and depressed groups [20]. They
discovered glottal features achieved an accuracy of 75% in differentiating between
the two groups. Alghowinem et al. examined a number of features for detecting
depression from spontaneous speech and discovered intensity and loudness features
to be the most discriminative [21].

In other researches, low-level descriptors (LLD) are being used for depression
detection as these features were regarded as excellent indicators of depression [8,
21–23]. References [24, 25] examined 37 LLD features, namely shimmer, jitter,
intensity, fundamental frequency (f0),Mel-filtered band energies (27 bands), formant
frequencies, and their bandwidths (F1, F2, F3, B1, B2, B3). They also compared
spontaneous and read speech and found out that spontaneous speech led to slightly
higher accuracy; however, read speech could be a better indicator for automatic
diagnosis. With a dataset of 73 participants, they reported an accuracy of 86% from
spontaneous speech using an SVM classifier.

Long et al. investigated four different types of speech, word reading, passage
reading, interview, and picture description. Using a dataset of 74 participants, the
interview speech gave better results; however, they constructedmultiple classification
systems that combine all types of speech and used an SVM classifier to achieve 78%
accuracy [26]. Guan et al. compared three different types of classifiers, K-nearest
neighbors (KNN), Gaussian mixture model (GMM), and Support vector machine
(SVM) [6]. SVM indicated the highest classification score and the best constancy
for both males and females, with 80.3% and 75.96% accuracy, respectively, trained
on 170 subjects.

Vlasenko et al. implemented gender-dependent vowel-level formant analysis and
used a dataset size of 189 participants to train a linear classifier. They achieved
an overall F1 score of 63% and 89% for depressed and not-depressed classes,
respectively [27].

Liu et al. investigated ensemble learning methods. They combined multiple
classifiers and trained on 184 subjects achieving 74.3% accuracy [28]. Similar
to this dataset size, [29] extracted different acoustic features, namely Chomsky-
Halle phonetic markedness and the Hamming distance mean, and trained the simple
decision tree classification from the MATLAB toolkit achieving 69.5% accuracy.

Using a relatively bigger dataset consisted of 740Chinese female participants, [30]
trained an SVM classifier using 988 speech features to detect depression, achieving
75% accuracy. While [10] extracted Voice Quality (VQual) features from 1668
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Chinese female participants and used them together with MFCCs features to train a
GMMS classification model and achieved 94.79% accuracy.

Using recurrent neural networks, this paper proposes a novel approach for auto-
matic speech-based depression detection. We constructed a model that accepts
multiple audio features combined as an input vector. Different combinations of
acoustic features were examined and discussed. Additionally, we utilized two types
of female speech data: female read data (FR) and Female Spontaneous data (FS).
Read speech fixes the syntax and vocabulary, whereas spontaneous speech leaves the
speaker free to choose their own syntax and vocabulary. This research investigates
the robustness of depression detection from these two speech types. Moreover, we
applied features reduction to filter out unreliable features across different recording
devices to achieve higher accuracy.

3 Dataset

3.1 Dataset Collection

To gather the dataset, an online form has been made available. The form includes
submission of BDI-II questionnaire (Malay version), PHQ9 questionnaire, a voice
recording of them reading a particular piece (read speech), and a voice recording
of answering three general questions (spontaneous speech). Participants were also
asked if they have any mental health records relating to depression.

The submitted BDI-II and PHQ9 scores of participants with clinical reports were
used as a label for annotating each subject with their depression classification. The
collected dataset consists of 42 depressed and 69 healthy female participants.

3.2 Dataset Pre-Processing

Firstly, speech signals were split into 10 s clips. Each clip is to be used as one sample.
Secondly, the voice signal amplitude is scaled between −1 and 1. Afterward, audio
features were extracted from the audio clips and then combined to form an input
array to the neural network model.

3.3 Feature Extraction

Acoustic features based on pitch, loudness, and timber are psychoacoustic proper-
ties of auditory signals commonly used for speech and music analysis. Researchers
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in this field suggest aggregating acoustic features such as Chroma, Mel Spectro-
gram, MFCC, Spectral Contrast, and Tonnetz overperformed single features in the
automatic speech recognition systems [31, 32].

Chromagram (Chroma) features are widely utilized in audio analysis and recogni-
tion tasks. It is known for its resistance to timbre fluctuations and its tight relationship
to the musical feature of harmony. Pitch class profiles are another name for it. The
audio file is transformed into a series of chroma features for feature extraction. Each
sequence shows how the signal’s short-time energy is distributed throughout the
twelve chroma bands [33, 34].

Tonal centroid features (Tonnetz), or the harmonic network, signify pitch [35].
The tonal centroid vector tn of time frame n is the result of multiplication of the
chroma vector cn and a transformation matrix T. Then, the tn divided by the L1 norm
of chroma vector to prevent numerical instability and ensure that the tonal centroid
vector dimension is always six. The tonal centroid vector is given as

tn(d) = 1

‖cn‖1
11∑

i=0

T (d, l)cn(l)
0 ≤ d ≤ 5
0 ≤ l ≤ 11

(1)

where d is the index of which of six dimensions is being evaluated, and l is the chroma
vector pitch class index.

Each frame of a spectrogram is separated into sub-bands by the Spectral Contrast
feature. The energy contrast for each sub-band is calculated as the difference between
the mean energy in the top quantile (peak energy) and the mean energy in the lowest
quantile (valley energy). Broad-band noise has poor contrast values, whereas clear,
narrow-band signals have high contrast values [36].

MFCCs are widely utilized in automatic voice recognition and speaker recogni-
tion. They were first introduced by Davis and Mermelstein in 1980 [37]. The MFCC
features are extracted by windowing the signal, applying the discrete Fourier trans-
form, taking the log of the magnitude, and then warping the frequencies on a Mel
scale, followed by performing the inverse discrete cosine transform.

A Mel Spectrogram is a spectrogram in which the frequencies are transformed
to the Mel scale. The spectrogram can be obtained by performing the FFT on
overlapping windowed portions of the signal.

Thefive featuresmentioned above are extractedbyutilizingLibrosaPython library
[38] for every audio clip and combined into one array to form the input element to
the neural network model. Table 1 shows the summary of the extracted features. The
final shape of the input array will be in a size of 193 elements. The first 40 elements
represent MFCCs, followed by 12 elements representing Chroma, followed by 128
elements representing Mel, followed by seven elements representing contrast, and
the last six elements represent Tonnetz.
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Table 1 The list of extracted
acoustics features

ID Feature Dimension Parameter labels

1 MFCC 40 Mfcc1 to mfcc40

2 Chroma 12 Ch1 to ch12

3 Mel-Spectrogram 128 M1 to m128

4 Contrast 7 Con1 to con7

5 Tonnetz 6 Tn1 to tn6

3.4 Robust Features Selection

This section will present an experiment to investigate acoustic features’ dependency
on the recording device. This experiment helps identify robust acoustic features from
voice recordings gathered through different mobile devices. Audio features with low
dependence or independence on recording devices will be selected and used as an
input to the depression detection model.

We recorded each participant’s speech reciting the rainbow passage using seven
different mobile phones simultaneously. Recordings from a total of eight participants
have obtained. Table 2 lists the brand, model, and specifications for the mobile
phones used in the experiment. The rainbow passage is a short passage that contains
alliterations and irregular consonant and vowel combinations that speech therapists
commonly use to assess vocal abilities.

To properly compare the data values of the derived characteristics, the coefficient
of variance (CV) is adopted. The CV determines how consistent the values of each

Table 2 Mobile phones specifications used for recording

Brand Model Specifications

Frequency
response

Dynamic
range

Total
harmonic
distortion

Bit rate
(Kb/s)

Channel Sampling
rate (kHz)

Apple iPhone
7

+0.06, −
0.10

92.3 0.0015 64 1 48

Apple iPhone
XR

+0.07, −
0.01

93.2 0.0013 64 1 48

Oppo A71 +0.04, −
0.05

93.0 0.0015 320 2 48

Samsung Galaxy
S10

+0.03, −
0.04

92.0 0.0015 128 1 44.1

Huawei Y9 +0.01, −
0.03

93.0 0.0013 148 2 48

Apple iPhone
6

+0.03, −
0.04

93.5 0.0016 64 1 44.1

Oppo Reno 2 +0.04, −
0.05

93.0 0.0015 320 2 48
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Fig. 1 Speech signal waveform for the simultaneous recording of one of the participants reciting
the rainbow passage using seven devices

set are with the data set’s mean. The stronger the homogeneity within the data set,
the lower the percentage CV value. As shown in Eq. (2), the CV can be calculated
as the ratio of the standard deviation (σ ) to the mean (μ).

CV = σ

μ
× 100% (2)

Figure 1 shows the speech signal waveform for the simultaneous recording from
one of the participants reciting the Rainbow Passage using the seven devices listed in
Table 2. We have extracted the acoustic features listed in Table 1 for each participant
across all test devices. Subsequently, features are normalized to values between 0
and 1. Afterward, the mean and the standard deviation are calculated. Finally, the
coefficient of variance CV is calculated to perform the comparison. The summary of
the CV results is shown in Figs. 2 and 3.

Generally, the CV threshold value to indicate the unity and consistency of the data
depends on the field of study and the application. It is mainly used to indicate the
relative difference between one set of values and another. However, in this research
study, CV values less than 20% indicate a significantly precise set of values for
acoustic features. Therefore, we will select the features with a CV value of less than
20% for all participating subjects. Table 3 list all the features that are within the 20%
range of CV.

Out of 193 extracted features used as an input to the speech depression detection
model, only 20 features show robustness and consistency when examined against
different recording devices. These features have a higher potential to generate a
better performance when used for the depression detection model. This is because
the collected speechdepressiondataset is recordedusingdifferentmobile phoneswith
different specifications. The robust feature selection experiment provided evidence
that not all extracted features can be used as an input to the neural network model
training. Hence, we will test the depression detection model by combining the
selected robust features in one input array and performing the training.
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Fig. 2 CV between seven devices graph for MFCC, Chroma, Contrast, and Tonnetz

Fig. 3 CV between seven devices graph for mel

Table 3 List of acoustic
features having CV less than
20%

Feature name Selected features (CV < 20%)

MFCC MFCC-2

Chroma Chroma-1–Chroma-12

Mel Mel-128

Contrast Contrast-2–Contrast-7
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4 Method

4.1 Recurrent Neural Network Model

Recurrent means the output at the current time step becomes the input to the next
time step. At each element of the sequence, the model considers the current input and
what it remembers about the preceding elements. The memory enables the network
to learn long-term dependencies in a sequence, which means it can take the whole
context into considerationwhenmaking a classification, in our case, the entire speech
signal. Thus, basically, a recurrent neural network (RNN) is a layer made of memory
cells. The most common cell is the LSTM which preserves a cell state and a carry
for guaranteeing that the signal is not lost while the sequence is processed. At each
training stage, the LSTM considers the current signal, the carry, and the cell state.

In our experiment, we constructed three LSTM layers, two Dense layers, and a
Dense classification layer at the end. Moreover, dropout is applied to the output of
each layer. Figure 4 illustrates the neural network model architecture detail.

Fig. 4 The implemented RNN model architecture
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Table 4 Accuracy result summary for acoustic features input

Speech type Input feature DNN model Validation Acc

FR MFCC RNN 0.53

Contrast RNN 0.69

Mel RNN 0.49

Chroma RNN 0.47

Tonnetz RNN 0.46

MFCC + Contrast + Mel RNN 0.50

MFCC + Contrast + Mel + Chroma + Tonnetz RNN 0.51

FS MFCC RNN 0.50

Contrast RNN 0.63

Mel RNN 0.49

Chroma RNN 0.51

Tonnetz RNN 0.50

MFCC + Contrast + Mel RNN 0.49

MFCC + Contrast + Mel + Chroma + Tonnetz RNN 0.50

FR + FS MFCC RNN 0.50

Contrast RNN 0.77

Mel RNN 0.48

Chroma RNN 0.49

Tonnetz RNN 0.59

MFCC + Contrast + Mel RNN 0.50

MFCC + Contrast + Mel + Chroma + Tonnetz RNN 0.50

5 Results and Discussion

5.1 Acoustic Features Input Result Analysis

In this section, we represent the result from training the five features separately as
well as combined features. Consequently, a total of 21 models are trained. The initial
learning rate was set to 0.001, and the batch size used is 8. The result summary is
shown in Table 4.

5.2 Robust Features Input Result Analysis

In this section, we will discuss the results of utilizing robust features that have been
selected. The input layer is modified to accept the input array’s new size, which is
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Table 5 Accuracy results
summary for robust features
input

Speech type Input feature DNN model Validation Acc

FR Robust Features RNN 0.70

FS Robust Features RNN 0.85

FR + FS Robust Features RNN 0.75

Fig. 5 RNN training graph using robust features from FR data

(20, 1). The initial learning rate was set to 0.001, and the batch size used was 8. The
result summary is shown in Table 5.

The robust features show impressive results, as expected. It improves the accuracy
of depression detection by approximately 7%. Besides, spontaneous speech achieved
the highest accuracy in feature input at 85%. Figure 5 shows the training graphs detail
for RNNmodel training using robust features from FS data. All graphs are Gaussian
smoothed with a factor of three.

6 Conclusion

This research investigates the potential of speech-based automatic depression detec-
tion from Bahasa Malaysia speech using deep learning. One of the purposes of
developing a detection system is to make it accessible and available for a wide range
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of users. Thus, when it comes to implementing this system into practice, we demon-
strated that some of the acoustic features can be dependent on the recording device.
Consequently, they are no longer valid to be used in these implementations.

Speech type comparison revealed that spontaneous speech provides a stronger
indication of a speaker’s mental state of depression. This is consistent with the
notion behind speech production and its connection to the speaker’s mental state.
Furthermore, it is the closest kind of speech to how psychiatrists utilize it in their
clinics while interviewing patients.

Robust feature selection opens up a new critical concern that should be considered
in future developments for any acoustic features-dependent system. It is essential
to understand if various microphones affect the acoustic measurements of voice
signals in applications that need input signals from many devices or microphones,
particularly in mobile applications.

For future work, more depression speech data should be collected for this research
field. Thiswill allow other researchers to performbenchmarking and improve depres-
sion detection further. Moreover, the developed model should be tested against
male and female data, and possibilities of developing gender-independent and even
language-independent models should be further studied.
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Computer Aided System for Automatic
Detection of Brain Tumor

Zaib Ali, Audrey Huong, and Wan Mahani Hafizah Wan Mahmud

Abstract A brain tumor is a life-threatening disease that can be diagnosed with
medical imaging systems. The latter play significant roles in healthcare in assisting
medical professionals in visualizing and localizing regions of the suspected tumor.
An automatic system able to provide an accurate diagnosis for supporting radi-
ologists’ interpretation of digital images is highly sought after. In this study, an
intelligent system using Support Vector Machine (SVM) classifier for diagnosis of
brain tumor is proposed. This study considered 140 Magnetic Resonance Imaging
(MRI) images comprised of 70 normal and 70 abnormal images for investigations.
To further improve the classifier’s efficiency, fivefold cross validation is performed to
train and test the developed system rigorously. The results showed that the developed
system achieved relatively good performance with accuracy, specificity, precision,
and recall rate of 85.7%, 87.1%, 86.8%, and 84.3%, respectively. In conclusion, the
performance of the developed system may be further improved by including more
data, for example through the augmentation process in the training. This is in addition
to different adaptability that may be required in preprocessing and classification.

Keywords Computer aided · Magnetic resonance imaging · Brain tumor · Support
vector machine · Automatic system

1 Introduction

Cancer is consideredoneof theworld’smost examineddiseases and auniversal public
health problem.Abrain tumor is a common type of cancer [1, 2]which is an abnormal
and uncontrollable development of cells inside the brain. The effects of the tumor
may differ depending upon its characteristics, e.g. growth, size, and location [3], from
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headache or disturbance of vision in mild cases to abnormal brain function caused by
swelling, inflammation, and pressure created within the various regions of the skull
[4–6]. It has been reported in [7] that 12.7 million people worldwide were diagnosed
with cancer, with 7.6million deaths recorded each year. The annual number of deaths
would continue to rise and this figure was expected to reach 26 million new deaths
by 2030.

After the invention of the first MRI in 1969, this technology was further improved
for use on humans in 1977 [8]. The anatomical structure of organs may be envisaged
in detail with the aid of MRI, which is considered a better technique because of
its capability to extract soft tissue information, especially that of brain tumors, as
compared to X-ray and Computed Tomography (CT) scan [8–10]. Several research
projects have previously suggested the implementation of different medical image
classification techniques and systems [5, 11, 12] using the results of these imaging
modalities. This is largely because of their non-invasive and strong image resolution
qualities attributes, which play the most essential role in brain tumor diagnosis and
treatment planning [13].

In the previous practices, following the scanning process, image segmentation
would be carried out to manually separate contradictory regions with similar prop-
erties (to the ones identified by users as possible targets) before diagnosis. Even
though this process is time consuming and laborious, especially when it involves
large amounts of information [14], the procedure can be beneficial for radiologists
in terms of reliability and efficiency in diagnosing brain tumors [15]. Therefore,
automatic systems are urgently required to address the aforementioned problems.
The development of a semi-automatic or automated computer-aided (CA) detection
system for brain tumor segmentation is highly sought-after as correct diagnoses can
be made by radiologists to confirm their interpretation [11]. Computer-aided diag-
nosis (CAD) has been recommended in earlier studies [16, 17] to distinguish diseased
from healthy brains using MRI analysis. This kind of research is still of interest due
to the continual improvement in the performance, functionality, and characteristics
of MRI producing an enormous number of database images available for public use.

Thewatershed transformation onMRI images demonstrated by [18] is an example
of a technique used to segment abnormal regions. The tumor extraction process
consists of finding, tracing, positioning, and recognizing the abnormal regions from
theMRI brain images, whichwould assist in determining the tumor size and location.
Even though the watershed algorithm is well-known for its complete division of the
image, over segmentation of brain images is its key drawback. In the work of [18],
efforts were made to enhance watershed transformation for brain tumor extraction
by applying various morphological operations and segmentation. Later on, Fuzzy
C-means algorithm was developed by [19], which was shown to have better segmen-
tation outcomes in identifying tumors from MRI brain images. In the corresponding
work, morphological operations for the opening and closing of structures had been
performed in the initial stage. This is followed by the application of Wiener filter
to eliminate noise and to increase contrast. From the experimental findings, it was
found that preprocessing stage has a significant role in increasing the accuracy of
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tumor segmentation and detection. The study reported 73.58% accuracy using this
proposed method.

Feature extraction is a strategy where important data are collected for visualiza-
tion of the result in the details instead of the whole image [2]. Numerous features
such as energy, kurtosis, contrast, homogeneity, and correlation have been explored
with good accuracy in the past in extracting geometrical parameters (i.e., area and
perimeter) of abnormal regions [20]. The approach proposed by [21] suggestedOstu’s
thresholding and morphological techniques for tumor area extracted fromMRI brain
images, and the workers reported 86% accuracy using the developed system. Mean-
while classification performed using Fuzzy C-means algorithm [2] and k-Nearest
Neighbours (KNN) methods [1] produced an accuracy of 85.45% and 70%, respec-
tively. Backpropagation neural network algorithmwas used by [22] for classification,
and the researchers reported a prediction accuracy of 76.19%. SVM has also been
successfully applied for brain tumor classification tasks in [23, 24] and was reported
in [1] to showgood accuracy (i.e., 90%) in its estimation. This is in addition to its rapid
learning performance [25], robustness to noise or outliers, and high susceptibility to
overfitting.

Even though different techniques for the detection of tumor from MRI brain
images were extensively explored in the past, challenges in detecting comprehen-
sive information of brain tumors, such as tumor size and location, using MRI brain
images still remained. This included the use of deep learning models for brain image
classification as this approach requires massive data for learning the features. Mean-
while, it is found from previous works with manual features extraction and selection
process that each stage, starting from image preprocessing, segmentation, feature
extraction, and classification, plays a critical role in the detection of brain tumor.
Among these, classification is considered as the most crucial step in the process of
MRI images interpretation while the remaining steps are supporting it. This study
employed an SVM algorithm for the classification of MRI brain images before the
measurement of brain tumor size and location. This is following the good accuracy
of the technique reported in earlier works [1]. Unlike the prior works in [23, 24] that
focus on capturing the suspected region in an MRI brain cancer image to confirm
the diagnosis (as benign or malignant), this study aims to differentiate tumor and
non-tumor MRI brain images. The outcomes of this research would be beneficial in
terms of providing timely and effective diagnosis to the patients using the spatial
information of brain tumors. All simulation works are carried out using MATLAB®

(version R2017b).

2 Research Methods

This study considered 140MRI brain images collected fromKaggle databasewebsite
(www.kaggle.com). This dataset consists of 70 images of normal brains and 70
images of brain tumors. A flow chart of image processing processes implemented

http://www.kaggle.com
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Fig. 1 The image processing and classification flow diagram

in this work is shown in Fig. 1, and the details of each step are described in the
following subsections.

2.1 Brain Image Dataset

A total of 140 images are selected from Kaggle dataset for processing in this work.
These images include 70 images for normal and 70 images for tumor. A fivefold
cross validation is applied for the training and testing of this classifier. Prior to the
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machine learning experiments, the set of data was first randomly divided into five
groups (in each fold), one group of the images is used as the testing data while the
remaining four are used as training data. At the end of this process (i.e., after 5-folds),
all data are used for training and testing. The testing results are then analyzed for
performance assessment of the trained classifier.

2.2 Brain Image Processing and Classification

Preprocessing is an important stage in this study to optimize visualization, enhance
the data mining process, and improve the quality of input images. By performing
the latter task, one would expect improvement in the overall accuracy of the system
[10]. There are many factors that may influence the performance of imaging, such
as differences in the quality of MRI modalities, and variations in image exposure
and brightness. All brain images of varying sizes used for demonstration work in
this study were first collected from the data source. These gathered color images (in
Red, Green, Blue spaces) were further converted into gray levels using MATLAB®

command rgb2gray to minimize complexity and computing power. The resultant
images are made up of different shades of gray values, varying from white (value
= 0) to black (value 255). Next, these images were adjusted to size 256 × 256
pixels to allow consistent image size for further processing. The resizing of images
was executed using imresize command. In the last phase of the preprocessing stage,
contrast adjustment was implemented to enhance the visual quality of the images
using imadjust function.

2.3 Investigated Features and Image Segmentation

Extraction of features for segmentation of MRI brain images is performed after the
preprocessing stage to obtain important characteristics from the suspected regions
[12]. For this purpose, different statistical (i.e., mean, variance, standard deviation,
median, skewness, and kurtosis) and Gray Level Co-Occurrence Matrix (GLCM)
based textural (i.e., contrast, correlation, homogeneity, energy, and entropy) features
listed in Table 1 are considered. These features are used herein to partition dissimilar
areas having similar pixels characteristic from processed images.
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Table 1 Statistical and textural features considered in this work

Features Explanations Formulas

Mean, μ The mean indicates each super-pixel’s
average gray value. Let A(i, j) be a
super-pixel with N pixels (i.e., two
dimensional image of pixel indices i
and j)

μ = 1
N

∑

i
.
∑

. j
A(i, j)

Variance, σ The variance is the squared deviation
of random variables from its μ

σ =

1
N−1

N∑

i, j=1
[A(i, j) − μ]2

Standard deviation, s The standard deviation is often used
for defining the degree of super-pixel
discretization

s =
√

∑
i .

∑
j [A(i, j)−μ]2

N

Median, M Median is the middle number in the
sorted list of intensity data (i.e., total
pixels, N = even number in this case)

M = (N+1)th

2 (term)

Skewness, μ3 Skewness is used to define the
symmetry and asymmetry of the
distribution of intensities around the
center point

μ3 = 1
N

∑
i · ∑ j [A(i, j)−μ]3

s3

Kurtosis, μ4 The kurtosis is used to describe the
correlation between the distribution of
intensity and the normal distribution

μ4 = 1
N

∑
i · ∑ j [A(i, j)−μ]4

s4

Contrast Contrast is used to indicate image
clarity and the degree of groove depth
in the texture, where Pi, j represents
pixels of image

Contrast =
∑

i, j
pi, j (i − j)2

Correlation Correlation is used for calculating the
degree of correlation between the
pixels in the direction of the row or
column

Correlation =

∑

i, j
pi, j

⎡

⎣ (i−μi )( j−μ j )√
(
σ 2
1

)(
σ 2
j

)

⎤

⎦

Homogeneity Homogeneity is used to signify the
closeness between the GLCM diagonal
and the distribution of elements

Homogeneity =
∑

i, j

Pi, j
1+(i− j)2

Energy The energy value is equal to the
number of the GLCM square
components

Energy = ∑

i, j
p(i, j)2

(continued)
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Table 1 (continued)

Features Explanations Formulas

Entropy It is a statistical measure of
randomness that can be used to
characterize the texture of the input
image. This parameter determines the
probability (across image j dimension,
P{j}) of an intensity value occurring at
a particular set of pixels, k (i.e.,
window)

Entropy =
− ∑

j∈k P{ j} log(P{ j})

2.4 Brain Images Classification Using Support Vector
Machine

Classification is the method of categorizing images into two groups, i.e., regular
and abnormal based on the derived characteristics defined in Sect. 2.3. There are
multiple machine learning algorithms previously used to identify MRI brain images
including random forest (RF),KNN,SVM, andLinearDiscriminantAnalysis (LDA).
There are mainly two types of classification namely supervised and unsupervised
classification methods. The supervised classification approach deals with inputting
training set together with its ground truth labels for the training of model used in
classification, whereas unsupervised technique does not necessitate training phase
for classification [22]. SVM technique is a supervised learning classifier commonly
used for binary classification. It creates a decision plane, which acts as a boundary
to separate different class memberships. The SVM classifier was reported in [1]
to produce a noticeably higher accuracy of 90% as compared to other algorithms,
coupled with its rapid learning performance [25]. To further validate the efficiency
of the SVM classifier used in this work, a fivefold cross validation was used to train
and test the developed model rigorously.

2.5 Computer Based Application with Graphical User
Interface (GUI)

Since tumor size is an important prognostic factor for tumor staging, which provides
information in determining appropriate treatment for the patients, this work includes
the estimation of tumor dimension as a measurable. Following the investigated
features and binarized segmentation process described in Sect. 3.4, each image is
in binary form, i.e., comprising of pixels of black (pixel value 0) and white (pixel
value 1), whose size is maintained as 256 × 256 pixels. Since the tumor regions are
indicated as white, the tumor dimension T (i, j), is expressed as:
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T (i, j) =
225∑

i=0

[p(0) + p(1)]
225∑

j=0

[p(0) + p(1)] (1)

where,
p(1) and p(0) represent pixel of white and black color, respectively.

2.6 Tumor Dimension Calculation

The GUI for this system is created using GUIDE command from MATLAB prompt
for the ease of user operation and displaying image produced from each processing
step. This application also provides the outcome of diagnosis and allows themeasure-
ment of tumor attributes fromMRI brain images. Therefore, it would be a useful tool
in healthcare improvement and research.

3 Result and Analysis

In this section, results from all steps performed starting from preprocessing, features
extraction, classification to tumor dimension prediction are presented.

3.1 Preprocessing Stages

Table 2 shows the examples of cancerous and noncancerous images obtained from
preprocessing stage for reference and a better understanding of our readers.

Table 2 Images from preprocessing stage

Original image Grayscale image Resize image Contrast adjusted
image

Non-cancerous

Cancerous
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Fig. 2 Scatter plots between significant features representations of images

3.2 Feature Extraction

Some of the significant and important correlated features are manually selected and
shown in Fig. 2. These feature plots represent a large difference between normal and
abnormal images. The selected features for demonstration are (from upper left to
right) median versus Textural correlation, median versus textural energy and mean
intensity versus standard deviation, and (from lower left to right) intensity skewness
versus textural energy, mean intensity versus variance, and textural energy versus
intensity variance. These scatter plots indicate the difference in the distribution and
correlation of these features between normal and cancer classes.

3.3 Performance Evaluation

A confusion matrix is a simple table usually used to explain the performance of
a classifier. Many parameters can be deduced from the information obtained from
this table. In this study, the evaluation of the system’s performance was via metrics
namely accuracy (Acc), specificity (Sp), Precision (Pr), and Sensitivity (Sn) shown
in the following.

Acc =
∑M

i=1
T Pi+T Ni

T Pi+T Ni+FPi+FNi

M
(2)

Sp =
∑M

i=1
T Ni

T Ni+FPi

M
(3)
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Fig. 3 Performance matrix
of the trained SVM classifier

Pr =
∑M

i=1
T Pi

T Pi+FPi

M
(4)

Sn =
∑M

i=1
T Pi

T Pi+FNi

M
(5)

Based on the results in Fig. 3, the classification accuracy, specificity, precision, and
sensitivity (also known as recall) are calculated as 85.7%, 87.1%, 86.8%, and 84.3%,
respectively. Results from our past experiments show that the model with prepro-
cessing stage described in Sect. 3.1 produces superior predictions to that obtained
without any preprocessing (results not shown here for space reasons). The improve-
ment in the aforementioned measures is by 5–8%. A statistical test carried out using
a paired-sample t-test showed significant differences (with significance level, ρ =
0.005) using the preprocessing approach.

3.4 Segmentation of Brain Tumor with GUI

From this developed system, a brain tumor can be detected for any brain MRI image
along with the information of tumor area and perimeter (by counting the number of
pixels inside the segmented tumor region). If a tumor is present in a test brain image,
tumor segmentation would be carried out for the determination of tumor geometrical
parameters. Otherwise, it would report the result as normal. The segmentation ofMRI
images is by first invoking multithresh function that uses Otsu’s multithresholding
method to return two threshold values for an image. The image is then converted into
three discrete levels using imquantize function. The largest enclosed (discretized)
region with pixel value 3 is taken to be the target region. In the example shown
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Fig. 4 The processed MRI brain image with segmented tumor region (boundary in red). Also
shown in this user interface is the geometrical information of the tumor

in Fig. 4, tumor dimension parameters had successfully identified. Its boundary is
highlighted, the area and perimeter are calculated as 4205 pixels and 372 pixels,
respectively.

4 Conclusion

This study demonstrated the use of an artificial intelligence system for detecting brain
tumor and its dimension. It is observed in this study that the employed preprocessing
steps improve the performance of the classification by 5–8% as compared to that
without the preprocessing. The plots of correlation between some of the features
shown in Fig. 2 revealed differences between data of abnormal and normal tissues
in a two-dimensional plane that could be discerned by the SVM technique. While
most of the statistical features are considerably significant in distinguishing normal
from cancerous tissues, this work noticed an apparently lower degree of similarity
between the considered classes in correlation and energy under textural investigation.
The reason these features show many prominent differences is likely due to the
noticeable textural difference (i.e., in terms of visual perception) at the tumor region.

We employed SVM for the classification ofMRI brain images. To further validate
the efficiency of the SVM classifier, fivefold cross validation was utilized to train
and test the developed system. This work recorded relatively good performance of
the developed CAD with accuracy, specificity, precision, and recall given by 85.7%,
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87.1%,86.8%, and84.3%, respectively.This result revealed a slightly superior perfor-
mance as compared to previous studies in [1, 2, 22] that observed accuracy of 70%,
85.45%, and 76.19%, respectively. The accuracy achieved in this research can be
further improved by adding more versatile data for training the classifier along with
the augmentation applied to these images for enhanced training of the model. In this
study, further investigation of abnormal brain images can be carried out using the
developed GUI system shown in Fig. 4 to extract information on tumor size and loca-
tion. Furtherwork of this study includes the classification of the segmented/suspected
region as benign or malignant. This may be helpful for the radiologists and doctors
in making decisions related to treatment and surgical interventions.
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Depression Level Detection from Facial
Emotion Recognition Using Image
Processing

N. A. Lili, M. R. Nurul Amiraa, M. MasRina, and N. Nurul Amelina

Abstract Adolescent depression is increasing daily at an alarming rate. Depression
can be considered as a major cause of suicidal ideation and leads to significant
impairment in daily life. Depression signs could be identified in peoples’ speech,
facial expressions and in the use of language. We consider our study can help in
the development of new solutions to deal with the early detection or diagnose of
depression using facial emotion. Therefore, the objective of this study is to detect
the level of depression using facial emotion via mobile application. This application
provides user with the facial emotion recognition feature and a set of questions
that are used to measure the level of depression of the user. This application will
generate the total severity result of the depression alongside with the self-treatment
and contact helplines recommendations. The added values of this application are the
combination of facial emotion values and the questionnaire score to calculate the
level of depression. The application would then recommend the types of treatment
best suited for the user. We trained and tested classifiers to distinguish whether a
user is depressed or not using features extracted from the user’s face expression. To
predict depression, the face of the user will be captured, then using Gabor filters,
the facial features are extracted. Classification of these facial features is done using
Cascade and PCA classifier. The level of depression is identified by calculating the
number of negative emotions present in the image captured. We used the F-measure
scores as the performance score on the result gained. Overall result still in moderate
level which is 76.7% due to low number of samples and features obtained.
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1 Introduction

People are facing life difficulties every day and some can face it well, however some
develop mental illness due to the surrounding and excessive stress beneath them.
There are different kind of depression which can be categorized based on symptoms
they are having. Depression can cause by such as relationship, family issues, financial
and others.

By 2020, mental illness is expected to be the second biggest health problem
affecting Malaysians after heart disease [1]. A national survey by the Ministry of
Health has revealed that Malaysian teens aged 10 to 24 are critically suffering from
mental health problems [2]. The same survey also shown the statistics for the preva-
lence of suicidal thoughts of 10% among the students, which has been increased by
almost 3% from 7.9% in 2017. This is a serious problem that calls for prompt, appro-
priate treatment. Depression can be difficult to diagnose in teens because adults may
expect teens to act moody. Also, adolescents do not always understand or express
their feelings very well. They may not be aware of the symptoms of depression and
may not seek help.

Depression detector is a technology initiated to be able to detect stress and anxiety
patterns of the user based on various detection methods and generates the result.
This study, depression detection using facial emotion recognition is to provide self-
detection tool for user to identify whether they have possibilities to be diagnosed as a
depressed person or not via mobile application. This mobile application is expected
to detect depression related cases based on facial emotion recognition feature and
supported questionnaires derived by professional’s consultation. The project also
provides recommended treatment to the user based on the level of their depression
by suggesting some activities, food and advises. The depression is detected based on
the facial expressions depicts by the user together with supported questions answered
by the user that asks on the user’s routine and symptoms perceived on their daily life.
The combination of the data from these methods are then combined and analyzed
based on specific metrics which derived by mental health professionals to show the
level of depression. User can know either their level of depression is mild, moderate,
moderately severe or severe. Based on the mental health condition, the rule-based
method is used to recommend the user with few self-treatment suggestions or contact
helplines recommendations.

2 Related Studies

Many researches have been proposed or implemented to help people detect their
depression. Most of the existing mobile applications only provide the user with ques-
tions in the form of quizzes or test for them to know the level of their depression.
This Depression Screening Test does not clearly explain about the detail of depres-
sion problem and their solution. The applications also mostly only offer text-based
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and image-based contents with low interactions from the users. Research paper by
Venkataraman and Parameswaran [3] proposed a system which captures frontal face
videos of college students to detect signs of depression in them. The features used by
the two authors are different image processing techniques for face detection, feature
extraction and classification of these features as depressed or non-depressed. The
system is trained with frontal face images of happy, contempt and disgust faces. The
advantages that are proposed by this research paper includes effective interaction
where an automated system will pick out the students who are dealing with depres-
sion. This helps detecting depression in a vast number of college students as most
of the students are totally unaware that they may be having depression. However,
there is a limitation arise on this research paper such as the accuracy for the facial
expressions related to depression is low. This is because according to the paper, 3
out of 35 data samples has the absence of happy features thus produce more of the
amount of negativity in the video.

This research paper [4] has the objective of proposing a multi-modal fusion algo-
rithmbased on speech signal and facial image sequence for depression diagnosis. The
features used in the research includes using cepstrum method to extract frequency
featureswith large variation rate and formant featureswith significant difference. The
authors also presented a unique feature that uses Mel-frequency cepstral coefficients
characteristic parameters for different emotion speeches. Not only that, it also used
the short time energy analyzer domain. The research provides benefits to medical
industries as it can easily apply to the hardware and software on the existing hospital
instruments. Analyses on this research also shows that the method proposed is low
cost and easy to operate. Apart from that, this research shows that recognition rate
of different emotions obtained in the case of non-specific persons differs contradict.
This contributes to the limitation in terms of depression detection as the depression
detection is mixed up with fusion of speech recognition and does not focus detected
through facial emotion recognition.

The research paper [5] was aimed to examine how individuals with elevated levels
of depressive symptoms differ from controls on facial expression recognition and to
assess attention and information processing using eye tracking. This research paper
also was aimed to prove and study on previous research that consistently reported
abnormal recognition of facial expressions in depression. However, it is still not clear
whether this abnormality is due to an enhanced or impaired ability to recognize facial
expressions, and what underlying cognitive systems are involved. Thus, the authors
proposed a combination of features to be uses underlying cognitive systems. This
involves information processing using eye-tracking together with method of labeling
facial expressions depicting one of seven emotions. Based on the research, the advan-
tage of the method includes providing more convincing evidence for abnormal facial
expression recognition in depressed individuals. However, the measures conducted
on ROI (Region of Interest) to find the significant main effect of emotion were not
done repeatedly in order to find the best dwell time in each ROI with ROI.

MihaiGavrilescu andNicolaeVizireanu focusedonpredictingdepression to deter-
mine Depression Anxiety Stress Scale (DASS) levels using Facial Action Coding
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System (FACS) [6]. The authors highlighted that they use unique noninvasive archi-
tecture on three layers; designed to offer high accuracy and fast convergence. In
the first layer, Active Appearance Models (AAM) and a set of multiclass Support
Vector Machines (SVM) are used for Action Unit (AU) classification and in the
second layer, a matrix is built containing the AUs’ intensity levels. Meanwhile in
the third layer, an optimal feedforward neural network (FFNN) analyzes the matrix
from the second layer in a pattern recognition task, predicting the DASS levels. The
research also uses pattern recognition task, especially in predicting the DASS levels.
Facial Action Coding System (FACS) were used as the main feature for determining
depression, anxiety, and stress levels by analyzing the facial dynamics of individuals.
The advantages of the research that can be analyze includes offering high accuracy
and fast convergence type of depression detection tool. On top of that, the disadvan-
tages or limitation includes that the method is actually overfitting the networks. Plus,
limited evaluation of depression, anxiety, and stress were being done in the research.

3 Approach

Starting from image acquisition, it will fetch user’s face points based on the image
they submitted, detecting the face and eyes position. Next, image straightening,
cropping, resizing and normalization were done depending on the necessity of pre-
processing techniques based on the uploaded image, Fig. 1. The output of pre-
processing techniques will be initialized for feature extraction using Cascade and
PCA classifier [7]. Lastly, the output or the extracted features were then be prepared
to be inputted to the following processes.

Based on the extracted features, the output of pre-processing is mapped to pre-
defined set of emotion classes. It is then classified tomatch the five-emotion specified
which are sadness, happiness, neutral, fear and anger. In this classification phase,
coding on calculating the highest emotion perceived by the image was done based
on the emotion values presented by the training model. This is where the user can
only see one emotion along with the emotion values after hitting the detection button.
Once these two main steps have been achieved in emotion recognition process, the
user were able to see the emotion result automatically.

To obtained a better accuracy of the detected level of depression, the user will
then answer the questionnaire [8] which consists of ten common questions that asked
on user’s daily life habits and symptoms. The score from this questionnaire will be
combined with the detected emotion to get the level of depression. As shown in
Tables 1 and 2, the emotion result perceived by the user through emotion recognition
process were mapped to the classification reference table according to whether it was
a positive or negative emotion. Relating the emotion towards the components of the
table, the emotion was then analysed together with the questionnaire score in order
to determine depression severity.

After analyzing the combination of emotion anddepression test score is depression
level diagnosis using ICD-10 and DSM-IV tables. This step was one of the most
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Fig. 1 Flow of the approach

important steps as it remarks the ground truth of this project that involved diagnosis
of user’s depression severity. The diagnosis was done according to twomedical tables
as shown in Table 3.

The depression severity or the depression level of a user were determined through
the reference of Table 3, provided by World Health Organization in the name of
the 10th revision of the International Classification of Diseases and Related Health
Problems (ICD-10;WorldHealthOrganization, 1990) and the 4th edition of theDiag-
nostic and Statistical Manual of Mental Disorders (DSM-IV) which were considered
as global metrics for mental disorders classification.

They show the symptoms that occurred in an individual in order to diagnose
their depression severity. In this project, the symptoms stated in ICD-10 depressive
episode and DSM-IV major depression were included in the questionnaire in the
form of questions. In order to classify the depression severity of a user, an individual
needs to have at least four ICD-10 depressive episode together with minimal above
theminimumof fiveDSM-IVmajor depression episode to be getting the total severity
of mild depression.

Lastly, recommendation process takes the total result input from depression detec-
tion process in order to give suggestions to the user based on their depression severity.
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Table 1 Depression severity classification reference (negative emotion)

Emotion
type

Questionnaire
score

Depression
severity

Description Recommendation Periodicity

Emotion
(1)

0–4 Normal Emotion (1)
+ Score
(0–4) =
Normal
Depression

None 1 month

5–9 Mild Emotion (1)
+ Score
(5–9) =Mild
Depression

Self-treatment Twice a
month

10–14 Moderate Emotion (1)
+ Score
(10–14) =
Moderate
Depression

Counselling and/or
therapy

Weekly

15–19 Moderate to
severe

Emotion (1)
+ Score
(15–19) =
Moderately
Severe
Depression

Active treatment
with medication
and/or therapy

Weekly

20–30 Severe Emotion (1)
+ Score
(20–30) =
Severe
Depression

Refer to mental
health specialist

Daily

Emotion (1) = Sadness/Fear/Anger (Negative Emotion)

The details for self-treatment suggestions based on the two sections were as follows
(Table 4).

4 Discussion

In this work, a requirement survey was released to 23 targeted users based on project
scope to gain input on the user’s preference for the content of the mobile application.
Based on the survey also, the questions were trying to get user’s insights on whether
they have been using this kind of application beforehand especially application to
detect depression through facial emotion recognition. When analysing the overall
result, it can be seen that majority of the respondents answered ‘never’ when asked
whether they have used any facial emotion recognition application that can detect
their feelings based on face expressions. When asked on whether the respondents
like to know the state of their mental health, 95.45% answered yes remarking that
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Table 2 Depression severity classification reference (positive emotion)

Emotion
type

Questionnaire
score

Depression
severity

Description Recommendation Periodicity

Emotion
(0)

0–4 Normal Emotion (0)
+ Score
(0–4) =
Normal
Depression

None 1 month

5–9 Normal Emotion (0)
+ Score
(5–9) =
Normal
Depression

None 1 month

10–14 Mild Emotion (0)
+ Score
(10–14) =
Mild
Depression

Self-treatment Twice a
month

15–19 Moderate Emotion (0)
+ Score
(15–19) =
Moderate
Depression

Counselling and/or
therapy

Weekly

20–30 Moderate Emotion (0)
+ Score
(20–30) =
Moderate
Depression

Counselling and/or
therapy

Weekly

Emotion (0) = Happiness/Neutral (Positive Emotion)

our initial objective towards this project is compliance with what the respondents
want. As illustrated in Fig. 2, based on the 30 days period, the requests towards
facial emotion recognition processing have the total of 738 calls and 55 errors.

Based on the total 55 errors, the work had 0 blocked calls which meant none of
the user happened to have rejected requests (user unable to detect emotion based on
image). However, there were 55 client errors out of the total 738 calls. Client errors in
the context meant that the errors were resonate from the user’s device either because
of their internet connectivity or the device’s processing power.

This training model applied calculation of performance accuracy using the accu-
racy formula method because the training model of this project need to be compared
and act as a referenced for the testingmodel. To ensure the facial emotion recognition
level for the detection conducted in this work is more precise and accurate, we used
the accuracy formula method satisfied the maximization case as of the following
expression:

Per f ormance Accuracy = T P

T P + T N
(1)
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Table 3 Determining severity of a depressive/major depressive episode

ICD-10 DSM-IV major/minor depressive disorder

Depressed mooda Depressed mood by self-report or observation
made by othera

Loss of interesta Loss of interest or pleasurea

Reduction in energya Fatigue/loss of energy

Loss of confidence or self-esteem Worthlessness/Excessive or inappropriate guilt

Unreasonable feelings of self-reproach or
inappropriate guilt

Recurrent thoughts of death or suicide Recurrent thoughts of death, suicidal thoughts or
actual suicide attempts

Diminished ability to think/concentrate or
indecisiveness

Diminished ability to think/concentrate or
decisiveness

Change in psychomotor activity with
agitation or retardation

Psychomotor agitation or retardation

Sleep disturbance Insomnia/hypersomnia

Change in appetite with weight change Significant appetite and/or weight loss

Note aCore Symptoms

where the True Positive (TP) is equivalence to Value (True) and True Negative (TN)
is equivalence to Value (False). When substituting the expression with TP and TN
values, the expression with values, we obtained 68.3%.

From the observation of training phase’s results, the face sample input data of
100 users for every emotion of every actor is different as it was chosen randomized
for each input and analysis. The error percentage of the tests are minimal which
averaging about 31.7%. Meanwhile, the performance accuracy percentage of the
tests are maximal which was 68.3%. The training phase’s results shows that the
facial emotion recognition algorithm predicts the emotion with high accuracy.

During testing, the testers were asked to use the facial emotion recognition feature
in the mobile application developed with a specified emotion given to them. In
this project’s testing model, only one picture was chosen from the tester’s folder in
the database that corresponds to one emotion. The same picture was trained three
consecutive times to made sure that it recognizes emotions in higher accuracy. Each
tester was represented with one emotion on a picture to key in the testing input
repeatedly. The performance accuracy was 76.7%.

The face sample input data for every tester is different as it was chosen randomized
from specified emotion given to them for input and analysis. The error percentage of
the tests are alsominimalwhich averaging about 23.3%.Meanwhile, the performance
accuracy percentage of the tests are maximal which was 76.7%.

The depression classification process using facial emotion recognition technique
and depression test questionnaire was one of the first initiative made in this work to
detect depression. For this instance, there are not many research references available
online that can be made as the main reference in developing this work. Therefore,
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Table 4 Exercise and food self-treatment recommendation reference

Type Depression
severity

Exercise name Benefits description Possible factor

Exercise Mild/Moderate Breathing Lower stress in the
body, sends a message
to our brain to calm
down and relax

Short duration

Yoga For relieving stress,
anxiety and reducing
depression symptoms,
relaxes and recharges
our body

Workout Short bursts of exercise
to boost our mood
whenever we’re feeling
down

Low intensity

Moderately
severe/Severe

Breathing Help lessen stress and
anxiety, signal our
nervous system to
calm down

Long duration

Yoga To improve mood and
relaxation, a natural
way to increase
serotonin production

Workout Equally effective as
antidepressants,
following exercise as
an adjunctive treatment

High intensity

Food Mild/Moderate Apple High antioxidant
content to protect cell
against inflammation
and boost mood

Costs and
accessibility

Onions Prevent cancer of the
gut to benefit our mood

Tomatoes Packed with
depression fighters
such as folic acid and
alpha-lipoic acid

Leafy greens Nutrient dense
inflammation fighter
such as vitamin A, C,
E, K and
phytochemicals

Salmon Rich source of
Omega-3 fats and
important for brain
health

(continued)
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Table 4 (continued)

Type Depression
severity

Exercise name Benefits description Possible factor

Berries Full of cell-repairing
antioxidants and
vitamin C to provide
anxiety relief

Mushroom Lower blood sugar
level to even out our
mood

Avocado Contains healthy fat
such as Oleic acid to
give brain power

Moderately
severe/Severe

Green tea Contains theanine
which has anti-anxiety
and calming effects

Accessibility and
availability

Dark chocolate Good source of
magnesium to reduce
symptoms of
depression

Yogurt Probiotic food that
helps to reduce social
anxiety

Turmeric Contains curcumin that
helps lower anxiety by
reducing inflammation

Eggs Contains serotonin to
regulate mood, sleep,
behaviour and memory

Pumpkin seeds Rich in potassium and
zinc which are
essential for brain and
nerve development

Banana Good source of amino
acid tryptophan to
promote relaxation and
anxiety reliefs

based on the results gained from the product, few verification and validation has
been made to perceive the righteous method for this project. For the emotion results,
verificationwas done bymeasuring the elements using the accuracy based on training
model. As much as the facial emotion recognition processing were done by the
algorithm, the method still needs to verified in terms of the successfulness of the
feature together with accuracy. This can be seen when the performance accuracy of
emotion results in testing phase is higher than training phase model developed. Next,
for the depression test score result, verificationwas donebymatching the score to both
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Fig. 2 Request towards the facial emotion recognition

ICD-10 and DSM-IVmedical tables that convey references on depression symptoms
episodes. Lastly, for the total depression severity result, verification was done by
presenting Depression Severity Classification Reference for Positive and Negative
Emotion to counsellor/expert for information validation. Two professionals were
involved in this validation phase. The first one is Dr. Aini AzeqaMa’rof from Faculty
of Human Ecology UPM, a psychologist’s expertise in social psychology field and
the second one is Befrienders KL, a non-for-profit organization providing mental
health service based in Kuala Lumpur. Both of the two professionals mentioned
contributed to validation of methods used in this work.

5 Discussion

This study was undertaken for detecting depression level among the youth. The
dataset for training and testing was captured separately and the facial features of the
same were classified using related classifier. The amount of the positive and negative
emotions in each image was analysed and the mobile application would detect the
depression level from low to severe depression level. The classifier predicted the
outcomes with a maximum accuracy of 76.7% accuracy. However, for more accurate
depression detection, there a lot more to be taken into consideration such as early
self-diagnosis and more training features.
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Design and Development of Modular
and Open System (MOST) for Pandemic
Precaution
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Abstract With the new normal of our daily lives caused by the novel COVID 19, it
has become a requirement to sanitize our hands and go through manual temperature
screening via a handheld infrared thermometer. Moreover, our contact info must be
provided either using a smartphone app or logbook. This process is time consuming
and causes long queues. Therefore, to expedite this process, a device namedModular
and Open System (MOST) was designed and developed. The MOST chassis is built
using an aluminum bar. This chassis is attached with a spring-operated mechanism
used to dispense a liquid sanitizer from a bottlemanually using the foot. The chassis is
also installedwith a controller, camera,MLX90614 temperature sensor, touchscreen,
barcode scanner, and tower light. These components are used to perform contactless
temperature measurement, capture a person’s information, display the temperature,
and alert the user about their health condition. The information can be of any data such
as name, phone number, identification number and others as long it is in a barcode
format.Meanwhile, to improve the accuracy for temperaturemeasurement, a distance
compensation algorithm based on a quadratic least square method is applied in the
MOST system. It is tested, MOST is able to expedite this process and the accuracy
of temperature measurement to a user is 99%. A person only needs to stand in front
of it, flash the barcode either using a card or smartphone and thus the health status
can be displayed. Moreover, the data including date, time, measured temperature,
and person’s information are recorded.
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1 Introduction

In 2020, the rapid spreading of CoronavirusDisease 2019 (COVID-19) has forced the
World Health Organization (WHO) to declare COVID-19 as a global pandemic. A
million cases were infected by COVID-19 in less than 6 months across 188 countries
including Malaysia. The virus spreads through close contact and in crowded areas.
Normally, an infected individual will have symptoms such as high fever, cough,
running nose and shortness of breath. In the worst case, it can cause fatality due
to respiratory failure. In Malaysia, a preventive measure has been taken to control
the spread of diseases. This is done by establishing Standard Operating Procedures
(SOPs) that must be followed for a person to enter any premises. The SOP requires
a person to sanitize hands, scan body temperature using a temperature measurement
device pointed to the forehead area and record contact via a smartphone app or
logbook. By doing this, a person with COVID-19 symptoms specifically those who
suffer high fever with a body temperature of more than 37.5 °C can be detected.
Correspondingly, the risk spread of the disease in the premise can be avoided.

These procedures are time-consuming and cause a long queue, especially in public
places. Hence, it is our motivation to introduce a device named Modular and Open
System (MOST) as an all-in-one solution to expedite the procedures. The device
is built using aluminum profile pipes and is equipped with a customized mecha-
nism used to dispense liquid sanitizer via foot. Additionally, attached to it are a
camera, MLX90614 infrared camera thermometer, touchscreen, barcode scanner,
and tower light. Via these components, MOST can enable a user to sanitize hands,
perform temperature screening, record contact info and display user health condition.
However, to ensure that MOST effectively carries out the task especially tempera-
ture screening, an improvement must be made to the temperature value produce by
the MLX90614 sensor. In practice, this sensor gives a different temperature value
when it measures an object at a different distance. This causes an inaccurate reading
that will give false temperature measurement and risk a person with high fever enter
the premise. Thus, it can cause outbreaks in the premise if the person is a COVID-
19 carrier. Hence, it is our intention in this research to introduce a compensated
algorithm based on the least square method to overcome this problem.

To explain the development of a MOST device along with the process to generate
a compensated algorithm for MLX90614 sensor and evaluate the algorithm perfor-
mance, this paper is organized as follows. Section 2 presents the related study focuses
to overcome the inaccuracy of the MLX90614 sensor reading. Section 3 describes
the methodologies applied in the research. Section 4 shows the experimental setup
to evaluate the algorithm performance. Section 5 discusses the results from the
experiments and lastly, the research is concluded in Sect. 6.
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2 Related Study

Several researchers share a similar idea to design and develop a device that can
perform contactless temperature measurement to detect a person that has fever.
Mohannad J. Mnati et al. develop an open-source non-contact thermometer using a
low-cost electronic component [1]. As for S. Nair et al., a health monitoring system
that includes temperaturemeasurement is designed and integratedwith the Internet of
Things (IoT) to perform a telemetry control [2]. Similarly, for Raja Siti Nur Adiimah
Raja Aris et al., IoT technology is also applied to monitor a heartbeat and body
temperature [3]. Meanwhile, Putra Wisnu Agung Sucipto et al. designed a system
that can measure a body temperature and it can be monitored via Telegram apps [4].
Meanwhile, A. N. N. Chamim et al. did develop an Android operating system that is
able to apply a fuzzy decision tree algorithm to process heart rate and body tempera-
ture and produce output according to the conditions measured [5]. The research does
justify the need to develop a contactless temperature system which motivates us to
develop MOST.

However, our concern is about the accuracy of temperature measurement using
the MLX90614 sensor. Practically, the sensor has an issue with the accuracy of
temperature measurement as the distance between a user and the sensor varies. To
overcome this problem, there are researchers who introduced several approaches. J.
Chen et al. introduced a distance compensation algorithmdeveloped via a least square
method to improve the measurement accuracy [6]. The outcomes show the error is
minimal when tested on different individuals which verify the method. As for Jin
G. et al., to mitigate the interference of the external radiation in a complex environ-
ment, a complication of broadband filter and a three-level interference filter is used
[7]. Although the technique used to obtain accuracy varies, they used the quadratic
least square method to compensate for the temperature measurement. Meanwhile, A.
Vulpe et al. did consider about emissivity calibration of the sensor in their research.
However, they justify as long there is no big difference between environment and
object temperature, hence the error is not significant [8]. The methods discussed
above did confirm there is a need for a technique to preserve the accuracy of temper-
ature measurement performed by this sensor. Hence, this research will discuss how
a distance compensation algorithm can do that for the MOST application.

3 Methodology

3.1 MOST Electronic Design

This system is controlled by a Raspberry Pi 4 Model B board. It is a powerful 64-bit
microprocessor that can run at 1.5 GHz coupled with 4 GB RandomAccess Memory
(RAM). Links to this board via USB port is a Sunmi Blink Two-Dimensional (2D)
barcode scanner. The scanner is employed to read Quick Response (QR) codes or
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barcodes from a user ID card or smartphone for user identification. Additionally, a
Raspberry Pi Camera Version 2 is interfaced via serial communication to the board.
The camera is selected since it can capture a static image at 3280× 2464-pixel and a
video in 1080p resolution at 30 frames per second (fps). Such features are adequate
for the system to use the camera to capture a clear user face photo and video.

Meanwhile, to carry out the non-contact measurement for user body temperature,
a single-point medical-grade infrared thermometer, MLX90614 is employed. This
sensor is chosen because it has a Field of View (FOV) of 5° that gives an accurate
measurement of±0.2 °C in the body temperature range. It is interfaced to the board
via an I2C communication protocol. The board is also linked with a 24VDC tower
lamp that is utilized to notify a user about their health status via the colour of the
lamp. To power this system, a 24VDC switching power supply is employed. Several
buck converter modules are also used to convert supply voltage to the respective
voltage required by the components as mentioned above.

3.2 MOST Chassis

The MOST chassis is built using aluminium profile pipes with a diameter of
28 mm. These aluminium pipes are selected because they are durable, anti-rust and
lightweight. Moreover, with their specialized joint connectors, the chassis becomes a
modular plug and play device. Hence, it is easy to make any modification and change
to the structure of the chassis when it is needed. Figure 2 shows the MOST chassis
that being developed attached with a customized mechanism activated by foot to
dispense liquid sanitizer (Fig. 1).

Additionally, the location of the camera, MLX90614 sensor, touchscreen, bar
code scanner and tower light on the chassis are also shown in the figure. As for

Raspberry Pi 4B
Board

IR Temperature 
Sensor (MLX90614 )

Barcode / QR Code 
Reader Module

Camera (5MP)

Touch Screen

Tower Lamp

Fig. 1 Overall schematic design of the system
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Fig. 2 MOST chassis and
location of electronic
components

the controller and the switching power supply, they are placed inside a control box
located at the back of the chassis.

3.3 MOST Operating System (OS)

TheMOSTOS is customized and developed using a Python programming language.
It is selected because of its power, versatility, and ease of use to be implemented in
Raspberry Pi 4 Model B. Figure 3 demonstrates the flow process of MOST OS.

At this stage, if the user’s face is recognized, anMLX90614 sensor is activated for
the OS to perform body temperature measurement at the user’s forehead. However,
if the OS cannot recognize the user, the user’s picture is stored in the systemmemory
first and then the sensor will be used to measure body temperature. Once completed,
the user-health status will be shown using a tower lamp. If the OS activates a green
lamp, it means the user condition is normal where the measured body temperature is
in the range of 36 °C to 37.5 °C. However, when a red lamp is triggered, the system
senses the user condition is abnormal since the measured body temperature is more
than 37.5 °C. At this stage, the user might have a high fever which is one of the
COVID19 symptoms. Thus, authority can take necessary actions not to allow the
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Fig. 3 Flow chart of MOST OS
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Fig. 4 HMI window for MOST system

person to enter the premises or building. During the process, the OS may activate a
yellow lamp where it is used only to show the system currently perform temperature
scanning and record user data.

In the meantime, using the same programming language, a customized Human
Machine Interface (HMI) is developed to ease two-way communication between the
MOST and a user. Figure 4 depicts the HMI window on touchscreen showing the
real-time user image, measured temperature value, used ID number, number of users
using the system and buttons used to open recorded data in Microsoft Excel format.

3.4 Distance Compensation Algorithm

This algorithm is needed since it can compensate for the temperature error obtained
as the distance varies. Hence, to develop the said algorithm, a quadratic least square
method is employed. Consequently, the algorithm will have an equation expressed
as follows:

Y = a0 + a1x + a2x (1)

The a0, a1 and a2 in the equation are the coefficients. To determine these coef-
ficients, a method applied by J. Chen is applied [7]. In this method, applying
approximate fitting curve results in the mean square error becomes as follows:

Q(a0, a1, a2) =
n∑

i=1

(
a0 + a1xi + a2x

2
i − yi

)2
(2)

Consequently, by assuming the mean square is smallest, Eq. (3) is obtained by
the method of finding the extreme value.
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This equation is employed to obtain the coefficient from the ratio of forehead
temperature and actual temperaturewith distance. The ratio between the temperatures
will represent yi while the distance between object and temperature is represented
with symbol xi. By completing this method, the value of each coefficient in Eq. (1)
will be obtained.

4 Experiment Setup and Data Analysis

Figure 5 shows the setup arranged to test the performance of the IR ther-
mometer sensor, MLX90614 attached on the MOST device to measure a user body
temperature.

Fig. 5 Experiment setup for
MOST to measure user body
temperature
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From the figure, it can be seen there are five lines of red tape are placed on the
floor that aligns with the MOST. The first tape is located at 10 cm from the MOST
while the following tapes are separated by 10 cm from each other. Each of the lines
is used for a user to stand in front of the MOST to perform temperature screening.
Such experimental setup is carried out so that a user body temperature as measured
by the MLX90614 sensor at different distances can be attained. These temperature
data are essential to be attained because of two purposes. First, the data will be used
to develop the distance compensation algorithm. Second, these data will also be
employed to analyse the MOST performance when carry out temperature screening
to its user. Accordingly, this can justify MOST effectiveness to detect a person that
has a fever.

Hence, to fulfil those purposes, there are two experiments arranged to be carried
out. The first experiment will focus on the measurement of the user body temperature
using theMLX90614 sensor as attached to theMOSTand a handheld IR thermometer
sensor, model HW-1 manufactured by Medicare. This measurement is performed at
every line and the measured temperature values from both sensors are recorded. It is
assigned that for user body temperature measured by MLX90614 sensor, notation of
Tm is employed. As for an actual user body temperature measured manually by the
HW-1 sensor, it is symbolized asTa. OnceTm andTa at each line are obtained, Eq. (2)
can be employed to resolve the value for each coefficient in Eq. (1). Consequently,
the distance compensation algorithm as represented by Eq. (1) is established.

Meanwhile, to fulfil the second purpose, another experiment was arranged. This
time, the established distance compensated algorithm in Eq. (1) is programmed in
the MOST system. Three users are selected to test the performance of temperature
screening carried out by MOST. Each user body temperature at every line measured
by MLX90614 fused with the compensated algorithm that symbolized as Tc is
recorded. Additionally, the Tm and Ta are also recorded. Using these Tc, Tm and
Ta allow MOST performance can be evaluated. This can be done in terms of error
and accuracy for MOST to perform temperature measurement with and without
compensated algorithm. The error labelled as Err can be computed by differenti-
ating Tc and Tm with Ta. Meanwhile, via the Err the accuracy denotes as Acc can
be determined via the following equation:

Acc =
(
100− Err

Ta
× 100

)
% (4)

By obtaining the Acc, it will justify the use of the compensated algorithm to
minimize error and increase the accuracy of temperature measurement performed by
MOST. Accordingly, this will guarantee the efficiency of the MOST to detect a user
who has a fever even if the temperature screening is done at any distance.
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5 Results and Discussion

The result from the first experiment is shown in Fig. 6. This figure illustrates the Tm

and Ta of a User 1 measured at every distance from the MOST.
Meanwhile, the detail of Tm and Ta along with the calculated error and accuracy

of MOST temperature measurement at each distance are listed in Table 1. Clearly,
from Fig. 1 and Table 1, the performance of temperature measurement carried out
by the MOST decreases when the user is getting further away from it. Indeed, with
such performance, the effectiveness of MOST to detect a user who has a fever will
be affected.

Hence, this justifies why a compensation algorithm is needed to resolve this
problem. Therefore temperature data in Table 1 are applied in Eq. (2) to attain the
desired coefficients in Eq. (1). Consequently, the coefficients are then substituted in
Eq. (1) results in the equation become as follows:

Y = 0.9899118− 0.0009824×−0.00000286x2 (5)
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Fig. 6 Tm and Ta of a user 1

Table 1 Tm, Ta, Err and Acc of MOST measurement for user 1

Distance (cm) Ta(°C) Tm(°C) Err (cm) Acc (%)

0 35.9 35.6 0.3 99.2

10 35.7 35 0.7 98.0

20 35.6 34.5 1.1 96.9

30 35.5 34 1.5 95.8

40 35.5 33.7 1.8 94.9

50 35.5 33.1 2.4 93.2
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Now, with this equation, the Tm will be fitted in x and the output Y becomes the
temperature compensated value symbolized as Tc. Subsequently, the results from
the second experiments are depicted in Figs. 7 to Figs. 9 and Table 2.

It is recognised from the results shown in Figs. 7, 8 and 9, the Tc of each user at
every distance are nearly similar to the Ta. These results do justify that applying a
compensated algorithm improves the temperature measurement of the MOST. In the
case where the compensated algorithm is not applied, Tm in the figures indicates the
MOST performance getting worse as the distance to measure user body temperature
varies. To support this justification, Table 2 summarized the Err and Acc for each
user measured at every distance.

For every temperature measurement performed by the MOST, the Acc turns to
be nearly 99% and the Err is less than 1%. This result does rationalize the MOST
has a good performance to measure a user body temperature even the measurement
distance changes. Meanwhile, the average Acc and Err in Table 2 that indicates
nearly 99% and less than 1.2% justify that MOST effectively performs the task for
any user.
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Fig. 7 Tm, Tc and Ta of a user 1

Table 2 Err and Acc of MOST measurement for user 1, user 2 and user 3

User 1 2 3 Average

Distance (cm) Err (%) Acc (%) Err (%) Acc (%) Err (%) Acc (%) Err (%) Acc (%)

0 0 100 0.3 99.1 0.6 98.5 0.8 99.2

10 0.1 99.9 0.4 98.8 0.5 98.5 0.9 99.1

20 0.1 99.6 0.3 99.2 0.6 98.4 0.9 99.1

30 0.2 99.5 0.3 99.3 0.2 99.5 0.6 99.4

40 0.2 99.3 0 99.9 0.2 99.4 0.5 99.5

50 0.6 98.4 0.2 99.5 0.5 98.5 1.2 98.8
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6 Conclusion

This paper presents a development process of MOST device used to detect a person
with fever. An MLX90614 sensor installed to the MOST is used to perform temper-
ature measurement. To secure the sensor accuracy to perform the temperature
screening process, a distance compensated algorithm is integrated. It is proven, the
algorithm does assist the sensor to measure accurately the body temperature even the
distance of the user from the MOST varies. Consequently, this enables the designed
MOST to be used as a device that is able to perform pandemic precautions to curb
the spread of COVID19 at one place.
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A Systematic Literature Review
of Electricity Load Forecasting using
Long Short-Term Memory

Nur Shakirah Md Salleh, Azizah Suliman, and Bo Nørregaard Jørgensen

Abstract Research in electricity load prediction has contributed towards short-
, medium-, and long-term planning for electricity power companies. One of the
methods applied to perform prediction is machine learning. There are various types
of dataset features,machine learning algorithms, and evaluationmetrics utilised. This
paper reviewed articles on electricity load prediction published in between 2019 and
2021. The review applied the systematic literature review method. In total, there
were 368 articles were gathered from an online database, IEEE. The search was
made based on combinations of keywords, i.e. short-term, electricity, load, demand,
deep learning, forecast, time series, regression, and long short-term memory. From
the collected articles, 25 articles were selected from a thorough examination of titles
and abstracts. In the end, 11 complete materials were selected for final review. The
review concentrated on: (i) common dataset feature and duration used, (ii) testing
and validation strategies, and (iii) the evaluationmetrics selected. The historical elec-
tricity load dataset was sufficient to perform electricity prediction. However, it was
improved by adding independent variables into the dataset. RMSE and MAPE were
the most used evaluation metrics in the reviewed articles.
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1 Systematic Literature Review

The systematic literature review (SLR) method is commonly applied in the literature
review. SLRhelps to discover, critically assess, and combine the finding to address the
research question [1]. SLR starts with the scoping phase. This phase assists in formu-
lating the research question. In comparison to a broad area, a specific research ques-
tion is feasible to be solved. The scoping phase may include the process of selecting
the study area and sample case studies. The process of literature searching initiates
in the planning phase. Related articles are retrieved by using accurate keywords.
However, there are various similar keywords used across the articles. It is recom-
mended to include the synonym of keywords in the searching process. Another
consideration in searching are the singular or plural forms and adjectives. The differ-
ence in spelling is also regarded in searching the related articles, e.g. globaliza-
tion in United States English and globalisation in United Kingdom English. The
primary formulation of consideration criteria is performed as well, which concerns
the research question, conceptualisation, key variables, research design, duration,
and data.

The third phase is the searching phase. It is the process of retrieving articles
from relevant platforms, such as IEEE Xplore, ScienceDirect, MDPI, and Google
Scholar. The search is made based on the combination of keywords identified in
the planning phase. It is customisable to search only the relevant year of publica-
tion. The screening process is performed by reviewing the title and abstract of the
searched articles. The citationmanagermanages the collection of findings by storing,
sorting, and converting the format according to the various standards of references.
Zotero and EndNote are examples of offline citation managers, whereby they are
required to be installed into the computer. An online citation manager such as citeth-
isforme.com is an example of a cloud storage citation manager that allows access
from anyweb browser via any computer device [2]. The eligibility phase involves the
full-text review of the screened articles. Only potentially eligible articles considered
for inclusion. All important information of inclusion criteria is kept as a record.

Research method type is categorised as quantitative or qualitative research
synthesis. The reason behind the classification of research method type is made
based on the data availability, research question, research objectives, and theoret-
ical and practical issues [1]. A quantitative research synthesis is suitable to report
quantitative results based on a group of studies [1].

2 Methodology

This section explains the application of SLR in completing the review of related
works.
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2.1 Scoping Phase

Electricity is a secondary energy source that impacts human life in good and bad
ways. Humans need electricity to run their daily routines at home, commercial build-
ings, and industries. The increasing electricity load demand contributes towards the
increase in carbon emissions via the generation of electricity power from fossil fuels.
A step to overcome the carbon emission issue is by generating electricity from renew-
able energy sources such as solar panels and wind turbines. Many countries are still
catching up with renewable energy due to limitation in financial resources and exper-
tise. Another possible solution to this problem is to generate electricity according to
the demand by applying short-term prediction.

The prediction can be done by using a statistical approach such as machine
learning. Machine learning algorithm can perform prediction based on classification
or regression methods. The classification method carries out categorisation based on
features [3]. The regression method can predict in time-series format [3]. Regression
Neural Network (RNN) is usually applied to predict continuous values. Long short-
term memory (LSTM) architecture is extended from RNN. LSTM can memorise the
information for an extended period as compared to RNN [4, 5].

2.2 Planning Phase

In the planning phase, several keywords were identified as shown in Table 1. The
synonym, different spelling, and singular or plural forms were listed out.

The keywords listed in Table 1 was used in this research study. The study would
accept any articles in the related area that have been published in publicly available

Table 1 Potential keywords

Keyword Synonym/acronym Different spelling Singular/plural forms

Short-term Not available Not available Not available

Electricity Power, energy, electric
power, power supply

Not available Not available

Load Not available Not available Loads

Demand Consumption Not available Demands

Deep learning Machine learning, neural
network, artificial
intelligence

Not available Not available

Forecast Predict, estimate, foresee Not available Forecasts

Time series Timeline Time-series Not available

Long short-term memory LSTM Not available Not available

Regression Recurrent Neural
Network (RNN)

Not available Not available



768 N. S. M. Salleh et al.

Table 2 Combinations of the keywords

Combination Keywords: short-term, electricity, load, demand, deep learning, forecast, time
series, long short-term memory, regression

1 Short-term electricity demand forecast deep learning

2 Short-term electricity demand forecast long short-term memory

3 Short-term electricity demand forecast regression

4 Short-term electricity demand forecast time series

5 Short-term electricity load forecast deep learning

6 Short-term electricity load forecast long short-term memory

7 Short-term electricity load forecast regression

8 Short-term electricity load forecast time series

databases. A series of combinations of phrases were derived from Table 1. The
combinations were based on the subject and method as shown in Table 2.

There were eight combinations created from the keywords identified in Table 1.
The article searching phase was conducted based on the combinations.

2.3 Searching Phase

The searching phase was carried out on the search on the IEEE Xplore database
based on the combinations of keywords listed in Table 2. The search process applied
a filter by year from 2019 until 2021 to study the recent articles published. Table 3
displays the search results.

In total, there were 368 articles found from the search. Around 76% of the articles
were conference papers, 19.3% articles were journal, and the remaining portion were
early access articles.

Table 3 Summary of searched articles

Combination Total search Total conference paper Total journal Total early access article

1 38 24 10 4

2 47 37 6 4

3 35 30 5 0

4 39 28 8 3

5 56 35 18 3

6 84 67 13 4

7 48 38 10 0

8 59 45 11 3

Total 368 280 71 17
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Table 4 Summary of screened articles

Combination Total screened Total conference paper Total journal Total early access article

1 1 1 0 0

2 0 0 0 0

3 1 1 0 0

4 0 0 0 0

5 10 8 2 0

6 11 10 1 0

7 2 2 0 0

8 1 1 0 0

Total 25 22 3 0

2.4 Screening Phase

During the screening phase, the title and abstract retrieved from the searching phase
were carefully inspected.

Table 4 shows that the total screened articles were 25 from 368 articles. Amajority
of the screened articles were conference papers. The citation manager only stored
the articles that met the inclusion criteria. The citation manager used in this study
was an online citation, i.e., citethisforme.com. This platform was used because of
the flexibility and reliability of all data stored on the cloud storage and accessibility
throughout any web browser.

2.5 Eligibility Phase

The full-text version of potentially eligible articles considered for inclusion was
evaluated in the eligibility phase. All the important information of inclusion criteria
were kept in a table for the record. Since this study scope was limited to LSTM,
the eligibility phase only reviewed combinations 2 and 6 from Table 2. There were
zero finding from combination 2, and 11 findings from combination 6. This paper
reviewed 11 articles that included ten conference papers and one journal.

2.6 Quantitative Research Synthesis

Due to the nature of statistical data and expected results, quantitative research
methods are selected research synthesis. LSTM, as a regression method, was the
chosen algorithm in this study.
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Machine learning was able to perform prediction based on supervised or unsu-
pervised learning. Supervised learning allows the machine to learn from examples
given, while unsupervised learning allows grouping of the features available in the
dataset. Most of the studies in electricity prediction was done by using supervised
learning. The selected datasets were applied with the machine learning algorithm to
perform training. A model was produced after the training session. This model was
then evaluated using evaluation metrics that produced the error rate predicted by the
model. A set of new datasets were used with the best model generated to predict the
electricity load.

A set of historical datasets was used in the training session to predict the future
electricity load. The features used were not limited to only historical data. Some
researchers included independent variables in the historical dataset. The independent
features were the possible features that influenced consumer behaviour in using
electricity, such as weather, temperature, day type, and holiday. The dataset period
and record interval also influenced themodel accuracy. In short-term load forecasting,
the historical dataset was usually collected by a smart meter due to the time interval
record available in every minute, 30 min, one hour, and one day.

The datasets were split into training and testing datasets with ratios of 70:30,
80:20 or 90:10. This division was required to avoid any bias in the testing phase. The
machine was fed with unseen data in testing its prediction accuracy.

In the regression method, the standard evaluation metrics used were Mean
Square Error (MSE), Mean Absolute Error (MAE), Mean Absolute Percentage Error
(MAPE), Root Mean Square Error (RMSE), and R-squared (R2). MSE was calcu-
lated by the sum of square of prediction error, which was the actual value minus the
predicted output and then divided by the number of data points as shown in Eq. (1).
MSE gave a larger penalisation to a big prediction error by squaring it [6].

MSE = 1

n

n∑

i=1

(Yi − Xi )
2 (1)

n is the number of data point, Yi is the actual value, Xi is the prediction value.
RMSE was the square root of MSE. It was used more commonly than MSE

because the MSE value intended to be too big to be compared fairly. Since MSE was
calculated by the square of error, the square root brought it back to the same level
of the prediction error and made it equivalent for interpretation. MAE was slightly
different with MSE, by using the sum on the absolute value of error. MAE treated
all errors equally [6].

MAE = 1

n

n∑

i=1

|Yi − Xi | (2)

MAPE measured the error as a percentage. It calculated the average absolute
percent error for each prediction value minus the actual value and divided by the
actual value, as represented in Eq. (3). MAPE worked well if there was no extreme
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value or zero in the data [7].

MAPE = 1

n

n∑

i=1

∣∣∣∣
Yi − Xi

Yi

∣∣∣∣ (3)

R2 was computed by the sum of squares of the prediction error divided by the
total sum of the square that replaces the calculated prediction with mean. The output
valuewas between zero and one, whereby a bigger value indicated a better fit between
prediction and actual values. However, if the regressionmodel hadmany independent
variables, it might fit very well to the training data but would perform poorly for the
testing data [6].

3 Results and Discussion

Based on eligibility phase, there were 11 articles selected for review. Those articles
were published between 2019 and 2021. Table 5 describes the articles’ basic infor-
mation such as title, authors, and year published. Each article was labelled by in-text
reference and further used in Tables 6 and 8.

Out of the 11 articles found, one article was published in 2021, nine articles were
published in 2020, and two articles were published in 2019. The review was further
made on the dataset of the study, consumer scope, data duration, data interval, and
the division between training and testing sets. The datasets reviewed were organised
as follows:

The electricity usage data were usually retrieved from the smart meter. The data
interval was observed as small as one minute up until 24 h. The difference of the data
interval might be due to the difference of reading. However, the researcher could
modify the data interval based on the project’s needs. The dataset duration used were
minimum of one year until 10 years.

Table 7 summarised the dataset details in Table 6. The data interval column shown
a majority of data interval applied in electricity load forecasting was one hour. The
data interval usually depends on the smart meter type and set by the electricity power
company. Most of the area covered in the reviewed articles were based on city and
country. Table 7 also shown the most used dataset duration were in between two and
five years.

The dataset features, evaluation metrics, and results were compared between
the selected articles as shown in Table 8. Most of the research works applied the
study based on the historical electricity consumption dataset. There were only three
researchers, [10, 11, 16] who added independent variables into the dataset.

Table 8 shown that most researchers from the selected articles evaluated themodel
based onMAE,MAPE, and RMSE. There were some huge ranges among the results
by each article. The huge gap might be due to unscaled dataset. However, the value
of MAPE by the articles that included independent variables, such as Hsu et al. [10]
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Table 5 Information on selected articles

References Title Author Year

[8] On short-term load forecasting
using machine learning techniques
and a novel parallel deep
LSTM-CNN approach

Behnam Farsi, Manar Amayri,
Nizar Bouguila, Ursula Eicker

2021

[9] A correlation sorting-LSTM
method for high accuracy
short-term load forecasting based
on smart meter data

Chenguan Xu, Wenqing Li, Meng
Yu, Jing Xu, Jiaji Liu, Yao Wang,
Liangliang Zhu

2020

[10] Short-term load forecasting by
machine learning

Chung-Chian Hsu, Xiang-Ting
Chen, Yu-Sheng Chen, Arthur
Chang

2020

[11] Investigation of performance of
electric load demand forecasting
with new architecture realized in
long short-term memory deep
learning network

M Vetri Selvi, Sukumar Mishra 2020

[12] LSTM-based electrical load
forecasting for Chattogram city of
Bangladesh

Md. Rashidul Islam, Abdullah Al
Mamun, Md. Sohel, Md. Lokman
Hossain, Md. Mofij Uddin

2020

[13] Forecasting hourly electricity
demand of Uruguay for the next
day using ANN

Rodrigo Porteiro, Sergio
Nesmachnow

2020

[14] An effective short-term load
forecasting methodology using
convolutional long short term
memory network

Shafiul Hasan Rafi, Nahid-Al
Masood, Shohana Rahman Deeba

2020

[15] Highly efficient short term load
forecasting scheme using long
short term memory network

Shafiul Hasan Rafi,
Nahid-Al-Masood
Nahid-Al-Masood

2020

[16] Comparing high accurate
regression models for short-term
load forecasting in smart buildings

T. T. Q. Nguyen, T. P. T. Tran,
Vincent Debusschere, Christophe
Bobineau, Rémy Rigo-Mariani

2020

[17] Peak load forecasting based on
long short-term memory

Ermatita, Iwan Pahendra, Eva
Darnila, Muhammad Sadli,
Marzuki Sinambela, Wahyu Fuadi

2019

[18] LSTM-based short-term load
forecasting for building electricity
consumption

Xin Wang, Fang Fang, Xiaoning
Zhang, Yajuan Liu, Le Wei, Yang
Shi

2019

and Nguyen et al. [16], revealed lower values as compared to other articles in this
review. RMSEwas the most preferred evaluation metric used by the researchers with
11 application instances, followed closely by MAPE with ten times of application.
MAEwas applied four times, and the rarest application was R2, which had only been
used twice.
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Table 6 Dataset of studies

References Historical
load data

Consumer
Scope

Duration Data
interval

Training set Testing set

[8] Malaysian
load data
German load
data

1 city
1 country

2 years (2009
to 2010)
6 years (2012
to 2017)

1 h 1 year
(2009)
3 years
(2012 to
2015)

1 year
(2010)
2 years
(2016 to
2017)

[9] Almanac of
minutely
power
dataset (V.2)
(AMPds2)
dataset

1 household 3 years (Apr.
2012 to Mar.
2014)

1 min 14 days (1
to 14 Apr.
2012)

1 day (15
Apr. 2012)

[10] Taipower,
Taiwan

1 country 2 years and
9 months
(Jan. 2017 to
Sep. 2019)

1 day 2 years
(2017 to
2018)

1 year
(2019)

[11] Tata power
Delhi
distribution
limited
(TPDDL)

1 city 2 years (2016
to 2017)

1 h 1 year
(2016)

1 year
(2017)

[12] Chattogram
city load data

1 city 4 years and
1 months (17
Apr. 2015 to
8 May 2019)

1 h 67% 35%

[13] Uruguay
load data

1 country 10 years (Jan.
2010 to Feb.
2020)

Not
available

75% (2010
to 2017)

25%
(2018 to
2020)

[14] Bangladesh
power
system
(BPS)

1 country 6 years (2014
to 2019)

30 min 5 years
(2014 to
2018)

1 year
(2019)

[15] Power grid
company
Bangladesh
limited
(PGCB)

1 country 5 years (2014
to 2018)

30 min 5 years
(2014 to
2018)

24 h,
7 days,
and
30 days of
the year
2018

[16] London load
data

5567
households

1 year and
3 months
(Nov. 2012 to
Feb. 2014)

1 h 1 year and
3 months
(Nov. 2012
to Feb.
2014)

1 week (1
to 7 Jan.
2014)

[17] Pusat Listrik
nasional
(PLN) in
substation,
Lhoksuewae

1 city 1 year (2017) 1 day 1 year
(2017)

1 year
(2017)

(continued)
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Table 6 (continued)

References Historical
load data

Consumer
Scope

Duration Data
interval

Training set Testing set

[18] EnergyPlus.
Alaska

1
commercial

Not available 1 h Not
available

1 week
(22 to 28
May)

Table 7 Summary of eligible articles

Data interval Occurrences Consumer scope Occurrences Dataset duration Occurrences

1 min 1 Household 2 Less than 2 years 2

30 min 2 Commercial 1 In between 2 and
5 years

6

1 h 5 City 4 More than
5 years

3

1 day 2 Country 4 Not available 1

Not available 1

4 Conclusion

This paper reviewed 11 articles published between 2019 and 2021 on the IEEE
Xplore database. The article selection was made carefully by following the SLR
phases. All articles were chosen based on the application of LSTM in electricity load
prediction. The articles were reviewed according to the dataset used including the
features, duration, time interval, and dataset organisation. Most of the researchers
used only historical dataset to perform prediction. However, Hsu et al. [10], Selvi
and Mishra [11], and Nguyen et al. [16] considered independent variables to be used
to train the model. It was observed that five out of 11 articles used one hour of data
interval. The testing and validation strategies varied among the articles. However,
most of the articles split the training and testing datasets with the ratio of the training
dataset bigger than the testing dataset. The reviewwas further made on the evaluation
metrics used to evaluate the model. Most researchers used RMSE andMAPE as their
evaluation metrics. The results were in huge ranges probably due to unscaled dataset
values. The main findings of this paper based on the selected LSTM articles are:

• the common dataset feature used was historical load data. However, independent
variables such as weather reduced the model error,

• the dataset duration between two and five years was sufficient with independent
variables such as meteorological data included,

• the training samples should at least 60% from the overall dataset, and testing
dataset should not be included in the training samples, and

• the common evaluationmetrics used in regressionmethodwas RMSE andMAPE.
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Table 8 Summary of dataset features and evaluation metrics

References List of features Evaluation metrics Results

Historical electricity
load consumption

Independent
variables

[8] Yes No MAPE
RMSE
R2

MAPE
RMSE
R2

Malaysian Data:
3.11
0.097
96.63%
German Data:
13.20
0.197
83.17%

[9] Yes No MAE
MAPE
RMSE

1.07
9.40%
3.48

[10] Yes Temperature
Holiday
Special day
replacement
Climate

MAPE
RMSE

1.85
8.13

[11] Yes Weather MAPE
RMSE

Not available
Not available

[12] Yes No MAE
RMSE

92.448
127.682

[13] Yes No MAPE
RMSE

4.71
122.58

[14] Yes No MAE
MAPE
RMSE

295.03
5.10
425.07

[15] Yes No MAE
MAPE
RMSE

316.75
4.52
485.82

[16] Yes Weather
Special day

MAPE
RMSE

0.047
6.12

[17] Yes No RMSE 23.31

[18] Yes No MAPE 5.28%

Further research will review the articles related to electricity load prediction using
Deep Learning.
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Abstract The classification of road surface wetness is important for both the devel-
opment of future driverless vehicles and the development of existing vehicle active
safety systems. Wetness on the road surface has an impact on road safety and is one
of the leading causes of weather-related accidents. Although machine learning algo-
rithms such as recurrent neural networks (RNN), support vector machines (SVM),
artificial neural networks (ANN) and convolutional neural networks (CNN) have
been studied for road surface wetness classification, the improvement of classifica-
tion performances are still widely being investigated whilst keeping network and
computational complexity low. In this paper, we propose new CNN architectures
towards further improving classification results of road surface wetness detection
from acoustic signals. Two CNN architectures with differing layouts for its dropout
layers and max-pooling layers have been investigated. The positions and the number
of the max-pooling layers were varied. To avoid overfitting, we used a 50% dropout
layers before the final dense layers with both architectures. The acoustic signals of
tyre to road interaction were recorded via mounted microphones on two distinct
cars in an urban environment. Mel-frequency cepstral coefficients (MFCCs) features
were extracted from the recordings as inputs to the models. Experimentation and
comparative performance evaluations against several neural networks architectures
were performed. Recorded acoustic signals were segmented into equal frames and
thirteen MFCCs were extracted for each frame to train the CNNs. Results show that
the proposedCMCMDD1 architecture achieved the highest accuracy of 96.36%with
the shortest prediction time.
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1 Introduction

Among the leading causes of weather related accidents is slippery road conditions.
According to [1] there were 25,777 numbers of human fatality due to weather related
accidents across Europe. The friction forces of the tyre on the road surface determine
vehicle stability on the road, and this is an essential aspect in the development of
vehicle safety systems [25]. An important aspect of developing an active safety
feature for autonomous and semi-autonomous cars is the knowledge of road surface
wetness condition. Using this knowledge, vehicles may automatically change their
speed tomaintain a safe distance from thevehicle in front of them, aswell as providing
higher manoeuvrability on slippery roads, allowing for more robust driver safety
assistant systems [11].

Recently, new experiments detecting road surface wetness using mounted micro-
phones and tyre sound recordings have been on the rise. Several studies have evalu-
ated road surface conditions using acoustic signals by installing a microphone on the
side of the road and collection of sound recordings from passing vehicles [14–16].
However with this method just a limited sections of the road acoustic signals are
captured, these recording samples do not reflect the entire road condition. Recent
investigations using data gathering on-board the vehicle have provided more com-
prehensive recording samples [2, 3, 6, 13, 19].

The use of acoustic signals can also help to overcome insufficient illumination,
which can impact the effectiveness of computer vision systems. This research may
be used in conjunction with systems like [8, 12], where one of the limitations is that
these systems require external illumination and may function inadequately in low
light. Themajority of research on road surfacewetness detection utilised octave-band
features [3, 13] or auditory spectral features (ASF) from acoustic signals [2, 19].
One of the major goals of this study is to enhance the classification performance of
the road surface wetness detection by using convolutional neural networks (CNN)
with MFCCs features from acoustic signals.

For road wetness classification, several machine learning algorithms have been
used, such as support vector machines (SVM) in research by [3, 13]. Recur-
rent neural networks (RNN), Long short-term memory (LSTM) and Bidirectional-
LSTM(BLSTM) have been used by [2]. CNN was studied by [5, 19] and artificial
neural networks (ANN) were investigated by [6]. Training a two-stream CNNmodel
is computationally complex and require significant amount of resources as discussed
in our previous work [5]. This complexity in the network architecture causes latency
in the detection of wet road surface and compromises the vehicle safety system
response time. Achieving the highest possible accuracy using less computationally
complex models is critical for road safety systems.

CNN’s superior classification performances have been demonstrated on other
tasks of acoustic signal classification, such as environment sound categorization [20,
21]. A 4-layer CNN model with 2 convolution layers with max-pooling and 2 dense
layers was trained by [20] where the feature set used was deltas of segmented spec-
trograms. The study by [21] used three convolutional layers which were interleaved
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with two pooling layers followed by two fully connected layers with 64 and 10
hidden units, respectively. This study also also investigated experiments with data
augmentation.

Based on the promising classification performances of these previous studies
using CNNs on environment sound classification, we had proposed and evaluated
several architectures in our previous study [5]. As for the acoustic features, MFCCs
had shown superior performance in our recent work. We continue to investigate
MFCCs with two differing CNN architectures that we propose in this paper for road
wetness detection to improve classification performance. The first architecture layout
begins with various depth of convolution layers stacked together followed by a max-
pooling layer.We used a 50% drop out before the final fully connected layers to avoid
overfitting. The convolution layer is interleaved with a pooling layer in the second
architectural layout, which is followed by fully connected layers at the end. Similar
to the first architecture, a 50% drop out was used. We validate the performance of
these proposed CNN architectures.

The rest of the paper is structured as follows. Section2 is the description of
the proposed architectures. Section3 presents the experimental setup and results.
Section4 discusses the conclusion and research directions for the future.

2 CNN Architectures for Road Wetness Detection

Two CNN architectures are investigated for road pavement wetness detection from
recorded audio of tyre to road interaction. The first architecture is inspired by
VGGNet [22] which instead of using a larger kernel size we stack multiple con-
volution layer with smaller kernel size with rectified linear activation units and the
second architecture is inspired by Alexnet [17] and ZFNet [24]. These CNN models
map a two-dimensional input X to a probability vector Z over two classes (wet and
dry) via a series of layers. The number of hidden units and kernel sizes were chosen
based on the preliminary experiments with 30 different combinations. Following
this, the top three combination were selected for each of the proposed architectures
as discussed in the following two subsections.

2.1 CnMDDm Architecture

In this architecture, three levels of convolution depths have been studied. The
sequence on how the layers are stacked up in this architecture, CnMDDm , are inves-
tigated. Convolution layers (C), Max-pooling (M), Dropout (D) and Dense layers
(D) form this sequence. Varying levels of convolution (n) depths, n = 1, 2, 4 have
been investigated. This is summarized as follows:



780 S. Bahrami et al.

Cn is the convolution layer, where n is the number of layers.
M is max-pooling layer.
D is drop out layer.
Dm is the dense layer, where m indicates the number of layers.

Starting with only one layer of convolution with kernel size of (5,5), two layers
with kernel sizes of (5,5) and (3,3) respectively, and lastly four layers of convolution
with kernel sizes of (3,3). Smaller kernel sizes and stack multiple convolution layers
were chosen as these has been discussed to be useful into obtaining higher accuracy
[20–22]. Following the convolutional layers, a max-pooling layer of (2,2) size with
a same size stride was selected. Default stride of 1 has been selected for convolution
layers since max-pooling is used for down-sampling and selecting a bigger stride
will cause more down-sampling of the feature maps. This process is followed by
a drop out operation to avoid overfitting. Two or three fully connected layers were
used for classification. Hyperparameters selected for the CnMDDm architecture are
shown in Table1.

The last architecture C4MDD3 is illustrated as an example in Fig. 1. This archi-
tecture has four convolution layers. The convolution layers start with 32 filters and
increase exponentially to 256 filters. To reduce the computational complexity of the
model,we kept the kernel sizes small and the same size across all four layers of
convolution.

Table 1 CnMDDn architecture and selected Hyperparameters.

Model Num filters Kernel size Stride shape Pool size Dense layer size

C1MDD2 32 (5,5) (1,1) (2,2) 128,2

C2MDD2 64,128 (5,5)(3,3) (1,1) (2,2) 128,2

C4MDD3 32,64,128,256 (3,3)(3,3)(3,3)(3,3) (1,1) (2,2) 256,128,2

Fig. 1 C4MDD3 architecture with MFCC as the input layer
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2.2 CMCMDD Architecture

With an increase in the depth of convolution layers in the first architecture and pos-
sibly making the network more computationally complex, a second architecture is
proposed. Pooling layers can be placed between convolution layers and lower kernel
sizes can be used to improve network performance, as discussed in [24] and [22].
This has also been discussed as a better option for larger datasets in these studies.
Two convolution layers are interleaved with a pooling layer in the second proposed
network architecture. Convolution layers are followed by a drop out operation and
deep fully connected layers for classification, similar to the first architecture. The
sequence of how these layers are stacked up in this architecture is—convolution
layer followed by max-pooling repeated twice and finishing with dropout and dense
layers therefore we call it CMCMDD. Three layouts CMCMDD1, CMCMDD2 and
CMCMDD3 are proposed. For this architecture, we kept the number of layers con-
stant during the experiment and only changed the kernel sizes in convolution layers.
Hyperparameters selected for the CMCMDD architecture are shown in Table2:

Figure2 illustrates theCMCMDD3as an example,which has 2 convolution layers,
the convolution layers start with 32 filters and then interleaved with a 2 by 2 max-
pooling before going through the second convolution. The final dense layers and
operations are similar with the first architecture.

Table 2 CMCMDD architecture and selected Hyperparameters

Model CNN Layer Size Kernel Shape Stride Shape Pool Size Dense layer size

CMCMDD1 32,64 (5,5)(5,5) (1,1) (2,2)(2,2) 128,64,2

CMCMDD2 32,64 (5,5)(3,3) (1,1) (2,2)(2,2) 128,64,2

CMCMDD3 32,64 (3,3)(3,3) (1,1) (2,2)(2,2) 128,64,2

Fig. 2 CMCMDD architecture with two layers of convolution and kernel size of (3,3)
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3 Experiments and Results

The accuracy measures of the proposed architectures are compared to the CNN
architecture used in [19] and the BLSTM used in [2] which are the best performing
state-of-the-art neural network approaches in road surface wetness detection. The
input layer used to train the models for benchmarking is MFCCs of the acoustic
signals. In addition, we also compared the proposed models to RNN-LSTM. The
RNN-LSTM model that is used for benchmarking has two LSTM layer each with
128 units followed by a dropout layer. A single dense layer with 2 hidden units using
so f tmax activation function is used to classify the MFCCs of the signal.

3.1 Experimental Setup

This section discusses the experimental setup, the dataset and the acoustic features
that were used for training and testing the models. Accuracy performance metric
were used to compare our best performing CNN architecture with state-of-the-art
models.

For training of the models, similar experimental setup to our previous study has
been used. This includes the using the Adam optimizer with beta1 and beta2 set 0.9
and 0.999 respectively, learning rate of 0.001, batch size of 32 and a patience of 10
epochs with a maximum of 1000 epochs. For further details of the selection of these
hyperparameters refer to [5].

DatasetAcoustic signals of tyre to road interaction needed for the experimentation
in this study were recorded using microphones mounted on cars driven in urban
environment.

To record the acoustic signals of tyre to road interaction, two Comica CVM-V02
microphones were placed near the tyre and the road surface. Previous studies [2, 3,
6, 13, 14] placed a single microphone near the rear tyres where there are less engine
noise. In this study, acoustic signals were collected from two microphones mounted
near both rear tyres. The same two cars used in our previous study [5] were used
for data collection. Car 1 is a 2012 Toyota Aygo and Car 2 is a 2015 VW Tiguan.
As shown in Fig. 3 a down facing camera and a dashcam were used to inspect the
state of the road’s surface. Both microphones were positioned on the front side of the
tyres, which is less impacted by water splashing. The microphones were fitted with
a deadcat furry windshield to reduce wind impact noises. Rest of the setup is similar
to our previous study, for more details please refer to [5]. Figure3b shows the setup
of microphones and Fig. 3a shows in-cabin interface.

For data collection, two different routes were selected around city of Lincoln, UK,
which consist of dual carriageways and urban roads. Data were collected for wet and
dry condition during the daylight and night time. The wet condition was recorded
either during the rain or right after rain has finished as shown in Fig. 3c, d. In total 8
recording session were conducted which resulted in 390min of audio and video data.
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in-cabin setup microphone setup dry road wet road

Fig. 3 Data acquisition setup on Car 1 and sample images recorded using a down-facing camera

On each of the selected routes two session of dry recordings and two session of wet
recording was conducted. This Complete data set has been made publicly available
at https://sbahrami.com/dataset/ICCST21/.

Feature extraction For the training and evaluation of the models, MFCCs of
the acoustic signals were used as feature inputs. MFCCs have been used for speech
processing and were designed to retain phonetically significant acoustic information
[10] but proven to be effective in other tasks such as music [18] and environment
audio analysis [9]. To calculate MFCCs we must apply a mel-filter bank to the power
spectrumof the signal and calculate the summation of the energy for each filter. To get
the coefficients, logarithmic discrete cosine transform of each frequency component
will be calculated. Unlike rain sound classification [7], audio recordings of tyre to
pavement interaction is structured and has a constant sound that can be generally
classified more accurately with MFCCs.

In total using all these data resulted in 63,334 mel-frequency ceptrum from the
all the recording of the datasets six trips. The CNN models were trained using 13
MFCCs. By applying 26 filters to the signal, 26 coefficients will be obtained. To
reduce feature vector complexity, we discard half of the coefficients as only lower
frequencies are needed. Preliminary experimentswere performedwith higher number
of coefficients.We found that by selecting a larger number of cepstral coefficients the
model’s complexity increased and it did not have a significant effect on the model’s
accuracy. Short-time fourier transform (STFT)was applied to extractMFCCs using a
frame size of 30milliseconds to obtainmore samples from the data. For example, for a
frame size of 30milliseconds and a 16kHz signal, 480 samples are generated(0.030 ∗
16000 = 480 samples).

Evaluation metrics On a similiar approach as [4], to evaluate the performance
of the models accuracy, recall, precision and F − measure were used [23] and
are defined as follow:

accuracy = tp + tn

tp + f p + f n + tn
(1)

recall = tp

tp + f n
(2)

https://sbahrami.com/dataset/ICCST21/
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precision = tp

tp + f p
(3)

F − measure = (β2 + 1) ∗ precision ∗ recall

β2 ∗ precision + recall
(4)

where in this is case tp is when wet road detected correctly, f p dry road detected
correctly, tn wet road detected incorrectly, f n dry road detected incorrectly. The
β = 1 is used to evenly balance the F − measure , also refer to as F1. If β > 1 it
will favour precision and if β < 1 it will favour recall.

3.2 Results

The various hyperparameters discussed in Sect. 2 are used in the experimentation.To
overcome the problem of overfitting, K-fold validations are commonly used. In order
insure that we did not overfit the models we applied a 3-fold validation similar to
our previous study. Details of these are available in [5]. The total of 162,221 samples
were divided into 3 equal parts. For training and validation of the models 147,474
samples were used and the remaining of 14,747 were used for testing. The test data
was only used for prediction and kept constant during all 3-folds. Based on the 3-fold
iterations the average mean accuracy of the models were calculated. For each model
we calculate, out of sample score base on the average of root mean square error
(RMSE) of each iteration.

Tables3 shows the overall performances of both models for CnMDDm and
CMCMDD architecture. All CNN models perform well in detecting road surface
wetness but the CMCMDD1 architecture with 2 layers of convolution and 2 layers
of dropout has achieved the highest overall average accuracy. The highest precision,
recall and F1 measures were achieved by CMCMDD1 as well. Higher precision and
recall can be interpreted as, better prediction of the wet road. It can be concluded that
using a larger kernel size with max-pooling overall performance is better. C4MDD3

architecture was able to achieve 96.19% accuracy which is similar to CMCMDD1.
Following the best performing architecture fromTable3, further experimentswere

conducted to evaluate the effect of car and tyre differences on the classification
performance of the proposed architectures.CMCMDD1 andC4MDD3, were trained
and tested using data recorded from Car 1 and Car 2 individually. Table4 shows
when the model is trained using Car 1 and tested using Car 2 and inversely, the
classification performance of the models drop by 40%. This drop in classification
performance can be attributed to the two vehicles’ tyre types and sizes. Despite the
fact that both cars were equipped with summer tyres at the time of recording, Car
1 had a smaller tyre than Car 2. As it can be seen in Table4 when the models are
trained and tested using data collected from the same car, better performance and the
models can achieve accuracies above 99%. The study by [19] investigated the effect
of tyre type, summer orwinter tyre, on the classification performance. In our previous
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Table 3 CnMDDn andCMCMDD architecture and configurationwith corresponding overallmean
accuracy performance

Model Accuracy Precision Recall F1 RMSE

C1MDD2 0.9399 0.9400 0.9390 0.9394 0.2143

C2MDD2 0.9612 0.9608 0.9612 0.9610 0.1718

C4MDD3 0.9619 0.9611 0.9631 0.9618 0.1688

CMCMDD1 0.9636 0.9628 0.9644 0.9635 0.1686

CMCMDD2 0.9594 0.9587 0.9600 0.9592 0.1767

CMCMDD3 0.9607 0.9598 0.9617 0.9605 0.1734

Table 4 Classification performance of best performing CnMDDm and CMCMDD architectures
trained and tested using data collected from Car 1 and Car 2 separately

Trained Tested Accuracy Precision Recall F1 Accuracy Precision Recall F1

C4MDD3 CMCMDD1

Car 1 Car 1 0.9946 0.9947 0.9945 0.9946 0.9959 0.9958 0.9959 0.9958

Car 1 Car 2 0.5197 0.5303 0.5297 0.5193 0.5441 0.5538 0.5532 0.5439

Car 2 Car 2 0.9911 0.9915 0.9906 0.9910 0.9945 0.9945 0.9944 0.9944

Car 2 Car 1 0.4326 0.3758 0.4157 0.3707 0.4587 0.4031 0.4403 0.3879

study [5] we investigated the effect of car type on classification performance using a
smaller dataset. In this paper we investigate the effect using a larger dataset. Training
the models with this larger dataset improved the overall classification performance.
However, the problem still remains where the models only trained on a single car’s
acoustic data the classification performance drops significantly.

Achieving the best overall performance byCMCMDD1 in our experiments above,
a benchmarking evaluation is performed againstRNN-LSTM,CNN[19] andBLSTM
[2]. The training was performed using the same dataset and MFCCs feature vectors.
Table5 presents the mean average accuracy over 3-fold and CMCMDD1 model
achieved the best accuracy of 96.36% and F1 score of 96.35%. Although the
CMCMDD1 model improvement of accuracy performance over the BLSTM [2] and
RNN-LSTM is relatively small, the training and predication time for BLSTMmodels
are higher. The training time per epoch forCMCMDD1 using aNvidia GeForce GTX
1080 GPU is 28s while for the BLSTM is 149s. All the models can classify MFCC
of 1s signal under 1 millisecond. The prediction time of 14,747 testing samples for
the BLSTM is 4.52 s which is more than ten times of the CMCMDD1 model which
only took 0.332s. The training and prediction time of BLSTM was also discussed
by [19] whereby the implementation of such models to the on-board vehicle safety
system have to be considered, making the CNNmodels favourable over the BLSTM.
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Table 5 Mean average accuracy over 3 folds

Model Accuracy (%) F1 (%) Model Accuracy (%) F1 (%)

CMCMDD1 96.36 96.35 CNN [19] 93.29 93.26

RNN-LSTM 95.26 95.24 BLSTM [2] 95.05 95.02

4 Conclusion and Future Work

In this study, two differing CNN architectures CnMDDm , a seven-layer CNN with
1 to 4 layers of convolution followed by 2 or 3 dense layers and CMCMDD, a five-
layers CNN with 2 layers of convolution and 3 dense layers were proposed and
evaluated for wet road surface detection. These architectures use small kernel sizes
to improve computation complexity. MFCCs have been proven to be an effective
feature set as input layers. The proposed CMCMDD1 architecture with 2 layers of
convolution and 5 by 5 kernel size achieved the best result of 96.36% mean average
accuracy and CMCMDD1 would be useful as an overall road wetness classification
approach.We showed that high level of classification performance is achievable using
a simple network architecture that is less computationally complex and has a faster
prediction time. Using CNN for road surface wetness detection has been shown
comparable performance to using ANN, LSTM and BLSTM methods. Accuracy
performance of the new CNN architectures proposed are promising for road wetness
classification.Wewill continue to study the placement andnumber of themaxpooling
layers for prediction time optimization and higher classification performance. Further
investigation on acoustic features or classification models that can better generalize
the road surface acoustic data.

Future work will be to evaluate on a larger dataset and a more robust evaluation
using data augmentation techniques to be performed for automated road surface
wetness detection.
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Abstract In this research, we look at the notion of spatio-temporal and create
context information from the smart home environment for multiple resident activity
recognition analysis. We created context features from the smart home environment
in order to correlate with the ambient sensor pattern from activities of daily life
(ADL) of the multiple residents that reside in the same environment. An Adap-
tive Profiling model was generated based on the possible interaction activity using
Expectation-Maximization (EM) clustering. The clusters parameter is adaptively
generated from the active label sets from the real-world datasets at the processing
stage. The proposedAdaptive Profilingmodel was classified usingmulti-label classi-
fication using the label combination approach and compared with different classifiers
such as Random Forest, Support VectorMachine, and k-NNmethod. Themodel with
Adaptive Profiling achieved higher accuracy when it was compared with only sensor
triggering patterns. The results obtained also were compared with the previous works
to justify its performance.
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1 Introduction

Theneed for the accuratemodel recognition ofmultiple residents’ activity that resides
in the same smart home environment is becoming a demand. During the pandemic
Covid-19, everyone needed to stay at home, and work from home. This situation
leads to high demand not only in the smart home system but also in healthcare and
monitoring application systems. ADL types might become complex when dealing
with multiple residents in the same environment. Individual and cooperative activity
has existed as the results of interaction between the residents.

Subsequently, the smart home was embedded with an ambient-based sensor
system, which made it harder to recognize the ADL accurately. Due to privacy and
security concerns, tracking the activity’s performer is also hard to identify in a smart
home that has been installed and embedded with an ambient-based sensor such as
motion, items, door and pressure sensor [1, 2]. This research work looks into how
much spatial and temporal information as features of the sensor pattern and affect
models trainedwith adaptively recognizedADL. Amodel incorporating the profiling
formulti-resident consists of context information of temporal and spatial information
is proposed for the smart home domain. It contains desirable features augmentation
such as adaptively previous activity information with possible number clusters based
on active label sets. Adaptive Profiling is proposed for multiple residents’ activity
recognition analysis is proposed and investigated.

2 Literature Review

Activity recognition in a smart home encompasses simple activity recognition to track
and infer the type of ADL performed by the resident. To recognize the ADL of one
resident at the same time using the only type of ambient-based sensor in a smart home
is possible [3, 4]. However, the ADL of multi-resident are always occurrs in complex
and challenging conditions.Hence, activities performed are highly complex andmore
complicated when involving more than one resident in the same environment. Thus,
human interaction is also necessary yet is an important factor in providing some
context-aware services based on resident profiling [5].

The interaction types can be addressed as complex activity in terms of coopera-
tive, parallel, whereas the individual can happen when the other resident is detected
idle. Additional information from domain knowledge in a smart home environment
is essential to model the activity accurately. Generally, context information used to
describe the situation of the person in the particular environment. Dey and Abowd
[6] define the context as typically the location, identity and state of people, groups
and computational as well as physical objects. In a more specific way, the context
information needs to be analyzed in order to providemeaningful information. Hence,
sensors and actuators are the most appropriate choice to install in a smart home envi-
ronment. Elements such as time domain series, resident profiling, duration, activity
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and location are included in the context information in the domain area. The more
features extracted from the data, the more accurate information could be achieved.
A smart home should be capable of granting efficient information about the envi-
ronment. The activity model should account for temporal and spatial structures of
complex activities and should convey the hierarchy of activity relations. Hence, the
sensor events themselves are overlapping since the dataset contains a combination
of individual, parallel and cooperative type activities [7]. Thus, this may cause inad-
equate accuracy of the model. In this context, the activity model should consider
the temporal and spatial structures for complex activities from the interaction of the
multiple residents. It happened as a result of conflict detection from the sensor signals
from its lower-layer structures [8]. Temporal information is important to describe
the situation of activity. Several studies have exposed complex activity recognition
specifically parallel and concurrent activity. These conditions occur when several
activities share the same sensor events at the same time. Several investigations use
data mining techniques in semi-supervised learning algorithms with the integration
of temporal features and parameters [9–11]. Furthermore, researchers propose four
and six room-level specific regions in the smart home environment to create new
features based on the ambient sensors at the pre-processing stage [12, 13]. They
utilize motion sensors to address its location in order to capture the movement of the
multiple residents. Nevertheless, the approach cannot cater to the class-overlapping
problem from the real-world datasets.

3 Methodology

3.1 Dataset

The study area is selected in this work using CASAS [14] smart home datasets
to represent the interactive ADL of multiple residents in a smart home environ-
ment. Activities done by single residents are identified and interaction activity is
also labelled in the datasets. Table 1 lists detailed activities performed and their
performers with the category of individual and cooperative as interaction occurred.
There are discrepancies in activity labeling between the actual dataset and what has
been reported in Singla et al. [15]. However, the activity identification (ID) in this
experiment follows the actual dataset based on ADLMR, WSU’s CASAS. Thus,
some researchers also follow the activity labels from the actual dataset [12, 16–18].
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Table 1 Activity ID based on multi-resident from ADLMR, CASAS dataset

Resident Act ID Activity name Singla et al. [17]

A 1 Medication dispenser A1

A 4 Reading magazine 1 B4

A 6 Sweeping floor B6

A 9 Setting Table for Dinner B9

A 10 Reading magazine 2 A10

A 12 Gathering picnic food A12

A 13 Retrieving dishes from cabinet A13

A 14 Packing Supplies for picnic food B14

B 2 Hanging clothes B2

B 3 Move furniture B3

B 5 Watering plants A5

B 7 Playing checkers B7

B 8 Prepare dinner A8

B 11 Pay bills B11

B 13 Retrieving dishes from cabinet B13

B 15 Packing picnic food A15

3.2 Pre-processing Stage

The pre-processing stage includes feature extraction and data cleaning from the
sensor data of the CASAS datasets can be referred to this work [21]. Feature augmen-
tationswere derived from spatio-temporal information. Features from ambient-based
sensors consist of the time series data that contain a series of binary data from the
sensor signals. In Table 1, there were sixteen types of multiple residents’ activities
that consisted of nine types of individual activities and the remainder were cooper-
ative activities. The labels for residents were annotated as A and B followed by the
activity number that represented its type.

3.3 Adaptive Profiling Model

The Adaptive Profiling (AP) method consists of context information of temporal and
spatial information is proposed for the smart home. It contains desirable features
augmentation such as adaptively previous activity information with possible number
clusters based on active combine label sets. These are considered as additional
features to enhance the performance of the build model.

Figure 1 illustrates the overview of the proposed Adaptive Profiling model
consisting of context information consisting of temporal and spatial information.
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Fig. 1 Overview of proposed Adaptive Profiling method

The features are extracted from the CASAS smart home for spatial information,
meanwhile the temporal information extracted from the residents’ activity pattern.
Then the clusters is extracted using EM clustering to generate the possible number
of combined label sets from the CASAS datasets.

Spatial Information. Probability based signal scanning: The spatial information
such as the locations of activity that has taken place in the smart home also can be
measured to improve the framework accuracy. As mentioned earlier, the challenges
are from the domain area such as class-overlapping and ambiguity of noise from
diversified sensors signals that are triggered on that particular time. Most of the
activities are performed in a different regionwithin the same environment.An activity
that is accomplished might involve many different regions in the smart home. Hence,
the type of sensor signals is varied and inconsistent along the time.

The spatial-region level of CASAS smart home layout as in Fig. 2. The left area
of the layout is not covered in the study area. The right side of the layout was
designed with multiple residents’ activity areas. Based on the layout, the smart home
CASAS is divided into six areas of region-level with designated region-level that
are labelled with R1, R2, . . . R6. Table 2 presents each sensor weights were given
based on the possibility that it was triggered when the activity occurred. There were
conditions to complete an activity such as “Filling medication dispenser”, there were
8motion sensors, 2 items sensor and1door sensor signalONandOFF simultaneously
at different regions involving dining, hallway, store and wet kitchen. The sensor’s
activation with ON will provide the values of the affected area.

Temporal Information. The pattern of behaviour and history of an individual is
different from another individual. The resident can be distinguished by considering
the differences in performing activities. Subsequently, it is believed that the previous
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Fig. 2 Spatial information based on six regions on CASAS smart home layout

activity information is important where it affects the current activity in the current
window. For example, “Resident A is retrieving dishes from the cabinet” is followed
by “Resident B is packing supplies for picnic food”. There is a tendency that the
resident is following the same routine in ADL and usually they perform the activities
in a sequence that repeats itself in everyday routines. Hence, this condition inherent
the pattern of recurrence. Another feature that was augmented from the datasets is
the temporal information that related to the pattern behaviour of any activity can be
accomplished. Themulti-resident activity profiling is essential in order to support the
relationship of current activity with the past activity. It is believed that the previous
activity information is important where it affects the current activity in the current
window. For example, “Resident A is retrieving dishes from the cabinet” is followed
by “Resident B is packing supplies for picnic food”. There is a tendency that the
resident is following the same routine in ADL and usually they perform the activities
in a sequence that repeats itself in everyday routines. Hence, this condition inherent
the pattern of recurrence.

Adaptive Cluster Size. Using Expectation-Maximization (EM) clustering [19, 20],
the cluster sizes are generated based on different patterns with generated Gaussian
when the observation is unknown. For this work, the parameters of clusters are
adaptively defined from the datasets based on the number of active combined label
sets of the training dataset.
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4 Experimental Design

The proposedAdaptive Profilingmodelwas classified usingmulti-label classification
techniques namely label combination (LC) [21] using many based classifiers such as
random forest, k-NN, SVM and HMM. The first experiment was running without the
proposed model, then the second experiment was running with the proposed model.
For training, tenfold cross-validationwas utilizedwith 80% of the dataset for training
and 20% for testing with threefold cross-validation. The setting was based on the
second experiment by Chen and Tong as their work obtained the highest result as
compared to other researchers [16].

4.1 Performance and Evaluation Metrics

Difference evaluation assessment with a special approach should be taken for multi
label classification technique. To treat it as a traditional single label might be too
strict for this method. The predictions for an instance is a set of labels, hence the
prediction can be fully correct, partially correct or fully incorrect. For this purpose,
these works are measured in terms of the quality of the classification into classes
[22]. Accuracy per label, Hamming score, exact match, accuracy and precision were
selected for these points [22, 23]. To evaluate the performance of the single label
predicted in the testing, the results need to be transformed into a multi-label vector
in order to record its performance.

5 Results and Discussions

5.1 Accuracy Per Label of Multiple Residents with Ambient
Based Sensors Features

The accuracy per label is described in Table 3. Specifically, this method is able to
define one-by-one accuracy per label of activity and the respective resident. In fact,
it is able to address the type of activity and which resident performed the activity
exclusively in Table 1. Results in Table 3manage to address the particular 16 types of
activities and the respective residents between the ranges of 0.051–0.979 of accuracy
per label.

Overall, using LC-RF, watering plant by Resident B (B5) recorded 0.979 the
highest accuracy among other activities. Meanwhile playing checkers by Resident B
(B7) recorded the least scoringwith 0.915. Resident A recorded activityA6 sweeping
floor as the lowest with 0.923 and activity A13 retrieving dishes from cabinet 0.967
as the highest among other activities of Resident A. In average accuracy per label
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Table 3 Accuracy per label under a different base classifier approach with ambient based sensor
features

Resident Act ID LC-RF LC-k-NN LC-SVM LC-HMM

Resident A A1 0.946 0.946 0.944 0.936

A4 0.961 0.961 0.943 0.051

A6 0.923 0.922 0.881 0.895

A9 0.946 0.943 0.921 0.935

A10 0.945 0.942 0.933 0.945

A12 0.936 0.931 0.895 0.916

A13 0.967 0.964 0.954 0.952

A14 0.938 0.935 0.92 0.921

Resident B B2 0.96 0.961 0.955 0.904

B3 0.967 0.968 0.964 0.966

B5 0.979 0.978 0.974 0.969

B7 0.915 0.913 0.888 0.894

B8 0.97 0.967 0.963 0.955

B11 0.944 0.945 0.928 0.93

B13 0.919 0.919 0.893 0.853

B15 0.94 0.941 0.916 0.902

Hamming score 0.947 0.946 0.93 0.87

(addressed as Hamming score stated in Table 3), LC-RF shows the most signifi-
cant result 0.947 among other base classifiers, in this case LC-k-NN, LC-SVM and
LC-HMM is reasonable. Hence, LC-k-NN showed a comparative result of 0.946,
provided SVM and HMM with result 0.93 and 0.87 respectively. To summarize,
the evaluation results shown with basic sensor LC-RF produces the most significant
result among other different base classifiers such as k-NN, SVM and HMM.

Example and Label-Based Performance. Table 4 shows the result based on model
performance using LC of multi label classification technique under different base

Table 4 Model performance under a different base classifier approach with ambient based sensor
features

Category Evaluation metrics LC-RF LC-k-NN LC-SVM LC-HMM

Example-based Accuracy 0.615 0.607 0.493 0.051

Hamming score 0.947 0.946 0.93 0.87

Exact match 0.585 0.578 0.464 0.051

F-Measure 0.636 0.627 0.509 0.051

Label-based Micro F1 0.643 0.635 0.511 0.046

Macro F1 0.627 0.617 0.493 0.006



798 R. Mohamed et al.

classifiers. LC with RF as base classifier resulted in the most accurate for every
example-based performance compared with other base classifiers with Hamming
score of 0.947. Meanwhile accuracy, exact match and F-Measure are 0.615, 0.585
and 0.636 respectively. To assess the influence of each separated label in the obtained
results, the measurements are based on macro and micro measures. The average
performance of Macro and Micro F1 are 0.627 and 0.643 indicates that poor corre-
lation among labels that share the same features lead to low label-based results of
LC-RF.

5.2 Adaptive Profiling Analysis

Accuracy per-label. Table 5 presents the results of accuracy per label of theAdaptive
Profiling model. LC-RF results in the most significant performance among other
different classifiers. LC-RF is able to infer activity accurately with almost all scores
of 0.99 and A4, A13 and B7 scores 1. The results between LC-k-NN and LC-SVM
are mostly similar. However, by using this approach, the overall performance using
k-NN and SVM base classifiers is increased. In addition, LC-HMM results have no
changes with Table 3 even though the approach is different due to the base classifier
is being unable to tackle the increment features in its observation nodes.

Table 5 Accuracy per label under a different base classifier approachwith adaptive profilingmodel

Resident Act ID LC-RF LC-k-NN LC-SVM LC-HMM

Resident A A1 0.999 0.977 0.981 0.936

A4 1 0.979 0.977 0.051

A6 0.999 0.955 0.957 0.895

A9 0.998 0.979 0.966 0.935

A10 0.999 0.971 0.983 0.945

A12 0.999 0.978 0.977 0.916

A13 1 0.977 0.967 0.952

A14 0.996 0.968 0.987 0.921

Resident B B2 0.997 0.98 0.98 0.904

B3 0.997 0.983 0.993 0.966

B5 0.998 0.984 0.971 0.969

B7 1 0.954 0.968 0.894

B8 0.999 0.989 0.975 0.955

B11 0.999 0.973 0.974 0.93

B13 0.998 0.976 0.976 0.853

B15 0.994 0.972 0.981 0.902

Hamming score 0.998 0.975 0.976 0.870
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Table 6 Model performance under a different base classifier approach with adaptive profiling
model

Category Evaluation metrics LC-RF LC-k-NN LC-SVM LC-HMM

Example-based Accuracy 0.986 0.808 0.813 0.051

Hamming score 0.998 0.975 0.976 0.87

Exact match 0.983 0.779 0.757 0.051

F-Measure 0.988 0.829 0.838 0.051

Label-based Micro F1 0.988 0.828 0.829 0.046

Macro F1 0.986 0.814 0.798 0.006

Example and Label-Based Performance. The model performance for multi-
resident is indicated in Table 6. Thus, the accuracy 0.989 and Hamming score 0.998
of LC-RF compared with LC-HMM with 0.051 and 0.87 respectively. LC-k-NN
and LC-SVM accuracy around 0.8 and Hamming score of 0.97 are considered high
compared with HMM base classifiers.

In terms of label-based performance, the overall performance of label correlation
increases the results to overcome the class-overlapping problem. The Macro and
Micro F1 and with results 0.986 and 0.988 with LC-RF increase. However, label-
based performance with LC-HMM unable to show any results increment.

5.3 Model Comparison on Smart Home Sensor and Adaptive
Profiling Model

Figure 3 illustrates the comparison of accuracy per-label of multi-resident in terms
of sensor features and Adaptive Profiling model using LC-RF on CASAS datasets.
Overall improvements of CASAS dataset with AP method in accuracy per label are
impressive compared with the basic sensor features resulting in the average of 5%
increment of overall activity label.

Moreover, this model performance was also compared with the results from
previous works [16] that produced model accuracy with 0.974 using HMM method
and 0.972 using CRF. In other works from Tran et al. [18], they used the same dataset
but they proved that the recognition can be made on combined label of the dataset,
whereby it referred to the interactive activities. Hence, our study proved that the
combined datasets can be recognized as types of activity and the performers as well.
Consequently, irrespective of the methods proposed from the previous works, the
Adaptive Profiling model result accuracy of 0.986 with a hamming score of 0.998
is able to cater the activity recognition and also tracking the performers. The more
features extracted from the data, the more accurate information could be achieved.
Spatio-temporal information gathered as feature augmentations for this work is able
to generate a higher performance model for the multiple residents in a smart home.
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Fig. 3 Comparison of model performance for multiple residents’ activity recognition with and
without AP method on CASAS datasets

6 Conclusion

Spatial and temporal information representing the smart home environment can
be extracted for multiple residents’ activity recognition. The models utilized the
multi label classification learning algorithm with different base classifiers are tested
including RF, SVM k-NN and HMM method. The performance of the proposed
model produced the highest result using LC-RF.

In the future, we will look into consideration on the interaction type of activities
that can be considered as complex activity in multiple resident’s activity recognition.
Furthermore, the model also needs to be ready with the incremental number of
residents that reside together in the same environment.
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Human Detection Using Passive Forward
Scattering Radar and Classification
with PCA and ANN
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and Mohammed Rasheed Jubair Al-Hiealy

Abstract A passive radar system only receives signal from commercial transmit-
ters in terms of radio signal used for detecting and tracking objects. This study
comprises of experiments of different human detection that is exactly like an intruder
crossing borders illegally into the country. This idea can be implemented at country
borders to prevent kidnaping, like the incident that happened in LahadDatu, Sabah. A
Doppler signature is formed when human passes through the receiver and commer-
cial transmitter. Detection of different human silhouette gives a different Doppler
signature. The LTE frequency used for this experiment was 1.8 GHz. Experiments
were done in Batu Laut (Selangor) and Teluk Kemang (Negeri Sembilan) with the
purpose of comparing human signals at two different locations. Collected data were
processed using MATLAB software. Then, it was extracted for analysis by two
different methods of classification, which are Principle Component Analysis (PCA)
and Artificial Neural Network (ANN). PCA is a conventional analysis technique for
target classification. Meanwhile, the ANNmethod was proposed in this system to be
used as an additional technique for data analysis. It was proven that ANN was also
able to analyze the data in the form of signal and waveform, similar to the conven-
tional method. Results show that both techniques could classify the signal, but ANN
had a higher percentage of classification accuracy than the PCA. Therefore, it will
provide a good performance in human detection for advance research.
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1 Introduction

A passive radar system presents a receiver without a co-located transmitter and is
enhanced compared to a straight radar system, which is an active radar [1]. Passive
radar systems are tough to detect by conventionalmeans, they cannot even be detected
by thermal signature because no dedicated transmitters generate heat [2]. Based on
the experiment, the passive radarwas easy to set up and did not require frequency allo-
cations. The specifications of passive radars are crucial to provide effective protection
and boosted security system [3]. The number of FSR particularities makes it more
interesting. Its’ most attractive feature is the steep rise in the target Radar Cross
Section (RCS) compared to traditional monostatic radar [4], which improves the
sensitivity of the radar system. The forward scattering RCS mainly depends on the
target’s physical cross section and the wavelength, and is independent of the target’s
surface shape aswell as to anyRadarAbsorbingMaterial (RAM) coating that reduces
the target’s RCS in traditional radar [5]. This featuremakes FSR strong against stealth
technology.

Based on previous cases that happened in Lahad Datu Sabah, this study is focused
on passive forward scattering radar for human detection to enhance the security
system at country borders. The main objective for this project is to demonstrate
that the human Doppler signature produced by different individuals of different size
and shape is unique. Principle Component Analysis (PCA) is a technique used as the
automatic feature extraction for ground target classification [6]. Thismethod has been
proved reliable at this stage, but it is necessary to have an alternative classification
method to perform any comparison. Thus, this study proposed the Artificial Neural
Network (ANN) as a classification technique. Earlier, one of the researchers used
a convolutional neural network to detect humans in a variety of environments that
uses a single image captured using visible light cameras at night which had higher
accuracy than the existing methods [7].

2 Methodology

2.1 Human as Target

In this project, two individuals with different heights were used as the object of the
moving targets. The results were collected at two different locations, namely Batu
Laut, Banting (Selangor) and Teluk Kemang, Port Dickson (Negeri Sembilan). The
target passed through the transmitter and receiver at a distance of 1 m from the
receiver. The LTE frequency used in this experiment was 1.8 GHz. Table 1 shows
the moving target of two individuals with different heights, Person 1 and Person 2,
features. Person 1 was 1.8 m tall, and Person 2 was 1.6 m. Person 1 was bigger than
Person 2. A total of 320 samples were collected at both places. Four periods, namely
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Table 1 Description of two person

Person Silhouette Height (m) Number of samples

Teluk Kemang (Negeri
Sembilan)

Batu Laut (Selangor)

1 1.8 160 160

2 1.6 160 160

morning, afternoon, evening and night, were when the data samples were taken with
40 samples per period.

2.2 Experiment Site

Two locations were chosen for the experiment, which were Kampung Batu Laut,
TanjongSepat, Selangor (2.681°, 101.503°) andTelukKemang, PortDickson,Negeri
Sembilan (2.448°, 101.856°).Both locationswere suitable to carry out the experiment
for human detection using Passive Forward Scattering Radar, as shown in Fig. 1.

The arrangement of the baseline experiment is illustrated in Fig. 2. The radar
system shows the human as the moving object that walks through between the trans-
mitter (Tx) and receiver (Rx). The transmitter then transmits the signal to the receiver
baseline, in term of waves during human walking between them. From the antenna,
the low noise amplifier’s purpose is to amplify signals of very low strength. It then
goes to the electrical element called non-linear element. Low pass filter as a circuit
to reject all unwanted high frequency before the analog signal is converted to digital

(a) (b)

Fig. 1 Experiment site a Batu Laut, and b Teluk Kemang
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Fig. 2 Illustration of
experiment setup

signal. Lastly, the computer will display the Doppler signature from the human body
in MATLAB software in time domain signal.

2.3 Signal Processing

All of the data collected during the experiments were processed and analyzed using
MATLAB software with the details about the steps of analysis shown in Fig. 3.
First of all, Doppler signatures were collected in the form of time domain for 20 s.
Then, data collected in time domain needed to be cropped before proceeding to next
process, which is called data segmentation. After data segmentation was done, the
process continued with denoising the signal, with the purpose of removing noise
contained in the signal to give better plot of Power Spectral Density (PSD). Next,
each data was plotted in the form of PSD. The plot clearly identified the difference
between the moving objects, Person 1 and Person 2, based on their main first lobe
width. For the classification process, this study used two methods of analysis, which
are PCA and ANN. Training sessions for PCA and ANN samples were set to 80%,
and testing around 20%. Finally, a comparison was made between both percentages
of classification accuracy.
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Fig. 3 Flowchart of data
analysis process

3 Results and Discussion

3.1 Time Domain After Denoising

The purpose of the denoising process is to remove unwanted signal, and is shown in
Fig. 4a–d in the form of time domain signal. Data that was denoised was set to 2 s
in every Fig below. Based on the time domain signal, the horizontal line indicates
time in seconds, while the vertical line indicates the signal level in volts. The blue
line represents Person 1 and the red line represents Person 2.

For the first location in Batu Laut, data was collected at different times, namely
morning, afternoon, evening and night. For the morning period, the time taken by
Person 1 was 1.29 s and Person 2 was 0.84 s, and this is shown in Fig. 4a. During the
afternoon period, the time taken by Person 1 was 0.93 s and Person 2 was 0.59 s, as
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(a)                                                                    (b) 

(c)                                                                  (d) 

Fig. 4 Denoised signal at Batu Laut a Morning b Afternoon c Evening and d Night

shown in Fig. 4b. During the evening period, the time taken by Person 1 was 1.06 s
and Person 2 was 0.6 s, as shown in Fig. 4c. Lastly, for the night period, the time
taken by Person 1 was 0.9 s and Person 2 was 0.53 s, as shown in Fig. 4d. Person 1
took a longer time, in seconds, compared to Person 2 for all time durations at Batu
Laut. This is because the width of Person 1 was more than Person 2. Same goes to
their height, Person 1 was taller than Person 2.

For the second location in Teluk Kemang, data was also collected at different
times, namely morning, afternoon, evening and night. For the morning period, the
time taken by Person 1 was 1.51 s and Person 2 was 1.02 s, as shown in Fig. 5a.
During the afternoon period, the time taken by Person 1 was 0.97 s and Person 2 was
0.63 s, and is shown in Fig. 5b. During the evening period, the time taken by Person 1
was 1.41 s and Person 2 was 1.18 s, as shown in Fig. 5c. Lastly, for the night period,
the time taken for Person 1 as 1.54 s and Person 2 was 1.08 s, as shown in Fig. 5d.
Based on the time domain after denoising results, Person 1 also took a longer time,
in seconds, compared to Person 2. This situation was the same in Batu Laut.
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(a)                                                                  (b) 

(c)                                                                (d) 

Fig. 5 Denoised signal at Teluk Kemang: a Morning b Afternoon c Evening and d Night

3.2 Power Spectral Density

Power Spectral Density (PSD) is a function of frequency that shows the strength of
the variations of energy. Therefore, it shows which variation of frequency is strong,
and at which frequency it is weak. The difference between the two people can be seen
at the first main lobe of PSD. At the first location in Batu Laut during the morning
period, as shown in Fig. 6a, for Person 1, the PSD frequency was 1.3 Hz and the
normalized power was−25 dB, while Person 2 was 1.5 Hz and−22 dB. During the
afternoon period, shown in Fig. 6b, for Person 1, the PSD frequency was 1.2 Hz and
the normalized power was−22 dB, while Person 2 was 1.9 Hz and−34 dB. During
the evening period, as in Fig. 6c, for Person 1, the PSD frequency was 1.2 Hz and
the normalized power was −21 dB, while Person 2 was 1.9 Hz and −30 dB. Lastly,
during the night period, as in Fig. 6d, for Person 1, the PSD frequency was 1.2 Hz
and the normalized power was −22 dB, while Person 2 was 1.8 Hz and −46 dB.
Based on the PSD results at Batu Laut, the first main lobe width of Person 1 was less
than Person 2. But in the previous time domain after denoising, it was the opposite.
This situation happened based on the formula f = 1/t, where frequency equals to 1
inversely proportional to time. At the second location in Teluk Kemang during the
morning period, as in Fig. 7a, for Person 1, the PSD frequency was 1.9 Hz and the
normalized power was−29 dB, while Person 2 was 2.6 Hz and−60 dB. During the
afternoon period, as shown in Fig. 7b, for Person 1 was 1.5 Hz and −18 dB, while
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(a) (b)

(c) (d)

Fig. 6 PSD at Batu Laut a Morning b Afternoon c Evening and d Night

(a)                                                                   (b) 

(c)                                                                  (d) 

Fig. 7 PSD at Teluk Kemang a Morning b Afternoon c Evening and d Night
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Person 2 was 3.5 Hz and−46 dB. During the evening period, as in Fig. 7c, for Person
1 was 1.2 Hz and−22 dB, while Person 2 was 2.3 Hz and−5 dB. Lastly, during the
night period, as in Fig. 7d, for Person 1 was 1.9 Hz and−40 dB, while Person 2 was
3.05 Hz and −60 dB. The main first lobe widths at Teluk Kemang for Person 1 and
2 were the same as those at Batu Laut, whereby Person 1 was bigger than Person 2.

3.3 Principal Component Analysis

The purpose of Principle ComponentAnalysis (PCA) is to extract important informa-
tion frommultivariate data table and express this information as a set of newvariables.
In this study, the PCA can differentiate the configuration of the two persons. The
PCA results show the cluster patterns of Person 1 and Person 2 with blue dots and
red dots, respectively. At the first location in Batu Laut, the clusters of Person 1 and
Person 2 less overlapped each other during the morning and night periods, as shown
in Fig. 8a, d. During the afternoon and evening periods, Fig. 8b, c, the clusters over-
lapped more than the morning and night periods. It still distinguished the patterns

(a) (b)

(c) (d)

Fig. 8 PCA at Batu Laut a Morning b Afternoon c Evening and d Night
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(a) (b)

(c) (d)

Fig. 9 PCA at Teluk Kemang a Morning b Afternoon c Evening and d Night

between the two people, but was less accurate. This is because the signal strength at
that time had low power compared to themorning and night periods. This experiment
depended on LTE signal power, and during that time, usage of LTE signal from the
outside was higher and it caused the signal power to become less.

Next, for Teluk Kemang during the evening and night periods, the results show
that the clusters overlapped each other less, as shown in Fig. 9c, d. During the
morning and afternoon periods, the clusters of the two people overlapped more than
the morning and evening periods. This, theoretically, is the same as those in Batu
Laut, as previously explained. So the best time of both locations for human detection
with passive forward scattering radar is during the night period.

3.4 Artificial Neural Network

Based on this study, the Artificial Neural Network was another classification method
implemented in this project. Based on theANN results, it can compare the percentage
of classification accuracy with the PCA result. ANN is deep learning or machine
learning. It learns based on the training session that was set to 80% of data and for
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Fig. 10 ANN classification for Person 1 and Person 2 at Batu Laut (Night)

testing session, 20% of data. Figure 10 shows the result at Batu Laut during the night
period only. As for the rest, refer to the table of confusion matrix.

Based on Fig. 10, the horizontal axis illustrates the target class and the vertical axis
illustrates the output class. The target class for Person 1 was set to 0, while Person
2 set to 1. The horizontal and vertical columns represent each class, which is class 0
as Person 1 and class 1 as Person 2. The green diagonal cells illustrates that the data
were correctly classified, and the red cells indicate misclassified data. The bottom
cell in blue illustrates the total percentages of classification for Person 1 and Person 2.
For Person 1, in the first column that reads from bottom to top, 7 data were correctly
classified and 1 data was misclassified. The same goes for Person 2, whereby 7 data
were correctly classified and 1 remaining data misclassified. The total number of
testing data for each person was 8 data. Finally, the total percentages of classification
accuracy (blue cell) for both data were 87.5% and 12.5% for misclassified data.
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3.5 Confusion Matrix

The confusion matrix is a way used to decide the accuracy and presentation of the
classifier. For the first location in Batu Laut, the highest total percentage of classi-
fication accuracy were the morning and night periods. Based on the PCA classifier
in Table 2, total percentages of classification accuracy was 81.3%, while the ANN
classifier in Table 3 was 6.2% higher than the PCA, which was 87.5%. The afternoon
and evening periods had lower percentage than the morning and night periods. Their
average percentages are around 71.875% for PCA in Table 4, and 75% for ANN
in Table 5. For the second location in Teluk Kemang, the highest total percentage
of classification accuracy were found during the evening and night periods. Based
on the PCA classifier in Table 4, the total percentage of classification accuracy was
78.125%, while the ANN classifier in Table 5 was 3.175% higher than PCA, which
was 81.3%. The morning and afternoon periods had lower percentages than the

Table 2 Confusion matrix of PCA for two persons at Batu Laut

Time Person Automatically classified
(%)

Total percentages of classification (%)

1 2

Morning 1 75.0 25.0 81.3

2 12.5 87.5

Afternoon 1 75.0 25.0 71.875

2 31.25 68.75

Evening 1 75.0 25.0 71.875

2 31.25 68.75

Night 1 75.0 25.0 81.3

2 12.5 87.5

Table 3 Confusion matrix of ANN for two persons at Batu Laut

Time Person Automatically classified
(%)

Total percentages of classification (%)

1 2

Morning 1 75.0 25.0 87.5

2 0 100.0

Afternoon 1 62.5 37.5 75.0

2 12.5 87.5

Evening 1 62.5 37.5 75.0

2 12.5 87.5

Night 1 87.5 25.0 87.5

2 25.0 87.5



Human Detection Using Passive Forward Scattering Radar … 815

Table 4 Confusion matrix of PCA for two persons at Teluk Kemang

Time Person Automatically classified
(%)

Total percentages of classification (%)

1 2

Morning 1 75.0 25.0 71.875

2 31.25 68.75

Afternoon 1 75.0 25.0 71.875

2 31.25 68.75

Evening 1 75.0 25.0 78.125

2 18.75 81.25

Night 1 75.0 25.0 78.125

2 18.75 81.25

Table 5 Confusion matrix of ANN for two persons at Teluk Kemang

Time Person Automatically classified
(%)

Total percentages of classification (%)

1 2

Morning 1 75.0 25.0 75.0

2 25.0 75.0

Afternoon 1 75.0 25.0 75.0

2 25.0 75.0

Evening 1 75.0 25.0 81.3

2 12.5 87.5

Night 1 75.0 25.0 81.3

2 12.5 87.5

evening and night periods. Their average percentage is around 71.875% for PCA in
Table 4 and 75% for ANN in Table 5. All percentages with bold text within columns
of automatically classified in Table 2, Table 3, Table 4 and Table 5 represent the data
are correctly classified into their own cluster. While the bold text in time and total
percentages of classification represents the highest percentage.

The best period for the first location in Batu Laut were morning and night, while
for the second location in Teluk Kemang, it was in the evening and night. This
situation happened because during that time, the load signal strength from the LTE
provider had less demand from users. Other than that, it showed that Batu Laut had a
higher total percentage of classification than Teluk Kemang. This situation happened
because the transmitter and receiver at Batu Laut had less distance compared to Teluk
Kemang, so the LTE signal produced is stronger at Batu Laut. For both, the classifier
results at different locations, it shows that the ANN had a higher total percentage of
classification than the PCA. This is due to ANN works on vector mapping functions
to minimize the error parameters while PCA explains the correlation between the
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observations in terms of the underlying factors that are inaccurately recognizable.
Thus, by implementing the ANN method can give better performance in classifica-
tion, as well as give better performance in human detection system. Previous research
on human detection in a night time image has also been studied using proposed neural
network method shown high performance and accuracy [7].

4 Conclusion

In a nut shell, human detection at two different locations can be successfully deter-
mined by using the Passive Forward Scattering Radar system. HumanDoppler signa-
ture produced by different individuals of different size and shape were also success-
fully detected by a passive radar system. PCA and ANN classifiers also successfully
categorized two different humans of different size and shape. By comparing both
classification methods, whereby both could classify the signal, the ANN analysis
performed better than the PCAmethod in total percentage of classification accuracy.
This research shows that the ANN classification method has a huge potential to be
used as an alternative system for target classification, especially in passive forward
scattering radar, as well as it can give better performance in human detection and
classification system.
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Towards the Influence of Students’
Learning Attention with Indoor Light
Environment

Zhao Cheng-cheng, Liu Chang, Wang Weiyu, Wang Weizhen, Cao Fan,
Zou Nianyu, and Fang Yuan

Abstract There are many factors that affect students’ learning efficiency and atten-
tion. Studies have shown that a suitable light environment can improve students’
attention, thereby improving learning efficiency. This study explores the effects of
different indoor light environments on students’ attention and learning efficiency
through eye-brain experiments. First, three experiments with different light environ-
ments are designed. By collecting and analyzing electroencephalogram (EEG) data
and eye movement data of 6 participants, the effect of light environment on learning
attention is studied, and the light environment conditions that are most conducive
to concentration were obtained. The results are shown that: (1) The light environ-
ment illuminance will affect the comfort and fatigue of participants. Under the light
environment of 870 lx–6500 K, the participants were the most tired and could not
concentrate own attention. (2) Pre-stimulation before the experiment helps to concen-
trate attention. In the 300 lx light environment task test, the average accuracy ofA-test
in the calm group is 6.25% higher than that of the stimulus group, and the average
accuracy of the M-test in the stimulus group is 17% higher than that of the calm
group. (3) Compared with the 870 lx light environment, the pupil diameter does not
change significantly under 570 lx, at this time the comfort is the highest and the
fatigue is the lowest. (4) The stimulus group have the highest comprehensive scores
under 570 lx-6500 K light environment. The overall performance of the stimulation
group was better than the calm group.
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1 Introduction

Since the outbreak of the global COVID-19, online teaching has become an indispen-
sable part of education, and long-term exposure to computer learning in an uncom-
fortable light environment will cause inattention and visual fatigue. Besides the
light environment can also lead to psychological and physio-logical stress reactions.
Nowadays, scientific research has found that a suitable light environment can effec-
tively reduce the above-mentioned reactions and improve the efficiency of learning.
To solve this problem, it is necessary to find the most suitable light environment for
students to study.

Fang et al. in [1] proposed the Cyber-Physical Human Centric System and studied
the correlation between human factors and the environment. Weiyu et al. [2] estab-
lished a human-oriented comfort model of the lighting system, which combined the
light environment with indoor temperature and humidity changes and analyzed and
studied the correlation between humans and the environment. It provides ideas for
this article to study the relationship between improving learning efficiency and a
light environment.

Due to the limited ability of the brain to process and process in a short period of
time, it can only focus on relatively important aspects, and long-term online learning,
the brain is in a state of high-speed operation, and it is easy to fall into a state of
fatigue. Lead to reduced attention and learning efficiency [3]. Therefore, the visual
test can accurately assess the participant’s concentration [4].

Many scientific studies have shown that the level of health and comfort is largely
affected by the indoor environment, and the comfort level that humans can perceive
has a great impact on improving their work efficiency [5]. Clements-Croomea [6]
found that environmental indicators such as classroom air affect students’ learning
efficiency.

WuWenmiao et al. studied the effects of indoor illumination and color temperature
on human comfort. Directional physiological signals and subjective feelings also
directly affect the output of work efficiency [5].

Wang Mingyue et al. studied the physiological changes of EEG signals in the
indoor thermal environment and explored the connection between attention and
physiological signals [7]. Wei et al. [8] studied the relationship between eye move-
ment signals and attention and used eye movement signals to reflect changes in
people’s emotions. The research of physiological signals also provides a good idea
for exploring the choice of indoor light environment.

Yuto et al. [9] propose an Energy Efficient Thermal Comfort Control (EETCC)
system to improve the thermal comfort of residents by optimizing energy consump-
tion. Experiments and computer simulations are used to evaluate and validate the
feasibility of the EETCC system in a Cyber-Physical Smart Home System. Tang
et al. [10] studied a prototype of a smart lighting system with enhanced smart home
security features. Its integration into a smart lighting system can improve and energy
efficiency. Combining the lighting system with the smart home will be integrated.
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(a)300lx  (b) 570lx (c) 870lx

Fig. 1 Laboratory lighting environment diagram. a 300 lx b 570 lx c 870 lx

Taştan and Gökozan [11] implemented a smart home application including air condi-
tioning and lighting control using a NodeMCU embedded system micro controller,
an Arduino Pro Mini and a Blynk iOS/Android interface developer.

In this paper, to study the concentration level and learning efficiencyof participants
under different light environments, we lay the foundation for the establishment of
a human-centered intelligent lighting environment. The experiment was improved
from three aspects: physiological signal, task test and subjective questionnaire. The
experimental data of the subjects were collected for analysis by setting up different
light environments, to explore the most suitable light environment for learning.

2 Method

2.1 Experimental Set-Up

In this experimental environment, there is a precision air conditioner to precisely
control the indoor temperature and humidity. We use several black cloths to shield
from light to form a small experimental environment to avoid other light influences.
This experiment uses three T5 LED tubes with a rated power of 11 W, a luminous
flux of 1100 LM, and a light source color temperature of 6500 K. The above is a
good experimental light environment. As shown in Fig. 1

2.2 Experimental Case

The light environment is designed in accordance with the lighting standard GB1923-
11. This experiment uses a light environment with three illuminances. The specific
environmental parameters are shown in Table 1.
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Table 1 Indoor light environment design

Light
environment

Illuminance (lx) Color temperature
(K)

Temperature (°C) Reality humidity
(%)

L1 300 6500 22–23 60–70

L2 570 6500 22–23 60–70

L3 870 6500 22–23 60–70

This experiment uses anTobiiGlasses 2 eye tracker and aBlueBCIwireless digital
EEG acquisition system. The illuminance meter model is KONICAMINOLTA CL-
200A color illuminance meter.

The task assessment test used an alphabet test and a graphical flip test, both of
which lasted a total of 10 min. In the alphabet test (A-test), the 26 letters of the
alphabet were out of order and a letter appeared randomly on the computer screen.
The participant determines whether the letter is present in the alphabet that just
appeared. In the graphic flip test (M-test). A random picture of any opening direction
appears on the screen and the participant counts how many of the same pictures are
in the next picture. These two tests are effective in identifying students’ ability to
discriminate between shapes and letters and provide validation of learning efficiency
and concentration assessment.

2.3 Participants

This experiment selects 6 volunteers as Participants, of which themale to female ratio
was 2:1, all fromDalian Polytechnic University. The quality of sleep was guaranteed
three days before the experiment, and tea and coffee were not consumed to avoid
excitement and stimulation to the body and mental state, before being able to engage
in strenuous activities, the vision in both eyes (including correction) and no red-green
blindness. The personal information of the 6 volunteers is shown in Table 2.

Table 2 Participants brief information

Participant Gender Age Height (cm) Weight (Kg)

1 Male 24 183 73

2 Male 20 185 65

3 Male 23 176 72

4 Male 20 175 60

5 Female 23 166 56

6 Female 23 160 55
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2.4 Experiment Process

The experiment consisted of three parts: physiological signals, subjective question-
naire, and task assessment. 6 participants were divided into two groups, a calm group,
and an excitable group (2 males and 1 female). The arousal group was given a certain
amount of stimulation before the experiment. EEG signals were collected from the
subjects for 3 min before the experiment, then the subjects entered the light environ-
ment L1, put on the EEG cap and the eye-tracking device, and started the 10-min
graph flip and alphabet test. At the end of the experiment, individual subjective ques-
tionnaires were completed. Rest for 5 min, then start the test of light environment
L2, and so on, after testing three light environments, and collect EEG signals and
oculomotor signals during the whole experiment. This is shown in Fig. 2. The overall
number axis flow chart of the experiment is shown in Fig. 3.

Fig.2 Wearing equipment diagram
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Fig. 3 Experimental processing

2.5 Physiological Signal

EEG signals reflect the electrical characteristics of the brain by recording changes in
electrical potential on the human scalp. EEG is the spontaneous activity of the brain
recorded by electrodes. It is displayed as a curve with potential as the vertical axis
and time as the horizontal axis. In this paper, EEG caps and oculomotors were used
to analyze the physiological changes of participants in the experimental treatments.

In the experiments, EEG electrodes were placed according to the international
standard 10–20 lead rule. The electrodes involved included PO7, PO3, POZ, PO4,
PO8,O1,OZ,O2,ERP, andGND, for a total of 10 electrodes. The sampling frequency
was set to 250 Hz, where GND was the ground electrode.

According to the spatial location of the brain, the cerebral cortex was divided into
4 lobes. Each lobe is a spatially connected part of the cerebral cortex. The names and
main functions of these partitions are listed below, as shown in Table 3.

1. Frontal lobe: higher cognitive functions such as learning, language, decision
making, abstract thinking, emotion, etc.

2. Parietal lobe: somatosensory, spatial information processing, integration of
visual information and somatosensory information.

3. Temporal lobe: hearing, smell, advanced visual function, distinguish left and
right, long-term memory.

4. Occipital lobe: visual processing.

In this paper, the EEG experiment studies the parietal and occipital regions of the
brain, as shown in Fig. 4. The parietal lobe is used to analyze spatial and visual
information, and the occipital lobe performs visual processing.

Table 3 Brain function area F T P O

Frontal Temporal Parietal Occipital
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Fig. 4 Brain partition structure diagram

In recent years, studies have found that the alpha wave is more obvious when
the eyes are closed and relaxed. When the brain is focused, the alpha rhythm will
be greatly weakened and disappear, which is called alpha blockade. The beta wave
represents that the cerebral cortex is in an excited state, especially in the frontal and
parietal lobes. The research pointed out that the human body’s bio-signal contains
certain information, and the research proves that the human body’s bio-electric signal
is feasible to identify learners’ attention level [7]. Beta waves appear when you are
nervous and emotional, and this waveform is more obvious when you are focused
[8].

3 Experimental Data Analysis

The experiment explores the concentration and learning efficiency of Partici-
pants under different light environments through three aspects: task evaluation,
physiological signals and subjective questionnaires.

3.1 Task Evaluation Analysis

In the previous experimental design, we divided 6 Participants into a calm group
and a stimulation group, where S1/S4/S6 was the calm group and S2/S3/S5 was the
stimulation group. A-test and M-test tests were performed on the two groups. The
accuracy rates of the A-test andM-test tests in the calm group and the stimulus group
under different illumination levels are shown in Figs. 5 and 6.
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Fig. 5 Accuracy of A-test

Fig. 6 Accuracy of M-test

It can be seen from Fig. 5 that the alphabet accuracy rate of the calm group under
the three light environments is higher than that of the stimulation group. The average
test accuracy rate of the calm group in 300 lx, 570 lx and 870 lx is 96, 96, and 94.6%.
The average accuracy of 300 lx, 570 lx and 870 lx in the stimulation group was 90,
93.3, and 94%. All indicators of the stimulation group were lower than those of the
calm group.

The accuracyof the stimulationgroupunder the three light environments is slightly
higher than that of the calm group. The average accuracy of the calm group under the
light environment 300 lx, 570 lx and 870 lx is 63.63, 66.63 and 80.3%, the average
accuracy of the stimulation group under 300 lx, 570 lx and 870 lx was 72.2, 80.3
and 83.3%, except that the average value of the stimulation group under 870 lx was
lower than the calm group, and the indicators under the other two light environments
had increased. After the first 5 min of the M-test, the brain is in a state of excitement.
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As time goes by and the stimulation increases, the brain is gradually tired under the
high-illuminance light of 870 lx, and the ability to process data gradually decreases,
and the concentration is reduced.

3.2 Physiological Signals

Physiological signals are divided into EEG signals and eye movement signals, which
are analyzed separately below.

3.2.1 EEG Signal Analysis

Analyze data with EEG signals to explore the connection between attention and the
brain. Before the experiment, the Participants were divided into a stimulation group
and a calm group, and brain electrical signals were collected for 3 min. Figure 7 is
the ERP waveforms of the two groups of Participants (C-calm group, S-stimulate
group). Mainly explore the waveform changes of the occipital lobe frequency band.

GroupC-calm and S-stimulate aremainly the energy of the alpha band at 8–13Hz,
and the energy of the alpha band is mainly concentrated in the occipital region.

In Fig. 8a, there are four paremiters, represents the ERP image, O2 electrode
image, Event Related Spectral Power (ERSP) and Inter-Trial Coherence (ITC). ERSP
represents the average change in power (dB). In the ERSP diagram, the curve does
not exceed the blue area, indicating that the selected frequency is 9.766 Hz relative
to the baseline level (23.59 dB), and the power does not change significantly. ITC

(a) C-calm group (b) S-stimulate group 

Fig. 7 Maximum power channel. a C-calm group b S-stimulate group
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(a) C-clam-ERP (b) S-stimulate-ERP 

Fig. 8 ERP spectrogram. a C-clam-ERP b S-stimulate-ERP

indicates the degree of relative synchronization. 9.766 Hz represents the analyzed
frequency band, and the relative synchronization is enhanced at 800 ms.

In Fig. 8b, ERSP represents the average change in power (dB). In the ERSP
diagram, the curve exceeds the blue area at 250 and 750 ms, indicating that the
selected frequency is 9.766 Hz relative to the baseline level (13.74 dB), and the
power has changed significantly. ITC indicates the degree of relative synchronization.
9.766 Hz represents the analyzed frequency band. The relative synchronization is
enhanced at 350 ms.

3.2.2 Eye Tracking Data Analysis

The pupil diameter of the left pupil in the calm group under the three light environ-
ments is shown in Fig. 9. The diameters of the left eyes, as shown in Fig. 9a and
right eyes, as shown in Fig. 9b also changed in the calm group and stimulus group
in three different light environments.

In the light environment of 300, 570 and 870 lx, the average pupil diameter of
the stimulated group was 14.6, 10.4 and 11.1% higher than that of the calm group.
Among them, in the 870 lx light environment, the pupil diameter of the subject was
significantly reduced compared with the first two groups of light environments, and
the subject felt sleepy.

3.3 Subjective Questionnaire Analysis

After experimenting with a light environment, Participants need to fill in a subjec-
tive questionnaire, which includes a survey of fatigue and comfort. By setting up
a questionnaire, formulate corresponding questions. Perform statistics on comfort
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(a) The left 

(b) The right

Fig. 9 The average of the pupil diameter. a The left b The right

and fatigue, and the statistical results are displayed as average results, as shown in
Figs. 10 and 11.

By quantifying the fatigue degree under different light environments, it can be
found that in the 870 lx light environment, compared with the 300 and 570 lx light
environments, the fatigue degree of the Participants under 870 lx is higher.

According to the Subjective Comfort Questionnaire (SCQ), under the same color
temperature, as the light environment illuminance increases, the average subjective
scores under the three light environments gradually decrease. The Participants’ atten-
tion state, environmental comfort, and satisfaction average were the highest in the
light environment (570 lx) and the lowest in the light environment (870 lx).
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Fig. 10 Fatigue statistics

Fig. 11 Comfort statistics

The three groups of light environments set in the experiment have obvious differ-
ences in the scoring index values of fatigue and comfort in the subjective question-
naire, indicating that the light environment set in the experiment has a very important
significance for the study of learning attention.
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4 Conclusions

This study explored the effects of different lighting environments on participants’
learning concentration and visual effects. Based on our data, we draw the following
conclusions: (1) The brightness level and lighting method will affect the comfort and
fatigue of participants. In the light environment of 570 lx–6500 K, the participants
scored the highest in the quantification of fatigue and comfort, and at this time their
attention was the most concentrated. (2) In the light environment 300 lx task test, the
average accuracy of the calm groupA-test is higher than that of the stimulation group,
and the average accuracy of the M-test at 500 lx is higher in the stimulation group
than the calm group. (3) Test questions will affect the concentration of candidates.
Graphics can stimulate participants more than letters, and the test under 570 lx can
help improve test scores. (4) Under the 870 lx light environment, the pupil diameter
of the subject was significantly smaller than that of the first two groups of light
environments, and the subject felt drowsy.

These factors that affect people’s learning concentration are very complex. The
future work is to accumulate experimental data, change the factors in the light envi-
ronment, analyze the factors that affect students’ attention by changing the color
temperature, air temperature and humidity, then explore the light environment more
suitable for learning by changing the environmental factors and system factors.
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Classification of Odour in the Leftover
Cooked Food to Determine
Contamination Using Machine Learning

W. N. F. S. Wan Azman, K. N. F. Ku Azir, and A. Amir

Abstract The assessment of odour in leftover cooked food is critical in order to
assess the quality of food after a certain time or period. The results of assessment can
be an indicator of contamination, which will directly affect the consumer’s decisions
either by recooking or discarding the foods. The traditional techniques used to eval-
uate contamination in the leftover cooked foods are time consuming, therefore the
use of an electronic nose in this study was to determine the degree of contamination
or spoilage of leftover cooked food. Machine learning was applied to classify the
contamination level of the foods based on the odour of the gases produced by the
cooked foods as well as the k-fold cross validation was also applied to the datasets.
Results showed that SVM gave the best classification accuracies which was between
57.14 and 78.57%. For both oversampling and under sampling technique, kNN gave
the highest classification between 48.21–60.71% and 42.86–67.86% respectively. In
addition to that, by using ROSE technique, the highest classification accuracies were
obtained by LDA (42.86–60.71%) and for SMOTE technique, RF gave the highest
classification accuracies (44.64–75%).
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1 Introduction

Concerns about food security and environmental impacts, such as greenhouse gas
emissions attributed to food waste, are growing globally. In response, there is
mounting evidence based on the quantities of food wasted and the associated emis-
sions along the food production-consumption chain that private households are key
actors in the generation of food waste [1, 2]. Globally, roughly one-third of all food
produced for human consumption is lost or squandered, equalling to 1.3 billion tonnes
of food per year. These losses can happen during preparation, processing or manu-
facturing phases in the food supply chain. Additionally, food loss can also happen
to the avoidable food waste, which is comprised of edible food ingredients that are
thrown away during the consuming phase [3]. Therefore, food waste prevention at
the household level, particularly in the case of leftover cooked food, is critical in
assisting in the prevention of further climate change. However, there are few field
studies on the problem of food waste in the context of leftover cooked food at the
moment.

Food waste can occur during the purchasing, preparation, and consumption of
food. Consumer food waste is primarily caused by improper or prolonged storage.
Customers may cut bits of food that are presumably edible during the meal prepa-
ration process in the kitchen to get desired nutritional characteristics. Furthermore,
food leftovers and rejected food are fed to pets, lowering the amount of food avail-
able to humans [4]. This is obvious in Malaysia, where leftover cooked food and
domestic garbage are the most common sources of Municipal Solid Waste (MSW).
According to the Khazanah Research Institute (KRI), the household sector accounts
for 44.5% of overall solid waste collection figures, or 6.1 million tonnes per year.
MSW is divided into 20 categories, one of which is food waste, which accounts for
50% of total waste composition, and food scraps dumping is predicted to increase
greenhouse gas emissions by 50% by 2020 [5].

The literature reviews show that there are several works and technologies
presented consisting of the integration of an electronic nose (e-nose) and machine
learning modelling to predict numerous different foods or drinks characteristics.
Traditionally, quality control tests used to comprise either a visual inspection of the
food or an analytical technique such asmicrobiological cell counting,mass spectrom-
etry, gas and liquid chromatography, or optical spectroscopy [6]. Recently, electronic
noses have emerged as potential instruments in various domains of food safety evalu-
ation for early detection of contamination and flaws in the food supply chain. E-nose
is a combination of gas sensors or chemicals sensors that mimics human nose which
rapid sensing can be achieved by sensors arrays. Several studies showed broad appli-
cation of e-nose in determining food quality-related properties, such as aromas of
beer [7], aroma of fresh Chinese jujubes [8], tea aroma [9], food additives [10], and
authentications of foods [11]. Work from [7] used a low-cost portable e-nose that
integrated with nine sensors to discriminate different beer samples from gases mean-
while [8] used e-nose to differentiate ten different varieties of fresh jujubes. Work
from [9] used e-nose and computer vision to identify the tea quality with synergetic



Classification of Odour in the Leftover Cooked Food … 833

data fusion strategy such as k-nearest neighbors (k-NN), support vector machine
(SVM) and multiple linear regression (MLR), by showing the results from SVM as
the best performance. Interestingly, work from [12], used e-nose, e-tongue and e-eye
to characterize the edible of olive oils, and 94% freshness of olive oil were correctly
classified by using a k-NN.Meanwhile, [10] used e-nose determines the two types of
food additives which are benzoic acid and chitosan in foods, and regression models
based on random forest (RF) and extreme learning machines (ELM) showed higher
prediction accuracy than SVM and partial least squares regression (PLSR). In this
study, the performance of the algorithms from prior studies were compared due to
the knowledge; no prior studies have examined the contamination in the leftover
cooked food using e-nose and machine learning. Therefore, this study differs from
the others as the use e-nose and machine learning were attempted to predict the
contamination level in foods which is expected to reduce waste from the household
waste.

The aim of this study is to identify and classify the level of the contamination
in the leftover cooked food with machine learning (ML) through the odour of the
foods. The analysis is to assess the odours profiles using local Malaysia lunch or
dinner dishes that have always been stored as leftover cooked food as a model. A
simple e-nose application is designed and attached to the food container’s lid that
will fit two types of sensors sensitive to different gases and programmed using the
Arduino platform to capture the data. Samples are analyzed using Rstudio to obtain
the odour classification of the leftover local Malaysian foods. Results from this study
will give an early contamination detection, where the foods are better being predicted
either it is still consumable or not. The question in this study is to answer how to
classify the contamination level in the leftover cooked food and how accurately
machine learning can classify different levels of contamination when detecting spoil
foods as it not only involves odour, but also taste, texture and colour of the food.
Thus, it is essential to define a new mechanism of classifying these contaminants
especially in the leftover cooked food, which has never been done before as it will
aid the consumer in identifying the spoiled foods before throwing food materials
away. It is expected that the proposed machine learning and approach of classifying
contamination levels in this study can contribute to a novel framework in improving
food waste management in Malaysia as well as the environment.

2 Materials and Methods

2.1 The Proposed Framework

In this study, seven (7) food samples of leftover cooked food, which generally release
a foul odour that usually associated with the food decaying or expiring. It is placed
in an airtight container with sensors attached to the lid. The foul odour coming from
the food sample normally indicates that there are gases present. The gas released by



834 W. N. F. S. Wan Azman et al.

Fig. 1 Block diagram of the proposed framework

the food sample will be detected by the electronic sensors array. These sensors will
provide a dataset in a form of sensor value. The values obtained will be recorded
and analysed in the pre-processing odour signal circuit. The circuit will be interfaced
with the software used for the data pre-processing. After that, the dataset is used to
build a classifier model. The classifier model will be used in the research to classify
the dataset during the training of data. The training of data is what will contribute to
the better performance of the classifier model.

Twomain units are interconnected with each other, which are the sensing unit and
the classification unit. The sensing unit in this study consists of the odour sample,
the electronic sensors array and the pre-processing odour signal circuit, whereas the
classification unit consists of the data pre-processing, the classifier and the training
data. Figure 1 below shows the block diagram of the proposed framework.

2.2 Hardware Design

a. Food Sample Preparation

In this study, the food samples used generally can be cooked by Malaysian during
lunch or dinner. There are Dalca Sayur, Nasi Goreng Daging, Sup Daging, Ayam
Masak Lemak, Ayam Masak Kunyit, Ayam Goreng Berempah and Sawi Masak Air.
The experiment ran for five (5) days in a row, starting from 8.30am and ends at
5.30 pm daily. The food sample is placed in a clean airtight plastic container with
sensors attached to the lid. The container lid will be opened after every 15 min to let
the sensor cleaning process take place. Figure 2 below shows the experimental setup
for the experiment.
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Fig. 2 Experimental setup

b. Experimental Setup

There are four (4) gas sensors used to detect the gases emitted by the food. This
experiment uses an Arduino microcontroller and data acquisition tool, namely PLX-
DAQ to process and convert the data from the sensor to the computer. Table 1 shows
the list of sensors used in this experiment along with the types of gases detected by
the sensors.

Figure 3 shows the block diagram of the hardware design. In this experiment,
the food sample is placed in an airtight food container with gas sensors attached
to the container’s lid. The sensors attached are MQ-2, MQ-136, MQ-137 and MQ-
138 sensors. These sensors are used to detect the gases emitted by the food sample
when the food is still fresh and when it is spoiled. Then, the Arduino microcontroller
processes the data from the sensor before it is converted into the digital signal by
the data acquisition tool. Once the data acquisition tool, namely PLX-DAQ, has
converted it, the data will be stored in Microsoft Excel datasheets in the PC. The
condition of the food sample is observed for five (5) days in a row and the observation

Table 1 Sensors used in the
experiment

Sensor name Types of gas detected

MQ-2 LPG, Propane, Hydrogen, Methane, Smoke

MQ-136 Hydrogen Sulphide

MQ-137 Ammonia

MQ-138 n-Hexane, Benzene, NH3, Alcohol, Smoke, CO
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Fig. 3 Block diagram of the hardware design

is recorded. The data recorded inMicrosoft Excel alongside the observation for 5 days
in a row is used to classify the food spoilage level using machine learning classifier
models.

c. Data Analysis Methods

In this experiment, data analysismethods such asSupportVectorMachines (SVM), k-
Nearest Neighbours (k-NN), Random Forest (RF) and Linear Discriminant Analysis
(LDA) were used to analyse the data received from the gas sensors. These algorithms
were also responsible for executing the classification of the food spoilage level. Data
that has been collected also has a common issue of binary classification which is
the imbalance datasets. Imbalance datasets are referred to as datasets with disparity
in dependent variables. Classification or prediction with imbalanced datasets is a
supervised learning in which the percentage of one class varies significantly from
the percentage of the other class. The uneven distribution of values in class label
attributes can be the cause of poor classification algorithm accuracy with imbalanced
datasets [5]. There are many methods to balance the imbalanced data. However, for
this study, oversampling, under sampling, ROSE and SMOTE methods are utilized
to balance the imbalanced datasets. The data are analysed using R Studio software.

3 Results and Discussion

3.1 Data Analysis Results

In this work, machine learning classifiers such as, Support VectorMachines (SVMs),
Linear Discriminant Analysis (LDA), k-Nearest Neighbour (k-NN) and Random
Forest (RF) were being used to classify the data received from the gas sensor. For
each food sample, the dataset contained 300 rows of values and 17 variables. The
datasets were partitioned using the 80:20 ratio. This ratio indicated that 80% of
datasets were training sets and the remaining 20% were test sets. Other than that, the
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k-fold cross validation was also applied to the datasets, whereby the value of k is 10.
The categories for classification were determined by observation during the 5 days
of experiment.

3.2 Binary Classification Results

For the binary classification, the datasets that were analysed contained 300 rows
of sensor value and 17 variables. The categories that used as reference group for
the binary classification were “Fresh” and “Spoiled”, which were determined by
observation done on the food sample. Based on the observation done, all food samples
were “Fresh” on the first day of experiment. By the second day of experiment, all of
the food samples showcased the sign of food spoilage. Hence, Day 1 of experiment
is considered as “Fresh”, while Day 2 until Day 5 of experiment is considered as
“Spoiled”.

Table 2 below shows the accuracies obtained by the Linear Discriminant Anal-
ysis (LDA) and k-Nearest Neighbours (k-NN) for each of the food sample datasets.
By using LDA, when the datasets were imbalance, the highest accuracy obtained

Table 2 Binary classification results for LDA and KNN

Binary classification (%)

Accuracy LDA KNN

Food
sample

UB OS US ROSE SMOTE UB OS US ROSE SMOTE

Dalca
Sayur

78.57 37.50 42.86 51.79 67.86 76.79 53.57 67.86 57.14 48.21

Nasi
Goreng
Daging

57.14 48.21 48.21 50.00 57.14 51.79 55.36 57.14 53.57 42.86

Ayam
Goreng
Berempah

78.57 37.50 35.71 46.43 64.29 78.57 48.21 42.86 28.57 62.50

Ayam
Masak
Kunyit

53.57 48.21 51.79 60.71 51.79 55.36 51.79 55.36 55.36 50.00

Sup
Daging

55.36 55.36 51.79 55.36 48.21 41.07 57.14 60.71 46.43 48.21

Ayam
Masak
Lemak

78.57 55.36 48.21 48.21 58.93 73.21 58.93 48.21 55.36 44.64

Sawi
Masak Air

75.00 46.43 57.14 42.86 62.50 76.79 60.71 64.29 48.21 48.21

Note UB unbalanced, OS over sampled, US under sampled
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was 78.57% by the food sample Dalca Sayur, Ayam Goreng Berempah and Ayam
Masak Lemak and the lowest accuracy achieved was 53.57% by AyamMasak Kunyit.
Meanwhile, when the datasets were balanced using the oversampling method, both
Sup Daging and Ayam Masak Lemak gave the highest accuracy, which was 55.36%.
Meanwhile, both Ayam Goreng Berempah and Dalca Sayur achieved the lowest
accuracy, 37.5%.

For the under-samplingmethods, in this experiment, the highest accuracy obtained
was by Sawi Masak Air, which was 57.14%, whereas the lowest accuracy achieved
was 35.71% by the food sampleAyamGoreng Berempah. By using the RandomOver
Sampling Examples (ROSE) technique, the highest accuracy obtained was 60.71%
from the food sample Ayam Masak Kunyit, whereas the lowest accuracy obtained
was 42.86% by Sawi Masak Air.

Furthermore, the Synthetic Minority Oversampling Technique (SMOTE) tech-
nique gave 67.86% as the highest accuracy achieved by Dalca Sayur. On the other
hand, the lowest accuracy achieved was 48.21% by Sup Daging. In general, SMOTE
is a technique for generating synthetic samples from the minority class using over-
sampling. This technique also showed that the accuracy achieved by the food samples
differed from one another.

Next, by using the k-NN, the highest accuracy obtained was 78.57% by the
food sample Ayam Goreng Berempah. In addition to that, both Dalca Sayur and
Sawi Masak Air achieved accuracy of 76.79% when the datasets were imbalance,
whereas the lowest accuracy obtained was 41.07% by SupDaging.When the datasets
were balanced using the oversampling technique, the highest accuracy was 60.71%
obtained by the Sawi Masak Air, whereas the lowest accuracy achieved by Ayam
Goreng Berempah, which was 48.21%. Next, for the under-sampling methods, the
highest accuracy obtained was by Dalca Sayur, which was 67.86%. and the lowest
accuracy achieved was 42.86% by the food sample Ayam Goreng Berempah.

Moreover, by using the Random Over Sampling Examples (ROSE) technique,
the highest accuracy obtained was 57.14% from the food sample Dalca Sayur,
whereas the lowest accuracy obtained was 28.57% by Ayam Goreng Berempah. On
the contrary, the Synthetic Minority Oversampling Technique (SMOTE) technique
gave 62.5% as the highest accuracy achieved by Ayam Goreng Berempah and the
lowest accuracy achieved was 42.86% by Nasi Goreng Daging.

Meanwhile, Table 3 shows the accuracies obtained by the Support Vector
Machines (SVM) and Random Forest (RF) for each of the food sample datasets.
For SVM classifier model, the highest accuracy obtained was 78.57% by the food
sampleDalca Sayur, Ayam Goreng Berempah, AyamMasak Lemak and Sawi Masak
Air when the datasets were imbalance. Next, Nasi Goreng Daging, Sup Daging and
Ayam Masak Kunyit achieved the accuracy of 57.14%, which was the lowest when
the datasets were imbalance.

Apart from that, when the datasets were balanced using the oversamplingmethod,
the highest accuracy obtained was 57.14% by both Ayam Masak Kunyit and Sup
Daging. The lowest accuracy achieved for this classifier when the datasets were
balanced using the oversampling method was 30.36% by the food sample Ayam
Goreng Berempah. Next, for the under sampling methods, the highest accuracy
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Table 3 Binary classification result for SVM and RF

Binary classification (%)

Accuracy SVM Random forest (RF)

Food
sample

UB OS US ROSE SMOTE UB OS US ROSE SMOTE

Dalca
Sayur

78.57 35.71 58.93 58.93 71.43 78.57 21.43 51.79 44.64 75.00

Nasi
Goreng
Daging

57.14 48.21 48.21 57.14 57.14 57.14 48.21 48.21 57.14 57.14

Ayam
Goreng
Berempah

78.57 30.36 35.71 33.93 66.07 76.79 30.36 51.79 39.29 69.64

Ayam
Masak
Kunyit

57.14 57.14 48.21 48.21 41.07 48.21 42.86 53.57 51.79 51.79

Sup
Daging

57.14 57.14 53.57 53.57 46.43 50.00 44.64 51.79 50.00 44.64

Ayam
Masak
Lemak

78.57 41.07 53.57 44.64 66.07 75.00 26.79 41.07 46.43 69.64

Sawi
Masak Air

78.57 37.50 66.07 50.00 58.93 78.57 35.72 64.29 42.86 64.29

Note UB unbalanced, OS over sampled, US under sampled

obtained is by the SawiMasak Air, which was 66.07%. However, the lowest accuracy
achieved was 35.71% by the food sample Ayam Goreng Berempah.

For the Random Over Sampling Examples (ROSE) technique, the highest accu-
racy obtained was 58.93% from the food sample Dalca Sayur, whereas the lowest
accuracy obtained was 33.93% by Ayam Goreng Berempah. In addition to that, by
using the Synthetic Minority Oversampling Technique (SMOTE) technique, Dalca
Sayur also gave the highest accuracy, which was 71.43%. On the other hand, the
lowest accuracy achieved was 41.07% obtained by Ayam Masak Kunyit.

Furthermore, for the Random Forest classifier model, the highest accuracy
obtained was 78.57% by the food sampleDalca Sayur and Sawi Masak Air when the
datasets were unbalanced, followed by Ayam Goreng Berempah and Ayam Masak
Lemak, both with accuracy of 76.79% and 75% respectively. The lowest accuracy
for this model classifier obtained by Ayam Masak Kunyit, which was 48.21%. When
the datasets for this model classifier were balanced using the oversampling method,
the highest accuracy achieved was 48.21% by the Nasi Goreng Daging datasets. Sup
Daging and Ayam Masak Kunyit follow this with the accuracy 44.64% and 42.86%,
respectively. The lowest accuracy achievedwas 21.43%achieved by theDalca Sayur.

In this experiment, the highest accuracy obtained by this model classifier using
the undersampling technique was by Sawi Masak Air, which was 64.29%. Ayam
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Masak Kunyit followed this with accuracy of 53.57%. Next, Dalca Sayur, Ayam
Goreng Berempah and Sup Daging achieved accuracy of 51.79%. The lowest accu-
racy achieved was 41.07% by the food sample Ayam Masak Lemak. Meanwhile, by
using the Random Over Sampling Examples (ROSE) technique, the highest accu-
racy obtained was 57.14%% from the food sample Nasi Goreng Daging, whereas
the lowest accuracy obtained was 39.29% by Ayam Goreng Berempah.

Apart from that, the Synthetic Minority Oversampling Technique (SMOTE) tech-
nique gave 75% as the highest accuracy achieved byDalca Sayur. BothAyamGoreng
Berempah and Ayam Masak Lemak followed this with accuracy of 69.64%. On the
other hand, the lowest accuracy achieved was 44.64% by Sup Daging.

4 Conclusion

In this study, a simple electronic nose (e-nose) application was designed to identify
and classify the level of the contamination in the leftover cooked food with machine
learning (ML) through the odour of the foods. The food sample used in this study is
local Malaysia lunch/dinner dishes that eventually ended up stored as leftover foods.
The machine learning algorithms used to analyse the samples in this experiment
were Linear Discriminant Analysis (LDA), k-Nearest Neighbours (k-NN), Support
Vector Machines (SVM) and Random Forest (RF). The samples were classified into
two (2) categories namely “Fresh” and “Spoiled”. However, since the datasets were
not balanced, additional techniques were used to evaluate the classification accura-
cies. The additional techniques used were oversampling, undersampling, Random
Over Sampling Examples (ROSE) and Synthetic Minority Oversampling Technique
(SMOTE).

Based on the binary classification results obtained when the samples were clas-
sified before it is balanced, SVM gave the best classification accuracies which
was between 57.14 and 78.57% and k-NN gave the least classification accuracies
which was between 41.07 and 78.57%. Then, for both oversampling and under-
sampling technique, KNN gave the highest classification accuracies, which were
48.21–60.71% and 42.86–67.86%, respectively. In addition to that, by using ROSE
technique, the highest classification accuracies were obtained by LDA (42.86–
60.71%) and for SMOTE technique, RF gave the highest classification accuracies
(44.64–75%).

In conclusion, in this experiment, the binary classification accuracies using four
(4) machine-learning algorithms can reach up to 75% when using the additional
techniques in balancing the imbalanced datasets. In fact, future works on classifying
the datasets using multi-classification will be attempted.
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11. Gliszczyńska-Świgło A, Chmielewski J (2017) Electronic nose as a tool for monitoring the
authenticity of food. a review. Food Anal Methods 10(6):1800–1816

12. Buratti S, Malegori C, Benedetti S, Oliveri P, Giovanelli G (2018) E-nose, e-tongue and e-eye
for edible olive oil characterization and shelf life assessment: a powerful data fusion approach.
Talanta 182(February):131–141



Brain Waves and Biofeedback Therapy
Analysis in Generalized Anxiety
Disorder—A Case Study

Tahereh Najafi, Rosmina Jaafar, and Kiomars Najafi

Abstract Electroencephalography (EEG) is electrophysiological monitoring
method to record electrical activity of the brain. EEG signals are the results of
dissimilar state of mind. Hence, the EEG signals contain plentiful physical, psycho-
logical and pathological information. Brain waves comprises five different types of
frequency band which is delta (0.5–4 Hz), theta (4–8 Hz), alpha (8–12 Hz), beta (12–
30 Hz) and gamma (>30 Hz). In this study we apply analysis of the EEG focused
on alpha brain wave on stability of normal status in generalized anxiety disorder
(GAD). The study is summarized in three phases; primary, therapy and follow-up
between two groups. In therapy phase, three weeks biofeedback therapy is performed
to decrease the frequency range from beta to alpha for GAD patients concentrating
on sequential conditional limitation of frequency targeting to alpha band. In this
regard, participants are trained by 8–25 Hz, 8–20 Hz and 8–12 Hz (alpha band) in
first, second and third weeks, respectively. Three months follow-up presents 60% of
positive efficiency in stability of normal status in GAD participants by the proposed
biofeedback therapy as maintenance treatment while the pharmacotherapy resulted
93.3%. GAD symptoms returned to mild status for 40% and 6.7% of participants in
biofeedback therapy group and pharmacotherapy group, respectively. Furthermore,
the average time to achieve the consistency in each frequency limitation resulted
17.5, 11.5 and 5 min during biofeedback training. Comparison between rates of
complexity in frequency condition during biofeedback training in three weeks with
the average time of reaching to the target in eachweek presents the positive efficiency
of this method of biofeedback training in GAD treatment. Although the biofeedback
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therapy in comparison to pharmacotherapy was successful to decrease the symp-
toms of GAD during training, the method was not as effective as pharmacotherapy
as maintenance treatment after follow-up.

Keywords Generalized anxiety disorder (GAD) · Electroencephalography ·
Biofeedback · Brain wave · Feature extraction · Signal processing

1 Introduction

Generalized anxiety disorder (GAD) is a syndrome of sustained anxiety and worry
about several events or thoughts that generally recognized as unreasonable and inap-
propriate influencing person’s life negatively [6]. The genetic and experiential factors
are two causes lead to a person suffer from anxiety disorder [19]. In the diagnosis
phase, in spite of variousmethods performedby therapists aswell as applying psycho-
logical tests such as Beck and different series of diagnostic and statistical manual
of mental disorders (DSM), computer-based systems have been considered based on
processing brain signals using mathematical algorithms [10, 8].

The two main treatments for GAD are pharmacotherapy as basic method and
cognitive behavior therapy (CBT) as complementary method. In most of the cases
the combination of these two methods is beneficial following applying trial and
errors in order to discover which methods work best [14]. In the aspect of phar-
macotherapy, a large majority of psychiatrists advise selective serotonin reuptake
inhibitors (SSRI) or serotonin-norepinephrine reuptake inhibitors (SNRI) as treat-
ment for GAD patients. Benzodiazepines and Pregabalin as well as psychotherapy
are advised, albeit by fewer psychiatrists [14, 11]. CBT as one of psychological-based
treatment method is performed based on changing abnormal thought patterns [14, 2].
Study [17] reviewedon the efficiency of pharmacotherapy focused onEscitalopram in
GAD, obsessive compulsive disorder (OCD) andPhobia. It has resulted that themedi-
cation was tolerated to 93% in GAD treatment. In a meta-analyses review, CBT was
compared with other treatments in various mental studies resulting significant effi-
ciency of applying CBT as complementary method in addition to pharmacotherapy
[9]. In general, the significant side effects of pharmacotherapy following remarkable
physical and economic cost on individual and society and definitive inefficiency in
all GAD patients led to investigate alternatives such as biofeedback therapy.

Electroencephalography (EEG) is a non-invasive diagnostic technique for inves-
tigating the changes of brain activity [13]. EEG measures the electrical potential
between two electrodes on the head skin surface in the scale of microvolts compro-
mising presenting the intracranial frequencies resulted by neuronal activities. It is
considered that this rhythmic activity is originated from interactions between the
thalamus and cortex [18]. In fact, potentials recorded at the scalp are the consequence
of activities generated by a group of neurons in cortical and subcortical approaching
to the surface crossing from relevant lobes. Biofeedback is a technique interacting
between body and mind that involves visual or auditory feedback in order to control
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specific functions such as blood pressure, heart rate and symptoms of mental disor-
ders. The prevalence of anxiety in young students led to investigate the efficiency of
heart rate variability (HRV) biofeedback therapy to reduce anxiety in young people
[15]. In this regard, participantswere exposedbyemWave®2biofeedback technology
in one hour per week for four weeks. Light and sound were two feedbacks which
lead participants to control their breathing in confronting them. The result according
to statistical analysis confirmed the ability of biofeedback in increasing the indi-
vidual’s aptitude to tolerate normal stressors. Study [3] confirmed that biofeedback
therapy concentrated on deep breathing was able to impacts positively on young
people in order to improve the academic performance. The method was included
three training activities centralized on deep breathing, guided imagery and muscle
relaxation. In study [20], two well-known biofeedback therapies; electromyography
(EMG) biofeedback andEEGbiofeedbackwere compared. Participantswere divided
in three groups constitutes EMG training group, EEG training group experiencing
visual alpha-biofeedback, and control group. In this study, follow-up result declared
better result by EMG therapy in comparison to alpha-biofeedback therapy. 30 min
alpha and 30 min theta biofeedback therapy in 15 sessions were considered in [5]
to investigate on the effects of this sort of therapy on GAD patients. Participants
were categorized in two groups of 14 individuals in each group: treatment group
by biofeedback therapy, and waiting list group. They were guided how to remain in
consistent mental status leading to audio reward in visual biofeedback training while
brain signals were recording from two occipital electrodes; O1 and O2. The result
of treatment presented a positive influence of alpha and theta biofeedback therapy
applied on visual cortex on decreasing GAD symptoms and increasing the level of
alpha and theta frequency bands in follow-up EEG comparing to waiting list group.

In this paper, biofeedback as maintenance treatment concentrated on conditional
limitations of frequency targeting to alpha band which is associated with calm-
ness and it promotes a feeling of relaxation is compared to pharmacotherapy. In the
second section of paper, brain signal processing methods will be described. The third
section is related to primary definition of biofeedback therapy. The fourth section is
presented methodology of study constitutes description of clinical collection, study
protocol setting and brain signal processing, and explanations of how control is
performed using biofeedback therapy in study. Result, discussion and conclusion
will be presented in the next sections.

2 Brain Signal Processing

Brain wave is a signal that is emitted electronically from the brain tissues. In this
paper, the word “wave” is referred to “signal”. These signals can be analyzed under
two domains; time and frequency. Depending on what knowledge of signal behavior
is under investigation, the algorithms and methods in each step of signal processing
are different. Figure 1, shows the general steps of brain signal processing based on
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Acquisition Pre-processing Feature extraction Feature dimension 
reduction

Classification

Fig. 1 The steps of brain signal processing

EEG which according to [7] includes acquisition, pre-processing, feature extraction,
feature dimension reduction and classification.

The first step of signal processing refers to acquisition. The EEG signals due to
brain activities received by the sensors from different brain channels on the scalp.
Signal pre-processing refers to preparing the signal in order to be processed (the
process in the meaning of extracting the features which introduces new signal inter-
pretation). The cleared data is transferred from time and frequency domain to the
feature domain. In feature extraction step, the signals are described in otherway based
on the characteristics obtained from the algorithms referring to time and frequency
as well. In the cases where the speed of computation is of utmost importance; such
as real-time systems like brain-computer interface (BCI), applying the algorithms
related to feature dimension reduction plays the pivotal role by describing the features
under reduced dimension. In supervised classification, all features must be classified
in different classes considering the purpose of study. The result of signal processing
and analysis need to be validated. This can be achieved by observing the accuracy,
specificity and sensitivity of the method.

2.1 Brain Waves

Brain waves recorded by EEG are classified in five dominants based on the range of
frequency; delta band (0.5–4Hz) in deep sleep and coma in some cases, theta band (4–
8Hz)which represents the state of semiconscious in deepmeditationprocedure, alpha
band (8–12 Hz) appears in the relaxed consciousness with no concentration on issue,
while beta band (12–30Hz) presents the situationwhen individual is thinking actively
engaging with active concentration. Another frequency; gamma band (>30 Hz) is
available which in most of the cases appears in the brain disease condition [21].
Figure 2, depicts the classificationof brain dominantwaves infive ranges of frequency
in one second.

3 Biofeedback Therapy

In biofeedback therapy, brain signals are recorded and converted from analog to
digital by EEG then brain signal processing methods are applied in digital signals
considering specific target such as controlling the heart rate, pain and depression
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Fig. 2 The sample of brain
waves classified in delta,
theta, alpha and beta
frequency bands

Gamma 

Beta 

Alpha 

Theta 

Delta

status following decreasing epileptic seizure [12–22]. This real-time therapy concen-
trates on targeted featureswhich are extracted in feature extraction step of brain signal
processing. In BCI systems, the effort is decreasing the number of targeted features
in interaction between brain and computer.

4 Methodology

The research is proposed in three phases; primary, therapy and follow-up phase.
Inclusion and exclusion criteria were determined based on structural psychological
interview and measured by diagnostic and statistical manual of mental disorders,
fifth edition (DSM-V) in all phases. After primary phase using pharmacotherapy
in high dosage, biofeedback therapy as maintenance treatment was applied and
compared with lower dose of pharmacotherapy in three weeks. Biofeedback therapy
was concentrated on conditional limitation of frequency using brain signal processing
in visual-based training. The output of therapy phase was excluded to the follow-up
phase which contained all participants who experienced pharmacotherapy in lower
dosage and biofeedback therapy. The next sections will explain the manner how
biofeedback is applied based on determining sequential limitations of frequency
targeting to alpha band.

Even with tab devices, joystick controls will never be as sensitive as their console
counterparts. It is easy for a player’s finger to slip from the joystick, causing players
to lose control of their characters, which can be fatal especially when the game
they are playing needs high precision controls. There are attempts at avoiding such
situations such as having the joystick appear wherever the finger is touching, but
there are still issues with that as well (wanting a new joystick to appear at a new
area on the screen, but the new area is on the old joystick’s ‘move right’ button, thus
accidentally moving the player to the right).

Despite the inadequacy of virtual joysticks for playing a third-person game, the
control system is still being implemented frequently in such games, alongside virtual
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buttons for actions. Cumbersome controls are the bane of any game, and this is evi-
dent in the general unpopularity of third-person game. It should be realized that virtu-
al joysticks can never offer the feel of pushing the console controller’s joysticks or
the feedback received from spring-loaded buttons, and find alternatives to movement
and actions for touch-screen devices.

4.1 Clinical Data Collection

In the primary phase of present study, 30 patients who suffer from anxiety in severe
level based on DSM-V have been included in the study. These patients had been
referred to Tooloo psychiatry and psychology clinic in Rasht, Iran. Most of the
participants were female and the mean age of them was 33.2 (SD = 9.4, range 18–
49) years. All patientswere treated during six to eightmonths of primary phase taking
Escitalopram (10–20 mg) and Alprazolam (0.5–1 mg) and in some cases Trifluop-
erazine (1–2 mg) in order to descending the level of anxiety to the mild level. The
patients have been split in two groups (n= 15) in order to follow maintenance treat-
ment in therapy phase; group (A) contains patients who were taken anti-stress pills
in low dosage and group (B) constitutes patients who decided to receive biofeedback
therapy. The therapy was done in ten sessions during three weeks; four sessions for
the first week, three sessions for the second week and three sessions for the third
week. Each session contains 30 min biofeedback training in order to control the level
of anxiety by decreasing the frequency band. After therapy termination, DSM-Vwas
performed to result the normal status of both groups as input for the follow-up phase.
Eventually, DSM-V test was performed after three months as follow-up evaluation
in order to present the result of biofeedback efficiency as maintenance treatment in
comparison to pharmacotherapy in individuals suffering from GAD.

4.2 Study Protocols Setting and Brain Signal Processing

In this regard, patients sit in a dark room in front of the screen presenting the interface
of biofeedback application while brain signals are receiving by EEG Compumedics
Profusion E-series system. The therapist sits behind the patient by one meter of
distance in order to perform training. The electrode “C3” placed on the left central
region according to 10–20 system, referred to the auricular region is considered as
singular electrode for movement concentration in biofeedback procedure. Signals
as sequential packets included 512 samples recorded by a personal computer. Each
packet constitutes the information of patient in one second which is needed to be
normalized then pre-processed. Pre-processing step contains removing the noise
of from electricity power line by eliminating the signal at 50 Hz filtering. The
data is processed under conditional statements in frequency domain. EEG as diag-
nostic technique presents the fact that a remarkable proportion of frequency in beta
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Fig. 3 Various ranges of frequency bands during threeweeks of biofeedback therapy in comparison
with dominant brain waves. The numbers 17, 12 and 4 are the limitations what determine the
complexity of GAD treatment in the first, second and third weeks

waves present in patients with GAD. Thus, the conditional statements in biofeed-
back therapy have been considered based on alpha and beta bands of frequency. Fast
Fourier transform (FFT) has been applied on each normalized packet. The frequency
as the feature obtained by FFT has been considered as input for conditional statement
of biofeedback application in real-timemanner. Three ranges have been implemented
in the application presenting different levels of simplicity in biofeedback training.
The first range is included more extended band of alpha tended to beta between 8
and 25 Hz (17 portions). The second range contains medium band of frequency in
8–20 Hz (12 portions) and the third range is 8 to 12 Hz (4 portions) which is alpha
band in normal individuals without signs of stress in EEG signals. Figure 3 illus-
trates the different ranges of frequency bands in three weeks of biofeedback therapy
comparing to dominant brain waves and the process of the complexity of training.

4.3 Control Using Biofeedback Therapy

Four first sessions have been considered for the patients learning experience to control
their brain signals following moving down the point embedded in the middle of
biofeedback application interface. Three next sessions lead the situationmore sophis-
ticated by narrowing the condition for achieving the purpose which is descending
the point. The third last sessions refer to the main purpose of biofeedback therapy
containing alpha movement. The patients struggle to decrease the frequency of their
brain signals achieving to alpha band. The objective of this study targets to changing
the pattern which is interpreted by changing the frequency band. The process of this
visual type of biofeedback therapy is done by receiving each feedback from screen
via retina in the first step. Each movement of point to up and down is considered as
information for patients to adjust themselves in task-oriented procedure. The achieve-
ment is performed by sending next commands contains specific range of frequency
to the computer. Acceleration of positive feedback represents the positive ability of
the proposed method. This type of therapy is performed based on the interaction
between brain and computer which is defined in brain-computer interface studies
(BCI). Figure 4 demonstrates the process of interaction between brain and computer
in biofeedback therapy applied as maintenance anxiety treatment. In the figure, the
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Fig. 4 The circle of
biofeedback therapy in
brain-computer interaction in
GAD control

cross point refers to C3 where the analog signal is recording to send to EEG device
to be converted to digital signal. The signals are sent to personal computer (PC) to be
processed by brain signal processing methods. The frequency is the targeted feature
considered as the parameter of feedback to decrease GAD level.

5 Result

The result of three months follow-up phase for group (A) which is relevant to phar-
macotherapy shows that 93.3% of participants (14 of 15) remained in normal status
while GAD symptoms for 6.7% of them (1 of 15) returned to mild. According to
performing the biofeedback therapy respecting to increasing the level of complexity
for reaching to the target, the follow-up group presents that the status of 60% of
participants in group (B) (nine of 15) remained stable while the GAD symptoms for
40% of participants (six of 15) returned to mild stage. The target in each session
is varied in each week in the aspect of approaching to determined frequency band
(8–25, 8–20 and 8–12 Hz). Furthermore, achieving to specific target in various time
duration emphasized on the fact of various ability in control for different patients.
As shown in Fig. 5, patients were able to fix the control point between fifteen to
twenty minutes (mean of 17.5 min) during first four sessions. The time is decreased
to eight to fifteen minutes (mean of 11.5 min) for the second duration of therapy
while in the third duration, five to ten minutes (mean of five minutes) was needed to
achieve sufficient ability to control. The description part in Fig. 5 demonstrates the
status of input and output of each phase measured by DSM-V. As it was shown, the
input of therapy phase two groups of GAD patients in mild status while this situa-
tion has replaced by normal status after both therapy methods (pharmacotherapy and
biofeedback therapy).
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Fig. 5 Study three phases; primary, therapy (pharmacotherapy versus biofeedback therapy) and
follow-up

6 Discussion

In the current study, the data was collected from 30 patients suffering from severe
GAD. All patients reached to the mild status of anxiety using anti-depressant pills
during six to eight months in primary phase. Then, patients were divided in two
groups (A and B) which contains 15 individuals who received low dosage of pills
and 15 individuals who were treated by biofeedback therapy without receiving pills.
After ten sessions of biofeedback therapy, DSM-V was performed on both groups.
As it is expected all patients were controlled stating in normal condition. The result
of three months follow-up depicts that 93.3% of the group (A) who received pills
remains to be in the normal status while only 60% of individuals who received
biofeedback therapy in group (B) remained in normal condition. The anxiety level
returned to mild status for 40% and 6.7% in patients of group (A) and (B), respec-
tively. The reduced average time to reach the ability of brain wave control during
biofeedback treatment exhibits the enhancement of ability to change the pattern of
anxiety. In addition, 60% of consistency presents the biofeedback therapy using
conditional limitations of frequency ranges was able to attain the normal status. In
other words, the result of the study shows 60% of patients have improved by using
the circle of movement information and sending targeted commands in three weeks
of training based on frequency complexity reduction. The remaining 40% of patients
which returned to mild status using biofeedback therapy after follow-up may be due
to inadequacy of the level of literacy, biological conditions, gender, lifestyle and the
level of intelligent quality (IQ) as well as inability to respond to visual treatment. The
study showed that the neurofeedback therapy under continuous alpha neurofeedback
could save the mental condition in treatment procedure whereas the technique was
applied as experimental paradigm and the whole scenario was a real-time feedback
rewarded by online progress. As a controversial method, [1] proposed the alpha
neurofeedback research with emphasis on reinforcement schedules based on onsets
and offsets of alpha waves towards applying the achievements in real-time exper-
iments. The research initialed a baseline in offline domain according to statistical
analysis and pre-processing techniques on the signals which were recorded from
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experimental groups and free of artifacts in two continuous days. In the real-time
scenario, with visual red-color feedback from one channel in parieto-occipital, the
alpha frequency band was considered following the same pre-processing techniques
towards standardizing with the result of offline achievement. In [4] alpha power from
the occipital area were recorded based on with auditory feedback. The results proved
that even under most stringent control, valid neurofeedback can assist participants
who are unable to control their alpha activity. Further, they suggested a better screen
and design neurofeedback training paradigm is needed to be done in clinical treat-
ment such as anxiety and depression. In our study, central sulcus was targeted in
the treatment of GAD patients where in [23] various brain regions including central,
frontal and parietal were considered. The challenge of determining particular channel
in this journey is the issue which can be investigated further performing the proposed
technique concentrated on various EEG electrode placements in divided case groups.

7 Conclusion

The present study valued the effectiveness of two maintenance treatments in gener-
alized anxiety disorder (GAD). The two treatments were based on pharmacotherapy
in low-dosage and biofeedback therapy concentrated on conditional limitations
of frequency. In this regard, three major phases; primary phase includes pharma-
cotherapy with high-dosage, therapy phase includes two maintenance therapies, and
follow-up phase. Thirty GAD participants were considered to terminate the primary
phase reaching from severe to mild status based on DSM-V. The research proposed
a method of biofeedback therapy by applying conditional limitation of frequency
targeting to alpha band focused on feature extraction step of brain signal processing
during threeweeks of training. Hence, definitions of EEG and brain signal processing
as well as biofeedback therapy were described in sections II and III. Three-month
follow-up resulted 93.3% and 60% of effectiveness after applying pharmacotherapy
and biofeedback therapy to achieve stability of GAD status, respectively. Patient’s
ability enhancement to learn how to control their brain signals in comparison to
increasing the level of training complexity in conditional limitation of frequency
presented that the method was effective on GAD control. It seems that the consis-
tency of this method of biofeedback therapy leads more stability in the follow-up
phase.
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An Analytics Dashboard for Personalised
E-learning: A Preliminary Study

M. A. Azmi Murad, A. F. Shah Jahan, N. Mohd Sharef, H. Ab Jalil,
I. A. Ismail, and M. Z. Mohd Noor

Abstract Over the last few decades, information and communication technologies
(ICT) have changed our lives to enhance the process of teaching and learning. E-
learning is powerful and influential in the classroom or elsewhere, as long as there
is computer and internet access. The vast majority of institutions utilized a Learning
Management System (LMS) to administer online courses to create, deliver, moderate
and facilitate academic content and activities. While LMSs are mainly being used
as a repository for course materials and platforms for assessing learning, recent
developments require e-learning to be more responsive to students’ needs for a
more customized learning experience. This requires functional characteristics like
personalization analytics, self-monitoring, and intervention. Besides being a primary
learning source nowadays, e-learning has been useful to monitor students’ perfor-
mance and retention levels. However, the current e-learning system does not allow
the user to empower the learning experience and the research on the suitability of the
learning content is still lacking.We proposed a general design and implementation of
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a learning analytics dashboard for students comprising a predictive analytic compo-
nent that is useful to help monitor or predict their academic performance based on
learning activities. The results show that the system, known as DashLearn, allows
students to stay alert of their current academic performance compared to their peers,
monitor attendance and assignment submission status, and predict their grade ahead
of time for an early intervention leading to more optimized learning.

Keywords Learning analytics · Learning management system · Visualization ·
Linear regression · Prediction

1 Introduction

Learning Management System (LMS) is part of e-learning. It enables the user
to utilize information and communication technology to access the educational
curriculum at any time and everywhere [1]. The web-based characteristic of LMS
paves the way for an educational institution to provide a learning environment
to a larger population of learners in order to facilitate the student’s learning
process and instructor delivering the tasks. Many advantages can be benefited
from LMS in training, development and learning process. The benefits include
blended learning, engaged learning, leveraging technology, geographically indepen-
dent learning, increased social learning, and flexibility to the learner’s performance
report and extended learning [2, 3]. The primary intention is to help the students
reach their highest potential. The acts of teaching and learning online has gener-
ated massive data, however, to date, that information has remained largely untapped
for assessing students’ performance mainly predicting students who are at risk. The
term at risk is often used to describe students who are considered to have a higher
potential of failing academically or dropping out of college [4]. One prime reason
for implementing an early warning system is to detect students at-risk of dropping
out of courses. Pistilli and Arnold [5] stated that most early warning systems rely on
midterm grades reported by lecturers. By the time midterms have been corrected, it
may be too late, and students may have already dropped out. A learning analytics
system can overcome the above problem as the system will continuously monitor the
academic progress and learning activities of students, and alert the students for any
academic or learning activity issues. Although many educational institutions have
developed learning analytics tool, it is not advisable to use them from other institu-
tions. It is because every educational institution has different factors that affect the
performance of the students. Learning analytics tools need to be tailored for each
institution to achieve its optimal performance.

Most studies focus on displaying dashboard metrics mainly for the instructors
for example, the number of students accessing the learning materials, the assess-
ment grades for quizzes or exams, or CGPA [6]. Thus, it is vital to allow students
access to a system that helps them monitor and self-evaluate themselves at any time.
As a result, students can track their learning activities, reflect on their progress,
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and predict their performance ahead of time for meeting their academic goals. Our
study shows that having a learning analytics dashboard for students to access, allow
them to take charge of their success and prevent them from being at risk. In addi-
tion, we incorporated the features of students’ attendance and grade point average
status, academic performance in comparison to their peers, assignment submission
reminders, and final grade prediction, which are not available in the current studies.
The rest of this paper is organized as follows: Sect. 2 discusses the related work.
Section 3 and 4 discuss the design of the system, followed by the implementation
and results discussion. Finally, Sect. 5 contains the conclusions and prospects for
future research.

2 Related Works

The acts of teaching and learning online has generated massive data, however, to
date, that information has remained largely untapped for assessing students’ perfor-
mance especially predicting students who are at risk. The term at-risk is often used
to describe students who are considered to have a higher potential of failing academ-
ically or dropping out of college [4]. One prime reason for implementing an early
warning system is to detect students at risk of dropping out of courses. Pistilli and
Arnold [5] stated that most early warning systems rely on midterm grades reported
by lecturers. By the time midterms have been corrected, it is probably too late, and
students may have already dropped out.

One of the best-known examples of an early warning system is in Purdue Univer-
sity [5, 7, 8] who introduced ‘Course Signals’ (CS) or a ‘traffic light system’ whereby
students can see whether they are likely to succeed in their course based on a traffic
light color on their learner interface. For example, the green color indicates a high
likelihood of succeeding. This prediction of success is based on prediction models
using all available student background information andLMS interactions. If a student
is identified as at risk, the lecturer has the option of providing corrective measures
including posting of a signal indicator on the student’s home page; sending e-mail
messages or reminders; sending text messages; referring the student to an academic
advisor; or organizing a face-to-face meeting. Other benefits of Course Signals
discussed by [8] are students started to use the subject help desksmore and attendance
has improved at additional tutorials. Bainbridge et al. [9] conducted a study using
learning analytics to predict at risk students in an online program by identifying and
analyzing characteristics and behaviors of a student as an indicator of being academi-
cally at risk. They used simple learning analyticsmodels and achieved high sensitivity
levels of 80% of at risk students identified. Baker et al. [10] analyzed early predictors
of students’ success and failure in e-learning courses and found that students who
access the online materials or resources early and continue accessing the resources
throughout the early weeks of the course and performwell on formative activities are
more likely to succeed. A study by [11] has highlighted that advanced educational
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analytics and data mining techniques helps discover more about the learning process
of the students, especially when they are not in a face-to-face situation.

LISSA is a system that helps instructors to monitor their students with the help
of its dashboard. The dashboard gave a graphical representation of the student’s
performance compared to the rest of the class. Nonetheless, the system is intended
for instructors only and not for the students. The main target is to ease communica-
tion between study advisers and the students with visualizing their marks data [12].
Gradecraft [13] is a learning management system that allows instructors or teachers
to create gameful courses and encourages students to focus on the craft of learning.
The system helps the teachers constantly monitor their students and will enable
students to self-evaluate themselves with all the features. Another learning analytics
dashboard known as LADA helps support the decision-making process of academic
advisors through comparative and predictive analysis [14]. However, this system
only enables advisers to evaluate a possible number of scenarios before making a
final decision. While access to student’s information has been greatly improved,
most systems do not allow students to self-evaluate themselves and monitor their
performance among their peers, receive reminder on their assignment submission,
view feedback on submitted assignments, monitor their attendance status, and predict
their grades ahead of time for early intervention leading to optimized learning.

3 Design of DashLearn

In our work, we focus on the functionalities (refer to Fig. 1) where students can
monitor their academic performance among their peers for every course, view their
current CGPA, track their attendance progress and assignment submission status,
view feedback on submitted assignment and use learning analytics to help predict
their grades. Following a rapid application development approach, we design the
interface which contains brief information on students’ performance and alerts them
on their cumulative grade point average (CGPA), attendance status and assignment
submission status. In addition, the system has a graphical representation of the
student’s grades compared to their peers to reflect on their performance. Moreover,
the system allows students to predict their final grade using their current assessment
marks and displays them to motivate them to improve their grades. In addition, the
system displays feedbacks by the instructors on any submitted assignments. The
feedbacks allow the student to improve on their future assignments, which indirectly
leads to the improvement in learning. For the design, amock user interface is sketched
to show the flow of the system. In the first cycle of the development, we design an
application to display graphs to represent the students’ marks and assignment feed-
back and to allow the students to sign in and change their passwords. A database
containing students’ grades, courses taken, profiles, attendance, and assignments is
developed in the same cycle. At the end of the cycle, the prototype is tested.

The second cycle focused on the design of a machine learning model. The linear
regression model was written in Python using Sklearn, a Python library. The linear
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Fig. 1 Use case diagram

regression model has been used in many learning analytics studies [15–18] due to its
lower time complexity and ease of interpretation compared to other machine learning
algorithms [19]. The model is trained using the students’ current assessment marks,
and it is used to predict the overall course performance by displaying a predicted
grade. The predicted grade is plotted in a line graph and compared to the student’s
current grade. The model has been tested and evaluated in terms of its correctness.

The final cycle focused on the design of a meaningful dashboard that contains
adequate information for the student. The information is the student’s performance
of the current semester, attendance status, current GPA/CGPA, and announcement
regarding assignment submission. All user interfaces and pages were revised and
improved by a few appointed academic staff in this cycle.

4 Implementation and Results Discussion

The proposed system is developed using Django (a Python framework for Web
application development); Python 3.7; Bokeh 1.0.4 (Bokeh for Python use to plot the
graphs); Pandas and Sklearn (a Python library used for predictive model develop-
ment); andPostgreSQL (the database). The hardware required for the implementation
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is a computerwith any operating system (Windows/Linux/Mac)withPython installed
with enough RAM and storage; a mobile phone with a Web browser; and an Internet
connection with a minimum speed of 512 kbps.

The homepage of the system displays essential information for the students. The
first tab aims to alert the students on their CGPAwhere the colour of the progress bar
is according to the student’s CGPA (green is for CGPA 3.75–4.0, blue is for CGPA
3.0–3.74, yellow is for CGPA 2.5–2.99, and red is for CGPA below 2.50). Next, the
attendance tab is to remind the students of their attendance status. The color of the
progress bar is according to the percentage of attendance (if the attendance is more
than 80%, the colour will be blue, if it is between 70% until 79%, the color will be
yellow, and if it is below 70% the colour will be red). The student must make sure
that his attendance status is 80% ormore to sit for the final examination. The third tab
at the far right is an announcement tab that alerts the students on their assignment’s
submission. The tab will display the feedbacks on the submitted assignment from the
course instructor and dateline for new assignment submission. Finally, the bottom
tab shows a brief overview of the courses including the type of assessments taken by
the students. Figure 2 shows the homepage of the dashboard for DashLearn.

The sidebar on the homepage is divided into three parts, i.e. the student profile,
the list of buttons, and log out and settings buttons. A list of buttons redirects the
student to the homepage, assignment feedback page and list of courses in the current
semester. The buttons at the bottom of the sidebar i.e. the ‘settings’ button is for
password change and the ‘logout’ button is to leave DashLearn. Figures 3, 4 and 5
show (i) the student profile, (ii) the list of buttons, and (iii) the logout and settings
buttons respectively.

Fig. 2 The dashboard homepage
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Fig. 3 Sidebar: student’s
profile

Fig. 4 The list of buttons

Fig. 5 The settings and log
out buttons

The course performance page displays the student’s performance for a course.
Graphical displays are used to ease the understandings of the student regarding his
current performance. The overall course performance page is displayed in Fig. 6.
Figures 7, 8, 9 and 10 depict the individual graphs of the page.

Figure 6 shows a histogram that displays the student’s total carry mark (in red)
relative to their peers (in blue). Figure 7 depicts a line graph to show the student’s
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Fig. 6 Selected course performance page

Fig. 7 Overall performance in a course
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Fig. 8 Course carry mark and predicted mark

Fig. 9 Individual performance for Test 1 and Test 2 in a course

Fig. 10 Assignment feedback by the instructor for students to view
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carry marks (straight blue line) compared to the predicted final mark (dotted line).
The predicted final mark is predicted using a linear regression model available in the
Python libraries. Based on the student’s carry marks of test 1, test 2, quizzes, and/or
assignments, the model predicts his or her final grade for the score. Figure 8 shows
two histograms that compare the student’s performance (in red) with their peers on
every test (in this case, for two tests, Test 1 and Test 2). While Fig. 9 displays the
feedback on submitted assignments and the due date of submission.

Tests were conducted during the prototype cycle, with the main testing conducted
at the end of the third cycle. In addition, the system went through unit testing that
aims to test every available function in the system. As a result, the system performed
all the intended functions and displayed error messages when any unexpected input
is entered.

In the final phase, all the components built in previous prototypes were integrated
and tested to ensure the integration was completed. The system was connected to the
local database and tested to ensure that all data from the databasewere accurate. Upon
completion of the system integration and testing, the system is tested by a few students
and academic staff. It is found to be correctly developed, and the functionalities are
as intended in the specifications and design.

5 Conclusion and Future Works

Learning analytics dashboard thatmonitors the progress of student’s academic perfor-
mance with a predictive model to predict students’ performance according to their
learning activities through the development of a learning analytics system has been
successfully addressed in this paper. With the aim to assist students in the moni-
toring of their performance, this paper introduced DashLearn, a learning analytics
dashboard through a predictive model that fully utilizes the learning activity and
assessment data of the students. The highlight of DashLearn is that it allows the
students to stay alert of their current academic performance and predict the final
grade ahead of time for an early intervention leading to more optimized learning.
The dashboard also incorporated the attendance status, ensuring that students regu-
larly monitor their attendance, date reminders on the assignment submission, and
view assignment feedback. It is important to note that DashLearn provides the infor-
mation to the users through easily digestible visualizations. DashLearn has been
tested, and it has been proven to fulfill all the required needs of the users.

Despite the successful development of the dashboard, some limitations exist
during the study. The restrictions include (i) the training data set is limited in volume
that leads to a prediction model that may not achieve the expected level of accuracy,
and (ii) the predictive model could predict the students’ performance for only two
courses.

There are several suggestions for future improvements. First, the predictive model
should be trained using data from all the courses available at the university for a
program. Second, more data should be included in the training data set to allow
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better learning and improve the accuracy level of the predictive model. In addi-
tion, the system should be tested with more students from different cohorts and
programs. Third, the system should also include an assignment submission feature
to assist the students in accomplishing their learning tasks. This feature would allow
the students to submit their assignments, which is reflected in the learning activity
training data for more accurate and timely prediction. Besides, additional features
should be developed to allow the instructors to access the dashboard to monitor and
plan the students’ learning process. Finally, integrating this system with the learning
management system available at the university is encouraged to allow more accurate
data for better insights.
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Study on the Correlation Between Indoor
Light Environment and Human Fatigue

Liu Chang, Zhao Cheng-cheng, Wang Weiyu, Wang Weizhen, Liu Ying,
Zou Nianyu, and Fang Yuan

Abstract Due to the continuing impact of COVID-19, people spend an increasing
amount of time on working or studying from home. The indoor light environment
became quite important since it can affect people’s physical and mental health. In
order to reduce human fatigue resulting from continuous indoor working or studying
and to improve work efficiency, and also hope to contribute to the research of indoor
light environment design, this paper explores the correlation between indoor light
environments and fatigue. Through laboratory simulation of indoor light environ-
ment. Participants are asked to complete the task stimulation test and filled in the
subjective fatigue questionnaire with three different illumination levels. Their EEG
(ElectroEncephaloGraphy), eye movement, and other physiological data are also
monitored at the same time. The participants’ fatigue degree is statistically analyzed
under the 300 lx, 570 lx, and 870 lx illumination. The results showed that the lighting
environment has a strong correlation with human fatigue. Fatigue degree varies the
most from 570 to 870 lx. There is a largest error rate gap of task test up to 20% under
300 lx and 870 lx illumination. As the illuminance increases, the fatigue degree
has a visible trend of increase as well, and it is the most obvious under the 870 lx
illumination.
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1 Introduction

With the continuing impact of the COVID-19, people are required to spend more
time indoors, either working or studying. Indoor light environment is an essential
standard for measuring the built environment. Thus, more andmore emphasis will be
placed on combining controllable indicators such as illuminance factors and phys-
ical environmental factors to create a light environment model based on human
comfort [1]. The quality of indoor light environment directly affects people’s phys-
ical and mental health, comfort and work efficiency. In the state of fatigue, human
performance decreases, error rate increases, and even accidents occur [2]. Therefore,
studying the relationship between indoor light environment and human fatigue has
important theoretical and practical significance.

Fatiguemonitoringmethods aremainly divided into subjective andobjective parts.
The human eye is an organ that directly senses light stimulation. Therefore, changes
in eye activity can most intuitively reflect eye fatigue. Koo et al. in [3] found that
the pupil diameter becomes larger when fatigue is evident. The changes in saccade
speed and the number of fixations are also closely related to the degree of eye fatigue.
Brain fatigue [4] is a limited brain state caused by the long-term accumulation of
mental workload. Jin et al. [5] divided the participants into normal and sleep-deprived
groups for experiments and collected EEG data. The results showed that in fatigue
state, the ratio of fast wave (12–30Hz) and slow wave (4–12Hz) of EEG index drops
significantly. In addition, the degree of fatigue can also be measured by analyzing
the error rate of a given task test and the result of the subjective questionnaire.
Through the research on the changes of the above three indicators, the stimulation
and influence of the lighting environment on human fatigue can be evaluated.

At present, there have been a lot of researches focusing on the influence of
light environment on human performance. Wu [6] obtained subjective evaluation,
cognitive ability test data and EEG signals under different illuminance and color
temperature environments through experiments. The results showed that under high
illuminance (1000 lx) and high color temperature (6500 k) environments, the work
efficiency of the subjects was improved but subjective satisfaction and comfort have
declined. Ming-Wei et al. [7] found that under the illuminance 400 lx, 550 lx, and
700 lx environment, and with the increase of light intensity, eye fatigue degree of
operator increases.

Combined with previous scientific research, it is often only combined with brain
electricity or eye movements as a physiological signal to evaluate the degree of
fatigue, and does not fully consider the surrounding physical environment. Human
fatigue is a complex process involving physiology, mentality and behavior. This
article adopts the researchmethods of other articles, which is a combination of objec-
tive evaluation and subjective evaluation methods. It also collects two physiological
signals of EEG and eyemovement at the same time. Through the innovative design of
the task test, it can indirectly reflect the fatigue degree of the subject under different
light environments. Consider physical environmental factors, such as temperature
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and humidity, and subjective evaluation. Combining the above results to explore the
relationship between indoor light environment and human fatigue.

2 Method

2.1 Experimental Set-Up

The experiment is carried out in an indoor environment with an internal size of
300 cm × 190 cm × 210 cm. The inner wall is covered with a black background
cloth to prevent reflective materials from interfering with the experiment. Except for
the lamps and lanterns required for the investigation, there is no other light source.
The schematic diagram of the experimental site is shown in Fig. 1.

There is a writing desk with a height of 75 cm in the laboratory, the distance
from the person to the display is about 60 cm, and the vertical distance from the
LED (Light Emitting Diode) tube to the person is 60 cm too. The illuminance and
color temperature monitoring points are placed in the center of the writing desk. The
experimental site map is shown in Fig. 2.

The lighting equipment adopts Philips T5 bracket lamp, which meets the needs of
indoor lighting. The remaining required experimental equipment and its parameters
are shown in Table 1.

According toStandard for daylighting design of buildingsGB50033–2013 [8], the
design illuminance of indoor natural light should not be less than 300 lx. Meng et al.
[9] found that human body comfort is highest when the indoor temperature range is
22–26°C. And the CIE standard stipulates that the color temperature of indoor areas

Fig. 1 Schematic of
experimental scene
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Fig. 2 Picture of laboratory

Table 1 Equipment information

Equipment Brand (Type) Device parameters

Light tube Philips T5 11w; CRI = 75; SDCM < 6

Color illuminance meter KONICAMINOLTA CL-200A

Eye tracker TobiiGlasses2 Sample rate 50 Hz

EEG collector Blue BCI W Sample rate 250 Hz

Display terminal DELLS2721QS 27inch (1inch = 2.54 cm)
screen brightness 350 cd/m2

should not be lower than 4000 K, and some spaces require 6500 K [10]. Combine the
above research results, in this experiment, three-light environments with different
illuminance gradients will be set by increasing or decreasing the number of tubes.
They are a 300 lx low illuminance environment, 570 lx intermediate illuminance, and
870 lx high illuminance environment. The specific operating condition parameters
are shown in Table 2.
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Table 2 Environment parameters

State Illuminance (lx) CCT (k) Temperature (°C) Humidity (%)

El 300 6500 k 22–25 75–85

Em 570

Eh 870

Table 3 Participant’s parameters

Age (year) Gender Height (cm) Weight (kg) Vision

22.0 ± 2 male/female 170.8 ± 10.5 61.9 ± 11.5 4.5 ± 0.3

2.2 Participants

In the experiment, a total of 6 college students whomeet the experiment requirements
were selected as participants, including 4 male and 2 female. The participants were
required to ensure adequate sleep, no strenuous exercise, no drugs within 7 days, and
no alcohol, coffee, or functional beverages were allowed within 12 h (Table 3).

2.3 Test Design

The stimulus task test questions are divided into two parts. Test 1 is a letter discrimi-
nation test, that the flowchart is shown in Fig. 3a. The participants need to distinguish
whether the test questions contain the target letters. Test 2 is the E-word memory
test, that the flowchart is shown in Fig. 3b. The participants need to be speak out

(a) Test 1 (b) Test 2

Fig. 3 Test design flowchart. a Test 1 b Test 2
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the number of task objectives within the specified time without rechecking. The
test questions are presented in PowerPoint format, and the answers are recorded by
the examiner without disturbing the participants to answer the questions. The total
duration of the experiment is 10 min.

2.4 Experiment Process

The experimental process is shown in Fig. 4.

(1) Before the experiment, the participants should sit quietly for 5 min to adapt
to the experimental environment, and fill in the Participant Information Form
(PIF) and the Participant Behavior Questionnaire (PBQ).

(2) The participants rest for 3 min while collecting EEG data.
(3) Participants perform a stimulus task test, which lasts for 10 min. After the

test, the participants will fill in the Participative Fatigue Measurement Table
(PFMT).

(4) After the participants rested for 5 min, he/she begins to enter the next working
condition for the next test experiment.

Fig. 4 Experimental flowchart
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3 Results and Statistical Analysis

3.1 Eye Movement

The experiment collected the participants’ pupil diameter, fixations and saccades
data, and other eye movement data. During the experiment, the participants wore
eye trackers with naked eyes, but none of them wore glasses. Studies have shown
that, regardless of the participants’ gender, vision, eye habits, and whether they wear
glasses, standardized pupil diameters can be used to measure visual comfort [11].

3.1.1 Pupil Diameter

(1) Pupil data denoising

Before analyzing the pupil diameter, first, ensure that the effective pupil data collected
by the 6 participants is not less than 85%, to avoid the influence of missing data on
the analysis of experimental results.

In the process of collecting physiological data, it will be interfered with by its
own factors such as blinking frequency and adapting to the changes in illumination.
At the same time, the surrounding electronic equipment and measuring equipment
will also cause noise in the collected signals. To solve this problem, in this paper, a
convolution smoothing algorithm to denoise the pupil diameter is used.

The Savitzky-Golay convolution smoothing algorithm is an improvement of the
moving smoothing algorithm. The specific calculation process is as Eq. 1

xk,s = 1

2ω + 1

+ω∑

i=−ω

xk+i (1)

In the formula, xk,x are the results of pupil diameter smoothing, the unit is mm. ω
is the setting window size.

(2) Pupil data Analysis

Studies have shown that pupil diameter has a strong correlation with illuminance.
When people are alert, the sympathetic nerve control system dilates the pupils. On
the contrary, the parasympathetic nerve of people causes the pupil diameter to shrink
when they are tired. About 42,000 pieces of data were collected for 14 min, and the
average value of the left pupil and right pupil data was calculated to represent the
current situation. From this, the changes in pupil diameter with time under different
illuminances can be obtained in Fig. 5.

Since the high-intensity stimulation task makes the participants quickly reach the
fatigue state. As shown in Fig. 5, compared with the pupil diameter of the human
body when not fatigued, pupil diameter decreases rapidly during the test, which was
then kept within a certain range. It can be seen from Fig. 5 that the fatigue degree of
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Fig. 5 Summary of average pupil diameter

870 lx is significantly higher than the fatigue degree under the light environment of
300 and 570 lx. Therefore, it can be inferred that between 300 and 870 lx, as the light
intensity increases, the degree of visual fatigue of the operator will also increase.

3.1.2 Saccades and Fixations

The saccades andfixations data collected in the experiment include four parts, the first
is Total Duration of Fixations (T_DF), the second is Average Duration of Fixations
(A_DF), the third is Average Peak Velocity of Saccades (A_PVS), the fourth is
Average Amplitude of Saccades (A_AS), as shown in Table 4.

According to the data table, the average fixation time under different illuminance
environments is no significant increase. The average peak saccade velocity and the
average saccade angle have the same trend, that is, gradually decreasing with the
rise in illuminance. Reduced levels of arousal (due to task time) will cause slower
saccades. Conversely, an increase in arousal level may lead to faster saccades. It can
be inferred that the fatigue degree reaches the highest value under the 870 lx light
environment.

Table 4 Saccades and fixations data

T_DF (Milliseconds) A_DF (Milliseconds) A_PVS
(Degrees/second)

A_AS (Degrees)

El 486,049.2 285.167 208.930 7.188

Em 486,855.5 308.333 209.802 7.213

Eh 404,859.0 308.667 206.983 6.917
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Fig. 6 Fixations and saccades number

The changes in Fixations and Saccades number under different illuminances,
when the human is in a state of fatigue, the number of fixation points will decrease
shown in Fig. 6. As the illuminance increases, the number of fixation points and
saccade points gradually decreases. It can be proved that the degree of eye fatigue is
increasing.

3.2 EEG Data Analysis

EEG signals are formed by the sum of a large number of neuronal postsynaptic points
in the cortex (including excitatory overhanging potentials and inhibitory postsynaptic
potentials). They are the result of the joint activities ofmanyneurons. This experiment
uses an 8-channel EEG cap, in which the earlobe is the ground electrode, and the
center of the forehead is the reference electro.

Perform frequency spectrum analysis on the obtained EEG, and then segment
according to frequency to achieve the purpose of classification. The four simple
periodic waves recorded by EEG are alpha wave, beta wave, delta wave and theta
wave and other frequency bands (Table 5).

Preprocess the collected EEG signals to remove artifacts and unnecessary spec-
trum components, including band-pass filtering of 1–30 Hz to remove power
frequency interference and baseline drift. After filtering, independent component
analysis is used to remove Artifact interference such as eye electricity and myoelec-
tricity. ERP (Event-Related Potential) is a special kind of brain evoked potential,
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Table 5 EEG frequency classification

Rhythm Frequency (Hz) Amplitude (μV) Dominant period

A 8–13 10–100 Relax awake

β 14–30 5–20 Thinking activity

θ 4–7 20–100 Increase with pressure

δ 0.5–3 20–200 Deep sleep

(a) 2D-ERP before             (b) 2D-ERP after 

Fig. 7 EEG Spectrum. a 2D-ERP before, b 2D-ERP after

segmentation and conditioning of EEG data, baseline correction, superimposed and
averaged to get an ERP chart.

Comparing theEEGdata collected in a calm state before the start of the experiment
with the 2D-ERP generated during the stimulation task, as shown in Fig. 7, it can
be found that the different spectrum of the EEG changes significantly in different
periods, which is the same as the increase in fatigue is inseparable.

3.3 Subjective Questionnaire and Task Stimulus Test Analysis

(1) Subjective questionnaire analysis

The subjective fatigue evaluation table includes symptoms such as dry eyes, vertigo,
blurred vision, etc. Participants scored the fatigue symptoms in the table. The higher
the fatigue degree, the higher the score. The scores of the 6 participants in different
light environments were counted separately, and the average value was calculated
to represent the fatigue degree of the participants. As shown in Fig. 8, the degree of
fatigue is increased by the illuminance increasing.
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Fig. 8 Fatigue degree of participants

(2) Task stimulus test analysis

The task stimulus test can reflect the fatigue of the participants by analyzing the work
efficiency of the participants and can make the participants reach fatigue faster under
the short-term high-intensity stimulus and cause the change of the physiological
signal. The Participants’ error rate is shown in Fig. 9.

Since the test results will be largely affected by the participants’ cognition, the
statistical results will exclude the differences in the results of individual participation.
According to the test error rate of the 6 participants, it can be seen that in the light
environment of 870 lx, it is almost half of the participants had a maximum test error
rate. It can be inferred that in a high-illuminance indoor environment, fatigue will
increase, resulting in decreased alertness and reduced work efficiency.

Fig. 9 Test error rate of participants
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4 Conclusion and Future Work

In this paper, physiological data (eye movement, EEG), subjective survey data and
task test results of participations are collected to explore the relationship between
indoor light environment and human fatigue.

The results showed that the lighting environment has a significant influence on
human fatigue. EEG and eye movement data will also change with the deepening of
human fatigue. With the increase of illumination intensity, the pupil diameter gener-
ally decreases, the number of fixation number and saccades number also decreases
gradually, and the EEG waveform changes. When the light environment changed
from 300 to 870 lx, the degree of visual fatigue of the participations increased, which
leads to the deterioration of the participants’ operational performance according to
the subjective questionnaire.

This paper only explores the relationship between light environment and fatigue
under great illumination changes. It does not consider whether changes in the range
of low illumination have the same effect on human fatigue.

For the indoor comfort light environment, the personal comfortable lighting
systems [12] will be researched based on this paper with more human factors,
environmental fac-tors, and system factors in the future work [13].
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Abstract To date, the advancement in web and internet technologies have changed
the way on how people interact with computer software/application. Information is
much easier to accessed, processes can be performed faster, and interaction can be
controlled fully by users. However, the complexity of the web accessibility, applica-
tion interaction, and components of user experience were also increasing. Thus, to
fulfil the web usability requirements and its comprehensiveness, web experts’ verifi-
cation andvalidation are required to support the overall designmodelling including its
internal strength of the domain. This paperwill elaborate and discuss themain criteria
included in the verification and validation processes towards visually impaired users.
We built our evaluation (usability) criteria based on previous research and represent
them as questionnaire for qualitative assessment of a web application. The main
objective is to propose the best evaluation criteria for a web evaluation and assess-
ment usability to support the design modelling and interaction effectiveness among
visually impaired users. It will include better technology understanding on both
design and evaluation criteria of the whole domain structure including their interac-
tivity that reflect the web accessibility, application interaction, and user experience
components. The proposed evaluation criteria will be focusing on three section,
called interaction characteristics, user experience components, and the outcome of
the final judgement. We envisage effective and comprehensive evaluation criteria
that could be integrated and provide positive feedback from the experts’ review and
their findings.
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1 Introduction

User Experience (UX) has turn up to be a holistic concept of user’s interaction
with technology. It has become the main concern on current design trends to embed
intuitive and emotional qualities of an interaction. The focus has shifted from system-
atic usability requirements and measures towards guidance on designing for experi-
ences [1]. The concept of UX is expected not to only deliver functional benefits, but
also deliver positive experiences which will influence the overall judgement towards
application. Based on [2], the integration between UX and technology acceptance is
crucial to understand the technology adoption of product. With the rise of the web
application as ubiquitous part of our daily, social, and economic life, web practi-
tioners are facing the challenges of addressing effective UX design for the users. On
the other side, we must understand the fact that human is diverse and can be catego-
rized into different capability. Beside normal users, there are sensory (e.g., vision,
hearing), motor (e.g., tremor, limited use of hands) and cognitive (e.g., learning
disabilities, attention deficits) impairments. With the nature of current web appli-
cation’s design which is mostly relying on visual cues, the visually impaired and
blind (VIB) users are the most affected. They faced poor interaction experiences and
frustration navigating the inaccessible web application.

There are plenty of web accessibility standard that has been introduced such as
WCAG 2.1, The Rehabilitation Act (Sections 508 and 504) and The Americans
with Disabilities Act (ADA) which aimed to help web practitioners to develop more
accessible web application. However, it has been reported in [3–5] that although the
web application were comply to the web accessibility standard, it does not guaran-
teed the VIB users having good interaction experience. Therefore, it is crucial to
investigate the most influential factor of interaction experience and their relationship
among the VIB users with web application. A holistic model of interaction experi-
ence with web application should be developed to help both VIB users with good
experience and web practitioner to produce more accessible web application. The
objectives of this research are (1) to review and analyze the main design components
of VIB users’ interaction experience; (2) to formulate the measurement model of
interaction experience where it specifies the relationship between observed indicator
and the sub-components of interaction experience; (3) to elaborate and summarize
interaction experiences components where it specifies the effectiveness of interaction
experience.

A comprehensive Web Accessibility Interaction Experience (WAIX) model for
visually impaired users is expected to be delivered. WAIX model is an integrated
model based on UX, Technology Acceptance Model (TAM), web accessibility and
VIBcharacteristics [6]. The outcomeof the research is expected to benefit the visually
impaired community and the web application practitioner who wish to develop an
accessible application.



Evaluation Criteria and Assessments for Effective User … 883

2 WAIX Model—In a Nutshell

Several models of interaction experience and technology acceptance have been
analyzed to develop the Web Accessibility Interaction Experience (WAIX) model
[6]. Although most of the existing models are focusing on general users, some of the
construct and items were carefully chosen to suit into visually impaired and blind
users’ scope. WAIX model is an integration model from interaction experience, web
accessibility, visually impaired and technology acceptance domain. There are three
major components in WAIX model namely interaction characteristics, user experi-
ence components, and outcome from the final judgement. Figure 1 illustrates the
methodological approach of WAIX model.

According to Fig. 1, the main objective of WAIX model is to support systematic
web accessibility with effective usability and technology acceptance. The model
integrates the benefits of web accessibility guidelines (WCAG) and technology
acceptance (TAM) as the initial framework to design specific website for visually
impaired users. The outcome from themodel promises a better systematic interaction

Fig. 1 Methodological
approach of WAIX model
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processes between users and the application, and at the same time it improves the
user satisfaction through emotional qualities and usability.

3 The Evaluation Criteria: Our Approach

Weseparate theWAIXmodel into threemajor components for the purpose of compre-
hensiveness, flexibility, and easy for maintenance. Some criteria were traced from
previous studies [4, 5, 7] and somewere newly proposed to provide suitable enhance-
ment towards the overall benefits. The criteria can be easily mapped and translated
according to the components’ subjects. In the following sections, we will elaborate
and describe in detail for every evaluation criteria defined in this research.

3.1 Interaction Characteristics (Pre-interaction)

This component acts as inputs attributes for an interaction to be executed. The major
components of interaction characteristics are:

1. User characteristics: User is an interacting agent. Human factors should be on
the top priority to develop a successful design because an interactive system is
intended to be used by the human. Therefore, identifying user characteristics
are crucial.

2. Systemproperties: Interactive system is required for interaction to behappened.
System properties has certain features and functionalities which has been
designed to convey certain system characters.

3. Usage mode: Usage mode has a significant contribution to the interaction
process. Usage modes represent the situation or environment for the interaction
took place.

According to [7–9], those abovementioned components were important where
effective interaction can be achieved by fulfilling all requirements from each compo-
nent. Table 1 describe the sub-components resided in interaction characteristics.

Table 1 describe the relationships between those components and sub-
components. The main focus is to clearly identify the type of interaction
input/characteristics from the users. The expected outcome is to present user profiles
and background, including his/her intention on why he/she uses the website. The
evaluation criteria (specification) should be able to provide web designer on how
to prepare a good interaction features for different type of visually impaired person
with different goals.
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Table 1 WAIX’s interaction characteristic detail description

Sub-components Description (criteria)

User characteristics

Disability level Refer to the vision impairment level which will be measured by (a)
mild—presenting visual acuity worse than 6/12; (b)
moderate—presenting visual acuity worse than 6/18; (c)
severe—presenting visual acuity worse than 6/60; (d)
blindness—presenting visual acuity worse than 3/60. The level of visual
impairment should be addressed to create customized interaction
experience [10]. Different level is expected to moderate the user’s
interaction experience

Skill level Referred as the expertise level of using assistive technology to navigate a
web. Expertise will be rated in four-item scale—expert, advanced,
intermediate, and beginner. It has been highlighted by [4] more skillful
user has the ability to overcome more barrier than beginner user. Skill
level has been acknowledged as a level of screen readers for visually
impaired mental model while using the websites [11]

Expectation Related to what users expected from a particular system. Based on [4]
expectation were always developed based on previous experience.
Therefore, for this construct carries 3 variables—New users (do not have
any experience using given website), Existing users (have experience
using given website), and Experienced users (have experience for using
others website which is similar to given website)

System properties

Web accessibility Emphasis on how accessible of the website’s content. It will be measured
based on the website’s conformance to the web accessibility standard.
WCAG 2.0 will be used as the standard. The accessible website should at
least conform to Level AA WCAG 2.0 Standard. This construct will have
2 variables (measurement)—accessible or non-accessible

Usage mode

Goal mode Users have specific goal during the interaction [6]. Normally users are
finding specific information and performing transaction/operation to
complete his/her goal

Action mode Users don’t have any specific goal to be achieved during the interaction
[6]. This type of mode only involving users that are browsing any
application without any specific reason. They were just randomly
browsing application for reading general information or performing some
basic transaction/operation

3.2 User Experience Components

The first component in previous section defines interaction profile from the different
users’ perspective. In this second component (user experience component), we
assume that interaction has been triggered between the users and the web appli-
cation. When the interaction occurs, users will perceive the system features and
starts to develop own experience on how they perceived the system. This section
elaborates the users’ experience components into three categories:
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Table 2 WAIX’s User Experience Detail Description

Sub-components Description (Criteria)

Instrumental qualities

(1) Perceive ease of use The degree to which a person believes that using a particular system
would be free of effort [15]. The system should be equipped with
sufficient modules and facilities to ensure users can achieve his/her
goal within specific time and lesser efforts

(2) Usefulness The degree to which a person believes that using a system would
enhance his/her job performance [15]. This is related to the
effectiveness of the system. For example, system should provide
effective navigation support so that users could be able to discover the
whole system modules in shorter time

Non-instrumental qualities

(3) Stimulating Related to feeling of excitement or causing great emotional feeling
towards the website. Based on [16] the visually impaired users
perceived web accessibility as stimulating. This is the main factor that
would motivate users during the uses of website or system. For
example, any system that provide good level of web accessibility
should also increase the users’ motivation towards the system

(4) Trust The trustworthy and comfort feeling towards the websites. According
to [17], there are significant correlation between trust and web
accessibility. For example, it describes the privacy, the security, and
the reliability of the system to the users

Emotional responses

(5) Positive affect Subjective feeling accompanied by specific physiological reaction and
express behavior. Based on [12] emotional response may affect the
appraisal of the system. It will give big impact factor that influence
whether the users should revisit the website or system or not

(6) Negative affect

1. Instrumental qualities: qualities that focusing on functionality or usability of
a website or system. Most of the qualities can be measured and quantifiable.
Functionality comparison is also easier to manage.

2. Non-instrumental qualities: qualities that focusing on the subjective physio-
logical qualities. This type of qualities more referred as the qualitative features
and hard to make judgement and comparison.

3. Emotional responses: related to the emotional response perceived by the users.
It is more related to the feeling—enjoyment, excitement, fun, sad, boring, etc.
of users’ while using/browsing the website or system.

Based on previous research [12–14], this section act as a mediator between the
interaction characteristic and the outcome. The outcome or overall judgement of a
web application is depending on how this section perceived (Table 2).

User experience (UX) component is a new theoretical concept that provide a
holistic standpoint on users’ interactions to the website or system with the uses of
assistive technology. From its definition, it is clearly argued that a website should
no longer be simply by delivering a bulk of information or functional features, but
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it also should be able to deliver effective elements of abstract, subjective, and good
emotional qualities from the interaction characteristics component.

3.3 Outcome of the Final Judgement (Post-interaction)

This component represents the overall judgement of a system based on the interaction
experience that occurred. The final judgement will be evaluated in three areas as
illustrated in Table 3. Based on [12, 14, 18] these are three aspect that should be
measured to identify the overall judgement of web application amongst the visually
impaired users.

The outcome from this final component is to prove the positive perceptions of
users towards the system. It is represented by the three abovementioned aspects
which strongly highlighting the overall feeling and satisfactions. Firstly, it can be
measured by thewillingness and good intentions of specific users about the system. If
the system won’t be able to provide motivations to users, there will be no satisfaction
and perhaps bad perception towards the system. Secondly, users’ satisfaction can only
be fulfilled when a system could be able to response and provide accurate operations
and output to the users. And finally, good system is said to be an effective system.
If users were fully motivated and satisfied with the overall performance during the
uses of the system to achieve any specific objectives, then the system is effective.

Table 3 WAIX’s outcome (Final Judgement) detail description

Sub-components Description (Criteria)

Behavioral intention to Use Related to the user’s willing to use and accept the system [15].
Poor system will give a negative impact while a good system will
increase their motivations and intentions towards the website
system

Satisfaction Related to feeling of being pleased about the confirmation of the
prospects of a desirable event [8]. User satisfaction related to the
usability requirement of the system. It is always important to
develop a website that will satisfy the users and made all
operations manageable and achievable

Goodness The overall interaction quality [19] whether it is good or bad. For
this research it is more related to the web accessibility. A good
system should provide an effective, comprehensive, and robust
navigation support (facilities) to ensure the interactions between
users and the system always been supported and achievable
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4 Discussion

In web design and development processes, evaluation is a common and important
phase in prior to the respective web application usage by the targeted users. In this
research, we emphasis our focus on a web application design to engage functional
requirements and its specification from the targeted users (visually impaired users).
Evaluation is a process to verify and validate feedbacks from users to ensure whether
the web application meets the users’ expectations and usability satisfaction or not.
And thus, defining the best suitable and appropriate evaluation criteria is a vital step
in which to cover overall aspects towards the successful of a web application.

According to our design model (WAIXmodel), we divided our evaluation criteria
into three major components started with defining the interaction characteristics,
followed by user experience components, and lastly the outcome from final judge-
ment. We gather research information from the literatures and found that these three
components were strongly related to support effective and systematic web applica-
tion designwhich fulfil the usability specifications and theywere to complement each
other to increase the emotional and user experience aspects from the users towards
the system. This is important to ensure that users will keep using or revisit the web
application in future and perhaps it will improve users’ experiences and motivations.
There are also some other benefits of the evaluation criteria that we can list as the
following:

1. Comprehensive criteria that is easy to understand.
2. Systematic approach.
3. Incremental processes for those three components.
4. Cover overall performance from a user view.
5. Offer effective validation and verification processes.
6. System properties and usability can easily be captured.
7. Able to support quantitative and qualitative aspects.

However, there are more criteria that might be suitable in the WAIX model, espe-
cially when bigger scope or different categories of users were taking into consid-
eration. On the other side, various scope of categories of web application would
require tremendous numbers of evaluation criteria to meet some specific usability
specifications and users’ expectations.

5 Conclusions and Future Works

This article has elaborated anddiscussed threemain components of evaluation criteria
which derived from our design model—WAIX. The main concerns of the criteria
are to identify interaction characteristics, user experience aspects, and the outcome
of the final judgement from targeted users. In overall, we found that those criteria
have covered most design issues from previous research, involving web accessibility,
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application usability, and technological acceptance. To verify all those criteria, we
are in the process of developing aweb example as our case study—newswebsite. The
web examplewill act as themain application domain of this researchwhere all criteria
explained in previous sections will be tested and verified. Upon the completion of
the web example application, we will identify few web design experts that will
be taking place in the validation and verification processes. We envisage effective
and comprehensive evaluation criteria that could be integrated and provide positive
feedback from the experts’ review and their findings. Perhaps, the evaluation criteria
can be refined to produce the best optimum outcome.
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Abstract Indonesian current educational curriculum demands learning media for
the high school degree. The use of learning tools that utilize technology nowadays
is more emphasized to get better learning comprehension. Augmented reality (AR)
is virtual information to a direct or indirect view of a physical object. This study
aims to apply Augmented Reality technology using the Marker Based Tracking
method, which is intended as a learning tool for introducing bacteria, especially
Escherichia Coli bacteria, to make it easier and fun to understand. This study uses
data collection methods that include literature study, interviews, and questionnaires.
Approach methods include designing, creating, and testing Augmented Reality. The
results of this Augmented app can help both teachers and students in the teaching
and learning process as well as inspire the students to learn Biology for Escherichia
Coli bacteria material.

Keywords Indonesian education · Learning media · Augmented reality ·Marker
based tracking · Escherichia Coli

M. B. Firdaus (B) · D. Fadhiellah · E. Budiman · A. Tejawati
Informatika, Universitas Mulawarman, Samarinda, Indonesia
e-mail: bambangf@fkti.unmul.ac.id

Lathifah
Informatika, Universitas Teknokrat, Bandar Lampung, Indonesia
e-mail: lathifah@teknokrat.ac.id

M. Khairul Anam
Teknologi Informasi, STMIK Amik Riau, Pekanbaru, Indonesia
e-mail: khairulanam@sar.ac.id

F. Suandi
Teknik Multimedia Dan Jaringan, Politeknik Negeri Batam, Batam, Indonesia
e-mail: fadli.suandi@polibatam.ac.id

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
R. Alfred and Y. Lim (eds.), Proceedings of the 8th International Conference
on Computational Science and Technology, Lecture Notes in Electrical
Engineering 835, https://doi.org/10.1007/978-981-16-8515-6_68

891

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-8515-6_68&domain=pdf
mailto:bambangf@fkti.unmul.ac.id
mailto:lathifah@teknokrat.ac.id
mailto:khairulanam@sar.ac.id
mailto:fadli.suandi@polibatam.ac.id
https://doi.org/10.1007/978-981-16-8515-6_68


892 M. B. Firdaus et al.

1 Introduction

It is no secret that Augmented Reality (AR) has become a hot research topic. AR
integrates 2D and 3D objects from the virtual world into the real world, allowing
users to touch, see, and hear them. Due to a real-time training discipline, AR offers
excellent opportunities in science and engineering. By using the AR technique, it
allows us to get a different and unique exploration and learning experience because
it involved us directly [1].

As we know that the learning system in Indonesia still uses conventional learning
methods, namely teacher-centered learning with various supporting media such as
books and other educational tools [2]. For example, In the field of science learning,
teachers rely on pictures in their books to teach [3], especially in recognizing bacteria.
This is not fascinating for students during the course [4].

When conducting experiments in the laboratory, there aremany obstacles faced by
teachers and students, such as the resources in the laboratory are limited, the cost for
providing the tools andmaterials that are needed to build an accurate laboratorymodel
is not cheap, the time that needed to prepare tools and equipment before researching in
the lab, some students will ignore the study because it is not attractive. It is dangerous
in its implementation [5]. Those are such cases that occur in educational institutions
today. These negative things will prevent an experiment from being held, which
results in students’ lack of experience with experiments in specific fields [6, 7].

One example of an experimental form for students is to study parts of bacteria that
are only generally described in student worksheets or schoolbooks. Students cannot
conduct experiments directly [8]. Therefore AR is the best solution to this problem,
significantly since today’s smartphones are overgrowing and can be used as a tool to
develop an Augmented Reality [9, 10].

In this study, users are expected to visualize one of the bacteria, namely
Escherichia Coli, in 2D and 3D, in real-time. Along with the app as the results
of this study later aims to be a media or tool to provide an overview of one form of
bacteria, namely Escherichia Coli which is one of the bacteria close to humans that
causes diarrheal disease, in 2D and 3D forms with explanations and movements to
make teaching and learning process more attractive for both teachers and students.

2 Literature Review

This research highlights the usefulness of Augmented Reality as media learning. It
is very necessary to improve the learning process, to vary the way technology is
utilized in education. Many things and objects are learned with increasing reality. As
in previous studies, the case studies and their respective challenges have tried to do
the same.

Even as a learning mediumwith different models, Augmented Reality technology
developed in different areas [11]. The researcher is exploring augmented reality
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models developed through the review of several newspapers relating to augmented
reality.Onehundred journals fromvarious sources hadbeen collectedusingkeywords
from augmented reality. The researcher then selected 41 newspapers and found five
augmented reality models in five of the publications, including 3D animation, 3D
video, and 3D multimedia. In both types of augmented reality, using markers and
without markers, the formation of additional objects in the natural environment is
triggered by an external signal. In contrast, in augmented reality, markers do not
require an increase in reality in natural environments [12].

Technology has been used in numerous areas, including research, education, and
much more [13, 14]. Pathogen AR is a mobile educational app designed to help
education professionals, particularly teachers and students, learn a lot more fun and
interact about the dangerous viruses around us. This app can illustrate students’ actual
shape and structure of viruses and help teachers and educators explain the sciences,
particularly in this area. A variety of multimedia elements are provided in this mobile
app using the AR Technology application to attract students to learn. Finally, this
project can help students learn more and become part of IT experts [15].

Augmented reality (AR) is becoming popular because AR can provide users
with real-world visual guidance [16, 17]. Its interactive nature makes medical fields
support it since this app can lead to better diagnostic performance and disease detec-
tion. However, it is not easy to perform due to its challenges in mapping the virtual
and natural environments. The proposed framework has developed an efficient AR
in a medical application to detect better and diagnose disease which focuses on
mapping the 3D virtual image on the object without preregistration or marks in
various positions [18].

2D to 3D conversion, which offers highly qualified image data without any loss,
is initially performed. The conversion is then followed by segmentation in which
the 3D medical imaging region is segmented by the environmental data and the use
of IMR-CNN to prevent horizontal or vertical devices. The work developed an RJ-
FAST-BRISK to get rid of relevant features and accurate detection of the corner point
of the image. Finally, the spatial mapping process is done using PEICP-ODCNN,
based on the characteristics, which reduces the error rate due to different positions
and also reduces the time required to compute. Experimental results show that the
work achieves 92% mapping accuracy compared with the current state-of-the-art
method [19].

The cycle of biological animal development is metamorphosis. Learning meta-
morphosis is part of the student education in schools in the field of biology. Unfor-
tunately, observation takes time, and it is limited to study a metamorphosis cycle to
determine an animal specimen. This research offers an innovative solution to these
challenges, which are applying the technology of augmented reality.

In order to improve the interaction of studentswith learningmetamorphosis during
study sessions, the animal metamorphosis process is visualized into 4-sized objects.
The Marker-based tracking method is utilized to locate the marker’s tracking pattern
as the location of the augmented reality object. The study results show that the
students can understand metamorphosis better with a marker-based tracking method
[20]. A new bio-secure system for interacting with bacterium biofilm images using
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augmented reality technology is also proposed as part of the project. There were also
comparisons of the accuracy and real-time interaction of various feature detection
and matching methods [21].

As measured by Bloom’s cognitive level, the study examined the effects of
Augmented Reality on students’ learning outcomes and biological attitudes. It has
been redesigned with an AR form. Through quasi-experimental pre-testing and
post-testing concepts, the effectiveness of the developed book on learning results
and biological attitudes was evaluated. The students also gathered feedback on the
augmented reality technology and the redesigned book, and other topics.

Sixty-eight students from the 9th grade participated in this study. Their learning
materials included a printing book and augmented reality technology, used as an
educational supplement. According to the study’s findings, students’ learning results
and attitudes toward biology improved as a result of AR technology. Students pointed
out that AR can help them learn more about biology by incorporating it into their
studies [22].

In an experiment, the child’s performance in learning was examined, including
the number of mistakes they made, their ability to retain the information they had
read, and their satisfaction with three different types of teaching materials, including
a picture book, physical information, and an AR graphics book [23, 24]. These three
teaching materials were created to delineate the characters of six bacteria using 2D
graphics, 3D physical items, and 3D virtual objects, respectively. Each time the
mobile device scans a commonly found item, a 3D display of bacteria is displayed.
As a result of simulating different conditions for the bacteria, users can control
their aesthetic behavior in 3D format [25]. A lack of training or differences in color
perception can cause non-specialists to misunderstand colorimetric tests. Colori-
metric signals are detected and interpreted using a method that allows anyone to
understand the results. Nanoparticle-based immunoassays generate colored signals,
which are detected by a camera [26].

Learn the names of the six different bacteria. Seventy-two fifth-graders were
randomly selected for study and divided into three groups. According to the results,
the AR graphics book provides children with a practical and convenient way to
explore and learn about bacteria. During follow-up interviews, the children expressed
appreciation for the AR graphic book and preferred other types of materials [27].

3 Research Method

At this section, a detailed and comprehensive research flowwill be described. Starting
from needs analysis, building the apps, until analyze product output from research.
As can be seen in Fig. 1, with the explanation as follows:
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Fig. 1 Research flowchart

(1) The first stage, analyzing the needs of the app that will be designed.
(2) The second stage, data collecting that related with the topic of research, for

example, a reference data source is needed regarding the use ofAR in education,
data related to Escherichia Coli bacteria, and others.

(3) The third stage check the data that has been collected, whether it is complete
and in accordance with the need’s analysis at the beginning of the study.

(4) The fourth stage, designing the app by cornering one point of the problem
topic, the purpose of making the app, the benefits of the app, registering the
tools to create the app, an overview of the app through mockups or flowcharts.

(5) The fifth stage, building the app that have been designed.
(6) The sixth stage, the app that has been successfully made will be tested for the

effectiveness of the app design, if it is not in accordance with the app design,
the concept of the app will be corrected and retested. If it is in accordance with
the app design, it will be continued with the stage of giving an aesthetic or
beauty impression, namely the appearance of the app.

(7) The seventh stage, conduct an analysis of the app that have been successfully
made, find out about the advantages and disadvantages.
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3.1 Data Collection

The initial stage in the analysis is data collection, the collection of data used in
research. The methods used in collecting data and information are:

Literature Review. At this stage the researcher collects and studies all kinds of
information related to the application of Augmented Reality and its programming
model [28, 29], through papers, journals, books and the internet.

Interview. The researcher also conducted interviews with teachers of SMAN 2
Samarinda regarding the syllabus for learning the structure of Escherichia Coli
bacteria, learning methods for students, problems that often occur in learning the
structure of bacteria, and others.

Questionnaire. After testing the AR app that has been create, the researcher also
distributed questionnaires in the form of several questions regarding the results of
the app trial to several respondents [20, 31], namely class X students of SMAN
2 Samarinda, general public at all levels of education, and biological students of
Faculty of Teacher Training and Education at Mulawarman University. With a list of
questions as follows:

(1) Does 3D animation interesting and easy to understand?
(2) Does the app easy to operate?
(3) Does the interface design of the app attractive?
(4) Does the information in the information section easy to understand?
(5) Does the learning by using leaflets able to increase the interest of app users for

studying?
(6) Can the app increase interest in learning?
(7) Can the learning usingmarkermethods improve user understanding of the app?

3.2 System Design

The researcher develops an Augmented Reality (AR) app based on Android mobile
with the aim as a media to learn about the structure of plant roots. The researcher
uses the Research and Development (RAD) method to meet quality standards with
app development [32, 33]. The stages of the development procedure carried out by
the researcher as follows:

Requirements Planning. In this section, the researcher identifies the purpose of
making the plant structure AR application for the biology teacher at SMAN 2
Samarinda, then identifies the information requirements of the goals discussed and
agreed.

RAD Design Workshop. Entering the design and app development stage, the
researcher creates and shows a visual design and work pattern for the Escherichia
Coli Bacteria structure AR app that has been built for the biology teacher at SMAN
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2 Samarinda. The researcher then examines each module which is made based on
the teacher’s response.

Implementation. After the researcher and biology teachers of SMAN 2 Samarinda
agreed on all aspects and work patterns on the AR app of Escherichia Coli Bacteria
structure built by the researcher, a trial and introduction of the AR app was carried
out to the students of SMAN 2 Samarinda with the aim for being an Escherichia Coli
Bacteria learning media.

Augmented Reality Application Flowchart. The system design flowchart shows
research and Augmented Reality application stages. It described in Fig. 2. It explains
the stages as follows:

(1) The first stage, the researcher analyzes what object that needed for the app.
(2) The second stage is to do a general description of the layout and AR objects

manually using paper, scribbles or using a design app on a personal computer.
(3) The third stage, modeling the objects and layouts that have been designed and

manually drawn earlier in 3D using 3D Blender app.
(4) The fourth stage, if it is appropriate then the 3D and 2D designs apply to the

app (Unity). At this stage the author applies and installs the design that has
been made earlier into 3D form on a predetermined marker.

Fig. 2 Augmented reality application flowchart
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(5) Fifth stage, By pointing the camera at the marker, you can test the app’s ability
to read it.

(6) Sixth stage, If the marker is detected, a 3D object that has been previously
designed will appear.

4 Results and Discussion

4.1 Research Results

User. Users of this Augmented Reality (AR) app are practitioners and participants
in teaching and learning activities (teachers and students) or the general public who
want to learn biology, especially for Escherichia Coli bacteria [10].

2DMarkers. The 2-dimensional (2D)marker used for this AR application represents
the interview results, that is, the structural model and micro shape of the Escherichia
Coli bacteria. The E. Coli marker brochure was made using a design app, namely
Corel Draw X7 [11]. This brochure contains project markers for E. Coli bacteria
that have previously been stored in the database at Vuforia.com, and the marker is
designed in the form of a brochure, as shown at Fig. 3.

Local Database. Built-in local database for AR application, in this case using the
Vuforia SDK function itself to store and create an AR database [12], here the
researcher creates a database entitled Bacteria_EC in Vuforia.com.

3D Models. The 3D model used is a micro and macro 3D model of Escherichia
Coli bacteria. The following 3D models are also equipped with animations to make
it easier for users to understand every shape and function of the Escherichia Coli
bacteria body. The 3D model used is E. Coli in macro and microforms (Fig. 4).

4.2 Application Interface Testing

See Figs. 5, 6, 7, 8.

4.3 Device Test

Layout. In developing an Augmented Reality app for Escherichia Coli bacteria, the
recommendation of aspect ratio size is 16:10 (Landscape). After finishing building
the App, it was tested on several smartphones to check compatibility with the layout
of the Android version and a certain screen aspect ratio [34]. The App is installed
and running smoothly. Device testing was carried out directly on 36 smartphones
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Fig. 3 Escherichia Coli brochure

Fig. 4 Vuforia database
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Fig. 5 Main menu

Fig. 6 Hint menu

Fig. 7 Macro scan menu
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Fig. 8 Micro scan menu

belonging to several students at SMAN 2 Samarinda and students of Informatics.
Ten smartphones with different Android versions and screen resolutions have been
run in a series of tests, resulting in layout compatibility by the system design on the
Unity 3D app. The following is a list of 10 smartphones that have been tested based
on smartphone brands and different Android versions (Table 1):

Memory Capacity.After testing the device, it shows that app transfer from the flash
disk takes a long time. All of the 33 participants in the trial took a considerable
amount of time, affected by the insufficient memory capacity of the participant’s
device to accommodate the app size of 50 MB.

Minimum Operating System. The participants of the app device test were 33
students, and five students were unable to transfer the soft-file app and could not
install the app. Therefore, this app can only be used and runs smoothly on Android
devices, at least in Lollipop to Pie versions. Meanwhile, four of the five students
mentioned have devices with the IOS operating system, and the rest are Android
devices with version 4.

Maximum Camera Distance. The test was aimed at class X MIPA 1 at SMAN 2
Samarinda, including a scan application test. This test resulted in several conclusions,
and those are the camera used also affected this test. From the tests that have been
carried out, the maximum distance from the brochure media with the camera is 1 m
to maximize the marker’s reading.
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Table 1 App layout test

Device name Android version Screen
resolution

Layout
compatibility

Smoothness

Samsung Galaxy
Ace 3

4.0 1280 × 720
(16:9)

Unable to
install

Unable to install

Oppo A37 5.1 1280 × 720
(16:9)

Compatible Smooth

Oppo A39 5.1 1280 × 720
(16:9)

Compatible Smooth

Galaxy J5 6.0 1280 × 720
(16:9)

Compatible Smooth

Xiaomi Redmi 4 7.1 1280 × 720
(16:9)

Compatible Smooth

Redmi 5A 7.1 1280 × 720
(19:9)

Compatible Smooth

Vivo Y71 8.1 1440 × 720
(18:9)

Compatible Smooth

Xiaomi Note 3 9.0 1920 × 1080
(16:9)

Compatible Smooth

Redmi note 7 9.0 2380 × 1080
(19:9)

Compatible Smooth

Asus Max Zenpro
M1

9.0 2160 × 1080
(18:9)

Compatible Smooth

4.4 Questionnaire Test

Questionnaire testing results from a high category for the feasibility of the question
using the SPSS application for the Validity Test with the results of the Pearson
Correlation reaching more than 0.7, which means the questionnaire used is valid.

Then, a Reliability Test was also carried out to test the questions used whether
they can be reliable with an app made using the same app, namely SPSS. It shows
that the results of Cronbach’s Alpha on Reliability Statistics, which means it reaches
the high-Reliability category.

In addition to the two tests that have been mentioned, the results of the ques-
tionnaires that have been distributed are positive and exceptionally qualified to be
distributed to SMAN 2 Samarinda so that they can be used as teaching media in the
following year’s learning. This can be seen from the graph where the percentage of
answers strongly agree and agree from the respondents range from 88.2 to 94.1%,
with each percentage of Strongly Agree and Agree, which can be seen at Fig. 9.
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Fig. 9 Respondents positive percentage

5 Conclusion

It can be concluded from the results and discussions that the accuracy of markers on
Vuforia, soft and hard file brochures, smartphone camera, and lightingwhen scanning
all impact, the smoothness of a marker scan. The results of the application test based
on the distributed questionnaire showed that each question from the questionnaire
obtained results indicating a positive response from application users based on the
percentage range of answers “yes,” “agree,” and “strongly agree,” including the
Direct Test Questionnaire for high school students ranging from 41.2% to 100%,
Questionnaires for FKIP Biology Mulawarman University Students’ which ranged
from 58.4 to 91.7%, Questionnaires for the General Public, High Schools to Students
which ranged from 76.7 to 97.7%. The results of the device usability testing show
that the app has been able to be distributed to high schools because it has met the
specified criteria, precisely the number of trial participants who run smoothly until
the last stage must exceed half the value of the number of present trial participants.
Based on the findings of the assessment for the Escherichia Coli Bacteria AR app,
several suggestions for further app development should be implemented not only on
the Android platform. The need to further increase the role of education in themobile
app as an enhanced reality as an educational media so that this country has an identity
and does not always follow other countries. In this app, the role of education is only
an overview of biologymaterial, especially bacteria. Furthermore, it can be improved
by increasing the role of education in other fields of study, such as chemistry learning
media, and so on.
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