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Message from the Vice Chancellor

It gives me great pleasure to issue this congratulatory message for the

1 st Research Conference on Advances in Information and Communica-

tion Technology-2022 (RCAICT 2022) of the Faculty of Technological

Studies of the University of Vavuniya on the theme “Resilience through

intelligent connectivity”.

The RCAICT provides a forum for academics and other professionals in the field of Information

and Communication Technology to present their research to a wide audience of academic policy

makers’ representatives from industry and students. The papers are peer reviewed prior to

acceptance and published as a extended abstract in the conference proceeding. The proceeding

is further embellished by the participation of an eminent keynote speakers with a proven track

record of research in the identified theme.

The RCAICT is organized by a committee of young academics from the Faculty of Technological

Studies of the University of Vavuniya. Faculty of Technological Studies is proud to host this

important event and to provide University of Vavuniya permanent location as the venue. I hope

that the distinguished delegates will have ample opportunities to deliberate upon a wide variety

of tracks in the conference and thereby help enrich our knowledge in the area of technology

development.

I would like to congratulate the conference committee and staff of the Faculty of Technological

Studies for hoisting this event and I wish all the best in continuing its good work.

Prof. T. Mangaleswaran

Vice Chancellor

University of Vavuniya
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Message from the Conference Chair

I am delighted and honored to bring this message to the Research Con-

ference on Advances in Information and Communication Technology -

2022 (RCAICT 2022) as the Chair of the research conference. This year

has been a significant year, as we the Faculty of Technological Studies

of the University of Vavuniya, have decided to organize this very first

research conference.

Our theme of “Resilience through Intelligent Connectivity” was created to leverage the dis-

tinguished gathering of professionals to bridge the gaps in Information and Communication

Technology and to connect the gaps in a new and fresh way. This conference will provide valu-

able opportunities on top notch research, and showcasing innovative research that are utilizing

revolutionary technologies.

I hope that this conference will allow the participants a productive discourse not only in aspiring

excellence in their main field of interest, but also in gaining new ideas and opportunities for

future technological collaboration. Further, we are delighted to have a distinguished group of

keynote speakers. Their talks on various technologies will add a special touch to the conference.

I would like to take this opportunity to express my sincere gratitude to the conference committee

and all the staff members of the Faculty of Technological Studies for planning and organizing

the research conference.

I hope that you will enjoy this research conference and I look forward to meeting you physically

in the Faculty of Technological Studies of the University of Vavuniya or virtually at RCAICT

2022.

Mr. S. S. Suthaharan

Conference Chair- RCAICT 2022

Faculty of Technological Studies

University of Vavuniya.
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Message from the Convener

As the Convener of the RCAICT-2022, I am delighted and honoured

to bring this message to the First Research Conference on Advances

in Information and Communication Technology themed on Resilience

through Intelligent Connectivity. The theme of the Conference draws

the inspiration from the fact that we are moving at a very fast pace in

this modern world of communication.

This year has been a significant year, as we the Department of Information and Communication

Technology, Faculty of Technological Studies under the University of Vavuniya has decided to

hold this first prestigious conference. The RCAICT-2022 is organized with the focus on dissemi-

nating the knowledge and initiating collaborations thus will help on transferring information and

communication technologies. It will also deliver an outstanding platform for sharing outcomes

from the researchers, industrialists and policy makers. This conference also obtained advices

from reputed advisory panel to keep up the standard in the first conference itself and for better

services in the future too. These all becomes viable now, as Sri Lanka has produced many leading

professors and scientists, who are contributing tremendously in international forums. Further,

contributions from the University of Vavuniya on the research and developments are gradually

increasing.

This conference will publish all accepted and presented papers in the online platform through

the website of the Faculty of Technological Studies as these papers will be copyrighted to the

University of Vavuniya. This will help the future researchers to obtain the related research papers

easily for their researches. This conference also focused on connecting the industry together with

the researchers from the Universities and all research institutions. In overall, this conference

will be serving for disseminating the knowledge, gained through research, and initiate industrial

collaborations for sustainable development. In particular, I thank the committee for their prudent

advice and clear suggestions on organizing the conference. All recognition should go to the

committee members who have all worked extremely hard on the details of important aspects of

the conference programs. A note of appreciation to the eminent keynote speakers and academia

for their thorough and timely reviewing of the papers. Most of all, I thank you, the presenters,

for enriching the conferences by your presence. I hope you will enjoy the content, renew old

fellowships, make new fellowships, get new ideas, and above all, have a great deliberation.

Mr. V. Senthooran

Convener- RCAICT 2022

Faculty of Technological Studies

University of Vavuniya.
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Message from the Editor in Chief

The conference committee and authors of the Research Conference on

Advances in Information Communication Technology (RCAICT) 2022

are eagerly awaiting for the publication of the first conference proceedings

on October 4, 2022, as scheduled. I am grateful to the organizer for

suggesting my name for the committee since it is an honor for me to have

been chosen as the Editor of the RCAICT2022 conference proceedings.

In particular, working with the secretary of the conference committee makes me very happy. The

secretary is devotedly working to ensure that the conference proceedings progress successfully.

The RCAICT 2022, a national conference, also got submissions from other universities and

institutions in Sri Lanka, demonstrating the scope of the conference among potential scholars.

A comprehensive review procedure was applied to all submissions; it began with checking for

concerns with conformity and plagiarism. I want to express my gratitude to the reviewers and

the editorial committee who contributed significantly to the review process by giving the authors

insightful criticism.

I would also want to take this opportunity to thank our Dean of the Faculty of Technological

Studies and the Convener of RCAICT 2022 for their tremendous support, strategies, and ex-

pertise that enabled us to make significant progress during the reviewing process. Last but not

least, I would like to congratulate the authors that was published in these proceedings.

Mr. V. Vinoharan

Editor-in-Chief- RCAICT 2022

Faculty of Technological Studies

University of Vavuniya.
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Keynote Speech

Computational Intelligence

Prof. Rajesh R.

Department of Computer Science, Central University of Kerala, India

Achieving significance and precision together in real life computational automation is one of

the most difficult task. So in real life applications when you compromise between precision and

significance, certain level of uncertainty comes in. There are three types of uncertainties, namely,

stochastic uncertainty (for eg. throwing a die/coin), linguistic uncertainty (for eg. low price,

tall tree, huge stone) and informational uncertainty (for eg. honesty, creditworthiness, brilliant).

Another two types of problem that we see in real life is vagueness and ambiguity. Whenever, we

have these types of uncertainties, ambiguity and vagueness in systems, computational intelligence

techniques like fuzzy logic, evolutionary algorithms and neural network will help to make the

systems work better than conventional systems. The computational intelligence techniques have

large number of applications across the disciplines including life-critical medical applications.

This talk will focus on the applications and the key aspects of implementing computational

intelligence.
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Keynote Speech

Sustainable Internet of Things

Prof. Xavier Fernando

Ryerson University, Canada

The Internet of Things (IoT) has been changing the way we live. It plays a key role in transform-

ing society to create an interconnected globe. The world is increasingly populated with sensors

and connected devices that automatically communicate, make decisions and perform complex

tasks. IoT nodes could be sophisticated servers like autonomous vehicles that fuse information

from a multitude of sensors plus 5G++ wireless networks and perform control operations in sec-

onds. On the other hand, they could also be simple sensing devices like smart meters or roadside

cameras. Nevertheless, their contribution is valuable. Artificial Intelligence and Machine Learn-

ing algorithms play a vital role in analyzing the humongous amount of data to draw meaningful

conclusions.

Currently an estimated 50 Billion IoT nodes exist and this number could double in 2-3 three

years. There are a few issues in realizing a sustainable IoT system. Mainly, in the realms of

spectrum availability and energy sustainability. It is interesting to note, compared to the energy

consumed by IoT, energy saved by the deployment of intelligent IoT solutions in other areas

is huge. In this presentation a few approaches to address the spectrum crunch, namely the

Cognitive Radio approach and Optical-Wireless, especially Visible Light Communication (VLC)

approach will be discussed. Also, energy saving and harvesting approaches to reduce the carbon

footprint IoT ecosystem will be highlighted.
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Keynote Speech

Web 3.0: What does it mean for Cybersecurity?

Dr.Kasun De Zoysa

Senior Lecturer, Department of Communication and Media Technologies,

University of Colombo School Computing.

The Web has moved through two stages so far with Web 1.0 basically as a set of static pages

and Web 2.0 characterized as the age of interactivity and participation. As the next evolution

of the Web, Web 3.0 moves away from centralized data archives to more open and decentralized

use of data that embraces the ideas of the blockchain.

Despite the benefits to all that Web 3.0 brings there are tremendous security risks around data

control, ownership, and privacy. A more intelligent web (Web 3.0) connects more devices and

these devices collect valuable information about individuals, their behavior, and their environ-

ment. Therefore in Web3.0 security methodologies and laws should be radically changed. This

keynote discusses it in simple terms.
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IDENTIFICATION OF EXTENSION NEEDS IN TEA PROCESSING:
CASE OF LOW COUNTRY TEA FACTORIES

M. K. Samaraweera1 and M. Wijeratne2

1Sri Lanka Tea Board
2University of Ruhunu

Abstract

Sri Lankan tea industry plays a major role in the Sri Lankan economy being one of the important
sectors as a foreign exchange earner (SLRs. 240.6 billion in 2019) while providing employment
opportunities for 400,000 families. Even though research and extension efforts were launched
in the past, the average national production of made tea remains at 2100 kg/ha/year. This is
much below the potential yield of 3000 kg/ha/year. The tea processors convert green tea leaves to
made tea through a complex process including withering, rolling, fermentation, drying, cleaning
and sifting into different made tea grades intending high end market. They are significantly re-
sponsible for quality tea production because the World market prices are directly associated with
tea quality. This study aims to identify the extension needs in the context of the tea processing
sub-sector. The study selected 55 tea processors in Matara district, Sri Lanka and the field sur-
vey was conducted during January- June 2019. A questionnaire was used as the data gathering
tool and further, check-lists and informal discussions were also incorporated. The study identi-
fied nine issues encountered by the tea processors. Among them, four constraints, namely poor
green leaf standards (57.7%), declining labour productivity (51.90%), limited technical knowl-
edge on processing (19.2%) and unawareness to obtain extension services (13.2%) are extension
issues. Therefore, extension agencies should implement programmes to remedy such conditions.
The investigation reveals that tea manufacturing and marketing (42.59%), tea planting and leaf
plucking (29.63%) and mechanization and certification (14.81%) are the most required training
needs. Hence, extension service providers have to focus on training programmes to improve the
knowledge and skills in the above fields. The tea processors use the telephone for verbal com-
munication (82.7%), internet (53.8%), SMS (50%) and mobile apps (26.9%) to obtain extension
input. The processors made suggestions to strengthen the tea industry improving access to the po-
tential markets (45.61%), provide more subsidies (17.5%), introduce new tea cultivars (14.04%),
provide awareness and training through proper extension and advisory services (12.28%) and
improve existing infrastructure facilities (10.53%). .

Keywords: communication, dissemination, factories, extension, processors, tea, trainings

1 INTRODUCTION

The tea industry plays a significant role in the Sri Lankan economy and the Ceylon Tea recorded a
royalty in the global context. The industry has recorded a production of 300.1 kg million of made tea
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of which 292.7 kg million exported earning SLRs. 240.6 billion [1]. Moreover, the industry provides
employment opportunities for 400,000 families [2]. The country recorded 202,022 ha of tea land
comprising smallholding sector (60.37%) and estate sector (39.63%) whereas the number of holdings
is 264,758 [3]. The contribution to GDP approximates 0.7 percent. Despite the research and extension
efforts, the national average production level of the tea remains as 2100 kg/ha/year [4] which is far
below the potential yield of 3000 kg/ha/year [5]. Therefore, it is vital to increase the yield of the
tea industry, especially through empowering the tea processing sector.[6] reported that many factories
have not acquired relevant certificates of tea processing and in most instances, the stakeholders in
the processing sector need extensive training to advance the knowledge and skills. The existence
of such constraints significantly affects the quality of tea. Hence, this study aims to investigate the
current issues encountered by tea processors, training needs of tea processors and make suggestions
to improve the extension input of the tea sector to gain quality tea.

2 METHODOLOGY

It was recorded that 64% of the tea production comes from the low country and 38.5 kg million of
tea was produced in Matara district which was the third highest in low country elevation [3]. Hence,
Matara district was selected for the study. There are 96 tea factories operating in five Tea Inspectors’
ranges of Matara district and 55 factories were selected for the survey. A questionnaire was used as
the data gathering tool and further, check-lists and informal discussions were also incorporated. A
questionnaire was developed, pre-tested and field work has been conducted during the period from
January to June 2019. All the factory managers of the selected factories were personally interviewed.
Primary data required for the study were obtained through questionnaire, check-lists and discussions.
The secondary data relevant to the study were extracted from available sources such as Central Bank
reports, documents of Tea Board, [4],[5] and the literature about the tea industry. Collected data were
analyzed on non-parametric statistics and presented with tables and bar graphs.

3 RESULTS AND DISCUSSIONS

The study reveals that the factories receive green tea leaves from four sources such as factory col-
lecting centers and vehicles, tea smallholder societies, licensed collectors / dealers and direct supply.
Forty one percent of the factories receive green leaves from all four sources. None of the factories
operate only with own tea leaves. Almost all the factories receive green tea leaves from other growers
and leaf collectors. Therefore, there is a severe competition among the tea factories to obtain green tea
leaves. Figure 1 demonstrates the major issues encountered by the tea processors. Among the issues
identified, poor green leaf standards (57.7%), declining labour productivity (51.9%), limited technical
knowledge on processing (19.2%), and unawareness to obtain extension services (13.5%) are directly
or indirectly connected to extension service and therefore, dissemination efforts should be targeted to
remedy the situation. Moreover, the study investigated the training needs of tea processors. Figure
2 depicts the training needs which are prioritized by the tea processors. Among the first prioritized
training needs, majority of the processors (42.59%) require training on tea manufacturing and market-
ing while 29.63% of them require training on tea planting and leaf plucking. Further, 14.81% of the
processors indicate training need for mechanization and certification. Less number of respondents in-
dicate management of physical and human resources, public relations and communication and use of
electronic devices as training needs. The study investigated the mode of communication used by the
processors (Figure 3). According to Figure 3, majority of the tea processors (82.7%) use telephones

2
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Figure 1. Major issues encountered by the tea processors

Figure 2. Training needs of tea processors

Figure 3. Use of communication tools by tea processors

to communicate extension issues while 53.8% and 50% of them use internet and SMS, respectively.
Since a less number of tea processors (26.9%) use mobile apps, it is noteworthy to encourage them to
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use this intervention effectively for extension communication. Among the measurers emphasized in
the literature survey, five suggestions to improve the tea sector were identified and ranked on priority
basis. The results are mentioned in Table 1.

Table 1. Suggestions to improve the Tea sector

Suggestions to improve the tea sector Percentage of tea processors

Improve access to the potential markets 45.61
Provide more subsidies 17.54
Introduce new tea clones / cultivars 14.04
Provide extension and advisory services 12.28
Improve existing infrastructure facilities 10.53

According to Table 1, majority of the tea processors (45.61%) suggested to effectively access
to the potential markets and 17.54% suggested to provide more subsidies. Introduction of new tea
clones, upgrading of existing infrastructure facilities and fortify extension and advisory services are
the other suggestions.

4 CONCLUSION

The study demonstrates a range of issues prevail in the tea processing sector. Such constraints make
negative impact, especially on the tea quality. Poor green leaf standards, declining labour productivity,
limited technical knowledge on processing and unawareness to obtain extension services are the major
issues identified by the study. Therefore, extension services should address such issues to improve
both the quality and quantity of tea production. The extension service providers should address the
training needs of tea processors on tea manufacturing and marketing, tea planting and leaf plucking,
mechanization and certification. Further, majority of the tea processors use telephones to obtain
extension advice. The use of mobile apps has to be encouraged. The study suggests that to improve
the tea industry, search for potential markets, provision of subsidies, introduction of new tea clones,
effective extension input have to be incorporated in future development plans.
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INTERACTIVE WEB-BASED PLATFORM TO BOOST THE
AGRICULTURAL SECTOR IN SRI LANKA

Karnan Sooriyakumar 1, A.K Hasith Priyashantha1 and Nidyanandan Pratheesh2

1Virtusa Private Limited
2Eastern University, Sri Lanka

Abstract

The agriculture sector plays a vital role in Sri Lanka’s economy. Interestingly, more than 30%
of Sri Lankans are involved in the agricultural sector. The vegetable sector is the second most
important sub-sector of island’s agriculture after rice. However, it is well known that vegetable
production should be improved significantly to meet the demand and also satisfy the customer’s
requirements. Some of the main obstacles facing this sector are the role-play of middlemen and
farmers’ lack of knowledge about best-growing practices, pest and disease management. This
study, discussed the development of MVC (Model–View–Controller) based trilingual (Sinhala,
Tamil and English) web based system using the Rapid Application Development (RAD) model,
primarily to rectify the vegetable farming-based issues among the users, and also facilitated to
get the expert consultation at real time. In addition, users can advertise their products to reach
the customers. Moreover, this platform provides its functionality for the farmers, agriculture
students, agro-industrial companies, salesmen and any other agriculture-related workforce. It al-
lows to connect the whole vegetable farming community in the country and increases the farmers’
knowledge, efficiency of the supply chain and supports economic development.
Keywords: Economic Development, Model–View–Controller, Trilingual Web Platform, Vegetable
Farming

1 INTRODUCTION

never before, the world has experienced the importance of agriculture in recent years. Global agri-
culture production must increase 60–100% to meet the needs of a rapidly growing population [1].
In order to overcome the short supply of agriculture production, it is obvious to shift into the new
sensing and driving technologies and improved information and communication technologies (ICT).
Thus, today more attention has been paid to e-agriculture where ICT applications dominated. These
technologies-based agriculture helps to address the challenges (e.g., climate change, pest and pathogen
effect, pollution) as early also optimize the input allocation, thereby improving the agro production at
low cost [2], [3].

The uses of new ICT applications are becoming a trend in developed countries, nevertheless vice
versa in developing countries. Being a small developing nation, the condition in Sri Lanka is also not
much different than many other developing countries as it needs to be implied that more ICT-based
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technologies for better agriculture production. In Sri Lankan perspective, many globally available
platforms are not effective as many of the leading systems are functioning in English. In the short his-
tory of the local ICT sector, Govi Nena and Govi Mithuru the trilingual (Sinhala, Tamil and English)
mobile apps have recently been launched, though having a lack of communication facilities to get
real-time answers to questions raised by farmers seems to be a downfall of those systems. Another
mobile app—Krushi Advisor gave little extended facility to contact to get advice, however, it runs
only in one language. On this ground, the current study aimed to propose an adaptive and interactive
web-based tool that can be used to improve Sri Lankan agriculture. In this regard, the study mainly
focused on the vegetable agro farming system, as a huge number of farmers island-wide have been
involved in the year round production process. The tested system is also aimed to bridge the gap
between farmers, agricultural instructors, researchers, academia, extension agents and other various
market players. It also aimed to facilitate farmers to share the issues that they have faced in the farm-
ing system and get advice from experts, also to provide a marketing platform for farmers to sell their
products at a demandable price by avoiding middlemen and also purchasing helpful agro instruments
and essentials at convenience pricing.

2 METHODOLOGY

Interviews were conducted with thirty-five (35) different stakeholders such as vegetable farmers, agri-
cultural officers, agricultural researchers and agricultural product sellers to understand the real chal-
lenge they faced and other background information. The outcome of those interviews was analyzed
and decided to construct an interactive web-based tool, which helps to overcome the issues of the
farmers. The proposed application was developed using Rapid Application Development (RAD)
model. The website was developed using MVC (Model–View–Controller), which is the software ar-
chitecture that separates domain/application/business logic from the rest of the user interface. This
system was designed with the main key features of trilingual—Sinhala, Tamil and English. Figure
1 demonstrates the architectural view of the system. The system was categorized mainly into two
sections. The first is to share the issues related to the crop by the farmers and get the experience from
other farmers and the suggestion or advice confirmed by the expert/s in their own mother tongue.
They can upload audio, video and image as an additional feature to emphasize the issues. The given
advice or the suggestion will be confirmed by the expert/s for implementation. The whole system is
under the supervision of agricultural experts. If the user’s reply is wrong the expert will reject that
reply and will post a valid reason for rejection and also upload the correct answer for that question.
Also, the admin can only add expert users, thus enhancing trustworthiness. Second, as a media to
advertise and create the supply chain to sell the products at a good price. Figure 2 shows the overview
of the system. Algorithms were designed for different user logins, verifying and confirming the posts,
translating the posts and product advertisements with route navigation. Finally, the developed system
was adopted for real-time trial experiments.

3 RESULTS AND DISCUSSIONS

Nowadays, Sri Lanka is also looking forward to ICT applications, particularly with digital gover-
nance, and not enough attention is given to the agriculture sector. Thus, this study is timely important
and adapted the identified real requirements in the development of the system for Sri Lankan farmers.
The user can simply log in by adding their mobile number and convenient password. However, users
are required to register first, before creating their own profile. Users can then post their questions in
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Figure 1. System Architecture

Figure 2. System Overview

a given space and further conversation can be conducted with other users like farmers, agriculture-
related persons, or experts. Every post can be translated into their respective mother tongue for
understanding. This feature easily interconnects all the users without the language barrier. This fea-
ture enthuses the farmer to protect their crops from disease and apply the new technology/techniques
in their farming. Figure 3 exhibits the activities of the developed system. Of this, figure 4 shows

Figure 3. Login and discussion pages of the designed web tool.

the sales-force-product-advertisement page that allows the farmers to sell their products. It is also
enhanced with product card colour, which helps to differentiate the organic and non-organic farming
products and tooltip text that helps to brief the product information. Buyers can check the product, ex-
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pected price and available quantity. This can be confirmed with the farmers via the displayed contact
number. Moreover, route navigation helps the buyer to easily identify the location, distance between
the farmer and the buyer and the shortest route to reach the location. This feature assists the farmer to
sell the product at a market price and yield a better profit from their farming.

Figure 4. Sales-Force-Product (A). Shows the different vegetable product with other relevant in-
formation like price, location and contact details. (B). Product card emphasize the organic farming
product upon the selection.

4 CONCLUSION

This platform brings farmers to interconnect with each other without causing language barriers to
solving their problems and also to advertise their products to create more market opportunities. This
system allows for the connection of a wide range of farming communities in Sri Lanka and facilitates
the farmers to get advice from the expert or other communities easily, finding good marketing oppor-
tunities, and income by avoiding middleman involvement. Furthermore, it also helps to improve the
efficiency of the supply chain. The system could also motivate farmers to extend their cultivation and
thus support overcoming the food shortage scenario. Also as the product quality improved, it can find
more export market opportunities to bring foreign exchange. Eventually, this system will support the
agricultural development of the country, towards economic growth.
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Abstract

Since the underwater world is so complicated, monitoring the underwater has always been chal-
lenging. A successful underwater robotic technology could aid the discovery of many hidden
insights. This may also facilitate the convenient unmanned observation of underwater obsta-
cles, facilities like the underside of bridge pillars, and other installations like monitoring devices
and marine cables. An underwater rover is constructed with motors and actuators and aimed to
be outfitted with a camera to capture real-time images in a predefined interval, which are then
transmitted to the base station for further processing. The base station will be furnished with
sophisticated software that can identify unexpected alterations in relayed images. The planned
rover has been tested for 3 hours at a speed of 0.3ms1 and up to 6 feet under the water using a
Radio Frequency (RF) remote control. The rover may be upgraded with cutting-edge parts in the
future to explore deeper underwater and run for longer periods.

Keywords: Arduino, Internet of Things, Image Processing, Monitoring Fishes, Object Tracking,
Pipe Leakage, ROV, Sensors, Underwater

1 INTRODUCTION

A Remotely Operated Vehicle (ROV) is an unoccupied underwater robot that is linked to the operator
via a series of cables or wireless transmission commands and control signals, allowing remote naviga-
tion of the vehicle. Our project is to create an underwater ROV equipped with a camera, sonar sensor,
ultrasonic sensor, Light Dependent Resistor (LDR) sensor, video light, thrusters, rope, and frame to
hold all components. Images can be captured using the camera installed in this ROV, which will be
transmitted wirelessly to a base station (a processing device). These underwater ROVs are typically
controlled by a person on the surface via a remote. These ROVs can operate at various depths and
for extended periods under the water. These underwater ROVs will be more beneficial to seafood
factories, fishermen looking for fish species, underwater construction engineers and architects, and
the water supply department. This can also be used for monitoring and frequent inspections under
water when necessary.

10



Research Conference on Advances in Information and Communication Technology- 2022

2 OBJECTIVES

The goal of this research is to build an underwater ROV that can detect different types of fish and
cracks in underwater structures, which is difficult to do manually. Using a camera mounted on the
ROV and image processing techniques, we can quickly identify the species of fish in the area. The
image will be captured and transmitted via a wireless medium before being processed with image
processing software to identify the fish species. This ROV can also identify cracks or damages in
bridge columns or objects like marine cables. It will be more beneficial to the engineers to identify
and monitor these objects for maintenance. This is primarily due to the fact that this device will be
operated manually via a remote controller.

3 RELATED WORKS

We referred to different kinds of literature regarding underwater ROV, suitable technologies and
methodologies that need to be studied from the existing works. Aguirre-Castros has conducted re-
search to find or capture underwater videos using real-time remote-control communication via Ether-
net protocol[1]. The enhanced thrusters’ functions and input controls, as well as path maintenance and
acoustic signals for ROV communication, were described [2]. Single beam sonar and multi-model
wireless systems were used for obstacle tracking and communication by some of the researchers
[3],[4].

Some low-cost underwater ROV implementations have been proposed, and captured images were
processed through an algorithm for fish classification[5],[6]. Some of them used optical sensors [7],
while others used pressure sensors to record the vibrations of the fishes [8]. Principal component anal-
ysis and other machine learning methods were used to track fish using shape and texture[9]. Fishes
are tracked with 87% accuracy using a 360-degree camera and a Raspberry PI controller [10]. SURF
features were used to track underwater architecture from images captured by a shaking video camera
[11]. Barnes and Isaac proposed a method for processing images captured by a smartphone with a
waterproof cover. It’s intended for snorkelers, aquarium visitors, and fish identification tasks [12].
An ROV and image processing system based on homomorphic filtering and wavelet decomposition is
proposed, as well as a curve evolution and filtering mechanism for tracking fishes has also been tried.
[13].

Through the literature mentioned above, we learned more about ROVs and image processing in
underwater objects and organisms and how others are using these technologies more effectively. For
underwater object detection, we chose the sonar module instead of the radar module and powered it
with two 11.1-V LiPo batteries. One of them powers the underwater ROV, while the other serves as a
backup for emergencies. We intended to use the object identification features of SURF to find objects.

4 METHODOLOGY

The underwater rover in this work is primarily made of high tensile steel to withstand water pressure
as the device moves in depth. Furthermore, the steel is lightweight to avoid the pressure caused by
extensive weight, allowing the rover to go deeper. The ROV is designed to move vertically and hori-
zontally using a 12V motor. The rover also includes an inexpensive sonar to measure depth and locate
objects and organisms. A high ampere lithium battery supports the rover’s motion. Waterproofing
agents are also used to prevent water from entering the instruments. There are many different types
of motors available, including 3V, 5V, 6V, and 12V. Instead of Arduino, the ESP 32 microcontroller is
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used because it incorporates both Bluetooth and Wi-Fi modules that operate at low voltage. The relay
was altered in a way to obtain high voltage and ampere because the ESP 32’s output (voltage and
ampere) is insufficient for the motor. LED headlights are used to avoid excessive power consumption.
Compared to other batteries, lithium batteries were chosen for the construction of this ROV because
they are lighter, smaller in size, and have a high ampere with a long life. An RF receiver and trans-
mitter were used to obtain the signal from deep water. We used two different sizes of gear wheels to
handle the rover’s motions. Figure 1 shows how the wheels are linked together. In this case, wheel
A serves as an input, while wheel B serves as an output. Wheel B is fixed to increase the motor’s
torque due to the fact that as the speed decreases, the torque increases. The diagram of the circuit is
illustrated in Figure 2 below.

Figure 1. Torque control mechanism with gear wheels

Figure 2. Circuit Diagram of the Under Water ROV (The symbol M indicates the motors used)

5 RESULTS AND DISCUSSIONS

An underwater ROV is constructed using the methodology we discussed above. The structure of the
ROV is given in Figure 3 below.
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Figure 3. The overall structure of the Underwater ROV

Figure 4 depicts the underwater ROV’s components. When the thruster Y is rotated to the right
(clockwise), the ROV moves downwards; similarly, when it is rotated to the left (anticlockwise),
the ROV moves upwards. Only when the XL thruster is activated does the ROV turn to the right
or clockwise, whereas when the XV thruster is activated, the ROV turns to the left. The prototype

Figure 4. Components of the Under Water ROV

version of the proposed ROV is shown in Figure 5 below.
The prototype of ROV was tested in different depths up to five feet under the water with 0.3 ms-1
speed for three hours with RF remote control. The velocity of the ROV increased with the depth of
the water until some level and then it became constant as shown in the graph given in Figure 6.
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Figure 5. Prototype of the proposed ROV

Figure 6. Velocity vs Depth Graph

Figure 7. Strength of the ROV vs Depth Graph
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Meanwhile, the strength of the radio signal received from the ROV in different water depths was
also tested. The signal strength of the ROV decreased with the depth of the water. The following
graph shown in Figure 7 is the result when mapping the signal strength received against the depth of
the water.

Some challenges were faced during the implementation of the underwater ROV and while testing
it inside water. The challenges arose during the implementation have been solved using alternative
recommendations explained and listed in Table 1 below.

Table 1. Solution for the challenges faced

Challenges Solution

Losing signal while going into deep water. Building an external antenna.
Waterproofing. Using a silicon tube.
Gap between the relay terminal. Decreasing the terminal gap.
Coupler. Using spring washer.
Rusting. Application of oil in every use.
Charging the ROV to work for a longer period. Used quick charger (used a charger of 3s 20A

instead of 3s 10A.)
Syringe dislocation. Using a cable tied with super glue.

6 CONCLUSION

An underwater ROV is designed to overcome challenges while working in all four directions such as
up, down, left and right. Further, the underwater ROV works up to five feet in depth and is also able to
be controlled remotely for three hours. Despite the fact that only the underwater ROV has been created
in this work, it could be expanded by adding a 4k UHD-166 for a wide-angle camera to the rover to
capture the images with a higher resolution. This underwater ROV can send the captured images to
the base station where the images can be processed and help in making decisions. The rover can
be used for crack identification, object distance identification, camera signal transmission, wireless
camera signal transmission, and fish identification in the future by including the image processing
component.
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Abstract

The IoT is a massive trend within an industry. Its exponential expansion in cloud computing
creates new problems. NFV has solutions enabling service providers to scale the networks, inte-
grate intelligence into those networks, and figure out how to monetize all these IoT devices. New
threats and concerns about security breaches in the network are multilayered and dynamic. It’s no
longer about the transport layer, and it’s about delivering services to users profitably. As a result,
service providers are looking at NFV to help them build services, customize them, spin them up
faster, and deliver a broader array of services to users. Due to the low processing capability of
IoT devices, offering a lightweight NFV architecture for Edge Cloud Computing in IoT is critical
for mitigating cyber assaults in this developing cyber domain.
Keywords: Cloud Computing, IoT, NFV, SDN, Vulnerabilities.

1 INTRODUCTION

The software-defined networking (SDN) sector was hailed as the networking industry’s next major
advancement. SDN has evolved from a single-use situation to being utilized in a variety of network-
ing settings. SDN, or software-defined networking, was touted as the next big thing in the networking
business. Software-defined networking is ascribed to academics from Stanford who invented the no-
tion of bringing virtualization principles to networking. Data is routed through routers and switches
utilizing integrated hardware and software in conventional networking. The first use of SDN was to
virtualize networks by dividing the control plane and the data plane that carries the traffic. A smart
controller running specialized software and a set of routers and switches that forward packets of traf-
fic manage the network traffic of a data center. Virtualization provides various advantages, including
the ability to dynamically scale networks, fine-tune them for specific application use cases, and apply
security standards to each network. Today, the SDN industry has reached maturity and is breaking
out of the data center. SDN governs how organizations connect to branch offices through the WAN.
SD-WAN is a use case in which software is employed to aggregate several network connections, such
as broadband, MPLS, and wireless, to create resilient and cost-effective connections. Utilizing micro-
segmentation, which is the notion of segmenting network traffic for security purposes, SDN has been
used for network security. Alternatively, certain networks might be exceedingly secure and transport
important data. Other networks may be publicly accessible. Therefore, if a hacker obtains access to
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the data center, their harm is restricted to a specific area of the network. Moreover, SDN is used in the
industry known as Network Function Virtualization (NFV). This is the notion of replacing special-
ized hardware firewalls and load balancers with software-based firewalls and load balancers. Certain
companies are utilizing SDN to connect server farms to public cloud providers, hence enabling the
development of a hybrid cloud platform with micro-segmentation and dynamic scaling features. By
segmenting internet traffic and aiding with data organization, more SDNs might be utilized to aid in
the management of the Internet of Things’ massive traffic surge. SDN has evolved from a single-use
case to a wide range of networking applications inside the data center, the cloud, and the growing
domain of the Internet of Things. The network becomes more flexible, controllable, and adaptable to
new use cases when software is applied to operate it. Service providers require a new view on how
the business network operations should be structured due to the rise of IoT devices [1]. Virtualization
creates exciting opportunities by substituting flexible functions implemented in software for expen-
sive physical resources. Harnessing the benefits of virtualization requires a comprehensive type of
NFV orchestration. Its governance capabilities enforce rules for the efficient assignment, use, and op-
timization of virtual resources, while its intelligent automation orchestrates activation management.
NFV architecture enhances these capabilities with security accounting and data analytics tools. Vir-
tual network services may be automatically balanced among scales or dynamically shifted throughout
the network in real-time. Resources are no longer tied to a single data center. Still, they are distributed
across the network to improve internal operational efficiency, resulting in better financial performance
and optimal operating margins. Service providers may ensure that network operations are performed
at the lowest possible cost while adhering to service level agreements. Customers are not satisfied
with their service providers’ NFV architecture to eliminate the physical constraints associated with
network operation. Proper NFV enables businesses to maximize revenue and service quality by pro-
viding flexible infrastructures and digital service ecosystems.[2] It cannot convert passive value chains
into active value constellations without the help of NFV architecture for virtual networks. In recent
days IoT devices have represented several security risks for various reasons.

A highly scalable network-based platform for IoT security and visibility deployed at the ISP level
IoT is implemented as an off-path virtual network function on the ISP network that analyzes the
traffic of several residential and small business customers concurrently. These endpoints are either
the homeowner’s mobile device or the cloud based IoT service [2]. IoT critical framework provides
a dashboard for the network operation center (NOC) and the homeowner to monitor and manage
IoT traffic. Network - personal networks are monitored. The network operator has an up-to-date
inventory of all connected devices and their state. Each device’s attributes are specified, including its
profile or safelist, retrieved from its data when an IoT device begins interacting with an unauthorized
destination. When a new device is added to the home network, the network function notifies both the
homeowner and the network operator. The same mud profile is used for all devices of the same type
across multiple homes. The home networks are connected to the ISP network via the NAT, the home
router [3]. As a result, all devices in the home use the same IP address outside the home. A client-
server protocol connects home routers to an autoconfiguration server (ACS). Configure the home
router to label outgoing IoT traffic using DHCP bits in the IP packet. Each IoT device is assigned a
unique mark coordinated by the virtual network function.

2 RELATED WORKS

Software-Defined Network is beginning to be utilized as a framework to manage potential threats
because it offers numerous benefits such as dynamic flow control, IoT traffic, and device isolation,
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network monitoring to identify attacks (such as botnets), and flexibility to support depth payment
if virtual network security functions. Software-Defined Network is beginning to be utilized as a
mechanism because it offers numerous benefits such as dynamic flow control, IoT traffic, device
isolation, and network monitoring to identify attacks (such as botnets),

In this sense, Farris et al.,[4]. propose a variety of security threats and attacks, in addition to
strategies for minimizing the effects of these threats using countermeasures based on software-defined
networks. To improve the functionality of the Internet of Things, Mouradian et al. [5] present a
Software Defined Network design. It plans to protect communications via the Internet of Things by
relying on the centralized controller of the software-defined network to improve system administration
and provide secure routing services. IoT traffic is monitored by a Software-Defined-Network gateway
in the research carried out by Shih et al. [6] to identify inappropriate behavior on a network and then
respond by blocking or forwarding the data. Shih et al, [7] have created a Software-Defined-Network
(SDN) security solution for Internet of Things wireless networks. The goal of this approach is to
avoid compromising a security domain by dispersing security rules over multiple security controllers.
Pan and Yang,[8]. presented a software-defined security framework for the Internet of Things that
enables the supply of security appliances like access control or channel protection; however, they do
not make use of NFV. This framework enables the delivery of security appliances.

In contrast, NFV has the potential to realize security as a service model by divorcing security soft-
ware from hardware. This would allow virtual network security services to function more effectively.
Lightweight virtualization creates the conditions for the deployment of Virtual Network Functions
(VNF) at the edge of Internet of Things (IoT) networks. For instance, provides a solution that helps
improve network administration in 6LoWPAN Internet of Things networks [9]. This solution is based
on Software Defined Networks, Network Function Virtualization, and cloud computing. IPsec is an
Internet of Things security architecture that was developed by Shu et al. [10]. It enables the delivery
of micro middleboxes source lightweight IoT devices on demand. NFV makes it easier to scale the
security VNFs that are located at the edge of the network, such as Firewalls dvIDS, according to the
current state of the network and the system. The combination of Software Defined Network with
Network Function Virtualization (NFV) has the potential to boost resource utilization, optimize the
chaining of virtualized middleboxes, and steer traffic towards virtual network functions (VNFs).

The challenges, potential benefits, and potential dangers that are related to NFV are discussed
by Fu et al. [11]. Other recent publications do the same thing, summarizing the major benefits of
using software-defined networks and network function virtualization to improve the security of IoT
networks. The studies, in contrast to our study, do not give a comprehensive cyber-security framework
that is dependent on Software Defined Network and NFV to strengthen the security of IoT devices.
The framework can dynamically identify cyber-security risks and respond based on the present status
of Internet of Things (IoT) networks, systems, and security regulations that have been established
[12], [13].

Thanh,[14] provides a framework for policy-based frameworks that is aroused on an expanded
model of Event-Condition-Action (ECA) rules. These rules incorporate post conditions to validate
the successful fulfillment of policy actions. Rensing et al. [15] provide a policy-based architec-
ture and framework that is tailored specifically for AAA. Bonfim et al. [16] use policy-based net-
work management with context awareness for Mobile Ad hoc Networks (MANETs), whereas Lv
and Xiu, [17] offer-based framework management for securely deploying and configuring network
traffic-processing components. Both management approaches are used for Mobile Ad hoc Networks
(MANETs).

An initial overview of the Anastacia project was provided at the beginning of the project in the
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form of a conference presentation. This paper focused on the key aims, issues, and foundations of
the project. In the same vein, a rudimentary knowledge of how security features based on software-
defined networks and network function virtualization might be used for Internet of Things applications
as outlined. Zarca et al [18]. only just described the mechanism that would be used to implement the
Anastacia policy. In contrast to the current study, however, preceding articles did not offer the whole
final architecture and did not address the complete autonomic loop for self-protection and self-healing
of the Internet of Things controlled system. In addition, neither the monitoring, detection nor reaction
tactics against cyberattacks were addressed nor assessed. This was disappointing.

2.1 IoT Edge Outline

According to this Google trend chart, public interest in the edge has increased, and the edge has
become increasingly popular. Especially in the last three and a half years, we’ve found several factors
that we believe are driving this trend toward precision, and we’ve addressed these 10 themes in detail.
If it wasn’t already clear that edge is a trending issue, there is quantifiable evidence to demonstrate its
popularity. The phrase edge computing refers to intelligent computational resources situated near the
price of data consumption or creation. From the standpoint of IoT analytics, edge computing refers
to intelligent computational resources positioned near the source of data consumption or creation.
The industrial context edge has existed for many years. You have industrial controllers and centers
and robots and all sorts of things that are running on the edge and executing automated chores and
stuff, but from our perspective, these edge devices are undergoing a sea change. We do not consider
them clever because they frequently run on proprietary operating systems before running proprietary
applications, and the hardware is tightly connected to the software. When we speak of the intelligent
edge, we are referring to edge computing devices that can execute numerous sorts of apps and often
run the Linux operating system.

2.1.1 Types of IoT Edge

The many sorts of computational resources up into the cloud and the edge, with an emphasis on
the cloud. Most objects running in the cloud are data centers, which are geographically structured.
National or regional data centers and local data centers are the three forms of cloud that we have
identified. There are six distinct types of computing resources available at the edge, as well as a
few more in-depth options. From the cell tower data centers at the highest level or closest to the
cloud down to the sensors and devices, we divide these edges compute resources into three groups,
beginning with the cell tower data centers. This relates to the computation capacity of the thick edge,
thin edge, and micro edge. Depending on the type of edge and the user’s use case, different computer
resources are required to achieve the user’s use case. It is somewhat quantitative to examine the
usual computational characteristics at the various levels of the edge when defining the edge. The
closer you are to the data source and the further you are from the data source, the shorter the latency
between the compute resource and the device that is creating the data. Typically, the sensors and
devices that require computing resources are the sensors themselves. They are millimeters distant
from the equipment that generates computational output. Considering the cloud, on the other hand,
cloud data centers may be located kilometers away from the device providing the data, resulting in a
normal increase in latency. In the coming years, as private 5g and private LTE grow more popular,
there may be a shift in the competitive advantage in the industrial sector as private 5g and private
LTE become more prevalent. There are numerous industries in which edge computing can be placed
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anywhere, from your home’s Alexa to an industrial facility. The focus of the market research we’ve
been working on, and the industrial edge have some distinct qualities that deserve additional attention.

This report focuses on the industrial edge computing market as well as the intelligent industrial
edge computing industry. The market for industrial edge computing reached $11.4 billion in 2019
and is predicted to grow at a CAGR of 70 percent throughout the forecast period [16]. Industrial edge
computing underscores the notion that what we are examining does not contain quote or unquote
”dumb” field equipment that has been in the field for decades and runs proprietary software and
hardware. The majority of DCS systems plc that utilize ladder logic are excluded from the intelligent
edge. The industrial edge refers to compute resources deployed in industrial environments, and the
term edge is also significant in this context. Cloud-hosted infrastructure software is becoming an
increasingly vital component of the industrial automation industry, yet we are not considering it.
The intelligent industrial edge market’s share of the industrial automation market. 7% percent of the
industrial automation market [16], according to those who believe intelligent industrial edge is the
future. As the growth rate of the intelligent industrial edge outpaces that of industrial automation, we
may assume that this sector of the market will continue to increase.

2.1.2 Trends and Challenges

Trends and challenges related to the thick edge, beginning with computers, one of the factors driv-
ing this adoption is the decoupling and consolidation of automation workloads from the underlying
hardware. Previously connected with hardware and proprietary software, control and visualization
workloads are now being separated from this hardware. Containerized applications frequently run on
more intelligent edge computing devices. Applications can run on top of a Linux operating system
alongside non-real-time and real-time software applications and even third-party consumer appli-
cations [18]. Once you have decoupled the automation hardware from the software, you must be
conscious of the usually short product life cycles associated with such equipment. As we all know,
IoT gear can remain operational for decades, and these workloads are becoming detached from regu-
lar IoT hardware. When deploying more sophisticated computer resources, you must ensure that the
industrial PCs and data centers on which these workloads will be deployed have the same support life
that you as an end-user have come to anticipate from the IoT vendor.

The first trend we’ve observed here is custom-made solutions. By pre-configuring and pre-
certifying these solutions, these providers hope to shorten the maintenance and integration time asso-
ciated with these systems. The FTP server is pre-certified to operate the industrial software suite, and
another trend on the edge of the industrial or on-premises data center is the provision of hardware as
a service. Traditional IoT providers and cloud hyperscale are beginning to provide on-premises edge
computing as a service. Vendors now provide their equipment as a service as opposed to requiring a
huge capital expenditure to purchase an entire data center; hyperscale’s are also adopting this model.
Amazon and Azure are now selling their hardware as a service that can be deployed on-premises.
Microsoft’s new azure stack edge hardware is a rack-based server with a Windows logo that can be
placed in your data center to expand the azure cloud on-premises. Use cases and architectures at the
cutting edge of the industry. In a cost reduction analysis based on case studies for the industrialized
computing report [19] with the use cases, cost reduction use cases were the largest group that we
identified. There are many use cases for cost reduction, but only a few case studies were examined;
this is because many edge computing case studies realize numerous use cases. The maintenance and
quality at the end of a single case study are depicted with other sorts of use cases [20] to provide more
granular information. The cost reduction category is related to many different types of use cases [21].
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2.2 IoT Edge Architecture

The forms of architectures edge architectures that are utilized to realize these. The three sorts of edge
architectures that we’ve identified in the research are deployed to realize the use cases specified in
(figure1). The first sort of architecture is fledged architecture. These are architectures in which there
is no cloud backhaul a lot of these systems are airdropped to incorporate at least one of the many
types of edge compute resources in those systems.

Figure 1. NFV OpenStack Deployment Layers

The second form of edge architecture is a thick edge plus the cloud. This is when you have
an on-premises data center and some form of backhaul to a cloud-based or off-premises-based edge
computing resource. Edge computing devices to be classified as a thick edge plus cloud to have an
on-premises data center and an off-premises cloud. The third type of edge architecture identified was
the thin or micro-edge plus the cloud [22]. These edge architectures do not have an on-premises data
center, but they have one or more of some of these lighter-weight computational resources running
on the edge and then sending data back up to the cloud for analytics or other types of use cases.
An investigation of the case studies revealed that there is no ideal architecture for every use case.
There were a few case studies that reduced downtime using full edges, but there were also many
case studies that used different designs, and the same holds for most use cases that we found in the
research. The answer to this question relies on the exact problem you are attempting to solve and
the context in which you are attempting to deploy your edge computing resources [23]. A. Virtual
Machine Architecture Open Platform for Network Function Virtualization (OPNFV) is essentially an
OpenStack environment for deploying VNFs utilizing VMs. OPNFV offers multiple installers, such
as Compass and Fuel, for deploying the technology. Its usability and 5 VMs are established to set up
the infrastructure. The top-level perspective of the environment based on the OPNFV architecture is
depicted in Figure 1. describing each of the three architectural layers. B. Container-based Architec-
ture We’ve talked about the difficulties OPNFV faces, and it’s clear that we need a solid architecture
to make it easier to install VNFs at the network’s edge. VNFs can be developed and deployed on
low-computing devices using the proposed architecture. ISPs function as intermediaries between the
cloud servers and Internet service providers (ISPs). A D-Link device communicates with the D-Link
cloud when it is activated at the lowest level of the IoT stack. All our Docker images may be found
in this layer, which includes the Docker Hub. It is possible to deploy Docker images using the docker
pull command from this layer. If a new VNF is needed, Docker VNFs can be built and deployed in
a few minutes. The IoT Gateway layer represents the actual network edge in an IoT scenario. Many
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Dockers VNFs are hosted on a Raspberry Pi 3 as the IoT gateway. The Wireless Access Point (WAP)
VNF defined in Section II-C is used to connect IoT devices to the network. Using this layer, devices
connected to the Internet of Things can communicate with the rest of the world. As a result, this layer
is capable of detecting and neutralizing threats. Our IoT gateway, the Raspberry Pi, is connected to
a network of VNFs, as shown in Figure 3. The VNFs in this collection work together. VNFs such
as firewalls, intrusion detection, software-defined networking (SDN) switches, edge analytics, etc.,
are deployed in Section II-C, as indicated. Devices connected to the Internet, or ”smart objects,” are
part of the IoT environment. Smart light bulbs, IP cameras, smart remote controls, and smart plugs
are among the gadgets we use in the lab. Using an SDN controller, the IoT gateway’s OpenV Switch
may be managed as a VNF. It has already been demonstrated that containers may be used to run any
application with minimum overhead and faster deployment times. There are at least three edge nodes
required to implement OPNFVs. All VNFs are kept separate on this machine. An efficient way to
implement NFV at the network edge may be seen in the comparisons of performance between two
different configurations.

3 METHODOLOGY

The express-performance evaluation is being conducted here. Kata Containers, Unikernels, and
Container-based, are the three distinct server platforms that HTTP offers. The major purpose is to
define the effect of the deployed virtualization technologies on the service’s performance and to as-
sess the benefits and drawbacks of these technologies on each platform. Express is an asynchronous
server for NodeJS that does not stop requests. It is a simple building that may be modified easily.
This provides access to a vast array of functionalities. This study aims to analyze emerging trends in
technology for NFV adoption, specifically virtualization. Experiments and research typically test not
just the platforms’ limitations but also the services’ actual performance. Comparative to Apache a
tool that can transmit requests and evaluate performance can be installed on the operating system that
is hosting the application.

The deployment of VNFs is accomplished using virtualization technologies, and web servers are
required for network communication. Consequently, the evaluation performance considerations were
considered throughout the rollout. The size of the image on each platform is what defines how much
storage space is needed before the host. The scalability of a server is directly proportional to how
much its CPU and memory are being utilized. Image size and the amount of RAM that was used
were both measured in the first two studies. Comparisons are made between different instances of the
service being performed. The next step is to evaluate the CPU’s use in both its idle and active stages.
On each platform, a total of ten customers that together transmit ten thousand queries have been
developed for testing the service. For traffic generation, Apache-benchmark is utilized. instances that
include many threads and several clients. Docker stats is the tool that is used to get information about
docker’s performance.

4 RESULTS AND DISCUSSIONS

This section presents the results of the tests done. Initially, the size of images for installed services
is analyzed across supported mediums. Considering the techniques of architecture, the unikernels
storage is considerably less. Based on the Solution, traced back to the center which comprises just
OS dependencies and system codes. The plugins are needed to program execution. In contrast to
unikernels images, the regular Linux Operating System, and containers, increases in size due to the
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addition of unnecessary libraries and binaries. VM size comparison is illogical because it employs
GPUs and reaches around 10GB with a basic installation.

Figure 2. CPU Utilization (a) on inactive state (b) on 1000 requests

5 CONCLUSION

This study provided an in-depth review of three virtualization technologies, kata containers, uniker-
nels and Containers suggested an architectural solution using Figures 2 and 3. For assessment pur-
poses, the Server is implemented on all mediums. Unikernels are consuming less memory and light
to execute operations. The only necessary Operating System library operations minimize the threat
surface but maximize the poor virtual allocation of memory and overhead. Due to the single address
space of unikernels, applications that frequency of both mode operations executed best at unikernels
implementation. Furthermore, containers are light and efficient with memory and CPU. Reduced
isolation between host and kernel (shared kernel) increases security vulnerabilities. Kata containers
provide light virtual machines that can execute containers utilizing their runtime. When considering
Kata, it is not efficient in memory management or as speedy as Docker, but it offers a secure frame-
work for operating containers in multi-tenant environments. The development of Kata-containers and
unikernels is a major threat to the container environment. Future development for unikernels and
kata-containers will be based on 5G use cases and edge device use cases .

REFERENCES

[1] Clovis Anicet Ouedraogo, Samir Medjiah, Christophe Chassot, et al. “A cost-effective ap-
proach for end-to-end QoS management in NFV-enabled IoT platforms”. In: IEEE internet
of things journal 8.5 (2020), pp. 3885–3903.

[2] Yicen Liu, Hao Lu, Xi Li, et al. “A novel approach for service function chain dynamic orches-
tration in edge clouds”. In: IEEE Communications Letters 24.10 (2020), pp. 2231–2235.

[3] Meng Wang, Bo Cheng, Xuan Liu, et al. “A sdn/nfv-based iot network slicing creation sys-
tem”. In: Proceedings of the 24th Annual International Conference on Mobile Computing and
Networking. 2018, pp. 666–668.

[4] Ivan Farris, Tarik Taleb, Yacine Khettab, et al. “A survey on emerging SDN and NFV security
mechanisms for IoT systems”. In: IEEE Communications Surveys & Tutorials 21.1 (2018),
pp. 812–837.

24



Research Conference on Advances in Information and Communication Technology- 2022

[5] Carla Mouradian, Fereshteh Ebrahimnezhad, Yassine Jebbar, et al. “An IoT platform-as-a-
service for NFV-based hybrid cloud/fog systems”. In: IEEE Internet of Things Journal 7.7
(2020), pp. 6102–6115.

[6] Yuan-Yao Shih, Hsin-Peng Lin, Ai-Chun Pang, et al. “An NFV-based service framework for
IoT applications in edge computing environments”. In: IEEE Transactions on Network and
Service Management 16.4 (2019), pp. 1419–1434.

[7] Carla Mouradian, Somayeh Kianpisheh, Mohammad Abu-Lebdeh, et al. “Application com-
ponent placement in NFV-based hybrid cloud/fog systems with mobile fog nodes”. In: IEEE
Journal on Selected Areas in Communications 37.5 (2019), pp. 1130–1143.

[8] Jianli Pan and Zhicheng Yang. “Cybersecurity challenges and opportunities in the new” edge
computing+ IoT” world”. In: Proceedings of the 2018 ACM International Workshop on Secu-
rity in Software Defined Networks & Network Function Virtualization. 2018, pp. 29–32.

[9] Aman Kumar Singh and Raj K Jaiswal. “DDoSify: Server Workload Migration During DDOS
Attack In NFV”. In: Proceedings of the 2020 9th International Conference on Software and
Computer Applications. 2020, pp. 364–369.

[10] Chang Shu, Zhiwei Zhao, Geyong Min, et al. “Deploying network functions for multiaccess
edge-IoT with deep reinforcement learning”. In: IEEE Internet of Things Journal 7.10 (2020),
pp. 9507–9516.

[11] Xiaoyuan Fu, F Richard Yu, Jingyu Wang, et al. “Dynamic service function chain embedding
for NFV-enabled IoT: A deep reinforcement learning approach”. In: IEEE Transactions on
Wireless Communications 19.1 (2019), pp. 507–519.

[12] Yugen Qin, Qiufen Xia, Zichuan Xu, et al. “Enabling multicast slices in edge networks”. In:
IEEE Internet of Things Journal 7.9 (2020), pp. 8485–8501.

[13] Bilal R Al-Kaseem, Yousif Al-Dunainawi, and Hamed S Al-Raweshidy. “End-to-end delay
enhancement in 6LoWPAN testbed using programmable network concepts”. In: IEEE Internet
of Things Journal 6.2 (2018), pp. 3070–3086.

[14] Nguyen Huu Thanh, Nguyen Trung Kien, Ngo Van Hoa, et al. “Energy-Aware Service Function
Chain Embedding in Edge–Cloud Environments for IoT Applications”. In: IEEE Internet of
Things Journal 8.17 (2021), pp. 13465–13486.

[15] Mohammed Ketel. “Fog-cloud services for iot”. In: Proceedings of the SouthEast Conference.
2017, pp. 262–264.

[16] Michel S Bonfim, Kelvin L Dias, and Stenio FL Fernandes. “Integrated NFV/SDN architec-
tures: A systematic literature review”. In: ACM Computing Surveys (CSUR) 51.6 (2019), pp. 1–
39.

[17] Zhihan Lv and Wenqun Xiu. “Interaction of edge-cloud computing based on SDN and NFV
for next generation IoT”. In: IEEE Internet of Things Journal 7.7 (2019), pp. 5706–5712.

[18] Tuan-Minh Pham et al. “Optimization of resource management for nfv-enabled iot systems in
edge cloud computing”. In: IEEE Access 8 (2020), pp. 178217–178229.

[19] Duong Tuan Nguyen, Chuan Pham, Kim Khoa Nguyen, et al. “Placement and chaining for run-
time IoT service deployment in edge-cloud”. In: IEEE Transactions on Network and Service
Management 17.1 (2019), pp. 459–472.

25



Research Conference on Advances in Information and Communication Technology- 2022

[20] Alejandro Molina Zarca, Jorge Bernal Bernabe, Ruben Trapero, et al. “Security management
architecture for NFV/SDN-aware IoT systems”. In: IEEE Internet of Things Journal 6.5 (2019),
pp. 8005–8020.

[21] Talal Alharbi, Ahamed Aljuhani, Hang Liu, et al. “Smart and lightweight DDoS detection using
NFV”. In: Proceedings of the International Conference on Compute and Data Analysis. 2017,
pp. 220–227.

[22] Rishi Sairam, Suman Sankar Bhunia, Vijayanand Thangavelu, et al. “NETRA: Enhancing
IoT security using NFV-based edge traffic analysis”. In: IEEE Sensors Journal 19.12 (2019),
pp. 4660–4671.

[23] Alejandro Molina Zarca, Jorge Bernal Bernabe, Antonio Skarmeta, et al. “Virtual IoT Hon-
eyNets to mitigate cyberattacks in SDN/NFV-enabled IoT networks”. In: IEEE Journal on
Selected Areas in Communications 38.6 (2020), pp. 1262–1277.

26



Research Conference on Advances in Information and Communication Technology 2022

TECHNICAL SESSION 2



Research Conference on Advances in Information and Communication Technology- 2022

HANDWRITTEN CHARACTER RECOGNITION USING
CONVOLUTIONAL NEURAL NETWORK IN THE CONTEXT OF

TAMIL LANGUAGE

Janotheepan Mariyathas1

1Department of Computer Science and Informatics, Faculty of Applied Science, Uva Wellassa University

Abstract

English language is having a high impact on handwritten character recognition. It is a difficult
task to generate a model for character recognition especially for south Asian languages while
they are having curves and dots in their shapes and the collection of characters as compound
characters. Among other South Asian languages (e.g.: - Hindi, Malayalam, Telugu, etc.) Tamil
characters are unique, because of the curves and dots they are having on each characters. These
unique attributes make it hard to build a model to recognize Tamil characters. Another challeng-
ing task is to recognize handwritten characters than the printed characters, since the handwriting
of each others are differing from each. Because of that little attention gained to build a model for
Tamil handwritten character recognition. Convolutional Neural Network (CNN) and Deep Learn-
ing concepts are playing a major part in character recognition with more efficient image classifi-
cation. This study mainly targeting the Tamil handwritten character recognition using CNN. The
model was implemented in python programming language using Google colaboratory platform.
The performance of the model was evaluated in each training and testing of the dataset. The
maximum accuracy level reached when dataset reaches 50 character classes. Finally the overall
accuracy was shown as 94.26% for 247 Tamil characters. Around 125 thousand data used for the
model. Considering other similar systems this model shows the maximum performance. .

Keywords: Character recognition, Convolutional Neural Network, Deep Learning, Tamil

1 INTRODUCTION

Under the multicultural diversity of Sri Lanka, Tamil culture has been popular and often used culture
in Sri Lanka. Around 25% of Sri Lankan diversity was covered by Tamil society. The people in
the Tamil society are willing to maintain their official documents and the forms in Tamil language
while all are not well educated to fill out them in English. These days the countries all over the world
are digitalizing their works due to the pandemic situation faced because of Covid-19. Due to the
pandemic situation faced by the people there are less possibility to access the offices and filling out
the forms or applications for the government activities to follow. On the other hand digitizing all the
documents and maintaining them in the local server or an online server will help to the government
to protect them from the disasters [1]

Several algorithms has been developed already to recognize the handwritten characters for several
languages like, English, Sinhala, Hindi, Javanese, Gujarati, Latin German, French, etc. [2]. Optical
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character recognition (OCR) system and some machine learning techniques especially deep learning
techniques was applied for the recognition of the handwritten character recognition in those above
mentioned languages [2]. At the same time some algorithms has been already developed to recognize
Tamil handwritten characters using deep learning techniques with the low accuracy level and without
considering all the characters in Tamil.

So because of the reason mentioned above, model has been generated to recognize Tamil hand-
written character recognition using deep learning architecture with the higher accuracy including all
the characters in Tamil language. Many researchers under the domain of computer science and ma-
chine learning have completely explored the researches on character recognition using deep learning
architecture especially CNN because of its algorithm. Among all of the researches, many of them
mentioned that handwritten character recognition shows the highest accuracy in deep learning archi-
tecture compared to OCR algorithms [3]

These days some character recognition researches done already in the context of Tamil language.
Among the concept of handwritten character recognition image classification plays a significant role
to classify the characters by its special appearance like the curves and dots. Deep learning techniques
help to categorize the images more accurately than the others, it leads to increase the accuracy level of
the proposed model. This study focusses on Tamil handwritten character recognition using CNN and
test the model to increase the accuracy level of the handwritten character recognition than the earlier
methods.

2 RESEARCH METHODOLOGY

The main methodology of the handwritten character recognition system of this study is CNN archi-
tecture. CNN architecture is more preferable for the image classification tasks as mentioned above.
Once the model has been developed the preprocessed dataset has been used for the training and testing
purposes and there the maximum accuracy of the handwritten character recognition will be noticed.

Initially scanned Tamil handwritten character images has been preprocessed for the training. Pre-
processing includes the tasks of cropping the images into single characters, removing the noisy data
among the cropped images, and categorizing them into each character dataset. Huge amount of dataset
is required by CNN to train the model. Data augmentation is makes sense over here, but data aug-
mentation is not applicable for handwritten character images because of the data type. Each and
every characters are having around 500 images for the training and testing the dataset. As a whole
around 125 000 character images has been used for the model. The above mentioned dataset has been
collected by considering all the variations among the handwriting.

Once the preprocessing done, all the images has been resized into 100 * 100 uniform size to
consider all character images as same and to avoid getting noisy data. Those resized images are
converted into grayscale images to avoid the RGB effect. If the RGB effect has not been converted
into grayscale images might mislead the recognition process.

Then all of those images are sent to the convolutional layer, max-pooling layer and fully connected
layer respectively. In this architecture 4 convolutional layers and 4 max-pooling layers are used for
the enlargement of the character images. Next to that all the images are sent to the hidden layers,
here 2 hidden layers are used in the architecture. 4*4 maximization was used in each layers. Rectified
Linear Unit (ReLU) has been used in every layers. Figure 1 clearly explain how the enlargement of the
images is working in every layer, here are only considered 2 convolutional layers and 2 max-pooling
layers.

In this proposed model 80% of data is used for training and the remaining 20% of data used for
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Figure 1. Image Enlargement in Convolutional Neural Network for Tamil Character Recognition

testing the algorithm. In every character, approximately around 400 images were used for training,
and 100 images were used for testing the dataset. The random data partitioning was applied on this
model, because of this, in each attempt the model will train and test different set of characters. The
maximum accuracy was considered as the accuracy of the model, this happened when the clearest
data selected as the training dataset. The Google colaboratory with tensor-flow (Online platform) is
used to run the model.

3 RESULTS

The experiments has been conducted in Google colaboratory programming environment. Python
programming language is used for implementing CNN. 247 different character classes (including
vowels, consonants, ayutha ezhuthu and compound characters) of the Tamil language is used for the
experiments. The above-mentioned dataset is used for the experiments of character recognition.

At the very first for evaluating the performance of CNN on Tamil handwritten characters, an
incremental approach was used for the character classes. First started with 10 character classes of
the dataset for the experiments to calculate the accuracy level of the recognition. Then the number
of character classes slowly increased (like 25 character classes, 50 character classes, 100 character
classes, 247 character classes). When the number of character classes increasing the accuracy level
also will increase.

Considering only 5 character classes will lead to the model to reach a considerable accuracy level
of the experiment. This experiment let the maximum accuracy level to 90.27%. In this experiment, 80-
20 character class grouping was considered for the splitting of training and testing data. 250 iterations
(epochs) were held and around 500 data were used for one character class during the experiment. All
the time the accuracy received more than 80% for 5 character classes. Table 1 clearly explains the
accuracy improvements with the number of character classes.

Table 1. Accuracy improvements according to dataset

Sample Dataset Accuracy

10 character classes 90.27%
25 character classes 90.79%
50 character classes 91.97%
100 character classes 93.85%
247 character classes 94.26%
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4 CONCLUSIONS AND SUGGESTIONS

Optical character recognition is an active research area in handwritten character recognition. Hand-
written character recognition always having a research gap as improving the accuracy level, why
because 100% accuracy cannot be achieved for handwritten characters. Nowadays deep learning
architecture making a high impact on image classification, an important section in character recogni-
tion. Considering the deep learning architectures CNN shows the highest performance in character
recognition. This research mainly focuses on improving the accuracy level of the Tamil handwritten
character recognition.

The developed model is trained with several number of character classes. The model tested with
an increasing number of character classes, such as 10, 25, 50, 100, and 247 different character classes.
There the reasonable accuracy is received as 90.27% for 10 character classes. Then, the fully trained
model with 247 character classes shows an accuracy of 94.26%. For this experiment, 125 thousand
data images were used in total (500 images per each).
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Abstract

In this study, we suggested an algorithm that made use of a Freeman chain code-based com-
pression technique. The method consists of two segments such as compression and decompression.
The first is a compression algorithm that begins by obtaining the chain code for a specific colour
value and then saving the location of the start point for the chain code, colour value, level of
the image, and chain code in a compressed text file. The next step is to remove all colour values
associated with the chain code from the input image and shrink the input image. The algorithm
repeats the previous steps until there are no colour values with significant chain code. The second
step is to create the original image using the chain code, start point, colour value, and level of the
image. The second part is to reconstruct the original image by using the start point, colour value,
and chain code. We discover that this method is appropriate for the representation of lossy images
based on the findings of our experiments. In comparison to the Joint Bilevel Image Experts Group
(JBIG) compressor, the results are more effective at compressing data.
Keywords: Lossy Image Compression, Freeman Chain Code, Decompression, Joint Bilevel Image
Experts Group

1 INTRODUCTION

Compression is practically always employed. The majority of modems utilize compression, HDTV
uses MPEG-2 compression, and all images you download from the internet are compressed. Several
file systems also automatically compress data when storing them. An encoding technique that takes
a message and creates a ”compressed” representation of it (ideally with fewer bits) and a decoding
algorithm that reconstructs the original message or a close approximation of it from the compressed
form make up the two halves of compression.

In order to save storage space and reduce transmission bandwidth requirements, image data files
are compressed by removing any redundancy that may be present in them. Lossless and lossy data
compression algorithms can be described. Each stage of compression and decompression using a
lossy approach degrades the quality of the images. Compared to lossless approaches, lossy techniques
often offer much higher compression ratios. Lossy image compression techniques include vector
quantization, JPEG, subband coding, and fractal-based coding, among others.

The huffman encoding, entropy encoding, arithmetic coding, run-length encoding and quadtree
techniques are examples of lossless picture compression techniques. Data compression minimizes the
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number of bits by locating and removing statistical redundancy; as a result, the suggested system’s
compression may encode colour values even when they are not evenly distributed, in contrast to many
previous compression techniques that do.

2 METHODOLOGY

Figure 1. Overview of the proposed methodology

Use the clockwise 8-connected freeman chain code method to find the chain code for a particular
colour value not accurate. Because that find one chain code value in every iteration from the neighbor.
There are same colour value two or more in the neighbor, but it find the first value’s chain code in the
clockwise order so, it’s take too much time and miss some values from the neighbor. That is, if colour
values are arranged in the given format

When we use the clockwise chain code some particular colour values missed from neighbor and
there is no drawback. That is a problem in this method. Use 8-connected freeman chain code method
to find the chain code for a particular colour value accurate. Because that find one or more than one
chain code value in every iteration from the neighbor. There are same colour value two or more in
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Figure 2

the neighbor, it find the all value in the neighbor so, it’s take less time and no missing values from the
neighbor for a particular colour value. That is, if colour values are arranged in the given format

Figure 3

Problem with this method is difficult to do the reverse part to decompress the compressed file to
image.

The proposed system consists of two parts, as follows:

• Compression

• Decompression

Figure 4. Flowchart of Decompression

The frequencies of colour values are discovered in the first section, followed by selection of the
colour value with the highest frequency and finding a chain code for that colour value that meets the
threshold condition. The colour value is then changed to a special value and the starting position of
the colour value is changed in accordance with the chain code. The location of the starting point of
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the chain code, the colour value, and the chain code are then saved in a compressed file, after which
we search for another chain code that belongs to the same colour.

To boost the likelihood of discovering new chain codes for colour values, we will eliminate special
values and compress the input image by moving the colour values in the following step. These earlier
steps are referred to as Level 1. Apply the same procedure as before to the image after it has been
shrunk, and stop when there are no longer any chain codes in the shrunken image that meet the
threshold length requirement.

I chose the threshold value of 5 for this system because it converts the 8-bit colour value to a
3-bit chain code. Therefore, if the threshold value is less than 3, it is pointless. In order to increase
efficiency, it is desired to reduce the number of pixels as much as feasible; therefore, the threshold
value should be more than 3 and lower than 8. As a result, I set the threshold value at 5. Technique
for shrink image

• Move the values right to left
In this method the image size is same as the input image size at every level. Because after move
the remaining values right to left, remaining pixels are fill with border pixel value. Problem this
method is algorithm spent more time with border valued pixel.

• Create a matrix and arrange the values in order
In this method create an empty matrix with size square root of remaining values, and arrange
the values in row by row order. Image size is change at each and every level. So I choose the
second method to shrink the image in this system. The process is reversed in the second section
compared to the compression process; the first step starts with values that are still in level n of
compression, and the second step is based on start points, colour values, and chain codes; the
image will grow when the colour values associated with a given level are returned to level 1,
level 1, at which point we obtain the original image.

3 RESULTS

Table 1. Compression results of images size 256*256=65536

Image Number of Levels Total Length of Chain code Number of chain code

Jellyfish 6 39592 1126
Lighthouse 7 24029 1040
Hydrangeas 5 10945 692
Tulips 3 15700 529
Lenna 2 13052 930
Pepper 7 5053 591

The suggested approach is tested using experiments on 6 colour images with 256 colos (8 bpp), as
seen in the figures below. The results of applying the suggested system to the 256*256 and 512*512
pixel images from above are shown in the table below.
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Table 2. Compression results of images size 512*512= 262144

Image Number of Levels Total Length of Chain code Number of chain code

Jellyfish 11 175402 3246
Lighthouse 22 121097 4184
Hydrangeas 5 79973 4619
Tulips 8 95227 4162
Lenna 7 23997 2665
Pepper 5 70430 6329

Table 3. Performance of individual classifiers after hyper parameter tuning and cross-validation with
5 folds

Levels Starting Positons(X,Y) Colour Value Chain code

1 214 42 144 ’5651456565’
1 222 40 144 ’76534546556’
1 230 47 144 ’561545654644’
1 212 45 141 ’76536654565646565555555’
1 230 54 137 ’62555555’
1 224 49 136 ’763456’
1 236 50 140 ’6207676546’
1 144 466 244 ’76537676767676767676767676767676’
2 142 131 15 ’737776’
2 188 142 15 ’465307’
2 192 48 15 ’624533’
2 224 213 15 ’465055’
2 226 170 15 ’737777’
2 245 11 15 ’737667’
2 274 202 15 ’454052’
2 289 16 15 ’470647’
2 37 173 17 ’737777’
2 38 341 17 ’4540432’
2 162 247 17 ’737776’
2 174 211 17 ’476540737’
2 194 215 17 ’737777’
2 208 316 17 ’430637’
3 43 116 216 ’737776’
3 40 271 219 ’4753073’
4 162 333 15 ’736465’

4 DISCUSSIONS AND CONCLUSION

Based on the experimental findings, we remark the following: In this study, we presented a lossy
image compression based on location by employing Freeman chain code representation.As image
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Figure 5

size increases, the compression ratio rises. The size of the image and the distribution of colour values
within the image both affect how quickly an image can be compressed. The compression ratio is
affected by threshold length in addition to chain code vector compression, and it also depends on how
an image is shrunk. [1], [2], [3], [4], [5],[6],[7],[8],[9]
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Abstract

he main aim of the paper is to identify the factors affecting the Information Communication
Technology results in the G.C.E. Ordinary Level examination in Sri Lanka. The dataset was
collected from the students who are schooling in the Northern and Western provinces and faced to
the G.C.E. Ordinary Level examination in between year 2015 and 2019. The factors considered
are gender, type of the school, availability of enough and proper human resources to teach ICT,
availability of laboratory facilities, details of the family background, availability of computer
facilities at home, results for the English subject, and attending for the private classes. The data
set is clustered using the K-Means algorithm and applied the Apriori algorithm on both the entire
data set and each cluster. The result of this study showed that poor English knowledge, family
background, provinces, and the type of school affect the ICT results of the students.
Keywords: Apriori algorithm, Data Mining, K-Means algorithm

1 INTRODUCTION

Information Communication Technology (ICT) is the infrastructure and component which enables
modern computing. It has become an important aspect of most countries and has huge importance for
the present and as well as for the future. Upcoming lifestyles of people are bound with ICT as most
of the activities in day-to-day life have been already automated. To develop ICT education, rapid,
planned, and sustainable ICT education programs need to be implemented in the general education
system. For this purpose, the Sri Lankan government has taken several steps to provide equipment,
infrastructure facilities, and teacher training to schools. But, the result of students at the national level
examinations shows that the supports provided by the government have not improved the quality of
ICT education to expected standards. It has been noticed that not only the human resources and
infrastructure facilities but also some other factors such as family background, English knowledge,
etc. could be reasons for this performance difference. But according to the literature found and best
of our knowledge, there are no any studies have been carried out to identify the factors affecting the
students’ performances of ICT subjects at the national level examinations by using advanced analysis
techniques[1] . The aim of this research is to identify the causative factors and the association among
those factors which may affect the students’ performances in G.C.E. (O/L) ICT subject by scanning
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the individual students’ examination results, family background, and the facilities available in schools
with regards to the infrastructure and human resources. Specific objectives of the study are suggesting
the quality indicators which could improve the results of the ICT students, educating on how to
identify the weak students in ICT, spot the students who are at risk of failing the ICT subject at
the G.C.E. (O/L) examination. The research is based on the discipline of Data Mining and the data
has been collected from two different provinces Northern and Western through a questionnaire. The
analysis has been carried out against the students who faced the G.C.E. (O/L) ICT subject in Sri Lanka
from the year 2015 to 2019.

2 LITERATURE REVIEW

A review of the literature regarding the study reveals the following findings. Premarathne and Pre-
marathne[2] had investigated the performances in ICT subject at the G.C.E, (A/L) examination. The
main objective of this research is to identify the problems relating to the G.C.E. (A/L) Examination in
ICT subject and provide suggestions for enhancing students’ performances and the teaching process
by using the association rule mining technique. Fernando [1] studied the Quality of ICT education at
G.C.E. (O/L) in Sri Lankan schools. This study focuses on improving the quality of ICT education
in Sri Lankan schools and suggests the necessary enhancements to be taken to achieve international
standards. Using the descriptive and inferential statistical technique. Ijmuiden[3] also investigated
the performances in ICT subjects in ICT education in Sri Lanka. This research’s main objective is
to identify the opportunities for ICT implementation. This research highlights; lack of a computer
laboratory, cost of devices, lack of ICT skilled teachers, less motivation on ICT among students,
high cost of implementation and maintenance of computer laboratories, language barrier, unavail-
ability of national-level certification for ICT as the challenges. Basri, Jehan. Alandejani, Feras,
and Almadani[4] discussed the adoption of ICT by the universities and the impact that it makes on
the university students’ academic performances through customized Learning Management Systems
(L.M.S.). They mainly focused on university students.

3 METHODOLOGY

Our primary data set for the analysis was collected through a questionnaire from the school students
who faced G.C.E. (O/L) examination from the year 2015 to 2019 in Northern and Western provinces.
The questionnaire was prepared according to past scholars’ questions which are measured validity
and reliability. The data set consists of the 1100 students’ details which is contained the details of
the attributes province, gender, type of the school, availability of enough and proper human resources
to teach ICT, availability of laboratory facilities, details of the family background, availability of
computer facilities at home, results for the English subject, attending the private classes for ICT and
the G.C.E. (O/L) ICT results of the students for ICT. The data set contains only categorical data. The
values of each attribute are given in Table 01. Since the students’ performances in ICT subjects are
affected by various elements, sophisticated analysis techniques are necessary to identify the factors
and associations among those. The complexity associated with the content of the data sets is high as
well. Therefore, it was decided to apply the Data Mining techniques using Weka Library.

Data Preprocessing As the data set is manually entered it may consist of incomplete and missing
values. Therefore, data preprocessing techniques need to be used before applying the Data Mining
algorithms. Data Analyzing: Clustering Clustering is also called segmentation. Since the clustering
algorithm can identify the different groups in a dataset, it was decided to conduct the cluster analysis
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Table 1. Details of Attributes of the Data Set

Attribute Values

Province Northern Province, Western Province
Gender Male, Female
Types of the school MahaVidyala, Central College, National College,

International School
Permanent ICT teachers Yes, No
ICT Laboratory Yes, No
Enough Computers available in the lab Yes, No
Parents Education Level Grade 1 to Grade 8, O/L and A/L, Graduate or Diploma,

Other
Parents Occupation Self-employed, Labor, Executive, Top-level employee
Computer available at home Yes, No
Marks of English Less than 20, 21 – 45, 46 – 65, 66 – 85, More than 86
Private classes Yes, No
Grade A, B, C, S, W

Figure 1. The Division of the Students’ Results in the Entire Data Set

Figure 2. The Division of the Students’ Results in the Cluster 0

Figure 3. The Division of the Students’ Results in the Cluster 1
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to group the data set. Clustering based on the Simple K-Means clustering algorithm in WEKA is used.
The biggest challenge with K-Means clustering is to find the most optimal number of clusters. The
Elbow finding technique was decided to use for this purpose [4]. The elbow method uses to determine
the number of clusters in a data set. To identify the associations between attributes of the data set,
Apriori algorithm will be used on each cluster and the entire data set since if the Apriori algorithm is
applied only on the entire data set, the most important rules can be hidden. Therefore, applying the
Apriori algorithm on each cluster might be able to reveal additional hidden rules. As the next step, the
K-Means algorithm is applied to the entire data set to divide the data set into two clusters. So, at the
end Cluster 0 and Cluster 1 consists of 487 and 613 data respectively. To categorize the students based
on their G.C.E. (O/L) ICT results, an additional column has been added to the data set as ”Result”
and calculate the result as follows. if Grade = “A” or “B” or “C” then Result = “Good” else Result
= “Weak” Figure 01, Figure 02, and Figure 03 show the division of the student’s results in the entire
data set, Cluster 0 and Cluster 1. The graph clearly shows that the majority of Cluster 0 students are
having ”Weak” results while the entire data set and the Cluster 1 are having more ”Good” results.

Data Analyzing: Association Rule Mining Association rule mining algorithm is a Data Mining
technique used to extract associations among a large set of items. Association Rule Mining based on
the Apriori algorithm in WEKA is used to discover the associations. The support for the analysis is
varied from 1.0 to 0.1 and the Confidence for the analysis is set at 1. The Apriori algorithm is applied
to the entire data set, Cluster 0 and Cluster 1 Separately. The obtained rules are shown in Table 02.
The entire data set, Cluster 0 and Cluster 1 produced 7, 5, and 7 rules respectively.

Table 2. Cluster-wise Association Rules

Cluster No Rule body Support Lift

Entire data set 66-85, Central College =¿ Good 0.1099001 1.665658
66-85, Western Province =¿ Good 0.1407811 1.665658
66-85, O/L And A/L =¿ Good 0.102634 1.665658
Graduate Or Diploma,Western Province =¿ Good 0.1743869 1.665658
Executive,More Than 86 =¿ Good 0.1171662 1.665658
Female,More Than 86 =¿ Good 0.1226158 1.665658
Central College,Female,Western Province =¿ Good 0.1462307 1.665658

Cluster 0 Central College,Labour =¿ Weak 0.1393443 1.207921
Grade 1 To Grade 8, Less Than 20 =¿ Weak 0.1188525 1.207921
Less Than 20, Self Employed =¿ Weak 0.1270492 1.207921
46-65, Labour =¿ Weak 0.1372951 1.207921
21-45, O/L And A/L =¿ Weak 0.1557377 1.207921

Cluster 1 Top Level Employee =¿ Good 0.1775244 1.062284
National College =¿ Good 0.1986971 1.062284
66-85 =¿ Good 0.2785016 1.062284
Graduate Or Diploma =¿ Good 0.3289902 1.062284
Female,More Than 86 =¿ Good 0.2198697 1.062284
Central College,Female =¿ Good 0.2736156 1.062284
Executive,More Than 86 =¿ Good 0.2100977 1.062284
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4 RESULTS

Association rules for entire data set show the attributes which affect a “Good” result. According to the
rules found, the students who earned more than 66 marks for English are having a higher possibility
to earn a good result for ICT in O/L. And also, the students who are studying in a central college or
western province have a chance to get a good result. Association rules for cluster 0 show the details
of the students who could get a “Weak” pass for their ICT O/L result. The rules show that if the
students’ parent’s occupation level is comparatively low (labor or self-employed.) or education level
is poor then students’ results could be low as well. Furthermore, poor English knowledge also affects
the lower the students’ results. 5 Association rules for cluster 1 show the details of the students who
could get a “Good” pass for their ICT O/L result. The rules are scattered in almost all the attributes
and the rules show that if the parents’ occupation is comparatively high or parents’ educational level
is high or if the student is from a National or Central college or if the English result is more than 66,
then the student may able to earn a good result.

5 DISCUSSIONS

The main factor identified through this study is that the impact of English knowledge on the results
of the ICT subject. Good English knowledge would increase the ICT results and poor English knowl-
edge would decrease it. ICT is mostly based on the English language and most of the ICT materials
are also in English. Although English is teaching as a secondary language from grade 3 to 11, most
of the students are not familiar with the language. This makes students uncomfortable learning ICT
as well. The results show that Family background also has a huge impact on the ICT results. Family
socioeconomic and economic status has an important impact on the quality of the educational oppor-
tunities that students have access to. The higher the family’s status, the higher the qualities of the
student’s educational opportunities attend. If the parents’ economic status is not good enough, they
are not capable enough to buy ICT resources such as computers or laptops for the students. Further-
more, if the parents are not educated and if they have no knowledge about ICT then they are unable
to direct their children towards new technologies. According to the results, the province and the type
of the school highly affect the students’ ICT results. The schools situated in rural areas do not fulfill
their most essential needs for teaching ICT subjects such as IT laboratory facilities, teachers, and
other resource persons. Not only in rural areas, as a country in Sri Lanka, there is also an issue with
the lack of ICT human capital. Although the teachers are trained in many ICT programs, they were
not properly utilized due to many reasons. One of the reasons is that there is no specific cadre assign
for ICT in some schools. And also, in most cases, the teachers in rural areas are not regularly updated
with the ongoing technologies related to ICT.

6 CONCLUSION

Discussion The main factor identified through this study is that the impact of English knowledge on
the results of the ICT subject. Good English knowledge would increase the ICT results and poor
English knowledge would decrease it. ICT is mostly based on the English language and most of the
ICT materials are also in English. Although English is teaching as a secondary language from grade
3 to 11, most of the students are not familiar with the language. This makes students uncomfortable
learning ICT as well. The results show that Family background also has a huge impact on the ICT
results. Family socioeconomic and economic status has an important impact on the quality of the
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educational opportunities that students have access to. The higher the family’s status, the higher
the qualities of the student’s educational opportunities attend. If the parents’ economic status is not
good enough, they are not capable enough to buy ICT resources such as computers or laptops for
the students. Furthermore, if the parents are not educated and if they have no knowledge about ICT
then they are unable to direct their children towards new technologies. According to the results, the
province and the type of the school highly affect the students’ ICT results. The schools situated in
rural areas do not fulfill their most essential needs for teaching ICT subjects such as IT laboratory
facilities, teachers, and other resource persons. Not only in rural areas, as a country in Sri Lanka,
there is also an issue with the lack of ICT human capital. Although the teachers are trained in many
ICT programs, they were not properly utilized due to many reasons. One of the reasons is that there is
no specific cadre assign for ICT in some schools. And also, in most cases, the teachers in rural areas
are not regularly updated with the ongoing technologies related to ICT.

REFERENCES

[1] M. G. N. A. S. Fernando. I Jesrt Quality of Information and Communication Technology ( Ict )
Education At Gce ( O / L ) in Sri Lankan Schools. November 2015.

[2] P. N. W. A. Premarathne and S. C. Premaratne. Using data mining techniques for investigating
of performance in ICT subject at G.C.E advanced level. 2019.

[3] I. Aboobucker. Importance of Information and Communication Technology (ICT) Curriculum
in Government School of Sri Lanka: A Critical Review of Educational Challenges and Oppor-
tunities. December, 2019.

[4] Feras M.Basri W. S. Almadani and J. A. Alandejani. ICT Adoption Impact on Students’ Aca-
demic Performance: Evidence from Saudi Universities. December, 2019.

42



Research Conference on Advances in Information and Communication Technology 2022

TECHNICAL SESSION 3



Research Conference on Advances in Information and Communication Technology- 2022

HYPER PARAMETER TUNED ENSEMBLE APPROACH FOR HEART
DISEASE PREDICTION

Premisha Premananthan1, Senthan Prasanth2 and Kanagarathnam Mauran1

1Department of ICT, Faculty of Technological Studies, University of Vavuniya
2Sabaragamuwa University of Sri Lanka

Abstract

Heart disease is the one of the leading causes of death globally. Despite the fact that the
causes of heart disease varied from nation to nation. However, the risk variables would be prac-
tically the same. Heart disease refers to any condition that affects the cardiovascular system.
Heart disease manifests itself in a variety of ways, each of which affects the heart and blood ar-
teries differently. Predicting the prognosis of cardiovascular diseases on early stages can assist
high-risk individuals to adopt lifestyle changes and, as a result, prevent repercussions. The goal
of this study is to identify the most important risk factors that influence heart disease and to detect
the possibility of having heart disease in advance. The information required for this study was
gathered from ongoing cardiovascular studies on the inhabitants of Framingham, Massachusetts.
The prediction model development is to determine if the patient has a 10-year risk of developing
coronary heart disease (CHD). The dataset has about 4,000 records with 15 parameters. Initially,
the data was fed into supervised machine learning approaches like Decision Tree (DT), Support
Vector Machine (SVM), Artificial Neural Networks (ANN), Naı̈ve Bayes (NB),Linear Discriminant
Analysis (LDA),Logistic Regression (LR) and k- nearest neighbors (k-NN). In addition, bagging
and boosting techniques like Random Forest (RF), CatBoost, , LightGBM, and Extreme Gradi-
ent Boosting (XGBoost) also incorporated. Furthermore, the final ensemble model was built by
adapting the algorithms with good performance namely CatBoost,Random Forest, and Logistic
Regression algorithms to predict the risk of heart disease. Final ensemble model resulted in an
accuracy of 86.20%.
Keywords: heart disease, machine learning, boosting algorithms, ensemble approach

1 INTRODUCTION

Heart disease is a serious condition that has a negative impact on all societies and causes long-term
misery and incapacity. The majority of the impacts of heart disease have increased over the world as
a result of the Covid issue. Cardiovascular disease is an increasing socioeconomic and public health
issue, with high mortality and disability rates. Annually, according to the World Health Organization,
cardiac disorders affect 12 million people around the world. In the United States and other industrial-
ized nations, cardiovascular diseases are the major cause of death, accounting for half of all fatalities.
The capacity to anticipate the early identification of cardiovascular diseases can assist high-risk pa-
tients adopt lifestyle changes, allowing them to avoid serious repercussions. According to a World
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Health Organization (WHO) estimate, cardiovascular diseases (CVDs) caused 17.9 million deaths in
2019, accounting for 32 percent of all global deaths [1] and an annual mortality rate of more than
17.7 million [2]. Cardiovascular disease (CVD) was the main cause of death in Australia in 2018,
according to the Australian Institute of Health and Welfare (AIHW), accounting for 42 percent of
all deaths [3]. Existing heart disease diagnosis methods are poor in early detection for a variety of
reasons, including accuracy and computing time [4]. Researchers are working to develop an effective
strategy for the timely identification of heart disorders. Here, a procedure called ”Predictive Anal-
ysis” is performed, which is linked to many components of machine learning algorithms, statistical
approaches and data mining techniques that use current and historical data to identify crucial facts to
forecast future events. Important conclusions and excellent heart disease forecasting could be reached
using predictive analysis on healthcare statistics. Machine learning approaches, both supervised and
unsupervised, could be used to perform ”predictive analytics.” This analytics is aimed at predicting
the risk of heart disease with the greatest precision feasible, improving patient health care, and en-
hancing resources while achieving progressive medical results [5]. Cardiac disease is a wide term that
refers to a range of cardiac conditions. Coronary artery disease is the most prevalent kind and can
lead to a heart attack. Heart and Stroke failure are two others.

A cardiovascular disease (CVD) risk assessment [6], also known as a heart disease risk assess-
ment, is a sort of screening tool that determines your risk of heart disease or CVD. Heart disease is a
kind of cardiovascular disease (CVD), which is a set of heart and blood vessel illnesses. A risk assess-
ment for heart disease contains a series of questions concerning variables such as family history, age,
and lifestyle choices such as food and exercise. The chance of acquiring heart disease in the future
is then calculated. Even though you currently feel healthy, the evaluation can reveal if you need to
take steps to avoid or lower your risk of getting heart disease in the future. Instead, the focus of this
research study is on developing an effective forecasting model that uses machine learning algorithms
and data mining methodologies to properly predict heart disease. Health authorities all across the
world own large volume databases. These databases are likely to have structured, semi-structured, or
unstructured data in them. ”Big Data Analytics” refers to the process of analyzing extremely large
data sets and uncovering hidden patterns and information in order to extract key details from the data.
If and when the present scenario is considered.

The major goal of this research is to develop a model that can reliably forecast a person’s risk of
heart disease over the next ten years. There were studies which used the same dataset but got lesser
accuracy as their final prediction accuracy. This particular study got relatively highest accuracy with
basic classifier algorithms. In this study’s proposed methodology only considered with Decision Tree,
e Logistic regression, K-nearest neighbor, Support vector machine, and Random Forest. [3].

This research content has been modelled as follows: Section II discussed about the methodology
followed to achieve the theme. Next, section IV represents the findings of the study. Finally, the paper
has been ending with the conclusion and references.

2 METHODOLOGY

Various strategies were employed in this process to finalize the development of the ensemble fore-
casting model. Figure 1 depicts the process. Each phase of the implementation process is described
in detail below.
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2.1 The Dataset description

The data originates from a continuous cardiovascular research carried out by the scholars from Fram-
ingham, Massachusetts and to obtain the data the people who are resided in Framingham were con-
sidered. The data has been gathered from the Kaggle website. The dataset contains information on
patients. There are about 4,000 records and 15 different characteristics in all. Every feature has the
potential to be a danger factor. Demographic, behavioral, and medical difficulties are all risk factors.

• Demographic:

– Sex: either male or female; (Nominal) age: the patient’s age; (Continuous - Notion of age
is continuous, even though the ages recorded have been shortened to whole numbers.)

• Behavioural

– current Smoker: If the patient is a current smoker (Nominal)

– cigsPerDay: If true, the average number of cigarettes smoked each day by the individual.
(Can be called continuous since any number of smokes, even half a cigarette, can be
consumed.)

• Medical (history):

– BPMeds: whether the patient was taking blood pressure medication (Nominal)

– prevalentStroke: whether the patient had already experienced a stroke (Nominal)

– prevalentHyp: if the patient was hypertensive or not (Nominal)

– heart disease: whether or if the patient suffered cardiovascular illness (Nominal)’ ‘it)

• Medical (current):

– heartRate: heart rate (Continuous - Parameters such as heart rate are considered continu-
ous in medical research despite the fact that they are discrete owing to the huge number
of possible values.)

– sysBP: blood pressure systolic (Continuous)

– BMI: Body Mass Index (Continuous)

– glucose: glucose level (Continuous)

– diaBP: blood pressure during diastole (Continuous)

– totChol: total cholesterol concentration (Continuous)

• Forecast variable (desired target):

– 10 year hazard of cardiovascular disease CHD (binary: “1”, means “Yes”, “0” means
“No”)
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2.2 Data Pre-processing

Data preprocessing is any type of processing done on raw data to prepare it for future processing. It
was previously employed as a more advanced stage in the data mining process. For both training and
inferring against machine learning and AI models, several strategies have recently evolved. These
methods can be applied to a wide range of data sources, including data saved in files or databases
as well as data provided by streaming data systems. This is the most critical phase in establishing a
forecasting model to assess a patient’s risk of cardiovascular disease. The ”Python Pandas Library”
was employed to implement the technique. The following tasks were done as part of the precedent
procedure. Initially, a Python project was created with the PyCharm IDE. Following that, the needs
machine learning and third-party libraries were loaded into the project directory. Following that, the
acquired dataset was saved within the project folder. Pandas was used to import the dataset.

• Countering for the distribution of dataset along with the amount of columns and rows

• Keeping the dataset within a certain range. The ranges of features may have different values.
Normalization was used to keep all of the feature values of a process inside a defined range.

– The Min-Max Scaling normalization strategy was employed in this study.

– Normalized Value = (Actual Value – Minimum Value) / (Maximum Value – Minimum
Value)

2.3 Ensemble model implementation

Following the data preparation and interpretation phases, the dataset was separated into training and
testing with a percentage of 80 and 20 correspondingly. The final ensemble model construction tech-
nique was separated into two phases, as indicated in Figure 1.

Those algorithms were used to transfer the whole dataset with all of its properties. The same
dataset was put through Decision Tree (DT), Support Vector Machine (SVM), Artificial Neural Net-
works (ANN), Naı̈ve Bayes (NB),Linear Discriminant Analysis (LDA),Logistic Regression (LR) and
k- nearest neighbors (k-NN), Bagging and boosting techniques like Random Forest (RF), CatBoost, ,
LightGBM, Extreme Gradient Boosting (XGBoost) and AdaBoost to find the best classifier based on
fundamental assessment criteria.

Using the testing dataset, the trained classifiers were evaluated, and the best classifiers were cho-
sen based on accuracy. The same dataset were again evaluated with defined percentatge of training
testing data with hyper parameter tunning. Then K fold cross validation were done for the same data
set with defined percentage pf training testing data set used to get Mean Accuracy. Furthermore,
all classifier models were evaluated utilizing k-fold cross-validation with 5 folds, ensuring that every
observation from the original dataset has a chance of doing well in both the testing and training sets.
An analysis of their performance was used to choose the best classifiers with hyperparameter tuning
after hyper parameter tuning, and from K-fold cross validation.

3 RESULTS AND DISCUSSIONS

This chapter begins with a discussion of the classifiers’ individual performance uncovered during the
studies. This section will go over the findings for the individual classifiers, as well as hyper-parameter
tuning and cross-validation, in addition to the prior outcomes. Finally, the individual classifier models
and the ensemble model are compared in terms of performance. The basic evaluation values were
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Figure 1. Major issues encountered by the tea processors

Table 1. Individual classifiers’ performance before hyper parameter tuning

Classifier Accuracy (%) MSE (%) Precision (%) Recall (%) F1- Score (%)

RF 79.22 20.77 77.61 61.17 68.42
XGBoost 76.62 23.37 71.83 60.00 65.38
LightGBM 76.62 23.37 71.23 61.17 65.82
AdaBoost 78.35 21.64 76.92 58.82 66.66
CatBoost 80.35 19.04 78.87 65.88 71.79
SVM 79.22 20.77 82.45 55.29 66.19
LDA 78.35 21.64 77.77 57.64 66.21
NB 78.35 21.64 74.64 62.35 67.94
LR 77.92 22.07 79.31 54.11 64.33
ANN 76.19 23.80 66.66 51.35 58.01
DT 70.13 29.87 61.76 49.41 54.90
k-NN 80.08 19.91 79.10 62.35 69.73

analyzed in Table I in order to identify the classifier with better performance. Based on the core
assessment criteria and CatBoost was named the top classifier based on the above-mentioned data.
Furthermore, the optimal values that may be supplied to the hyper-parameters of certain classifiers
were identified using the GridSearchCV technique.In addition, the results of the assessments for each
classifier are shown in that table. As a result of phase-1 of the approach, CatBoost was named the top
classifier in terms of F1-Score value, recall, and Accuracy.

Based on the outcomes of individual classifiers (after hyper parameter tuning) depicted by the
table II below, the K-fold cross-validation approach was used to select the second-best classifier with
5 folds. Finally, it was discovered and confirmed that RF outperformed all other classifiers in terms
of accuracy (81.05%) and other evaluation metrics.

In addition, to develop the final ensemble model K-fold cross validation was performed with

47



Research Conference on Advances in Information and Communication Technology- 2022

Table 2. Individual classifiers’ performance after hyper parameter tuning

Classifier Accuracy (%) MSE (%) Precision (%) Recall (%) F1- Score (%)

RF 80.95 19.04 78.87 65.88 71.79
XGBoost 78.35 21.64 76.92 58.82 66.66
LightGBM 80.51 19.48 80.30 62.35 70.19
AdaBoost 79.22 20.77 77.61 61.17 68.42
CatBoost 79.65 20.34 78.78 61.17 68.87
SVM 78.35 21.64 76.92 58.82 66.66
LDA 77.92 22.07 71.25 67.05 69.09
NB 78.79 21.21 75.71 62.35 68.38
LR 78.35 21.64 80.70 54.11 64.78
ANN 77.05 22.94 66.66 56.75 61.31
DT 77.06 22.94 74.24 57.64 64.90
k-NN 76.19 23.80 73.43 55.29 63.08

Table 3. Performance of individual classifiers after hyper parameter tuning and cross-validation with
5 folds

Accuracy attained using K-fold cross-validation with 5-fold
Classifier 1st Fold 2nd Fold 3rd Fold 4th Fold 5th Fold Mean Accuracy

RF 74.67 68.18 77.27 84.31 75.81 77.73
XGBoost 75.32 68.83 77.27 81.04 77.12 75.39
LightGBM 77.27 70.77 77.27 79.73 76.47 77.08
AdaBoost 74.02 70.12 80.51 80.39 75.71 76.69
CatBoost 75.97 72.07 79.87 81.69 75.81 77.47
SVMLR 76.62 73.37 77.92 83.66 74.50 77.21
LRSVM 75.97 68.18 76.62 82.35 77.12 76.17
NB 75.32 72.72 75.32 80.39 74.50 75.39
ANN 68.25 63.17 60.47 54.56 58.83 61.05
DT 71.42 64.28 70.12 78.43 74.50 72.15
k-NN 73.37 66.88 74.67 79.73 75.81 74.22
LDA 75.32 63.63 73.37 76.47 75.16 72.79

afore mentioned classifiers after the hyper-parameter tuning. The final ensemble model was built
after the result obtained from the individual classifiers for the cross validation. Based on the mean
accuracy obtained for the five folds for the considered classifiers CatBoost, RF and LR produced the
prominent results. The max vote technique was utilized to combine the aforementioned classifiers.
As a consequence, the ensemble model built with the Max-voting approach attained an accuracy of
86.20 percent, which is much better than the performance of individual classifiers.
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4 CONCLUSION

An ensemble model was implemeted in this work to predict risk of heart diseases in advance. The
procedure of creating the final ensemble model was done in two steps. Several supervised machine
learning techniques were employed to analyze the dataset during the early part of the process, includ-
ing Support Vector Machine, Naive Base, Decision Tree, Logistic Regression Linear Discriminant
Analysis, k-NN, Random Forest, ANN, XGBoost, AdaBoost, LightGBM, and CatBoost. Following
that, during development part 2, RF achieved the best classification accuracy of 80.95 percent. Hyper
parameter tuning was performed to get the optimum value for the accuracy to the considered classi-
fiers. Moreover K-Fold cross validation with 5 folds also being performed with the dataset to build
up the final ensemble model. From all the results discovered CatBoost, RF and LR were identified
as the algorithms to produce the precise results. Finally to develop-p the ensemble model max voting
technique was accommodated and thus model produced the classification results with an accuracy of
86.20%. This research would be a promising start for the future researchers to give more insights on
focusing on the health sector by adapting the techniques from machine learning.
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Abstract

With the growth of the usage of computers over the network, security vulnerabilities on all the
computer systems seem very difficult and expensive. The Intrusion Detection System (IDS) gen-
erates huge numbers of false alerts. Therefore, it is necessary to assist in categorizing the degree
of threat by using data mining techniques. We have used the NSL-KDD dataset for this research
study. The response time was found to be high when the complexity of the dataset is high. There-
fore, we have utilized Infogain feature selection algorithms. Four machine learning classification
algorithms such as Sequential Minimal Optimization, Nave Bayes, J48, and Random Forest are
utilized for this study. The Random Forest scores the best accuracy at 99.9%. However, J48 was
chosen with an accuracy score of 99.8% with a minimum response time. .

Keywords: false positives, Intrusion detection, Machine learning, Data mining, Classification

1 INTRODUCTION

In this information-driven era, we have many applications with massive amounts of data that oper-
ate in real-time to achieve their objectives. As a result, storage capacity and processing time are
constrained. With the growth of Internet usage and the invention of many task-specific applications,
the information communication between channels have drastically increased. In the meantime, the
number of users and the number of devices connected are accelerating year by year. The demand
of applications for the new devices and gadgets are increasing, and they are being adopted in the
market. A growing number of Machine to Machine (M2M) applications, such as smart meters, video
surveillance, healthcare monitoring, transportation, and package or asset tracking, are contributing
significantly to the proliferation of devices and connections [1]. By 2023, M2M connections will be
half or 50 percent of the total devices and connections. In this juncture, the devices with different
factors for developed capabilities and intelligence are introduced and adopted in the contemporary
era.

With the growth of the Internet, and applications, malicious activities on user’s information and
privacy are on the rise as the degree of information technology and Internet usage rises. With these
malicious activities and threats, it has become important to make our information systems secure,
especially in the defense, commercial, banking and public sector. In addition, there are a slew of new
cyber risks emerging all the time. Malicious acts on these data would be a tragedy in terms of securing
the country’s personal and secret information, which could lead to horrible disasters. As a result, a
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variety of techniques have been implemented to combat malicious activity. The attacks happen as a
result of aspects such as confidentiality, integrity, and availability failing.

Typically, intrusions are discovered after the fact, raising concerns about information security. The
relevance of network security and user privacy is critical as applications are being used as a conduit to
obtain user information. Identification of intrusions with the use of computer hardware is an economy
challengeable task. Hence, the software-based solutions have been identified. This provides the rise
to the cyber security, which involves protecting the system information by effectively preventing
detecting and responding to attacks and used in different disciplines such as computer systems and
networks within the sectors of communication, entertainment, transportation, shopping and medicine
[2]. The risks with various intensities are used with embedded viruses to attack the computer systems
and networks and can lead to different threats such as delete one’s entire system, allow someone to
penetrate someone else’s system, alter files, attack other computers from someone’s computer, allow
someone to steal another person’s credit card information and make unauthorized purchases. These
cautious activities can be detected by gathering intrusion related knowledge occurring during system
monitoring and then analyzing collected data as Intrusion Detection.

An Intrusion Detection System (IDS) is a cyber-security tool commonly deployed as part of a de-
fense in depth cyber security strategy [3]. Intrusion Detection System (IDS) has been widely deployed
to be a second line of defense for computer network systems along with other network security tech-
niques such as firewall and access control. These tools are used to detect unauthorized use, misuse and
abuse of computer systems by both system insiders and external intruders. Gathering and analyzing
the intrusion related data manually would be a time-consuming task. Hence, the automated tech-
niques can be used to boost the intrusion detection. Data Mining (DM) techniques are increasingly
being used to identify attacks, anomalies or intrusions in a protected network environment [4]. On the
other hand, machine learning techniques are used to automate the process of knowledge acquisition
from past incidents of intrusion attacks. With the use of data mining and machine learning techniques
of intrusion identification shows a maximum percentage of correct identification. However, with the
rapid changes of attacks and hacking techniques, researchers need to find better techniques with high-
est accuracy. In order to detect intrusions on a network IDS use misuse -based or signature-based or
anomaly-based detection techniques.

The study focuses on implementing an efficient model using classification algorithms to detect
intrusions accurately. Four major machine learning classification algorithms are used to perform this
study. The model’s performance is measured and evaluated. The rest of the sections are organized as
follows. Section 2 describes background related to our study including IDS, Machine learning tech-
niques. Section 3 describes related works done with the same problem. Section 4 presents methodolo-
gies involving selecting the dataset, preprocessing, and feature selection and classification techniques.
Section 5 describes the results and section 6 presents the conclusion related to this study.

2 RELATED WORKS

Because of the dramatic growth in attacks over the last three decades, there has been tremendous
advancement in the field of intrusion detection systems. As a result, the researchers employ sophisti-
cated algorithms and approaches to combat the network’s most advanced attacks. Researchers develop
their own datasets for their research studies. However, as the study grew in scope, so the number of
datasets that were available on the internet were increased. Many modern scholars make extensive
use of these databases in their studies. NSL-KDD and NSL KDD 99 are the most commonly utilized.
Machine Learning algorithms are widely employed in cyber security to discover anomalies in the
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network with high recognition rates, using those kind of datasets [5].
The researchers in, performed their study using the correlation-based feature selection in the fea-

ture engineering process and carry out their process with the four machine learning algorithms such
as Bayes Net, Random Forest and Random Tree. However, in [6], T. Garg, S.S Khurana performs
the compatible classification by utilizing NSL-KDD dataset with the machine learning algorithms.
They used the Garret’s Ranking Technique for the attribute selection and performance metrics were
evaluated. Mrutyunjaya Panda Manas Ranjan Patra performed using three algorithms (ID3, J48, and
Naı̈ve Bayes) [7]. Its performance was based solely on classification accuracy of a very limited set of
given instances. Examples of such methods include cross-validation tests, confidence tests. They use
a cross-validation test for performance evaluation.

In [8], Pavel Nevlud, Miroslav Bures, Lukas Kapicak, Jaroslav Zdralek have presented detection
of network anomalies by using machine learning systems. They tested some attacks in regular network
traffic. As the first attack was used, ping sweeps to sub network targets to get information about active
IP addresses. The port sweep was used as a second attack to scan open ports at the target victim
computer.

In [9], M Panda, A Abraham, M Patra proposed an intelligent hybrid model using a combination
of different classifiers to detect the attack on NSL KDD. The algorithms used are Support Vector
Machine (SVM), Principal Component Analysis (PCA), and Random Forest and decision trees. He
performed 10-fold cross validation on 25192 training instances. The result yielded Random Forest,
when combined with other classifiers has a precision rate of 99.9%.

In [10], Sumouli Choudhury and Anirban Bhowal had put forth improved machine learning algo-
rithms necessary for proper detection of network intrusion. They had also compared the performance
of various classifiers in WEKA and concluded that Random Forest and Bayes Net are suitable for
this purpose. The machine learning algorithms have also been compared and they performed machine
learning algorithms can be deduced that Boosting is the best algorithm.

In [11], Deepthi Hassan Lakshminarayana reviewed over 56 papers on intrusion detection tech-
niques from 2009 to 2019. He found that some of the detection techniques, such as machine learning,
deep learning, and blockchain technology, play a vital role in constructing these lifesaving systems.
In this work, He has considered three classifiers, namely Random Forest, Naı̈ve Bayes, and decision
trees.

In [12], the authors briefly review the WEKA workbench and the history of project, discuss new
features in the recent 3.6 stable release, and highlight some of the many projects based on WEKA

3 METHODOLOGY

This section explains the experimental method carried out through the research study.

3.1 Dataset Selection

For the experiment we have selected a dataset known as NSL-KDD dataset [5]. This is a popular
dataset for intrusion detection among researchers. NSL-KDD data set is the refined version of the
KDDcup99 dataset. NSL-KDD dataset is a labeled dataset so we can experiment with the dataset by
using supervised learning algorithms. Attacks they specify in the dataset can be Denial of Service
Attack, User to Root Attack, and Remote to Local Attack, Probing Attack [13]. NSL-KDD dataset is
a standard dataset used for the research on intrusion detection systems with 41 features.
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3.2 Data Preprocessing and Feature Selection

Preprocessing the data is a very important step in preparing the data to be fed into the algorithm. The
original dataset has 42 fields including 41 features and the class label, and some fields are categorical
fields and others are numerical values. It is not possible to use these fields directly as the input to
machine learning algorithms. Following steps are followed in the Preprocessing phase.

3.2.1 Discretization

Some feature values are of continuous data; therefore, the discretization process is followed to convert
the continuous data into a finite set of intervals with minimum data loss.

3.2.2 Feature selection

Feature selection method used to reduce the dimension of the dataset and improve the accuracy of
detection. Feature selection methods are mainly classified into two types, Wrapper and Filter meth-
ods. The study was done by utilizing Infogain feature selection methods. This selection method was
used to rank attributes by their individual evaluations and a 10-fold cross validation method was used
on dataset for testing and validation. Therefore, the dataset was tested for the performance evaluation
with two datasets: • R- the Raw Dataset-with all the 41 features • ID- the Dataset after the feature
selection process (Infogain).

3.3 Experiment with Classification Algorithms

As the next step we have identified four classification algorithms that are mostly used in intrusion
detection. Classification algorithms in data mining are used in Intrusion Detection Systems to classify
attacks or intrusions from ordinary things that happen in systems. It was decided to use the following
classification algorithms for the evaluation [11], [9]. • Sequential Minimal Optimization (SMO) •
Naı̈ve Bayes • J48 • Random Forest

3.4 Experiment with Classification Algorithms

The performance of each classification algorithm was evaluated. The intrusion detection highly mat-
ters with the detection time. Therefore, the classification model was selected by considering the
detection time as well as accuracy metric.

4 RESULTS AND DISCUSSIONS

It was noticed as the number of features were reduced as one third, i.e., 12 features have been selected
after the feature selection process of Infogain feature selection method. The Figure below shows the
list of features that were selected by the Infogain method. The Classification models were trained with
the two types of datasets (R and ID datasets). We have considered algorithms such as the Random
Forest Classifier, Naı̈ve Bayes classifier, J48 classifier and Sequential Minimal Optimization classifier.
Once the algorithms are applied on both datasets, the results were evaluated. The accuracy of the
model is calculated with the correctly identified instances and the incorrectly identified instances.
However, from the accuracy of the classification algorithms are more than 97%, it was found that
Random Forest outperforms the other classification, when the whole dataset is used for evaluation.

53



Research Conference on Advances in Information and Communication Technology- 2022

Figure 1. The selected attributes with Infogain feature selection method

The evaluation is checked by reducing the dimension of the dataset, by utilizing the Infogain
feature selection method, i.e., with 12 features dataset, it was identified as the accuracy changes with
the reduction of the complexity of the dataset.

Figure 2. The accuracy score for the classification algorithms before pre-processing

The testing time is an important factor to consider in deciding the best model for detection of
intrusions. This would help in identifying the model which can detect with minimal time. The Figure
shows how the evaluation of the four classification algorithms vary their testing time with the two
datasets (R and ID). Thereby it was clearly seen that the testing time reduces vastly with the feature
reduction. Though the Random Forest outperforms in the detection with high constant accuracy of
99.977%, it shows the maximum testing time during the evaluation process. By assessing the testing
time and accuracy, it was vividly highlighted that J48 has its minimum testing time for ID dataset as
0.05s, with the average accuracy of 99.846%. Therefore, by considering both the accuracy score and
the testing time, J48 was chosen as the best model in detecting the intrusion.
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Figure 3. The accuracy score for the classification algorithms after pre-processing

Figure 4. The time comparison between before and after pre-processing for the classification algo-
rithms

5 CONCLUSION

Due to the enormous growth in cyber-attacks, there is a requirement of an effective intrusion detection
system to protect the data and the network. This study is an effort toward identifying accurate machine
learning algorithms for intrusion detection. We have used the NSL-KDD dataset for this research
study. The testing time was found to be high due to its complexity of the dataset. Thereby, the Infogain
feature selection algorithms was used to facilitate the selection of the feature with the highest rank.
Classification algorithms Sequential Minimal Optimization (SMO), Naı̈ve Bayes, J48, and Random
Forest were used with the selected features and the whole dataset. The accuracy and the testing
time vary between the algorithms. Finally, we have identified there are significant changes occurring
when performing the classification with selected features. Though the Random Forest scores the best
accuracy with 99.9%, J48 scores with 99.8% with less response time. The J48 was chosen as the best
machine learning algorithm with high accuracy level of detection and minimum response time.
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Abstract

Artificial intelligence has recently had a significant impact, particularly on the healthcare
sector. The use of machine learning has made it possible to predict a number of serious diseases
that are now difficult to identify in the medical industry. In this study, the Heart Attack Analysis
Prediction Dataset was considered for testing. This dataset was obtained from the Kaggle. The
dataset contains 14 features and 303 patient records. To find the best classification algorithm
with the highest accuracy, seven feature selection algorithms and eight classification algorithms
were used. Simple logistic and Logistic Model Tree classification algorithms were found to be the
best classification algorithms for the heart attack analysis and prediction dataset with 85.1485%
accuracy. The accuracy of the classification was impacted with the number of features selected.
Keywords: Artificial intelligence, machine learning, feature selection, classification, simple lo-
gistic, logistic model Tree.

1 INTRODUCTION

Heart diseases (HDs) are one of the major causes of life complications and subsequently leading to
death. Heart Diseases are a more dangerous and risky health issue that prevailed throughout the world.
[1]. Due to the uncommon availability of effective diagnostic instruments, a lack of qualified medical
personnel, and other factors that affect patient prognosis and treatment, the diagnosis and treatment
of cardiac disease are exceedingly challenging, especially in developing countries. The main causes
are inadequate preventative measures and a shortage of qualified or skilled medical providers. [2].

These diseases are a class of disease that incorporates the heart and blood vessels. The HDs
include coronary artery diseases (CAD) like angina and myocardial infarction and coronary heart dis-
ease (CHD).[3]These HDs would cause death, without the proper consultation of the doctors. HDs
occur with the symptoms of Chest pain, Nausea, Pain in the Arms, Fatigue and Sweating. Cardio-
vascular problems can be prevented; the main reason they are still on the rise is a lack of effective
preventive measures.

Several clinical decision support systems on heart disease prediction have been developed by var-
ious academics in the modern digital age to simplify and guarantee effective diagnosis. [4].Blood
tests, electrocardiograms (ECG), exercise stress tests, echocardiograms (ultrasound), nuclear cardiac
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stress tests, coronary angiograms, magnetic resonance imaging (MRI), and coronary computed to-
mography angiograms (CCTA) are among the medical tests that can be used to predict the heart’s
diagnosis manually[5].The doctors must personally review the testing results, evaluate each and ev-
ery test result value, and determine whether or not a given patient has heart disease. It will take a
while for a person to forecast it. It is difficult to manually determine the prevalence of heart disease
based on risk factors[6]The mortality rate can be significantly decreased if the disease is identified in
its early stages and preventative measures are implemented as soon as is possible.

To identify different types of metabolic syndromes, data mining and the perspective of medical
research are used. Heart disease prediction and data analysis both greatly benefit from data mining
with classification. [1] For prompt diagnosis of these disorders and effective treatment, a trustworthy,
accurate, and practical system is required. In order to automate the examination of massive and
complicated data, machine learning methods and techniques have been used on a variety of medical
datasets. [2].

2 RELATED WORKS

Artificial intelligence has had a significant impact recently, particularly on the health care sector. It is
now feasible to predict several serious diseases that are difficult to diagnose in the medical industry,
including cancer [7]breast cancer [8], and thyroid [9], and melanoma skin cancer [10] with the help of
the technologies. With the usage of the AI and ML techniques, the heart disease can be predicted with
the effective manner, this research explored methods of machine learning for heart disease prediction.

The Authors in [1], performed heart disease classification with the Cleveland UCI dataset with 13
features using R studio rattle. They presented the HRFLM model to forecast the diagnosis of heart
disease in comparison to other well-known classification methods like as Naive Bayes, Generalized
Linear Model, Logistic Regression, Deep Learning, Decision Tree, Random Forest, Gradient Boosted
trees, Support Vector machine, and VOTE. The HRFLM model was produced by combining the
Random Forest and Linear Model and obtained 88.7% accuracy.

Another example by L. Yahaya et al. [2], Compared the heart disease classification with six
machine algorithms such as Logistic Regression, Support Vector Machine, K Nearest Neighbors, Ar-
tificial Neural Network, Naive Bayes, and Random Forest) using the Cleveland dataset, with the help
of six data mining tools (Orange, Weka, Rapid Miner, Knime, MATLAB, and Scikit-Learn) for the
analysis and comparison. Based on the data analysis and the findings of the extracted performance
measures, it was determined that MATLAB’s Artificial Neural Network was the best performing
technique. A technique was explored in [6], as Ensemble classification that performed with the com-
bination of various classifiers to increase the precision of weak algorithms. The Cleveland dataset
can be used to improve the prediction accuracy of weak classifiers using ensemble techniques like
bagging and boosting. The use of ensemble classification resulted in an accuracy improvement of
weak classifiers of up to 7%. The study [4] stated that the majority of studies employed the Cleveland
heart disease dataset, which had just 303 instances and 14 features. The Authors came to the conclu-
sion that additional numerous heart disease datasets from geographically different sources with more
attributes should be investigated for constructing more effective machine learning models in order to
achieve a more universal classification and prediction accuracy.

In [11], the authors addressed the issue to fix the problem of feature selection, and presented a
new, Fast Conditional Mutual Information feature selection algorithm (FCMIM). The experimental
findings demonstrate the validity of the suggested feature selection technique (FCMIM) for construct-
ing a high-level intelligent system to detect heart disease using a classifier support vector machine. In
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study [6], a summarization of data mining approaches (Decision Tree, C4.5, K-means algorithm, ID3
algorithm, SVM, Naive Bayes, ANN, CART, Random Forest, Regression, J48, A-Priori Algorithms,
Fuzzy Logic, Association Rules), data mining tools (WEKA, Rapid Miner, TANAGRA, Apache Ma-
hout, MATLAB, Java, C, and Orange) have performed to detect heart disease.

3 METHODOLOGY

The procedures used in this study were data collection, preprocessing, feature selection, classification,
and performance and evaluation. Each procedure in the methodology will be discussed in this section.

3.1 Dataset Acquisition

“The Heart Attack Analysis Prediction Dataset” is considered for testing purposes in this study. This
dataset was obtained from the Kaggle dataset. The dataset includes 303 patient records along with 14
features including the prediction label.

3.2 Pre-Processing

Using the WEKA data mining tool, the data was preprocessed using the “numerical to nominal” filter.

3.3 Features Selection

The following feature section mechanisms were used for this procedure to compare the different fea-
tures for the analysis of the dataset: GainRatioAttributeEval, CFSSubsetEval, ClassifierAttributeE-
val, CorrelationAttributeEval, InfogainAttributeEval, ReliefAttributeEval, and SymmetricallUncert
Attribute. The features are listed according to their rank of priority Shown in Table 2.

3.4 Classification

Datasets were tested using the eight classifier algorithms for this investigation, the cross-validation
folds of 10 were used. The Table 3 lists accuracy against each classification algorithm.

3.5 Performance and Evaluation

The best classifier for this dataset was selected based on the ”correctly classified instances” with the
highest percentage of accuracy.

4 RESULTS AND DISCUSSIONS

4.1 Feature Selection

The study was compared against seven feature selection approaches based on the ranking of the
selected attributes. The features were ranked by each and every feature selection method, described
in Table 2 along with the feature selection methods.

By comparing the features ranked with the seven different feature selection methods, it was de-
cided to test the classification algorithms with the following four cases.

• Case 1: Total 13 features were tested.
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• Case 2: It was found that the feature age and FBS were within the last three positions for many
times among seven feature selection methods, therefore age and FBS features were eliminated,
there were no changes in the accuracy of Simple logistic, KStar, Attributed selected classifier
and LMT classification algorithms (Table No:3, column:4).

• Case 3: The features age and sex were eliminated in order to test the correctness of the statement
by the authors of [1]. The remaining 11 attributes are considered important while age and sex
features were removed from this dataset. (Table No:3, column:5).

• Case 4: Only five features (cp, exng, Slp, Caa, thall) were selected by the CFS algorithm.
All eight classification methods were tested against these five selected attributes. This testing
confirmed that the accuracy was decreased. Therefore, it is impossible to forecast heart disease
using at least these five chosen traits. (Table No:3, column:6).

4.2 Classification

The percentage of each classification algorithm tested with the above cases using the WEKA data
mining tool were described in the Table 3. The classification algorithms used for the study were
Simple Logistic, Voted Perceptron, KStar, AdaBoostM1, Attribute Selected Classifier, Iterative Clas-
sifier Optimizer, Logit Boost, and Logistic Model Tree (LMT). The selected classification algorithms
were chosen among the 40 classification algorithms that exist in Weka tool, based on the performance
metric such as accuracy.

4.3 Performance and Evaluation

The Voted perception and Attribute-selected classifier (81.1881%), KStar and Logit Boost (81.5182%),
AdaBoostM1, and Iterative Classifier Optimizer (82.5083%) all achieved the same accuracy among
the eight classification methods for the 13 features. Simple logistic and LMT classification algo-
rithms’ accuracy did not change when age fbs and age sex features were taken out of the classifi-
cation testing. The accuracy was lower when classification procedures were used to the five features
than it had been when classification techniques had been applied to the thirteen features. Therefore,
to predict heart disease, it is better to have at least 11 features.

Finally, among these various classification techniques, simple logistic and LMT had the same and
the maximum accuracy (85.1485%). The confusion matrix for the above classification algorithm is
shown in Table 4 below. However, this accuracy percentage is seemed to be higher than the con-
ventional machine learning algorithms used in previous studies such as: Support Vector Machine,
Artificial Neural Networks, Random Forest.

5 CONCLUSION

Machine learning has proven to be useful in assisting with decision-making and prediction from
the vast amount of data generated by the healthcare sector. There was a total of 14 features in the
Heart Attack Analysis Prediction Dataset, including the output label. Age and sex were identified
as the individual patients’ personal data, so the other 11 variables were clinical data. Each feature
was ranked using the features selection algorithm. The features selection process was executed with
4 different cases. In case 1, all features were considered for the classification. In order to do the
classification for case 2, age and fbs features were eliminated. Age and sex features were taken out
for the classification testing in case 3. The 13 features were ranked by six feature selection algorithms.
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Table 1. The percentage of each classification algorithms

Classifier Name Case 1 Case 2 Case 3 Case 4

Simple Logistic 85.1485% 85.1485% 85.1485% 84.4884%
Voted Perceptron 81.1881% 81.8484% 80.5282% 83.1683%
KStar 81.5182% 81.5182% 82.1782% 83.4983%
AdaBoostM1 82.5083% 82.8383% 81.8482% 83.4983%
Attribute selected classifier 81.1881% 81.1881% 81.5182% 82.1782%
Iterative classifier optimizer 82.5083% 82.8383% 81.8482% 82.8383%
Logit Boost 81.5182% 81.1881% 80.198% 84.4884%
LMT 85.1485% 85.1485% 85.1485% 84.4884%

Table 2. Confusion Matrix for Simple Logistic Algorithm

Heart Disease Not Heart Disease

Heart Disease 110 28
Not Heart Disease 17 148

However, the CFS algorithm only gave rankings to 5 features (cp, exng, Slp, Caa, thall). Therefore,
in case 4, only those five features were selected to the classification process.

Eight different classification algorithms, including Simple Logistic, Voted Perceptron, KStar, Ad-
aBoostM1, Attribute Selected Classifier, Iterative Classifier Optimizer, Logit Boost, and LMT, were
tested in this study. The accuracy of the classification was impacted by the number of features used.
It was found that the classification algorithms Simple Logistic and LMT outperforms the other clas-
sification algorithms with the highest accuracy percentage of 85.1485% for three cases (case 1, case
2 and case 3).
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Abstract

This study was performed on the aim of detecting the quality of the watermelon with eight fea-
tures; sound, color, root, belly button, texture, sugar rate, density, and touch which were obtained
from the Kaggle website. Two ranking feature selection methods; ReliefF Ranking Filter and In-
formation Gain Ranking Filter, and six machine learning algorithms; Decision Table (DT), J48
Tree (J48), Na¨ıve Bayes (NB), Support Vector Machine (SVM), Multi-Layer Perceptron (MLP),
and Random Forest (RF) accordingly have been employed for the Feature Selection and Classifi-
cation Model (FS-CM) to predict the quality of this fruit. Evaluation process has been conducted
with five features which were selected under Information Gain Ranking filter. The metric Accu-
racy and ROC area were used for the evaluation and hence, MLP with IG was selected as the best
model with the highest accuracy of 87.0813 detect the quality of the watermelon.
Keywords: classification model, information gain ranking filter, quality prediction, watermelon

1 INTRODUCTION

The quality of the fruits or vegetables plays an important role in customer consumption and thereby
affecting the sale of those fruits. The concept of quality is wide and covers several aspects such
as external appearance, nutritional aspects, and presence of health-related compounds, safety and
security [1]. The external appearance of the fruits is especially, the color and shape would make a
prominent role in decision making. Further, the smell, texture and skin pattern make some impacts
on the decision. However, the decision could vary according to the individuals with their human
sensors. This manual prediction of the quality is time consuming and less effective and needs to
learn from experience in choosing the quality and tasty fruits for their consumption [1]. The quality
prediction-based researches were conducted on several fruits. These techniques could be applied
to the watermelon fruit, in detecting the quality. Some methods include optical properties, sonic
vibration [2], nuclear magnetic resonance (NMR), machine vision technique, electrical properties
detection, computed tomography and electronic noses technique and so on [3].

2 METHODOLOGY

Determination of the quality of watermelon can be divided into five stages as shown below in Figure
1.
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Figure 1. Methodology Diagram

2.1 Data Acquisition

The dataset was acquired from the Kaggle dataset [4].

Table 1. The Feature Set

Feature Possible values Nature of the feature

Color Green, Dark green, light green Nominal
Root Rolled up, curly, straight Nominal
Sound Turbid, low, clear Nominal

Texture Clear, blurry, very blurry Nominal
Belly button Sunken, little sunken, flat Nominal

Touch Slippery, silky Nominal
Density 0.233-0.779 Numeric
Sugar rate 0.038-0.469 Numeric

2.2 Feature Extraction

This dataset consists of 8 features. Features and the possible values are described in the Table 1 below.

2.3 Feature Selection

Above features are used for feature selection. Commonly two ranking algorithms were used for
feature selection; ReliefF Ranking Filter, Information Gain Ranking Filter. These algorithms rank
each feature in an order. In addition, both the orders are different from each other. Under each
ranking method the first five features were selected for the analysis.

2.4 Model Creation

Some classification algorithms have been used for the quality detection of watermelon; such that,
Decision Table, J48 Tree, Naı̈ve Bayes, Support Vector Machine (SVM), MultiLayer Perceptron and
Random Forest.

2.5 Evaluation

The metric such as Accuracy and ROC curve are used to evaluate and choose the best classification
model that is suitable for our study. Three types of datasets were used in this study; full dataset

64



Research Conference on Advances in Information and Communication Technology- 2022

(consisting of 8 features), 5 features from ReliefF Ranking filter, and 5 features from Information
Gain Ranking filter.

2.6 Validation

The cross validation of 10 Stratified cross-validation were used for this study. This method is used to
avoid the overfitting in the dataset.

3 RESULTS AND DISCUSSIONS

Table 2. Feature Selection Methods

Feature Selection Methods Ranked Attributes

ReliefF Ranking Filter Sound, Color, Root, Belly button, Texture, Sugar rate, Density,
Touch

Information Gain Ranking Filter Density, Sugar rate, Belly button, Texture, Root, Sound, Color
Touch

Table 3 illustrates the accuracy level of each selected classification algorithms.

Table 3. Accuracy of Six Classification Algorithms

Classification Algorithms Full Dataset (F) ReliefF (R) Information Gain (IG)

Decision Table (DT) 86.6029% 84.2105% 85.6459%
J48 Tree (J48) 84.2105% 84.2105% 85.1675%
Naı̈ve Bayes (NB) 75.5981% 76.555% 81.3397%
Support Vector Machine (SVM) 81.3397% 81.8182% 81.8182%
Multi-Layer Perceptron (MLP) 87.0813% 85.1675% 87.5598%
Random Forest (RF) 82.7751% 85.1675% 84.689%

The accuracy of the Multi-Layer Perceptron outperforms the other classification algorithm with the
highest accuracy in three datasets. Comparing the three datasets, the MLP with the Information Gain
ranking filter stands out with the accuracy of 87.5598%.
Table 4 describes the evaluation metric of TP Rate, FP Rate, Precision, Recall, F-Measure and MCC
for 18 Feature Selection-Classification Models (FS-CM). ROC area was compared with the MLP
classification for three datasets. Hence, Figure 2 shows the variation of ROC area against the dataset
used.
MLP with IG shows the highest with 0.86 The confusion matrix for MLP-IG is shown in the Table 5.
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Figure 2. Major issues encountered by the tea processors

Table 4. Feature Selection-Classification Models (FS-CM)

FS-CM TP FP Precision Recall F-Measure MCC

F-MLP 0.871 0.163 0.870 0.871 0.870 0.722
F-SMO 0.813 0.267 0.820 0.813 0.805 0.598
F-NB 0.756 0.302 0.752 0.756 0.752 0.470
F-J48 0.842 0.195 0.841 0.842 0.841 0.660
F-DT 0.866 0.166 0.865 0.866 0.865 0.712
F-RF 0.828 0.204 0.827 0.828 0.827 0.631
R-MLP 0.852 0.199 0.853 0.852 0.849 0.680
R-SMO 0.818 0.264 0.827 0.818 0.810 0.610
R-NB 0.766 0.267 0.765 0.766 0.765 0.500
R-J48 0.842 0.215 0.844 0.842 0.838 0.660
R-DT 0.842 0.215 0.844 0.842 0.838 0.660
R-RF 0.852 0.199 0.853 0.852 0.849 0.680
IG-MLP 0.876 0.160 0.875 0.876 0.874 0.733
IG-SMO 0.818 0.264 0.827 0.818 0.810 0.610
IG-NB 0.813 0.267 0.820 0.813 0.805 0.598
IG-J48 0.852 0.184 0.851 0.852 0.850 0.681
IG-DT 0.856 0.172 0.856 0.856 0.856 0.692
IG-RF 0.847 0.177 0.846 0.847 0.846 0.67

4 CONCLUSION

This study was performed on the aim of detecting the quality of the watermelon with eight features,
from the Kaggle dataset. Two ranking feature selection algorithm and six classification algorithms
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Table 5. The confusion matrix for MLP-IG

Prediction Quality Not Quality

Quality 62 17
Not Quality 10 120

have been employed for the Feature Selection and Classification Model (FS-CM). Evaluation process
has been conducted with five features selected under Information Gain Ranking filter. The metric
Accuracy and ROC area were used for the evaluation and hence, MLP with IG was selected as the
best model with the highest accuracy of 87.0813
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Abstract

Stress is one kind of response to pressure. It can be good according to the situation. Stress
management is a very important criterion now because it keeps up one’s stress level low, and
health at risk. There can have several reasons that affect stress levels such as social reasons,
environmental reasons and so on. If we can detect stress levels before risk, it will be a good
chance to prevent sudden health issues. Because if someone has stressed for a long period of
time it will be affected badly not only mental health but also physical health. This paper, tries to
examine and review various ways to detect stress levels, and also aims to give a systematic survey
for a more efficient way to detect stress among different ways.
Keywords: machine learning, stress detection, wearable sensors

1 INTRODUCTION

People’s health and wellbeing status have been weakened with the technological advancement, the
busy schedule and the lifestyle of the human being. The health and wellbeing include both the physical
and mental health. In today’s fast-paced world, mental health is a known thing and which is popular at
this contemporary era. According to the World Health Organization (WHO),[1] identified the major
diseases that affect peoples’ mental health such as depression, anxiety, stress, and eating disorders,
etc. Mental health conditions are increasing worldwide. Mainly because of demographic changes,
there has been a 13% rise in mental health conditions and substance use disorders in the last decade
(to 2017). Mental health disorders exist 1 in 5 and around 20% of the world’s children and adolescents
have a mental health condition, with suicidal death among 15-29-year-olds. Approximately one in five
people in post-conflict settings have a mental health disorders.

According to the World Health Organization, [1] there are 3 types of stress, acute stress, episodic
acute stress, and chronic stress. Chronic stress is a very harmful stress type for a normal person.
Stress can be detected by measuring physiological and physical measures in a body. Physiological
measures such as heart rate variability, heart rate, and skin conductance etc. and physical measures
such as skin temperature, blood pressure, and pulse rate are the major indicators of success. Stress is
one way of reacting to abnormal pressure in humans managing the hard situations for a long period of
time and hence it will become as depression. This could affect either in a good or bad way according
to the threshold of the person and the situation handled by the person. Stress can also help to motivate
in a good way and it helps us to be more careful about things. Environmental reasons such as huge
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noises, bad smells, rain, and personal reasons such as the funeral of a family member, or divorce can
be affected by the stress level of a person. Stress can differ from person to person with their capacity
and attitudes for different kinds of reasons.

There can have several reasons that affect stress levels such as social reasons, environmental
reasons so on. If we can detect stress levels before risk, it will be a good chance to prevent sudden
health issues. Because if someone has stressed for a long period of time it will be affected badly not
only mental health but also physical health. At present several researchers [2] [3]focused on finding
the mechanism to reduce the stress levels while analyzing the collected data through different machine
learning tools and techniques [4]and also by inventing the wearable devices that could be able to find
out the stress levels with body condition factors. This paper, tries to examine and review various ways
to detect stress levels, and also aims to give a systematic survey for a more efficient way to detect
stress among different ways.

2 RELATED WORKS

There are several researchers show their interest towards the stress detection through several mecha-
nisms. This paper review a certain papers which dealt with the identification of stress. The ways of
identification are categorized and are discussed separately.

2.1 Stress detection using Electrocardiogram (ECG)

Electrocardiogram (ECG) is a test that records the electrical activity of the heart. It helps to detect the
manners of the heartbeats as slow, fast and regular. The electrical activity of the heartbeat is measured
by an electrocardiogram which is called as ECG. For the purpose of identifying mental stress, Heart
Rate Variability (HRV) parameters are frequently calculated from ECG data. These parameters are
then separated into the Time domain and Frequency domain for additional research [2][4].

In [3] baseline drift and noise were eliminated from the ECG readings without changing the fea-
tures of the waveform. The discrete wavelet transform approach was used to do feature excision.
Additionally, classification was carried out on real-time data from 20 participants using Support Vec-
tor Machine (SVM), Artificial Neural Network (ANN), Bayesian network, and decision tree in order
to obtain more accurate findings. Support Vector Machine (SVM) provides the results with more ac-
curacy of 84.4% in a 10-fold cross validation method. The minimal redundancy maximum relevance
(MRMR) selection process was used to choose the useful features. These techniques are appropriate
since they can be easily used through wearable devices in everyday routine thanks to the scientific
community’s focus on the use of a single ECG channel.

2.2 Stress detection while driving

Driving under stressful circumstances, such as maintaining the speed limit or driving in hazardous
conditions, may result in traffic violations and auto accidents because the driver was not paying at-
tention. The issue of a car driver’s stress level being automatically detected is becoming more and
more important because it directly affects passengers’ safety and health. Researchers [5] have created
a few stress detection techniques that can assist a person in determining both their bodily and psy-
chological well-being so that appropriate precautions can be taken. A technique to detect stress via a
wearable ECG sensor in drivers of cars while they are experiencing various levels of environmental
stress brought on by driving conditions was developed by N. Keshan et al. [6]. The MIT-BIH Phys-
ioNet Multiparameter Database provided a dataset of 17 drivers. Using the NetBeans Java Platform,
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14 distinct features were retrieved from the ECG signal. This method detected three levels of stress
with 88. 24% accuracy using machine learning algorithms as low, medium, and high.

In [7], Skin Potential Response SPR signals from EDA devices were utilized to detect the presence
of stress in car drivers. Three wearable devices were employed for the data collection, including an
ECG on the chest and an EDA device on each hand. A professional driving simulator that mimics
the movements and accelerations of an automobile was used in the experimental setting. Driving
down a roadway where some unexpected things were happening at certain points was the stressor
test. Support vector machine and artificial neural network accuracy for the events under consideration
were balanced at 79.58% and 79.94%, respectively.

A stress detection system using ECG signals with the features RR interval (the duration of conduc-
tion through the AV node), QT interval (the duration of ventricular depolarization to repolarization),
and EDR (End Point Detection and Response) was 3 developed by Md. Fahim Rizwan et al. [8].
15 healthy volunteers were given an ECG signal for five minutes while they were at rest and while
they were driving in heavy traffic, which were regarded to be no stressful and stressful situations, re-
spectively. By altering the feature number and kernel type, the system validated various SVM model
types. The most accurate model to identify stress was the Cubic SVM, which had a 98.6% accuracy
level with a Gaussian kernel function and all features. This methodology demonstrated how adding
additional characteristics can improve model accuracy.

2.3 Stress detection using wearable sensors

To recognize stressful situations, [9] uses a wrist device. In order to distinguish between stress and
other situations that cause physiological arousal similar to stress, activity identification classifier em-
ploys accelerometer data to detect user activities. A web application was developed to collect data in
a lab setting where participants had to complete mental arithmetic activities within a predetermined
period of time while being pressured. The information for 2[10] comes from three sources: Use of my
phone for messages, locations, and calls survey results on general health, mood, and stress, as well as
accelerometer and skin conductance data from wrist sensors. The classification establishes whether
or not the individual is under stress. To start the trial, three questionnaires must be filled out. A wear-
able sensor records information from the accelerometer and skin conductance Wearable sensors and
data from mobile phones both have useful components to identify stress, according to the method’s
accuracy rate of 75%. The mean and standard deviation of the mobility radius are these properties.
The authors will compile a broader data collection in order to better understand the dynamic influence
of the long-term data.

In order to identify mental stress in real-time, the authors of [11] capture the individuals’ body
temperature, Galvanic skin response (GSR), and Rhythm to rhythm (RR) interval as they solve the
Hanoi Tower. The answers to the questionnaires that the subjects completed before and after the
studies were used to validate the data that had been collected. From the gathered signals, the author
retrieved 27 features, and the 10 with the highest mutual information were utilized to train the K-
nearest neighbor (KNN) classifier. Stress prediction is 89.8% accurate.

The authors of [12] created a smart bracelet that can determine whether a person is under stress
or not. The device has two electrodes, a skin conductance sensor, a tri-axis accelerometer, Bluetooth,
and a microcontroller to evaluate the data from the 12 participants’ recorded skin conductance and
other pentameters. Small electrical currents are applied to the skin by the electrodes and are recorded
via Bluetooth and transmitted to the smartphone. These type of similar smart wearable bands can be
used to measure the stress of a person [13].
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2.4 Stress detection by blinking

In [13], a computer vision-based system was suggested for identifying stress by automatic blinking
patterns in video recordings of discussions. Their method uses a face tracker to locate the eye region
and adjust these areas’ color look. Additionally, it makes advantage of Shannon’s entropy, offset
characteristics, and in-between blinking time lapses. The suggested system demonstrates a connection
between the patterns of eye blinking and perceived stress.

2.5 Stress detection through the behavior of typing

The study [14] describes a potential method for monitoring keyboard interactions to identify changes
in older persons’ physical and cognitive status as well as to discriminate between tense and calm
states. After completing physical and mental challenge tasks, study participants compose a sample
sentence. The method examines the resulting text’s keystrokes and textual characteristics. The three-
fold cross-validation method was combined with a step-wise logistic regression algorithm. Before
using machine learning on the data, Z-scores standardized it. Compared to the control settings, cog-
nitive and physical stress may be classified with 75% and 66% accuracy, respectively. VI. Stress
detection by human voice On the basis of a subject’s Galvanic Skin Response (GSR) and speech, a
classification approach to identify his acute stress period was developed in [15]. By employing HD
handy-cam camcorders, facial expressions, GSR, and speech are recorded and classified using the
Support vector machine (SVM) classifiers, K-means clustering, and decision trees, whereas, SVM
achieved 92% and 70% accuracy by employing GSR and speech characteristics.

3 DISCUSSIONS AND CONCLUSION

In recent years, the term stress has become a very common topic in society because of competitive
lives. The pre-analysis and the identification of the stress will be a useful at this period as stress can
harm a person’s physical and mental health. As a result of a challenging and competitive life, mental
stress is now quite prevalent across all age groups.

One’s level of stress can be determined by blood tests. One of the most often performed blood
tests is a cortisol test to verify the stress level. When someone is under stress, their adrenal glands
release a hormone called cortisol. Higher cortisol levels would suggest more stress [16].

Physiological sensor signals can be used to gauge a person’s degree of stress, and physiological
sensing devices are employed to gather the data. Signal pre-processing must be used to choose useful
features from the collected signals. After the features have been identified, the classification model
can be constructed using machine learning algorithms. In addition, wearable sensors can be utilized
to detect stress. In the above-mentioned methods, they are used several ways to detect stress. The
features were initially extracted by each built system using different approaches, and then machine
learning algorithms were used to create classification models.

However, the stress levels varies with the persons and the situations handled, according to the
above-mentioned methods, it is vividly seen that detecting stress level using ECG signals, with sup-
port vector machine and Gaussian kernel method is the best way detect stress more accurately. Other
methods also can be used to take some idea about stress level.
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