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Focus Areas  

• Emerging Technologies - Explores the latest breakthroughs in fields like AI, 

Biotechnology, Nanotechnology, and Quantum Computing. 

• Robotics and Automation - Discusses the impact of digitalization on 

various industries, including finance, healthcare, and education. 

• Artificial Intelligence and Machine Learning - Dives deep into Al and ML 

research, applications, and ethical considerations. 

• Education and EdTech - Focuses on innovations in education technology, 

e-learning platforms, and digital pedagogical tools. 

• Blockchain and Cryptocurrency - Explores the world of blockchain 

technology, cryptocurrencies, and their potential impact on various 

industries. 

• Smart Cites and Urban Innovation - Examines how technology reshapes 

urban landscapes, transportation, and infrastructure for a more sustainable 

future. 

• Cyber Security and Data Privacy - Discusses the latest trends in 

cybersecurity, data protection, and privacy technologies. 

• Human-Machine Interactions - Examines research on user interfaces, 

virtual reality, augmented reality, and human-computer interaction. 

• Cross-disciplinary Collaborations - Encourages interdisciplinary research 

and collaboration between different fields of technology and science 

• Extended Reality - Explores the future of immersive technology with our 

cutting-edge virtual and augmented reality solutions. 
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Dean’s Message  

Dear Students, Faculty Members, and Esteemed Guests, 

It is with immense pride and joy that I extend my heartfelt 

congratulations to all participants and organizers of the 

inaugural Students' Research Symposium of the Faculty 

of Computing at NSBM Green University. Today marks 

a significant milestone in our academic journey, 

showcasing the innovative spirit, dedication, and 

intellectual prowess of our students. 

The establishment of this symposium is a testament to 

our commitment to fostering a robust research culture 

within the Faculty of Computing. It provides a unique 

platform for our students to present their pioneering research, engage in scholarly 

discussions, and collaborate with peers and experts in the field. Your hard work, 

curiosity, and passion for knowledge have brought us to this remarkable moment, and 

I am confident that the insights and discoveries presented today will pave the way for 

future advancements in computing and technology. I would like to express my 

gratitude to the faculty members, mentors, and staff whose guidance and support have 

been instrumental in the success of our students' research endeavors. Your 

unwavering dedication to nurturing the next generation of innovators is truly 

commendable. To our students, I commend you for your perseverance and creativity. 

Your contributions are not only significant to your personal growth but also to the 

broader field of computing. As you present your research, remember that this 

symposium is just the beginning of your journey as researchers and thought leaders.  

Congratulations once again to all participants for your outstanding achievements. I 

wish you a productive and inspiring symposium. Let us celebrate this momentous 

occasion and look forward to many more successful research symposia in the years 

to come. 

With warmest regards, 

Dr. Chaminda Wijesinghe 

Dean, Faculty of Computing 

NSBM Green University 
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Abstract - Using a thorough study of the 

research, it was determined that many students 

struggle with stress during their university 

years, which in turn tends to affect their overall 

academic performance. The relationship 

between stress and diminished academic 

achievement was clearly shown in prior 

research. The identified stress primarily fell into 

two distinct categories: Academic Stress and 

Environmental Stress. This study was conducted 

to identify effective stress management 

techniques. The stigma currently associated 

with seeking counselling services, which 

discourages students from engaging in it, 

appeared as a major barrier. To gather data, 

interviews were conducted with two experienced 

counsellors, while questionnaires were 

distributed among undergraduates. The four 

objectives of the study and the theoretical 

framework outlined in the literature review 

guided the careful design of both sets of 

questions. Then Thematic Analysis was 

conducted, and 6 Themes and 16 sub-themes 

were identified. Simultaneously, to clarify 

whether the prototype or questionnaire is 

reviewed. Based on the findings from the 

Interviews and Questionnaire, both functional 

and non-functional requirements were 

gathered. According to the gathered 

requirements system was designed, taking into 

account essential UI/UX principles for an 

optimal user experience. 

Keywords—stigma, stressors, stress, 

academic performance, undergraduates, web 

application  

 

I. INTRODUCTION 

 Mental health is defined by the World 

Health Organization (WHO) as "a state of 

well-being in which the individual is aware 

of his or her own abilities, can face the 

normal stresses of life, can work 

productively and fruitfully and is capable of 

making a contribution to their community.” 

Mental health is important because it 

becomes a part of a human life and its impact 

on the overall health of the person including 

physical, mental, and social well-being. It is 

not just about being sick and showing 

diseases. Earlier, people didn’t talk about 

mental illness because of their dislike. But 

now, it must be changed [1]. It costs a lot of 

money when the person doesn’t have proper 

mental health. According to previous 

research 12 billion productive working days 

have been lost due to mental disorders and 

the cost is nearly US$1trillion [2]. Mental 

health services are not received same for 

each person. In high-income countries, this 

percentage is 70%, but in low-income 

countries, it drops to only 12% receiving 

care services [2]. So, the Importance is 

varied globally and concerns regarding 

mental health are different from country to 

country.  

    Sri Lanka has an average level of 

economic development since it is considered 

a country with middle-income levels. For 

many years, Sri Lanka has been able to 

mailto:shimaryfernando@gmail.com
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produce positive results in mental health. 

Also, it is very associated with the family 

unit [3]. About 61% of the surveyed carers 

held the belief that depression is a sign of 

personal weakness. Additionally, 60% of the 

carers believed that a person living with 

depression is more prone to violence 

compared to a member of the general 

community [4]. 

  According to previous research, 12% - 

50% of university students have one or more 

mental disorders [5]. On campuses, mental 

health issues have grown significantly more 

important. Every year, over 26% of 

American adults suffer from diagnosable 

mental health issues, with many of these 

illnesses beginning in adolescence. Students 

in college who are struggling with their 

mental health may also have concerns about 

their physical health and their academic 

performance. Particularly depression and 

anxiety are linked with lower GPAs, more 

risky behaviours, dropping out of college, 

and even suicidal ideation. Campuses must 

raise awareness of mental health issues, 

decrease stigma, offer accessible support 

services, and put preventive measures in 

place in order to address these issues. 

Colleges may support students' academic 

and personal success by placing a high 

priority on mental health [6]. 

     Therefore, College students are 

experiencing an increase in the number of 

mental health issues in recent years. 

According to research, around half of 

university students suffer moderate levels of 

stress-related mental health conditions such 

as anxiety and depression [7]. 

     High expectations and demands have 

been placed on students because of the fast-

paced nature of today's world, which is 

characterized by rapid improvements in 

technology, education, culture, and society. 

Within the socio-cultural, economic, and 

regulatory frameworks of society, these 

expectations are frequently unclear, 

unrelated, and unrealistic. As a result, 

compared to past generations, the present 

generation of students has much greater 

levels of stress and anxiety [8]. 

    According to previous research, 

university students who experience 

significant levels of psychological distress 

are troubled with their academics and may 

not be able to complete their studies.  The 

research also discovered a link between 

psychological distress and poor academic 

achievement. Nearly 20% of undergraduate 

students reported missing academics due to 

mental health difficulties. Additionally, 

almost 44% of undergraduate students 

reported that their academic performance 

decreased during that undergraduate journey 

due to mental issues [9]. 

    The Research will be focused on 

undergraduates who faced stress during their 

undergraduate time. There has been a 

concerning rise in the number of 

undergraduates who show signs of anxiety 

and stress during the last ten years. Globally, 

31% of college students have tested positive 

for a mental health issue in the previous 12 

months. This figure illustrates the strongly 

increased frequency of mental health issues 

among undergraduates [10]. The Research 

further discussed the impact of academic 

performance as a problem due to stress and 

the IT intervention to manage stress and 

increase the academic performance of 

university students. 

A. Research Problem 

     So, the study is mainly targeted at 

undergraduate students as described in the 

above section. According to past research, 

the university years represent an important 

developmental phase in the lives of 

individuals. This period is characterized by 

the transition from late adolescence to 
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emerging adulthood, a stage of life that 

encompasses the late teens and early 

twenties. Undergraduate people go through 

a lot of changes and face many difficulties as 

they make the transition from being 

dependent on their family to being more 

independent throughout their time in 

college. They may explore their identities, 

make significant life decisions, and find 

their purpose and direction [11]. 

    Students in higher education are more 

likely to have stress and University students 

have higher rates of mental health issues 

than the general population, according to 

research studies like those by the American 

College Health Association (2018). The 

collegiate setting offers a variety of 

pressures that are particular to this 

developmental stage. Academic constraints 

that students often deal with include the 

requirements of coursework, tests, and the 

desire to maintain excellent marks. They 

could also struggle with time management, 

managing many obligations, and adapting to 

the demanding academic standards and 

workload of universities [12]. 

     So, it is true that stress among college 

students might affect their academic 

progress and even have negative 

consequences. Stress could affect a student's 

ability to concentrate, focus, and do well in 

class. Lower grades, lower rates of progress, 

or even quitting their academic programs 

may follow from this. 

     According to previous research, keeping 

proper stress management systems 

physically or digitally can be maintained and 

all these things can be improved further. 

Aside from that, involving these systems in 

academics during the undergraduate period 

provides an opportunity to facilitate the 

improvement of academic performance. 

    As a solution, most of the universities 

have their own counsellor to solve their 

problems and share their problems. So, at 

some sort of level, stress can be managed. 

But it’s challenging for students and 

counsellors as well. It takes time to the 

treatment. Back in 2018, according to 

National College Health Assessment, at a 

point 86% of students feel overwhelmed, 

69% of the students felt sad, 65% of the 

students feel loneliness and 55% of the 

students felt and hopeless, 13% of students 

considering suicide. Furthermore, that 

research indicated severity of the mental 

health and about treatment seeking students 

[10]. 

    With the technological revolution, 

counselling services are provided online by 

developed countries. So, the E-therapist 

concept has been popular for years. But have 

a problem what type of E- therapist is 

wanted by a particular university student.  

     So, the proposed system is to provide 

counselling services to the students by 

providing better services. Basically, what the 

proposed system does is track stress level of 

students, considering their degree program 

and the academic year. While they will be 

meeting a counsellor, they can do an activity 

what system is suggested to manage their 

stress. So that won’t take time as well. So, 

the activities will be sorted according to the 

type of stress. By reducing stress, students 

can improve their academic life as well. 

B. Research Objectives 

The research was conducted based on 

four main objectives. 

1. To identify Academic and 

Environmental factors for stress of 

university students which affect their 

academics.  

2. To identify other factors which are 

caused by stress and problems.  

3. To evaluate and study existing IT 

solutions for stress management.  
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4. To design the best IT solution for 

managing stress to improve their 

academics. 

C. Stress among University Students and 

Factors Affecting the Stress 

Many students start their college 

journeys each year with the hope of 

obtaining degrees that will open the door to 

successful employment and fulfilled lives. 

While starting university is a big step for 

many people and their families, some 

students may find this period of adjustment 

to be quite stressful. Along with the 

difficulties of adjusting to new social 

dynamics, the transition from the routines of 

high school to a more independent and 

challenging academic environment can add 

to the pressure and emotional strain [13]. 

Environmental, psychological, biological, 

and social aspects can all contribute to stress. 

These elements can have various impacts on 

people and add to the feelings of stress. The 

effects of stress can differ based on the 

severity and length of the stressor, the 

person's personality attributes, how they 

think about the stress, and whether they have 

access to social support. Here we will 

consider Academic Stress and 

Environmental Stress which affect the stress 

of University Students.  

Previous research has been conducted on 

Stress in university students with the focused 

of academic stress. Academic stress is the 

term for pressures that arise from being 

involved in organizations, working on group 

projects, and taking on much university 

work [14]. University-level academic stress 

can be brought on by packed lecture rooms, 

the semester system, and a lack of tools to 

complete academic work. The academic 

setting is particularly stressful because of the 

time limits and pressure to do well on tests 

or exams [15]. 

Previous research has mentioned 

environmental stress can also affect the 

University Students. There are so many 

factors that can affect the environmental 

stress of the student. Such as peer 

relationships, instructor treatment, diversity, 

support groups, community integration, in-

class engagement, and contacts with faculty, 

home sick, Relationship Issues, and 

financial issues [16]. 

D. Based Theory about Stress regarding the 

Current Study 

There are many theories about stress, 

each of which presents a different viewpoint 

on its causes and effects. In the context of 

this study, Lazarus’s cognitive appraisal 

theory was selected as the foundational 

framework. This is a theory by Lazarus that 

focuses on how people perceive and cope 

with stressors. It suggests that how you 

interpret a situation (appraisal) influences 

your emotional response and coping 

strategies. A previous study looked at how 

Lazarus' theory applies to college students' 

performance. Students who saw an 

upcoming exam as a threat were more likely 

to experience negative emotions and use 

coping methods centred on managing those 

emotions rather than directly addressing the 

stressor. These students who perceived 

exams 17 as threats and used emotion-

focused coping (like trying to calm 

themselves down) tended to have poorer 

scores on the exams. This hinted that when 

students feel overwhelmed by stress, it can 

negatively impact their performance. 

Applying Lazarus' theory more broadly, 

another study found that college students 

who generally saw academic challenges as 

threats (like difficult assignments or tests) 

tended to use less helpful coping methods 

and experienced more negative emotions. 

II. RESEARCH METHODOLOGY 

A.  Research Paradigm 

The research will be followed both 

positivism and interpretivism. The 
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positivism approach is being used to collect 

quantitative data and interpretivism 

approach is being used to collect qualitative 

data. To conduct this research, structured 

interviews, and semi – structured interviews 

will be conducted. To conduct this research, 

a semi – structured questionnaire will be 

conducted, since both qualitative and 

quantitative data can be gathered. 

Questionnaires will be shared among private 

and government university students. 

B. Research Approach  

The research was initiated by observing 

issues that were brought up in the context of 

the health industry. The theory in earlier 

stress-related literature provides substantial 

support for this observation. Finally, the 

study seeks to produce a solution to the 

problem that was brought up in the setting of 

a Sri Lankan university students. So, the 

study can be carried out using a deductive 

reasoning strategy by considering the nature 

of the research. But in the present research, 

some of the steps were altered. 

C. Research Strategy  

Research is conducted by using action 

research. So, the identified problem of the 

research is, Academic performance of 

students is negatively impacted by both 

academic and environmental stress. By 

conducting this research as a solution, web 

application is planning to be implemented by 

using strategies to manage stress. So, this 

application can be used at universities. So, 

the planned intervention can be 

implemented among undergraduates of the 

universities. According to the conducted 

literature review, academic performance is 

reduced by academic and environmental 

stress. This will be used as a benchmark for 

assessing changes following the 

intervention. Then design and develop the 

web application using the intended features 

and approaches. 

III. RESULTS AND EVALUATION  

A.  Data Collection and Data Analysis 

1) Thematic Analysis 

The data which is gathered through 

Interviews is analysed by using Thematic 

analysis. This method helps to 

systematically organize and interpret the 

qualitative data to identify recurring patterns 

or themes within the collected information 

through Interviews.  As a result of this 

analysis, 6 Themes and 16 Sub Themes 

could be identified. 

Themes Sub Themes 

Involvement 

Counsellors 

for support 

of students  

Existing Communication 

approaches between 

undergraduates and 

counsellors 

Existing Communication 

Approaches Associated 

Challenges 

Requirement of Counselling 

Involvement 

of stressors 

of students 

Academic Stressors of 

Undergraduates 

Environmental Stressors of 

Undergraduates 

Other Factors which affect for 

the Undergraduates 

Links between stress levels 

and academic achievement 

Emotional 

Responses 

and 

Appraisal 

Primary Appraisal Methods of 

Undergraduates 

Secondary Appraisal Methods 

of Undergraduates 

Coping 

Mechanism 

Coping Strategies for the 

Academic Stressors 
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Coping Strategies for the 

Environmental Stressors 

Types of Coping 

Identify 

Individual 

Differences Personal Traits 

Use of IT 

Solutions for 

Stress 

Management 

Existing IT solutions 

Limitations and 

Considerations 

Solutions 

Desired Features 

Table 1: Themes and Sub Themes 

 

2) Mapping data collection of 

Questionnaire with results review 

The results of the student survey provide a 

compelling insight into the frequency and 

severity of academic pressures among the 

sample group that was examined. According 

to the findings, a sizeable 58.9% of 

respondents reported experiencing high 

levels of stress related to academic 

expectations. This shows that a substantial 

proportion of students struggle significantly 

to meet the demands of their coursework, 

exams, and other academic requirements. In 

addition, 27.4% of the students who 

responded to the survey indicated that they 

were under moderate stress. This 

demonstrates that a substantial portion of the 

student population still experiences 

considerable amounts of stress because of 

academic demands. Notably, a majority of 

respondents,64.4% of the sample surveyed, 

acknowledged that they struggled with high 

levels of stress brought on by a variety of 

environmental circumstances. This 

emphasizes the significant impact on a 

student's wellbeing that factors like living 

arrangements, homesickness, and other 

environmental stressors can have. 

Furthermore, 17.8% of the respondents said 

that environmental stressors had caused 

them to feel moderately stressed. The 

primary objective of this research is to 

improve students' academic performance 

using efficient stress-reduction techniques. 

The difference in academic performance 

levels among the student sample is 

highlighted by these figures. The Grade 

Point Average (GPA) is an important 

measure used to assess this progress. The 

survey results show that a significant 

percentage of students have various degrees 

of academic achievement. It is important to 

note that 43.8% of students have a GPA of 

3.0-3.29 and 32.9% have a GPA of 2.0-2.9. 

As stress can have a negative effect on GPA, 

it implies that most students are under some 

level of stress. According to the survey, 

64.4% out of the total respondents have 

knowledge about the Counselling Service 

that is present in the university and 44 

respondents are not familiar with the 

counselling service while only 2 

undergraduate students are familiar with the 

counselling service. Therefore, it is evident 

that even though many respondents had 

knowledge of counselling services, they are 

not very familiar with it. This can be a 

leading cause for the major undergraduates 

to be under stressed because of the lack of 

familiarity with the counselling service. 

According to 98.6% of the undergraduates 

who completed the survey, undergraduates 

do not have any knowledge on any existing 

web – based applications which are designed 

to help stress management., 78.9 of the 

undergraduates are neutral on the 

satisfaction of having a stress management 

web-based application. This can be due to 

the undergraduates not having any 

experience in using a web-based application 

which helps stress management. Therefore, 

they cannot give a true opinion on the 
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system. The majority are ready to use a stress 

management system if it is integrated into 

the university online platform. This gives 

evidence that undergraduates wish to follow 

a stress management system to help them 

relieve their stress. Out of 73 responses, 

54.8% of the respondents wish to use the 

system very likely while 31.5% of the 

respondents also wish to use the system. 

B. Functional Requirements and Non 

Functional Requirements 

A web application was properly created, 

incorporating both functional and non-

functional requirements resulting from the 

themes that came up, based on these 

findings. The sample population's current 

stress management strategies are considered 

in this application, which also discusses the 

difficulties these strategies face. 

1) Functional Requirements 

• Signup to the System 

• Student Login to the System 

• Access to the Dashboard 

• Evaluate the Stress Level according 

to the PSS Score and activities are 

suggested according to the Score. 

• Self-Evaluation – Select category/ 

categories of stressors. 

• Self-Evaluation – Select type of 

stressors. 

• Self-Evaluation – Activity 

Suggestions. 

• Instructions and Tutorial regarding 

suggested activity can be viewed 

accordingly. 

• Student should be able to chat with 

Counsellor of the University.  

• Also, Student should be able to 

schedule a meeting by clicking on 

Schedule. 

• Admin should be able to add 

activities with regard to particular 

stressor by accessing the different 

module in the system. 

2) Justification of Functional 

Requirements 

While doing Interviews, their main concern 

was to suggest coping strategies according to 

their stress level. Also, another main concern 

was to evaluate their stress level on their 

own. It became clear that they wanted more 

than just advice on how to effectively 

manage their stress; they also wanted the 

capacity to independently evaluate and 

understand their own stress levels. By 

considering this requirement the 

undergraduate should be able to evaluate 

their stress level according to the PSS Score 

and Activities are suggested according to 

their stress level. This gives undergraduates 

the ability to assess their own levels of stress 

using a valid metric, providing them with an 

accurate representation of their present 

mental health.  Also, the system facilitated 

personalized activity suggestions according 

to their stressors under the main two 

categories. According to the terminology 

used by counsellors, these activities 

essentially equal coping mechanisms. This 

approach tries to fill the gap between expert 

terminology and familiar language. The 

system follows Emotion – Focused Coping 

which was mentioned in the interview as 

Coping Type. So, the stressors and coping 

strategies which are suggested by the system 

are aligned with mentioned coping strategies 

and stressors in the interview by counsellors. 

Another mentioned point in the interview 

was the student may have combination of 

stressors.  

To accommodate this, students can select 

and address multiple stressors 

simultaneously. The coping strategies 

offered are comprehensive and specifically 

adapted to each user's unique stress profile 

because of this subtle methodology. In a 

nutshell, the system seeks to encourage 

undergraduates to take the initiative in their 

mental health by encouraging empowerment 

and self-awareness along with practical 

answers. 
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3) Non-Functional Requirements 

• To secure the user’s personal data, 

security implementation should be 

there. 

• Since this is a stress management 

system, the user interface should be 

more interactive. 

• The system should be able to be 

auditable. (Logs) 

• The system should be able to respond 

promptly. 

• The system should be able to access by 

many students at once. 

4) Justification of Non-Functional 

Requirements 

Data Privacy and Confidentiality of a 

student was their main concern of 

them. As mentioned above, security 

methods like two factor authentication 

and multi factor authentication are 

being used. And role-based permission 

is given by the system for all the 

modules. Since this system is used by 

students who struggle with stress, the 

User Interface is designed to give more 

user experience and it is easy to use.  

 

 

Fig 1. Student Dashboard 

 

                Fig 2. Self-Evaluation (Step 01 

             Fig 3. Self-Evaluation (Step 02) 

C. Result on Design Evaluation 

Once UI design was completed, the 

prototype was shown to the selected students 

and one counsellor. The students were 

satisfied regarding self-evaluation and stress 

measurement features that were going to be 

implemented in the system. The counsellor 

was also satisfied but she gave some more 

opinions regarding the system. The one 

concern of her is to change the theme colour 

of the system as per the desire of the student. 

So, this option was added in the additional 

module called set up and admin can give 

permission to permissions to change colour. 

So basically, students can select the primary 

colour and the secondary colour. According 

to their preference the colours of the systems 

can be changed. And chat option and option 

to schedule a meeting was satisfied. Since 

she mentioned during her interview, this app 

may not be a problem for existing 

counselling service in the university. Also, 

another satisfying point of her was this 

option helps to university to know about the 

counselling service in the university and 

students can get engaged with the counsellor 

through this option. There are some 

suggestions from students to give options for 

time management, to make priority lists and 

many more. So, these features will be taken 

to the second phase of this project.  

So, they were satisfied with the design 

system, and they think this helps to reduce 

stress of the students by using this app. Both 

positive and negative opinions taken into the 
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account, and this will be implemented in the 

second phase of this project. 

IV. CONCLUSION 

First, deeper understanding of the subject 

was given throughout the research project, 

particularly in relation to stress management 

among undergraduates. This knowledge has 

improved my academic performance as well 

as my ability to meaningfully participate in 

conversations about mental health and 

wellbeing. The research process also helped 

me develop my analytical and critical 

thinking abilities. My capacity to properly 

synthesize knowledge has improved because 

of reading various literature reviews and 

materials. Also, throughout this research 

project, I have learned how to manage time 

and balance workload. By managing time 

and balancing workload, I have been able to 

prioritize tasks and improve my strengths.  

Throughout this research project, there 

have been rewarding and challenging 

learning curves. One significant learning 

curve is reading literature reviews and 

analysing them to find a research gap well. 

Another significant learning curve is Data 

Gathering. From designing questionnaires to 

conducting interviews, I gained practical 

experience of research methodology. I also 

improved my ability to interpret and analyse 

data. Also, I have learned about conducting 

interviews since two interviews were 

conducted with counsellors.   

V. FUTURE WORKS 

With the limited time, the system cannot 

be implemented as per the design. So, the 

system will be implemented according to the 

designed UIs in Chapter 5 and above-

mentioned technologies in Chapter 4 under 

4.6 section.  Also, according to the 

requirements of universities new features 

will be added further and to increase more 

accuracy of measurement of stress level and 

suggestions of coping strategies AI, IOT 

devices can be integrated. 
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Abstract—Autism Spectrum Disorder (ASD) 

is a neurodevelopmental disorder characterized 

by diverse symptoms, including challenges in 

emotional intelligence. Children with ASD often 

struggle with recognizing and expressing facial 

emotions, significantly affecting their overall 

well-being. Currently, there is a lack of 

accessible and effective early intervention tools 

tailored for children with ASD in Sri Lanka, 

specifically within the critical age range of 2-7 

years. This research aims to bridge this gap by 

leveraging Information Communication 

Technology (ICT) and Artificial Intelligence 

(AI) advancements to develop a user-friendly 

mobile application, functioning as an early 

intervention tool with a focus on facial emotion 

recognition and production skills. The proposed 

solution incorporates Ekman's six basic 

emotions methodology for facial emotion 

recognition, progressive learning materials 

featuring familiar individuals to children with 

ASD, and real-life context-based evaluations to 

monitor children's progress. After conducting a 

comprehensive analysis and gathering 

requirements, a prototype solution, including all 

the required features, was developed. The 

findings and the analysis of solution 

effectiveness through evaluation strongly 

indicate that the system has significant 

potential. 

Keywords—Autism Spectrum Disorder, 

Facial Emotion Recognition, Sri Lanka, Early 

Intervention, Computer Vision, DeepFace, 

Mobile Application 

I. INTRODUCTION 

Autism Spectrum Disorder (ASD) 
includes a spectrum of neurodevelopmental 
challenges, involving deficits in social skills, 
communication, and cognitive functions 
such as facial emotion recognition and 
Theory of Mind (ToM). Individuals with 
ASD frequently demonstrate lower 
Emotional Intelligence (EI), especially in 
interpreting emotions from the environment, 
connecting emotions to others' experiences, 
comprehending emotions from contextual 
cues, and regulating one's own and others' 
emotions [1]. 

Facial emotion recognition is a critical 
aspect of non-verbal communication and 
social interaction, significantly impacting 
social interactions, effective communication, 
and the overall well-being of individuals with 
ASD [2] [3]. Recognizing this, it becomes 
evident that interventions addressing these 
challenges are essential for enhancing the 
quality of life for children with ASD, 
especially within the critical age range of 2-
7, where cognitive and emotional 
development is particularly significant. 

The ability model of EI, as demonstrated 
by Ekman's six basic emotions, offers a 
conceptual framework for comprehending 
emotional deficiencies in individuals with 
ASD. Empathy, a key component of EI, 
involves conveying one's mental states to 
others and responding appropriately. 
Individuals with ASD often exhibit innate or 
heightened systemizing abilities, suggesting 
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the potential for improved cognitive 
empathy, particularly in recognizing 
emotions [4]. Understanding and managing 
emotions are critical for children's 
development, facilitating effective 
communication and navigation of their social 
environment. 

Despite the global recognition of 
challenges faced by individuals with ASD, 
the situation is particularly challenging in Sri 
Lanka. Families with autistic children 
encounter difficulties in various aspects of 
life, including housework, finances, parental 
emotional and mental health, and a limited 
ability to respond to the needs of other 
children within the family. Sri Lankan 
schools often discourage the enrolment of 
students with ASD due to a lack of 
understanding and resources, leading to 
additional obstacles for families, such as 
stigma, limited employment prospects, and 
safety concerns. 

The term "early intervention" is pivotal in 
addressing the developmental needs of 
children with ASD under the age of seven. 
Early intervention, crucial for enhancing the 
quality of life for autistic children, involves 
play-based interventions targeting critical 
brain developmental stages [5]. Emphasis is 
placed on the importance of early 
intervention to mitigate the negative effects 
of neurodevelopmental issues, as 
recommended by the American Academy of 
Pediatrics for developmental and behavioral 
screenings at 9, 18, and 30 months. 

However, existing interventions 
encounter challenges related to shared 
difficulties among therapists and parents, 
unique challenges in facial emotion 
recognition specific to ASD, an emphasis on 
language and behavior abilities, and a lack of 
accessible and effective Information and 
Communication Technologies (ICT)-based 
interventions. ICTs play a significant role in 
addressing these challenges, offering tools 
for communication, emotional exploration, 
and skill development in individuals with 
ASD [3]. Notably, mobile computing has 
facilitated the integration of Facial Emotion 
Recognition (FER) systems into 
smartphones, rendering it a viable platform 

for enhancing emotional intelligence 
applications for children with ASD [6]. 

While facial emotion training has 
demonstrated effectiveness in neurotypical 
adults, its impact on children with ASD, 
particularly in the Sri Lankan context, 
remains understudied. This research aims to 
bridge this gap by developing a user-friendly 
mobile application that leverages artificial 
intelligence to enhance facial emotion 
recognition and production skills in children 
with ASD aged 2-7 in Sri Lanka. By 
addressing these challenges through an ICT-
based intervention, this research seeks to 
make a significant contribution to the 
existing body of knowledge and provide a 
practical solution for the unique needs of 
children with ASD in Sri Lanka. 

 

II. LITERATURE REVIEW 

This research includes a comprehensive 
analysis of existing systems to identify 
research gaps. The investigation of various 
studies has yielded insights into the 
algorithms, design, and workflows employed 
in similar systems. Addressing these 
identified research gaps is crucial for 
advancing the development of effective 
solutions that specifically target the 
enhancement of facial emotion recognition 
and production skills in children with ASD. 

A. Existing Systems Analysis 

1) Facial Expression Wonderland 

(FEW) [2] 
FEW is an innovative computer game 

design prototype developed with the primary 
goal of enhancing the recognition of facial 
emotions in children with ASD. Inspired by 
the Walt Disney movie "Alice In 
Wonderland," FEW utilizes animated 
characters and voice prompts to address ToM 
through diverse emotional situations. While 
it offers multiple training levels, potential 
concerns include the appropriateness of 
cartoon expressions for emotion testing, the 
need for careful emotion selection, and the 
effectiveness of difficulty progression. Real 
experiments and eye-tracking are deemed 
necessary for accurate gaze detection during 
gameplay. 
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2) The Serious Game JEMImE [7] 
JEMImE is a serious game designed for 

children with ASD to improve facial 
expression production in social contexts. The 
game comprises training and playing phases, 
with training involving imitation and 
production of facial emotions accompanied 
by real-time feedback. Developed in C# 
using Unity 3D, it utilizes Pairwise 
Conditional Random Forests for facial 
expression assessment and Curapy.com for 
data recording. Despite yielding promising 
results, the study acknowledges limitations, 
including a small sample size, a one-hour 
game duration, and the need for a child-
specific facial expression classifier. 

3) The “Let's Face It!” Program [8] 
"Let's Face It!" utilizes a comprehensive 

psychological battery with seven interactive 
computer games, addressing face processing 
deficits in ASD. These games are categorized 
into three domains: attention to faces, 
recognition of facial identity and expression, 
and interpretation of facial cues in social 
contexts. The inclusion of engaging graphics, 
music tracks, and progressively challenging 
levels serves to sustain children's interest and 
motivation. While the program has 
demonstrated success in teaching emotional 
skills, challenges persist, including variations 
in effectiveness, uncertain generalizability to 
real-life situations, and potential difficulties 
in transferring skills beyond computerized 
contexts. 

 

4) The Transporters DVD Series 
This is designed for ages 2-8, utilizes 

animated vehicles to depict emotions. A 
study assessing the series demonstrated 
substantial enhancements in emotion 
comprehension and recognition skills among 
children with ASD [4]. Despite its 
effectiveness in improving emotion 
comprehension, the DVD format lacks the 
accessibility and user-friendliness typically 
associated with mobile applications. 

5) EmoTEA [9] 
This is a serious game developed for 

Android, targeting ASD children aged 6 to 
12. It integrates Ekman's six-basic-emotions 

methodology, Affective Computing, and 
Tangible User Interfaces (TUIs) to augment 
emotional intelligence. The observed 
positive outcomes in emotion recognition 
validate its effectiveness. However, 
limitations include the specificity of the age 
range and potential disruptions to routines, 
underscoring the importance of careful 
implementation and individualized 
approaches. 

6) World of Kids [10] 
This is a personalized mobile and tablet 

game series, utilized facial emotion 
recognition algorithms and voice recognition 
tools for customized learning. The 
application features carefully designed user 
interfaces and graphic cues to enhance 
comprehension. The games are created using 
AndEngine, a 2D game engine library. 
Although initial tests demonstrate high 
efficiency, limitations include dependence 
on a local SQLite database, affecting storage 
capacity and accessibility. 

7) Emotions on the Go [11] 
This introduces a mobile-based emotion 

detection system utilizing OpenFace for real-
time facial expression assessment. The 
researchers used technologies such as Orbeus 
ReKognition API, OpenFace, Fraunhofer 
SHORE, and the AFFDEX SDK. The study 
highlights OpenFace's suitability for Android 
but acknowledges limitations, including a 
one-week training duration and a small initial 
sample size, emphasizing the need for further 
research. 

B. Technological Analysis 

1) Machine Learning Algorithms 
Recent literature highlights the 

significance of machine learning algorithms. 
Support Vector Machines (SVMs) have 
demonstrated effectiveness in categorizing 
high-dimensional facial expression data [5] 
[12]. The Viola-Jones Feature Detection 
System utilizes rapid object detection and 
grayscale image enhancement for real-time 
emotion recognition, effectively addressing 
luminosity variations [10]. Additionally, a 
modified eyemap and mouthmap algorithm, 
implementing TensorFlow for neural 
network execution, has shown efficiency in 
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facial geometry detection and emotion 
classification [13]. 

2) Deep Learning Algorithms 
In deep learning algorithms for facial 

emotion recognition, Convolutional Neural 
Networks (CNNs) emerge as a prevalent 
choice due to their automatic learning 
capabilities, particularly in computer vision 
tasks. The effectiveness of CNN 
architectures is demonstrated through the 
utilization of techniques such as ReLU 
activation, maximum pooling, and dropout to 
enhance accuracy [5]. Additionally, pre-
trained models, including ResNet50, 
MobileNetV2, and VGG19, show notable 
success in infant facial emotion recognition. 
Transfer learning emerges as an efficient 
approach by leveraging pre-trained models 
and fine-tuning for facial emotion 
recognition [14]. Google Teachable Machine 
provides a user-friendly avenue for creating 
custom classification models through 
transfer learning, facilitating model 
integration into lightweight web apps for 
diverse applications [5] [15]. 

3) Computer Vision Libraries 
OpenCV is an open-source tool for image 

processing across various platforms, playing 
a vital role in machine learning and deep 
learning for training and evaluating FER 
models [5]. 

Notably, the DeepFace framework, 
developed by Emre Serengil, has garnered 
attention for its remarkable accuracy in face 
identification tasks. Leveraging CNNs, 
DeepFace excels in facial attribute analysis, 
encompassing age, gender, emotion, and 
race. The framework integrates pre-trained 
state-of-the-art models such as VGG-Face, 
Google FaceNet, OpenFace, Facebook 
DeepFace, DeepID, ArcFace, Dlib, and 
SFace, showcasing its versatility [16]. An 
analysis of DeepFace's CNN architecture 
reveals simplicity and effectiveness, 
achieving competitive accuracy in emotion 
prediction when evaluated against 
benchmark datasets [17]. The combination of 
OpenCV and the DeepFace framework 
emerges as a powerful toolset for facial 
emotion analysis within various domains, 

including edge computing and educational 
technology [18]. 

 

C. Reflection 

The comprehensive analysis of existing 
literature highlights a significant research 
gap concerning the long-term impacts of 
ICT-based interventions on facial emotion 
recognition skills in children with ASD. 
Existing studies have less focus on the crucial 
aspect of social skills, particularly 
recognizing and expressing emotions and the 
unique challenges in emotion recognition. 
The technological analysis further reveals 
limitations in the application of CNNs, 
particularly in dealing with one-dimensional 
training data, challenges in training stability, 
and feature duplication. Moreover, the lack 
of interventions in the Sri Lankan context 
emphasizes the urgency to address this gap. 
In light of these challenges, there is a 
compelling need to bridge the identified gap, 
particularly within the Sri Lankan context, 
offering a tailored and accessible solution for 
the targeted age group. 

III. METHODOLOGY 

A. Data Collection  

In this research, a mixed-methods 
approach will be applied, combining both 
quantitative and qualitative methodologies. 
The data collection mechanisms include 
interviews, expert opinions, and 
questionnaires for both pre-analysis and 
post-analysis phases. Comprehensive 
interviews with therapists, special needs 
education teachers, doctors, and parents 
during the pre-analysis phase aim to 
differentiate perspectives and existing 
interventions for children with ASD, 
revealing crucial insights to identify gaps and 
requirements for the proposed solution. In 
the post-analysis phase, discussions with 
experts provide valuable feedback on the 
implemented application, assessing its 
effectiveness, uncovering strengths and 
weaknesses, and guiding future design 
improvements. Additionally, a post-analysis 
questionnaire administered to parents 
through Google Forms facilitates the 
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evaluation of the solution's effectiveness 
through statistical techniques. 

B. Data Analysis 

Thematic analysis was used to analyze 
interview data from stakeholders, including 
Ms. Jayani Panapitiya, Mrs. S. D. 
Rathuwithana, therapists Mrs. Chamila and 
Mr. Bharatha from Cherish Foundation, and 
Dr. Savithri Dias. Identified themes 
highlighted the importance of visualization, 
colour preferences, multisensory learning, 
repetitive teaching, current methods, 
challenges, technical proficiency, and 
recommended features. Stakeholders 
highlighted current challenges such as 
children's reliance on parents’ facial 
expressions, negative home experiences 
impacting school, and acknowledged 
technical proficiency in using smartphones 
with the need for parental guidance in 
technology use. Key recommendations 
included a minimalist user interface, familiar 
images, progress tracking, and engaging 
materials. These findings form the basis for 
developing a user-friendly mobile 
application that leverages AI to enhance 
facial emotion recognition and production 
skills in children with ASD aged 2-7, 
addressing critical gaps identified in existing 
literature and methodologies. 

IV. SOLUTION 

A. Proposed Solution 

The proposed solution, named 
"EmoLand," presents a high-level conceptual 
framework addressing the identified research 
gap by leveraging Ekman's six basic 
emotions methodology for facial emotion 
recognition in children with ASD. Based on 
the findings, a mobile application was 
considered the most suitable choice for 
development. The solution incorporates 
learning materials featuring familiar 
individuals, primarily parents, to enhance 
relatability for children. It adopts a 
progressive learning approach, integrating 
lessons, real-life social context evaluations, 
and progress tracking to improve 
comprehension and expression of facial 
emotions. Children actively participate by 
scanning their faces for given emotions, 

enabling facial expression analysis to track 
learning progress. Motivated by outcomes, 
the solution aims to effectively support and 
enhance the learning experience, providing a 
tailored ICT-based intervention for the 
development of facial emotion skills in 
children with ASD aged 2-7. 

 

Fig. 1. High level graphical representation of the 

conceptual solution 

 

B. Implementation 

1) Technology 
Python was used to construct the facial 

emotion recognition model, utilizing popular 
libraries such as OpenCV with Haar Cascade 
classifier and NumPy for image processing 
and face detection. The DeepFace 
framework played a crucial role in facial 
attribute analysis. Flask was used for API 
development, and Ngrok securely hosted the 
Python APIs. Flutter framework was used to 
develop a visually appealing and user-
friendly mobile application. The Android 
Emulator within Android Studio was utilized 
for testing and running the Flutter app. 
Simultaneously, the React framework was 
used for the web-based frontend, with a 
specific emphasis on real-time facial emotion 
detection. Firebase Cloud Firestore served as 
a NoSQL database for storing user-related 
information. The system architecture is 
displayed in Fig 2. 
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Fig. 2. System Architecture Diagram 

2) Facial Emotion Recognition Model 
FER model is an essential component of 

the system, designed to assess the facial 
emotion production skills of children. As 
illustrated in the Fig 3, after the completion 
of emotion lessons in the mobile application, 
the model assesses the child's ability to 
express emotions, evaluating the accuracy of 
their expressions and application in real-life 
social scenarios. The outcomes generated by 
the FER model are utilized to provide 
feedback within the application interface, 
delivering valuable insights to enhance the 
child's emotional development. 

 

Fig. 3. Process of Facial Emotion Recognition Model 

FER model is implemented through two 
methods. Firstly, for image-based emotion 
recognition, Python code utilizes the 
DeepFace library for emotion analysis and 
OpenCV for face detection. The code 
processes an input image, converts it to RGB 
format, identifies and marks faces using a 
Haar Cascade classifier, and overlays the 

dominant emotion on the image. Secondly, 
for real-time emotion recognition in video 
streams, the Python code captures frames 
from a webcam, applies face detection using 
OpenCV, and utilizes DeepFace for emotion 
analysis. The live feedback of the dominant 
emotion is superimposed on the video feed, 
providing real-time emotion recognition. 
Both models are converted into Flask APIs, 
facilitating communication between the FER 
model and the frontend application, ensuring 
seamless integration into mobile and web-
based environments. 

3) Designing User Interfaces 
The user interface (UI) design for the 

'EmoLand' mobile application prioritizes 
creating a practical and user-friendly 
experience tailored to the mindset of ASD 
children. Recognizing the importance of 
predictability and consistency for ASD 
children, the design carefully considers 
factors. Literature emphasizes the role of 
color psychology in influencing emotions 
and behaviors in ASD individuals, with 
personal experiences and cultural factors 
influencing these preferences. The UI 
integrates easily readable fonts and 
minimizes complex elements to enhance 
usability, considering the reading 
comprehension challenges often faced by 
individuals with ASD. Moreover, the design 
incorporates graphic cues, such as images 
and icons, to illustrate concepts and improve 
reading comprehension, aligning with 
findings from various studies and data 
analyses. These design considerations aim to 
create an inclusive and supportive 
environment for children with ASD. 

4) Main Features 
The "EmoLand" mobile application 

features several carefully selected 
components rooted in findings from existing 
research and interview data analysis. 
Leveraging familiar images of parents as a 
potent teaching tool, the app facilitates facial 
emotion learning through a unique parent 
emotions feature. Customized lessons focus 
on three fundamental emotions, utilizing 
parent emotion images or engaging cartoon 
depictions for a comprehensive learning 
experience. The application incorporates an 
evaluation component, where children 

Prompt the child to apply the 
correct emotion to a 

scenario

Activate the facial emotion 
recognition model

Use the device camera to 
capture the child's 

expression

Analyze the real-time or 
captured expression using 

the model

Display the dominant 
emotion analyzed by 

DeepFace library

Assess correctness based on 
emotion expression
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answer questions related to emotions, 
express corresponding emotions on their 
faces, and submit images for assessment 
using facial emotion recognition. Progress 
tracking is enabled through a comprehensive 
database, offering insights into a child's 
development. A streamlined registration 
process ensures a personalized learning 
experience for children in alignment with the 
proposed solution's objectives. 

V. EVALUATION AND RESULTS 

A. Model Accuracy Testing 

The accuracy of the developed FER 
model, utilizing the DeepFace library, was 
evaluated through a test dataset including 
sample images representing seven emotions. 
The analysis, facilitated by Python libraries 
revealed varying accuracies across different 
emotions. Notably, happy emotion detection 
exhibited the highest accuracy, while disgust 
emotion encountered challenges with no 
accurate predictions. The comparison 
highlighted insights into the confusion 
matrix, indicating common 
misclassifications between certain emotions. 

In parallel, the accuracy of the 
implemented model was benchmarked 
against a model constructed and trained using 
Google Teachable Machine. The Teachable 
Machine model, trained on a hybrid dataset, 
demonstrated varying accuracy across 
emotion classes. Notably, while the model 
performed well in identifying happy 
expressions, it exhibited lower accuracy in 
classifying angry and sad facial expressions. 
The comparison served to validate the 
accuracy of the custom model developed 
using the DeepFace library, justifying its 
selection for the FER system. The analysis of 
both models provided valuable insights into 
their performance, focusing on areas of 
strength and potential improvement, 
particularly in handling certain emotions. 

B. Solution Effectiveness Analysis 

1) Intervention Results 
The prototype of the "EmoLand" 

application was tested with three ASD 
children (Child 1, Child 2, Child 3) currently 
undergoing therapy and experiencing mild 
struggles in emotional skills. They completed 

all six lessons within the application. The 
evaluation results indicate varying success 
levels among the children as mentioned in 
the Table I. 

TABLE I.  INTERVENTION RESULTS 

Chil

d 

Ag

e 

Lessons 

Status 

Evaluation Status 

Happ

y 
Sad 

Angr

y 

1 7 

All 

Complet

ed 

Pass 
Pas

s 
Fail 

2 7 

All 

Complet

ed 

Pass 
Fai

l 
Fail 

3 6 

All 

Complet

ed 

Pass 
Pas

s 
Pass 

 

These findings collectively suggest that 
the developed application prototype has 
varying degrees of effectiveness for different 
children. While Child 3 exhibited success in 
recognizing and producing all three 
emotions, Childs 1 and 2 faced challenges 
with specific emotions. These results suggest 
that while the application effectively 
supports some children in recognizing and 
producing facial emotions, individual 
differences and challenges influence the 
outcomes. Further insights and refinements 
may be necessary to tailor the application to 
the unique needs of each child, ensuring a 
more personalized and adaptive learning 
experience.  

2) Expert Opinions and Survey Results 
The developed "EmoLand" mobile 

application successfully achieves its main 
objective of serving as a user-friendly AI-
based early intervention tool for children 
with ASD aged 2-7 in Sri Lanka. Expert 
discussions with domain experts, as well as a 
satisfaction survey with parents, confirm the 
positive impact and effectiveness of the 
application in aiding the emotional 
development of ASD children. The 
application, designed based on identified 
preferences and challenges of ASD children, 
received commendation for its visual 
learning approach, integration of familiar 
images, and utilization of ICT-based 
intervention. Additionally, the survey results 
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indicate high levels of satisfaction among 
parents, emphasizing the application's utility 
and effectiveness. The objectives related to 
providing a useful tool for parents and 
therapists, analyzing the effectiveness of 
familiar images, evaluating ICT-based 
intervention, and examining real-life 
application of learned emotions are all 
successfully met, as evidenced by expert 
feedback and survey responses. The study 
concludes with valuable suggestions for 
further improvements, ensuring ongoing 
enhancement and adaptability to the evolving 
needs of ASD children. 

 

VI. ETHICAL CONSIDERATIONS 

The process of gathering personal data 
was impacted due to ethical concerns. It was 
not feasible to categorize data based on age, 
as the study pertained to children with ASD, 
and collecting data related to their ages was 
not practical. Privacy concerns affected in 
sharing personal data and engaging in direct 
communication. Furthermore, it is important 
to acknowledge that ethical considerations 
and time constraints limited the sample size 
to only three children for testing the 
application, which may restrict the 
comprehensive evaluation of system 
effectiveness. Additionally, given the need 
for repetitive learning in ASD children, the 
relatively short testing duration of 
approximately 2-3 hours highlights the 
necessity for further evaluation to thoroughly 
assess the application's impact. 

VII. FUTURE RECOMMENDATIONS 

The "EmoLand" application 
demonstrates promising potential for future 
enhancements. Recommendations include 
expanding the emotion list within the system 
to include a broader range, diversifying 
lesson delivery methods, and introducing 
more comprehensive evaluation techniques. 
To enhance personalization, the system could 
tailor content based on individual needs, 
considering factors like age, cognitive 
abilities, and learning styles. Integrating 
voice instructions and optimizing the user 
interface for interactivity would foster a more 
engaging experience. Furthermore, 
improving the FER model's accuracy is 

crucial, suggesting the exploration of neural 
network development for improved accuracy 
and effectiveness in emotion detection and 
analysis. These proposed enhancements aim 
to create a more adaptive, engaging, and 
effective platform, addressing the unique 
needs and diverse learning styles of children 
with ASD. 

VIII. CONCLUSION  

The primary objective of this research 
project is to investigate and develop an ICT-
based solution aimed at enhancing the facial 
emotion recognition and expression skills of 
children with ASD in Sri Lanka. Through a 
comprehensive analysis and the collation of 
requirements, a prototype solution was 
developed, incorporating the necessary 
features. The findings and effectiveness 
analysis strongly suggest that the system 
holds significant potential. Given the current 
state of development and the challenges 
faced, the application is poised for future 
improvements. 
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Abstract— Healthcare domain is an 

important domain which exists in society. In 

Healthcare domain health literacy is a major 

factor. Health literacy among patients on 

medical test report results has impacted in a 

major way to the health of the patients. This 

factor must be addressed since health literacy 

among patients on medical test report results 

impact the decision-making process and the 

understanding of the patient’s help. In this 

work, the aim is to address the problem of 

understanding the medical test report results by 

patient on their own. The proposed project uses 

Supervised Learning algorithm. The primary 

object is to provide with an accurate prediction 

for the medical test report results and provide 

with details based on the prediction given like, 

what the prediction means, symptoms, risks, 

precautions, and provide URL links to get more 

idea about the reports. Before selecting a 

suitable algorithm, few selected algorithms were 

evaluated based on the accuracy and for the 

project with 100% accuracy for training data 

and 97.50% accuracy for testing data, Random 

Forest is used for predicting the prediction of 

the medical test report results. The algorithm is 

tested by applying datasets. In this work a web 

application is developed as the solution to the 

problem which is mentioned above with React Js 

and Python technologies.  

Keywords—Healthcare domain, Health 

literacy, Web application, Supervised Learning 

Algorithm, Random Forest algorithm, 

Accuracy. 

I. INTRODUCTION  

Healthcare industry has a major impact 
on society, since this is the area of knowledge 
and practice that deals with maintains, 
improvements and enhancement of 
individuals’ and populations’ physical 
health, mental health, and social well-being. 
This is very sensitive domain which the 
results impact on one’s life. This vast area of 
health care covers prevention, diagnosis, 
treatment and management of illnesses, 
injuries, and disabilities and also promotes 
healthy lives and activities. There are 
different resources such as patients, doctors, 
nurses, laboratory staff and equipment, that 
play different roles which work together in 
order to achieve desired and required 
outcomes. 

In healthcare domain, health literacy is a 
main factor that should be considered. Health 
literacy is the ability of an individual to find, 
understand and use information and services 
to inform health-related decisions and 
actions for themselves and others [1]. Lack 
of health literacy is mostly seen in patient. In 
an article it has been explained how healthy 
literacy has been affected to patients with 
heart failures – “Among patients with heart 
failure in an integrated managed care 
organization, low health literacy was 
significantly associated with higher all-cause 
mortality” [2]. One of the most common 

mailto:himasha.semage@gmail.com
mailto:charakavsilva@gmail.com
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factors when it comes to lack of health 
literacy is that patient’s struggle to 
understand medical test report results. 
Because of lack of health literacy patients 
tend to listen to medical professionals 
without any proper idea what will be the 
result of the decisions that they are taking. 
This might lead to risky outcomes. 

Different machine learning algorithms 
were applied to find the best algorithm for the 
prediction of medical test report results. The 
main objective of this paper is to suggest a 
web application that provides predictions and 
other information related to the prediction to 
resolve lack of health literacy in patients 
regarding medical test report results, while 
finding the best fit algorithm among different 
machine learning algorithms. By the 
prediction the patients will understand their 
level of health condition and other 
information related to the prediction like 
what the prediction means, symptoms, risks, 
precautions and provide URL links to search 
more information about the medical reports.  

II. LITERATURE REVIEW 

This research includes the study of 

different techniques used for prediction of 

medical test report results. There is no 

existing system found for the exact system 

that is suggested but there are existing 

systems that uses same concept of the 

suggested system. For this purpose, different 

papers have studied to get information about 

the algorithm and workflow that is used in 

similar existing systems.  

A. Red Wine Quality Prediction using 

Machine Learning Techniques[3] 

This discusses a model given for 
predicting red wine quality wine machine 
learning techniques. Three algorithms were 
used to analyze and get the best of the three 
algorithms based on n the results of the 
training set after various measures have been 
calculated, and the results are compared 
between the training and testing sets. Based 
on the results obtained they have chosen 
Support Vector Machine as the machine 
learning algorithm to the model. The 
workflow of the model focusses mainly on 

evaluating the three algorithms based on the 
measures by using training and testing data 
and finding the best fit algorithm to the 
model. As the conclusion Support Vector 
Machine algorithm is chosen as the best fit 
algorithm to the model. 

B. Predicting the Survival Rate of Titanic 

Disaster using Machine Learning 

Approaches [4] 

Predicting the survival rate of Titanic 
disaster using machine learning approaches 
discusses about the model suggested to 
predict the survival rate of titanic disaster 
using machine learning approaches. Four 
algorithms are implemented to the model, 
which are e Decision Tree, Logistic 
Regression, Naïve Bayes, and Random 
Forest algorithms. The algorithms are 
compared based on the percentage of 
accuracy of test dataset. R and Python have 
been used for executing algorithms. Final 
algorithm is chosen with respect to the 
percentage accuracy and the false discovery 
rate which is obtained from each algorithm.  
As the conclusion, Logistic Regression is 
chosen as the he best algorithm for the model. 
The research determined the features that 
were the most significant for the prediction. 

C. Diabetes Disease Prediction using 

Machine Learning on Big Data of 

Healthcare[5] 

This tells about model is suggested to predict 

diabetes disease using machine learning on 

big data of healthcare. This model uses 

WEKA tool to predict diabetes disease 

utilizing the Nave Bayes, Support Vector 

Machine, Random Forest, and Simple CART 

algorithms. The algorithm is selected based 

on various classifier measures and accuracy. 

As the results Support Vector Machine is 

chosen as the best fit algorithm to the model. 

The effectiveness of the proposed model is 

clearly depicted throughout the experimental 

results mentioned. 
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D. A Machine Learning Approach for 

Student Assessment in E-Learning using 

Quinlan’s C4.5, Naïve Bayes, and 

Random Forest Algorithm.[6] 

This discuesess the model proposed to 

predict fair/transparent student evaluation 

using machine learning algorithms, which 

use different machine learning techniques to 

study students’ performance. Classifiers like 

Decision Trees-J48, Naïve Bayes and 

Random Forest were used to forecast the 

final results of the students based on the 

proposed model. The algorithms are 

evaluated based on the performance 

parameters that were selected and the 

prediction is made with each algorithm. As 

the result proposed model is very helpful in 

predicting students’ results on behalf of their 

performance in prior tests and J48 algorithm 

shows the highest correctly classified 

instance percentage.  

III. METHOD 

As the solution for to the problem, which 
is lack of health literacy in patients with 
related to medical test report results, a web-
based application is proposed to predict the 
medical test report results using machine 
learning algorithm and provide with 
information based on the prediction made. 
Four algorithms were used to find the best fit 
algorithm to the prediction model. The 
algorithm chosen are Naïve Bayes, Random 
Forest, Decision Tree, and Support Vector 
Machine algorithms. To develop the web 
application, React JS and Python are used as 

the frontend and backend languages 
respectively.  

A. Data Acquisition Stage 

The proposed system was implemented 
on five types of blood medical test report 
results. The prediction is made with respect 
to two blood medical test report results. The 
five blood medical test report results used are 
TSH, T4, HBA1C, FBS, and PPBS. The 
datasets are obtained from existing physical 
blood medical test reports and from Kaggle 
website. There are three sets of two blood 
medical test report results dataset, which 
TSH and T4, HBA1C and FBS and HBA1C 
and PPBS. The attributes of the datasets are 
common to all, which are values obtained for 
each report and the expected result. The 

datasets are divided into training and 
testing data to the ration of 80%:20% 
based on an evaluation conducted 
which showed the highest accuracy.  

B.  

C. Proposed Model and workflow of 

the proposed system.  

In the proposed system, is designed to 
predict blood reports and the system 
accepts two parameters, so that the 
prediction made is based on two 
medical test report results. The system 
is currently designed to five blood 

medical test reports, which are TSH, T4, 
HBA1C, FBC and PPBS, and there are three 
combinations to get the prediction, which are 
TSH and T4, HBA1C and FBC and HBA1C 
and PPBS.  

The system accepts four parameters to 
provide the prediction of medical test report 
results, which are report type 01, report type 
01 value, report type 02, report type 02 value. 
Then based on the provided types and 
respective values the prediction is made and 
displayed to the user along with the detailed 
information about the prediction which 
includes what is meant by the prediction, 
risks, symptoms, precautions and two URL 
links which directs to a webpage that gives 
more information about the reports that the 
user has mentioned. The system is also 
designed to allow users to register to the 
system and then login to the system later on. 
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When the user logs in to the system, user can 
view user’s information and the past medical 
test report results that includes the two report 
types the user entered and their respective 
values, the prediction given and date and 
time that the prediction was made. If the user 
adds new medical test report result 
prediction, it will be also saved in the system 
and could be seen immediately in the past 
medical records. Above Figure 1 shows the 
proposed system in a flow chart diagram. 

D. Implementation 

 The implementation of the proposed 
system is a web application. Web 
applications is chosen for the proposed 
system since it is easy to make updates in the 
system since the proposed system can be 
scaled to predict different report types and to 
give prediction based on more than two 
report types in the future. The web 

application is developed in React JS and 
Material UI framework for frontend 
developments and Python and Flask 
Framework for backend development.  

There are three models developed in 
order to get prediction for TSH and T4 
reports, HBA1C and FBC reports and 
HBA1C and PPBS reports. The models are 
developed in Python programming language. 
The algorithm used for prediction is Random 
Forest algorithm. Random Forest algorithm 
is chosen based on accuracy, which was 
compared with three other algorithms, which 
are Naïve Bayes, Decision Tree, and Support 
Vector Machine algorithms. The database 
used for storing and retrieving data is 
MongoDB. MongoDB is used for the system 
because it is flexible and can be easily 
expanded and also it can store images easily 
if need in the future.  

The frontend of the system is developed 
using JavaScript library name Reat JS along 
with Material UI framework. Frontend of the 
system is used to get parameters from the 
user and display the required information to 

the user. The frontend and the backend of the 
system is communicated using APIs.  

IV. EVALUATION AND RESULTS 

Algorithm for the models was chosen by 

evaluating four machine learning algorithms 

based on the accuracy of the training and 

testing data. The algorithms that were used 

are Naïve Bayes algorithm, Random Forest 

algorithm, Decision Tree algorithm and 

Support Vector Machine algorithm. The 

algorithms that were chosen to evaluate were 

taken based on the algorithm which was 

suggested and reviewed in the literature 

review chapter. The evaluation was 

conducted for each algorithm and the 

training data and testing data were varied. 

The percentage instances that the 

training data and testing data were 

taken are 20%: 80%, 25%: 75% and 

30%: 70% respectively. 

1) Training data : 

Testing data – 80% : 20% 

Table 2.Evaluation of algorithms 

based on the ratio training data: 

testing data - 80%:20% 

 

2) Training data: Testing data – 75%: 

25% 

Figure 1. Proposed System in a flowchart 

Figure 2. System workflow of the developed web 

application 
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Table 3.. Evaluating of algorithms based on 

the ratio training data: testing data - 75%: 

25% 

 

 

3) Training data: Testing data – 70%: 

30% 

Table 4.. Evaluating of algorithms based on 

the ratio training data: testing data - 75%: 

25% 

 

       After analysing the results that were 

taken, which is mentioned in Table 1, Table 

2 and Table 3, with highest accuracy in 

testing data and training data in all the three 

percentage ratios considered Random Forest 

Algorithm was chosen. Also, among the 

three percentage ratios that divide testing 

and training data, the ratio percentage of 

training and testing data that gives highest 

percentage of accuracy in Random Forest 

algorithm was chosen, which is 80%:20% 

respectively. 

     The final trained models were able to 

achieve an accuracy of 100% for training 

dataset and 97.50% for testing data with the 

ratio of training data and testing data as 

80%:20%. The final system was as expected, 

and the requirements of the systems were 

achieved. 

V. FUTURE RECOMMENDATIONS 

     Future Recommendations includes 

expanding the current development to 

provide prediction and summarized 

information for more blood reports and for 

various report types such as urine, saliva, 

and solid waste. The system can be 

improved to upload images of the reports as 

an input method and to get more than two 

medical test report results for prediction 

from the user.  In the future development, the 

system can be developed to see the past 

medical report results analysed and 

displayed using a data representation 

method like bar chat, pie chart. When 

expanding the system, the system can be 

developed in micro-frontend architecture 

which frontend can be divided as blood, 

urine, solid waste, so that the developers can 

expand whenever there’s a requirement. 

Mentioned future recommendations aim to 

improve the system’s analysis and prediction 

skills, expand the system to predict and gain 

knowledge about more medical reports and 

incorporate user-centric elements for a more 

holistic and user-friendly experience. 

VI. CONCLUTION 

        In conclusion, this research and the 

system development address a critical 

challenge faced by the patients when reading 

and understanding medical test report results 

without medical professional assistance. Use 

of machine learning algorithm, system offers 

the functionality of prediction and based on 

the prediction the relevant information a 

given to the user. This system caters to both 

technical and non-technical users and both 

medical and non-medical professionals 

emphasizing user-friendly interfaces. The 

system also offers to see the past medical 

results which are previously entered by the 

user, which helps the user to get an idea 

about the history of their results. This study 

is a significant step toward lack of medical 

literacy in patients on medical test report 

results. 
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Abstract—The prediction of student 

performance, which involves using data analytic 

techniques to predict the likelihood that students 

will perform well on academics, is a crucial 

aspect of the research on education sector in 

order to create effective educational strategies 

and measures it helps to identify the students' 

potential strengths and weaknesses. Here 

machine learning techniques play a huge role in 

predicting students’ performance efficiently and 

effectively. In this study, a machine learning 

solution will be implemented using Naïve Bayes 

classification to predict students’ performance 

at the GCE A/L examination aiming reducing 

the high failure rate of Physical Science stream. 

Parallelly, important statistical data of higher 

education sector will be visualize using an 

online platform for the different beneficiaries 

who may interested in higher education sector.   

Keywords—Education domain, Students’ 

performance prediction, physical science 

stream, GCE A/L, Machine learning, Naïve 

Bayes classification, Data visualization 

I. INTRODUCTION  

Education is the leading potential and 
success of individuals and societies also it is 
a human right in every nation. It grants 
people the knowledge, abilities, and critical 
thinking skills they need to cope with their 
challenges in life and make a meaningful 
contribution to their communities. People 
gain knowledge of the world, its cultures, 
histories, and scientific developments 
through education. It encourages social and 
economic mobility, giving people the support 
they need to escape the cycle of poverty and 
enhance the quality of their lives.  

In Sri Lanka every child is born with the 
right for the free education up to university 
education and it divide into three stages as 
primary education, junior secondary 
education and senior secondary education. At 
senior secondary education firstly, students 
have to face for the General Certificate of 
Education (Ordinary Level-G.C.E.(O/L)) at 
grade 11 and at grade 13 the General 
Certificate of Education (Advanced Level- 
G.C.E.(A/L)) is held as the university 
entrance exam [1]. These major exams are 
conducted by the Ministry of Education in 
Sri Lanka [10]. 

At G.C.E.(A/L) here students make a 
critical decision since A/L subjects stream 
determines the future carrier path of the 
majority students. Due to economic and 
social reasons students tend to choose 
physical science stream since they believe it 
will support them to settle with a financially 
stable occupation which will leads to skill 
less workforce [11]. Also, it affects to high 
failure rate in physical science stream [13].   

So, the main objective of this study is to 
address reducing high failure rate of physical 
science stream by predicting students’ 
performance at GCE A/L examination using 
machine learning to support students who 
needs improvements [12]. Also, higher 
education statistical data visualization on a 
web platform to provide important 
information such as graduates, 
undergraduates count per each year, number 
of students who are enrolled in higher 
education by government or non-government 
educational institutions etc. will be 
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developed for the beneficiaries who are 
interested on higher education sector.  

II. LITERATURE REVIEW  

       The studies on education domain and 

existing systems that have been introduced to 

predict the student performance at 

examinations and technologies they have 

used to define solutions were discussed using 

previous literatures. Those approaches and 

their uses in current systems have been 

investigated and the suitability of those 

approaches has been considered by analyzing 

supporting literatures.  

A. Subject Stream Prediction: A Machine 

learning Approach to Select the Suitable 

Subject Stream for Senior Secondary 

Students in Sri Lanka[2] 

In this study, a system is proposed to predict 

the suitable A/L subject stream for students 

by considering their previous academic 

achievements up to GCE O/L examination. 

This system was developed using 1000 

employees’ data and it support the student to 

choose their A/L subject stream as their skills 

and preferred carrier paths. This system is 

developed with high accuracy (72) using 

Random Forest Algorithms.  

B. Deep Learning with Data 

Transformation and Factor Analysis for 

Student Performance Prediction[3] 

    This study presents an approach to build a 

student performance prediction model in the 

next semester based on the previous semester 

achievements using Convolutional Neural 

Networks and Long Short-Term Memory 

techniques. Also, they have analyzed several 

techniques for data preprocessing. Their 

results were feasible for applying practically.  

C. Prediction of Student's Performance 

Using Machine Learning[4] 

   The introduced system in this paper has 

implemented as a novice machine learning 

tool to predict the future score and 

accordingly help students to excel at every 

stage. It was focused on excelling at every 

course for overall academic success. This 

model will keep the track and overall growth 

of every student. 

D. Prediction of Student Academic 

Performance using Neural Network, 

Linear Regression and Support Vector 

Regression: A Case Study[5] 

    This is a case study that was designed to 

support higher education institutions to 

predict their students’ performance level at 

the early stages to decrease dropouts used 

Neural Network, Linear Regression and 

Support Vector Regression for predicting 

GPA without considering other economic, 

social, or psychological factors. In this study 

the results obtained from the separate 

technologies were evaluated. 

III. METHODOLOGY 

While preparing for the examination 
many students fall behind and this is often in 
physical science stream. If there is a way to 
support them to identify their level while 
preparing for the exam, it will improve the 
overall students’ performance at their final 
examination and gradually it will reduce the 
failure rate of physical science stream. 
Therefor this study will be conducted to 
predict students’ performance at the final 
examination and online platform will be 
implemented to visualize statistical data to 
give a proper insight on higher education 
sector. 

A. Data Acquisition Stage  

The data collection mechanism for this 
research project primarily employed a 
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quantitative approach. Data were gathered 
from a small-scale education institute 
through systematic extraction of quantitative 
information from their records. Academic 
records on past three term tests, attendance 
records, and demographic information such 
as gender, parents education level were all 
included as variables. After collecting 
required amount of data the dataset was 
carefully constructed including all required 
data to predict the performance with 
considerable accuracy and to protect the 
integrity.  

B. The proposed system  

The proposed system predicts the 
student’s performance using machine 
learning technologies [15] by accepting three 
previous term test results of Combined 
Mathematics, Physics and Chemistry 
subjects which are the main subjects of 
physical science stream with other external 
factors such as attendance, parent education 
and extra classes. After student enter their 
details, system will predict the performance 
accordingly. So that students can identify 
their performance level and improve as 
needed or seek support. Also, for the data 
visualization about higher education sector, 
important statistical data such as graduates, 
undergraduates count per each year, 
university students count for each stream, 
student enrollment in higher education will 
be represented by charts for better 
presentation. This will be a support for the 
students, educators, researchers and any 
other party that involves in higher education 
for their purposes. 

C. Implementation 

The solution is implemented as a web 
platform since it is easy to accessible for any 
user and can use without any installation. The 
website is developed with HTML and CSS. 
Backend is developed with python and Flask 
framework[6] with necessary libraries.  

 

 

 

 

 

At the beginning for the machine learning 
model, Naïve Bayes classification based 
model and Random Forest classification-
based model [8] was built and compared the 
accuracy of two model using python 
programming language[9]. For the system 
implementation Naïve Bayes classification-
based model [7] was used since it had the 
highest accuracy (93.58%) from both 
models. Designing and implementing both 
models were done in a same flow to compare 
accurately [14]. 

To visualize higher education sector 
details, google charts were used to create 
charts and graphs according to the selected 
details. Then it was embedded to the 
performance predicting web platform to be 
viewed.  

IV. EVALUATION AND RESULTS 

predictive models were implemented 
using two statistical and machine learning 
approaches using Naïve Bayes classifier and 
Random Forest classifier [7] and then 
thoughtfully evaluated their effectiveness to 
choose most appropriate model for the 
building system.  

When checking the accuracy and Mean 
Squared Error of the built two models, Naïve 

 

Figure 1.  Designing predictive Algorithm. 
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Bayes classifier based model had 93.58% 
accuracy and Mean Squared Error was 0.103. 
When calculating the Mean Squared Error in 
model with Random Forest classification, it 
was 0.188. When considering the built two 
models, Naïve Bayes classifier used model 
has given the highest accuracy and lower 
mean squared error value after training and 
testing the model with fed dataset. Therefore, 
Naïve Bayes classifier used model was 
selected to implement the student 
performance prediction artifact.  

Then the Naïve Bayes classifier-based 
models was evaluated using confusion 
matrix. Here the using the confusion matrix, 
the model was evaluated calculating the 
precision which interpret how many 
correctly predicted values are actually 
correct values. It has given the following 
accuracy levels for each subject which are in 
acceptable ranges. 

Confusion 

matrix 

results 

Three main subjects 

Combined 

Mathematic

s 

Physics 
Chemis

try 

Precision 75% 
92.3% 78.5% 

Table 5. Confusion matrix results. 

The main objective of this study is 
successfully accomplished at the last which 
was to build a machine learning based 
performance prediction model that predict 
students’ A/L result using their previous 
three term test results with a good accuracy. 
It is anticipated to reduce the failure rate of 
physical science stream by the time with the 
developed predictive model. It is not going to 
be a direct outcome. But with the students 
start to use the system and get to know about 
their performance level then find the solution 
to improve their skills will gradually increase 
the passing rate and improve the overall 
performance of physical science stream.  

The platform that visualizes about current 
university undergraduate counts, graduate 
counts, students count enrolled with higher 
education in government and non-
government institutes were represented. 
Degrees and carrier paths available with 
them were not represented as supposed in the 
solution since it was a vast area that requires 
further studying.  

V. FUTURE RECOMMENDATIONS 

As further recommendations, data 
visualization of higher education sector can 
be expanded by adding more relevant details 
according to the new requirements that may 
come up with the feedback of stakeholders or 
adding more areas that need to be disclosed 
such as available uncommon degree paths in 
state universities, career opportunities and 
graduate counts of each field that may helpful 
for the industry to recruit suitable employees.  

VI. CONCLUSION 

In summary, the proposed solution was 
implemented successfully to address 
designing a students’ performance prediction 
model using machine learning to reduce high 
failure rate of physical science stream at GCE 
A/L examination as an online platform that 
will be easily predict performance and 
display for the user to have an understanding 
on their performance level and take other 
benefits of the platform provides. It is 
anticipated that the implemented solution 
will be a great impact on motivating students 
to prepare well for the examination and 
gradually the failure rate of the physical 
science stream will be decreased.  
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Abstract— In Sri Lanka, the prevalent 

preference for private vehicle transportation 

over public options. This preference results in 

critical problems such as traffic congestion, 

environmental pollution, and reduced fuel 

efficiency, impacting both the environment and 

the economy. Existing public transportation 

services suffer from quality issues, inconvenient 

routes, and unreliable schedules, contributing 

to citizen dissatisfaction. Moreover, The 

inadequate adoption of digital technology in Sri 

Lanka has further compounded these 

challenges, underscoring the pressing need for 

innovative solutions, This research undertook a 

comprehensive investigation into the root causes 

of the citizens' strong preference for private 

vehicles and their explicit expectations from 

public transportation systems in response to this, 

the study is conducted both quantitative and 

qualitative research to identify the reasons 

behind citizens' preference for private vehicles 

and their expectations from public 

transportation. The research involved feedback 

from citizens and transportation authorities. To 

understand this, we talked to around 140 people 

from different areas of Sri Lanka to figure out 

what they really want from public transport. The 

findings underscore the need to enhance citizen 

engagement with public transportation through 

the development of a tailored system. This 

system comprises a mobile app for passengers, 

bus drivers, conductors, and owners, as well as 

a web application for administrative and 

transportation board authorities. It offers 

accurate information on public transportation 

locations, fares, and feedback mechanisms, 

aligning with citizens' expectations. Although 

this system currently focuses on a limited 

number of routes in Sri Lanka, it has the 

potential for further expansion. By obtaining 

more input from the people of Sri Lanka and 

implementing their suggestions, the application 

can be improved and adapted to serve all routes 

in the country. In essence, this research aims to 

alleviate the problems associated with private 

vehicle transportation and enhance public 

transportation's appeal, offering a practical 

solution for the transportation challenges faced 

in Sri Lanka. 

Keywords—Citizen engagement, Digital 

technology adoption, Information accuracy, 

Feedback mechanisms, Citizen preferences 

I. INTRODUCTION 

Transportation is an essential service that 
arises from the need to move people and 
goods from one location to another. It 
involves the transfer of passengers and 
various types of goods between a starting 
point and a desired destination, utilizing 
different methods of conveyance, public 
transportation is a shared passenger 
transportation service that is available to the 
general public for use in getting from one 
place to another [1], Public transportation 
plays a crucial role in providing convenient 
and sustainable mobility options for citizens 
in Sri Lanka. However, there is a growing 
concern regarding citizens' preference for 
private vehicle transportation over public 
transportation. This research aims to evaluate 
the effectiveness of a digital platform in 
improving citizen engagement and 
satisfaction with public transportation 
services in Sri Lanka. By exploring the 
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current state of public transportation, 
identifying reasons for citizens' preference 
for private vehicle transport, and exploring 
opportunities for improvement in 
engagement and satisfaction with public 
transport, this study seeks to address the 
challenges and potential solutions to enhance 
the public transportation experience. 

 In recent years, there has been a 
significant increase in private vehicle 
ownership in Sri Lanka, leading to issues 
such as traffic congestion, environmental 
pollution, and a strain on existing 
infrastructure. Understanding the factors 
contributing to citizens' preference for 
private vehicle transport is crucial to identify 
the barriers to public transportation 2 usage 
and formulate effective strategies for 
improvement. The advent of digital 
platforms has the potential to transform the 
way citizens interact with public 
transportation services. By leveraging 
technology, it is possible to enhance 
engagement, convenience, and overall 
satisfaction with public transportation. The 
research will start by examining the current 
state of public transportation in Sri Lanka, 
considering factors such as the bus services' 
coverage, affordability, accessibility, and 
reliability. It will also explore the existing 
challenges faced by users, such as 
overcrowding, irregular schedules, and 
limited connectivity, This study provides a 
number of issues with bus transportation in 
Sri Lanka, including significant and rising 
deficits, poor operational practices, and poor 
management [2]. These insights will provide 
a baseline understanding of the public 
transportation system's strengths and 
weaknesses. To identify the reasons for 
citizens' preference for private vehicle 
transport, the research will delve into factors 
such as convenience, comfort, flexibility, 
speed, and safety concerns. By 
understanding these underlying motivations, 
it will be possible to address the gaps and 
design interventions that align public 
transportation services more closely with 
citizens' needs and preferences. 

 Furthermore, the study will assess the 
opportunities for improving engagement and 
satisfaction with public transport through the 

implementation of a digital platform. It will 
examine the potential benefits of real-time 
information dissemination, personalized trip 
planning features, and mechanisms for 
citizen feedback and involvement. The 
research will also consider the challenges and 
limitations of implementing a digital 
platform in a diverse and evolving 
transportation landscape. By conducting this 
research, my is aim to provide valuable 
insights into the current state of public 
transportation in Sri Lanka, the reasons 
behind citizens' preference for private 
vehicle transport, and the potential for 
improving engagement and satisfaction with 
public transport through the adoption of a 
digital platform. The findings will inform 
policymakers, transportation authorities, and 
stakeholders in developing strategies and 
initiatives to enhance the public 
transportation experience and promote 
sustainable mobility options in Sri Lanka. 

A. Research Problem 

The preference for private vehicle 

transport in Sri Lanka hinders sustainable 

urban mobility and negatively impacts 

public transportation. Efforts to improve 

public transport services have not effectively 

engaged citizens or increased satisfaction. A 

lack of research on digital platforms to 

enhance citizen engagement and identify 

desired features and varying impacts across 

citizen groups exists. Addressing these gaps 

is vital for improving public transportation 

and promoting sustainable mobility in Sri 

Lanka. 

B. Research Question 

How can a digital platform be designed, 

optimized, and implemented to effectively 

enhance citizen engagement and satisfaction 

with public transportation services in Sri 

Lanka, considering the factors that 

contribute to citizens' preference for private 

vehicle transport over public transportation, 

the key features desired by citizens, and 

potential barriers to adoption and use of the 

platform? 
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C. Research Objectives 

• To identify the reasons caused 

citizens in Sri Lanka prefer private 

vehicle transport over public 

transportation services.  

• To assess the level of citizen 

engagement and satisfaction with 

public transportation services in Sri 

Lanka.  

• To identify potential barriers to 

adoption and use of the digital 

platform and to develop strategies 

to overcome these barriers and to 

explore the key features desired by 

citizens for a digital platform that 

can improve their engagement and 

satisfaction with public 

transportation services in Sri 

Lanka.  

• To design and implement a digital 

platform that can effectively 

enhance citizen engagement and 

satisfaction with public 

transportation services in Sri 

Lanka. 

• To evaluate the effectiveness of the 

digital platform in increasing 

citizen engagement and satisfaction 

with public transportation services 

in Sri Lanka. 

II. LITREATURE REVIEW  

A. Importance of public transportation in 

Sri Lanka 

In Sri Lanka, public transportation is 

extremely important and provides a variety 

of advantages that greatly improve the 

economic growth and general well-being of 

the nation. One of its main benefits is the 

ease of access and low cost it provides to the 

citizens ensuring that people from all walks 

of life can access education, healthcare, 

employment, and other essential services. 

[3] have mentioned in the study that he has 

conducted that public transportation is a 

crucial component of Sri Lanka's 

infrastructure and offers its citizens a 

number of advantages. The primary form of 

public transportation is the bus, which is 

operated by both privately owned buses and 

the government-run Sri Lanka Transport 

Board (SLTB). This inclusiveness is 

especially important in a nation where a 

significant percentage of the population 

might not have enough money for buying 

their own vehicles. For millions of people, 

public transportation turns into a lifeline that 

enables them to actively engage in society 

and the economy. Public transportation in 

Sri Lanka is crucial in that it has the ability 

to address the critical issue of traffic 

congestion and its adverse effects on the 

environment. Cities in Sri Lanka face 

significant congestion, which increases 

travel times, consumes more fuel, and 

produces harmful pollution. One of the 

significant issues in urban areas, especially 

in major cities like Colombo, is traffic 

congestion, by encouraging more people to 

take public transportation and lowering the 

number of private vehicles on the roadways, 

an effective and well-designed public 

transportation system helps ease this 

congestion. As a result, there are less carbon 

emissions and air pollution, which helps to 

create a more livable and sustainable 

environment. 

Public transportation provides 

significant economic advantages in addition 

to its environmental advantages. An efficient 

system improves productivity by providing 

seamless mobility options for the workforce, 

reducing commuting time, and avoiding the 

stress of navigating traffic congestion. This 

greater mobility helps in improving overall 

productivity and strengthening the economy 

[4], Additionally, enhanced interaction 

between urban and rural areas is encouraged 

through public transportation, resulting in 

regional development and economic 

expansion. An efficient public transportation 

system can have a big impact on how cities 

develop in terms of urban planning and land 

use. An urban planning idea known as 
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transit-oriented developments (TODs) 

maintains a focus on small, accessible 

regions centered around public 

transportation hubs as well as mixed-use 

development structures. Adopting TODs can 

enable more effective land use, limit urban 

sprawl, and promote sustainable urban 

growth [4] 

The development and well-being of Sri 

Lanka is greatly affected by public 

transportation. Additionally, to improving 

citizens accessibility and mobility, it 

promotes social equality, environmental 

sustainability, and economic prosperity. Sri 

Lanka may develop a more productive, 

inclusive, and resilient society for the benefit 

of all its citizens by giving public 

transportation infrastructure and services 

priority and investment. 

B. Importance of using technology in 

transportation 

The integration of technology in 

transportation revolutionizes operations, 

promoting efficiency, customer 

satisfaction, and seamless connectivity 

between transportation modes. This 

includes digital networks, mobility 

platforms, real-time analytics, and 

intelligent systems, all aimed at 

optimizing routes and enhancing 

operational effectiveness [5]. 

Technological advancements in 

transportation lead to cost reduction and 

operational efficiency through 

automation and digitization. Predictive 

maintenance, facilitated by analytics and 

machine learning, prevents costly 

breakdowns. Real-time data aids 

inventory management, logistics, and 

faster deliveries, while GPS tracking and 

telematics enhance passenger 

satisfaction and service predictability. 

Moreover, technology enables 

coordinated and multifunctional travel 

options by connecting various 

transportation modes. It empowers 

proactive decision-making based on real-

time data, promoting safety, 

sustainability, and effective 

infrastructure planning. The culmination 

of these advancements results in a more 

efficient and evolved transportation 

industry. 

C. Challenges faced by citizens using public 

bus transportation in Sri Lanka 

Sri Lanka's public transportation 

confronts numerous challenges affecting 

citizens' daily lives [6]. Inconsistent 

schedules, overcrowding, poorly 

maintained vehicles, and law-breaking 

drivers create inconvenience and safety 

concerns for passengers [2]. 

Furthermore, traffic congestion 

exacerbates delays and inefficiencies in 

both public and private transportation 

systems [7]. 

In addition to these challenges, 

inadequate facilities and cleanliness in 

stations and vehicles add to the 

discomfort of commuters, particularly in 

urban areas [6] ,Insufficient seating, 

cracked windows, and the lack of air 

conditioning make travel unpleasant, 

especially in adverse weather conditions. 

The lack of basic amenities impacts 

passenger experience and satisfaction. 

To address these multifaceted 

challenges, Sri Lanka necessitates a 

comprehensive strategy: increased 

funding for infrastructure, improved 

maintenance standards, enhanced service 

frequency, strict policies ensuring safety 

and accessibility, and investment in 

modernized facilities [7]. Addressing 

these issues holistically would 

significantly uplift the quality and 

efficiency of Sri Lanka's public 

transportation, providing its citizens with 
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a more reliable and comfortable 

commuting option. 

D. Public and Private vehicle usage in Sri 

Lanka 

In Sri Lanka, buses, both state-owned 

and private, form the primary public 

transportation system, offering various 

comfort, cost, and speed options [3] 

However, the system faces challenges, 

including unequal bus availability across 

routes, resulting in delays and imbalances in 

income for owners. This, coupled with rising 

private vehicle ownership due to 

expectations of efficiency and convenience, 

leads to traffic congestion and 

environmental issues [3], While statistics 

show a higher usage of private vehicles, a 

decline in public transportation usage has 

been observed over the years, mainly due to 

dissatisfaction with service quality and 

inefficiencies [1]. As passenger satisfaction 

declines, there's a shift towards personal 

vehicles, reflecting a decrease in public 

transportation use over time. To encourage 

public transportation use, improving service 

quality, meeting diverse customer needs, and 

adhering to bus standards are crucial factors 

[2]. 

E. Factors influencing mode choice in 

transportation 

Transportation mode selection in Sri 

Lanka involves a choice between private 

vehicle ownership and utilizing the public 

bus system, influenced by various factors. 

Understanding consumer preferences aids 

decision-makers in enhancing transportation 

services to align with customer demands. 

Comfort, reliability, cost-effectiveness, 

safety, convenience, and environmental 

sustainability are key attributes to consider 

in creating a transportation system that 

satisfies consumer expectations [8]. Sri 

Lanka's population of 20.8 million is spread 

across nine provinces, with the Western 

Province, housing Colombo, the commercial 

hub. The country's vehicle ownership rate is 

129 vehicles per 1000 people, but for cars, 

vans, and three-wheelers, it's around 46 

vehicles per 1000 individuals [9]. This 

demonstrates a significant presence of motor 

vehicles in the country, highlighting the need 

for robust transportation infrastructure and 

services. 

 The choice between public bus 

transportation and private vehicles in Sri 

Lanka hinges on various factors. Private 

vehicles offer flexibility and convenience in 

scheduling and routes, while buses provide 

broad accessibility. Cost is a crucial 

consideration, with private ownership being 

more expensive compared to cost-effective 

bus fares. Time efficiency varies between the 

modes, with private vehicles offering faster 

travel but buses potentially faster in 

congested urban areas. Environmental 

impact favors buses due to their 

sustainability. Accessibility is vital for those 

without private vehicles, and safety 

considerations differ between buses and 

individual vehicle responsibility. Road 

infrastructure, personal preferences, traffic 

congestion, and parking availability also 

shape transportation choices [2]. 

Policymakers should focus on enhancing 

public bus quality, efficiency, and reliability 

to encourage a shift towards more 

sustainable transportation modes while 

considering diverse population needs. 

F. Citizen Engagement and Satisfaction 

Improvement related Frameworks and 

related theories and concepts  

• Technology Acceptance Model 

(TAM): TAM evaluates how people 

perceive and use new technology, 

focusing on usability and utility 

[10] . It's valuable for 

understanding digital platform 

adoption in public transportation 

and guiding policy decisions. [11] 

note its simplicity and applicability 
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in explaining technology 

acceptance. 

• Citizen-Centric Service Delivery 

Model: This model prioritizes 

citizen engagement and satisfaction 

in public [12]. Assessing the 

platform's adherence to citizen-

centric principles helps gauge its 

effectiveness in promoting citizen 

involvement. Strategies should 

focus on understanding public 

needs for service transformation 

[13]emphasize the importance of 

citizen involvement in successful e-

government services. 

G. Existing Systems 

Design and Development of Android 

Mobile Based Bus Tracking System [14] 

The Mobile-Based Bus Tracking System is 

an Android app that efficiently tracks buses 

in real-time using GPS and GSM 

technologies. Passengers and coordinators 

can access the bus location, estimated arrival 

time, and distance from their stop via 

internet-enabled Android phones. This 

solution minimizes communication 

interruptions, enhances convenience, and 

offers reliable and adaptable bus tracking. 

Public Bus Tracking System for Sri 

Lanka [6] This mobile and web-based 

system tracks public transportation to 

address issues like congestion, delays, and 

unreliable schedules. It utilizes GPS for bus 

schedules, real-time tracking, and travel 

planning. Admins manage the system, 

update bus info, and handle issues. 

Passengers access the app for bus details and 

arrival estimates, while drivers track their 

buses through GPS. 

Real Time Web-Based Bus Tracking 

System [15] The mobile application 

developed as part of this system offers a 

comprehensive solution for users to access 

relevant information about buses operating 

between their specified source and 

destination. In order to detect the buses' 

current location and provide position 

coordinates with latitude and longitude, the 

application employs GPS equipment 

mounted on the buses. Utilizing wireless 

communication networks like GSM/GPRS, 

the tracking data is transferred. Remote 

users can visit the mobile application to get 

the most recent details on bus numbers, route 

information, and the actual location of the 

buses that are going between their 

designated source and destination. 

H. Gaps Identified in existing systems 

To fully comprehend why Sri Lankans, 

prefer private vehicles to public 

transportation, especially in regard to digital 

technology, a thorough research study is 

required. This study should look into aspects 

of both forms of transportation that relate to 

comfort, reliability, punctuality, privacy, and 

cost considerations. To support sustainable 

and effective transportation systems in Sri 

Lanka, plans and actions can be informed by 

a deeper awareness of citizens' preferences 

and the potential role of digital technology 

in public transportation. 

The absence of support for the Sinhala 

and Tamil language in different established 

systems, which predominantly prioritize the 

English language, has been noted as a gap. 

To close the language gap and advance 

inclusivity, it is essential to integrate support 

for the Sinhala language in digital systems 

and technology. For a sizeable segment of 

the population, this would enhance usability, 

accessibility, and user experience, enabling 

efficient participation and engagement with 

digital platforms. 

Limited Geographic Representation in 

Data Collection for Sri Lanka and Lack of 

Feedback Mechanisms and Lost Belongings 

Assistance functionalities in existing 

systems in Sri Lanka. 
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III. RESEARCH METHODLOGY 

A. Research Paradigm 

This research study focused on 

enhancing citizen engagement and 

satisfaction with public transportation 

systems in Sri Lanka, research will be 

adopting a mixed paradigm approach that 

combines both positivism and 

interpretivism. This comprehensive 

approach enables to capture both 

quantifiable patterns and qualitative 

insights, ensuring a well-rounded 

understanding of the complex dynamics 

surrounding the problems. 

B. Research Apporach 

This research will be following 

deductive research approach, the deductive 

research approach starts with well-

established theories, concepts, or models or 

the theories which already exits and then 

moves towards empirical observations and 

data collection to test and validate these 

theories. In particular, the Citizen-Centric 

Service Delivery Model will be utilizing the 

as a theoretical framework to guide this 

research. This framework provides a 

structured framework for understanding and 

assessing the factors that contribute to 

citizen satisfaction and engagement in the 

realm of public transportation. 

C. Research Stratergy 

The action research approach is adopted 

as the research strategy, the action research 

methodology attempts to both analyze and 

resolve contemporary problems. This 

strategy, as its name suggests, entails 

conducting research while actively taking 

significant steps to address the problems 

discovered. In the context of this research, 

which focuses on enhancing citizen 

engagement and satisfaction in Sri Lanka's 

public transportation system, the Action 

Research approach highly relevant. 

D. Data collection mechanisms 

This research aims to gather extensive 

and diverse data on Sri Lanka's public 

transportation system by employing various 

data collection techniques. These methods 

are carefully chosen to encompass the 

perspectives of different stakeholders, 

including passengers, citizens, officials, and 

industry workers. Through questionnaires 

and interviews, the research seeks to create a 

comprehensive understanding of current 

challenges, opportunities, factors 

influencing citizen satisfaction, and areas for 

improvement in the public transportation 

system. By using both quantitative and 

qualitative approaches, the research aims to 

triangulate the data, ensuring accuracy and 

reliability in the research findings. 

The research will utilize questionnaires 

targeting passengers and citizens using Sri 

Lanka's public transportation. This approach 

aims to create a representative sample 

encompassing diverse backgrounds, ages, 

and locations, ensuring inclusivity. The 

questionnaires, available in Sinhala and 

English via Google Forms, aim to engage a 

broad participant base. Employing 

SurveyMonkey helped determine an 

appropriate sample size of over 96 

responders, balancing reliability and 

practicality in data collection. 

Interviews is used to engage with key 

players within Sri Lanka's public 

transportation sector, focusing on officials 

from the Sri Lanka Central Transport Board 

(SLTB), drivers, and private bus owners. 

Qualitative insights will be obtained through 

in-depth interviews, intending to delve into 

the operational intricacies, challenges, 

viewpoints, and experiences of these 

stakeholders. 

E. Data Sources 

The research focuses on Sri Lanka's 

public transportation system using both 
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primary and secondary sources. It utilizes 

questionnaires and interviews to gather data 

from passengers and key stakeholders like 

SLTB officials and bus operators. This 

multifaceted approach aims to understand 

user experiences, identify trends, and 

develop strategies to enhance citizen 

engagement and satisfaction with the 

transportation system. 

IV. SYSTEM REQUIREMENT SPECIFICATION 

A. Research Onion Model 

The research onion by Saunders is a 

widely used framework in social sciences 

and business research, depicting phases and 

levels in the research process. Methodology 

serves as a comprehensive research 

approach guiding procedures, principles, 

and philosophical perspectives [16]. It's a 

fundamental aspect in dissertations and 

theses, ensuring alignment between tools, 

techniques, and the underlying philosophical 

framework. 

 

Figure 1. Research Onion 

Stakeholders  Data Collection 
Method 

General Public Questionnaires 

SLTB Officials Controlled 
Interviews 

SLTB 
Drivers/Conductors 

Controlled 
Interviews 

Private Bus Owners Controlled 
Interviews 

Table 1. Stakeholders and how data are collected 

from them 

B. Interviews Analysis Under Thematic 

Analysis 

Thematic analysis is a qualitative 

research method that is widely used in the 

social sciences, psychology, and other fields. 

Its major goal is to explore and identify 

patterns, themes, and meanings within a 

given dataset, which often include textual or 

visual information[17] This method 

provides investigators with a versatile and 

systematic way to delve into the substance of 

their data, allowing them to uncover 

underlying themes and patterns while 

gaining a more profound understanding of 

the content. 

C. Questionnaires Analysis Under 

Descriptive Statistics 

 The data analysis conducted based on the 
questionnaires that were administered in both 
Sinhala and English versions. These 
questionnaires contained identical questions 
in both languages. To perform the analysis, 
here the responses have been combined the 
total responses from both the Sinhala and 
English versions and calculated various 
percentages and other relevant statistics. This 
combined dataset comprises a total of 146 
responses from participants who completed 
the questionnaires in either language. 

D. Interview Results 

The analysis of gathered insights 

revealed several key findings regarding 

transportation preferences and challenges 

faced by citizens. Primarily, the appeal of 

private vehicles remains high due to their 

convenience, flexibility, and perceived 

reliability, factors that strongly influence 

people's choice of transportation. However, 

a widespread issue reported by interviewees 

was the overcrowding experienced during 

peak hours on public buses, causing 

discomfort and inconvenience for 

passengers across the board. 

Interestingly, both the state-owned SLTB 

(Sri Lanka Transport Board) and private bus 

owners expressed interest in leveraging 
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digital applications to address existing issues 

and enhance overall service quality. There 

was a shared optimism among interviewees 

regarding the potential for improvement 

through digital initiatives. They believed 

that advanced technological solutions could 

effectively engage citizens and bring about 

substantial enhancements in the 

transportation system. This collective 

sentiment points towards a willingness to 

embrace technology as a means to create a 

more efficient and engaging transportation 

experience for all. 

E. Questionaries' Results 

The analysis of gathered data revealed 

insightful patterns regarding public 

transportation usage and preferences among 

respondents. A notable 33% of participants 

acknowledged frequent use of public 

transportation, indicating a significant 

portion relying on these services. A 

substantial majority, accounting for 82% of 

respondents, utilize both buses and trains, 

with the remainder opting for alternative 

modes of transport. 

Key factors influencing transportation 

choices emerged prominently among most 

participants. Time efficiency, availability, 

and cost were cited as primary 

considerations when selecting a mode of 

transportation. However, challenges in the 

public transportation system were also 

highlighted, including issues like unreliable 

schedules, insufficient fare information, 

limited routes, delays, and overcrowding. 

These factors collectively contribute to an 

inconvenient experience for citizens relying 

on these services. 

Regarding improvements desired in 

public transportation, respondents expressed 

a pressing need for enhanced facilities, 

reduced time delays, better bus quality, 

improved time management, and an overall 

system upgrade within Sri Lanka's 

transportation infrastructure. Notably, an 

overwhelming 94% of respondents 

expressed a keen interest in using public 

transportation if provided with user-friendly 

digital platforms offering real-time 

information and other valuable features. 

This strong endorsement underscores the 

potential impact of technology in 

significantly increasing public 

transportation usage among citizens if 

appropriately implemented. 

 

F. Proposed system architecture diagram 

of application Design 

 

Figure 2. Proposed System 

The document provides an overview of a 

proposed system architecture for an 

application designed to enhance citizen 

engagement and satisfaction with public 

transportation services in Sri Lanka. It 

includes a diagram (Figure 2) illustrating the 

system's design and mentions the use of 

various technologies for backend and 

frontend development, such as the Spring 

Boot Framework for backend, Angular 

Framework for the NaviGo Admin Portal 

Web Application, and Ionic Framework & 

Angular Framework for the NaviGo Mobile 

Application. Additionally, it details the use 

of PostgreSQL for the database, AWS RDS 

for database hosting, AWS EC2 for backend 
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deployment, and AWS S3 for web 

application deployment. 

V. DESIGN & IMPLEMENTATION 

A. Backend & Frontend Technology Usage 

Technology Description 

Spring Boot 

Framework 

Backend 

Development 

Angular 

Framework 

Frontend NaviGo 

Admin Portal Web 

Application 

Ionic Framework 

& Angular 

Framework 

Frontend NaviGo 

Mobile Application 

Table 2. Backend & Frontend Technology used 

for development 

B. Database & Hosting Technology Usage 

Technology Description 

PostgresSQL Relational 

Database 

AWS RDS Database is 

running under AS 

RDS PostgreSQL  

AWS EC2 Instance Backend 

Deployment 

AWS S3 Bucket Angular Web 

Application 

Deployment 
Table 3. Database & Hosting Technologies usage 

C. NaviGo Mobile Application UI 

 

Figure 3. NaviGo Mobile Application 

The home screen figure 03. provides a clean 

and intuitive interface, featuring a 

navigation menu for quick access to all key 

functionalities such as searching for bus 

routes, tracking buses in real-time, and 

viewing bus schedules. It might also include 

a user profile icon for easy access to account 

settings and preferences, and possibly 

shortcuts to frequently used services like 

favorite routes or ticket purchases. 

 

 

Figure 4. NaviGo Mobile Application 

This screen figure 04. probably allows users 

to input their starting location and 

destination to find the best available routes. 

It might display options including the 

shortest route, the least number of transfers, 

or the fastest journey based on current traffic 

and bus schedules. Each route option could 

provide details like estimated travel time, 

bus numbers involved, and the number of 

stops or transfers. 
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Figure 5. NaviGo Mobile Application 

Here in figure 05, users can likely view the 
real-time locations of buses on a map, 
including details such as the estimated time 
of arrival (ETA) at their chosen stop. This 
feature might help users plan their departure 
to minimize waiting times and stay updated 
on any delays or changes in the schedule. 

 

D. NaviGo Admin Portal Web Application 

UI 

 

Figure 6. NaviGo Admin Portal 

This figure06 part of the application might 

allow users to manage their personal 

information, preferences, and any saved data 

such as favorite routes or stops. Settings for 

notifications, language, and accessibility 

options could also be included to tailor the 

app experience to individual needs. This 

screen figure 07 could encompass various 

supplementary features such as a fare 

calculator, customer service or feedback 

forms, and information on bus capacities or 

amenities (e.g., Wi-Fi, air conditioning). It 

might also offer community-driven content 

like ratings or reviews of bus routes and 

services. 

 

Figure 7. NaviGo Admin Portal 

VI. CONCLUTION 

This research main objective was to 

understand why citizens in Sri Lanka prefer 

private vehicles over public transportation. It 

identified convenience, accessibility, cost, 

and comfort as key factors driving this 

preference. Addressing these issues can 

make public transport more attractive, 

reducing reliance on private vehicles and 

improving overall sustainability. 

 

Surveys assessed citizen satisfaction 

with existing public transport services, 

pinpointing areas needing improvement. 

This sets a baseline for future interventions 

to enhance public transportation. Feedback 

from citizens guided the development of a 

user-centric digital platform. It focuses on 

real-time info, trip planning, live bus 

tracking, feedback mechanisms, and lost 

item assistance, aligning closely with 

citizens' needs and enhancing their 

transportation experience. 

The ongoing evaluation of the digital 

platform's effectiveness involves continuous 

user feedback and usage analysis. Positive 

user responses indicate the platform's 

relevance in addressing transportation 

concerns, shaping a more efficient and 

passenger-oriented public transportation 
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system in Sri Lanka. The research is 

centered around enhancing public 

transportation experiences in Sri Lanka. The 

fundamental idea behind this research is to 

address the issues people face with the 

current transportation services and create a 

digital platform that caters to their needs. 

Improving public transportation will have a 

positive impact on people's lives. My 

approach relies on user-centric approach. 

This research was intended to identify the 

problems with the transportation system and 

come up with practical solutions. The 

ultimate objective is to improve the 

convenience and satisfaction of using public 

transportation. The primary objective is to 

create a user-friendly digital platform that 

connects passengers and transportation 

services. This platform will encourage 

citizen engagement and satisfaction, which 

will ultimately result in a more effective and 

accessible transportation system for Sri 

Lanka. 

A. Future Recommendations 

The incorporation of multi-modal 

mobility can be done to increase the 

usefulness of the digital platform. While the 

current design focuses on bus transportation, 

adding rail schedules, routes, and real-time 

data would provide citizens with a complete, 

all-in-one solution. 

Enable users to contribute real-time 

information about traffic conditions, delays, 

accidents, and other relevant data. This 

crowd-sourced information can help fellow 

travellers make informed decisions and 

improve overall travel experiences. 

Implement a seamless and contactless 

payment system within the app, allowing 

users to pay for their transportation tickets or 

fares digitally. This will reduce the reliance 

on physical tickets and streamline the 

payment process. 
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Simplified and Accurate License Plate Character 

Recognition System 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract—The rise of AI is transforming 

numerous industries including law enforcement 

and surveillance. Many businesses and 

homeowners now use advanced surveillance 

cameras but challenges such as poor lighting, 

paying a large sum of money and privacy 

concerns in commercial applications puts a hold 

on to these applications. Access to a LPR 

program is a valuable tool, enabling accurate 

extraction of license plate data from images and 

videos has proved crucial. LPR technology has 

a wide range of applications ranging from 

personal to government level requirements. In 

areas where vehicle theft is a considerable threat 

such LPCR systems can assist in identifying 

stolen vehicles and assisting law enforcement. 

The program in discussion provides a free to use 

LPCR which is network independent and 

privacy conscious. The system is simplified, free 

to use, does not require an internet connection 

and delivers accurate results with a accuracy of 

87.5% by subjecting the user submitted still 

images to optical character recognition. 

Keywords—License Plate Character 

Recognition. OCR, Computer Vision, Data 

Privacy 

I. INTRODUCTION 

With the rise of technology and increased 

automations all around the world, we can 

observe that the widespread use of artificial 

intelligence is on the rise. Already some 

major global institutions and multinational 

conglomerates are using AI to ease their 

work.  

One of the fields AI is used but not a lot 

discussed is law enforcement and general 

surveillance. The reason AI powered 

surveillance is not very popular is privacy 

concerns of the public. In these modern 

times most businesses and a significant 

percentage of homeowners have installed 

camera systems for protection against 

crimes. These new generation surveillance 

cameras are getting more sophisticated and 

produce more quality images than ever 

before. However, sometimes us humans 

have a hard time identifying vehicle license 

plates because of some complications such 

as bad lighting, quality of the image and 

presence of occlusions in the still image 

taken from the surveillance video.  

In these recent times, computer vision and 

image processing has become mainstream 

with the outbreak of social media and the 

dawn of the age of influencers. We can use 

them for recreational purposes such as photo 

editing and enhancing and also for more 

serious functions. If we can access a 

program that helps us identify license plates, 

it would be of great help. The use of 

computer vision techniques and machine 

learning algorithms has made it possible to 

recognize and extract license plate 

information from digital images or video 

streams with high accuracy.  

License plate recognition (LPR) is a critical 

technology that we can use for various 

purposes. We can see that the Peoples 

Republic of China has already implemented 

widespread use of LPR systems integrated 

through their surveillance. If an LPR system 

is made so that its easily accessible, we can 

use it in events such as traffic monitoring, 

law enforcement, parking management and 

toll collection (Example: ETC toll payments 
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in expressways). Given the socio-economic 

state Sri Lanka is in we have experienced a 

rise of grand theft auto. We can use the LPR 

system to identify stolen vehicles through 

their license plates thus helping law 

enforcement agencies.  

Image processing is a method to perform 

some operations on an image, in order to get 

an enhanced image or to extract some useful 

information from it. It is a type of signal 

processing in which input is an image and 

output may be image or 

characteristics/features associated with that 

image. Nowadays, image processing is 

among rapidly growing technologies. It 

forms core research area within engineering 

and computer science disciplines too. 

Image processing basically includes the 

following three steps:  

• Importing the image via image 

acquisition tools;  

• Analyzing and manipulating the 

image;  

• Output in which result can be 

altered image or report that is based on 

image analysis.  

 

There are two types of methods used for 

image processing namely, analogue and 

digital image processing. Analogue image 

processing can be used for the hard copies 

like printouts and photographs. Image 

analysts use various fundamentals of 

interpretation while using these visual 

techniques. Digital image processing 

techniques help in manipulation of the 

digital images by using computers. The three 

general phases that all types of data have to 

undergo while using digital technique are 

pre-processing, enhancement, and display, 

information extraction  

A. Study Area and Study Objectives 

The study area of this project is the domain 

of computer vision and image processing 

specifically in the development of a license 

plate recognition program.  

The domain of the proposed research 

project focuses on the domain of computer 

vision and image processing. This research 

also aims to explore the current state of the 

art techniques and algorithms for pattern 

recognition.  

The study objective is to study image 

processing and machine learning 

methodologies and implement a robust and 

an efficient license plate recognition system 

that can accurately detect and recognize the 

license plates in either good or bad lighting 

and weather conditions. I also plan to 

investigate the performance of different 

machine learning algorithms and object 

identification models and compare them to 

identify what the optimal solution is when 

creating a light weight and easy to use 

license plate recognition system and 

compare the effectiveness against real life 

scenarios.  

 

B. Technology  

Using OpenCV libraries and Tesseract OCR 

methods.  

In simple terms, OpenCV is a computer 

software library that helps computers see, 

understand, analyze images and videos. Its 

similar to a toolbox that contains various 

types of tools that allow developers to build 

computer vision relate programs. OpenCV is 

proven to be useful in many instances since 

its release. Another major fact about 

OpenCV is its open source (meaning its free 

to use and anyone can contribute to its 

development making the proposed program 

open for upgrades and refinements when the 

image processing technology evolves and 

proving it has the potential to be a powerful 

tool for computer vision applications)  

OpenCV (Open Source Computer Vision 

Library: http://opencv.org) is an open-source 

library that includes several hundreds of 

computer vision algorithms. The document 

describes the so-called OpenCV 2.x API, 

which is essentially a C++ API, as opposed 

to the C-based OpenCV 1.x API (C API is 

deprecated and not tested with "C" compiler 



  NSBM Student Research Symposium on Innovative Technology ‘24 

 

Page | 52  

 

since OpenCV 2.4 releases (Documentation, 

n.d.)) 

The proposed license plate recognition 

system aims to explore the correlation 

between computer vision techniques and 

machine learning algorithms. This research 

will investigate the effectiveness of different 

computer vision techniques such as edge 

detection, morphological operations and 

image segmentation in preprocessing the 

images given as an input and extracting the 

relevant license plate regions.  

Image processing is a robust involving 

diverse methodologies. The system uses 

series of image processing techniques to 

detect, segment and recognize the vehicle 

license plate. However, it should be noted 

that a complete license plate recognition 

system requires effective set of hardware 

and software components, most preferably 

efficient infra-red cameras and powerful 

computers to provide high quality images. 

Canny edge detector as it is proven to have 

higher accuracy.  

C. Research Gaps and Research Problems 

Even though there are some license plate 

recognition systems, there are only a few 

available out to the public and there is even 

fewer LPR systems that provide their 

services free of charge. There are also issues 

with some when it comes to accuracy to due 

varying lighting and weather conditions. 

Research should be conducted on how to 

improve the accuracy of these systems in 

such conditions.  

Another important fact is that there is less 

information on how to integrate the LPR 

system with other technologies such as 

integrating the program with surveillance 

cameras or GPS tracking. Research should 

be conducted on regards to how to integrate 

such system with a LPR system. According 

to the hypothesis we should be able to 

integrate the proposed system to external 

hardware using a Raspberry Pi. Using this 

method, we can integrate the LPR with a 

number of electronic surveillance hardware.  

A reason why there is a lack of 

documentation regarding integrating a LPR 

with general surveillance is because of 

privacy related concerns of the public 

because the system can capture sensitive 

information about drivers and their vehicles 

which could raise concerns about privacy 

and data protection. Due to this reason law 

enforcement agencies and governments tend 

to make detailed documentations of such 

systems publicly available.  

Another issue that concerns this project is 

whether the proposed model be able to 

identify a wide range of license plates 

because these plates differ from county to 

county and also region-wise. This factor may 

affect the accuracy of recognition. Research 

should be conducted in order to explore how 

to design license plate recognition systems 

that can accurately recognize plates from a 

range of regions. 

The research analysis conducted by Joao 

Manuel R.S. Tavares states the challenges 

associated with analyzing objects in images. 

He has mentioned various tasks involved in 

the analysis such as segmentation, feature 

extraction, image matching, alignment, 

tracking, motion analysis. This paragraph 

below was quoted from one of his publishing 

which highlights the difficulty of carrying 

out these tasks in an automated and efficient 

manner but also notes that some of the tasks 

are interrelated. (MMP Petrou, C Petrou, 

2010) 

“The computational analysis of objects in 

images is a very challenging issue as it 

usually involves automatic tasks for 

segmentation, that is, the detection of the 

objects represented, extraction of 

representative features from the objects, 

matching between images, rigid and non-

rigid alignment of images, temporal tracking 
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and motion analysis of features in image 

sequences, deformation estimation between 

two objects, as well as the 3D shape 

reconstruction of the objects from these 

images. Although, to carry out each of these 

tasks in a fully automatic, efficient and 

robust manner is generally demanding, some 

of these tasks often appear associated. For 

example, to analyze the behavior of organs 

from sequences of medical images, first the 

input images should be segmented, then 

suitable features of the organs under analysis 

should be extracted and tracked along the 

image sequences and finally the motions 

involved should be tracked and analyzed.  

II. TECHNOLOGICAL ANALYSIS 

A. Algorithmic Analysis 

The algorithm for license plate detection 
aims to identify the presence and location of 
license plates within an image. Technologies 
like edge detection, template matching, and 
machine learning-based approaches are used 
in these techniques. The algorithm analyzes 
the input image then applies appropriate 
image processing techniques and identifies 
regions that potentially contain license 
plates.  

Image Preprocessing Algorithm is 
responsible for enhancing the quality of the 
detected license plate regions. It involves 
techniques such as image filtering, noise 
removal (KR Soumya, A Babu, L Therattil, 
2014) etc. These techniques help improve the 
contrast, eliminate noise, and ensure 
uniformity in license plate images which will 
help in accurate character segmentation and 
recognition. 

Character Segmentation Algorithm focuses 
on extracting individual characters or 
symbols from the license plate region. It 
identifies the boundaries of each character, 
separates them from the license plate image, 
and prepares them for further processing. 

Character Recognition Algorithm is 
responsible for interpreting and recognizing 
the separated characters. It may employ 
various techniques such as including optical 
character recognition (OCR) and machine 

learning algorithms The algorithm compares 
the segmented characters with known 
character templates or models to identify the 
alphanumeric information. 

B. Design Analysis 

A modular design approach can be 
adopted for the license plate recognition 
system. Each stage of the system, such as 
license plate detection, image preprocessing, 
character segmentation, and character 
recognition, can be implemented as separate 
modules. This design enables flexibility, 
scalability, and easy integration of additional 
features or enhancements in the future. 

OpenCV libraries provide a wide range of 
functions and algorithms for computer vision 
and image processing. Designing the system 
to fully use the capabilities of OpenCV 
requires efficient and optimized 
implementation. The system can utilize 
OpenCV's image processing functions. 

1) Workflow Analysis 

The proposed workflow begins with 

acquiring input images or video frames 

containing vehicles and license plates.  

 

Fig. 4. Workflow matrix. 
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III. DESIGN AND METHODOLOGY 

A. Research Paradigm 

The development of computer vision has its 

roots in the mid-20th century, and it gained 

significant attention and improvement with 

the advancement of digital imaging and 

computing technologies. Initially, this 

technology was used primarily for printed 

text recognition but over time it has evolved 

(Rafael C. Gonzalez and Richard E. Woods, 

2008). 

The significance of optical character 

recognition lies in its ability to bridge the 

gap between the human and digital worlds 

(Tony F. Chan and Jianhong (Jackie) Shen, 

2005). This technology is found in industries 

like finance, healthcare, legal, education, 

publishing, and more. It has streamlined 

processes by reducing manual data entry, 

enhancing accessibility for visually impaired 

individuals. I have decided to use OpenCV 

libraries in the development of this program. 

OpenCV is an open-source computer vision 

and image processing library that provides a 

wide range of functions and tools for 

handling images and videos. It was 

originally developed by Intel. OpenCV has 

become a widely used library in the field of 

computer vision due to its versatility, 

efficiency, and extensive documentation.  

For the positivist research paradigm, a valid 

hypothesis is “A free OCR tool developed 

for character recognition of license plates are 

able to achieve a satisfactory level of 

accuracy which makes it a viable resource 

for the public to assist law enforcement in 

criminal investigations”.  

In order to carry on with the validity of the 

paradigm we can consider the independent 

variable to be the character recognition 

software that is being developed and as the 

dependent variable – the accuracy of 

character recognition.  For the research 

design I propose a controlled experimental 

design. A dataset of license plate images is 

collected, containing various license plate 

types and fonts with different color 

backgrounds. We can divide the dataset into 

two groups called OCR group and manual 

recognition group (V Khare, P Shivakumara, 

CS Chan, T Lu, 2019). (Manual recognition 

meaning identifying characters with the 

naked eye) For the OCR group license plate 

images are processed using OCR software to 

extract characters and for the manual 

recognition group human participants 

manually transcribe characters from license 

plate images. Another experimental design 

we can use is: Collecting a diverse dataset of 

license plate images encompassing different 

license plate types, fonts and under various 

lighting conditions and angles. Then we can 

divide the dataset into two groups called the 

Free OCR group and the Professional OCR 

group. The free OCR tool is being developed 

using open-source resources and 

technologies available such as OpenCV and 

for the professional OCR tool we will use a 

commercial solution such as Apple’s OCR 

available in their operating system as a 

benchmark. The license plate images are 

processed using both the free OCR tool and 

the professional OCR tool. The recognized 

characters are then compared with the actual 

characters on the license plates.  

By this method the accuracy rates and error 

rates of both free and professional OCR 

tools can be calculated and compared. (G 

Bradski - Dr. Dobb's Journal, n.d.) 

B. Research Approach 

In this study, I have adopted an inductive 

research approach to investigate the factors 

influencing user preferences in utilizing 

Optical Character Recognition (OCR) tools 

for one-time License Plate Recognition 

(LPR) needs. The observations revealed a 

noticeable trend wherein individuals often 

resist paying substantial amounts for a single 

need of recognizing characters on a license 
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plate. The study aimed to understand this 

pattern and its implications, leading to the 

formulation of a theory suggesting that the 

availability of a privacy-conscious, publicly 

accessible free OCR tool could significantly 

influence users' choices and behaviors. 

For this I published a survey where I 

collected data from 38 participants that 

represent a range of demographics and 

familiar with image processing applications 

and license plate character recognition 

programs. Participants were surveyed to 

gauge their awareness of LPR tools, 

willingness to pay for one-time LPR needs 

and their opinions on privacy concerns 

associated with OCR tools. The results show 

us that A significant percentage of 

participants specially those who are familiar 

with license plate character recognition 

programs expressed their reluctance to pay a 

considerable amount of money for a single 

use of an optical character recognition tool 

made for character recognition on a license 

plate.  

We can draw a theory from this data. That if 

a publicly available free OCR tool for LPCR 

that doesn’t store the user input images is 

likely to be utilized by the public instead of 

paying a considerable sum of money or 

subscribing to a monthly rental for the tool 

because the majority of the users will not 

have the need to use such a tool because 

most of the time they want to use a LPCR is 

when a crime is occurred such as grand theft 

auto or a hit and run etc. and they most 

probably suffered financial losses and tend 

not to spend the rest of it immediately. Also, 

if it is free, the bystanders will have no 

problem utilizing such a tool because it’s 

free of charge. 

Based on this information we can suggest 

that user preferences are heavily influenced 

by economic factors because in Sri Lankan 

culture most people value free or pirated 

versions (because that is normalized and 

even cause to humble brags in Sri Lanka) of 

software instead of purchasing them. The 

observed pattern of resistance to high costs 

aligns with broader trends of cost-conscious 

nature of most people. The proposed theory 

offers a potential explanation for the 

reluctance of users to opt for a paid tool 

when a privacy-conscious free alternative is 

available. 

C. Research Strategy 

This research project employs a case study 

approach as the research strategy because of 

its suitability in exploring real-world 

phenomena. For the methodology steps.  

For sampling I collected data from 38 

Participants to represent a diverse range of 

demographics and familiarity with LPCR 

technologies. Then the qualitative data is 

collected through surveys participants are 

asked about their awareness of LPR tools, 

willingness to pay for OCR services and 

concerns about their data privacy. Then I can 

use statistical analysis to determine their 

preferences.  

With that data collection there is an evident 

pattern we can notice where a majority of the 

participants express reluctance to pay a 

minimum of $15 (roughly equal to Rs.5000) 

for one time character recognition event 

using an OCR tool. Therefore, we can arrive 

at the conclusion that economic 

considerations play a significant role in their 

decisions.  

The case study approach allows for an 

exploration of these factors within a real-

world context which provides us with a good 

understanding of the user’s behavior. So, in 

conclusion of this chapter we could state that 

through this case study approach the 

research project offers insights into the 

complex interplay of user preferences, 

economic factors, and privacy concerns in 

the context of a license plate character 

recognition tool usage. 
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D. Fact Collection Mechanisms 

Out of the fact collection mechanisms 

available for us the selection of 

questionnaires as the data collection 

mechanism for this research project holds 

several advantages that would align well 

with the research context. Questionnaires 

offer a structured approach to gathering 

insights from a diverse participant pool 

encompassing individuals with varying 

educational backgrounds and various 

degrees of familiarity with image processing 

tools and LPR technology. By utilizing 

questionnaires, we are able to efficiently 

capture respondents’ preferences, behaviors 

and concerns.  

We can use the quantitative nature of the 

questionnaire to identify the patterns and 

relationships among the participants.  

When we study the responses, we can 

understand that a substantial proportion of 

participants demonstrated previous 

experience with image processing software 

while expressing a preference for free 

solutions. Moreover, the nuanced 

viewpoints regarding privacy concerns and 

acceptance of character recognition 

processes are integrated into the 

questionnaire. 

I published the questionnaire on 17th of 

August and by 20th evening there are 39 

responses which is a fair number of 

responses in order to get a general 

understanding.  

The data collection process was initiated 

through questionnaires, with a total of 39 

participants providing their responses. The 

participant pool demonstrated a diverse 

educational background, with 19 individuals 

holding bachelor's undergraduate degrees, 

10 possessing a bachelor's graduate degree, 

5 pursuing master's degrees, 3 being doctors, 

and 1 having other professional 

qualifications. This diversity ensured a well-

educated respondent group. 

Of the total respondents, 36 individuals 

acknowledged previous experience with 

image processing software, including 

applications. Remarkably, 29 participants 

confirmed that they had never purchased the 

premium versions of these applications, 

indicating a general inclination towards 

utilizing free software solutions. 

Of the respondents familiar with image 

processing software, 7 individuals indicated 

their willingness to invest in premium 

versions of such tools.  

Table 1. Resopnses 

This detail signifies that a subset of the 

sample population is amenable to spending 

money on software products. 

A noteworthy point is that only 8 out of the 

38 respondents reported prior use of License 

Plate Recognition (LPR) tools. This finding 

suggests that the majority of participants 

were not acquainted with LPCR technology. 

Interestingly, 24 participants stated that their 

encounters with license plates with the 

character ‘shree’ was almost never, whereas 

8 respondents reported occasional 

occurrences of such plates that contain the 

letter ‘shree’. This observation is 

particularly relevant considering the specific 

context of the Sri Lankan license plate 

systems historical use of special characters. 

An intriguing aspect is that, despite 

acknowledging that the OCR process may 

not reveal vehicle ownership or other private 

details, 11 respondents expressed concerns 

about privacy violations, rejecting the idea 

of subjecting their license plates to an OCR 

process. Conversely, 24 participants 

indicated no qualms about their license 

plates undergoing OCR. 



  NSBM Student Research Symposium on Innovative Technology ‘24 

 

Page | 57  

 

E. Research methodology Execution 

Workflow 

This table outlines the key steps in the 

research methodology and execution 

workflow for developing a license plate 

character recognition application. 

F. Design Methodology 

SSAD method – Structured System Analysis 

and Design. 

1) Feasibility study 

Identify the need for a cost-effective license 

plate character recognition solution. Then 

assess the technical feasibility of using 

OpenCV for image processing.  Analyze 

potential user scenarios where one-time 

character recognition is needed.  

2) Requirement Analysis  

Gather requirements from users where they 

had to utilize a LPCR but didn’t want to 

spend a lot of money for a one-time 

requirement. Define input formats (image 

files), output requirements (recognized 

characters in plain text) and the constraints 

(like lighting conditions, noise etc.) 

• System Design 

• Design the architecture for the proposed 

solution. 

3) Implementation 

Develop the program. Utilize OpenCV for 

image manipulation, feature extraction and 

character recognition.  

4) Testing 

Test the program against real life images of 

license plates. 

G. LESP Aspects  

Discussing the legal, ethical, social and 

Professional aspects of this research.  

Aspect Domain Fact 

Description  Key Points 

Problem 

identification 

Lack of free license plate 

character recognition 

tools for one-time usage 

due to expensive 

subscriptions. 

 

High cost of existing 

solutions prevents one-

time users from 

accessing this 

technology. 

Relevance 

Justification 

Providing a free solution 

can democratize access 

and promote innovation 

in related fields and help 

law enforcement 

agencies.  

Define and 

Finalize 

Objectives 

 

Develop a free, accurate, 

and efficient license plate 

character recognition 

application. 

Data 

Management 

and Handling 

 

Utilize open-source 

technologies which are 

developed on diverse 

datasets.  

 

Subject to preprocessing 

using image processing 

technologies.  

Evaluation and 

communication 

 

Evaluate the accuracy 

and efficiency of the 

application through 

testing on real-world 

license plate images. 

 

Use appropriate metrics 

(e.g., accuracy, precision, 

recall) to quantify the 

performance. 
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Legal 

Aspects 

 

Privacy 

Laws 

Ensure that the 

application 

complies with 

data privacy 

regulations, 

especially when 

dealing with 

images that may 

contain 

sensitive 

information like 

license plates. 

Intellectual 

Property 

If I am planning 

to using third-

party libraries, 

APIs, or 

algorithms, 

make sure I 

have the legal 

right to use 

them in the 

application. 

Ethical 

Aspects 

 

Data Usage Handle user 

data ethically 

and 

transparently. 

Clearly 

communicate 

how data will 

be used and 

obtain consent 

from users if 

needed. 

Accuracy Strive for 

accuracy in 

recognition to 

avoid potential 

misidentificatio

ns that could 

have serious 

consequences. 

Social 

Aspects 

Accessibilit

y 

Ensure that your 

application is 

accessible to a 

wide range of 

users. 

Being 

versatile 

Consider the 

diverse needs of 

users from 

different 

backgrounds 

and regions 

when designing. 

Profession

al Aspects 

Adhere to 

best 

practices. 

 

 

Honesty 

 

Be transparent 

about the 

capabilities and 

limitations. 

TABLE2. LESP EVALUATION MATRIX 

IV. SYSTEM REQUIREMENTS SPECIFICATION 

A. Stakeholder Analysis 

Given below is the stakeholder analysis 

according to the Onion Model, starting from 

the innermost layer (core stakeholders) and 

moving outward. 

1) Core Stakeholders (Inner Layer) - 

Project Owner 

• Role: Sole developer, owner, and 

project manager. 

• Interest: Project success 

2) Stakeholder Layer 1 (Direct 

Stakeholders) End Users 

• Individual Users: Seeking accurate 

character recognition for personal 

use. 

• Law Enforcement Agencies: 

Interested in efficient license plate 

character recognition for 

investigations. 

• Private Investigators: Need an 

effective tool for their investigative 

work. 

• Security Companies: Looking for a 

dependable solution for 

surveillance and security purposes. 

3) Website Visitors 

• Role: General visitors seeking 

information about the application. 

• Interest: Understanding the 

application’s capabilities and 

benefits. 
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4) Stakeholder Layer 2 (Indirect 

Stakeholders) 

• Other Software Developers: 

Monitoring the application’s 

features and market position. 

• Commercial Providers: 

Maintaining their market share 

against the cost-effective 

alternative. 

5) Privacy Advocates 

• Privacy-Conscious Users: 

Prioritizing data security and 

privacy. 

6) Regulators 

• Ensuring the application complies 

with data protection and privacy 

laws. 

7) Stakeholder Layer 3 (External 

Stakeholders) 

• Role: Hosting and infrastructure 

provider. 

• Interest: Ensuring the reliability 

and security of their hosting 

services. 

8) Stakeholder Layer 4 (Environmental 

Stakeholders) 

• Independent Reviewers 

• Role: Testing how accurate the 

system is against various 

conditions.  

• Interest: Deeming whether the 

application is fit to use. 

9) Technology Suppliers 

• OpenCV and Tesseract Providers: 

Suppliers of the OpenCV and 

Tesseract libraries used in the 

application. 

• Interest: Ensuring the reliability, 

updates, and support for the 

technology components integral to 

the application. 

• Influence: The quality, 

performance, and compatibility of 

these technologies directly impact 

the application’s functionality and 

success. 

B. Onion Model of the research  

 

 

 

 

 

 

 

Fig. 5. Onion Model 

C. Operationalization Process 

1) Mapping data collection with 

objective results review 

Understanding User Demographics and 

Preferences. Age: This question serves the 

purpose of profiling potential users by age, 

enabling a better understanding of the target 

age group for the free license plate character 

recognition software. The age distribution 

data indicates that a substantial portion, 

approximately 50%, falls within the 24-30 

age range. This age group is a key 

demographic for the software’s development 

and marketing efforts. Additionally, 35% of 

respondents are between 18-24, suggesting a 

younger user base, while 12.5% are in the 

30-36 range, and 2.5% are between 36-45. 

Understanding the age demographics helps 

tailor user interface design and marketing 

strategies to appeal to the most relevant age 

groups. 

Educational Qualifications: By collecting 

information on respondents’ educational 

backgrounds, this question provides insights 

into potential users’ technical proficiency 

and preferences. The majority of 

respondents, a significant 50%, hold BSc 

degrees as undergraduates, indicating a tech-
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savvy user base. Additionally, 25% are 

graduates with bachelor’s degrees in 

science, 15% are pursuing master’s degrees, 

7.5% have attained doctorates (MBBS or 

PhD), and 2.5% have other professional 

qualifications. This diverse educational 

background suggests that the software 

should cater to users with varying levels of 

technical expertise, highlighting the need for 

a user-friendly design. 

Assessing Familiarity with Technology and 

Image Processing Applications Experience 

with Image Processing Applications: This 

question gauges respondents’ prior 

experience with technology and image 

processing applications, which informs 

decisions related to user interface design and 

ease of use. 

A significant percentage of respondents, 

95%, have experience with image 

processing applications, indicating a high 

level of familiarity with the technology. This 

finding underscores the importance of 

designing the software with user-friendly 

features and interfaces, catering to users 

with prior experience in image processing. 

Determining the Need for a Free License 

Plate Character Recognition Software. 

Usage of Paid vs. Free Image Processing 

Applications: This question examines 

respondents’ preferences for free software 

and their willingness to pay for similar 

services, validating the need for a free 

option. 

The survey reveals that 75% of respondents 

have never felt the need to purchase a 

premium image processing application 

because free versions have sufficed for their 

needs. Furthermore, 17.5% have used paid 

versions, while 7.5% have never used such 

applications. The majority’s strong 

inclination toward free options supports the 

objective of offering a free license plate 

character recognition software, especially 

during urgent or challenging situations. 

In order to evaluate familiarity with License 

Plate Character Recognition Programs, 

Usage of License Plate Character 

Recognition Programs: This question 

assesses respondents’ familiarity with 

license plate character recognition programs 

and their potential interest in using a free 

alternative. The survey data indicates that 

80% of respondents have prior experience 

with license plate character recognition 

programs, suggesting a substantial potential 

user base for a free alternative. This 

familiarity positions the software to meet the 

needs of users who have already engaged 

with such technology. 

Assessing Willingness to Use a Free License 

Plate Character Recognition Software. 

Willingness to Pay for One-Time Image 

Recognition: This question explores 

respondents’ willingness to pay for image 

recognition, emphasizing the preference for 

a free option when available. 

The survey responses reveal a strong 

preference for a free software solution, with 

95% of respondents stating they would not 

pay for a one-time image recognition 

incident if a free option were available. Only 

5% expressed willingness to pay under 

specific circumstances. This underscores the 

importance of offering a free license plate 

character recognition software to cater to the 

majority’s preferences, especially in 

challenging situations, such as identifying a 

thief during a burglary. Understanding the 

Occurrence of Special Characters on 

License Plates. Frequency of Special 

Character License Plates: This question 

helps understand the frequency of 

encountering special characters on license 

plates, which may influence the software’s 

character recognition capabilities. 

The responses provide valuable insights into 

the occurrence of special character license 

plates. Approximately 65% of respondents 

indicated that they almost never see license 
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plates with special characters. Another 20% 

mentioned seeing such plates as a very rare 

occasion, more than a week apart. Only 15% 

reported seeing special character license 

plates less than twice a week. This data 

suggests that there may not be a high 

demand for a specialized character 

recognition dataset, as the majority of users 

do not frequently encounter special 

characters. Therefore, a generally available 

character recognition model may be suitable. 

Addressing Privacy Concerns and 

Preferences. Attitudes Toward Vehicle Plate 

Image Usage: This question assesses 

respondents’ privacy concerns regarding the 

use of their vehicle’s plate image. 

The majority of respondents, 66.7%, do not 

mind if someone uses an image of their 

vehicle’s plate without permission to 

identify letters and numbers. However, the 

remaining 33.3% consider it a privacy 

violation. Given that a significant portion 

expressed privacy concerns, the decision to 

develop a desktop application, rather than a 

web application that stores client data, aligns 

with the preferences of the majority, and 

addresses potential privacy issues. 

By mapping the questionnaire responses in 

this detailed analysis, we can clearly 

demonstrate how each question contributes 

to the research objectives and how the 

insights obtained from the survey guide the 

development and marketing strategies for 

the free license plate character recognition 

software. 

D. Functional and Non Functional 

Requirements 

1) Functional Requirements 

Image Recognition Functionality: The 

software must have the capability to process 

various image formats, including JPG, 

JPEG, PNG, and BMP. It should accurately 

identify and recognize alphanumeric 

characters (letters and numbers) on the 

license plate. 

Real-time Video Processing: The software 

should support real-time video processing, 

allowing users to analyze and recognize 

license plates in live camera feeds. It must 

have the ability to process video streams 

efficiently with minimal delay. 

Simple User-Friendly Interface: The user 

interface should feature a straightforward 

design with clearly labeled buttons and 

controls. It should provide real-time 

feedback during image or video processing, 

indicating the progress and results of 

recognition. 

Free to Use: The software should be 

accessible and usable by anyone without any 

cost or subscription fees. There should be no 

hidden charges, trial periods, or limitations 

on the number of uses. 

Privacy Protection: User data and processed 

images must not be stored locally or 

transmitted to external servers or third 

parties. The software should offer a clear 

privacy policy that outlines its commitment 

to user data protection. 

Offline Mode: Ensure that the software can 

operate in an offline mode, providing 

character recognition without requiring a 

continuous internet connection. 

2) Non Functional Requirements 

Accuracy and Speed: The character 

recognition accuracy should exceed 95%, 

ensuring reliable identification of license 

plate characters. Image and video processing 

should occur in real-time, with recognition 

results delivered within seconds. 

Usability: The user interface should follow 

established usability principles, such as 

consistency, simplicity, and responsiveness. 

Users should be able to perform tasks 
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without the need for extensive training or 

technical expertise. 

Privacy and Security: User data and 

processed information should be encrypted 

and securely stored on the user’s device. The 

software should not collect or transmit any 

personally identifiable information (PII) or 

sensitive data. 

Reliability: The software should exhibit high 

stability, with minimal instances of crashes, 

errors, or unexpected shutdowns. It should 

have automated error reporting and recovery 

mechanisms. 

Performance: The software should 

efficiently handle large image files, video 

streams, and high-resolution images without 

significant performance degradation. It 

should have the capability to utilize multi-

core processors for parallel processing when 

available. 

V. TESTING AND EVALUATION 

A. Chapter Overview 

In this chapter, we dive into the testing and 

evaluation process of the character 

recognition program designed for license 

plates. We begin by examining the program's 

accuracy, scrutinizing its ability to correctly 

identify characters on various license plates 

in real-world license plates which will be 

mostly Sri Lankan plates. Our investigation 

goes beyond mere accuracy as we assess the 

program's overall performance and 

scalability, shedding light on its efficiency 

and adaptability to handle varying 

workloads and environments. The 

discussion extends to functional testing, 

where we analyze the program's compliance 

with its intended functionalities, ensuring it 

meets the specified requirements. 

Additionally, we unravel the intricacies of 

the evaluation workflow, providing insight 

into the systematic approach employed to 

measure the program's success and 

identifying areas for improvement. Through 

this comprehensive examination, we aim to 

ascertain the reliability and practicality of 

the character recognition program for 

license plates, ultimately contributing to its 

refinement and optimization for real-world 

applications. 

B. Initialization and Data Review 

A number of license plates will be tested 

against the system to calculate accuracy and 

performance. Because the system 

emphasizes on Sri Lankan demography the 

majority of said license plates will be Sri 

Lankan plates for testing the maximum 

practicality. 

 

Fig. 6.  Sample of the test data used for accuracy 
testing – Sri Lankan styled and international styled 

plates. 

C. Accuracy and Functionality Testing 

1) Accuracy Testing 

During the rigorous testing phase, a diverse 

set of 16 images, spanning various formats, 

including JPG, BMP, and PNG, underwent 

meticulous scrutiny to assess the character 

recognition capabilities of the program. The 

results proved highly promising, with 14 of 

the images returning accurate character 

identifications, effectively deciphering the 

characters adorning the license plates. This 

demonstrated the program's proficiency in 

handling diverse image formats, further 

enhancing its adaptability for real-world 

applications. 

Perhaps even more noteworthy, there were 

no occurrences of false positives throughout 

the testing process. The absence of false 
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positives underscores the program's 

precision and its ability to discern genuine 

characters from background noise or image 

artifacts.  

It's essential to highlight that the two 

instances where accuracy faltered provided 

unequivocal indicators of a false read. In 

these cases, the OCR output exhibited a 

collection of jumbled and incoherent 

characters, serving as a clear signal to the 

user that an erroneous recognition had 

occurred. This inherent fail-safe mechanism 

within the program offers transparency to 

users, reducing the likelihood of misleading 

or confusing results.  

In conclusion, these test results exemplify 

the program's robust character recognition 

capabilities and underscore its rarity in 

producing false positives, further solidifying 

its position as a dependable tool for accurate 

and coherent character recognition on 

license plates in diverse image formats. 

2) Functionality Testing 

In the comprehensive examination of the 

program's functionality, I conducted a series 

of rigorous tests aimed at assessing its 

character recognition capabilities on images 

with the most commonly encountered 

formats, including JPG, PNG, and BMP. It's 

worth noting that JPG and JPEG formats, 

with their nearly identical characteristics, 

were examined collectively within the JPG 

format testing category. 

The results of these functional tests emerged 

as a testament to the program's impressive 

performance. In each instance, regardless of 

the image format, the program consistently 

delivered accurate character recognition 

outcomes. This remarkable consistency 

across diverse formats underscores the 

program's versatility and adaptability to 

handle a broad spectrum of image types. The 

successful character recognition across JPG, 

PNG, and BMP formats signifies the 

program's ability to seamlessly process 

images, regardless of the user's choice or the 

source of the image. 

This exceptional performance in functional 

testing serves as a strong indicator of the 

program's robust and reliable functionality. 

It not only assures end-users of dependable 

character recognition but also highlights its 

readiness to excel in real-world scenarios, 

where diverse image formats are commonly 

encountered. This adaptability and 

consistent accuracy reinforce the program's 

potential as a valuable and versatile tool for 

character recognition on license plates, 

positioning it as a trustworthy solution for a 

wide range of applications. 

D. Testing Workflow 

The testing workflow for the OCR License 

Plate Recognition (LPR) program is a 

structured and multi-phase process designed 

to ensure the program's accessibility and 

functionality. The workflow begins with a 

critical first phase: the accessibility test. This 

phase focuses on assessing the user's access 

to the program via a dedicated website. The 

website offers two distinct types of 

downloads – the OCR program itself and the 

essential .NET runtime setup, which users 

may require for smooth program execution. 

Both of these downloads are securely stored 

on prominent cloud platforms, AWS and 

Google Cloud Drive, utilizing content 

delivery networks to enhance accessibility 

and download speed. 

Once the accessibility phase confirms the 

website's functionality and the download 

links' reliability, we transition to the second 

phase – the application run test. In this stage, 

the program's core functionality is 

scrutinized, specifically its ability to process 

images without encountering any errors. 

Upon confirming that the application 

executes seamlessly, the testing workflow 

advances to the third and crucial phase: 

functionality testing. 
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Within the functionality testing phase, two 

essential sub-phases are undertaken. The 

first is the image format test, wherein the 

program's capability to effectively recognize 

characters in a variety of image formats, 

including JPG, JPEG, PNG, and BMP, is 

thoroughly assessed. Remarkably, the 

program exhibits exceptional compatibility 

with all tested formats, further solidifying its 

adaptability. 

The second sub-phase within functionality 

testing is the accuracy test, a critical 

evaluation of the program's character 

recognition precision. A total of 16 license 

plate images, encompassing Sri Lankan 

styled license plates and 

international/miscellaneous styled plates, 

were meticulously examined. Impressively, 

14 out of these 16 images returned accurate 

results, resulting in an impressive 87.5% 

success rate. These findings affirm the OCR 

LPR program's outstanding accuracy and 

reliability in recognizing characters across 

diverse license plate types, reinforcing its 

potential as a trustworthy and dependable 

tool for a wide array of applications. 

VI. CONCLUDING REMARKS 

A. Accomplishments of research objectives 

In developing this License Plate Character 

Recognition Desktop Application, the 

primary objectives were aimed to create a 

user-friendly, privacy-conscious, and cost-

effective solution for character recognition 

from license plates in scenarios where 

individuals are in distress or require quick 

identification of license plate characters 

without resorting to potentially expensive 

and privacy-invading alternatives. 

The key accomplishments in this regard 

include the following. Privacy-Centric 

Approach: The application's desktop nature 

ensures that user data remains on their local 

machines. There's no need to upload 

sensitive images to external servers, 

addressing privacy concerns. 

Cost-Efficiency: By offering the program for 

free, we have made it accessible to a broad 

audience, including individuals who might 

be facing financial difficulties and cannot 

afford paid alternatives. 

User-Friendly Interface: The program 

features a user-friendly interface that 

requires minimal technical expertise, 

making it accessible to a wide range of users. 

Web Accessibility: Hosting the program on 

a website accessible through a web browser 

further enhances its accessibility. Users can 

easily download and use the application 

without complex installation procedures. 

Security Measures: Hosting the website on 

AWS virtual machines and protecting it with 

AWS managed web application firewall 

ensures the security of the application and 

user data. 

B. Problem Encounters 

The development of the License Plate 

Character Recognition Desktop Application 

encountered several challenges such as 

ensuring OCR Accuracy: Achieving 

consistently high OCR accuracy for license 

plates under varying conditions, such as 

different fonts, lighting, and image qualities, 

was a significant challenge. User Interface 

Design was challenging because designing a 

user-friendly interface that caters to both 

technical and non-technical users required 

careful consideration and iterative design. 

Integration Complexity means integrating 

OpenCV and Tesseract into a cohesive 

desktop application was a complex task 

which required thorough testing and 

debugging. 

C. Self-Reflection 

1) Ideology about the research carried 

out. 
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This application's research and development 

are in line with the philosophy of offering a 

public service that gives people power in 

difficult situations. The dedication to 

privacy and accessibility emphasizes the 

idea that technology should be used for the 

benefit of society. 

The ideology regarding the research and 

development of the License Plate Character 

Recognition Desktop Application is rooted 

in a deep commitment to leveraging 

technology for the betterment of society 

while upholding essential values of privacy, 

accessibility, and social responsibility. 

Privacy-Centric Approach: Central to this 

ideology is a staunch belief in safeguarding 

individual privacy. The decision to create a 

desktop application, where users retain 

control over their data, is driven by the 

principle that technology should empower 

individuals without compromising their 

privacy. By ensuring that sensitive images 

remain on users' local machines and are not 

uploaded to external servers, we respect 

users' rights to data privacy. 

Accessibility and Affordability: A core tenet 

of this ideology is making technology 

accessible to all, especially those facing 

distressing situations. The application's free-

to-use nature and absence of financial 

barriers align with the belief that individuals, 

irrespective of their financial circumstances, 

should have access to vital tools and 

resources when they need them most. This 

inclusivity ensures that even in times of 

trouble, individuals do not face additional 

financial burdens. 

Community and Social Responsibility: The 

ideology recognizes the importance of 

community engagement and social 

responsibility. The decision to actively foster 

a user community and gather feedback 

underscores a commitment to continuous 

improvement and responsiveness to user 

needs. By empowering users to shape the 

application's evolution, we acknowledge 

that technology should serve the 

community's best interests.  

Technical Excellence and Learning: This 

ideology places value on technical 

excellence and a commitment to learning. 

The challenges encountered during the 

development process, such as improving 

OCR accuracy and designing a user-friendly 

interface, are seen as opportunities for 

growth and innovation. The project's 

learning curves are embraced as a means of 

expanding expertise and problem-solving 

capabilities. 

2) Benefits Gained 

The development of this application has 

yielded several benefits, including technical 

skill enhancement meaning the project has 

enriched technical skills in image 

processing, OCR technology, and software 

development. Community Contribution 

meaning the application's availability for 

free has made a meaningful contribution to 

the community, potentially assisting 

individuals in distress. 

3) Learning Curves 

The project has been a significant learning 

experience, involving technical challenges 

where I had to overcome technical 

challenges in OCR, image processing, and 

software development and learning to design 

for usability and accessibility to cater to a 

diverse user base. 

D. Business Insights of the data 

The License Plate Character Recognition 

Desktop Application, being a free-to-use 

program, presents a unique opportunity for 

sustainable monetization through the hosting 

website. The decision to monetize the 

website using advertisements is a strategic 

approach to support the ongoing 

development and maintenance of the 
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application while ensuring it remains 

accessible to all users. 

Implementing ads on the website can 

generate a steady stream of revenue. By 

partnering with advertising networks or 

platforms, such as Google AdSense, The 

ability to display relevant ads to website 

visitors. The revenue generated from these 

ads can help cover operational costs, server 

hosting fees, and future development efforts. 

The primary benefit of using ads as a 

revenue source is that it allows me to keep 

the License Plate Character Recognition 

Desktop Application free for users. This 

aligns with the original vision of providing 

accessible, cost-free assistance to those in 

need, such as homeowners in distress. 

Ad-based monetization ensures a consistent 

and sustainable source of income. This 

revenue can be reinvested in the application, 

enabling ongoing improvements, updates, 

and enhancements. Users are not required to 

pay for the application or incur any hidden 

costs.  

Instead, the program remains entirely free 

while ads generate revenue in the 

background. 

1) Real-world applications 

Law Enforcement and Public Safety: Police 

departments can use the application to 

identify and track vehicles involved in 

criminal activities based on license plate 

recognition. This aids in investigations, 

monitoring wanted vehicles, and enhancing 

overall public safety. 

Private Security and Access Control: Private 

security firms and gated communities can 

employ the technology for access control. 

Recognizing authorized license plates 

ensures only permitted vehicles enter 

restricted areas, enhancing security. 

Parking Management: Parking facilities and 

services can utilize license plate recognition 

for ticketless parking, efficient entry/exit, 

and tracking parking duration, improving 

user convenience and revenue collection. 

Toll Collection and Express Lanes: Toll 

booths and express lanes on highways can 

automate toll collection through license 

plate recognition, reducing congestion and 

improving traffic flow. 

Traffic Management and Regulation 

Enforcement: Traffic authorities can monitor 

and enforce traffic regulations, such as 

identifying vehicles with expired 

registrations, tracking traffic violations, and 

optimizing traffic flow. 

Vehicle Inventory Management so that car 

dealerships and rental agencies can 

streamline vehicle inventory management 

by quickly identifying cars based on their 

license plates, facilitating tracking and 

organization. And logistics and supply chain 

companies can use the technology for 

tracking and managing shipments, ensuring 

efficient transportation and timely 

deliveries. And automated entry systems to 

secure facilities like corporate campuses, 

airports, and educational institutions can 

automate entry and exit through recognition 

of authorized vehicles’ license plates. 

These real-world applications highlight the 

versatility and significance of the License 

Plate Character Recognition Desktop 

Application. Its potential to enhance 

security, streamline operations, and improve 

safety spans across various industries and 

sectors, making it a valuable tool with wide-

ranging benefits. 
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Abstract—This study addresses the lack of a 

unified donation platform for elder care homes 

in Sri Lanka, aiming to develop a user friendly 

mobile application. The central goal is to 

streamline and simplify the donation process by 

understanding user preferences, challenges 

faced by donors and elder homes, and the 

intricacies of donation mechanisms. Key 

objectives include raising awareness, ensuring 

transparency, and catering to the diverse needs 

of donors and elder homes. The research 

methodology integrates qualitative analyses to 

comprehensively grasp donation behavior and 

societal perceptions. The data was gathered 

through a questionnaire and after an extensive 

review of findings through the thematic analysis 

approach 4 Themes and 10 Sub Themes were 

identified.  The proposed mobile application 

designed based on the findings expands the 

scope of donations to essential items, fostering a 

culture of giving and shared responsibility in 

society, with the vision of initiating a movement 

where care knows no boundaries. 

Keywords—Elder Care Homes, Mobile 

Application, Donations, Transparency, User 

Preferences, Social Welfare 

I. INTRODUCTION  

Sri Lanka is undergoing a period of 
accelerated aging, leading to an increased 
demand for long-term care services. In 2012, 
12.4% of Sri Lanka's population was over 60, 
and it's projected to reach 21.9% in 2031 and 
27.4% in 2050[1]. Changing family 
dynamics have left older individuals without 
secure and easily accessible amenities at 
home[2]. Elderly homes, provided by a mix 
of for-profit, government, and charity 
organizations, have traditionally been the 

conventional solution to address the rising 
elderly population in the country. The 
growing elderly population has led to 
increased demand for elder care homes, with 
approximately 255 homes serving around 
7,100 elders in Sri Lanka.  

Elder care homes in Sri Lanka offer 
services like caregiver training, long-term 
care, infrastructural improvements, and 
active aging advocacy. These facilities 
heavily rely on donations, whether monetary 
or in-kind, facilitated through online 
platforms or NGOs. However, they face 
challenges such as inadequate funding, 
staffing issues, and concerns about the 
quality of care, leading to issues of abuse and 
public apprehension regarding the well-
being of elders and donation processes across 
multiple platforms. 

Online donations have become a 
convenient method for charities, benefiting 
both donors and recipients[3]. While online 
platforms enable recipients to publish 
donation requests and information, many 
elder care homes in Sri Lanka lack a digital 
strategy. This absence hinders their ability to 
reach potential donors in a competitive 
online landscape where other organizations 
have a more focused online presence. 

People hesitate to donate for various 
reasons, including financial constraints, 
distrust in how charitable organizations 
utilize funds, a preference for donating time 
or goods over money, the belief that their 
contribution may be insufficient, uncertainty 
about transparency in organizations, and a 
lack of convenient online platforms. 

mailto:nisansalasanda1999@gmail.com
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Complex donation processes and concerns 
about loyalty to charities also contribute to 
hesitancy[4]. Another significant factor for 
potential donor being hesitant in making 
donations would be lack of proper education 
about charitable education and their 
environments[5] 

This study addresses the deficiency in the 
online donations sector by identifying a lack 
of a unified platform for all stakeholders to 
discuss and devise solutions for simplifying 
the donation process. The gap in community 
understanding about elder homes and the 
absence of a comprehensive mobile or web 
application consolidating information on all 
elder homes are key issues that the proposed 
system aims to resolve. The goal is to create 
an efficient and effective solution that 
enables seamless contributions and access to 
relevant details for donors. 

II. LITERATURE REVIEW 

In this section existing systems will be 

reviewed in the field of online donations. 

A. I-Do 

I-Donate is a mobile app designed for 
online fundraising, catering to various 
organizations like aid groups, children's 
homes, and elder homes to secure financial 
support from the community for their 
ongoing operations. However, the app has 
encountered challenges, including design 
issues in user interfaces that led to confusion 
among users. Additionally, its development 
is not yet complete, attributed to a limited 
user base for gathering feedback and 
identifying potential drawbacks and issues in 
the application[6]. 

B. E-Donation 

The E-Donation is a mobile app 
originating from Pakistan, created to 
facilitate the sharing of surplus food from 
events, restaurants, and volunteers. The 
platform enables all users to create accounts, 
allowing donors to share their excess food by 
responding to requests made by NGOs[7]. 

C. UNNATI SAMAJ 

A web-based application designed to 

streamline diverse donations, including 

food, clothing, and essential items, enables 

donors to contribute based on their capacity 

to the nearest NGOs without the need for 

additional efforts in specifically searching 

for nearby organizations[8]. 

D. Helping Hands 

"Helping Hands" is a mobile application 

developed to streamline charitable donations 

to orphanages and old age homes in India. It 

tackles the difficulty of identifying suitable 

non-profit organizations by providing a 

thorough list for donors to select from. With 

a layered architecture ensuring a strong user 

experience, the app connects donors with 

non-profit organizations, simplifying the 

donation process and benefiting both parties 

[9] 

Examining the current literature on 

donation platforms reveals the absence of a 

unified online platform in Sri Lanka that 

allows donors to access information and 

contribute to multiple elder homes 

simultaneously. Additionally, it reveals a 

trend where existing platforms often 

concentrate on specific donation aspects 

(such as food or clothes) and lack 

traceability options for donors to track their 

contributions. Consequently, this research 

seeks to address these shortcomings by 

proposing a technological solution through 

the development of a mobile application for 

donations to elder care homes. 

III. METHODOLOGY 

This research project adopts the Design 
Science Research Methodology, an approach 
aimed at generating innovative solutions for 
practical issues. It involves a systematic 
process of creating effective solutions, 
evaluating their success, and communicating 
the outcomes in addressing real-world 
problems [10] 

A. Data Collection Mechanism 

The research project employed a 
qualitative data collection method through 
the use of a questionnaire. The questionnaire 
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was meticulously crafted to extract crucial 
insights aligned with the fundamental 
research objectives pertaining to donors. The 
survey was administered to a total of 30 
participants and the responses encompassed 
a diverse spectrum of ages, provinces, 
employment statuses, and genders, thereby 
ensuring the compilation of a comprehensive 
and varied dataset. 

B. Data Analysis 

In this research, thematic analysis was 
employed as a systematic approach to 
identify, organize, and interpret themes 
within the qualitative data. The initial step 
involved a thorough review of raw data 
extracted from questionnaire responses to 
gain a profound understanding of 
participants' perspectives. Initial codes were 
generated during this phase, representing 
recurring ideas and concepts within the 
dataset. Subsequently, these codes were 
systematically grouped into overarching 4 
main themes that encapsulated the essence of 
participants' narratives. Further refinement 
led to the creation of 10 subthemes, enabling 
a nuanced exploration of the dataset.  

Themes Sub Themes 

Altruistic 
Motivations 

Personal Values 

Social Influence 

Recognition 

Trust and 
Transparency 

Trustworthiness 

Transparent fund 

usage 

Convenience and 
Accessibility  

Easy Navigation 

Secure Payment 

Unified Donation 

Platform 

Information 
Preferences 

Detailed 
Information 

Real Time Updates 

Table 1. Themes and Sub Themes 

C. Thematic Analysis Results 

The thematic analysis profoundly 
influenced the design of a mobile app aimed 

at facilitating donations to elder care homes 
in Sri Lanka. Key themes such as altruism 
were translated into the app through 
impactful stories and testimonials, fostering 
emotional connections with users. Social 
influence was leveraged via a social feed 
feature, enhancing community engagement 
by enabling users to share donation 
requirements. Additionally, recognition was 
prioritized through features like a "Donor 
Wall" ensuring donors feel valued and 
appreciated. Trust and transparency were 
embedded through detailed profiles of elder 
care homes and transparent fund usage 
tracking. The app prioritizes convenience 
with minimalist design and secure payment 
gateways. It also serves as a unified platform 
for exploring elder care homes, offering 
detailed project information, interactive 
infographics, real-time updates, and 
notifications to enhance user engagement 
and trust, ultimately encouraging regular 
contributions to elder care homes in 
SriLanka. 

IV. PROPOSED SYSTEM 

Once a new user registers with the system 
as a Donor they’ll be able to view the home 
page of the mobile app where they can 
mainly view donation categories, emergency 
requirements posted by elder care homes and 
a list of elder care homes registered within 
the application. Also, once they select an 
emergency requirement posted the user will 
be directed to the interface as displayed in 
Fig 1 given below. 

 

Fig 1. Home page and Elder Home Emergency 
requirement page 
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Once a donor decides to make a fund 
transfer, they’ll encounter the following 
process displayed in Fig.2 given below. 

 

  Fig 2. Monetary donation process interface  

If the donation is related to a cloth or food 
items, then the user will have the ability to 
track the donation until it’s received by the 
respective elder care home as shown in the 
Fig 3 given below. 

 

 Fig 3. Food donation process interface 

The proposed mobile application also 
provides the option for users to view all the 
donations they have made and a summary of 
the donations by categories once they select 
the Donations option in the User profile and 
also to view the “Donor Wall” feature in the 
community section which displays top 
donors of the application within a specific 
month as displayed in the Fig 4 given below. 

 

 Fig 4. Profile page, Donations page and Community 
page 

V. FUTURE WORK 

Looking forward, it is advisable to 
concentrate on the development of this 
proposed mobile application, tackling the 
challenges identified in the research phase. 
Collaborating with technology specialists, 
user experience designers, and social 
workers could enhance the project. 
Furthermore, implementing pilot studies 
involving donors and elder care homes which 
would offer valuable real-world feedback 
crucial for refining the application. 

VI. CONCLUSION 

The research expedition highlighted the 
significance of combining empathy with 
technology in the realm of social welfare. It 
underscored the effectiveness of community-
driven initiatives and their positive influence 
on the well-being of vulnerable individuals. 
The research yielded valuable insights into 
the specific needs of both donors and elder 
care homes. The envisioned mobile 
application has substantial real-world 
potential, capable of fostering community 
engagement and philanthropy once fully 
developed. Beyond its initial focus on elder 
care, the application's framework could be 
adapted to support diverse charitable causes, 
magnifying its impact and establishing a 
network of socially conscious individuals. 
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Abstract—The role that a stock market 

plays within a financial market is 

indispensable. The stock market can be 

identified as a place where we can trade 

stocks of companies among the participants 

of the market for an agreed price. When 

investing in the stock market, investors must 

understand the price fluctuations of various 

market parameters. This is the stage where 

the people who are new to the stock market 

get stuck due to lack of price fluctuation 

awareness. Traders focus on finding the best 

trading positions for several reasons. To 

address this, this research proposes a stock 

price prediction system that integrates 

machine learning, reinforcement learning, 

and sentiment analysis using Natural 

Language Processing (NLP) on news articles 

related to specific stock symbols. The goal is 

to reduce trading risk and maximize profits. 

Within this research paper my goal is to 

propose a stock price prediction system by 

using machine learning and reinforcement 

learning approaches along with stock news 

sentiment analysis to mitigate the risk in stock 

trading and also in maximizing the profits 

over the existing methods. Since predicting 

the exact future price of a stock is impossible, 

machine learning and deep reinforcement 

learning approaches can be used to predict 

the stock market trends to generate buy and 

sell orders within the market according to the 

predicted price. In this paper it proposes an 

ensemble stock price prediction model, 

combining three machine and deep learning 

models which are LSTM, ARIMA, and 

reinforcement learning to forecast stock 

prices and the LSTM model includes 

sentiment analysis of daily stock news 

headlines as well. These models make 

individual predictions, and the final forecast 

is a weighted average by combining all the 

predictions from three separate models. The 

accuracy of the model is evaluated by 

comparing predicted prices with actual prices 

over a 7-day period. Overall, this project 

shows how combining different technologies 

can help us understand and navigate the 

complexities of the stock market 

Keywords—Stock Prediction, Machine 

Learning, Reinforcement Learning, Long 

Short-Term Memory (LSTM), Autoregressive 

Integrated Moving Average (ARIMA), 

Natural Language Processing (NLP), 

Sentiment Analysis 

I. INTRODUCTION  

In this research endeavor, the focus 

revolves around the development of an 

automated stock price prediction system, 

leveraging the power of information 

technology and machine learning 

techniques. The financial market's quest 

for effective prediction models has 

intensified with recent advancements, 

leading to the rise of algorithmic or 

quantitative trading. The project aims to 

bridge gaps in existing research by 

incorporating sentiment analysis from 

news platforms into the automated 

prediction system, acknowledging the 



  NSBM Student Research Symposium on Innovative Technology ‘24 

 

Page | 74  

 

importance of external factors in trading 

automation. The overarching goal is to 

create a robust and accurate model that not 

only enhances decision-making but also 

addresses the challenges posed by 

emotional biases in manual predictions.  

Research on the stock market 

predictability has a long history of 

financial economics and among all the 

methods which were used in stock market 

prediction such as statistical or 

econometric methods which are based on 

the analysis of the movements of the past 

market have been the most widely adopted 

methods [1]. Successfully predicting 

financial data has always been an 

interesting topic in the financial industry 

[2]. Numerous studies that were published 

are based on Machine Learning models 

which have relatively better performance 

than the already available classical 

forecasting techniques. As a result, the 

literature in the fields of finance and 

computational intelligence is constantly 

flooded with new publications and 

implementations. 

Some of the previous research on stock 

prediction used past data [3][4][5][6][7], 

social media data [8][9][10][11][12] or 

news data [13][14][15][16] in-order to 

predict the stock market by using machine 

learning algorithms. In here, different 

predictive models have been suggested or 

proposed that use one or the other type of 

data. At the end these systems provide 

useful information to investors to make 

their investment decisions for buying, 

selling or holding a stock. But using one 

kind of data may not give increased 

prediction accuracy for a stock market. 

Historical data has been used in a 

technical analysis approach in which 

mathematics is applied to analyze data for 

finding future stock market trends [13]. 

Researchers used different machine 

learning techniques, such as deep learning 

[16] and regression analysis [17], on stock 

historical price data, but it is important to 

include external factors because 

unexpected events expressed on social 

media and financial news can also affect 

stock prices. Some researchers like Vijh 

characterize stock markets as 

unpredictable, dynamic and non-linear in 

nature [18]. Because of the inherent 

uncertainty in market movement, stock 

market prediction is seen as a difficult 

undertaking when predicting financial 

data. The expectations of the traders, 

general economic conditions, political 

events, and other factors all have an 

impact on the stock market. As a result, 

forecasting stock values is frequently 

challenging. 

The stock market is considered as a 

vital component of a country’s economy 

[19]. The stock market is one of the 

biggest investment opportunities available 

to businesses and investors. It is also seen 

to be a favorable moment for investors to 

buy new stocks and make more money 

from dividends which are paid in the 

company's shareholder business program. 

An investor can also trade stocks as 

traders within the stock market. However, 

investing in the stock market is risky, but 

when you approach it in a disciplined 

manner, it simply could be one of the most 

efficient ways to enjoy substantial profits. 

Before buying stocks of a particular 

company, the first thing that investors do 

is to evaluate the company to decide 

before buying risky stocks. This study 

could entail looking at a company's 

performance on past data and financial 

news websites, among other things. 

Investors may be unable to analyze such a 

large volume of data. As a result, a 

decision support system that automates 

decisions is required. 
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II. PROBLEM STATEMENT 

In the dynamic realm of the stock 

market, participants are engaged in a 

constant pursuit of lucrative trades, aiming 

to comprehend and capitalize on market 

price fluctuations. Traders strategically 

seek optimal positions to both maximize 

profits and mitigate risks, incorporating 

calculated risk-taking strategies, setting 

stop loss orders, and conducting 

comprehensive analyses of various 

factors, including news events, market 

patterns, and technical indicators. Success 

in this environment necessitates 

continuous adaptation and refinement of 

trading strategies over time. Recognizing 

the complexities of the ever-changing 

stock market landscape, numerous 

professional traders have turned to 

sophisticated algorithmic tools to navigate 

and thrive. In essence, the imperative for 

an automated stock price prediction 

system arises as a crucial need in 

facilitating well-informed trading 

decisions. Such a system is envisioned to 

empower traders by enabling them to 

discern optimal trading opportunities, 

minimize risks, and optimize profitability 

in the fast-paced and dynamic stock 

market environment. 

III. RELATED WORK 

In order to create prediction models, 

stock market researchers have mined 

historical, news, and social media data 

using a variety of reinforcement learning 

and machine learning techniques. Before 

financial news platforms and social 

networking platforms were so common, 

historical stock price data was used in 

predicting future stock prices. 

Successfully predicting the future stock 

prices has some interesting benefits which 

usually affects the decision making of 

financial traders on purchasing or selling 

financial instruments. A study which was 

carried out with the aim of predicting the 

closing price of iShares MSCI UK, have 

used all together four data mining 

techniques which are artificial neural 

networks, SVM (Support Vector 

Machine), RF (Random Forest) and 

LSTM (Long Short-Term Memory 

networks) s and compared the daily 

closing prices of iShare MSCI UK starting 

from January 2015 to June 2018 [20]. 

Results of this study show that recurrent 

neural network method with LSTM block 

functions outperforms other methods. 

Khan has developed a framework for 

predicting stock market trends using 

social media and news data as external 

factors by examining the effect of social 

media and financial news content in order 

to predict the stock prices for upcoming 10 

days [21]. As a result of this study, they 

have found that social media and financial 

news content has a greater impact or an 

influence on stock prices. [22] 

recommended and used the basic 

approaches for stock price prediction and 

concentrated on the sentiment analysis 

model by applying various classification 

machine learning techniques and for a 

thorough strategy on leveraging news 

content and social media data along with 

historical and previous stock data. They 

have also analyzed the impact on news 

content and social media data on stock 

prices for a certain period of time. They 

suggest that polarity detection can be used 

in order to identify whether a certain news 

content as positive or negative and when a 

positive news effect is likely to increase 

the share market values and if its negative, 

then the price to decrease. 

Some researchers have investigated 

the effect of public sentiments using 

twitter as the social media platform to 

analyze the correlation between them 

when predicting the stock prices of the 

tech companies which are the most 
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popular according to yahoo finance [23]. 

Their results show the effect of change in 

the stock market based on public 

sentiment which means the high chance of 

predicting the stock market according to 

them. But their analysis has not 

considered many factors which could 

affect stock prices. Several approaches 

have been presented to predict stock value 

movement patterns on a weekly forecast 

horizon using eight machine learning and 

four LSTM based deep learning 

regression models. Out of all the deep 

learning and machine learning-based 

regression models, it was discovered that 

the LSTM-based models' performances 

outperformed those of the prediction 

models based on machine learning [24]. 

The study of [25] states that they have 

tested hypothesis that sentiment analysis 

that they have done using Twitter data 

could provide additional information and 

increase the accuracy in predicting stock 

prices. A novel and a deep reinforcement 

learning approach for automating the 

stock transactions was carried out by [26] 

and proved the practicality of DRL when 

dealing with financial strategy issues by 

using a comparison between three 

classical DRL models which are DQN 

(Deep Q Network), DDQN (Double Deep 

Q Network), Dueling DDQN (Dueling 

Double Deep Q Network). It states that 

these three algorithms have a better 

performance and intelligence over the 

traditional transactions since they could 

quickly respond and adapt to changing 

market conditions. After comparing the 

results of three algorithms, it was 

concluded that DQN maximizes the 

decision benefits among the other two 

algorithms.  

Some researchers like [27][28] have 

used ARIMA which is a regression model 

in forecasting financial data such as stock 

prices. This method of ARIMA can also be 

identified as a statistical method which is 

mostly used for decomposing and also in 

predicting stock price data. According to 

some researchers, there are many 

advantages in using ARIMA regression 

method in predicting stock prices, 

especially for short-term. SVM can be 

used in conjunction with the ARIMA 

model to anticipate stock prices, which are 

nonlinear in nature. The ARIMA model 

has been widely used for linear series, 

however it has been discovered that the 

model cannot readily handle nonlinear 

series [29]. The average global 

temperature time series data has also been 

predicted using the Basic, Trend Based, 

and Wavelet Based ARIMA Model 

variations; the Trend Based ARIMA 

Model outperforms the other variants in 

this regard [30].  

When considering all the above 

information, researchers have utilized 

various machine learning and 

reinforcement learning techniques in 

order to predict future stock prices by 

analyzing historical data, news content 

and social media data. Studies have shown 

the effectiveness of approaches such as 

artificial neural networks, support vector 

machines, random forests and LSTM 

networks in predicting stock prices. 

incorporating sentiment analysis from 

social media and news content has been 

found to have a significant impact on 

predicting stock prices. Overall, these 

studies highlight the value of integrating 

data-driven techniques with sentiment 

analysis and deep learning to improve 

stock market predictions and informed 

trading strategies. 

IV. METHODOLOGY 

The choice of model 

technologies for building the automated 

stock price prediction system was 



  NSBM Student Research Symposium on Innovative Technology ‘24 

 

Page | 77  

 

meticulously chosen by insights from the 

literature review. networks, known for 

their adeptness in capturing sequential 

patterns and long-term dependencies of 

time-series data such as stock price data, 

were selected to model and forecast stock 

prices based on historical data. The 

classical time series forecasting model, 

ARIMA, complemented LSTM in 

predicting stock prices, particularly when 

dealing with stationary time series data. To 

optimize stock trading decisions by 

predicting stock prices, Q-Learning which 

is a reinforcement learning technique, was 

integrated to provide valuable insights 

into buy/sell choices. 

The methodology involved several 

key steps in creating the prediction 

framework. It began with clearly defining 

the research problem, focusing on 

identifying trends and predicting daily 

close prices for selected stock symbols 

which in the case of this research are 

AAPL, MSFT and ORCL. Data collection 

included extracting historical stock price 

using the Yahoo Finance API and 

historical news data using Alphavantage 

API. Preprocessing steps addressed data 

cleanliness, handling missing values, and 

removing outliers. Feature engineering 

incorporated factors like moving averages 

and technical indicators and model 

selection involved LSTM and ARIMA for 

predictions, along with a reinforcement 

learning model, specifically a deep Q 

learning agent. Sentiment analysis results 

were integrated into the LSTM model. 

Real-time data collection, user interface 

development, model evaluation, 

continuous optimization, and user support 

were integral components of the 

comprehensive methodology, ensuring the 

creation of a robust stock price prediction 

framework. 

A. LSTM Model 

The model's construction involves a 

meticulously designed stacked LSTM 

architecture with 4 LSTM layers, 

incorporating features such as closing 

prices, trading volumes, and sentiment 

scores. The training process includes 

careful scaling using MinMaxScaler and 

thoughtful transformation of historical 

data into sequences suitable for training, 

ensuring a comprehensive and effective 

approach. 

B. ARIMA Model 

The Autoregressive Integrated Moving 

Average (ARIMA) model, which is like a 

statistical powerhouse in time series 

forecasting, plays a pivotal role in 

capturing underlying patterns in 

sequential data like stock prices. Starting 

with meticulous data preprocessing, the 

ARIMA model is tailored for each ticker 

symbol. Careful parameterization with (p, 

d, q) ensures adaptability to different time 

series data, while the training process 

involves the creation of a robust and 

versatile model for future predictions. 

C. RL Agent Model 

Reinforcement Learning (RL) agents 

introduce intelligence into stock price 

prediction by learning optimal trading 

decisions through trial and error. In this 

model, a Q-learning-based RL agent is 

implemented by creating a dynamic gym-

like environment for accurate stock price 

predictions. The training process, 

spanning episodes of historical data, 

results in the development of 

individualized RL agents for each stock 

symbol, showcasing adaptability to the 

unique characteristics of each asset. 

D. Sentiment Analysis 

Sentiment analysis emerges as a key 

component in deciphering the collective 

sentiment around specific stocks. Through 
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an automated process, textual data from 

news articles undergoes sentiment 

analysis, categorizing sentiments into 

positive or negative. This insightful 

analysis allows for the identification of 

articles likely to impact stock prices, 

contributing to a focused and data-driven 

approach in stock trading and investment. 

E. Ensemble Model 

The ensemble model ingeniously 

combines the predictions from LSTM, 

ARIMA, and RL models through a 

weighted average technique. Strategic 

weight distribution, considering the Root 

Mean Square Error (RMSE), ensures a 

nuanced approach where models with 

lower RMSE carry higher weights. The 

final output represents a unified 

prediction, harnessing the strengths of 

each model for accurate and robust stock 

price predictions. Table 1 illustrates the 

weight distribution of models based on 

their RMSE. 

TABLE I.  WEIGHT DISTRIBUTION OF MODELS 

Stock 

Symbol 

Model RMSE Weight 

 

AAPL 

ARIMA 2.95 0.476 

LSTM 3.39 0.417 

RL 

Agent 

13.39 0.106 

 

MSFT 

 

ARIMA 5.40 0.439 

LSTM 6.63 0.358 

RL 

Agent 

11.73 0.203 

 

ORCL 

ARIMA 1.83 0.505 

LSTM 2.42 0.381 

RL 

Agent 

8.20 0.113 

 

V. EVALUATION AND RESULTS 

The rigorous accuracy testing 

and evaluation process of this model aim 

to thoroughly assess the reliability and 

precision of the predictive models. The 

test plan entails a daily evaluation over a 

one-week period, where each day involves 

utilizing the models to predict stock prices 

based on user-specified inputs. The 

predictions are then compared against the 

actual stock prices for the subsequent day, 

and the accuracy of each daily prediction 

is quantified by calculating the percentage 

of correctly predicted stock prices. This 

daily accuracy assessment provides 

valuable insights into the models' ability 

to forecast stock prices accurately. Over 

the entire one-week testing period, the 

daily accuracy percentages are averaged 

to derive an overall assessment of the 

models' performance. This comprehensive 

approach ensures that the models are 

evaluated consistently and for an extended 

duration, capturing the nuances of real-

world stock price fluctuations. The 

methodology considers variations in stock 

prices and provides a robust measure of 

the models' effectiveness, contributing to 

the project's credibility and practical 

relevance. 

The testing accuracy is measured 

individually for each of the three models - 

ARIMA, LSTM, and the RL agent - as 

well as for the ensemble model. This 

involves predicting stock prices for the 

upcoming 7 days across three different 

stock symbols (AAPL, MSFT, and 

ORCL) and comparing these predictions 

with the actual market prices separately. 

The percentage accuracy is then 

calculated for each model, reflecting how 

closely the predictions align with the real 

stock prices. This accuracy measurement 

is conducted across all three stock 

symbols, providing a comprehensive view 

of each model's performance across 

diverse financial instruments in real-world 

scenarios. The calculated accuracies, 

utilizing the specified equation, contribute 

valuable insights into the effectiveness 

and reliability of each model and the 

ensemble approach, enriching the research 
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findings with robust empirical evidence. 

Equation (1) shows how the accuracies are 

calculated based on the actual and 

predicted stock prices and table 2 

illustrates the summary of accuracy test 

results. 

Accuracy Percentage = 100 - [(|Actual 

Price - Predicted Price| / Actual Price) * 

100]         (1) 

TABLE II.  ACCURACY TEST RESULTS SUMMARY 

Stock 

Symbol 

Model Average 

Accuracy 

 

 

AAPL 

ARIMA 98.04% 

LSTM 97.83% 

RL Agent 94.28% 

Ensemble 97.46% 

 

 

MSFT 

ARIMA 98.15% 

LSTM 94.65% 

RL Agent 91.39% 

Ensemble 96.74% 

 

ORCL 

ARIMA 97.89% 

LSTM 97.53% 

RL Agent 73.65% 

Ensemble 97.17% 

 

According to the above 

preliminary results of this study, it 

indicates that the ARIMA model 

outperforms the other models in the short 

test run of one week, however when it 

comes to long-term prediction, ARIMA 

model struggles to identify the intricate 

patterns and make the predictions 

compared to the LSTM model. RL Agent 

model performance is not at an acceptable 

level since the limitations had when 

training the model such as resource 

limitations, training data limitations etc. 

However, as a combination of these 

separate models, ensemble model as an 

average shows more than 97% accuracy. 

While this model may not serve as a 

definitive investment solution, it stands as 

a testament to the potential of machine 

learning and data analysis in improving 

our understanding of financial markets. 

VI. FUTURE WORK 

To enhance this model to make 

better predictions, we can consider some 

key future improvements. First, we should 

aim to make the model to train daily to 

give predictions in real-time where the 

current model has to be trained manually 

after collecting daily data from yfinance. 

This training process has to be done 

manually at this point mainly due to 

resource limitations and the time it takes 

to train the models. But if we can make it 

learn from the most recent data every day, 

it could be more accurate and helpful. 

Next, we can expand the range of stocks it 

can predict. Currently, it only looks at 

Apple (AAPL), Microsoft (MSFT), and 

Oracle (ORCL). It would be great if users 

could choose any stock they want to 

predict. This would make the model more 

versatile. Getting more data is also 

important. We should try to find more 

historical news data related to each and 

every stock where currently it only 

considers 1.5 years of data which is not 

enough. We can also try different things 

like using more technical indicators and 

looking at what people are saying on 

social media, like Twitter, Threads etc. 

These additions could improve the 

model's accuracy. Lastly, it was possible to 

more powerful computers, it would make 

the whole process faster and more 

efficient. This means we could try out 

more ideas and make the model even 

smarter. These changes would make the 

stock price prediction system more useful 

and reliable. 

VII. CONCLUSION 

In conclusion, this research 

presents a comprehensive ensemble 

approach for stock price prediction, 

combining machine learning, 
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reinforcement learning, and NLP 

techniques. Overcoming challenges faced 

throughout the journey, such as model 

dependency on training data, underscored 

the importance of an adaptive approach in 

machine learning model development. 

The future improvements outlined some 

key aspects by setting a roadmap for 

enhancing system versatility. The real-

world application acknowledges the 

inherent uncertainties in stock market 

investments by providing a tool for 

informed decision-making rather than a 

definitive solution. With a keen awareness 

of the project's limitations and potential 

future advancements, this research project 

stands as a testament to the synergy of 

machine learning, reinforcement learning, 

and sentiment. 
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Abstract—Contamination from fungi and 

bacteria is a significant issue faced by Tissue 

culture laboratories in Sri Lanka, resulting in 

considerable plantlet wastage and production 

loss. This research paper aims to automate the 

identification of fungi and bacteria 

contaminants that appear inside banana 

cultures. The primary objective is to develop an 

innovative system leveraging automation, 

machine learning, and image processing 

technologies for the precise identification of 

these contaminants. The system's design 

emphasizes user-friendly interfaces, enabling 

non-technical individuals to identify unknown 

fungi and bacteria contaminants with minimal 

assistance. By streamlining the identification 

process, the research project intends to provide 

laboratories with a practical tool for efficient 

and easy recognition of contaminants. By 

integrating machine learning algorithms and 

image processing, the proposed system offers a 

revolutionary approach to contamination 

identification. 

Keywords—Machine Learning, Image 

Processing, Transfer Learning, Fungi, 

Bacteria, Tissue culture, Banana, Banana 

cultures, Microscopic Images, Microorganism 

Image Analysis 

I. INTRODUCTION 

Tissue culture is a major tool in plant 
biotechnology that has the capability of 
growing identical pathogen-free plantlets 
under aseptic conditions. It provides the 
technology for rapid multiplication of 
uniform plantlets out of a single mother plant 
[1]. 

The global banana industry depends on 
tissue culture to produce uniform plants for 
better farm management, higher yields, and 
the control of pests and illnesses that might 
otherwise spread through soil or plant 
material [2]. Plant tissue culture 
micropropagation techniques are now the 
best means to create banana plants. This 
method can quickly produce a large number 
of uniform plants in a short time, promoting 
robust plant growth over the ensuing growth 
cycle [3]. However, the main issue that 
frequently arises when employing tissue 
culture techniques to micropropagate banana 
plants is microbial contamination, especially 
fungi and bacteria. 

Contamination is a major issue faced in 
the tissue culture industry locally as well as 
globally. Even though the plants were 
handled in sterile, aseptic conditions, 
microbial contaminants (endophytic and 
epiphytic) in culture media are unavoidable, 
particularly fungi and bacteria. Some healthy 
bacteria live among the host plant's tissues, 
but still, they can be a problem as in tissue 
culture where complete aseptic conditions 
are necessary [4]. 

Contamination is never visible at the 
initial stage of a culture, but some internal 
contaminants emerge in later subculture 
phases or after 2 to 3 weeks into a cycle and 
are difficult to eradicate [5]. Microscopic 
examination can be used to make a 
preliminary diagnosis of microbial 
contaminants. However, due to their evident 
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similarities, it does not always allow for clear 
identification of the species. As a result, extra 
biochemical tests are frequently required. 
That includes additional costs and can cause 
the identification procedure to take up to ten 
days [6][7]. 

Some laboratories in Sri Lanka remove 
all the cultures affected with contamination 
from laboratories as there’s the possibility of 
other healthy plants getting affected by the 
same fungi or bacteria even though the plants 
are residing inside tightly closed jars. 
Specially fungi contain microscopic spores, 
and they can transmit through air and affect 
other plants. Even if the plants are inside 
tightly closed sterilized jars, there is a 
possibility of gaps in the lid that allow 
gaseous exchange with the outside 
environment [8]. Also, there’s a possibility 
that cultures get affected by the operators 
who handle these plants as the nutrient media 
that is used to grow the banana plantlets 
contains lots of sugar, is very sensitive and 
can be a breeding ground for many fungi and 
bacteria [9]. Since they lack a feasible 
methodology to identify these contaminants, 
they do have an issue in deciding what sort of 
antibiotic or fungicide to precisely use on that 
particular fungi or bacteria to mitigate them 
and further spread among the cultures. Due 
to the lack of a less costly reliable 
identification procedure, laboratories face 
lots of production losses yearly [1].  

There is much research done in the field 
of Microorganism Image Analysis (MIA) 
and many algorithms have been developed 
and tested by researchers and microbiologists 
[10]. Still, microorganisms are a vast field 
which contains different kinds of species 
such as fungi, bacteria, protozoa, yeast, 
viruses, etc. Therefore, no system has been 
developed, or research has been conducted to 
capture or identify the whole spectrum of 
these species. Some research papers have 
mentioned systems designed to specifically 
identify different strains of the same species, 
or for specific groups (around 5 or 6 species) 
of microorganisms [11]. However, there has 
been no system developed to automate the 
identification of fungi bacteria species in 
banana tissue culture plants. By having this 
kind of system in a laboratory, it will be 

feasible for them to decide on what are the 
tailored specific mitigation steps that they 
will take to improve their overall production. 
Other than the initial cost, laboratories would 
not have to invest their resources every time 
they need to test a sample to identify the 
contaminants present, unlike traditional 
testing procedures and methodologies [12]. 
This research paper intends to provide a 
feasible solution via a system based on 
machine learning and image processing 
approaches to identify species of fungi and 
bacteria contaminants related to banana 
tissue culture plants. 

II. METHOD 

A. Materials 

Require a microscope that has a 

minimum of 400x magnification and an 

external camera or a smartphone camera 

with a clear resolution that could be mounted 

on top of the microscope to capture the 

microscopic images of microorganisms. By 

placing a sample in a slide, observe and 

adjust the microscope until receive a clear 

image. Mount the camera on top of the 

eyepiece of the microscope and capture the 

image. Upload the captured image to the 

web application via the “file upload” 

function. 

The captured image will be uploaded to 

the system via the front end. The system will 

then process the image and generate an 

output stating to which species the input 

microorganism belongs. A detailed 

scientific (taxonomy) classification is 

provided along with fungicide/antibiotic 

recommendations that can apply to the 

identified fungi or bacteria.  

B. Dataset 

In order to train the classification 

model, fungi and bacteria images from the 

DIBaS (Digital Image of Bacterial 

Species)[13] dataset and publicly available 

microscopic images from various surveys, 

articles, documents, etc. were collected. The 

dataset was collected focusing on mainly 4 

types of species: Aspergillus, Penicillium, 

Proteus, and Staphylococcus. Finally, the 
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dataset was divided into an 80:20 ratio, that 

is, from the total dataset, 80% is used for 

training while 20% is used for validation. 

C. Image Processing 

Image augmentation is applied to make 

the training dataset more balanced as the 

current dataset is imbalanced. In order to 

achieve this, various image augmentation 

techniques such as rotation, flipping, etc, are 

applied to create several variations of the 

existing images. We have used the Python 

library ‘ImageDataGenerator’ from Keras to 

perform data augmentation on the dataset. 

Images belonging to penicillium have 

been augmented by augmentation factor = 2, 

proteus by 5 and staphylococcus by only 1. 

The difference between the augmentation 

factor for different classes is due to the 

reason of making the dataset balanced. Also, 

all the training images have been normalized 

for their pixel values to be in the [0,1] range 

to make it easier to process the images. The 

same normalization technique has been 

applied to the validation image data as well. 

 

 

Figure 3. Original dataset class distribution related 

to the 4 classes: Aspergillus, Penicillium, Proteus 

and Staphylococcus. 

 

 

Figure 4. Class distribution after augmenting the 

dataset. 

 

 

Figure 5. Visualizing sample images out of the 

augmented image dataset with class labels 

D. Image Classification Model 

In order to create the bacteria-fungi 

image classification model, a set of 

technologies and techniques such as Image 

augmentation, data visualization, and 

Transfer Learning were used. Transfer 

learning is a machine learning technique 

where we customize and use pre-trained 

models developed for a particular task. In 

Transfer Learning, we use the pre-trained 

model as a starting point for a new task but 

modify or train it further using a smaller 

dataset specific to the new task. This 

technique comes in handy when the dataset 

for your model is small and since the model 

is already trained on a larger dataset, a small 

dataset would be sufficient [12]. 

For this bacteria-fungi image 

classification model, InceptionV3 is used. 

InceptionV3 is a deep convolutional neural 
network (DCNN) architecture that is mostly 
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used for transfer learning [7], [10], and it is 

a pre-trained model on a large dataset called 

ImageNet [14]. In order to train the model, 

we used the Kaggle Notebooks along with 

their available GPU accelerators. A Global 

Average Pooling (GAP) layer, a fully 

connected layer with ReLU activation and a 

final dense layer with softmax activation for 

classification are added to the architecture. 

The Adam optimizer is used to assemble the 

model with a specified learning rate. To save 

the best weights during training, two 

callbacks are used: EarlyStopping (patience 

of three epochs) and ModelCheckpoint. The 

model is then trained for 15 epochs on the 

provided datasets (photos with dimensions 

of 500x500), with the training history saved 

in the 'history' variable for further analysis. 

E. System Development 

A web application was developed 

according to the MVC (Model-View-

Controller) architecture by integrating the 

trained classification model. The frontend 

was developed using React JS and the 

backend using Python with Flask 

framework. Flask has been used to receive 

HTTP requests of images from the frontend 

and reciprocate JSON responses back to the 

frontend. A log file has been set up to record 

all the activities that are happening in the 

application, so it is easier to investigate if an 

error occurs. 

 

 
Figure 6. System workflow of the developed web 

application 

Image upload functionality is provided 

to users to browse their device files and 

upload an image. To ensure accurate 

predictions, several validations have been 

set such as, the Image quality should be 

greater than 500x500 pixels and the size 

must be less than 20MB. Also, only 

JPG/PNG image file formats are supported. 

Additionally, an integrated camera 

functionality was provided so users have the 

option to capture images from the 

application itself. 

III. RESULTS AND DISCUSSION 

The final trained model was able to 
achieve an average validation accuracy of 
85.32% which is a positive result overall. 
Despite having a smaller dataset, the reason 
for achieving a comparatively high accuracy 
is due to the use of image augmentation 
techniques and transfer learning where a pre-
trained model (Inception V3) was used.  

Using the saved data in the history 
variable which was used while training the 
model, the learning curve for the trained 
model is plotted. As represented in Figure 5, 
the training loss has decreased in each epoch 
is a good sign, indicating that the model is 
learning and improving its predictions on the 
training data. The validation loss fluctuating 
and sometimes increasing can indicate that 
the model might be overfitting. The reason 
for overfitting mostly occurred due to the 
comparatively smaller size of the dataset. 
Acquiring more diverse images for training 
may help overcome overfitting. The 
classification model becomes too specialized 
in fitting the training data and does not 
generalize well to unseen data (validation 
data in this case).  
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Figure 7. Plotted learning curve for the trained 

classification model. 

 

The final developed system was tested 

for errors and its performance. Notably, the 

system responded to user inputs well. The 

upload page functionalities, including image 

selection, upload, and camera use, 

performed as expected. The successful 

display of the input image, accurate 

classification results, and associated 

remedies on the results page validated the 

APIs are performing as expected by 

retrieving essential data from the database 

and sending it to the frontend. As well as it 

showed that the trained model which is 

embedded within the system for microbial 

image classification is performing precisely. 
The system surpassed expectations, ensuring 

a swift redirection to the Results page within 

acceptable time frames upon image upload. 

The mobile responsiveness of the 

application addressed the modern need for 

adaptability across various devices. 

IV. FUTURE WORK 

Future recommendations include both 

improving existing features and expanding 

its capabilities. As of now, the model has 

been trained focusing on a single crop, i.e., 

banana tissue culture plants. Currently, the 

model is trained to identify 4 species of 

microorganisms, but it can be expanded to 

classify a broader range of microbial species 

susceptible to growing in many other tissue-

cultured crops. This expansion could include 

crops like Aloe Vera, Orchids, etc., 

increasing the system's adaptability and 

applicability in a variety of laboratory 

settings. In future work, it is possible to 

overcome the model overfitting by acquiring 

more diverse images for training for a single 

species. 

CONCLUSION 

In conclusion, this research and the 
developed system address a critical challenge 
faced by commercial tissue culture 
laboratories in Sri Lanka engaged in banana 
tissue culture plants, that is the contamination 
of cultures by fungi and bacteria. Leveraging 
machine learning and image processing 
technologies, the system offers an automated 
solution for identifying the species of these 
contaminants and recommends efficient 
antibiotics, and fungicides to mitigate them. 
The system caters to both technical and non-
technical users by emphasizing user-friendly 
interfaces. Despite obstacles such as dataset 
limitations and imbalanced data, approaches 
such as transfer learning and image 
augmentation were used. This study is a 
significant step toward revolutionizing 
microbial identification in tissue culture, 
offering enhanced efficiency and resource 
conservation for laboratories. 
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Abstract – Effective blood inventory 

management is crucial for ensuring a secure 

and efficient supply of blood and blood products 

within the healthcare system. Managing blood 

inventory however, poses a set of unique 

challenges, necessitating a distinctive approach 

tailored to the intricacies of the blood supply 

chain. In response to these complexities, this 

research proposes a Smart Blood Inventory 

Management Platform, employing a predictive 

approach designed specifically for the National 

Blood Transfusion Service of Sri Lanka to 

address the complex dynamics of Blood Demand 

and Supply Chain. By leveraging predictive 

analytics, the platform aims to mitigate issues 

related to overstocking and understocking, 

enhancing the overall efficiency of blood 

inventory management. Underlining the study, 

a prediction model is presented for the monthly 

blood demand prediction of the 8 blood types, 

including an evaluation of its performance 

using metrics such as Root Mean Square Error 

(RMSE), Mean Absolute Percentage Error 

(MAPE), and Coefficient of Determination (R2). 

The results indicate promising outcomes, with 

the predictive model demonstrating a trend of 

improved accuracy in forecasting blood 

demand. Hence, this research will contribute to 

the domain of blood supply chain management 

by emphasizing the role of data-driven decision-

making and predictive modeling. 

Keywords - Blood Supply Chain, National 

Blood Transfusion Service, Blood Inventory 

Management, Overstocking, Understocking, 

Demand Prediction, Machine Learning, 

Decision Tree Regression. 

I. INTRODUCTION 

Blood is a vital fluid that plays a 
fundamental role in sustaining life at 
numerous crucial circumstances, particularly 
in moments where the natural supply of 
blood within the body is insufficient or 
compromised. The productiveness of a 
healthcare system depends significantly on 
the availability of a safe and ample blood 
supply. The National Blood Transfusion 
Service (NBTS) holds the central position in 
this delicate balance, by ensuring that a 
sufficient blood supply is available to meet 
the national demand without any crises.  

The Blood Demand & Supply Chain is 
the process and network involved in 
managing the supply and distribution of 
blood and blood products to meet the 
demand. This chain can be conceptualized as 
a complex system consisting of four 
interconnected echelons: Collection, 
Production, Inventory and Distribution [2]. 
The supply chain begins with voluntary 
blood donations.  Collected blood undergoes 
processing into whole blood and 
components. Inventory management 
involves maintaining and controlling suitable 
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stock levels and monitoring expiration. 
Distribution ensures timely allocation of 
blood and blood products to the hospital 
network. 

Despite the role of the NBTS, challenges 
persist in realizing an optimized Blood 
Demand & Supply Chain. The equilibrium is 
often disrupted by factors such as the 
perishable nature of blood, criticality of 
supply, stochastic behavior of blood demand 
and supply, and diversity of available blood 
types, leading to instances of overstocking or 
understocking. These inefficiencies in  blood 
inventory management can have severe 
consequences in the quality of patient care. 
Hence, addressing these challenges is crucial 
for the entire healthcare landscape, 
emphasizing the need for a robust and 
intelligent solution. 

Considering the unique complexities in 
blood inventory management, typical 
approaches such as Just-in-Time (JIT) 
principles aren't feasible, mainly due to the 
perishability of blood and the complex 
logistical processes involved, including 
collection, testing, processing and 
distribution, which require sufficient lead 
time. Thus, the necessity to investigate on a 
tailored inventory management approach 
which can specifically address the unique 
challenges presented in the context of blood 
inventory is identified.  

Proper planning of demand is the key to 
achieve good inventory management. 
Demand Planning is the process of predicting 
future demand and translating those 
predictions into actionable steps aimed at 
fulfilling the identified demand [8]. The 
foundation for supply chain planning is 
accurate demand prediction [9] and 
therefore, predictive approach emerges as the 
key strategy for blood inventory 
management. The proposed system equips 
the NBTS with analytics on monthly blood 
demand prediction for each blood type which 
will result in optimization of the inventory 
levels, by reducing the risk of shortages and 
ensuring timely responses to critical 
demands.  

II. LITERATURE REVIEW 

In this section, existing systems will be 
reviewed which are been proposed in the 
field of blood inventory management and 
blood supply chain optimization. 

A. Blood Bank Information System Based 

on Cloud Computing in Indonesia (2019) 

The Blood Bank Information System 
(BBIS) is developed as an application that 
integrates hospitals, UTD PMI (Central 
Blood Transfusion Unit - Indonesian Red 
Cross), and individual donors across 
Indonesia. The BBIS encompasses various 
functions, including enabling hospitals to 
monitor the blood supply of UTD PMI and 
other hospitals, facilitating blood supply 
requests and direct communication among 
hospitals, UTD PMI, and individual donors, 
sending notifications to donors regarding 
blood donation events, recording all data in a 
secure cloud storage accessible to hospitals 
and UTD PMI (including blood supply data, 
medical history, donor history and donors’ 
personal information) and generating push 
notifications for donor requests [7].  

B. Blood Bank Management System in 

Malaysia (2015) 

Blood Bank Management System is 
developed to manage blood bank of Hospital 
Sultanah Nur Zahirah Hospital (HSNZ). The 
purpose is to handle the stocks of the blood 
bank systematically by providing efficient 
management of blood bags received from the 
blood donation events. Through this system, 
results of the blood bags will be indicated of 
whether acceptable for transfusions or not 
and will also generate reports such as blood 
stock report, donor’s gender report and the 
total blood donations per particular 
month/year [10].  

C. Online Blood Bank Management System 

in Pakistan (2019) 

The purpose of this web based Blood 
Bank Management System is to digitalize the 
blood bank operations and to facilitate the co-
ordination between blood supply and 
demand. This system manages blood stocks 
and maintains information of donors, blood 
requests and the blood availability [6].  
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D. E-Blood Bank Application for Blood 

Transfusion Unit (2018) 

This is a web-based application which 
serves the purpose of providing real-time 
blood stock availability information and to 
efficiently connect the Blood Transfusion 
Unit (BTU), recipients and donors. E-Blood 
Bank application encompasses various 
service features, including the processing of 
donor data, maintaining donation history, 
managing the blood donation data, handling 
blood requests and providing real-time stock 
information [5].  

The research gap lies in the absence of a 
comprehensive solution that combines 
inventory model with demand forecasting 
capabilities. Therefore, this research aims to 
bridge this gap by providing a proactive and 
data-driven solution by utilizing machine 
learning algorithms to analyze historical 
blood demand patterns and identify 
significant factors influencing demand 
fluctuations. With the integration of 
predictive capabilities into this system 
proposed, it is expected to ultimately 
streamline the Blood Demand & Supply 
Chain. 

III. METHODOLOGY 

The research methodology 
accommodated in this project is Design 
Science Research Methodology, which is an 
approach to develop innovative solutions to 
real-world problems. It is a systematic 
procedure of creating practical solutions for 
solving problems, assessing the effectiveness 
of these solutions and communicating the 
results [1].  

In the process of fact collection, 
qualitative methods particularly interviews 
have been used as the primary mechanism for 
capturing the domain specific knowledge. 
Eengaging in interviews with stakeholders at 
the NBTS representing different 
departments, enabled to gain a holistic 
understanding into the different aspects of 
the Blood Demand and Supply Chain which 
have been utilized in developing the 
proposed system.    

For the development of the Smart Blood 
Inventory Management Platform, the 

SCRUM methodology is used, which is a 
widely adopted agile methodology that 
emphasizes iterative and incremental 
development wherein, the project is broken 
down in to manageable sprints.  

IV. SYSTEM ARCHITECTURE  

The proposed system is developed as a 
web-based system with a centralized 
database to store and organize all related data 
including donors, donations, requests, 
processed blood bags, donation events and 
demand predictions for each blood type. The 
system architecture is displayed in Fig 1.  

 

Fig 1. Proposed System architecture 

The NBTS staff including the Admins, 
Phlebotomists, Haematologists, cluster 
centers and hospital staff will all be 
connected to the web application. 

The Monthly Blood Demand Prediction 
is the most significant feature of the proposed 
system. It employs advanced data analysis 
and machine learning techniques to forecast 
the demand for whole blood at a monthly 
level. Fig 2 below depicts the workflow of 
the prediction model. 

 

Fig 2. Workflow of the Prediction Model 

V. IMPLEMENTATION  

The Smart Blood Inventory Management 
Platform has been developed as a web 
application  using PHP, Python, and MySQL. 

By entering the credentials for the 
specific user account in the Home page, users 
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are navigated to the respective dashboard 
based on their user role.  

The main functionalities of the system are 
donor registration, entry of donations, 
handling and tracking of processed blood 
bags, handling of blood requests, handling 
donation events, creation of user accounts 
and data-driven decision making through 
predictive analytics. Moreover, hospitals can 
place their requests for blood.  

The machine learning algorithm chosen 
for the demand prediction task is Decision 
Tree Regression which is a model to forecast 
the value of a specific target variable based 
on various input factors [3]. This supervised 
learning approach is trained using a labeled 
dataset, wherein both the input variables and 
their corresponding output values (the 
variable to be predicted) are utilized to train 
the model. 

The prediction dashboard is the most 
significant feature of the proposed system 
which is displayed in Fig 3 below.   

 
Fig 3. User Interface for Prediction Dashboard 

Currently, the local demand prediction is 
considered for a particular cluster center with 
the expectation to expand to the national 
demand in future. Therefore, a file upload 
section is included, where the user is able to 
upload datasets for which they can get 
predictions for any other cluster center 
affiliated to the NBTS.  

VI. RESULTS 

To evaluate the performance of the 
prediction model and to assess the 

effectiveness of its forecasts, a performance 
analysis is conducted involving the 
computation of 3 metrics: Root Mean Square 
Error (RMSE), Mean Absolute Percentage 
Error (MAPE) and the Coefficient of 
Determination (R2).  

RMSE = √∑ (Ti−Oi)
2n

i=1

n
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Where Oi, Ti  and  𝑇̅𝑖  represents the predicted 
values, actual values and the Mean of the 
actual values respectively. 

To assess the performance of this 
predictive model, the Coefficient of 
Determination (R²) is considered, baselining 
that the model's predictive accuracy 
improves when its R² value approaches 
closer to 1 [4].  

The Table I provides a summary of 
values obtained for above performance 
metrics after executing the prediction model 
for the 8 blood types.  

TABLE III.  STATISTICAL INDICATORS OF 

PERFORMANCE 

Blood 

Type 

RMSE MAPE R2 

O+ 434.623 10.035 0.794 

A+ 796.111 76.869 0.641 

B+ 386.677 20.332 0.538 

AB+ 201.128 27.583 0.718 

O- 89.652 11.460 0.744 

A- 130.317 42.467 0.725 

B- 31.544 4.346 0.942 

AB- 31.741 10.332 0.935 

Fig 4 below elaborates the results after 
executing the blood demand prediction 
model. This visualization showcases a 
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comparison between the actual demand and 
the predictions made by this model, 
represented individually for each blood type. 

The results demonstrate promising 
outcomes, particularly evident in the trend of 
the R² values approaching closer to 1 across 
all blood types. The blood types O+, O-, A-, 
B-, and AB- are notably close to 1, 
suggesting a high degree of accuracy and 
reliability, whereas blood types A+ and O+ 
show room for improvement. This 
discrepancy may be due to the limited 
number of available records, which has likely 
influenced the model's precision.  

The variability in R2 values observed 
across different blood types can be attributed 
to several factors. Positive blood types being 
more common and prevalent, are likely to 
exhibit more fluctuating demand patterns, 
leading to comparatively lower R2 values, as 
the predictive model may struggle to 
accurately capture these variations. Negative 
blood types being rarer, may have more 
stable and predictable demand patterns, 
resulting in higher R2 values. 

In the future, with the accumulation of 
additional historical data, the predictive 
capabilities are expected to enhance 
significantly, thereby providing the model 
with a broader dataset, enabling it to better 

capture the diverse variations in demand 
patterns across various blood types. This will 
assist NBTS to develop more targeted 
strategies for blood inventory management, 
with a focus on optimizing inventory levels 
for different blood types. 

VII. CONCLUSION 

The primary aim of this study was to 
empower blood inventory management by 
integrating advanced technologies and 
predictive analytics into the existing 
processes of NBTS. The focus was to 
develop a comprehensive platform that 
ensures the efficient allocation of blood 
resources, minimizes wastage and ultimately 
enhances the quality of patient care. By 
leveraging machine learning and real-time 
data, this system predicts blood demand, 
reducing the likelihood of overstocking and 
understocking. The further enhancements 
suggested, will further elevate the platform 
and its impact on the healthcare landscape.  

VIII.  FUTURE WORKS 

Potential enhancements and features that 
can further elevate the functionality and 
efficiency of this Smart Blood Inventory 
Management platform are explored with the 
intention to make this system more of an 
ecosystem. 
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Fig 4. Actual Demand Vs Predicted Demand  

• Implementing the system for the 

National Blood Transfusion Service 

of Sri Lanka.  

• Automated data extraction from ID 

documents (NICs, licenses, donation 

cards) via image processing for donor 

registration. 

• Handling urgent same-day orders for 

critical blood requests with priority. 

• Tracking the status by hospitals for 

their routine blood requests.  

• Real-time alert system for hospitals to 

receive status updates on their 

requests. 

• Mobile app for donors: appointment 

scheduling, notifications on 

upcoming donation events and 

educational content. 

• Integration of EHRs and hospital 

databases to predict blood demand 

based on patient admissions, 

surgeries and ongoing medical 

treatments. 

• Advanced algorithms for national 

level blood demand prediction. 
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Abstract— The research aims to design and 

develop a user-centric platform that improves 

user experience, ensures accessibility and 

security, improves transparency, integrates 

social sharing tools, donates through various 

payment methods and volunteer for any project. 

There are many people who need social support 

in different ways. It can be informational, 

emotional or practical support. But current 

charity organizations rely on one linear goal 

and they are not focusing all areas. It is handled 

and managed by individuals, organization or 

government. Also, lack of transparency is one of 

the limitations of current organizations. Many 

charity organizations do not use technology in 

their work. There are several charity 

organizations that use technology for manage 

charity activities as well. Here, through 

questionnaire-based data collection and a 

rigorous review of findings, the purpose of this 

research is to provide practical insights and 

recommendations for platform developers, 

academics and stakeholders involved in online 

charity communities. These findings provide 

actionable insights for improving existing 

platforms and motivate further exploration in 

this dynamic and evolving field. 

Keywords—Social support, Charity 

community, Online charity, Donate, Volunteer 

I. INTRODUCTION 

The various forms of assistance and 
resources that individuals receive from their 
social networks are referred to as social 
support. This support can come in many 
different forms such as emotional support, 
instrumental support, companionship 
support, informational support and esteem 
support [1]. Emotional support include 

sympathy, relationships, encouragement, 
empathy. Instrumental support means 
providing tangible assistance. Informational 
support means giving advices, sharing 
information. Esteem support include 
promote someone’s skills and ability [2]. 
Social support can also be categorized by 
age, gender, health and more facts. 

Due to ongoing economic crisis in Sri 
Lanka, the under privileged people are 
suffering a lot by this situation. There are 
many children who have stopped their 
education especially because of those 
conditions. And also, many schools in small 
villages do not have facilities for children to 
study. Therefore, charity organizations can 
organize seminars, workshops and events to 
motivate children [3]. Not only the 
economically but also many people are 
suffering mentally as well. Some people need 
counselling or advice. Some people need 
money, food or good. Some people need 
knowledge or education. So, different people 
need different things.  

Nowadays, charitable giving is an 
important part of society in Sri Lanka, but it 
can be challenging to connect donors with 
the causes they care about. And also, it 
causes a disconnect between donors and 
beneficiaries because traditional charity 
models lack personal engagement and 
community involvement. Many charity 
organizations don’t use new technologies for 
it. And very least number of organizations 
use new technologies such as using web or 
mobile applications, money transferring, 
card payment to serve. The current charity 
organizations based on one linear goal. And 
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also, in traditional organization rely on 
individuals, organization or government. 
Lack of transparency is another limitation of 
traditional charity organizations. Many 
organizations do not provide a proper plan 
for charities which leads to a breakdown of 
trust between donors and the organization. 
There are so many scammers as well [4]. And 
also, most of organizations do not focus on 
informational support or emotional support. 
The purpose of this research study is to 
investigate the potential of community-based 
charity platforms to address the challenges of 
traditional charity models.  

The study aims to identify the key 
features and functionalities of successful 
community-based charity platforms and how 
they can foster engagement and participation 
among donors and beneficiaries. The 
expected outcomes of the research include 
insights into the challenges of charitable 
giving, the impact of community 
engagement on sustainability and 
effectiveness and recommendations for 
measuring and tracking the success of 
community-based charity platforms. 

II. LITERATURE REVIEW 

The purpose of this literature review is to 

explore existing research on community-

based charity platforms in Sri Lanka, 

focusing on their unique characteristics, 

impact on local communities and challenges 

they face.  

A. Progressive Learning Design Strategy 

to Improve Impact Maturity of Charity 

organizations [5] 

There are so many people who need 
social support in different way. And also, 
there are many small scale, informal and 
unregistered charity organizations. They 
focus on one goal and different organization 
have different characters and needs. 

B. Development of a Web-Based Charity 

Organizations and Donation 

Management System [6] 

According to Inland Revenue 
Department Website, there are 84 approved 
charities in Sri Lanka. Around 5 of them are 

only provide online donate facility. Few 
organizations provide donate offline via bank 
transferring. Around 23 organizations have 
websites but they only provide view it. And 
also, there are about 42 organizations that do 
not have websites or do not use technology. 
According to this, the number of online 
donation charities in Sri Lanka is low. 

C. The Strategic Use of Information 

Technology by Nonprofit 

Organizations: Increasing Capacity and 

Untapped Potential [7] 

Nonprofits organizations must improve 
their organizational capabilities in the areas 
of long-term IT planning, budgeting, staffing 
and training, performance measurement, 
internet and website capabilities and senior 
management vision, support and 
involvement to maximize the mission-related 
impact of Information Technology. 

D. Development of a crowdfunding web-

platform to improve the effectiveness of 

medical fundraising for a charity fund 

[8] 

It has been a common development 
process divided into clients and server sides. 
This investigation begins by introducing the 
technologies employed in the models. 
Bootstrap, MaterialUI and Font-awesome are 
used to style the contribution site model. 
They may be used by providing their 
website’s import link in their code. The user 
interface design is created using Figma web 
design tool. React with JavaScript is used for 
front end development framework. C# 
language have been used for server side and 
SQL server has been used for database. 

E. Platform for Tracking Donations of 

Charitable Foundations based on 

Blockchain Technology [9] 

Blockchain technology is currently being 
used across a wide range of sectors. This 
technology is a potential feature that comes 
to the system. Blockchain technology 
enables to make the contribution and funding 
transaction processes transparent. To track 
all information about donations, transactions 
and donors, a single platform for tracking 
donations must be established. This article 
examines the description of the platform for 
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monitoring donations based on blockchain 
technology. The system which is based on 
blockchain technology, allows transparent 
accounting of activities for donors, charitable 
foundations and recipients. The charitable 
platform should provide a transparent 
donation route, allowing public users and 
contributors to track and monitor where, 
when, and to whom charity donations were 
disbursed. 

III. METHODOLOGY 

Design Science Research Methodology 
(DSRM) is the systematic approach used for 
this research study. There are many charity 
organizations and communities in Sri Lanka 
today with different limitations. In this 
research focus on develop a community-
based charity platform with preventing those 
limitations. Current charity organizations 
rely on a single linear goal and are managed 
by an individual, organization or 
government. People cannot do charity with 
what they have. And those traditional charity 
organizations have lack transparency. People 
can donate money but people don’t know 
what happens inside and can’t directly 
connect to charity. Basically, it could be 
improving donor engagement, enhancing 
transparency in donations or streamlining 
volunteer management. But as a community 
there is no single platform to help everyone 
in every way. The specialty of this system is 
that everyone can join the charity as a 
community and volunteer with their interest 
and ability. For that should collect data to 
verify it and get data from user experience 
and preference.  

A. Fact collection mechanism 

There are two types of research paradigm 
that can be used. Positivist research paradigm 
focus on quantitative method and 
interpretivist focus on qualitative method. In 
this research, it will use Positivist research 
paradigm to gather quantitative data through 
this questionnaire (Google form). Preparing 
questionnaires is an easy and effective way 
to collect data from a large audience. These 
data are highly accurate and applicable to the 
study area. In this research, 100 responses are 
collected for data analysis using 
questionnaire. Male and female, young and 

old, students, employees and unemployed all 
participated in this data collection process. 
Through this questionnaire, anyone can get a 
good idea about this research area. 

B. Result and solution 

According to the result got from the 
questionnaire,  

• 94% have donated using technology 
and 6% have not donated using 
technology. Therefore, it is would 
be better to develop an online 
platform to do charity because of 
their busy life. 

• The most popular technology to 
donate is money transfer. 85.1% 
donated through money transfer. 
85.1% donated through cash 
transfer. 44.7% are donated through 
star points. 68.1% donated via card 
payment and 1.1% via crypto. 
Therefore, it would be better to add 
various payment methods to donate 
on this online platform. 

• The charity organizations pay less 
attention to emotional support. 
Therefore, it is better to add 
different projects for these supports. 

• Many charity organizations give 
money than other forms of support. 
Many charitable organizations 
provide food and physical health as 
a service as well. Fewer charitable 
organizations provide education, 
advice, jobs offering and mental 
health. 

• 40% of the target population say 
they cannot connect with 
beneficiaries through current 
charities and 49% say they are not 
sure. Therefore, it is better to create 
an opportunity to improve the 
connection between volunteers and 
beneficiaries. 

• 62% people say that charity 
organizations have lack 
transparency. 35% people are not 
sure about this and 3% people say 
that charity organizations have 
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more transparency. Therefore, 
details and clear records should be 
shown such as how funds are spent 
and how much is available to 
improve transparency. 

• 61.8% people says web application 
is more suitable and 8.8% says 
mobile application is most suitable. 
Also, 29.4% says both will suit. 
Therefore, a web application is the 
most suitable than mobile 
application for charity-based online 
community. 

 

After the study of the previous literature and 
data analysis part it is possible to get an idea 
that the predicted problem exists in the 
society and the target users need this charity 
based online community platform. 
According to this, decided the requirements 
that need for this platform. Functional 
requirements and non-functional 
requirements are as follows. Functional 
requirements are key features of the system 
and without them such a platform cannot be 
designed or developed. Non-functional 
requirements are quality attributes and 
having those qualities isn’t mandatory, but 
it’s good to have them. 

Functional requirements 

• Authenticate user when login or 
signup 

• View profile and update password 

• Become a volunteer  

• View volunteers 

• View projects 

• Can donate through different 
payment methods 

• View donors related to different 
projects 

• View funds handling details 
Non-functional requirements 

• High security  

• Scalability 

• Good performance 

• Reliability and availability 

• Privacy and data protection 

• Cost effectiveness 

• User friendly 

IV. IMPLEMENTATION 

After determining the required features 
this charity based online community 
platform can be designed and developed. 
Some features can be accessed without 
logging in, such as viewing projects and 
donating. There are also some features that 
require logging in for access, such as 
donating via card payments, becoming a 
volunteer, and viewing volunteers. All users 
can log in with the same account. Any user 
can be a donor, volunteer or beneficiary. One 
user can be a volunteer for one project and 
the same user can be a beneficiary for another 
project. Moreover, the platform will truly 
help donors and volunteers to donate and 
volunteer with high transparency and get any 
kind of support to the beneficiaries. Most 
users need a web application for that and the 
users do not need to install any application. 
So, a web application should be designed and 
developed. 

Here is the flowchart related this 
proposed system. 

 

Fig.  1. System flow chart 

When it’s comes to the proposed system 
development, Angular, Spring Boot and 
MySQL was used. For the API testing, 
Postman and for the front-end testing, google 
chrome web browser was used. 
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As per requirements, these are some user 
interfaces designed and developed. 

 

                          Fig.  2. View projects UI 

 

 

                      Fig.  3. View volunteers UI 

     
                         Fig.  5. Donate UI 

 

 

V. DISCUSSION 

Research findings and how they align 
with the originally defined objectives were 
broadly discussed. Each research objective 
and present key insights and findings related 
to it were revisited. One objective is to 
identify how many people are willing to 
engage with charity with technology. 94% of 
people of the target population use 
technology for charity and most of them use 
money transfer to donate. The research 
shows high levels of willingness, it 
underscores the potential for success in an 
ICT-supported charity platform with various 
payment methods.  

Another objective is to identify what do 
people want as a help other than money. It 
seeks to uncover the various forms of support 
or contribution that individuals value beyond 
financial donations. This may include time, 
skills, resources or other forms of support. By 

identifying and understanding these 
alternative modes of support, the research 
informs the development of an ICT-
supported charity platform that can engage 
the charity with what they have.  

Another objective is to design and 
develop an ICT-supported community-based 
charity platform that can connect directly 
with donors, volunteers and beneficiaries and 
engage the charity with what they have. The 
primary purpose of the platform is to create 
direct connections between donors, 
volunteers and beneficiaries and to give users 
the opportunity to connect with the charity 
using their unique assets and capabilities. 
Therefore, there should be more transparency 
in the design and development of the system 

 

                        Fig.  6. Donors UI 

 

FigFig.  4. Become volunteer UI 
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and should be able to connect everyone 
together as a community.  

Final objective is to evaluate that ICT-
supported community-based charity 
platform. This usually involves user testing, 
gathering feedback and evaluating key 
performance indicators. According to the 
collected data some of them gave feedback 
and suggestions to improve this. And also, 
when testing the developed system used 
different browsers as well. 

A. Future recommendations 

There are new features can be added 
accordingly in future. Currently there is no 
place to add beneficiary’s details. So, should 
add a place for that. Then, people can directly 
contact them.  

And should establish and maintain 
mechanisms for ongoing user engagement 
and feedback collection. Regular feedback 
should be collected from donors, volunteers 
and beneficiaries to ensure the platform is 
responsive to evolving needs and 
expectations. A new feature needs to be 
developed for feedback control and review.  

Also, must be updated with emerging 
technologies such as artificial intelligence 
(AI) and blockchain their potential 
applicability to charity-based online 
communities and investigate how these 
technologies can enhance user experiences 
and impact. Therefore, a 24/7 hours working 
chatbot should be developed to provide a 
better user experience.  

Must be registered with NGOs. Establish 
partnerships with charitable organizations, 
NGOs and philanthropic institutions. 
Collaborate closely with these stakeholders 
to implement and refine the platform in real-
world contexts. Use their expertise and 
networks to maximize impact on the 
platform.  

Consider expanding the platform’s reach 
beyond regional boundaries to address global 
charitable needs. Should adapt the platform 
to accommodate different languages like 
Sinhala and Tamil and facilitating 
international participation. Should be able to 
register with passport instead of National ID. 

VI. CONCLUSION 

 Research on the community-based 
charity platform highlights its potential to 
bring about positive change. By connecting 
donors, volunteers and beneficiaries, it 
creates a platform for meaningful 
contributions. This research aims to improve 
charity and effectiveness with an emphasis 
on community engagement. Traditional 
charity models face challenges, but 
community-based solutions offer new 
possibilities. Transparency, user 
engagement, many projects and community 
involvement are key. This research provides 
insights for a more effective future in 
philanthropic communities.   
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Abstract - Sri Lanka's rubber plantations 

are a cornerstone of its agricultural sector, 

but they are susceptible to various diseases 

that can threaten rubber production. This 

research presents a prototype system for the 

detection of rubber plant diseases, specifically 

designed for Sri Lankan plantations, utilizing 

image-based analysis without reliance on 

complex machine learning or convolutional 

neural networks. The prototype system 

employs a straightforward image capture 

mechanism, allowing local farmers and 

plantation workers to easily capture images of 

rubber plant leaves using common mobile 

devices. These images were used to establish 

visual criteria and rules for identifying and 

classifying different disease symptoms. The 

system's performance was evaluated through 

field testing in Sri Lankan rubber plantations, 

considering factors such as specificity, 

sensitivity, and practicality for users. The 

results of the prototype system demonstrate its 

potential for accurate and accessible 

identification of rubber plant diseases, 

providing a cost - effective solution for early 

disease detection and intervention in Sri 

Lankan rubber plantations. This research 

contributes to improving disease management 

practices in Sri Lankan rubber plantations, 

ensuring the resilience of this vital industry 

without the need for complex technology. 

Keywords—Detection, Rubber 

cultivation, Planters, Supervisors, image data 

set, prototype, mobile application 

I. INTRODUCTION  
Sri Lanka's rubber industry, with a rich 
history dating back to the early 20th 
century, plays a crucial role in the country's 
economy. The nation's favorable climate 

and fertile soil provide an ideal 
environment for producing high-quality 
natural rubber. However, the industry 
faces significant challenges from various 
diseases that threaten the  
 
 
health and productivity of rubber trees, 
potentially jeopardizing its sustainability. 
The main diseases  
affecting rubber cultivation includes, 
Pestalotiopsis, phytophthora, 
Corynespora, Colletotrichum, Oidium [1]. 
According to the reports of Rubber 
Research Institute of Sri Lanka these 
diseases not only affect the growth of 
rubber trees but also hinder the overall 
development of the natural rubber sector 
by limiting production. To boost natural 
rubber yield, consulting experts and 
implementing effective measures is 
crucial. However, the current manual 
diagnosis process is slow and often 
inaccurate, compounded by plantation 
workers' limited knowledge of rubber 
diseases. Rubber cultivation in Sri Lanka 
primarily takes place in several main areas 
across the country and Sabaragamuwa, 
Southern, Northwestern are the most 
popular rubber planting areas. [1]. 
Considering the technology facilities and 
people’s literacy of Sri Lankan culture in 
these fields, we must select the most 
suitable platforms for these discussions. 
According to these facts, physical 
interviews and hard copy questionaries are 
the most suitable platforms for the planters 
and we can use google forms with the 
facilities that they have in the situation.  
The primary objective of this research 
work is to develop a prototype aimed at 
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addressing the challenges faced by the 
rubber cultivation industry in Sri Lanka. In 
this undertaking, mobile applications 
emerge as the most suitable approach, 
particularly considering the needs of 
rubber planters in the country. By utilizing 
images, they can effortlessly input data 
into the system and obtain the desired 
information. Image processing 
encompasses a broad array of applications, 
such as image analysis, image 
classification, object recognition, and 3D 
imaging, among others. This project 
involves scanning and analyzing plant leaf 
images using an image classification 
model.[3]. 

II. LITERATURE REVEIEW 

A. Domain Overview 
The Rubber Research Institute (RRI) 

plays a key role in guiding the industry, 
emphasizing precise rubber tree 
cultivation, and facilitating replanting 
efforts. The industry spans large estates 
managed by reputable companies and 
numerous smallholders, with foreign 
producers capitalizing on Sri Lanka's high-
quality rubber supply. Sri Lanka's resilient 
rubber industry involves both upstream 
and downstream operations. Upstream 
activities include the production and 
marketing of high-quality natural raw 
rubber products, such as tires, clothing, 
and rubber sheets. The industry consumes 
both locally produced and imported 
rubber, with notable exports of sole crepe 
and latex crepe rubbers to the USA, 
Germany, Italy, Belgium, and the UK. 
Factors affecting the industry include tree 
age, tapping technique, and management 
practices. Disease control, fertilization, 
and pruning are crucial for maintaining 
healthy plantations. Leaf diseases can 
negatively impact rubber tree health and 
productivity, affecting photosynthesis and 
nutrient absorption.  

Recent technological advancements in 
agricultural technology aim to enhance 
rubber yield by detecting and managing 
diseases early. State-of-the-art monitoring 
systems use technologies like 
hyperspectral imaging, drones with 

multispectral cameras, and IoT sensors to 
collect high-resolution data on parameters 
such as chlorophyll content, temperature, 
humidity, and soil moisture. AI-driven 
platforms analyze this data to identify 
disease patterns, assess plant health, and 
enable proactive plantation management. 
Predictive models help anticipate disease 
risks, providing recommendations for 
planting schedules, irrigation practices, 
and crop rotations, ensuring long-term 
sustainability, and safeguarding rubber 
yields. 

 

B. Framework analysis 
The development of disease detection 

systems in image processing using deep 
learning relies on key frameworks and 
theories for accurate and effective results. 
Central to many algorithms is the use of 
convolutional neural networks (CNNs), 
specialized in processing images to 
automatically identify illness patterns by 
learning from input photos. Transfer 
learning is crucial, involving the 
adaptation of pre-trained CNN models 
optimized for large-scale datasets like 
ImageNet for disease detection.[4] This 
approach leverages features learned from 
generic images, tailoring them to the 
specific task of illness diagnosis and often 
improving performance with limited data. 

To enhance model resilience, data 
augmentation is employed, artificially 
expanding the training dataset through 
transformations such as rotations, flips, 
and scaling. Ensemble learning strategies, 
combining predictions from multiple 
models, contribute to improved 
generalization and overall accuracy.[10] In 
medical applications, interpretability and 
explainability are significant concerns 
addressed by methods like Grad-CAM, 
which offer insights into model decision-
making. 

 

C. Existing Systems 

      There are some existing applications 

that develop by using image processing 

techniques, and to develop this 

application, they use different framework 
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designs and algorithms. Plantrix and 

Agrio are applications that developed 

plant disease detection, and these are 

mostly rating applications that we can find 

in the Google Play Store. And Rubber 

Buddy is one of the applications that we 

can identify as developing in Sri Lanka. 

      Rubber Buddy is a mobile application 

to empower rubber planters in Sri Lanka. 

The application consists of four parts, the 

detection of pests in immature rubber 

plantations and rubber nurseries, the 

detection of leaf disease, the detection of 

cover crops, and the detection of weeds. 

Machine learning models created using 

various convolutional neural network 

(CNN) architectures, such as mobile net 

version 2 (MobileNet v2), VGG 16, VGG 

19, and residual networks (ResNet), are 

used to recognize images captured using 

mobile phone cameras. Following image 

recognition, the program will offer rubber 

planters professional advice and 

management techniques. The program 

was created to function in offline mode 

utilizing TensorFlow Lite technology 

because most rubber plantations are 

situated in regions with poor network 

access.[5]. 

    Plantix is a popular mobile application 

that uses artificial intelligence and image 

recognition to detect plant diseases and 

nutrient deficiencies. It covers a wide 

range of crops and provides 

recommendations for disease 

management and treatment. Plantix is a 

mobile application that utilizes image 

processing and computer vision 

algorithms to detect plant diseases and 

nutrient deficiencies. It employs the 

OpenCV framework for image 

manipulation and feature extraction from 

leaf images.[2] The application uses a vast 

database of plant disease images to train 

its machine-learning models for disease 

classification. Plantix incorporates a 

backend web development framework, 

such as Django or Flask, to handle user 

interactions and data management, 

allowing users to upload images, receive 

diagnoses, and access disease 

management recommendations. Agrio 

Plant Disease Detection Mobile 

Applications, Agrio is another AI-

powered mobile application designed for 

disease detection in plants. It uses 

computer vision algorithms to analyze leaf 

images and diagnose various diseases, 

enabling farmers to take timely action. It 

is another AI-powered mobile application 

focused on plant disease detection. It 

employs computer vision and deep 

learning frameworks like TensorFlow or 

PyTorch to analyse leaf images and 

identify disease symptoms accurately.[8] 

Agrio's design involves a user-friendly 

interface that allows farmers to capture 

images of affected leaves using their 

smartphones. The application's machine 

learning models are continuously updated 

with new data to improve disease 

detection accuracy. 

   Plant diseases are crucial to the 

development of agriculture since they can 

particularly affect the quality and quantity 

of plants. In general, fungi, bacteria, 

viruses, and mold are the causes of plant 

illnesses. Plant diseases are often 

diagnosed by farmers or professionals 

using only their eyes. However, this 

method can be time-consuming, 

expensive, and inaccurate. As a result, 

deep learning-based plant disease 

detection and categorization offer a quick 

and accurate way. For the purposes of 

study, instruction, and analysis, 

photographic images of plant infection 

signs are used to diagnose plant 

diseases.[6] Deep learning technology and 

computer image processing are used to 

provide speedy and accurate detection, 
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and studies show that deep learning 

techniques are useful for classifying plant 

diseases.[7]. Enhancing image analysis's 

dependability, correctness, and accuracy 

for spotting and classifying plant sickness 

has been a top priority. To extract plant 

disease representation from trained CNNs, 

using visualization approaches. 

III. METHODOLOGY 
The goal of Design Science Research 

(DSR), a research methodology, is to 
develop novel artifacts that solve real-
world issues in a variety of fields. It is 
especially pertinent in industries like 
information systems, engineering, and 
technology were developing new solutions 
and designing them is crucial. DSR seeks 
to develop physical, practical objects that 
can be used in real-world settings in 
addition to new information.  

The research focuses on addressing 
challenges in detecting diseases in rubber 
plant leaves through image processing. 
Motivated by the critical need for swift and 
accurate identification, the process 
involves a literature review, theoretical 
foundation, conceptual design, and 
development. The system is implemented, 
tested, and empirically evaluated for 
accuracy and robustness using diverse 
datasets. An iterative improvement phase 
refines the system based on evaluation 
results, ensuring continuous enhancement. 
Comprehensive documentation preserves 
methodologies and outcomes, and 
communication and knowledge 
dissemination share research outcomes 
with peers, practitioners, and stakeholders 
through conferences and academic 
journals. 

 

A. Fact collection mechanisms 
In this research project focused on 

developing an efficient method for 
detecting leaf disease on rubber plants, 
questionnaires and interviews play pivotal 
roles in gathering valuable insights from 
rubber producers and experts. The 
questionnaires, available in Sinhala, 
Tamil, and English, aim to inclusively 
capture practitioners' experiences, 

providing crucial information on disease 
frequency, challenges faced, and current 
management strategies. The goal is not just 
to collect data but to emphasize the 
necessity for a technologically advanced 
disease detection system. The gathered 
information serves as a compelling 
argument for the development of a rubber 
plant leaf disease detection system based 
on image processing. It positions the 
rubber farmers as key contributors to 
advancing disease control paradigms by 
bridging the gap between real-world 
knowledge and technological 
advancements.  

Iinterviews with rubber experts and 
supervisors are carefully planned to extract 
in-depth knowledge and extensive 
experience in rubber farming and disease 
management. These interviews delve into 
complex insights beyond surface 
observations, aiming to understand various 
facets of disease detection, treatment, and 
prevention. The experts' opinions on 
disease characteristics, challenges unique 
to rubber production, and their decision-
making processes are explored. Overall, 
the combination of questionnaires and 
interviews creates a comprehensive 
foundation for the development of a robust 
rubber plant leaf disease detection system, 
aligning technology with the practical 
experiences and expertise of those 
involved in rubber cultivation. 

 

B.  Data Analysis 
In this research project, thematic 

analysis was employed as the selected 
method for analyzing the gathered data. 
The data collection process encompassed 
two separate approaches,  

• Conduct interviews and 
questionnaires for gathering 
data to identify the 
requirements.  

• Collecting images for training 
the model. 

The first part of thematic analysis was 
done by using research questions and 
answers. According to the research 
question there are main 3 objectives in this 
work.  
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• Object 1 - To identify the most 
prevalent diseases in rubber 
cultivation in Sri Lanka. 

• Object 2 - To identify the existing 
methods of disease detection and 
challenges. 

• Object 3 - To propose a user-
friendly solution suitable for the 
rubber industry in Sri Lanka. 

In first objective, analysis aimed to 
identify the most common diseases 
affecting rubber plants in Sri Lanka. The 
data collected were analyzed to investigate 
the types of diseases that rubber farmers 
and agricultural officers had observed or 
dealt with. Additionally, the analysis 
examined the frequency of disease 
occurrences and the methods used for 
reporting diseases. The second objective 
was focused on understanding the current 
disease detection methods employed in 
rubber cultivation. The various 
approaches, including visual inspection by 
farmers, laboratory-based testing, and the 
use of government or non-government 
support, were explored. Furthermore, the 
analysis delved into the challenges 
associated with these methods, such as 
time-consuming processes, accuracy, and 
accessibility of support. 

Final objective was aimed to propose a 
user-friendly solution for disease detection 
in the Sri Lankan rubber industry. The data 
were analyzed to understand preferences 
for mobile apps or handheld devices and 
the desired features of such a system, 
including real-time analysis and a user-
friendly interface. Additionally, the 
analysis examined respondents' awareness 
of and willingness to adopt technology, 
along with any concerns or reservations 
they may have had about technology 
adoption and access to technology in 
rubber cultivation in Sri Lanka. 

In the data set creation process, there 
are several steps to follow. The image 
dataset for the rubber tree plants leaf 
disease detection system was developed by 
capturing images of leaves affected by the 
above selected disease types. The research 
objectives were clearly defined to focus on 
the accurate identification of diseases in 
rubber tree leaves. Image collection 

involved methods, such as capturing 
photos using cameras and smartphones, 
along with augmenting existing datasets 
through transformations like rotation, 
scaling, and cropping to increase image 
diversity. All images are captured by using 
white background and image size was 
1936 x 129. 

Images were captured, meticulous 
labeling was undertaken, and recording 
essential details for each image to provide 
crucial information for subsequent training 
and evaluation of the disease detection 
system. The images were organized and 
stored in distinct folders, categorized 
based on the specific disease affecting the 
leaves. This organizational structure was 
implemented to ensure the dataset's clarity 
and accessibility. Data augmentation 
techniques were applied to create 
variations of existing images, potentially 
enhancing the model's ability to generalize 
and accurately detect diseases.[9] The 
image dataset for the rubber tree plants leaf 
disease detection system was crafted 
through a systematic process that 
encompassed clear objective definition, 
diverse image collection methods, 
thorough labeling, organized storage, 
preprocessing, and strategic dataset 
division for model development and 
evaluation. 

 

         
      Fig 1. Healthy Rubber   Fig 2. 

Phytophthora              
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  Fig 3. Pestalotiopsis  Fig 4. Pestalotiopsis   

 

                                    

 

 

      

IV. PROPOSED SYSTEM  
 

    Proposed system application’s home 
page serves as the central hub within the 
Research System mobile application, 
serving as the main screen that users 
encounter upon launching the app. Its 
primary purpose is to offer users a 
comprehensive overview of the app's 
diverse features and functionalities. 
Beyond being an informational gateway, 
the home page is designed for user 
convenience, enabling swift access to 
the most frequently performed tasks. 
This intuitive layout ensures that users 
can efficiently navigate through the app, 
streamlining their interactions and 
enhancing their overall experience. In 
essence, the home page functions as the 
app's core, providing users with both a 
snapshot of its capabilities and a 
practical launchpad for their research-
related activities. 

 

 
 
 
 
Once an image is captured and 

incorporated into the scanning process, 
users are presented with a dedicated 
disease decryption page within the 
Research System mobile application. This 
specialized page serves as a valuable 
resource for users seeking in-depth 
information about various diseases. Here, 
users can access comprehensive details 
regarding diseases, including vital 
information about their symptoms, causes, 
and available treatments. This feature 
empowers users with the knowledge 
needed to better understand the diseases 
they are researching, aiding in their quest 
for information, diagnosis, and treatment 
options.  

The disease decryption page represents 
a pivotal aspect of the app, providing users 
with the means to access critical health-
related insights quickly and efficiently. 
Each disease displays separate information 
according to the detection disease. 

The diseases treatment page provides 
users with the immediate treatments that 
they can do for the diseases and 
recommend the fungicides they can use for 
the diseases separately. Users can learn 
more details using Read more on 
Wikipedia. Users can share their images 
with others and save the images. 

After detecting the diseases users can 
share their images with the others in the 
community with adding enquiry. And by 
using the community page users can like 
and comment on the other images and 
answer foe their questions. Community 
page displays the username and the 
location.  

Fig 5. Landing Page  Fig 6. Home Page  

 

Fig 7. Home Page  

 

Fig 8. Home 

Page  

 



  NSBM Student Research Symposium on Innovative Technology ‘24 

 

Page | 108  

 

The recent page within the Research 
System mobile application offers users a 
convenient and efficient way to access 
their most recently detected images. This 
feature serves as a practical resource for 
users to quickly locate and retrieve 
resources they have recently used or are 
currently working on. By displaying a list 
of the most recently detected images, this 
page simplifies the process of revisiting 
important materials, streamlining the user 
experience. Whether users need to 
reference recent research, continue work 
on an ongoing project, or simply keep 
track of their most recent activities, the 
recent page provides easy access to these 
resources, ultimately enhancing 
productivity and user satisfaction within 
the app. 
 

 
 

V. DISCUSSION 
 

In the Discussion, it is crucial to 
emphasize the significance of the results 
obtained in the context of the original aims 
and objectives of this research, which 
centered on the development of prototypes 
and an image dataset for a system to detect 
plant diseases in rubber cultivation. The 
results obtained from these prototypes and 
the dataset hold substantial implications 
for the rubber industry. The prototypes' 
potential to accurately detect diseases in 
rubber plants and the creation of a 
comprehensive image dataset offer a 
promising direction for cost-effective and 

efficient early disease identification. This 
could significantly contribute to mitigating 
crop losses and enhancing overall rubber 
cultivation practices. These findings are 
particularly important for the rubber 
industry, as they present an opportunity to 
advance productivity and sustainability. 
   The research findings should be 
compared to previously published data in 
the field. Upon such comparisons, it 
becomes evident that these prototypes and 
the dataset provide valuable resources for 
further research in disease detection. This 
comparative analysis reaffirms the novel 
contribution of this work in the field of 
plant disease detection. 

VI. CONCLUSION  
 
In conclusion, the major conclusions 

drawn from this investigation can be 
concisely stated as follows: The 
development of prototypes and an image 
dataset for a system to detect plant diseases 
in rubber cultivation show promise in 
providing practical solutions for an 
industry that often grapples with disease-
related losses. To pave the way for future 
research endeavors, it is suggested to 
explore the integration of machine learning 
models to enhance disease prediction and 
the implementation of real-time 
monitoring systems for early disease 
detection, utilizing the resources provided 
by these prototypes and the dataset. These 
future research avenues hold the potential 
to further advance disease management in 
rubber cultivation and improve the 
industry's overall sustainability and 
productivity. 

ACKNOWLEDGMENTS 
I wish to extend my heartfelt appreciation 
to all who played a vital role in the 
completion of this research project. My 
sincere thanks go to my dedicated 
supervisor, lecturer Mr.Dilhara 
Batanarachchige, and our final year 
research module coordinator, Head of the 
Department of Information and System 
Science senior lecturer Dr. Mohamed 
Sapraz for their unwavering guidance. I'm 
grateful to my family for their constant 

Fig 9. Community Page  

 

Fig10.Recent Page  

 



  NSBM Student Research Symposium on Innovative Technology ‘24 

 

Page | 109  

 

encouragement, to my friends for their 
unwavering support. Special thanks to the 
participants who generously shared their 
insights. Each of you has made a 
significant contribution to the success of 
this research project. 

REFERENCES  
[1] Sri Lanka Export and Development Board, 

2023. Natural Rubber Industry In Sri Lanka - 
EDB Sri Lanka. [Online] Available at: 
https://www.srilankabusiness.com/rubber/abo
ut/industry-capability.html [Accessed 01 July 
2023]. 

[2] Rupavatharam S and Kennepohl A and 
Kummer B and Parimi, V. (., 2018. Automated 
plant disease diagnosis using innovative 
android App (Plantix) for farmers in Indian 
state of Andhra Pradesh. Rupavatharam S and 
Kennepohl A and Kummer B and Parimi, V 
(2018). 

[3] Sri Lanka Export and Development Board, 
2023. Natural Rubber Industry In Sri Lanka - 
EDB Sri Lanka. [Online]  Available at: 
https://www.srilankabusiness.com/rubber/abo
ut/industry-capability.html[Accessed 01 July 
2023]. 

[4] Swain Anisha Image Processing Framework 
for Machine Learning, 2018. What is an Image 
Processing Framework for Machine 
Learning[Online]Available 
at:https://medium.com/@anishaswain/noise-
filtering-in-digital-image-processing-
d12b5266847c [Accessed 13 July 2023]. 

[5] Aparna Jayawardena Kasuni Ganegoda Sakuni 
Imbulana Gavin Gunapala Nuwan Kodagoda 
Thilini Jayasinghe, 2022. Rubber Buddy: A 

Mobile Application to Empower Rubber 
Planters of Sri Lanka. Aparna Jayawardena 
Kasuni Ganegoda Sakuni Imbulana Gavin 
Gunapala Nuwan Kodagoda Thilini 
Jayasinghe,, Issue 09-10 December 2022. 

[6] Ayesha Siddiqua Muhammad Asha Kabir 
Tanzina Ferdous Israt Bintea Ali, 2022. 
Evaluating Plant Disease Detection Mobile 
Applications: Quality and Limitations. Ayesha 
Siddiqua Muhammad Asha Kabir Tanzina 
Ferdous Israt Bintea Ali,. 

[7] Laxmi M. Tech Scholar, 2022. Detection And 
Classification Of Plant Leaf Disease Using. 
[Online] Available at: https://www.ilkogretim-
online.org/[Accessed10072023]. 

[8] Zeng T, (28 February 2022. Rubber Leaf 
Disease Recognition Based on Improved Deep 
Convolutional Neural Networks With a Cross-
Scale Attention Mechanism. 
[Accessed10JULY2023]. 

[9] J. Arun Pandian, G. Geetharamani and B. 
Annette, "Data Augmentation on Plant Leaf 
Disease Image Dataset Using Image 
Manipulation and Deep Learning 
Techniques," 2019 IEEE 9th International 
Conference on Advanced Computing (IACC), 
Tiruchirappalli, India, 2019, pp. 199-204. 
[Accessed 07 July 2023]. 

[10] M. Kirola, K. Joshi, S. Chaudhary, N. Singh, 
H. Anandaram and A. Gupta, "Plants Diseases 
Prediction Framework: A Image-Based System 
Using Deep Learning," 2022 IEEE World 
Conference on Applied Intelligence and 
Computing (AIC), Sonbhadra, India, 2022, pp. 
307-313, [Accessed 10 July 2023]. 

 


