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International Conference on Innovations in Info-Business and 

Technology 2022 

The International Conference on Innovations in Info-business and Technology-2022 (ICIIT-2022), 

organized by Informatics Institute of Technology (IIT), Sri Lanka, is held on the 18th of February 2022 

at the Kingsbury Hotel, Colombo from 9.00 a.m. onwards under the theme “Digital Transformation 

& Innovation for a Sustainable Society”. 

Professor Rudolf Haggenmüller of the Ludwig-Maximilians-Universität in Munich, a veteran in the field 

of R & D and technology innovations, is the keynote speaker at this event. In addition, a main speaker 

and seven guest speakers with expertise in the relevant conference tracks, will also address the 

audience. 

Twenty five presentations by authors from local and international Higher Education Institutions have 

been scheduled where they will share their views and experiences, under the four main tracks, ‘Data 

Science & Artificial Intelligence’, ‘Computing’, ‘Technology of Business’, and ‘Management and 

Organization’. 

Given the far-reaching impact of the ongoing COVID-19 pandemic, and the challenges posed by 

today’s “new normal”, the ICIIT 2022 is a well-timed conference that aims to delve into the multi-

layered topic of how society can emerge stronger and more resilient in the face of the growing 

uncertainty in today’s pandemic-hit world. It presents an excellent opportunity for all stakeholders 

to revisit and re-evaluate our assumptions, decisions, practices, and collaborations with the aim of 

formulating new workflows and techniques in e-businesses, e-services, e-societies, and e-learning for 

a better, sustainable future.
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                                                     Dr. Gamini Wickramasinghe 

                                                              Founder and Chairman 

  Informatics Group of Companies 

Message from the Founder and Chairman, 

Informatics Group of Companies, Sri Lanka 

 

 

 

 

 

 

 

I would like to extend a very warm welcome to all the participants to the International Conference 

on Innovations in Info-business and Technology (ICIIT-2022) under the theme “Digital Transformation 

& Innovation for a Sustainable Society”. The aim of the Conference is to provide a forum for delegates 

from the industry and academics to exchange ideas and presenting their research works. In addition, 

it is an ideal venue for interactions and to establish the all-important contacts with each other. 

ICIIT-2022 will provide an excellent opportunity for its participants to connect, network and discuss 

how to develop innovative ideas and feasible solutions that will address the growing needs of the 

Information Communication Technology sector. 

ICIIT-2022 is especially designed to promote research and knowledge sharing to facilitate the ICT 

industry with current trends, and during the Conference 25 research papers will be presented.   I 

congratulate all the authors who will be presenting papers. 

Since its inception the Informatics Group has been building its position not only as a provider of 

quality IT solutions but also as a leader in the education and agriculture sectors. The Informatics 

Institute of Technology (IIT) is the first private higher education institute which has a proud record of 

awarding world renowned British degrees in the field of ICT and Business in Sri Lanka. IIT has produced 

over 4000 graduates and has awarded over 800 scholarships. 

Finally, I would like to thank everybody involved in the organization of this Conference. I wish all the 

speakers and participants a very successful Conference with fruitful discussions and a memorable 

stay in Sri Lanka.  
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Message from the Chief Executive Officer, 

Informatics Institute of Technology, Sri Lanka 

 

 

               Mr Mohan Fernando 
               Chief Executive Officer 

                  Informatics Institute of Technology 

 

 

 

We are delighted to bring ICIIT 2022, a premier research conference highlighting recent 

advancements of Information Technology and Info-business. More than 30 years ago, IIT pioneered 

private higher education in Sri Lanka transforming how we access knowledge of those who are in the 

forefront of innovation around the world. We saw education as the catalyst that will propel our 

society to the next frontier. In sync with our original vision, this year's meeting has been aptly themed 

as "Digital Transformation and Innovation for a sustainable society".  

We've just witnessed two of the most challenging years that recent generations have ever 

experienced, which also highlighted the rise of innovative companies and fall of the ordinary. Digitally 

savvy companies were able to respond much faster to the new demands while the traditional 

businesses struggled to cope up. With ICIIT, we want to encourage research that can enable 

humanity to thrive through adversities, therefore we have welcomed more and more applied research 

that are adoption ready. Also, data driven decision making has become vital to mitigate the risk of a 

rapidly changing environment. This could mean varied business cases from data science applications 

that can improve the harvest of a rural farm or a visual analytics platform that can alert a tired 

motorist on a highway. Therefore, enhanced emphasis was placed on Artificial Intelligence and Data 

Sciences related research during 2021. 

We have always believed business studies should be augmented with a high degree of Technology 

adoption to stay at the cutting edge and with this in mind we have introduced a dedicated track for 

IT of Business this year. Structure was in place to encourage engineering and business teams to 

collaborate and present joint research. Goal was to induce much needed digitalization to all business 

research that in turn will help them to navigate the new competitive landscape better than before.  
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Further, we would want to continue ICIIT thinking and translate into something meaningful beyond 

the conference. We will soon be launching our own research journal followed by an IIT incubator 

program that will kickstart during quarter two of this year. We would welcome all keen researchers 

to come on board and be part of this journey.  

INNOVATE, TRANSFORM & SUSTAIN! 
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     Ms Naomi Krishnarajah 

        Dean - School of Computing 

                    Informatics Institute of Technology 

Message from the Dean – School of Computing, 

Informatics Institute of Technology, Sri Lanka 

 

 

 

 

 

 

 

 

Welcome to the 3rd International Conference on Innovations in Info-business and Technology (ICIIT-

2022) organized by Informatics Institute of Technology (IIT). IIT has produced many high calibre IT 

and Business graduates who play a pivotal role in empowering many industries and organizations 

across the globe.  

ICIIT 2022 has proved its maturity with many academic presentations from local and international 

higher education institutions in the fields of Computer Science and Business Management. It brings 

to the forefront work carried out by researchers worldwide to present their findings as well as 

ongoing work to academia and industry. In pursuit of innovation and enhancement, it enables 

researchers around the world to showcase their novel perspectives on diverse issues related to the 

theme of the conference. 

This year’s theme “Digital Transformation & Innovation for a Sustainable Society” paves the way for 

researchers to review new trends in Computing and Business to foster a sustainable society. 

Breakthroughs in AI, edge computing, quantum computing, robotics, cybersecurity and many more 

areas facilitates advanced interdisciplinary research through which diverse industries have benefited 

and continue to solve economic, business, social and environmental problems.  

A special welcome to the keynote speaker and a warm welcome to all our distinguished guests, 

invited and main speakers. We are certain the diverse topics, expertise, and insights you will be 

highlighting in these talks will contribute to the theme of the conference and participants.  Your 

contribution is looked forward to and would indeed add much significance and scope to the 

conference. We also thank our panel members for their contribution to today’s session as their 
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experience and knowledge add immense value to our conference. We are indeed grateful to the local 

and international reviewers and the conference organizing committee, who tirelessly worked towards 

the success of this conference.  

Wishing you all a very fruitful and rewarding conference. 
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             Professor P.S.M. Gunaratne 

                                                                Dean – Faculty of Business 

                      Informatics Institute of Technology 

Message from the Dean – Faculty of Business, 

Informatics Institute of Technology, Sri Lanka 

 

 

 

  

 

 

 

 

Welcome to the International Conference on Innovations in Info-business & Technology (ICIIT2022) 

of Informatics Institute of Technology (IIT), Sri Lanka under the theme “Digital Transformation & 

Innovation for a Sustainable Society” at The Kingsbury, Colombo on 18th February 2022.   

The role of a higher learning institution or a university is not limited to bring men and women to a 

high level of intellectual development in the arts and sciences, and in professional disciplines, but 

also to promote high-level research.  It also signifies a community of persons engaged in study and 

research. In this context, I am glad that the management of IIT took a noble decision to go ahead 

with this annual event despite enormous hurdles forced by the external environment showing its 

ability to change and adopt to new circumstances with its collective capacity of resilience.  

Over thirty long years of its existence, IIT has developed its expertise in two important disciplines: 

Computing and Business with its British partners. This year’s conference has been organized in line 

with IIT’s expertise in these two domains, each domain has been taken care of by two tracks. The two 

tracks that came under the purview of Faculty of Business are: Technology of Business, and 

Management & Organization. Though we have received a relatively large number of papers under 

these two tracks, as a quality conscious institution we accepted only the ones with high quality after 

a rigorous reviewing process to assure our audience a rewarding intellectual involvement at the 

event. I am sure the thought-provoking ideas that you debate and deliberate through these papers 

will help to reimagine the future: your future, future of computing and business. 

Finally, I wish to express my sincere appreciation to the Conference Chair, Conference Coordinator, 

and   members of various committees for making this event a reality. I would also like to extend my 



Proceedings of the International Conference on Innovations in Info-business and Technology, Colombo, February 2022 
 

x 

 

appreciation to the authors who have submitted their excellent work to this conference and reviewers 

for their critical review of the submitted papers. Last, but not least, I would like to thank all staff 

members of the Faculty of Business and students for their inputs, support, patience, and tolerance.    

I wish all the authors and attendees a highly stimulating, informative, and enjoyable conference.  



Proceedings of the International Conference on Innovations in Info-business and Technology, Colombo, February 2022 
 

xi 

 

                                                       Professor Nihal Kodikara 

                                            Conference Chair 

                                             ICIIT 2022 

]]] 

Message from the Conference Chair 

 

 

 

 

 

On behalf of the ICIIT2022 organising committee, I am honoured and delighted to welcome you to 

the International Conference on Innovations in Info-business and Technology organised by the 

Informatics Institute of Technology. 

The ICIIT 2022 provides a platform for university and industry research in IT and Business to be 

showcased and shared in order to foster a greater collaboration among various actors in the industry 

and academia within and outside the country.  

Due to the pandemic situation prevailing in the country, the conference will be held on both physical 

and online modes. 

This year ICIIT conference is rich and varied with a keynote speech by Professor Rudolf Haggenmüller 

of the Ludwig-Maximilians-Universität in Munich and seven invited guest talks by prominent 

researchers and 25 technical papers split between four oral sessions namely Data Science & Artificial 

Intelligence, Computing, Technology of Business, and Management and Organization. There is an 

abstract presentation session to showcase the ongoing research. Besides, there are three Post and 

Pre-conference workshops.  

The papers received for the conference were of very high-quality and the papers for the oral 

presentation were selected after a rigorous review process by an expert review panel. 

I would like to thank Professor Rudolf Haggenmüller for agreeing to travel all the way from Germany 

to physically deliver the keynote speech. I express my sincere thanks to the IIT management headed 

by Group Chairman Dr. Gamani Wickramasinghe for the immense support and guidance given. I am 

greatly thankful to the chairs and members of all the committees for their untiring contributions.  I 

also acknowledge the support of our Sri Lankan industry sponsors in making this conference a 
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reality. I wish you all a fruitful time of deliberations and encourage you to undertake collaborative 

research to make the objectives of the conference a success.
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Conference Programme 

08:00 – 09:00               Registration 

09:00 – 09:10 Inauguration  

09:15 – 09:25  Welcome address by Chief Executive Officer of IIT, Mr Mohan Fernando 

09:25 – 09:35                Address by the ICIIT Conference Chair, Prof. N.D. Kodikara, Senior Professor, HOD- School 
of Computing, IIT 

09:35 – 10:05                

Keynote Speech – “Digital transformation & innovation for a sustainable society”  

Prof. Dr. Rudolf Haggenmüller 
Ludwig-Maximilians-Universität, Munich 

10:05 – 10:25                Morning snacks and tea/coffee break 

10:25 – 10:50                

Main Speech – “Hyperspectral imaging: Emerging techniques and new applications in 
non-destructive inspection and quality grading based industrial automation.” 

Prof. Jinchang Ren 
Professor of Computing Science, Robert Gordon University, Scotland 

10:50 – 11:20                Tech talk by the Platinum Sponsor 

11:30 – 11:50 Guest Speeches 

 

Artificial Intelligence & Data Science 

“Causal Inference: Looking beyond 
correlations for smarter decisions” 

Dr. Radheeka Abeyweera 
Manager, Monetization Product Research, 
Meta, USA 

Computing 

“Proactive approaches to health, 
monitoring and management” 

Dr. Stewart Massie 
Reader in Computing, Robert Gordon 
University, Scotland 

11:50 – 13:00                Technical Session 1 (Parallel sessions) 

13:00 – 14:00                 Lunch Break 

14:00 – 14:25                 

Guest Speech – “Digitalization challenges and solutions in the manufacturing sector in 
light of the current pandemic” 

Prof. Tamas Kiss 
Director of Research Centre for Parallel Computing, University of Westminster, England 

14:25 – 14:45 Guest Speeches 

 

Artificial Intelligence & Data Science 

“Data driven digital transformation for a 
sustainable society”                                                                     
 

Mr. Nuwan I. Senaratna 
Computer Scientist, Ex Meta (Facebook) 

Computing 

“SMARTEST - an online dynamic platform 
offering visualized learning content and 
linked data knowledge representation” 

Dr Alexander Bolotov 
Doctoral Research Development 
Programme Coordinator, University of 
Westminster, England 

14:45 – 15:55                 Technical Session 2 
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Conference Programme-contd. 

 

 

 

 

 

 

 

 

 

 

15:55 – 16:15                  Evening snacks and tea/coffee break 

16:15 – 17:10                 

Invited Speech – “Visual analytics and machine learning” 

Dr. Gerard Fernando 
Chief Scientific Officer, Zone24x7, USA 

17:10 – 18:00                Abstract Presentations 

18:00 – 18:20 

Invited Speech – “Explainable AI- challenges and opportunities for data” 

Prof. Umashanger Thayasivam  
Department Chair, Rowan University, New Jersey, USA 

18:20 – 18:50                Award Ceremony  

18:50 – 19:00                Vote of thanks and conference closure by Conference Coordinator, Mr Iresh Bandara 
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Keynote Speaker 

              

                   Professor Dr. Rudolf Haggenmüller  

                      Ludwig-Maximilians-Universität  

                      Munich 
 

 

 

Professor Rudolf Haggenmüller has been involved in R&D and technology innovations his entire 

professional life. The mathematician, who holds a professorship at Ludwig-Maximilians-Universität in 

Munich, worked for Siemens, among others, and headed the Research Institute for Applied Software 

Technology (FAST). He was also Chairman of ITEA, a company for the promotion of innovative, 

industry-driven software research and development projects in Europe. 

Rudolf Haggenmüller can also look back on numerous successes in supporting IT founders. Today, he 

is the executive director of the Accelerator Community Unterschleißheim, a business incubator for 

start-ups and growth companies whose business idea addresses digital transformation.
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Keynote Speech       

Digital Transformation & Innovation for a Sustainable 
Society 

Rudolf Haggenmüller 

Ludwig-Maximilians-Universität, Munich 

rudolf.haggenmueller@acu-net.de 

 

ABSTRACT 

Digital Transformation and Innovation are key instruments to master the future of global society.  They are 

keys to master the challenges of climate change, globalisation, scarcity of resources, energy, and mobility. 

Countries and cities have to find their way of using these instruments for the benefit of their citizens, for their 

economic success and quality of life.  

Two groups are of extreme importance for successful initiatives in digital transformation and innovation: 

customers and end-users help to define clear and concrete goals; start-ups bring in their creativity and agility 

for fast deployment. Innovation is business impact and fast deployment 

Based on these experiences the global IT community has to master its own big challenges: 

artificial intelligence and robotics. Everything a human can do cognitively, AI can soon do better, everything a 

human can do physically, robots will soon do better. The IT community has to make this happen as an integral 

part of a sustainable society. 

However, the IT community has also to play a central role in mastering the challenges of sustainable 

developments in a wider sense: “developments that meet the needs of the present without compromising the 

ability of future generations to meet their own needs”. 

In mastering these big challenges, the global IT community should be guided by 5 ambitions: 

innovation, business impact, fast deployment, seizing the high ground and “happiness”. 
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Main Speaker 

 

           

 

 

 

 

Professor Jinchang Ren (M’05, SM’17) received his B. E. degree in Computer Software, M.Eng. in Image 

Processing, D.Eng. in Computer Vision, all from Northwestern Polytechnical University, Xi’an, China. 

He was also awarded a Ph.D. in Electronic Imaging and Media Communication from the University of 

Bradford, Bradford, U.K.  

Currently he is a chair Professor of Computing Sciences, National Subsea Centre, School of 

Computing, Robert Gordon University, Aberdeen, UK. His research interests focus mainly on 

hyperspectral imaging, image processing, computer vision, big data analytics and machine learning.  

He has published 300+ peer reviewed journal/conferences articles, and acts as an Associate Editor 

for several international journals including IEEE Trans. Geoscience and Remote Sensing and J. of the 

Franklin Institute et al.

                                                        Professor Jinchang Ren 

                                                                  Professor of Computing Sciences 

                                                                 Robert Gordon University 

       Scotland 
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Guest Speakers    

 

Digitalisation challenges and solutions in the manufacturing sector 
in light of the current pandemic  
 
Prof. Tamas Kiss 
Director of Research Centre for Parallel Computing, School Research Lead, Editor 
in Chief Journal of Grid Computing (Springer), University of Westminster 
England 

 

Explainable AI- Challenges and Opportunities for Data Scientist 
 
Prof. Umashanger Thayasivam 
Department Chair, Rowan University, New Jersey, USA 

 

Proactive Approaches to Health Monitoring and Management 
 
Dr. Stewart Massie 
Reader in Computing, Robert Gordon University 
Scotland 

 

Visual Analytics and Machine Learning 
 
Dr. Gerard Fernando 
Chief Scientific Officer, Zone24x7, USA 

 

Causal Inference: Looking Beyond Correlations for Smarter 
Decisions 
 
Dr. Radheeka Abeyweera 
Manager, Monetization Product Research, Meta 
USA 
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SMARTEST - an online dynamic platform offering visualised learning 
content and linked data knowledge representation 
 
Dr. Alexander Bolotov 
Doctoral Research Development Programme Coordinator, University of 
Westminster 
England 

 

Data Driven Digital Transformation for a Sustainable Society 
 
Mr. Nuwan I. Senaratna 
Computer Scientist 
Ex Meta (Facebook) 

 

Management and Happiness 
 
Prof. Nalin Abeysekera 
Professor in Management Studies 
Open University of Sri Lanka 
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Workshops and Tutorials 

Use of Geo-Informatics Tools for GIS  
Prof. Damitha Karunaratna 
Head of Research: IIT 

 

Causal Inference: Looking Beyond Correlations for 
Smarter Decisions  

Dr. Radheeka Abeyweera 
Manager, Monetization Product Research, Research & 
Development, Meta (Facebook), California, United States 

 

 
Managing Technology and Innovation 

Mr. Harsha Senanayake 
CIO / Vice President at Union Assurance PLC, John Keells Holdings 
PLC 

 

 
Software Defined Networks Adaptation for an Efficient 
and Effective Cloud Management 

Dr. Windhya Rankothge 
Assistant Professor / Vice Chair of IEEE Computer Society Sri Lanka 
Chapter 
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Abstract— Understanding the influence of other students' 

activities and their social motivation in university is important. 

This knowledge can be used to improve student learning 

outcomes, academic performance as well as participation in 

extra-curricular activities. When students have a good 

relationship with each other, the cooperation in activities and 

the satisfaction students receive will increase significantly. At 

the same time, it helps to increase the overall operational 

efficiency of the university. The main objective of this study 

was to design and develop a mobile application to explore the 

influence of other students' activities on their social motivation. 

To achieve this goal, an Android application has been 

developed to track the geographical location of students to 

know the students who regularly meet at university as well as 

outside the university. Also, it uses the activities they track, and 

the data has been updated on the firebase real-time database. 

The system was used the Kmeans algorithm to identify a group 

of friends, and a long short-term memory (LSTM) neural 

network was trained using the Keras library to predict the 

relevant group that students should join, location and, 

activities in which the group will participate or do as the next 

step. This research proposed implementing three separate 

LSTMs for activity prediction, location prediction, and cluster 

prediction, then used categorical cross-entropy to evaluate the 

performance of the LSTM activity prediction and cluster 

prediction and root mean square error to evaluate the 

performance of the location prediction LSTM. Two evaluation 

methods have been developed for this application; evaluate the 

accuracy of predictions using the mobile application itself and 

evaluate the effectiveness of the mobile application using a 

questionnaire. A total of 150 students answered the 

questionnaire. And final prediction achieved 70% accuracy 

when grouping students against a peer group, where students 

met, and what activities students attended. According to the 

responses, 62.8% and 70% of the respondents, respectively, 

gave positive feedback on the usefulness and acceptance of the 

system.  

Keywords— Social Motivation, Geo Locations, Long Short-

Term Memory (LSTM).  

I. INTRODUCTION 

A. Overview 
The educational performance of the university student is 

an important determinant of future education and career 
success. Friends play an important role in the education 
process. They provide help and resources that can encourage 
and hinder academic performance. Therefore, the taste of 
students is very important for their friends. These priorities  

 

determine the group of friends that students spend together, 
which determines how students spend their time. When 
highly educated students make highly educated friends, their 
achievements increase and their friendships are maintained. 
Student strengths that are already academically beneficial are 
more complex, increasing the distance between the most 
advantageous and least advantageous students, increasing the 
focus of academic advantage.[1].  

University students, who are the heart of the country's 
growth, are a distinct group. They play a vital and significant 
part in the development of the country, occupying a middle 
ground between childhood and adulthood, labor and leisure. 
University students are the forerunners of social progress. 
They were among the first to utilize mobile phones for 
communication, entertainment, and file sharing. The use of 
mobile phones grew common in universities in the 1990s, 
and the mobile phone is, in many respects, a direct result of 
university-based research. 

The main focus of this research is to explore how other 
students' activities affect their social dynamics. With the aim 
of that we are and a way to capture the relationships between 
students within the university. This is a difficult task to 
perform manually when the number of students is large. 
Here, the above research problem is addressed by several 
objectives. Results of objectives are presented to visualize 
relationships between students in a university. We take 
geographic coordinates of students to visualize their 
proximity. Furthermore, the data is used to predict the 
activity relevant to their locations. Using this system, 
university students can have motivation for education, 
university participation, academic and extra-curricular 
activities.[2]. 

B. Problem Definition 
As mentioned earlier, understanding the relationships 

among students which contribute to the student’s 
performance is an important task. Hence, the research 
problem that is addressed is how to model the co-evolution 
of behaviors and social motivation using mobile phone data 
to explore the effect of others' activities on their social 
motivation. And propose and develop an interactive interface 
that increases motivation for education, university 
participation, academic and extra-curricular of university 
students? To find a solution for this problem, this research 
tries to find out the parameters which have to consider when 
finding the solution. Furthermore, this research tries to 
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understand the constraints encountered when finding the 
solution proposed.[3]. 

II. RELATED WORK 
A group is two or more people who collaborate regularly 

to achieve similar aims together. A group may also be 
described as more than two students who interact and affect 
one another's behavior and performance regularly. In an 
actual group of people, 

▪ are mutually reliant on one another to attain 
common objectives and 

▪ Interact with one another frequently to achieve 
those goals over a long period. 

Friendship plays an important role in the sociology of 
college students. The reason for this is that teenagers spend 
time with their friends and during these social interactions, 
the youth spends an extended period of support and 
friendship. Friends may increase adolescents' behaviors in 
ways that lead to positive coordination, but these 
relationships can also contribute to the development of non-
social and emotional behaviors. However, the relative 
strength of friends' positive and negative effects on 
adolescent adaptation is unknown. This is primarily due to 
statistical difficulties that separate the social influence 
process from the process of partner selection and the 
perceptions of team leaders.[4].  

Most empirical science studies focus on social 
motivation. However, in our country, there are fewer reports 
of various religious acts such as university participation, 
academic achievement, and motivation for education. This 
resemblance can be explained by two independent processes: 
friend selection and social influence. The term "friend 
selection" refers to the beginning of a friendship based on 
shared interests. Social impact refers to similarities based on 
existing relationships.  In this study, we've mounted a tool 
referred to as Social Meter to provide an explanation for and 
report the topology of a community while and in which a 
person is chatting. This is the primary survey to accumulate 
and compare social face-to-face verbal exchange the use of 
sensors. Network technology  

Another research looked at turn-taking in face-to-face 
interactions. According to the findings, each participant's 
effect in a combined turn-m the network is associated. There 
are more than five billion mobile phone numbers worldwide, 
surpassing the global population in 2012, according to MIT 
research that utilized mobile phones as sensors to understand 
the nature of social networks. Call detail records (CDR) may 
be utilized to identify temporal and geographical trends in 
human movement patterns, according to another research. 
Mobi scopes for Human Spaces and the Darwin phone 
experiments at Dartmouth are two examples of additional 
research that employed mobile phones to track human 
interaction in a social network. Previous research has 
revealed that different forms of partnerships manifest 
themselves at different times. As a result, these intervals of 
time can aid in the identification of relationship kinds. As a 
result, interaction features at various points in time might aid 
in the identification of deep friendship bonds.[5][6]. 

In the past, researchers used mobile phones the motion 
sensors to track individual behavior and social interaction in 
100 communities. Researchers also investigated personal 
behaviors and social interactions in the geographic area of 

1,000 to 100 million people by analyzing telephone call 
service records and vehicle tracking records of telephone 
service providers. These studies report the periodicity of 
human behavior, the structure of social networks, or the 
relationship between center and productivity. However, the 
availability of these sensor data is limited by additional 
investigations that gather data to run beyond the original 
purpose of the data.  

In terms of recording the position, closeness, and other 
activities of numerous connected study groups with mobile 
phones, the reality mining data set most closely matches the 
social evolution data set. However, because the formerly 
utilized cell towers to represent places and the later used Wi-
Fi access points, which are more densely grouped, the reality 
mining data has poorer spatial resolution than the social 
evolution data.[7].  

There are fewer survey records in reality mining data 
than in social evolution data. Real mining data, as opposed to 
traditional approaches such as conducting actual surveys, 
demonstrates the modeling group's capability by keeping 
track of location, closeness, and other phone recordable 
behaviors in great detail. The success of the experiment 
hinges on whether or if the satisfaction of this working 
group's themes is shared with others in the night and 
weekend groups. If this model is universal, the mobile 
application can increase the satisfaction of the working group 
members by placing people in the most appropriate working 
group, or by promoting socialization of non-working hours 
[14]. This experiment, also shows how new members 
gradually adopt the social norms specific to the working 
group, such as working hours and interaction with other 
groups. Therefore, you can use mobile applications to 
preserve workgroup-specific social norms and support new 
team members' adaptation. In this scenario, a survey-based 
technique is more time-consuming than a sensor-based one.   

Figure 1 briefly illustrates the process of friends' 
selection and impact. It acts as a feedback loop, and friends 
influence behavior, in this case, academic performance 
influences friend's preferences, and preferences are 
combined with opportunities constraints in the university 
environment, leading research to observe in the university 
friendship. Any performance change can result in changes in 
friends, and any changes in a friend can result from a 
performance change. The root cause of change is the desire 
to maximize similarity in friendship. As a result, students 
who already have academic advantages increase their 
advantage through their friendship, while academically 
disadvantaged groups are further disadvantaged because of 
their friendship [8].  

  Figure 1: Process of friend selection and behavioral evolution 
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As Wienchini found, more students learned more, but the 
majority of students realized that they had become more 
popular and/or already high in education. Thus, unparalleled 
team participation and high-quality people helped unmatched 
social inequality. This pattern has been exhibited among 
university students. Figure 2.3 illustrates the students' social 
motivation for group work at university[9]. 

III. METHODOLOGY 

The flow of the machine learning approach contains two 

paths. 

• Clustering approach to identify groups of friends. 

Generating Cluster groups.  

• First, the dataset is preprocessed by extracting the 

date and the hour (in 24-hour representation) and 

introducing a new column with the combined date 

and hour in the format of  YYYY:MM:DD: HH. 

This will make it easier to pick the unique date 

and hour combinations that will be used to cluster 

a group of friends.  

• After the new column is introduced, the unique 

date and hour values are selected and for each 

value, we select the corresponding observations of 

student locations. The locations are clustered 

using the Kmeans algorithm with the cluster size 

ranging from 2 to 6. The optimal number of 

clusters is then chosen using the average 

silhouette method. This was achieved by 

increasing the number of clusters and checking 

the corresponding average silhouette score. And 

choose the number of clusters that gave the 

highest maximum average silhouette score.  
 

Figure 2: silhouette score plot 

 

• The next step was to uniquely identify each cluster 

concerning the date and hour. For that, a 

timestamp of the date and hour was generated and 

added to the clustered index. These unique cluster 

ids were stored in a separate column of the dataset 

• Building the model 

• The model will consist of three parallel time series 

prediction models. The three-time series will be 

the cluster, the activity, and the location of each 

student. Firstly, the unique student ids were 

iterated and for each id, the time series data was 

generated and fed to a single model.  

• Therefore, the cluster-ID, Activity Type, and 

Longitude and Latitude values were shifted by 5-

time steps. Thereby 3 arrays (with Latitude and 

Longitude considered as one unit) were generated 

which will be considered as X or the training data. 

The 6th time step was used as the target data or Y 

in this context. From thereon, the X and Y were 

reshaped and broken into training, validation, and 

testing data. 

• The Keras model was built earlier before iterating 

through the student ids beforehand. 

• After declaring and compiling the model the 

unique student ids were iterated through and for 

each student id the data was collected from the 

dataset and then fed to the model for fitting. 

Figure 3: Complete diagram of the LSTM model 

 

IV. SYSTEM ARCHITECTURE 

The goal of this study is to find a group of friends 

and explore how their activities affect their social 

motivation. So, the solution that I suggest in this study is 

to develop a mobile application interface that has a 

neural network that identifies the group of friends 

correctly and efficiently. Since most university students 

have a smartphone, providing a mobile application would 

be the ideal solution for this problem. First, we identified 

a group of friends using the K means algorithm. And then 

the neural network was trained using the Keras library. 

Through the mobile application, users can select the 

activity type they do, and their GPS location is updated 

automatically. 

 
Figure 4: Proposed System Architecture 
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V. DATA COLLECTION 

To achieve the goal of this research, the proposed 

system collected below data fields of each student in one 

month period. 

o Student ID 

o Latitude 

o Longitude 

o Date 

o Time 

o Activity 

 

Student ID is the registration number given to the student 

when starting to use this mobile application for the first 

time. Latitude and longitude are the geolocation coordinates 

of the students at a specific time. Date and time parameters 

hold the specific date and time that the latitude and 

longitude of a student were taken. Same as that the activity 

parameter holds the specific activities which the students 

were occupied.  

 

Some example data taken into the system is in the below 

table. 

 
Figure 5: Sample of the collected data set 

A. Implementation 

The below diagrams depict the flow of the mobile 

application. 

          
 

Figure 6: Mobile application views 

 

B. Tools and Technologies 

modular, and expandable, intending to permit short 

experimentation with deep neural networks. 

 

VI.  EXPERIMENTAL PROTOCOL 

When the system sends the prediction as a push-up 

notification a popup message will appear on the screen 

asking whether the prediction is correct or not. 

 

Questionnaire 

We gave a questionnaire to a group of students in the 

university after asking them to install and use the mobile 

app along with the results we obtained from the app. The 

main goal of this questionnaire is to evaluate the mobile 

application we built. For this evaluation, we consider four 

aspects.  

1. User experience - We used this aspect to find out 

whether the students felt comfortable using the app 

we developed. Below is the set of questions asked 

for this section. 

1. How easy is this application to use? 

Very Hard   Hard    Moderate  Easy   Very 

Easy 

2. How easily were you able to understand the 

features of the application? 

Very Hard    Hard   Moderate   Easy  Very 

Easy 

3. Can the results be easily interpreted? 

Very Hard       Moderate   Easy Very Easy 

2. Efficacy - This aspect of the questionnaire was 

designed to understand what students can interpret 

from the results obtained by the app. especially, we 

wanted to see how the results were interpreted in 

the aspect of performance of students. Below is the 

set of questions asked for this section. 

1. Were you able to locate your friend/group of 

friends in the university using the results of this 

application? 

Yes No 

2. Were you able to identify the activities they do as a 

person / a group of students? 

No  Not at all  somewhat  yes 
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3. Is the system's prediction correct? 

No  Not at all  somewhat  yes 

 

3. Usefulness - We considered this aspect to find out the 

overall usefulness of the system and to find out how the 

students can use the knowledge taken from the system in the 

real world. Below is the set of questions asked for this 

section.  

        1.   How useful the application is? 

Not Useful        Somewhat Useful        Very Useful 

        2. Can this application help you to make new friends at 

the university? 

No  Not at all  Somewhat  Yes 

        3. Can this application help with your university 

academic performance? 

No Not at all Somewhat Yes 

      4. Can this application help with your university extra-

curricular performances? 

No Not at all Somewhat Yes 

4. Acceptance - This aspect was considered to see whether 

students want this application in their university life and 

whether they will use this application when they are 

engaging the university activities and taking decisions. 

Below is the set of questions asked for this section. 

      1. Do you think this kind of mobile application is useful 

for a university student? 

No Yes 

      2. Will you use this kind of mobile application/system to 

improve your performance in university? 

No Yes 

      3. Can this application help with your university 

academic performance? 

No Not at all  somewhat  yes 

     4. Can this application help with your university extra-

curricular performances? 

No         Not at all              somewhat            yes 

 

In addition to the above set of questions, a section 

was provided in the questionnaire to students to write any 

other comments and suggestions. 

 

VI . RESULTS & DISCUSSION 

A. Statistically measure the model accuracy 

Since we have implemented three separate LSTM for 

activity prediction, location prediction, and cluster 

prediction we used categorical cross-entropy to evaluate the 

performance of the LSTM of both activity and cluster 

prediction. We use MSE to evaluate the performance of the 

LSTM of location prediction. 

 

a. Categorical cross-entropy loss 

Also called Softmax Loss. It is a Softmax activation plus a 

Cross-Entropy loss. The equation for categorical cross-

entropy is: 

 
 

b. MSE 

MSE is a risk function that represents the squared error 

loss's anticipated value. The MSE is the estimator's variance 

for an unbiased estimator. MSE, like variance, is measured 

in the same units as the square of the quantity being 

evaluated. 

 
 

 
Figure 7.1: learning curves 

 

 
Figure 7.2: learning curves 

 

In this research, our main goals were to explore 

how other activities are affected by their social motivation. 

Data obtained from mobile phones can reveal the underlying 

motivation of group relationships. At the micro-level, these 

tools, for example, offer a novel way to investigate group 

collaboration and communication — enabling the analysis 
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of relationship evolution through time. In the absence of 

survey data, using these behavioral markers to precisely 

identify connections has the potential to enable 

quantification and prediction. 

There is no technological reason why millions of 

people's cellphone data can't be collected throughout their 

life. Furthermore, while the acquisition of such data presents 

substantial privacy concerns that must be addressed, the 

potential for attaining key social objectives is significant. 

This dissertation fills in a gap by recognizing and 

categorizing buddies based on GPS data, activities, and 

time. Our findings imply that using mobile phone 

observations to supplement self-report surveys can give 

insight into not just observable behavior but also purely 

cognitive variables like friendship and individual pleasure. 

We achieved 70% accuracy for which student 

clustering, as well as the student's group, location, and the 

activity prediction for all the collected data, and we, didn't 

collect call logs since most of the students did not allow 

permissions to gather their call logs since it's highly 

threatening to their privacy, and also today most of the 

students don't get direct calls to their friends, they use social 

media like Viber, Whatsapp, etc. 

According to the responses we received for the 

questionnaire, we have hardly received negative responses 

for the user experience of the system. Most of the users have 

responded positively to the usefulness and the acceptance of 

the system. 

Aspect  Positive  Moderate  Negative 

User Experience  54.1%  41.7%  
 

4.2% 

Efficacy  52%  13.3%  
 

34.7% 

Usefulness  62.8%  
 

35.6%  4.8% 

Acceptance  70%  23.3%  6.7% 
 
TABLE I: Responses received from the Questionnaire 
 

VII . CONCLUSION & FUTURE WORK 

B. Conclusion 

       The goal of the study was to figure out how other 

students' actions influenced their social drive. Group 

cohesion, which is the strength of group members' wants to 

stay a part of their groups, is a factor that affects their social 

motivation. This alliance is to be strong by  

• Homogeneity 

• The severity of the initiation to join the group. 

• A high external threat or competition. 

• The amount of time spent together. 

• The smallness of the group. 

• The group’s history of success. 

 

The importance of group cohesiveness cannot be 

overstated. Students like to be a member of groups, 

members participate more completely, they tend to be 

highly productive, and they have a low turnover rate are few 

good results found from this research. Groupthink emerges 

when groups are too cohesive, group commitment may 

impair productivity, and groups may plot to harm pupils for 

the group's advantage, which are some bad results. Students' 

social dynamics are also influenced by group size. The most 

ideal group size is between 7 and 9. The workgroup can 

define, clarify, and pursue a shared goal by assigning task 

roles. The group is kept on track through task duties. 

 

The presence of others is another aspect. Social 

facilitation occurs when someone performs differently in the 

company of others, either more successfully or less 

effectively than when they are alone. The performance will 

be improved if the prevailing reaction is adequate. The 

performance will be hampered if the prevailing response is 

incorrect, as it is in a novel setting. Throughout the study, 

certain group behaviors that were found to be beneficial 

were identified. Make each feel welcome, inquire about 

nonverbal reactions, urge everyone to listen to others, and 

include everyone - ask for everyone's reactions, etc.  

 

Social ties and individual behaviors concerning time 

and place have substantial consequences on the application 

side but are poorly understood due to a lack of data. Based 

on monthly questionnaires and locations/proximities 

recorded by mobile phones for one month, this study found 

evidence of connections and behaviors in university. A 

clustering model was used to identify groups, and an LSTM 

model was used to predict the next group, location, and 

activity in this research. Modeling the dynamics in mobile 

data can forecast friendship and synthesis valuable and 

accurate behavior and interaction projections, according to 

the study. Students' geographic coordinates, the name of the 

location, and the name of the activity corresponding to a 

specific geolocation, as well as the time, can be used to 

extract useful information such as the frequency of visiting a 

location, the frequency of participating in an activity, and 

the frequency of meeting other students. This information 

on students aids in the comprehension of student 

relationships as well as the preferences or shared interests of 

students in the context of university activities. These details 

about students might be utilized as a motivator to join the 

group or do the same job independently. As a result, 

students will be able to increase their university involvement 

and performance positively. 

 

C. Future Work 

The results of the present study should be thoroughly 

defined within its boundaries. Students have different 

academic skills. Everyone can work exhaustively and even 

help them succeed, but they can get the best out of the 

students. Therefore, students can have a positive impact on 

evaluating their social dynamics. However, university 

students in Sri Lanka will be able to achieve their own 

educational goals. Since a university has a lot of various 

students, it is possible to analyze the differences in behavior 

by linking their friendships and the dynamics of their group. 

As the future developments of this research suggested 

identifying group leaders and more dynamic factors through 

the experiment we conducted. 
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Abstract—Machine Transliteration provides the ability to 

transliterate a basic language into different languages in a 

computational way. Transliteration is an important technical 

process that has caught the attention most recently. The 

Sinhala transliteration has many constraints because of the 

insufficiency of resources in the Sinhala language. Due to these 

limitations, Sinhala Transliteration is highly complex and 

time-consuming. Therefore, the majority of the Sri Lankans 

uses non-formal texting language named ‘Singlish’ to make 

that process simple. This study has focused on the 

transliteration of the Singlish language at the word level by 

reducing the complication in the transliteration. A new 

approach of coding system has invented with the rule-based 

approach that can map the matching Sinhala words even 

without the vowels. Various typing patterns were collected by 

different communities for this. The collected data have 

analyzed with every Sinhala character and unique Singlish 

patterns related to them were generated. The system has 

introduced a newly initiated numeric coding system to use with 

the Singlish letters by matching with the recognized typing 

patterns. For the mapping process, fuzzy logic-based 

implementation has used. A codified dictionary has also 

implemented including unique numeric values. In this system, 

Each Romanized English letter was assigned with a unique 

numeric code that can construct a unique pattern for each 

word. The system can identify the most relevant Sinhala word 

that matches with the pattern of the Singlish word or it gives 

the most related word suggestions. For example, the word 

“kiyanna,kianna, kynna, kynn, kiynna” have mapped with the 

accurate Sinhala word “කියන්න ”. The system has presented 

84% of accuracy in word-level and 92% of accuracy in 

suggestion-level prediction.  These results revealed that the 

“Swa Bhasha” transliteration system has the ability to enhance 

the Sinhala users’ experience while conducting the texting in 

Singlish to Sinhala. 
 

Keywords—rule-based machine transliteration, singlish 

words, sinhala transliteration, swa bhasha 

I. INTRODUCTION  
Language transliteration from one language into a 

different language is the most common and popular method 
which is used all over the world. Starting from using human 
translators for the language translation process, today with 
the revolution in technology, people can use simple software 
to achieve their language transliteration needs. However, 
Human transliteration is the best transliteration method that 
every country uses even today [1]. 

Sri Lanka is a South Asian country that has around 
21,436,802 people population [2]. Among this population, 
approximately 16 million people [3] use ‘Sinhala’ as one of 
the national languages in Sri Lanka as their native language. 
The Sinhala language is related to the Indo-Aryan language 
family which is a branch of the Indo-European languages 
[4]. Transliteration in the Sinhala language context is 
challenging, because of the alphabet in the Sinhala language. 

In the Sinhala alphabet, there are 54 basic characters 
with 18 vowel letters, 36 constant letters. 18 vowel letters 
have included 8 stops, fricatives 2, affricatives 2, nasals 2, 
liquids 2 and glides 2 [4]. Many systems have been 
implemented to transliterate into the Sinhala language. For 
the transliteration process, NLP (Natural Language 
Processing) techniques have been used. Most of the time MT 
(Machine Translation) a subset of NLP has been used for the 
language transliterations with various algorithms using 
various approaches. In MT, systems can be classified into 
seven system categories which can define as Rule-based 
(RB), Statistical, Example-based (EB), Human- assisted, 
Knowledge-based, Hybrid, Dictionary, and Agent-based [5]. 

When addressing the transliteration process in texting, 
most people like to use an easy language technique while 
typing. Sri Lankan native Sinhala users, especially the new 
generation use ‘Singlish’ an informal texting language that 
mixes both English and Sinhala while texting. But, using 
‘Singlish’ they can get the Sinhala words in English letters 
or they have to input the Singlish word with vowels. If they 
need to get the output in native Sinhala, they have to use a 
Sinhala letter keyboard. 

To satisfy this today, people can use the ‘Helakuru’ 
keyboard [6]. This is the most suitable and commonly used 
keyboard in Sri Lanka, which uses native Sinhala while 
texting. It is really helpful and easy to use. But on this 
keyboard, users have to use the Singlish word with vowels. 
Then the user can get the correct word in Sinhala. But if 
users typed any Singlish word even without vowels, that 
system will not give the correct Sinhala word as the output. 
But they will suggest the Sinhala word if you use that 
Sinhala word frequently. Therefore, finding a unique way to 
use Singlish and get the output in native Sinhala is essential 
and challenging. Because people's typing patterns are 
different from each other.   

In this paper, we present a system that can transliterate 
Singlish words even with vowels or without vowels into 
native Sinhala at the word level. A novel rule-based 
mapping system has been introduced in the system to 
support Singlish words without vowels transliteration into 
native Sinhala along with the NLP techniques and fuzzy 
logic theories. 

II. LITERATURE  REVIEW 

A. Sinhala Language in Machine Transliteration 

The English-Sinhala Decoder [7] invented in 2018 was 
the latest modern bilingual translator. This has been used to 
translate business-related documents in Sri Lankan 
organizations to ensure more confidence in dealing with the 
international and minimize the errors made by the human 
translators. In this translator, the creators have especially 
addressed for sections to develop the Sinhala-English 
translator, implement Singlish transliteration and Sinhala 

mailto:maneeshaathu4@gmail.com
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handwritten recognizer. For this Sinhala- English bilingual 
translator, creators have been used the Google API, a 
statistical-based approach to translate the input sentences 
and verify or edit their semantic meanings to match with the 
Sinhala language using rule-based, knowledge-based and 
example-based approaches. In this system, the rule-based 
approach has a separate database with Sinhala and English 
definition words dictionary with 70,000 wordlist and rules to 
create meaningful sentences. In this rule-based process, the 
source sentence (input sentence) will be split into separate 
words and searched for morphological information using the 
database. The example-based approach will be compared to 
the source sentence with the database that includes 100,000 
example sentences and postfixes the sentence. The 
knowledge-based approach will provide synonyms for the 
targeted sentence by using the database which includes 
50,000 words. In this method also the target sentence will be 
split into words to find and match the suitable synonyms. 
The ‘Singlish translator’ has implemented to do the 
transliteration under three segments starting from 
manipulating the entered English words by creating a list of 
related English characters. Then the generated string 
characters will pass to the phonemic rule base and a 
transliteration rule base related to the Sinhala alphabet. After 
these processes are completed, the system will generate a list 
of suggested words for that particular input transliterated 
word. The Sinhala handwritten recognizer will recognize 
Sinhala letters according to three vertical positions named as 
upper, middle and lower zones and identify a total of 42 
characters in the Sinhala alphabet. Then, each letter will 
separate into five categories. When the recognizing process 
has completed for each character, the system has been 
generated a probability percentage for each character's 
accuracy and provided a suggestion for the next most 
suitable matching character. 

The Office Documents MT-based system for Sinhala and 
Tamil [8] discovered in 2018 was the first official document 
translator for both Sinhala-Tamil languages. This system 
was specially addressed in the government sector. In this 
system, the researchers have found that the capability of 
translating the source language documents which is the 
Sinhala language into the target language (Tamil) was high 
compared to other translators. And also, the lack of a post-
editing facility in the existing systems was covered by this 
‘Si-Ta’ system. The current version of ‘Si-Ta’ has the ability 
to translate documents with up to two pages and most 
importantly this system is a bilingual translator. This system 
starts when the source document is input into the system. 
Then the system highlighted words that cannot translate at 
the system level. A manual translation needs to be conducted 
for those highlighted words in the document. The system has 
been implemented using the semantic approach. 

The Trigram and Rule-based module [9] invented by 
W.M.P. Liwera and L. Ranathunga, is a modern approach 
that has implemented to transliterate Singlish to Sinhala. 
This module has been highly focused on social media 
texting. The rule-based approach has used to transliterate 
Singlish words automatically but has modified by combining 
together with and trigram method to avoid the confusion that 
occurred during taking the correct results from the system. 
The Singlish transliteration schema that has implemented by 
the University of Colombo has used in this system as the 
rule-based approach to perform Unicode transliteration 
support to the Singlish. This schema has operated upon a set 
of rules that have separately defined as 46 rules for the 

comparisons of consonants, 26 rules for comparisons of 14 
vowels and 8 rules for special characters and consonants 
related to the Sinhala language. The inventors have 
identified that many different typing patterns have used in 
the social media platforms and modified some existing rules 
in the UCSC transliteration schema to get more correct and 
better results. They have used the Trigram tagger to get a 
better accuracy to the system by using the NLTK library. All 
three unigram, bigram and trigram have used in the 
transliteration process. This Trigram has also used in the 
training process of the translator. This Trigram and Rule-
based approach combined system module has given an 
overall better accuracy as 62% of a word-level accuracy and 
77% of letter-level accuracy.   

Pali-Sinhala Machine Translation [5] is a translator that 
can used as a self-learning tool also when translating Pali 
into the Sinhala Language. This system can translate simple 
Pali sentences to the Sinhala language by using a dictionary-
based approach. This System has consisted of three models 
named Pali morphology analyzer, dictionary-based translator 
and the Sinhala morphology generator. The Pali 
morphological generator was the main section in this system. 
Because it will read the input sentence at word (Pali) level 
and provide the root word and the relevant grammatical 
information related to those words using the affix spiriting 
approach. Root word table has been used for the regular Pali 
words and the irregular words have been directed to the Pali 
dictionary. In terms of Pali nouns, this language is normally 
supported for gender-based conjugation. Therefore, for this 
system, the inventors had been identified an affix spiriting 
table for nouns and verbs in the Pali language to identify the 
root word, using the method of dividing the conjugation into 
the last sound of the noun named ‘Anthaya’. The Pali lexical 
database that contains irregular and regular Pali nouns and 
verbs have been connected to fulfil this process. Pali- 
Sinhala dictionary has been used for identifying the base 
Sinhala word for the input Pali word. In this model, a Pali-
Sinhala bilingual dictionary has been included with Pali 
words and their related grammatical categories with Sinhala 
words. The last and final model in this system is the Sinhala 
morphology generator. The use of this model is to generate 
the relevant Sinhala word to the base word identified from 
the Pali-Sinhala dictionary model using the affix spiriting 
rules in the system. In this system, a limited number of rules 
have been used since the inventors had used the Pali 
sentences in the Dhamma school’s textbooks. Afterwards, 
the translated Sinhala words have been displayed as the 
output. The word order of the resulting sentence is sorted 
since the Pali and Sinhala word orders are normally related 
for both languages. 

Sinhala-English Machine Translation [3] is a translator 
that can translate grammatically correct Sinhala sentences 
into relevant English sentences. The features that specific for 
this system was, this has been the first system in Sri Lanka 
to have features such as an inbuilt dictionary, keyboard, 
Unicode fonts based integrated word processor, debugger, 
grammar tool, Sinhala grammar checker and a word tool. To 
build this system, creators have used a rule-based approach 
named ‘the transfer-based machine translation approach’. 
And also, the object-oriented programming methodology to 
design the system. For the implementation, they have been 
used the visual studio .Net framework with visual basic .Net, 
and database management system- Microsoft access 2003. 
The processes of the system will be started with the Sinhala 
grammatically correct sentences or a paragraph that is input 
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by the user. The paragraph or the sentence should be 
separated with relevant full stops and other punctuation 
characters because the system uses them to identify a full 
sentence when using full stop or a question mark and space, 
comma, colon, semicolon identify as the end of a selected 
word while analyzing. After identifying a full sentence, each 
word in that sentence will be added to a separate object. This 
object will be added into an ArrayList and it will continue 
until the analyzing process ends. Then the translation engine 
identifies whether the input sentence or paragraph is English 
or Sinhala. At the end of that process, the sentences will be 
added to a data table. In this data table, all the information 
related to each word will be included. Each sentence will 
have a separate data table, and in this table, each word in the 
sentence will have a separate row. In this process, the 
translator engine can combine suitable words according to 
the grammar rules. Then the string pattern creation will be 
started for the Sinhala sentence that can use for the English 
string pattern later. Then the word formatting will be started, 
starting from the subject and then the verb will be formatted 
according to its tense, and voice. Then these all the words 
will be added into a string. At the end of the translation 
process, all the words that are formatted and do not 
necessarily need to be formatted will be connected into the 
same string according to the sentence pattern (English) and 
end the translation by giving the correct output in English. 

B. Different Languages in Machine Transliteration 

The Hindi-English Translator [10] is a translator which 
can help to translate the Hindi language into English at the 
phrase level. This system is a special approach because the 
implementers have used a hybrid approach to implement this 
by combining statistical, rule-based and example-based 
machine translation approaches. For the implementation of 
this system, the implementers have been used four main 
primary steps named segmentation, translation. POS tagging, 
and rearrangement. This system starts when the user input 
some sentences, or a sentence typed in the Hindi language. 
Then the segmentation part starts, and the system will 
separate those sentences or the sentence into words. This 
system has a database also. While doing this sentence 
separation if the system found that a particular word is 
example-based, then it will directly be converted into 
English. The purpose of this segmentation is to identify 
possible words that are related to the Hindi-English 
database. While the segmentation is ongoing, the POS 
tagging also will starts. After the tagging is done, the 
translation process will happen at the word level or the 
sentence level. The statistic-based translation will help to 
prevent the multi meanings problem of the segmented words 
which means ambiguity. This translation will process 
according to the pos tagging and that will identify similar 
words that have already existed in the Hindi-English 
database. In the final stage, the rearrangement stage will do 
the rearrangement of the translated words which have been 
segmented earlier in the sentence according to the 
grammatical rules with the support of the rule-based 
machine translation approach and produce a correct 
sentence. Finally, the proper output will give in the English 
language. 

The English-Hindi Machine Translation [11] system is a 
translating system that can use to translate English into 
Hindi effectively. This translator has been invented as a 
solution for those who have a lack of knowledge in the 
English language domain in India. This is also a hybrid 

approach that has invented combing rule-based, and 
statistical-based machine translation approaches. In this 
system, the processers will start with the input sentence or 
sentences in the English language. After that, the splitter 
immediately divides the English sentence or the sentences 
into a set of words. After that, that set passes to the parser. 
The Stanford parser will process through the word set and 
analyze the grammatical structure of the English sentence. 
POS or ‘Part of Speech’ tagger will tag the words in the 
word set according to a ‘trained’ pre-created file including 
the information about different tags. These tags will generate 
information about the word set related to the inputted 
sentence. In this system, there are special declension rules 
which have been created according to the grammatical rules 
in the Hindi language. This will be tagged the POS tags in 
the word set including those grammatical rules. There is a 
separate sentence file has been included with the relevant 
rules to translate English sentences into Hindi sentences. 
Then the reordering part will reorder the sentences according 
to the pre-defined rules. This step is essential because the 
sentence pattern in English is different from the Hindi 
sentence pattern. At the end of the reordering, the translator 
will translate the sentences into Hindi with the help of the 
lexicon database and give the correct translated output. 

Gurmukhi-Roman Transliteration system [12] is a 
character-mapping and hand-crafted rules-based system. The 
system has implemented to use in many areas such as, in the 
normalization process of the social media texts, 
summarization and analysis of the multilingual texts and 
also in translation processes. The character mapping has 
done using the Gurmukhi scripts. This system has mainly 
transliterated the Punjabi text which has written using 
Gurmukhi scripts into English language text. In this system, 
the inventors have conducted a hybrid approach by 
combining the rule-based and character-based approaches. 
The GRT system has shown a 99.27% accuracy, which 
means a better accuracy after testing approximately 65,130 
various part-of-words related to the Panjabi language as the 
result. 

By considering all the above researches we have decided 
to proceed the research with the rule-based approach along 
with the NLP techniques. 

III. METHODOLOGY 
We have selected the structured system analysis 

development methodology (SSADM) as the system design 
methodology because, the proposed system will be not 
required to contain any classes since the project is based on 
the data science approaches, and the system will be done in a 
sequence-to-sequence manner. Therefore, each previous 
stage in the system has to be completed to go to the next step 
in the system. 

The implementation work has been carried out using the 
Jupiter Notebook provided by Anaconda Navigator 
environment with Python as the Programing language. We 
have selected ‘Tkinter’ as the front-end GUI framework. 
Natural Language Toolkit (NLTK) library has been used for 
the NLP, MT-based developments in the system and fuzzy-
wuzzy library has been used for the data matching process of 
the system with the user inputs.Fig.2 shows the system 
diagram of the Swa Bhasha transliterator. 

The data set holds a significant part in this data science 
project. Therefore, a dataset containing native Sinhala words 
which are currently used by the Sri Lankans have been used 
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in the system. We have done some changes such as giving 
unique numbers for each native Sinhala word to the dataset 
in order to use it in the implementation process. The 
processes of the ‘Swa Bhasha’ system’s core functions have 
mentioned below. 

A. Process the Input word, tokenization and the process in 

the letter dictionary 

The system starts the process when the user inputs the 
Singlish word into the system. Then the system will send the 
word for the tokenization process to divide the word into 
simple letters. Afterwards, the tokenized words will add to a 
list(list one). This list sends to the letter dictionary. In this 
letter dictionary, the entire English alphabet has included 
with a unique integer which has assigned for each letter. The 
list with the input word’s letters (list one) then compares 
with this dictionary and identify whether the letters in the list 
are in the dictionary as keys. Then the identified dictionary 
keys and assigned values for that particular letter list will 
send to another separate list (list two). This list(list two) 
holds both keys which means the letter and the value as 
tuples. Therefore, the values separate from the current list 
and send to another new list(list three) according to the exact 
letter order that the user has input at the beginning of the 
process. Afterwards, the list of the letter values (list three) 
will enter into the mapping process. 

B. Rule mapping and the matching with the dataset 

In the initial stage of the mapping process, a condition 
has been added to check whether the list(list three) in the 
previous stage holds values greater than 10. The purpose of 
this step is to identify whether the vowels are located in this 
list or not. If the condition is true, then the system identifies 
this list as a list of constant letters, which means this word is 
a ‘word without vowels’. Then the system calculates the 
total letter count in that list (list three). After that, the system 
will be sending that list into separate conditions according to 
the total count of the list elements. These conditions have 
been created from 1 to 9. In this, each of the conditions has 
separate lists with indexers that vowels have located. These 
indexes have pre-defined in the system with the relevant 
positions that vowels can be located in Singlish words. 
These indexes have been created by studying the different 
vowel combinations in the Sinhala words. Fig.1 illustrates 
the vowel combination of the word ‘kohomada’. For each 
position, there will be a separate list. Therefore, the values in 
the current list(list three) will be added to a new list(list four) 
and the pre-defined values which have been created 
according to different vowel values will be inserted into the 
same list. Each list represents a separate word. Afterwards, 
the values in each list (list four) will be merged and created a 
value. Fig.3 illustrates the transliteration process of the 
Singlish word ‘khmd’(kohomada) in a without vowels 
scenario. 

If the list three holds any values greater than 10, then the 

system identifies it as ‘words with vowels’ or ‘words with 

the mixed condition’, which means a word that reduces the 

correct vowel count in the real world. After that, the letters 

list(list three) will send to the value matching process. Then 

this merged value connects with the native Sinhala dataset 

using the ‘fuzzy-wuzzy’ library. This library will match the 

merged value with the values in the native Sinhala words 

dataset. As the next step, the identified matched value or 

values will be generating the result and finally, displayed in 

native Sinhala. 

 

 

 

 

 

Fig. 1. The vowel combination of the word ‘kohomada’. 

 

 

Fig. 2. The system workflow of the Swa Bhasha transliterator. 

 

 

 

 

 

 

 

 

Fig. 3. Example for the process of Singlish words without vowels 

transliteration. 

IV. EXPERIMENTAL RESULTS AND EVALUATION 
The testing of this system has been conducted to address 

all three transliteration scenarios such as, 
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• Singlish transliteration without vowels 

• Singlish transliteration with vowels  

• Singlish transliteration of the Singlish words that 
have reduced the vowel count in the real Sinhala 
word 

Swa Bhasha system’s functional requirement testing 
was conducted using the Black box testing approach. This 
black box testing is used to validate the user’s inputs with 
the system’s outputs.  

The aim of conducting this testing process was to 
validate that the above-mentioned scenarios are functioning 
well with better accuracy because this is a system that the 
outputs will be entirely dependent on the user’s inputs. The 
current system function in word-level Singlish transliteration 
and it gives the relevant Sinhala word or word suggestions 
as the output. 

A. Accuracy Testing for Singlish words without vowels 

The accuracy test has conducted by creating test cases to 
cover up the mapping conditions using the words in the 
native Sinhala dataset. Each test case represents a native 
Sinhala word in the dataset related to a mapping condition. 
These mapping conditions have been created after 
considering the vowel patterns of the Sinhala words and 
their positions in Sinhala words. TABLE I shows some of 
the vowel patterns of the Sinhala words that have been used 
for the testing process and they have been used to find the 
accuracy of the words without vowels. Approximately 30 
vowel patterns related test cases have used to test the 
accuracy of the system along with the “Google input tool” 
and “Helakur” application. Among the test cases, 21 test 
cases have successfully given the accurate output by the 
“Swa Bhasha” system as a correct single output or with the 
suggestions. And most importantly, this feature in the “Swa 
Bhasha” system has given successful results compared to the 
Google input tool and the helakuru application. 

B. Accuracy Testing for Singlish words with vowels and 

minimizing the vowel count of the real Sinhala word 

To find the accuracy of the words with vowels and the 
words with the minimized vowel count, we have used the 
words that are frequently used by Sri Lankan people which 
have been collected from the targeted audience and the 
words from the native Sinhala dataset. TABLE II shows 
some of the Singlish words with their Sinhala native words 
that have been used for the testing process. Approximately 
50 words have tested under this scenario and more than 40 
words have given successful results as single or suggestion 
level outputs. 

According to the total results of the test cases related to 
the mapping rules and the words taken from the dataset the 
accuracy level showed a better level as an 84% success rate 
for word-level transliteration and a 92% success rate for 
suggestion level predictions with the tested data. Fig.4, Fig.5 
and Fig.6 illustrates the interfaces of the system according to 
the three scenarios with the example results. According to 
these results, we can conclude that the Swa Bhasha Singlish 
to Sinhala transliteration performs well with each core 
feature. 

 

 

TABLE I.  VOWEL COMBINATIONS 

Vowel Patterns Related Word/s 

a,a     Baha (බැහැ), Thaththa (තාත්තා) 

a,u Pasu (පසු), Kalu (කළු) 

a,a,a Dawasa (දවස) 

o,a,a      Mokada (ම ාකද) 

a,i,a,a Hariyata (හරියට) 

i,a,a,a Nidaganna (නිදාගන්න), Nidahasa (නිදහස) 

i,e,a,a Thibenawa (තිමබනවා) 

o,o,a,a Kohomada (මකාමහා ද) 

 
TABLE  II.   TEST DATA FOR SINGLISH WORDS WITH VOWELS AND REDUCE 

THE VOWEL COUNT IN THE REAL SINHALA WORD SCENARIOS 

Singlish Word Sinhala Word 

Kiyanna කියන්න 

Innawa ඉන්නවා   

Kohomada මකාමහා ද 

Karanne කරන්මන් 

Amma අම් ා   

Ethakota එතමකාට 

Neda මන්ද   

Wahanse වහන්මේ 

Dunna දුන්නා    

Epa එපා 

 
 

 

 
 

Fig. 4. System UI example ‘khmd’(kohomada) for Singlish words without 

vowels transliteration scenario.  

 

 
 

Fig. 5. System UI example ‘amma’ for Singlish words with vowels 

transliteration scenario. 
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Fig. 6. System UI example ‘kynna’(kiyanna) for Singlish words that 

reduced the vowel count of the real Sinhala word transliteration scenario.  

V. LIMITATIONS AND FUTURE WORKS 
“Swa Bhasha” Singlish to Sinhala transliteration system 

has developed to transliterate Singlish words, which have 
been used in everyday life into native Sinhala words. 
Therefore, any grammatical rules have not been included in 
the current system. This system is currently addressed only 
at the word level. A limited data set has used in the system.  

In this project, we have implemented a web-based 
system as the prototype. Therefore, this prototype can be 
enhanced as a mobile application. In addition, the mobile 
application also can be enhanced using a suitable keyboard 
that supports Sinhala typing. The data automation process is 
also a feature that needs to be added as a future 
enhancement. And also, the current system has developed 
without concentrating on grammar and sentence 
transliteration. Therefore, as a future enhancement, the 
sentence and paragraph level transliteration with Sinhala 
grammar rules can be included in the system. 

VI. CONCLUTION 
The message-based Singlish to Sinhala transliteration is a 

challenging research area in terms of the Sinhala language 
because Sinhala is known as the low resourced language. 
Although several types of research have been conducted and 
many transliteration applications are existing related to the 
Sinhala language context but it seems to be that the main 
objective of those researches and applications was to 
implement a system or an application for transliterating the 
Sinhala language into English, different language or to use 
as an official document transliterator. Although these 
systems can be helpful in many perspectives under different 
scenarios, modern texting using Singlish words is can be 
difficult because the typing patterns of the people are really 
difficult to understand. Therefore, it is important to pay the 
attention to people’s typing patterns and try to provide a 
system that can translate Singlish and give the native Sinhala 
output according to their typing patterns. “Swa Bhasha” 
system can be a better solution to overcome the current 
Singlish typing matters. 
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Abstract— Anemia can be classified as the most common blood-

related disease which affects 1.62 billion people globally, which 

corresponds to 24.8% of the total population. The highest 

prevalence is in preschool-age children while the lowest prevalence 

is in men. Physicians use a Complete blood count (CBC) report to 

analyze certain parameters related to the diagnosis of anemia. This 

procedure belongs to the post-analytical stage of diagnosis. Due to 

having many variations of anemia, when predicting the anemia 

variant, errors can be occurred by training and non-specialized 

physicians. To overcome this, a system accompanied by machine 

learning approach with ensemble learning techniques is developed. 

To generate the classification model, boosting, stacking, bagging 

and voting methods are used along with classification algorithms. 

The system can predict the most common three types of anemias 

which are Thalassemia, Iron deficiency anemia and Anemia of 

chronic disease with the use of CBC parameters. However, the 

voting ensemble method performed better and achieved the highest 

accuracy of 0.94% compared to other ensemble techniques with the 

usage of Naïve Bayes, Logistic regression, and Support Vector 

Machine algorithms.  

Keywords— Anemia, Ensemble learning, machine learning 

I. INTRODUCTION 

Anemia is a disease that occurs when there are fewer 

circulating red blood cells in the body. Red blood cells are one 

of the three main types of blood cells. They contain 

hemoglobin, a protein that carries oxygen throughout the body. 

When a person doesn’t have enough red blood cells or the 

amount of hemoglobin level of that person is low, the body 

doesn’t get all the oxygen it needs which leads to anemic 

conditions [1]. Anemia is the most common blood disorder 

within the general population. According to the World Health 

Organization (WHO) statistics, globally, anemia affects 1.62 

billion people, which corresponds to 24.8% of the population. 

The highest prevalence is in preschool-age children and the 

lowest prevalence is in men. However, the population group 

with the highest number of individuals affected is non-

pregnant women [2]. 

Anemia can be classified into three main types which are 

microcytic, normocytic, and macrocytic. Anemia of Chronic 

disease, Thalassemia, Iron deficiency anemia, Anemia of renal 

disease, and Aplastic anemia are the subtypes of diseases that 

come under the main 3 categories mentioned above [3]. To 

classify these, a test called Complete Blood Count (CBC) is 

carried out. A CBC is a blood test used to evaluate someone’s 

overall health and detect a wide range of disorders, including 

anemia, infections, and leukemia [4]. Data generated from the 

healthcare domain is broad and complicated. These data 

contain many hidden patterns which can help to discover and 

predict diseases in the medical field. The diagnosis process of 

these diseases can reduce the number of mortalities and 

enhance the quality of life for the patients infected with these 

diseases [5]. 

 

II. LITERATURE REVIEW 

A. Problem justification 

There are several diagnosis phases in the medical sector. 

Pre and post-analytical stages are the two most important 

phases in which physicians diagnose the disease. The post-

analytical phase is the stage where the physician diagnoses the 

disease by reviewing the reports of the patient. According to 

[6], medical errors done in the diagnosis procedure may cause 

serious damage to patients along with huge costs being 

incurred on the national economy. In the hematology division, 

the diagnosis procedure is the most important responsibility. 

The physician must accurately identify the type of illness 

before moving for further treatments. If non-specialized or 

training physicians were inadequate to diagnose a specific 

anemia type or confused with the diagnosis they have taken, a 

system that will identify those diseases accurately will be 

supportive to them.  

Currently, some systems forecast several blood-associated 

diseases by examining CBC results. When it comes to systems 

that have been developed to predict anemia, it is limited to less 

number of systems because of the complication of diagnosis 

variants of the disease. To overcome this problem, A system 

will be developed that will examine the CBC values from 

patients' reports, identify the specific anemia type and the 

nature of it by demonstrating the values taken for the 

classification of that particular anemia variation. There’s no 

system developed to acquire the above-mentioned tasks. In 

parallel to that, a patient support system will be developed to 

get the fundamental idea of the type of anemia that the patient 

is suffering from accordingly. 

B.  Analysis of existing work 

Researchers have researched on “Automated identification 

of Thalassemia based on data mining classifiers”. The author 

has made use of data mining classifiers relying on CBC to 

inquire about the existence of Thalassemia. He has used three 

classifiers to distinguish thalassemia patients with their 

different phases. In this study, he has discovered that neural 

network is the most suggestive classifier in the procedure of 

classification of Thalassemia. However, the outcome 

advocates that more inspection is needed to carry out for 

preferable classification results by minimizing the 
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classification classes [7]. Another researcher has done research 

in Iron-Deficiency Anemia recognition from Hematology 

parameters using decision trees based on identifying iron 

deficiency anemia. He has designed a decision support system 

from biochemistry blood parameters. The system operation is 

accomplished through the decision trees with the assistance of 

the pattern recognition procedure. The outcome of this system 

demonstrates that the results are equivalent to the physicians’ 

conclusion in the diagnosis of iron deficiency anemia. 

Although he was able to get accurate results, for the 

classification, he has used a very limited number of data with a 

lesser number of attributes which may result in a high 

precision. A more reliable model can be generated if the 

author has used a bigger dataset with more attributes that are 

required in the diagnosis of Iron-deficiency anemia [8]. Also 

has done another research that primarily targets the 

classification of anemia types in correspondence to the CBC 

values. A dataset of 41 patients was used in the classification 

procedure. The author has used base classifiers which consist 

of Naïve Bayes, Multilayer Perception, and J48 for the 

classification process and she has found that J48 algorithm had 

the finest performance with accuracy, precision, and recall [9]. 

However, the author has proposed to use additional 

classification models with large datasets to classify the anemia 

types and to improve prediction accuracy [10] have conducted 

an empirical examination into the use of different types of 

machine learning models for the classification of Sickle Cell 

disease effectual dosage levels. They have initiated different 

types of repetitive neural networks to examine medical time 

sequences obtained from Sickle Cell disease patients in 

comparison with conventional medical solutions. In this study, 

they have used the holdout technique, which is a simple kind 

of cross-validation for assigning training and testing instances. 

To determine the generalization performance and accuracy of 

the classifiers, they received 70%, 10%, and 20% for training, 

validation, and testing set respectively in generating 

classification algorithms. For the performance comparison, 

they have used eight types of machine learning models over 

three output classes generated through the discretization of 

target values and the main purpose of this is to compare their 

model with the baseline model. However, in their experiment, 

they were able to find that through experiential examination, 

involving the use of patient sample data and comparator 

models such as Support Vector Machine and Random Forest, 

that Recurring neural networks, although capable of delivering 

some level of fitting and generalization, are suboptimal in the 

classification.  

When examining above mentioned systems, it was noticed 

that many researchers have developed systems that can 

diagnose Anemia and other variants of that. For prediction 

purposes, they have used machine learning methods such as 

supervised and unsupervised learning with algorithms, for 

instance, Support Vector Machine, Random Forest, Naïve 

bays, etc.  

Almost all of the researchers have used different data 

mining techniques to predict various types of anemia 

variations. Understandably, the above-mentioned researchers 

have used fundamental data mining methods to build the 

classification models.  This research project will further 

examine the techniques used in the above-mentioned research 

projects and attempt to get a better classification model. It was 

noticed that none of the existing researches has used ensemble 

methods in the classification procedure. Therefore, research 

will be carried out on ensemble learning methods to know 

whether it is an acceptable approach. 

 

III. METHODOLOGY 

Machine learning is a set of methods that can automatically 

identify patterns in data, and then use the revealed patterns to 

predict future data, or to perform other types of decision 

makings under unpredictability [11]. There are thousands of 

machine learning algorithms developed every year. Each of 

them is a combination of three components which are, 

Representation, Evaluation and Optimization [12]. For this 

project, supervised learning method will be used because 

dataset used includes required outputs. In the development of 

the prediction model, classification algorithms Logistic 

Regression, Naive Bayes, Support Vector Machines and 

decision trees will be used along with Ensemble techniques 

which includes bagging boosting stacking and voting. 

C. Machine Learning Algorithms 

1. Naive Bayes - This is based on Bayesian theorem and is 

particularly suited when the proportions of the inputs are high. 

In spite of its simplicity, Naive Bayes can often outperform 

more advanced classification methods [13]. 

2. Support Vector Machine - This learning algorithm can be 

used for both regression and classification tasks. However, it is 

mostly used in classification problems. This creates a hyper 

plane across and boundless dimensional space, this help to 

separates classes of the data [14]. 

3. Decision Trees - Decision trees can deal with both 

classification and regression events. In decision analysis, a 

decision tree can be used to visually and precisely illustrate 

decision making. As in the name, tree like model is used when 

making decisions. This can work with both numerical and 

categorical data and also the data preparation is effortless for 

the user [15]. 

4. Logistic Regression - This algorithm can be used when the 

target or dependent variable is categorical and continuous [16]. 

According to [17] performing descriptive discriminate 

analysis, predicting probabilities and classify individuals into 

two categories based on descriptive variable are some of the 

functions can be done through logistic regression. 

D. Ensemble Techniques 

1. Bagging - Bagging or bootstrap aggregation is a general 

ensemble technique that can be used to reduce the variance in 

algorithms that have high variance. This can be applied to 

classification and regression trees which has a high variance.  

 

 

 

 

 

 

Fig. 1 Bagging process [18] 

According to research done by [19], decision trees are 

responsive to the particular data on which they are trained. 

Therefore, if the training dataset is changed or a tree is trained 

on a subset of the training data, the output and the predictions 

of the decision tree can be completely different. But this 
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method can be more advantageous in overfitting reduction of 

the models although huge number of models may take 

extensive time to prepare, accuracy preserve for missing data 

and handling higher proportions of data very well. 

 

2. Boosting - Group of algorithms that make use of weighted 

averages and thresholding to make weak learners into 

powerful learners can be defined as boosting. Boosting 

behaves as members of a team. Each model that works, 

determine what components the next model will have. Each 

model that is used in the process would not perform correctly 

on the complete dataset. But, that models do have great 

performances in parts of the dataset. Therefore, from Boosting 

we can presume that each model will definitely contribute to 

boosting the performance of the complete ensemble. Anyway, 

the goal of boosting is to enhance the precision from the prior 

tree. [20]. 
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Fig. 2 Boosting process [18] 

 

3. Stacking - Stacking or stacked generalization is an ensemble 

method where a new model is trained to merge the predictions 

from two or more models already trained on the dataset. The 

predictions from the already developed models or sub-models 

are merged using a new model, and as the predictions from 

sub-models are combined together it is also known as 

blending. According to [21], models which have their 

predictions merged must have expertise on the specific 

problem that is needed to be solved, but do not require to be 

the best viable models. This means that tuning the sub-models 

intently is not necessary, as long as the model shows some 

advantageous results over a baseline prediction. 
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Fig. 3 - Stacking process [18] 

A researcher has demonstrated that according to his 

research conducted on developing analytical framework for 

kidney functioning prediction, the accuracy acquired by 

ensemble models are performed well than base models [22]. 

He has used different rule induction models with ensemble 

techniques like Bagging, Boosting and Stacking for the 

prediction. He was able acquire an accuracy of 97.6%, 95.04% 

and 94.7% respectively in the final test results. A research 

done by [23] on Medical Decision Support Systems (MDSS) 

also shows that the conventional clinical decision support 

systems which are based on individual classifiers or a simple 

amalgamation of those classifiers which tend to show 

moderate performance. However, he was able to acquire 

higher diagnosis accuracy by using ensemble techniques. 

 

Considering all the literature which are mentioned in the 

existing systems and the algorithmic analysis, it was noticed 

that the current systems are targeted towards the classification 

of one particular anemia type or very less number of variants 

of that by analyzing CBC. To develop those classification 

models, researchers have used conventional data mining 

techniques. This research will target developing a more 

efficient and enhanced prediction system of anemia types. 

Ensemble methods will be used to develop a better 

classification model and observe whether it is a better 

approach. 

 

IV. EXPERIMENTAL SETUP 

E. Dataset Creation 

The dataset that is going to be used in developing the 

classification model is taken from national health and nutrition 

examination survey (NHANES) [24]. It’s a program of studies 

created to evaluate the health and nutritional status of people. 

The initial dataset consisted with over 20 attributes per person 

in several tests carried on them. There were several diagnosis 

results per patient due to conducting several physical tests.  

For this project to diagnose anemia variants, only complete 

blood count results were needed. After having a one to one 

interview with a consultant hematologist in reputed 

government hospital in western province in Sri Lanka, it was 

observed that to predict anemia, only parameters related to red 

blood cells were needed. Although there were 15 parameters 

altogether in CBC report, only RBC, HB, MCV, MCH, 

MCHC, and RDW parameters were taken. After the session, to 

differentiate anemia variants, the mentioned parameters can be 

used to implement the classification model was identified. 

Although there were more than 16,000 individual results 

were there in the dataset, the results related only to anemia 

variants were taken. After finalizing, 1350 individual results 

were obtained. Iron deficiency anemia, Thalassemia Major and 

Anemia of chronic disease and Normal were the outputs of the 

processed data. 

 

 
Fig 4 - Statistical summary of the dataset 

F.  Experimental Procedure 

Initially, loading the parameter and class values to X and Y 

arrays were done. X arrays consist of the input variables while 

the Y array consist of predicted class. For the training and 

testing purpose of the model, dataset is dived in to 70% and 

30% respectively. To create the classification model, initially 

classification algorithms were evaluated whether which 

algorithm is performing better. Without creating the 

classification algorithms individually, the selected algorithms 

which are logistic regression, decision trees, Naïve Bayes, k-
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nearest neighbour and support vector machine were loaded to 

an array as the initial process. To select the best algorithm 

from above mentioned once, accuracy was taken. K-fold cross 

validation was used to estimate the skill of the models. The 

results of these models were taken with respect to accuracy.  

Next step would be testing the model with highest accuracy 

with the earlier split dataset which is 30% from the overall 

dataset. As a result, Naïve Bayes model had a high accuracy 

than other models from the above scenario. Then for testing 

the model with the split dataset of 30%, each model which was 

described above was used. 

As discussed above, classification algorithms which are 

logistic regression, decision trees, naïve bayes, k-nearest 

neighbor and support vector machine were used in the initial 

process. K-fold Cross validation was used in evaluating the 

models. Cross-validation is a resampling (a method that 

making repeated samples from the original dataset) method 

used to evaluate the machine learning models which are based 

on a limited dataset. The accuracy, precision, recall, f1-score 

of the models taken by classification metrics can be seen in 

Table 1. 

 
Machine learning 

algorithm 

Accuracy Precision Recall F1-score 

Logistic regression 0.836 0.709 0.721 0.716 

Decision trees 0.760 0.587 0.652 0.628 

K-nearest neighbour 0.794 0.598 0.663 0.631 

Naïve Bayes 0.878 0.712 0.752 0.745 

Support Vector 

Machine 

0.841 0.685 0.718 0.692 

Table 1– Testing machine learning algorithms 

 

As per the results taken from testing with respect to 

average accuracy, precision, recall and f1-score, these models 

has been used in implementing the ensemble learning models. 

Each machine learning model mentioned above will be tested 

with ensemble learning methods and the best learning method 

will be chosen in implementing the anemia classification 

model.   

 

The next step would be implementing the final 

classification model using ensemble learning techniques. For 

this purpose, all the classification models from the above 

scenario was taken. Each model was used in different 

ensemble methods and tested relevantly. Ensemble techniques 

which includes bagging, boosting, stacking and voting 

considered when implementing the model. After testing each 

classifier, voting model performed well than other ensemble 

models. The best performed models were selected in the 

process of implementing the Voting model. First the base 

classifier models were loaded to the classifiers array. Then the 

loaded array is being assigned to Voting classifier. Training 

and testing the classifier also done as same as the previous 

scenario. K-fold cross validation used to estimate the skill of 

the model. 

 

Ensemble methods are used to improve the performance of 

the machine learning algorithms as discussed in the previous 

chapters. As a result, after testing the models with each 

ensemble methods, voting method was performed well with 

Naïve Bayes, logistic regression and Support vector machine, 

with a model accuracy of 0.94%. Table 2 demonstrates the 

accuracy, precision, recall and f1-score of the ensemble 

models taken by classification metrics. 

 

Ensemble 

method 

Machine 

learning 

algorithm 

Accuracy Precision Recall F1-

score 

Bagging Logistic 

regression 

0.614 0.487 0.508 0.492 

Decision 

trees 

0.591 0.447 0.475 0.454 

K-nearest 

neighbor 

0.603 0.476 0.498 0.488 

Naïve Bayes 0.652 0.511 0.549 0.531 

Support 

Vector 

Machine 

0.755 0.534 0.551 0.546 

Boosting Logistic 

regression 

0.741 0.490 0.523 0.506 

Decision 

trees 

0.753 0.512 0.549 0.523 

K-nearest 

neighbor 

0.610 0.375 0.402 0.390 

Naïve Bayes 0.697 0.437 0.489 0.459 

Support 

Vector 

Machine 

0.711 0.576 0.599 0.582 

Stacking Decision 

trees+ Naïve 

Bayes 

0.839 0.635 0.658 0.645 

K-nearest 

neighbor + 

Logistic 

regression 

0.841 0.598 0.644 0.603 

Logistic 

regression + 

Naïve Bayes 

0.903 0.735 0.745 0.735 

Naïve Bayes 

+ Support 

Vector 

Machine + 

Logistic 

regression 

0.913 0.792 0.805 0.798 

Naïve Bayes 

+ Support 

Vector 

Machine + 

Logistic 

regression + 

Decision 

trees 

0.871 0.689 0.709 0.699 

Voting Decision 

trees+ Naïve 

Bayes 

0.889 0.635 0.664 0.654 

K-nearest 

neighbor + 

Logistic 

regression 

0.881 0.706 0.744 0.725 

Logistic 

regression + 

Naïve Bayes 

0.927 0.844 0.887 0.876 

Naïve Bayes 

+ Support 

Vector 

Machine + 

Logistic 

regression 

0.943 0.898 0.925 0.917 

Naïve Bayes 

+ Support 

Vector 

Machine + 

Logistic 

regression + 

Decision 

trees 

0.911 0.771 0.796 0.779 

Table 2 - Testing Ensemble methods 
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Fig 5 – ROC-AUC curve 

 

ROC-AUC curve basically used for performance measurement 

in classification problems. It shows how much the 

classification model is capable of differentiating between 

classes. By analogy, if the AUC is high, the model is better at 

classifications. Since the model is a multiclass classifier, 

ROC-AUC curve is generated for multi-class. The following 

equations are taken in the illustration of the above graph. 

 

True Positive Rate = True Positives / (True Positives + False 

Negatives) 

False Positive Rate = False Positives / (False Positives + True 

Negatives) 

 

According to the tasks carried out in previous scenario, it 

was noticed that voting ensemble method performed well than 

other ensemble methods. Although ensemble methods were 

used to enhance the performance of the model, it was observed 

that the bagging and boosting ensemble methods were given 

lower performance than the base classifiers which was used in 

the first step. From the base classifiers used in testing the 

ensemble methods, it was also noticed that adding Decision 

trees algorithm which was performed poor, with Naïve Bayes, 

Support Vector Machine and Logistic regression algorithms 

which were perform well, were given poor performance in the 

overall results. 

G. Development of the System 

a) API Implementation 

   After developing the ensemble classification model, API was 

developed to interact the web portal with the model. Flask was 

used in the development of the API. Pickle library is used to 

load the saved ensemble model. Then the address from the 

prediction response URL is given. Default localhost address 

will be used in the process. The data which is taken from the 

CBC report from web portal, is taken as a json array and pass 

to this API. For that purpose, python numpy library was used. 

After that, those parameter values are being processed with the 

model values and the predicted result is given. Python jsonify 

is used to get the predicted result as a json object. 

 

b)  Web portal implementation 

    To develop the web portal, php based framework laravel is 

used along with google cloud vision API, nexmo SMS 

gateway and dompdf laravel based pdf converter. The portal is 

mainly developed for the physician to manage patients and 

their past records. The implementation of the main 

functionalities is discussed below. 

 

1. OCR Integration - To extract CBC parameter values related 

to predict anemia is taken from this. Google cloud API is used 

in the development process. First the softcopy of the report is 

uploaded via API. Although cloud vision provides many 

features, only text detection method was used. To handle these 

functions, necessary credentials were used from the google 

cloud console. Then the response is received as a json where it 

has to be formatted according to the needed parameters. 

 

2. PDF conversion - After getting the prediction result, the 

system has to generate a pdf of the summarized report to send 

to the patient via SMS. The final report page has to be 

developed with html and css due to some restrictions in 

designs of the dompdf library. First the final report web page 

content is passed to the pdf generation process via output() 

method. Then the size of the pdf that has to be generated is 

given with some formatting such as page number and size of 

the page. Soon after the report is generated and converted in to 

pdf, it is being upload to amazon s3 bucket. The report 

generated for each patient here will be saved in the database 

for use as past records if needed. 

3. SMS gateway integration - After the summarized report is 

generated and converted to pdf, it’s uploaded to s3 bucket. 

Then the URL of the uploaded file is taken through the 

system, embedded it to the message as a link and send through 

the system via SMS gateway to the specific patients’ mobile 

number. For this purpose, nexmo SMS gateway is used. To 

manage the report conversion, saving and sending the SMS, 

queue is implemented. Simply it will trigger to the tasks 

performs accordingly. 

 

The chapter explains in detail about the steps used in 

developing the ensemble classification model and the web 

portal of anemia prediction system. 

 

V. DISCUSSION 

The anemia prediction system was made for training and 

non-specialized physicians as a guidance system, when 

diagnosing anemia variants as mentioned in the research 

question which was discussed earlier. The system uses a 

dataset which has been pre-processed in the process of 

predicting anemia variants which are Iron deficiency anemia, 

Thalassemia Major and Anemia of Chronic disease. The 

required parameters needed for differentiate anemia variants 

has been identified after a one-to-one interview with a 

consultant hematologist. In the process of implementing the 

classification model, Ensemble learning techniques along with 

machine learning algorithms has been used. In the 

implementation process of the classification model, five base 

classification algorithms which are Logistic Regression, Naive 

Bayes, Support Vector Machines, K-nearest neighbour and 

decision trees were used. Each algorithm is subjected to 

variations with ensemble techniques.  Although ensemble 

techniques use to enhance the performance of the models, 

bagging and boosting techniques gave comparatively low 
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prediction performance when testing with mentioned 

algorithms. Some machine learning algorithms performed 

better than those two Ensemble learning methods. However, 

voting technique integrated with Logistic Regression, Naive 

Bayes and Support Vector Machines was able to perform 

better than other techniques. In the process of development of 

the web portal, Laravel framework was used along with 

Google cloud vision API, Nexmo SMS gateway and dompdf 

generator. The developed classification model was connected 

through an API to the web portal. Features which can be 

useful to physician were implemented including managing 

patient details, view past records, view a detailed report and 

send a report to patients’ mobile. 

VI. CONCLUSIONS 

The proposed anemia prediction system will be able to 

predict most common three types of anemias which are Iron 

deficiency anemia, Thalassemia major and Anemia of chronic 

disease using the parameters of CBC report. The system will 

assist training and non-specialized physicians as a guidance 

system which will help them to re-examine the specific anemia 

diagnosis taken by them at the initial stage of the post-analytic 

stage. For the future enhancement of the system, include the 

presence or absence of family history of blood related diseases 

and include other possible disease apart from anemia which 

can be diagnosed by the parameters of CBC report were 

identified from the feedbacks given by domain evaluators. A 

deep neural network can be used in the classification model, 

which can further improve the accuracy. 
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Abstract— The entertainment industry has long valued voice 

acting, and it is critical to the success of any product. When 

casting, inexperienced and even experienced casting directors 

find it difficult to select the most suited voice actor for the role 

and indie producers find it expensive to cast many talented 

voice actors at once. Hence, a voice enhancement technology 

that can transform a given voice to a target voice would let 

casting directors to concentrate on casting talented voice actors 

without dwell on too much about the voice of the actor. It 

would also assist producers in cutting costs by allowing them to 

cast few skilled actors and change their voices according to 

each character. Voice conversion is a method for preserving 

linguistic information while modifying non-linguistic 

information in a voice. Various methods, ranging from 

statistical modeling to more recent deep learning approaches, 

have been experimented throughout the years. This paper 

assesses how the field of voice conversion can be applied to this 

problem domain, as well as the best voice conversion 

methodologies and an analysis of existing models. This review 

was conducted as part of an ongoing research, and the insights 

will be used to develop a voice enhancing system capable of 

transforming a given voice into a target voice. 
Keywords— Voice Casting, Voice Acting, Voice Conversion, 

Source to Target 

I. INTRODUCTION  

Voice casting is the process where a casting director 

choose suitable voice artists by testing their voice and talent 

[1]. Voice artists are mainly used in two main areas, and 

they are dubbing and voice over. Both methods are 

postproduction methods to incorporate voice into the 

original soundtrack. When it comes to the casting process, 

there are mainly four different steps that a casting director 

follows [2]. 

1. Script Creation 

2. Selecting voice artists 

3. Dialog recording 

4. Layering tracks 

Out of these steps, this paper is focused on selecting 

voice artists. Also, there are primarily three problems that 

can be found in the casting process, each of which is 

producing difficulties for different entities. These concerns 

are mostly hurting small production businesses and 

independent producers. 

1. Casting directors should specify each character’s 

voice and emotion that should be evoked in the 

audience before the casting process but when 

casting, sometimes casters misinterpret voice and 

emotion. This can happen mostly by inexperienced 

casting directors [1]. 

2. Recording dialogs takes place in studios, and when 

there are a lot of voice actors, the scheduling 

procedure may be tedious for the directors. There 

will also be a lot of recording sessions, which is 

expensive for the production [2]. 

3. When there are multiple characters in the story, 

producers should allocate the budget to cast voice 

actors for each character [1]. Even though it’s 

possible for large production companies, it is not 

possible for small scale or indie producers. Most of 

the time it leads them to self-voice or hire unskilled 

voice actors that are less expensive which leads to 

unsatisfied audience.  

A voice enhancing system that can convert source voice 

to a target voice will benefit the casting directors by 

allowing them to be flexible in the casting process. Then, 

casters will be able to deprioritize the need of an appropriate 

voice when casting which will increase the probability to 

find a voice actor that could express the desired emotions. 

Talented voice artists can provide a wide range of 

character emotions, but they can't usually be utilized to 

voice several main characters in a plot since the audience 

can recognize the voice's uniqueness. Pitch changing 

software are not used for such tasks because it produces 

unrealistic voices [1].  

The methods of voice conversion discussed in this work 

would be useful in the development of a voice enhancement 

system. As a result, a system like that will be able to utilize 

the above-mentioned voice artist's talent while also helping 

to reduce the budget and recording time.  

II.  EXISTING WORK 

Ease of Use Voice conversion is a branch of artificial 

intelligence research that investigates how to convert a 

source audio into a target audio while retaining its linguistic 

content. This remains a challenging research problem since 

it requires manipulation of the voice identity. The process of 

understanding voice quality, voice expressivity and voice 

individuality can be achieved using the modulation theory 

[3] [4]. The voice conversion can be mainly divided into two 

sub domains depending on the training data. And they are 

• Parallel training data 

• Nonparallel training data 

Beginning stages of voice conversion was done using 

statistical modeling techniques. Gaussian mixture model [5] 

is one of the successful statistical parametric approaches and 
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exemplar-based sparse representation is one of the 

successful statistical nonparametric approaches [6]. 

Even though these models are relevant to the problem 

domain, they have practical limitations. One of which is that 

they require parallel training data and alignment procedures 

for training. Parallel training needs a dataset which has the 

source and target speakers speak the same utterances. Such a 

parallel data collection process would be impractical for an 

already exhausted casting director because it would demand 

a significant amount of time and effort. This leads to the 

next branch of voice conversion research, which is, voice 

conversion using nonparallel training data. Because non-

parallel data is readily available in real life, this field of 

voice conversion research is significant to the problem 

domain. 

Dynamic kernel partial least squares regression [7] is a 

parametric statistical model which uses INCA algorithm [8] 

to use nonparallel training data but still alignment 

procedures are needed in the preprocessing stage in order it 

to work. Phonetic Sparse Representation [9] is a technique 

that uses phonetic posteriorgrams to represent the audio and 

an automatic speech recognizer (ASR) to generate 

representations. This strategy requires large number of 

transcripts to train the ASR and it requires a well-trained 

ASR to produce good results [10]. 

While statistical modeling techniques are still at the 

forefront of the speech conversion problem, advances in 

deep learning have paved the way for state-of-the-art models 

to be developed. Deep learning research has also improved 

voice conversion using nonparallel training data, which has 

already been identified as a significant research area to the 

problem domain, and this paper will focus on those 

researches.  

Artificial neural networks based approaches [11] can be 

identified as an early attempt of the deep learning 

approaches. The use of deep neural networks [12] and the 

early experiments with deep learning approaches have 

shown that they outperform GMM based models which was 

the state-of-the-art method before. Another approach that 

performs better than GMM based methods and basic NNs is 

the use of deep recurrent neural networks [13]. Since RNN 

and DNN based models require large amount of training 

data, Deep Bidirectional Long Short-Term Memory based 

approaches [14] [15] [16] can be found to address that issue. 

Autoencoders and Variational autoencoders (VAE) [17] 

can also found to be useful in the nonparallel voice 

conversion process. Vector Quantization and U-Net along 

with an autoencoder [18] can be found to produce quality 

voice conversions. An early application of VAE can be 

found in [19] where the author described the similarity 

between handwriting style and the phonetic content of a 

speech. Auxiliary classifier variational autoencoder [20] can 

be used for many to many voice conversions and [21] have 

optimized the model by incorporating mixture of experts 

with sparse gating mechanism. 

More recently, Generative adversarial networks (GAN) 

[22] based models have further improved the state of the art. 

A Basic GAN consists of two models, a generator and a 

discriminator, which compete with each other during 

training, resulting in improvements for both models. A 

model that uses two mirrored GANs [23] and GAN model 

with a controller model that uses Laplacian pyramid Lap1 

loss instead of L1 loss [24] can be seen using basic GANs 

but widely used GAN model for voice conversion is the 

CycleGAN [25] because of its image-to-image style 

transferring ability. This model differs from the basic GAN 

model in that it has two generators and two discriminators 

instead of one of each. The use of CycleGAN model with 

gatedCNNs [26] can be identified as an early attempt of 

using CycleGAN in voice conversion [10]. An improved 

version that uses better architectures for generator and 

discriminator [27] can be seen performing better and the 

previous model. Another model that uses an auxiliary task 

called filling in frames [28] has further improved the 

performance. 

III. ANALYSIS OF PARALLEL AND   NON-

PARALLEL METHODS 

According to the analysis of the existing work, one of the 

most important paradigms in voice conversion research is 

the parallel data and nonparallel data paradigm. 

It was observed that, Nonparallel methods were given 

lower performance due to the difficulty of forming good 

mappings between the source speaker and the target speaker, 

But, when it comes to the initial problem, the voice 

enhancement system should be straightforward to use, and 

nonparallel data is identified as the better option because it 

is easier to collect in real life. 

 But Parallel methods has poor performance when it 

comes to the practicality. Below table contains the 

performance of parallel and nonparallel deep learning 

approaches. 

 

 Objective Subjective 
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Parallel data 

[11] 6.11

8 

     3.0 

> 

> 

2.5 

  

[12]   4.3

1 

    3.5 

> 

> 

3.0 

3.5 

> 

> 

3.0 

[13] 5.0

5 

> 

> 

4.9

3 

     3.4

44 

  

[16] 6.1

98

9 

     3.4

1 

  

Nonparallel data 

[18]        3.5

3 

2.6

6 

[19] 6.0

8 

     2.7

6 

  

[20]          

[21]     3.2   3.2 2.4
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2 8 

[24]        2.9

7 

2.8

2 

[10]      1.9

8 

 2.4

0 

 

[27] 6.2

6 

1.4

5 

     3.1

0 

 

[28] 6.7

3 

  83.

8 

     

Table 1: Comparison of models 

IV. ANALYSIS OF EVALUATION METHODS 

When it comes to analysis of the results of each work, most 

of the research have done objective evaluation, subjective 

evaluation, or both in their testing. And most of them have 

compared their proposed method with GMM based methods 

since it has been the state-of-the-art method previously. The 

analysis has done mainly focusing the deep learning models 

since it’s proven to be effective than statistical models. This 

section will compare the use of vocoders, training sample 

size, dataset, objective, and subjective evaluation methods 

that each research have done.  

A. Deep learning methods that use parallel data 

Method Vocoder Sample size 

(utterances) 

Dataset 

[11] n/a 40 n/a 

[12] STRAIGHT 80 Chinese speech 

database 

[13] STRAIGHT 216 (word) ATR Japanese 

speech database 

[16] STRAIGHT 100 CMU ARCTIC 

corpus 
Table 2: Analysis of data used in parallel models 

Method Objective Subjective 

[11] MCD - 6.118 MOS (q) - Highest 

achieving 3.0 > x > 2.5 

ABX (proposed vs GMM) –

  

Highest achieving 70% > x 

> 60% 

[12] LSD - Best 

averaging 4.31 

MOS (s) - Average 3.5 > x 

> 3.0 

MOS (n) - Average 3.5 > x 

> 3.0 

[13] MCD - 5.05 > x > 

4.93 

MOS (q) – 3.444 

[16] MCD - 6.1989 MOS (q) – 3.41 

ABX (proposed vs base 

DBLSTM) – 87% 
Table 3: Analysis of evaluation methods used in parallel models 

B. Deep learning methods that use nonparallel data 

Method Vocoder Sample size 

(utterances) 

Dataset 

[18] MelGAN n/a VCTK dataset 

[19] STRAIGHT 150 VCC2016 

Speech Corpus 

[20] WORLD 116 VCC2018 

Speech Corpus 

[21] WORLD 162 VCC2016 

Speech Corpus 

[24] n/a 200 ASTMIC 

dataset 

[10] WORLD 162 VCC2016 

Speech Corpus 

[27] WORLD 81 VCC2018 

Speech Corpus 

[28] MelGAN 81 VCC2018 

Speech Corpus 
Table 4: Analysis of data used in non-parallel models 

Method Objective Subjective 

[18] - MOS (n) seen speaker – 3.50 

MOS (s) seen speaker – 3.68 

MOS (n) unseen speaker – 3.53 

MOS (s) unseen speaker – 2.66 

ABX (proposed vs Chou vs 

AutoVC) – 

More preferred than Chou and 

AutoVC 

[19] MCD – 6.08 MOS (q) for proposed – 2.76 

ABX (proposed vs ENMF) – 

Slightly better than ENMF 

[20] - ABX (proposed vs VAEGAN-

VC) –  

Preferred in similarity 90%+  

Preferred in similarity 75%+ 

[21] MOSNet – 

3.2 

MOS (n) - Average 3.22 

MOS (s) - Average 2.48 

[24] - MOS (s) content – 3.01 

MOS (s) speaker – 2.82 

MOS (n) – 2.97 

[10] RMSE –  

Best achieved 

1.98 

MOS (n) – 2.4 

ABX (proposed vs GMM) - 

Comparable to GMM 

[27] MCD –  

Best achieved 

6.26  

MSD –  

Best achieved 

1.45 

MOS (n) - Best achieved 3.1 

ABX (proposed vs CycleGAN-

VC) –  

Significantly better than 

CycleGAN-VC 

[28] MCD –  

Best achieved 

6.73 

KDD –  

Best achieved 

83.8 

XAB (CycleGAN-VC2 vs 

CycleGAN-VC3 vs Proposed) –  

Best achieved around 80% 

compared with V2 

Best achieved around 60% 

compared with V2 
Table 5: Analysis of evaluation methods used in non-parallel 

models 

As for the datasets, Chinese speech database, ATR 

Japanese speech database [29], CMU ARCTIC corpus [30], 

VCTK dataset [31], ASTMIC dataset, VCC2016 Speech 

Corpus [32] and VCC2018 Speech Corpus [33] can be 

found to be used in these researches. STRAIGHT, WORLD 

and MelGAN are the vocoders that have been used. 

Mel Cepstral Distortion (MCD), Log Spectral Distortion 

(LSD), Deep Learning based Objective Assessment for 

Voice Conversion (MOSNet), Root Mean Squared Error 

(RMSE) and Kernel DeepSpeech Distance (KDD) are the 

various objective evaluation methods that have been used. 

Mean Opinion Score (MOS) and ABX test are the two 

subjective evaluation methods that have been used in the 

existing researches. MOS score can be used to measure 
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quality, similarity, and naturalness of an audio. They are 

denoted as MOS(q), MOS(s) and MOS(n) respectively for 

the simplicity. ABX test is done between two or more 

methods and in the analysis the current research will be 

denoted as proposed and the comparing research will be 

mentioned as well with a versus (vs). 

V. CONCLUSION 

This paper provides a detailed explanation of the current 

challenges of the voice casting process and how can a voice 

conversion based system can benefit the voice casting 

process. The paper also provides an overview of the voice 

conversion research field and analyzes deep learning voice 

conversion methods. It was discovered that nonparallel 

training data was more practical than parallel training data 

for the given problem domain. Analysis of the existing 

systems reveals that deep learning methods have improved 

the potential of voice conversion problem domain into new 

heights. Even though some parallel training methods have 

better results, non-parallel methods are not far behind. This 

conclude that nonparallel methods can be further improved 

and can be used for the initial problem domain. 
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Abstract— The Convolutional Neural Network (CNN) 

based solutions are used to identify the nutrient deficiencies of 

the crops based on the color variances of the leaves. However, 

one of the major problems in CNN based solutions is the lack 

of ability to explain the results obtained. This research is 

focused on overcoming this challenge by combining the results 

obtained from CNN with the TensorFlow Inference Engine to 

provide humanely understandable results for deficiency 

identification of crops.  Therefore, a custom testbed is created 

to gather data/images and using those data/images YOLOv3 

object detection model was trained to detect calcium, nitrogen, 

and magnesium nutrient deficiencies of greenhouse lettuce. 

The results demonstrate a mean average precision of 94.38% 

on training data and 75.53% on custom data. The trained 

weights were combined with the TensorFlow inference engine 

to provide explainable results using a local knowledge base of 

deficiencies. 

Keywords— green house lettuce, convolutional neural 

networks, explainable artificial intelligence, YOLOv3, nutrient 

deficiency identification 

I. INTRODUCTION 
Horticulture has become more than farming or growing 

corps with the technological evolution in the last few decades 
and Controlled Environment Architecture became a popular 
approach to produce corps productively compared to open 
field production. Being a CEA structure vastly used in 
horticultural field which aims to provide optimal nutrient 
composition and environmental conditions, and protect the 
crops without the application of pesticides, Greenhouse 
Horticulture is predicted to mark a Compound Annual 
Growth Rate (CAGR) greater than 11% by 2022 and 
currently it is at 10.79% by the Technavio’s Market 
Research. 

Greenhouse lettuce is produced in soil-less culture. The 
greenhouse associated with this research uses the deep flow 
technique of Hydroponics to produce lettuce where a flowing 
solution culture ensures the consistency of the nutrient 
environment of the roots. Despite the lettuce is produced in a 
nutrient solution in a controlled environment, the production 
loss due to diseases, toxicity and nutrient deficiencies is 
inevitable. As some of those deficiencies do manifest in the 
visible spectrum, such diseases can be identified with remote 
sensing techniques [1]. The identification of nutrient 
deficiencies in the visible spectrum using machine vision is a 
research area where researchers developed various 
methodologies to detect defected plants. Hetzroni et al. 
published the very first article on this subject describing their 
neural network-based classifier to determine lettuce 
deficiencies in Advances in Space Research article in 1994 
[2]. In addition to that, Story et al. have presented a system to 
monitor the real-time plant stress using the computer vision-
based multi-sensor platform. Their system is consisting of x 
y movable sensor system to image acquisition, 

environmental data collection, and distributed processing 
hierarchy but not optimized for real world green houses. 
They have applied their system to monitor calcium 
deficiency of lettuce and was able to identify the deficiency 
one day before the human vision [3], [4]. 

Current technological enhancements of IoT devices offer 
a novel approach in identifying plant diseases using deep 
learning. Mohanty et al. discuss this approach in their 
research paper by using 54306 images of 14 crop species 
except lettuce with 26 diseases to train their deep neural 
network. These images were taken from the project Plant 
Village, an open-access image repository created by the same 
group [5]. Zheng et al. discuss the CropDeep species 
classification and detection dataset where they have collected 
1,147 images with over 49,000 annotated instances from 31 
various classes. In the same paper, they have presented the 
accuracy of different classification models and conclude that 
ResNet50 as the best performing model with achieving an 
average accuracy of 99.81% but lettuce deficiencies are not 
included [6]. Greenhouse lettuce is not researched under 
deficiency identification using deep leaning and images, but 
there are few other crops under research. Rangarajan et al. 
presented their approach on tomato crop disease 
classification using pre-trained deep learning algorithm [7]. 
They have used the tomato images from the PlantVillage 
dataset and studied the dataset against a pre-trained AlexNet 
and VGG16net deep learning models.  

The table 1 includes the work from [5], [6], [8]–[25] and 
the methodologies summarized are not developed in a point 
of serving the stakeholders of the horticultural society but in 
a theoretical manner where they cannot be applied in a real-
life scenario. Because of this reason, we incorporated 
explainable artificial intelligence in the study to give a 
meaningful explanation to the identified deficiency. 

TABLE I.  A SUMMARY OF 20 RECENT LITERATURE ON DEEP 

LEARNING-BASED DISEASE IDENTIFICATION OF PLANTS. 

Aspect Summary 

Plant 

13/20 (65%) did the research for a single plant.  All 

20 (100%) were not generalized 

Dataset 
10/20 (50%) used their own datasets, 8/20 (40%) used 
Plant Village dataset, 1 with Crop Deep dataset, and 1 

with Plant Disease dataset 

Environment 

9/20 (45%) used images from controlled environment 

(homogeneous backgrounds), 6/20 (30%) used 
images from uncontrolled environment (open field), 

others (25%) used both 

Classification/ 

detection 

15/20 (75%) used classification only, 3/20 (15%) 
used detection method and others (10%) researched 

with both 

Deep CNN 

Architecture 

17/20 (85%) used popular CNNs, 3/20 (15%) used 
custom architectures alone, 4/20 (20%) used custom 

along with popular CNNs 

Training 14/20 (70%) used transfer learning, 10/20 (50%) 
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Aspect Summary 

Strategy trained from scratch, 5/20 (25%) used both strategies 

Training, 

Evaluation 

8/20 (40%) separated the dataset by training, 

validation, and evaluation. 12/20 (60%) separated 

only for training and testing. In addition, 2/20 (10%) 
used entirely different dataset for validation. 

The AI methods are currently achieving higher levels of 
performance and the decisions taken and suggested by those 
AI powered systems eventually affect the humans’ lives so, 
the need of understanding the given and taken decisions is 
made a right. The latest models developed with systems like 
Convolutional Neural Networks are complex and not 
interpretable making the system a black box. According to 
A. B. Arrieta et al. Explainable AI is developed to open this 
backbox and allow humans to understand, trust, and manage 
the emerging artificial intelligent models [26]. Fig. 1 
explains this concept of XAI from DARPA (Defense 
Advanced Research Projects Agency) [27]. The XAI 
application is possible for various stages of the modelling 
stage, including, before (pre-modelling explainability/ante-
hoc), during (explainable modelling), and after (post-
modelling explainability/post-hoc). Among the three 
methods, post modeling explainability is the most popular 
method because it can be used in the existing convolutional 
neural network models without changing the network or the 
method of input data. Hence, we used the same method on 
the selected CNN model based on our literature review. 

This study aims to develop an approach that can identify 
and explain a set of predefined nutrient deficiencies of 
greenhouse lettuce plants in real-time using image processing 
techniques and explainable AI theories. After reviewing the 
current methods of identifying the deficiencies of plants, an 
image dataset of greenhouse lettuce plants which grown on 
special recipes which allows visualization of nutrient 
deficiencies was created. Then with an aid of agronomist, the 
collected images were preprocessed, and the deep learning 
architecture was selected based on the literature review. 
Finally, the explainable deficiency identification approach 
was developed using the selected model. 

II. METHOD 
As discussed in the introduction section, our goal of this 

study is to find a solution to identify the nutrient deficiencies 
of greenhouse lettuce using image processing methods in 

real-time and provide explanations. We carried out the 
solution in three phases (Fig 2.). In the first phase, we 
created a testbed and the dataset from greenhouse images in 
collaboration with the greenhouse of AIGrow. In the second 
phase, we trained the detector which is YOLOv3 selected 
based on the literature review to detect nutrient deficiencies 
using the collected dataset and evaluated the results against 
the training data. In the final phase, we made the solution to 
provide explanations to the detector results. 

A. Dataset Creation 

The requirement of a dataset is common in all neural 
network related studies and for this study the dataset is 
associated with plants. As our study is focused on 
greenhouse lettuce, the scarcity of the suitable datasets which 
contain lettuce deficiencies was a challenge. Therefore, it 
was necessary to create an appropriate dataset (image set) 
which fulfills the requirement. We constructed the lettuce 
production system in the AIGrow research greenhouse 
located at the Trace Expert City [28]. The research 
greenhouse dimensions are 16m L x 8m W x 3.4m H. The 
ridge height is 5.7m. The greenhouse is equipped with a Pad 
and Fan evaporative cooling system and covered with a 
double polycarbonate glazing. The automatic climate control 
system established in the facility maintains the expected 
climate points. 

As shown in Fig. 3. We created the experimental setup 
using the deep flow hydroponic technique. It is one of the 
Liquid Hydroponics’ methods, where the Plants grown in a 
solution culture have their roots immersed in the solution. 
The experiment conducted on 4 groups consisted of 28 
containers. Or flows. Each flow held 7 lettuce plants. Three 
of the flows were containing treatment nutrient solutions and 
they are deficient in Calcium, Nitrogen, and Potassium and 
the final flow is controlled. Initially, all 28 lettuce plants had 
the control nutrient solution at the root level for 15 days. 
Then we induced deficient solutions through the flows in the 
treated plants. We continued the experiment until all the 
treatment plants show deficiencies. The image acquisition 
happened once a day at 8.30 am using a handheld Canon 
EOS 6D Full Frame DSLR Digital Camera under the 
greenhouse lighting conditions. Each image is 3456 x 2304 

Fig. 1. Concept of Explainable Artificial Intelligence. 

Fig. 3. Experimental setup with 3 deficient nutrients and controlled. 

Fig. 2. Concept of Explainable Artificial Intelligence. 
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pixels and had 72 dpi horizontal and vertical resolution. 

Based on the literature review, we selected an object 
detection model over object classification models because 
the result given by the detection model is helpful in 
explanation. The object detection model input images must 
be annotated based on the classes. We used the following 
guidelines in annotating the dataset. 

• When an image contains multiple points of 
deficiencies, each deficiency point should be marked 
out. 

• When there are overlapped deficiency points in the 
image, all should be marked and enclosed. 

• Mark deficiencies in an image if it can be identified. 
After the annotation and before the augmentation 

process, we partitioned the dataset into the train, and test sets 
according to the deep learning methods. Most of the 
experiments presented in that section were used only two 
sets, so this study also uses to data set as training and testing. 
Hence the number of images in each class is different, the 
following percentages are used in the partitioning process. 
80% of each class as a training set and the remaining 20% of 
each class is for testing. These empirical proportions make 
up for the imbalance problem in the dataset. We placed this 
step in between the annotation and augmentation steps to 
avoid placing the same image in both data sets. Once the 
annotation task was completed, we subjected the images to 
the augmentation process. The augmentation was required 
because the performance of the deep learning task was highly 
dependent on the data volume. However, the images are 
limited in this study and have only around 500 images. We 
used augmentation techniques to increase the number images 
artificially. Table 2 visualizes the number of images of each 
class after augmentation. 

B. Detection Algorithm 

Many classification algorithms and detection algorithms 
are available for plant deficiency identification. These deep 
learning algorithms vary from each other based on their core 
concepts used in the algorithm design and deficiency 
identification approach. After the critical review of the 
literature, we selected version three of the You only look 
once, or the YOLO object detection algorithm for this study. 
Most of the detection systems use classifiers underline for 
detection. The above-mentioned systems take a classifier for 
that object and evaluate it at various locations and scales in a 
sample image to detect an object. Recent algorithms like R-
NN use region proposal methods to populate potential 
bounding boxes on an image then execute the classifier on 
those bounding boxes. Once the classification is done, post-
processing refines the bounding boxes. This process is 
somewhat complex. YOLO solves the object detection 
problem as a simple regression problem where a single 
convolutional network is capable of simultaneously  

TABLE II.  NUMBER OF IMAGES AFTER AUGMENTATION 

predicting multiple bounding boxes and class 
probabilities for those boxes. Few advantages of this system 
are first, it is fast because of the simple pipeline. Second, 
when making predictions and forecasts, the system reasons 
globally about the image. In contrast to sliding window and 
region proposal-based techniques, it captures the full image 
during training and test time, so it implicitly encodes 
contingent information about classes and their appearances 
as well. Finally, it learns generalizable representations of 
objects so it is less likely to beak on unexpected inputs [29]. 

This study is based on the third iteration of YOLO over 
the years and the underline architecture of it is called 
Darknet. Initially, YOLOv2 used a 30-layer custom 
architecture of darknet. This architecture was still deprived 
of some of the key elements like residual blocks, skip 
connections, and up-sampling, which is currently considered 
as mandatory in most of the state-of-the art algorithms. 
YOLO v3 re-aligned to match those missing elements and 
uses an adaptation of Darknet, which initially has a 53-layer 
network trained on ImageNet. 53 more layers are stacked on 
for detection resulting in a 106-layer fully convolutional 
model. The 82nd layer makes the first detection. For the first 
81 layers, the network down-samples the image, such that 
the 81st layer has a stride of 32 and the result is a feature 
map of 13 x 13 x 255. Then, the 94th layer makes the second 
detection and the result is a feature map of 26 x 26 x 255. 
The 106th layer makes the final detection resulting 52 x 52 x 
255 sized feature map. Because of the unstable gradients of 
resulting bounding boxes of the prediction the detectors 
offset to pre-defined default bounding boxes called anchors. 
They are transformed to predict the bounding box. YOLO 
will reduce the boxes using thresholding by object 
confidence and non-maximum suppression methods [30]. 

C. Implementation and Training 

Most common machine learning models are incapable of 
getting trained simultaneously, which emphasizes that they 
are congested by the requirement for them to be trained on a 
single processor. Neural networks also included in the 
category discussed prior. While it is possible for small MLPs 
to run in a workable amount of time using one processor, the 
feasibility of training a large CNN on a laptop or even a 
computer with decent processing power is null. In order to 
train considerably large networks, GPUs (graphics 
processing units) are required. GPUs portray excellent ability 
to simultaneously perform enormous amounts of simple 
operations and support with the best memory bandwidth in 
addition to its zero-drawback due to latency via thread 
parallelism against the CPU. Most neural network operations 
are considered as matrix operations, Therefore, GPUs 
proficient in taking the benefit out of these operations to 
accelerate training and evaluation. Therefore, we used a 
desktop workstation with Intel Core i3-7300 2 Cores 4 
Threads 4.00 GHz CUP, GeForce GTX 1060 6 GB 1280 
NVIDIA CUDA Cores GPU, 16 GB of RAM on Ubuntu 
18.04 operating system for this study. 

We used yolov3.cfg file from pjreddie.com for training 
configurations which include three yolo layers. As a 
traditional method, each object is to be trained for at least 
2000 iterations. Hence, the dataset was trained for 8000 
iterations as there are 4 classes to train. The values of batch 
and subdivisions were set to 24 and 8 respectively for 
optimal training speed. The width and height values were set 
at 416 each for optimum speed and better accuracy of 

Class 
Number of augmented images 

Training Testing 

Healthy 897 224 

Calcium deficient 911 228 

Nitrogen deficient 878 219 

Magnesium deficient 770 193 
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detection. The number of filters used in the convolution layer 
was set to 27 as the value is dependent on the total number of 
classes. The total amount of time required to train the 
network with the above configurations was approximately 9-
10 hours. The weights thus generated after 8000 iterations 
were used to carry out detections and analyzing the 
performance. The parameters used for testing the 
completeness of the model are mAP, IoU, and f1 score. The 
mean value of average precisions is called the Mean Average 
Precision (mAP) and the average intersect over union of 
objects is called Intersection over Union (IoU) and detections 
for a certain threshold and f1 score depends on the precision 
and recall and can be calculated based on confusion matrix. 
Fig. 4. shows the loss over the training process. 

D. Explainable Model 

Explainability is added to a model to provide an 
understanding of the result derived by that model to the end 
users. They may have the knowledge of the subject domain 
of this study but may not have the knowledge of how the 
convolutional neural networks work and it is not necessary 
for them to have the knowledge related to convolutional 
neural networks to understand this study but need a method 
to return the results in a domain specific manner.  

We used the verbal explanations to achieve this goal and 
it is one of the most user-friendly explanation families, 
because the explanations are usually provided in natural 
language form which are like humane explanations. Fig. 5. 
Shows the architecture of the system including the 
explainable model. The interaction interface can be a Mobile 
application or a server application that takes the input as an 
image which is evaluated against the YOLOv3 model, which 

was trained in the previous section. The classes are pre-
defined in the TensorFlow application is written on Java 
TensorFlow Classifier Class. We created the knowledge base 
with the help of an Agronomist and online knowledge 
sources such as YARA [31]. Each of the class has a verbal 
explanation like humane explanations in the inference engine 
to provide based on the detector results. 

TABLE III.  SAMPLE EXPLANATIONS OF THE DEFICIENCIES IDENTIFIED 

Deficiency 

Class 
Sample Explanation 

Calcium 

Due to Calcium deficiency, the growth of lettuce is 

observed as reduced and leaves are wavier than 
normal. Brown or grey lesions has developed starting 

from leaf margins or tips of young leaves. This 

symptom is called as 'tip-burn'. When the Calcium -
deficiency progresses, the leaves begin to die from 

tips and margins inwards. Subsequently, the persistent 

symptoms will spread over the older leaves. 

Nitrogen 

Older leaves have the symptoms of N deficiency at 
first with light green chlorosis. This moves to the 

head and will have light green chlorosis. No head is 
formed with severe Nitrogen deficiency and the 

growth is restricted. But the leave shape remains 

normal 

Magnesium 

Older leaves have the symptoms of Mg deficiency at 
first with yellowing between veins and leaf margin 

discoloration of yellowish orange. If this continues, 

the yellow leaf zones will die but the veins remain 
green. Growth is incrementally restricted with the 

severity of the deficiency. 

III. RESULTS 
Evaluating deficiency identification implies, evaluating 

the deep neural network itself. This research uses the 
YOLOv3 (You Only Look Once version 3) object detection 
algorithm based on fully convolutional neural networks. So, 
we evaluated the trained algorithm on the testing datasets.  

A. Evaluation Criteria and Datasets 
 Based on the literature review, then we separated the 

dataset into 80% (training) 20% (testing) subsets. Even 
though the above dataset is separated, the images are taken in 
similar conditions and similar backgrounds. In order to 
overcome this issue and as the second step of validating the 
model, we used a web scraped dataset. The images were 
downloaded using a web scraper written in NodeJS 
(JavaScript). Images were scraped from the ecosia.org, 
Berlin based search engine which focuses on reforestation 
and the best 100 images of each deficiency and healthy were 
selected to validate the model. 

 A confusion matrix is a summarized prediction result of a 
detection problem. The positive as well as negative 
predictions are summarized with counted values and 
explained class by class. It shows the ways in which the 
defined model is confused when it makes predictions. It 
gives an understanding of the errors being made by a 
detector and also more importantly the error types. These 
counts are made in reference to the number of 
annotations/bounding boxes in images. Fig. 6. visualize the 
mean average precision of the model throughout the training 
process over the training image iterations. Fig. 7. shows the 
results of the testing. (a) is classified as Calcium deficient, 
(b) is classified as Nitrogen deficient, (c) is classified as 
Magnesium deficient, and (d) is healthy.  The 
performance results from the training, testing on own data, 
and testing on web crawled data can be summarized into 
following tables IV and V. 

Fig. 4. Loss curve during training process. 

Fig. 5. Overall system architecture. 



Proceedings of the International Conference on Innovations in Info-business and Technology, Colombo, February 2022              30 
 

                       

TABLE IV.  SUMMARY OF PERFORMANCE TEST RESULTS 1 

TABLE V.  SUMMARY OF PERFORMANCE TEST RESULTS 2 

                                                 IV. CONCLUSION 

 

 

 

With the improvements of horticultural lettuce 
production, greenhouses are vastly used to provide an 
optimal nutrient composition to the corps. Even though the 
greenhouse is a controlled environment and lettuce is 
produced in a nutrient solution, there can be a production loss 
due to nutrient deficiencies. To overcome this, machine 
vision is applied to monitor plants. There are multiple 
approaches for this task as discussed in the literature review, 
but the current limitation is the lack of explanation of results 
in a humane understandable method. 

In this study, YOLOv3 is used to detect the deficiencies 
of greenhouse lettuce because it has good detection speed 
and good detection results according to the literature review. 
In addition to that, the detector takes the first step of the 
explanation model by providing the bounding boxes of the 
deficiency. This helps to understand the result in a way. 
Hence there is a need for a dataset for detector model 
training, the literature review was carried out for finding a 
dataset but as explained the publicly available fine-grained 
datasets do not include lettuce deficiency images. Because of 
that, an experimental setup was created in AiGROW 
greenhouse with the help of an Agronomist to acquire images 
with deficiency symptoms. The deficiency images were 
acquired for lettuce calcium, nitrogen, and magnesium 
deficiencies along with a control setup for healthy plants. The 
acquired images were annotated, and the annotated images 
were subjected to the augmentation process to grow the 
dataset. Before the augmentation, the dataset was separated 
into training and testing subsets as for the testing dataset to 
be used in the first step of evaluation of the model. 

The YOLOv3 model was trained on top of the Darknet 
framework. YOLOv3 was trained using transfer learning 
methods where the weights were pre-trained weights for the 
convolutional layers by Darknet. The training mAP achieved 
94.38% and the loss was stabilized in 8000 iterations. The 
testing was carried out on the own dataset and another 
dataset was created using a web crawler as described in the 
methods section. The separated testing dataset achieved a 
mAP of 85.15% while the web crawled test dataset settled on 
75.73%. 

As the explainable architecture, the weights generated 
from the model training were combined with the TensorFlow 
Inference engine for Java and generated the final output with 
an explanation based on the detector output. The inference 
engine was backed with a local knowledge base created with 
the information about the deficiencies focused in this study 
with the help of an agronomist and the data taken from 
yara.com. 

 
Training Testing - own Testing - web 

AP TP FP AP TP FP AP TP FP 

Calcium 99.30 2186 16 91.20 259 19 81.17 83 14 

Nitrogen 93.80 298 64 82.60 221 28 73.40 77 21 

Magnesium 86,92 713 89 78.13 156 34 69.33 69 28 

Healthy 97.50 871 17 89.91 202 22 79.01 80 15 

 Training 
Testing - 

own 

Testing - 

web 

mAp 94.38 85.46 75.73 

Precision 0.96 0.89 0.80 

Recall 0.98 0.92 0.83 

F1-score 0.97 0.90 0.81 

Fig. 6. Mean Average Precision against the iterations over training dataset 

along with the loss curve. 

 

Fig. 6. Detection output. (a) Calcium deficient, (b) Nitrogen deficient, (c) 

Magnesium deficient, and (d) healthy 
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The model was providing quite good results for calcium 
deficiency and healthy lettuce, but nitrogen and magnesium 
were not quite good. The reason was identified as a lack of 
enough training material. Few extensions can be carried out 
regarding this study to expand and make it more efficient and 
accurate. 

One of the most constructive extensions is to expand the 
dataset with new images not focusing on a single lettuce 
variety but multiple varieties of the same deficiency setups. 
This can provide the features to identify deficiencies of 
multiple varieties of lettuce. 

The next extension is to capture images using an IR 
camera. Even though the colored images visualize the 
symptoms of tip burn clearly, the color changes and color 
patches are not much visible in the RGB spectrum of the 
images, because of that the annotation task was quite difficult 
to point the deficiency symptom.  

Finally, the generalization of this approach can be done 
by generating the CNN weights for other crops and 
introducing the knowledge of the same crops to the 
knowledge base of the inference engine. 
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Abstract— As synchronous work from home (WFH) 

has become more widespread in recent years, assessing a 

worker's attention level has become increasingly crucial 

in confirming each worker's success in a WFH 

environment. The current study discusses research that 

employed machine learning models to track worker 

attention to different levels of involvement. Initially, the 

trials were carried out with the help of a deep 

convolutional neural network built with the Keras 

library for worker attention and emotions. The model 

predicted the worker's attention level with a 90% 

accuracy from the test data set, including a sample size 

of 6000 fields out of 30000 fields raw data set. This deep 

convolutional neural network analysis assists in the 

identification of key emotions that are vital in defining 

various levels of participation. This paper study revealed 

that emotions including calm, happiness, surprise, and 

terror have a role in determining a worker's degree of 

concentration. These discoveries assisted in the early 

identification of workers with low attention levels, which 

will help the heads support and advise their workers, 

improving quality of life and a better WFH 

environment. 

Keywords— Convolutional Neural Network, 

Engagement level, Machine learning, work from home, 

Worker’s concentration 

I. INTRODUCTION 
Emotions have a vital role in the workplace and in many 

aspects of human life.[1] Emotions are commonly regarded 
as real and capable of being assessed.[2] Every government 
and non-government employee engagement [3] is critical in 
today's economic system, and the amount of labor done by 
the employee is equally important for expanding the 
country's economy. With good results, the growth of 
advanced working techniques, along with increased 
computer capacity, has examined and resolved various study 
issues related to employee engagement in the traditional 
work environment setting. Despite these advantages, recent 
global events have compelled employees to adapt to the 
work-from-home paradigm. A typical in-person work 
environment style assists employees in extending their focus, 
developing critical thinking skills, and reinforcing their 
relevant learning experience.  

As a result, the working component has been broadened 
to encompass difficulties and challenges experienced by 
employees when performing synchronous online work from 
home (WFH). In recent years, online working has grown in 

popularity, and it has become an essential technique of 
continuing labor in the midst of a crisis. Knowing the degree 
of attention of employees in an online WFH environment is 
essential for developing an adaptable working system. 
Emotions and facial expressions [4] are crucial signs that 
models use to assess an employer's degree of attentiveness, 
but this is not possible in a digital setting.  

Because of the COVID-19 outbreak, online working and 
synchronous online WFH have become popular methods of 
employment in recent years. Recognizing employers' levels 
of engagement with the system they are working with might 
influence how any team member interacts with their teams. 
Identifying employee attention levels will provide a clearer 
picture of how they engage with the system and allow them 
to alter their working methods. It also assists the recognition 
and categorization of employees based on their level of 
attentiveness. Another study in this area focuses on 
identifying employers' various emotions (happy, sad, furious, 
perplexed, disgusted, amazed, calm, neutral). The majority of 
the current study in this field has centered on assessing an 
employer's emotional state. Because there is no relationship 
model between an employer's level of interest in work and 
their emotional state, the relevance of such studies to 
employers is limited.  

As a result, in order to make things easier for employers, 
working was done to assess whether or not an employee is 
attentive during the workday (binary classification on 
attentiveness). It is always helpful to know if employers are 
attentive or inattentive, but most of the time, employers are 
neither. In actuality, an employer may be just half attentive 
during working hours. As a result, an employer's 
attentiveness level is not necessarily limited to 0 or 1. The 
study was expanded to determine the categories of 
employees’ participation. 

 As a result, in an online WFH scenario, a multi-level 
classification for employees’ attention level (attentive, 
partially attentive, and inattentive) was assessed. The 
advantage of this technique is that it enables employers to 
discover distracted and partially attentive employees early on 
and provide the required help, resulting in a better online 
learning environment.  

The remainder of the paper is structured as follows. The 
related work is presented in Section II. Section III discusses 
three algorithms and uses web scraping techniques. The 
results and discussions are provided in section IV. Sections 
V and VI discuss Final Remarks and References, 
respectively. 
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II. RELATED WORK 
A recent development in automated working analytics is 

the monitoring of working employees’ processes and the 
delivery of feedback to supervisors in the working place. 
This concept of real-time feedback is made possible by 
populating the feature set with kinetic data from the Kinect 
One sensor device. Seven different classifiers were tested in 
this investigation to predict employee attentiveness over time 
and average attention levels [5]. 

A method for identifying student emotions from 
interactions with a cognitive tutor for mathematics was 
described. Cognitive tutors are built to respond to the 
activities of the learner inside the user interface. The log data 
from the program was collected, and observations were made 
at the school's computer lab. Classification approaches such 
as decision trees, step regression, and Naive Bayes were used 
to analyze the obtained data. The detectors tested on re-
sampled data achieved 19% more accuracy than the specified 
base rate [6]. 

A study was conducted to improve student engagement 
in E-learning platforms by collecting mood patterns from 
their facial features. The study assists in the assessment and 
detection of gaps in a student's sustained attention during an 
E-learning session. Analyzing emotions based on a student's 
emotional state during an online lecture produced data that 
could readily be used to improve the efficacy of the content 
delivery mechanism inside the E-learning platform. The 
study investigates whether facial expressions are the most 
significant form of nonverbal communication and finds the 
most common facial features that represent a student's 
attention in a presentation. A neural network technique was 
used to train the models, which included the radial-based 
Neural Network (NN) model, the Hidden Markov Model, 
and the Support Vector Machine (SVM). The results show a 
strong relationship with feedback and a success rate of more 
than 70% in evaluating the student's mood [7]. 

Researchers demonstrated a relationship between visual 
attention and cruel eye movement early on [8], using the 
Viola-Jones algorithm to detect facial photos [9]. The 
Support Vector Machine (SVM) was utilized to classify the 
activities of eye movements. These classical ideas laid the 
groundwork for the creation of various machine learning 
techniques. 

III. METHODOLOGY 

A. Dataset 

The dataset “DAISEE: Dataset for the Affective States in 
online working Environments” contains 9068 video snippets 
captured “in the wild” from 112 users using an HD webcam 
setup to recognize user affective states, which are raw crowd 
annotated and associated with a standard annotation built by 
an expert team of psychologists. Each movie was 10 seconds 
long, according to [10] study, because this time provided 
adequate information for the labeling activity. Each 
participant was shown two different 20-minute-long videos 
to simulate an online working environment. One of the 
videos was educational, while the other was recreational, in 
order to capture a focused and pleasant setting. It allows for 
the recording of normal variations in user attention levels. 
The employees in this study varied in age from 18 to 30. 

The films were shot in a range of situations, including 
dorm rooms, a bustling lab area, and a library with various 

lighting levels because it was created as an online working 
environment (light, dark and neutral). Several emotional 
states were associated with the video dataset, including 
boredom, bewilderment, engagement, and irritation. Each 
effect was then labeled with one of four labels: very low, 
low, high, and very high. 

B. Data Pre-Processing 

 

Figure 1 Feature extraction and labeling 

 
Figure 2 Cropping the face portion 

The initial stage of our research endeavor was to 

compile a dataset of employees’ pictures gathered during an 

online working environment. Image frames were extracted 

from video files (Figure 1). Every video is split into 28 

frames separated by 20 minutes. Figure 2 depicts the frames 

obtained from the videos. The image dataset was 

challenging to create since the films were shot in a variety 

of locations with varying lighting conditions. Dark picture 

frames, employees who were not within critical proximity of 

the webcam, and employees who were not within the image 

frame due to other distractions were among the issues. 

When gathering data, data was used by centralizing and 

cropping the face parts for each frame at the same pixel size. 

In order to properly identify the images depending on 

their attention, the extracted facial features for each 

engagement level should be relevant and thoroughly 

assessed for labeling. Two scenarios must be considered 

while classifying the images. Then, using clip ID, extract 

features from each frame and store them in CSV. 

For the first scenario, as described in the section 

dataset, video files were recognized based on their impacts 

and awarded a score ranging from 0 to 3. (very low to 

extremely high) Images from video files with engagement 

effects set to level 3 and other effects set to level 0 are 

labeled as "Attentive." Similarly, images from video files 

with engagement effects at level 2 and other effects at level 

0 are labeled as "Partially attentive." Finally, images from 

video files that have engagement effects at levels 0 and 1 are 

labeled as "Inattentive." 

In this example, the images are labeled utilizing the 

thoroughly investigated suggestions from facial and 

behavioral characteristics provided by Erin and Lane [11]. 

The authors' criteria for categorizing participation levels 

were altered based on the visual signals discovered in the 

video files for the aforementioned circumstance by 

including features of facial expression, hand motions, and 

body postures. Nonetheless, the attention level definition 

remained constant. 

When it comes to our classification problem, the labels 

are mutually exclusive when each sample belongs to just 

one class. As a consequence, utilizing sparse category cross-
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entropy, the neural network classified the images. It reduced 

execution time and saved memory space when training the 

machine learning model. For example, as figure 3 presents, 

instead of [1,0,0] or [0,1,0] or [0,0,1], the images are labeled 

as [1] or [2] or [3]. 

In this case, data of 30000 images were evaluated and 

used ClipId to combine feature CSV with label CSV (above 

two).  

Figure 4 depicts confusion and irritation, as well as 

simply Engagement levels. As figure 5 illustrates, only 

engagement level was considered. 

 
Figure 3 Hot Encoding 

 
Figure 4 Merge feature CSV with label CSV 

 
Figure 5 Consider only engagement 

 
Figure 6 Split data set into training (80%) and testing (20%) 

C. Splitting the dataset 

The dataset comprises 30000 preprocessed pictures 

with 200 * 200-pixel size. As illustrated in Figure 6, the 

dataset was randomized and separated into two phases: 

training and testing sets. In this scenario, the training dataset 

is used to fit multiple models with weights determined by 

the accuracy and loss function of the prediction method. A 

dataset with 30000 images was selected and divided into an 

80 percent training dataset (24000) and a 20% testing 

dataset. Two datasets with 24000 training dataset and 6000 

testing dataset were created. 

A testing set was used to avoid overfitting the network 

and fine-tune the model's hyper-parameters. When the 

model comes into contact with the training data values, it 

does not change its weights. It instead assists in the 

definition of a stopping point for the back-propagation 

mechanism. A test dataset was used to evaluate the trained 

model's efficiency. The accuracy of each model in the test 

data provides an unbiased assessment of the model's 

performance on unlabeled images and validates the 

network's predictive capabilities. 

D. Build a CNN to take the output 

In order to boost employer involvement in the online 

working platform, convolutional neural network (CNN), 

with a 90.6 % accuracy, was built. Ten revisions were done, 

and the model was trained using three densities: 100, 50, 

and 10. 

E. Build an LSTM to take the output 

In order to improve employer involvement in the online 

working platform, a Long Short-Term Memory (LSTM) 

with a 54.4 % accuracy was developed. A total of ten 

epochs was utilized. 

F. Mini- survey 

In order to identify the working from home situations 

and issues related, a mini-survey was conducted with 100 

employees who were working from home during the Covid-

19 pandemic. 

IV. RESULTS 
A total of 100 responses from the mini-survey were 

obtained, out of which 55% were males, and 45% were 
females. The findings of the mini-survey indicate that the 
majority of the participants (40%) WFH for more than one 
year. Figure 07 summarizes the working from home time 
duration of 100 participants. 

Additionally, 46% (n=46) of employees surveyed work 8 
hours per day. According to the survey, 53% of respondents 
stated that they have a good work-life balance even though 
they WFH, and 69.7% of participants reported they felt 
similarly productive at home during the pandemic as they 
had been when in the office. 

Following figure 08 indicates the capabilities of the 
participants to turn off work mode at the end of the day and 
to pay their full attention to working activities when they 
WFH. 

 

Figure 7 Working from home time duration of the participants 

 

Figure 8 Capabilities of the participants to turn off work mode at the end of 

the day and to pay their full attention to working activities 
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Figure 9 Willingness of participants to work from home 

According to the survey, the majority of participants 

rated their willingness for working from home as 5.  

This mini-survey found that nearly three-quarters (74%) 
of respondents would like to have something that could 
remind them regarding their concentration level for work. 

A. Model Evaluation Outcome for CNN Classifier 

Ten epochs with the default batch size of 50 were used 
by changing the validation split to 0.2. In the early stopping 
callback function, the density was set to 100, 50, and 10 for 
each validation loss inside the model. It checks the loss 
quantity and, when improvements are found, it is 02% when 
three densities are employed at the same time. Before 
completing the ten epochs, our model's loss function reached 
a saturation point of about 0.22, and the total accuracy 
reached a high of 90.6 percent. The accuracy and loss graphs 
were used to test the CNN model. When the dataset is 
balanced across classes, judging the model's effectiveness 
purely on the accuracy and loss value derived from the 
testing set might be challenging. 

Ten epochs with the default batch size of 10 were used 
by changing the validation split to 0.4. When three densities 
are utilized at the same time, it finds a 2% improvement. 
Before completing the ten epochs, the loss function for our 
model reached a saturation point of about 0.13, and the total 
accuracy was 54.4 percent. The accuracy and loss graphs 
were used to test the LSTM model. When the dataset is 
balanced across classes, judging the model's effectiveness 
purely on the accuracy and loss value derived from the 
testing set might be challenging. 

Figure 10 illustrates the relationship between the training 
and testing sets' accuracy for each epoch. The graph 
demonstrates that with each epoch, the accuracy of both the 
training and testing sets has increased. It is not always 
essential to consider the validation learning curve's final data 
point with the greatest model accuracy. In our research, 
epoch 10 had the highest accuracy of the model obtained. 

Figure 11 illustrates the relationship between the training 
set and testing set's accuracy for each epoch. The graph 
indicates that the accuracy of the training set increased, then 
decreased and remained constant, whereas the accuracy of 
the testing sets remained constant with each epoch. It is not 
always essential to consider the validation learning curve's 
final data point with the greatest model accuracy. During our 
research, the model's accuracy was maximized at each epoch. 

For each epoch, Figure 12 illustrates the loss function 
relationship between training and testing sets. Due to the 
callbacks modified in the CNN model, the graph ends at 
epoch 10 with the patience parameter set to 6 since the 
validation loss function identified no progress. 

 

Figure 10 Accuracy graph: Training vs. Validation of CNN 

 

Figure 11 Accuracy graph: Training vs. Validation of LSTM 

 

Figure 12 Loss graph: Training vs. Validation of CNN 

 
Figure 13 Loss graph: Training vs. Validation of LSTM 

V. DISCUSSION 
This study used a machine learning model to evaluate the 

efficiency and accuracy of anticipating employees’ 
participation levels. A balanced dataset was used to assess 
the machine learning model. Based on the performance 
metrics, it is feasible to conclude that the deep learning CNN 
model outperforms the LSTM model. Despite its higher 
accuracy, the CNN model takes longer to train, whereas the 
LSTM model takes longer than CNN. When compared to the 
LSTM models, the CNN model yielded the most incorrect 
classifications. In summary, the CNN model outperformed 
all other models across the board, with the highest accuracy 
of 90.6 percent.12 layers were used in the CNN model; 
LSTM, Dense, Dropout, Conv1D, MaxPooling1D, 
Convolution2D, Flatten, Dense, Dropout, 
BatchNormalization, RepeatVector, and Bidirectional. 
Further, as activation functions, relu and softmax were used. 

VI. CONCLUSION 
The findings of this study enable companies to detect 

inattentive and partially attentive staff, resulting in a better 
online working environment. With a prediction accuracy of 
90.6 percent, the CNN model was chosen as the optimal 
machine learning model to evaluate an employer's attention 
based on their emotional state. This study also looked at the 
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impact of emotional state fury on the relationship between 
emotional states and employee engagement levels. 
Understanding the perplexing impact of fury on other 
emotional states has allowed us to quantitatively identify 
significant emotions expressed by inattentive and partially 
attentive employees. Based on the study's findings, the 
conclusion is that the deep CNN model provides a reliable 
and accurate platform for measuring different gradients of 
employer engagement based on their facial expressions 
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Abstract— In the digital era, people are so familiar with 

buying and selling products online via the internet. The new 

normal after Covid19 encouraged people to purchase online 

more rather than physically visiting a store. With the rapid 

development of online shopping, the amount of opinionated 

information available on the web has also grown. Customers 

can share their opinions as reviews and ratings on blogs, 

forums, YouTube, and other social media platforms. This helps 

customers compare the strengths and weaknesses of an item in 

making buying decisions and help merchants market their 

best-selling products. Customer reviews are often in text 

format, which requires attentive reading and understanding. 

Manually analyzing the positive and negative aspects of a 

product is a difficult task. This needs a mechanism that can 

automatically extract and summarize helpful information. A 

popular natural language processing (NLP) technique to apply 

in such cases is Sentiment Analysis. The research proposes a 

novel technique to extract sentiments from customer reviews 

through Aspect-Based Opinion Mining. The sentiment analysis 

at the aspect level identifies positive and negative aspects of 

any item and individual preference towards them. These 

results can be used to provide personalized recommendations 

to customers. Apart from product recommendations, sentiment 

analysis results can be utilized to produce product and 

customer insights for marketing and advertising. The proposed 

framework also shows how an Augmented Reality based 

virtual dressing room can be used to virtually try on 

recommended products. Overall, the research contributes to 

the enhancement of the traditional online shopping experience. 

Keywords— Sentiment Analysis, Opinion Mining, 

Personalized Recommendation, Augmented Reality, Aspects 

I. INTRODUCTION 
In the 21st century, the usage of Web 2.0 shows a vast 

increase in its growth with highly attracting more online 
users each year. After the impact of Covid19, most of the 
fashion cloth and textiles industries transferred from the 
physical to the digital world. This brought up the concept ‘E-
Commerce’ a very popular all around the world. Clothes are 
the basic need of a human being. Scientists psychologically 
proved that shopping could reduce stress and depression 
more effectively by improving the buyer’s mood, called 
‘Retail Therapy’ [1].  Hence, the number of people who do 
shopping online and offline keeps increasing over the years.  

When it comes specifically to clothing shopping, people 
always look for new styles, fashions, and brands in the 
market. In the past, the users ask their families, friends, and 

neighbours to get their opinions before buying any item. In 
the case of merchants, they use polls, surveys, and feedback 
forms to get back their customer’s reviews. The customer 
reviews and ratings help the user in decision-making, find 
the strengths and weaknesses of any product [2]. On the 
other hand, it helps the merchants to understand their 
customers better and release high-quality products. However, 
the high volume of opinionated information makes it 
challenging to make decisions.  

When buying clothes and accessories, the other concern 
is how to make sure the item will best fit the user. The 
unavailability of a fit-on option while making online 
purchases discourages customers and might make them buy 
clothes and accessories that do not suit user body 
measurements at the end.  

The Aspect-Based Opinion Mining (ABOM) is a sub-
research area that evaluates the opinions about the aspects of 
an entity [3]. Analysing the sentiment at aspect levels gives 
more fine-grained opinions towards each aspect. Critically 
analysing the review word by word gives a deep insight into 
how customers react to each aspect and what sentiment they 
have towards it [2]. The customers can get a summarized 
knowledge of other’s opinions towards a product and its 
aspects. In addition, recommender systems can utilize 
opinions about aspects to provide personalized suggestions 
[4]. That makes the traditional way of searching for products 
more time and energy-efficient.  

On the other hand, the customer opinions in the textual 
reviews are assets for a business. The positive opinions allow 
identifying the excellent products and important aspects. The 
merchants can also gain advantages by having an intelligent 
customer insight to support business tasks, develop new 
products, and perform quality control [5]. 

The lack of a standardized system in finding the correct 
size and fit clothes is the major reason for the returns [6]. 
The rate of return affects the online retailers also. The 
retailers face a negative impact on their business. The 
demand for this motivates the research work to adopt 
Augmented Reality (AR) in the online shopping model to 
have a virtual dressing room [7].  

Even though multiple problems need to be addressed, 
there is a huge demand for online cloth shopping and 
retailing. With all the motivation discussed above, the 
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research aims to critically review the current technologies 
and approaches used in aspect level opinion mining, 
personalized recommendation system, and augmented 
reality. 

II. LITERATURE REVIEW 

Online users express their opinions and feelings on 

nearly anything at review sites, forums, blogs, articles, etc.  

This important data is freely accessible for all Internet users. 

In a common situation, customers record their own opinions 

and rate items with numerical scores [2]. Nevertheless, the 

large amount of opinions on the web makes it exceptionally 

hard to get valuable data easily and quickly. Manually going 

through all reviews to make a decision is tedious work. 

Understanding potentially different and conflicting opinions 

written by various customers make people more confused.  

Mining reviews as a whole at document or sentence level 

and classifying them as positive and negative opinions 

would not give deep insight into how customers prefer each 

aspect of the products  [8]. Without fine-grained 

investigation, it is hard to say whether the customer 

expresses different opinions on what aspects because 

everything is added to the overall rating scores [9]. 

Moreover, people generally do not have a tolerance for 

reading all the reviews. 

A. Sentiment Analysis 

Sentiment Analysis or Opinion Mining is the field of 
study that process and examines the opinions, sentiment or 
feelings of the customers using written texts. ABOM 
provides a good solution to analyse reviews at a fine-grained 
level. The sentiment analysis involves two major stages: 
aspect extraction, aspect sentiment classification [10]. Ways 
to deal with aspect extraction can be partitioned into four 
fundamental classes: frequency-based, relation-based, 
supervised learning and unsupervised learning (topic 
modelling) [11].  

 Most of the early works are based on frequency-
based methodologies. The candidates to be aspects are 
selected based on the nouns and noun phrases with high 
proportions of existence [12]. However, relation-based 
methods can also identify the least frequent aspects by 
discovering connections among them [11]. While supervised 
learning overcomes the shortcomings of manual tuning, it 
needs a dataset that is manually labelled for training purposes 
[13]. The researchers have examined an unsupervised 
learning technique particularly topic modelling to overcome 
this problem.   

The topic modelling is an unsupervised learning 
technique that gets a document and recognizes all the topics 
in the documents [11]. Most of the topic modelling 
approaches are depend on Latent Dirichlet Allocation (LDA) 
which identifies the word occurrences inside documents and 
word dispersion to induce topic clusters. In unsupervised 
learning, there is no requirement for labelling data manually. 
In addition, these techniques can perform both aspect 
extraction and topic clustering at the same time [14]. 
However, topic modelling typically requires an enormous 
number of unlabelled data for training purposes.  

There are two principal approaches for sentiment 
classification: lexicon-based sentiment classification 
approaches and machine learning for sentiment classification 
[11]. In the lexicon-based approach, the sentiment lexicons 

are used to find the orientation for a given statement. Since 
these techniques mostly follow an unsupervised approach, 
there is no requirement for labelled data for training. 
Therefore, it is proved that lexicon-based approaches 
perform well in several domains [10]. 

B. Personalized Recommendation System 

In recommendation systems, the personalized suggestion 
results can be improved by considering sentiment polarities 
of reviews at a fine-grained level [15]. There are three main 
models for recommending items: Content-Based (CB), 
Collaborative-Filtering (CF), and Hybrid approach [16]. The 
assumption in CB is, a user will tend to give a rating higher 
for the items that are similar to the items liked by the user in 
the past. Unlike CB systems, the preferences of like-minded 
individuals are considered in the CF systems to estimate the 
ratings collaboratively.  

 CB and CF approaches have their own advantages 
and disadvantages. Therefore, a hybrid solution by joining 
CB and CF techniques is introduced to have the benefits of 
both methods  [17]. Hybrid recommendation systems 
demonstrated a high performance than the other two 
approaches. Many real-time applications such as Netflix, 
YouTube, etc., use the hybrid technique for suggestions. 

C. Virtual Dressing Room  

In the cloth retailing industry, the amount of returns that 
occur annually is approximately $62 million, and above 70% 
of that is because of incorrect size and fitting issues [6]. A 
virtual dressing room is a real-time interactive platform that 
provides facilities to fit on clothes virtually [18]. The virtual 
dressing rooms allows the customers to try 2D/ 3D models of 
items on their body before they decide to buy [19]. 3D body 
scanner uses a scanning system to capture the dimensions of 
the full body of the user [6]. The main limitation of this 
approach is the customer needs to a physical store where a 
booth exists to get scanned.  

In the 3D Avatar approach, a 3D avatar is modelled, 
which is a close representation of the user’s size and shape 
[7]. The virtual dressing works like the 3D scanning of the 
cloth items are get modelled of the customer’s avatar [6].  
Another popular technique in this field is Virtual Reality 
(VR) which provides virtual dressing online. [20]. The 
customers can try on augmented items on their body on a 
web browser or mobile application using AR [7]. This way 
of processing gives a more realistic experience to the users. 
The benefit of having AR over other methods is the 
customers do not need to travel somewhere to get scanned or 
virtually try-on. They can use the AR feature from anywhere 
and anytime.   

D. Personalized  and Targeted Advertisement 

Personalized advertisements are an excellent way to 
attract customers and earn more profit in an online business 
[5]. The clusters of customers resulting from aspect-based 
opinion mining and recommendation tasks can be used to 
target personalized advertising and promotional offers [2]. 

III. METHODOLOGY 
A constructive research methodology is used in 

conducting this research. It is aimed to produce novel 
solutions with research potential both practically and 
theoretically. The proposed architecture comprises four 
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components: Aspect Based Opinion Mining, Personalized 
Recommendation, AR Virtual Dressing and Intelligent 
Customer Insight Generation.  

The more detailed information about each component is 
explained below.  Figure 1 shows how the proposed model is 
achieved in a flow chart. 

 

Figure 1 Methodology Flow Chart of the Proposed Solution 

A. Data Collection 

The data of a reputed online woman cloth retailing 
company is collected for the research along with 
safeguarding the protection and the usage of the data. A  web 
scraping tool called ‘Octoparse’ is used for web data 
extraction. The dataset consists of information related to 22 
categories of clothing for women. Each category consists of 
100 items nearly.  

B. Pre-processing and Word Embedding 

After data collection, the raw data needs to be pre-
processed to remove unnecessary information and be 
converted to a form appropriate for the analysis. For these 
reasons, regular expressions are being utilized. After 
cleaning, the dataset is divided into sentences utilizing the 
Apache OpenNLP2 Sentence Detector. Afterwards, the 
Apache OpenNLP Tokenizer and Part-Of-Speech Tagger are 
used to separate words and assign the POS-tags to each word 
correctly [13].  

After preprocessing, word embedding should be done to 
convert into a vector form because the machines cannot 
understand the texts. Different word embedding techniques 
have been used in this research work to evaluate the accuracy 
and performance.  

C. Aspect-Based Opinion Mining 

Aspect-based sentiment analysis is carried out in two 
steps. First, the relevant aspects are extracted using an 
unsupervised approach since the collected dataset is 
unlabelled and the sentiment is classified towards extracted 
aspects by combining unsupervised and supervised 
techniques.  The aspect extraction model is created in a semi-
automated way. In the initial step of the model, the entities 
and the aspects are collected in a base list. Then, the list is 
get extended using the community-generated synonym 
lexicon OpenThesaurus and WordNet dictionary [13].  In the 
last step, the list is normalized by lemmatizing all words. 

Users can state their opinions for similar aspects in 
various words and phrases. In this manner, to get accurate 
results, comparable words and phrases should be grouped. 
Opinion extraction and classification is the second task of the 
extraction method. The main objective of this step is to 
extract the relating opinion words used for each item aspect 

and classify them into relevant sentiment classes (strong 
positive, strong negative or neutral). 

In the proposed method, the opinion lexicon is used to 
find opinion words and their relevant opinion orientation 
value.  In the end, every opinion phrase is classified as 
positive, negative and neutral.  

D. Personalized Recommendation System 

After getting the sentiment analysis results, they are 
incorporated with the recommender system to produce a list 
of suggestions based on a hybrid approach combining 
collaborative filtering and content-based filtering [16]. In 
addition, a popularity recommender engine was also built to 
give insights on popular products based on specific aspects.  
The knowledge extracted produces a set of personalized 
suggestions. These suggestions are given to the user in a 
particular ranking order starting from strongly 
recommended. The suggestion results from the hybrid 
system are ranked first since it takes the aspect opinions into 
account. The popularity based suggestions are ranked based 
on the filtering option.  

E. Intelligent Insight and Personalized Advertising  

 The results from the sentiment analysis identify 
products with more positive and negative opinions. This 
insight can be used by merchants to manufacture and 
promote high-quality products. This way of insight helps the 
retailer to increase sales and minimize the production cost. In 
addition to the products, the insight about customer 
individual preference towards aspects helps to target 
customers to show personalized advertising and marketing 
campaigns.  

F. Augmented Reality Virtual Dressing Room 

In an online scenario selecting clothes with the correct 
size and fit is a serious problem. To solve this issue, the 
proposed system includes an AR-based virtual dressing room 
to try on recommended products online. In this approach, 
ARKit [7] is used to build the AR model to try on clothes 
virtually. The ARKit performs combining motion sensing 
and scene analysis to visualize three-dimensional virtual 
content as a part of real-world content. The ARKit will be 
used to process and get the camera coordinates of the real 
world. Along with that, ARKit contains API (Application 
Programming Interface) to make changes to the origin and 
coordinate system concerning the real world. 

IV. RESULTS AND DISCUSSION 
The research work delivers a web application and mobile 

application that can be accessed from mobile phones. Figure 
2 shows the overview of the proposed system.  

 

 

 

 

 

Fig. 2. Overview of the Implemented System 

As part of the implementation, the actual system 
proposed by the study is also built. The final system includes 
a web application for the merchants to perform sentiment 
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analysis for any given reviews and get the customer, product 
and brand insight. A sample interface that shows product 
insight from the actual web application is depicted in Figure 
3. 

 

Figure 3 Web Application Interface displaying Product Insight 

In addition to the web application, the users (customers) 
of the system can use the built mobile application to receive 
personalized suggestions and try augmented reality virtual 
dressing room applications. Figure 4 shows the interfaces of 
the mobile application built. 

 

Figure 4 Developed Mobile Application Interfaces 

From the mobile application, a customer can select a 
cloth to try using this method. Therefore, the desired object 
related to the selected item must be retrieved from the 
database. These data will be 2D object maps, textures, etc. 
These results will be rendered on the mobile with camera-
enabled.  Figure 5 shows how the clothes are augmented 
over the user body in real-time. 

 

Figure 5 Augmented cloth over user body 

There are some interesting facts derived from the results 
of the implementation. According to the word frequency in 
the review phrases, the words like ‘dress’, ‘fit’, ‘size’, and 
‘comfortable’ are the most frequent words expressed by the 
customers. From the results obtained, it is clear that 
customers are more concerned with the size and fit aspect. It 
strengthens one of the objectives of the research study to 
incorporate AR-based virtual dressing rooms. 

As discussed in the proposed design, the aspect 
extraction module generated the top ten topics which are 
most talked about in the reviews by the customers. Those ten 
topics conclude, size/fit, experience, quality, likeliness, 
texture, event/occasion, pairing, colour/fabric, pairing and 

outfit. Based on the aspect-sentiment pairs generated from 
the aspect-based opinion mining model, the personalized 
suggestions can be enhanced. The popularity 
recommendation can also be done for a particular customer 
depending on their previous reviews.   

Another important result is product insight and brand 
insight. Since the proposed study aims to utilize sentiment 
analysis to produce intelligent insight, the product or the 
brand can be studied in terms of extracted aspect topics. By 
having the analysis of these results, the products or the 
brands with high positive opinions for a particular aspect, for 
example, size and fit can be identified. 

V. EVALUATION 
The dataset used to train is divided into training and test 

datasets on the ratio of 80:20. The trained models are 
evaluated using this test dataset. The users who have 
published more than 20 item reviews are chosen as seed 
users. The reviews written by the seed user are extracted to 
experiment. 

A. Evaluation of Aspect Extraction Model 

The performance of the aspect extraction and selection 
approaches are evaluated by performing experiments on 
various combinations of word embedding techniques with a 
topic modelling approach using LDA. The proposed model is 
developed with the Bag of Words (BOW) and TF-IDF word 
embedding techniques [3], [21]. The experiments are carried 
out with other techniques such as Word2Vec, GloVe, ELMo 
and FastText [22], [23]. 

 

The accuracy scores of the models are calculated using 
the above equation in terms of True Positive (TP), True 
Negative (TN), False Positive (FP), False Negative (FN). 
The evaluation tests on the divided test data yielded the 
following results when performed with different word 
embedding techniques.  

TABLE 1: RESULTS OF ASPECT EXTRACTION MODEL 

 

B. Evaluation of Opinion Extraction and Sentiment 

Classification Model 

The performance of the sentiment classification 
approaches is evaluated by performing experiments on 
various combinations of word embedding techniques with 
different supervised learning methods.  

The proposed model is developed by combining word 
embedding techniques CountVectorizer and TF-
IDFVectorizer with Logistic Regression and State Vector 
Machine (SVM) [8]. The experiments are carried out by 
combining these word embedding techniques with other 
supervised learning approaches: Naïve Bayes, Random 
Forest, Decision Tree, and K-nearest Neighbour.  

Word Embedding 
Technique 

Accuracy Precision 

Bag of Words (BOW) 80% 71% 

TF-IDF 92% 78% 

Word2Vec 91% 75% 

GloVe 89% 72% 

Elmo 82% 71% 

FastText 90% 70% 
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The evaluation test on the divided test dataset was 
performed with accuracy as follows with different supervised 
models. From the results, it can be said that the best model 
achieved in the Logistic Regression model with 
CountVectorizer embedding (nearly 92% accuracy).  

TABLE II: RESULTS OF ASPECT EXTRACTION MODEL 

 

C. Evaluation of Personalized Recommendation Model 

The experiment is set up with 30 participants to use the 
developed personalized recommendation system. A survey is 
collected to check whether the users are satisfied with the 
suggested items.  

The accuracy is calculated based on the following 
equation.  

 

In the survey, customers are being asked about their 
personal details, body measurements, and their satisfaction 
with the generated personalized suggestions. According to 
the survey results obtained, more than half of the people, that 
is nearly 56% are satisfied with the given suggestions. It is 
assumed this rate will go higher when the sample size is 
increased 

D. Evaluation of Augmented Reality Virtual Dressing Room 

Application  

The experiment is set up with 30 participants from 
different gender groups and different body sizes to use the 
AR-based Virtual Dressing Room Application. The accuracy 
of the application in body measurements and outfit 
embedding is measured with the actual body measurements 
provided by the user and the readings of the application. 

In the survey people of different sizes and ages are 
selected to try the AR feature. Among all the participants, the 
people between the age of 25 to 29 and the size of 10 are the 
majority. When the actual measurements are compared with 
the application readings, it is concluded that the developed 
system achieves 64% of accuracy for the people of size 12 
and only 42% for the people of size 14 and 16 in predicting 
body measurements of the user. It is clear that the body type 
and size affects the effectiveness of the AR virtual dressing 
application.  

According to the feedback given by the users, it can be 
concluded that the level of satisfaction with the AR dressing 
application is neutral. As denoted in Figure 36 most of the 
participants selected a rating of 3 on a scale of 1 to 5. This 
shows that AR virtual dressing room application needs more 
concern towards user-friendliness and accuracy. 

VI. CONCLUSION AND FUTURE WORK 
The research study proposed a novel approach for aspect 

extraction and sentiment classification along with how a 
personalized recommender system can be enhanced with 
sentiment analysis. The primary objective of this research is 
to extract aspects and form aspect-sentiment pairs with 
improved accuracy and performance. In all of the 
experiments, it is found that the recommended aspect-level 
method is always a few steps ahead. With an average 
accuracy of 92%, it definitely displays very promising 
outcomes.   

The current system developed is only supported for the 
English language to perform aspect level opinion mining. To 
make the system support multilingual, lexical resources like 
POS taggers, dependency parsers are required for other 
languages. The development of lexical databases for other 
languages is considered as future work. Even though the 
proposed study implements a real system as a proof-of-
concept prototype, the study can further expand by 
considering real-time data in different cross domains. 
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Abstract— It is a requirement that a person must have a 

valid revenue license in addition to a valid driver’s license 

before driving a motor vehicle. In Sri Lanka the government 

has taken necessary steps to enforce the law against those who 

ignore it, as it is a law enacted and made mandatory under the 

motor traffic act. 

Through conducting research and one on one interviews 

conducted with industry experts, it was identified that there is 

no effective way of monitoring or identifying the vehicle 

revenue license violators. Apart from that, it was concluded 

that the current manual process of randomly checking vehicles 

to identify revenue license violators is also a very tiring and 

ineffective task for both parties, police officers and vehicle 

owners. 

Therefore, this project is to bridge these identified gaps 

between different parties involved in the revenue licensing 

process and increase the efficiency of the process for both 

drivers and the government institutions through I-Sense, an 

IoT-based device combined with an application platform. 

Through the different evaluations and results obtained from 

the outcome of the project, it is evident that this solution would 

be effective in making the current vehicle license renewal 

process more fruitful and convenient for all the involved 

parties. 

Keywords— Vehicle Revenue License, License renewal, 

Monitoring vehicle revenue, Law enforcement, IoT device 

VII. INTRODUCTION 

A. Problem Statement 

A revenue license is issued for all vehicles by the 
department of motor traffic in Sri Lanka. The first revenue 
license is offered by the provincial commissioner of motor 
traffic, western province for all the vehicles, with certain 
exceptions to motorcycles and three-wheelers. As this 
revenue license is valid only for one year, from the second 
revenue license onwards, prior to the expiration of that one-
year period, every vehicle owner is required to renew their 
revenue license. This is done at the divisional secretariat 
office that is relevant to the address in official documentation 
[1]. Therefore, every year, vehicle owners must go through 
the process of renewing their vehicle Revenue Licenses. 
There are many problems related to this process.  

The renewal date of the License is not the end of the year 
or the beginning of the year, even though it would have been 
convenient. The expiration day is the day you took your first 
Revenue License.  Currently, there is no mechanism for 
reminding the drivers of the renewal date, hence there is a 
possibility that drivers would tend to forget it [2].  

The key problem identified is the inability of police and 
local authorities of knowing when a vehicle revenue license 

is expired. There is no proper coordination between the 
department of motor traffic and the local police. Therefore, 
police would not be aware of a vehicle has an expired 
revenue license. Hence, as mentioned earlier, Police have to 
continually conduct random checks on vehicles. This is a 
very ineffective and tiring task for Police officers. Also, most 
of the vehicles would go unnoticed due to this inefficient 
system in Sri Lanka [1].  

Apart from all the above-stated problems and the rest of 
the other problems which occur the current mechanism of the 
vehicle revenue license process has been elaborated in Fig.1. 
Further, the current process used in Sri Lanka is shown for 
easy understanding in Fig. 2. 

B. Aim of the Research 

The aim of this research is to analyze and identify the 
vehicles without having a valid Revenue License and to 
design, develop and evaluate a solution for local authorities 
to track the vehicles driven without a valid Revenue License 
and to notify the vehicle owners to renew their Revenue 
License on time. 

Fig. 1. Cause and Effect Diagram 

Fig. 2. Rich Picture for Existing Problem 
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VIII. BACKGROUND OF THE RESEARCH 
The term “Vehicle Licensing” or “Vehicle Revenue 

Licensing” refers to a fee that every vehicle owner must pay 
due to using their vehicles on public roads [3]. No matter 
what type of motor vehicle you own, prior to driving on 
roads it is mandatory to obtain a Revenue License as 
mentioned in the Motor Traffic Act in every country 
including Sri Lanka [2]. 

Further, it is every vehicle owner’s responsibility to carry 
the vehicle license certificate and they must be able to 
provide proof upon request at any time [4]. By referring to a 
Revenue License of Sri Lanka, you can know information 
contains in it such as License Number, Class of Vehicle, Fuel 
Type, Vehicle Number, Name and address of the owner, 
Gross (Unladen) Weight of the Vehicle, Number of Seats, 
Annual fee of renewing the License and Fines paid due to 
late renewals/ Arrears which has been taken forward, Issued 
date and the expiry date.  Moreover, in Sri Lanka, it is a must 
to paste a copy of the revenue license in the windshield while 
the vehicle owners in countries like the USA have to paste a 
validation sticker on their rear license plate and it might get 
changed according to the state that the vehicle has been 
registered and this validation sticker only represents the 
month and year of expiry. Even if a vehicle is registered but 
has not attached the validation sticker on the plate, will be 
considered as an invalid License Plate in states like Ontario, 
US [5]. When it comes to New Zeeland, every vehicle owner 
must stick the respective vehicle’s “license label” on the left 
part of the windscreen [6] and this “license label” includes 
the majority of details which Sri Lankan Revenue License 
Includes [7]. There are countries like the United States (Ex: 
Pennsylvania state) that have been issuing vehicle 
registration stickers for some time but have eliminated them 
after identifying that there is no impact on vehicle 
registration compliance [8]. 

The prerequisites and procedures to be followed by a 
vehicle owner in renewing a Vehicle Revenue License may 
vary from country to country. In Sri Lanka, every vehicle 
owner must provide the following documents in order to 
obtain the Revenue License [9]. 

• Certified copy or originals of registration certificate 
of a motor vehicle. 

• Obtained Revenue License in the previous year. 

• Valid vehicle insurance policy certificate. 

• Fitness certificates for Commercial Vehicles.   

• Passenger Service permits for Omnibus. 

• Valid Emission Test certificate (ETC). 
The above requirements will get changed according to 

the country that a person lives in. In New Zealand, it is 
required to have either WoF or CoF prior to renewing the 
Vehicle License instead of the ETC. These two certificates 
state whether a particular motor vehicle is safe and eligible to 
drive or not. 

As a developed country, states in the USA such as New 
Jersey require a very limited number of documents to be 
taken to the Motor vehicle commission [10]. 

Reminding the vehicle owners prior to expiring their 
Vehicle License is an opportunity that certain DMVs in 
foreign countries have given to the vehicle owners and this is 
something Sri Lankan Motor Traffic Department has failed 
to do. Waka Kotahi, the transport agency of New Zealand is 
keeping sending emails and mails by post, four weeks prior 

to expiring any particular vehicle license. If still a vehicle 
owner forgets or neglects to renew the license the transport 
agency of New Zealand will keep sending reminders in six 
weeks and six months after the expiration. In Sri Lanka, the 
status of the vehicle license can be checked either by sending 
an SMS to 1919 or visiting the official website of DMT [11].  

In Sri Lanka, vehicle owners are capable of either 
physically being into a DMT or visiting the official website 
to renew their vehicle license. Compared to other countries 
like the USA, Australia, New Zealand certain DMVs have 
enabled the vehicle owners to renew the Vehicle License 
over the Internet, via self-service Kiosks, walk-in to an 
Emission Station, or either by Fax or Mail. 

A. Revenue Gain by Revenue License 

It is a bit hard to obtain the specific numbers, but by the 
end of 2016, it was estimated that there are nearly 1.4 billion 
motor cars including other vehicles such as busses and trucks 
[12]. The Research Department of Statista reveals that the 
majority of the motor vehicles are being used by the United 
States of America and they are growing the number of motor 
vehicles by nearly 17 million every year [13]. In Sri Lanka 
total number of registered vehicles were increased from 
367,303 and by the end of 2019 vehicle population of Sri 
Lanka exceeded 8 million [2]. Fig. 3 depicts how island-wide 
new registrations have been increased from 2015 till 2019 in 
Sri Lanka.  

In Sri Lanka, renewing a Revenue License is not the only 
source of income that is gained by Revenue License. 
Revenue gain from new registrations of vehicles, penalties 
which are collected for being late to renew the Revenue 
Licenses, issuing duplicates for the misplaced, distorted, or 
differed license also adds a significant amount to the 
revenue. This was identified during the interview conducted 
with Akalanka Kariyawasam, Chief Public Management 
Service Officer, Department of Motor Traffic, Southern 
Province, Galle. 

B. Existing Work Related to Vehicle Licensing 

Existing solutions were critically evaluated prior to 
initializing the development for identifying, tracking, and 
enforcing the law against revenue license offenders. As there 
is no existing method that is focused on pre-identifying and 
tracking “Revenue License Violators” the proposed solution 
was critically evaluated against the existing systems which 
are out there to identify the motor traffic offenders. A 
comparison of existing applications against the proposed 
solution has been shown in Table I. 

Fig. 3. Island Wide New Registrations in Sri Lanka [2] 
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TABLE VI.  FEATURE COMPARISON AGAINST EXISTING SOLUTIONS 

A - Traffic Violation Detection by Hikvision (Web-based)   
B - LOGIPIX (Web-based) 

C - SmartCop (Web / iOS/ Android) 

D - VehiScan by Vehant Technologies (Web-based) 
 

 Published Solutions Proposed 

Solution 
(I-Sense) 

A B C D 

User Registration.  ✔  ✔ ✔ 

Real-time offender tracking. ✔ ✔ ✔ ✔ ✔ 

Report offenders to 

respective parties. (Police 
Officers) 

✔ ✔ ✔ ✔ ✔ 

Notify violator’s vehicle 

details. 
✔  ✔ ✔ ✔ 

Share the live location of an 
offender’s vehicle. 

    ✔ 

Notify the amendments 

regarding motor traffic law. 

  ✔  ✔ 

Remind vehicle owner prior 
to expiring vehicle revenue 

license. 

    ✔ 

Notify the vehicle owner 
regarding the offense. 

    ✔ 

Allow offender/ vehicle 

owner to Pay fine. 
    ✔ 

Provide Offence History.  ✔   ✔ 

Generate Reports.  ✔ ✔ ✔ ✔ 

IX. IDENTIFIED SYSTEM REQUIREMENTS 

A. Stakeholder Analysis 

The identified stakeholders of the proposed system have 
been presented via an onion model in Fig. 4 and each 
stakeholder’s roles have been described in Table II. 

B. Requirement Gathering 

Questionnaires were distributed among the vehicle 
owners and police officers, interviews that were conducted 
with the relevant parties are the utilized requirement 
gathering techniques. 

 

Fig. 4. Stakeholder Diagram 

TABLE VII.  STAKEHOLDER VIEWPOINTS 

Application: This layer represents the solution that is being 
implemented. i.e., I-Sense 

The System: This layer represents the stakeholders who directly 

interact with the application layer 

Stakeholder Viewpoint/ Interest 

Police 
Officer 

The police officer will interact with the application to 
both enforce the law against a revenue license violator 

or to find the location of a vehicle that moves without 

having a valid revenue license. 

Vehicle 

Owner 

The vehicle owner will interact with the application to 

provide the necessary information on the revenue 

license which will help them to receive a reminder 
prior to expiring the revenue license. Apart from that 

fines or amount of registration renewals also can be 

paid through the application by a vehicle owner. 

System 
Admin 

A system admin will interact with the application to 
allow the users to register to the application and 

authenticate the users. 

MTD 

(Motor 

Traffic 

Department) 

Motor Traffic Department (MTD) will utilize the 

proposed application to gather required certificates 

such as emission test certificates and insurance 

certificates from a user and issue a revenue license 
once paid. 

Divisional 

Secretariat  

Divisional Secretariat will utilize the proposed 

application to gather required certificates such as 
emission test certificates and insurance certificates 

from a user and issue a revenue license once paid. 

System 

Admin 

A system admin will utilize the application to validate 

the provided certificates by a particular user, verify the 
money transfers and allow the Motor Traffic 

Department or Divisional Secretariat to issue a revenue 

license.  

The Containing System: This layer represents the stakeholders who 

indirectly interact with the system but plays a role to control the 

system.   

Developers Developing the application, performing regular tests to 
minimize errors, keeping the application up-to-date, 

and maintaining the application are the main tasks that 

will be performed by the developers.  

Technical 

Experts 

Responsible for making effective decisions when 

choosing hardware components to build the IoT 

device. 

ICTA Information and Communication Technology Agency 
(ICTA) of Sri Lanka is the head ICT agency in Sri 

Lanka that is accountable for all ICT projects that are 

initialized by the government. As this solution is 
proposed for the government, ICTA will act a major 

role when it comes to the implementation stage. 

Investors The individual or parties who have an interest and are 
capable enough to financially support to make this 

project happen are identified as investors. 

The Wider Environment: This layer represents the operational 
environment and includes. Stakeholders contain in this layer have less 

interaction compared to the previous layers, but they are still important. 

Media Media will be used to make awareness programs of the 

solution and reach out to a large audience immediately. 

Insurance 

Company 

Motor Traffic Department and Divisional Secretariat 

validates the Insurance Certificate provided by a 

vehicle owner when he/she requests online. Hence, 
Insurance Companies should send all the certificates 

which they have issued in a day to the MTD. 

Emission 

Test Center 

Motor Traffic Department and Divisional Secretariat 

validates the Emission Test Certificate provided by a 
vehicle owner when he/she requests online. Hence, 

Emission Test Centers should send all the certificates 

which they have issued in a day to the MTD. 

Public The response of the public and their willingness to 

adopt is important for the existence of the solution. 

X. METHODOLOGY 

A. General Approach 

There are many possible approaches that can be used for 
this project. Out of those, the most suitable approach selected 
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is the Iterative and Incremental approach. When this 
approach is used, there are certain key steps to be 
implemented. There are different components in the project 
to be developed, in different versions. According to the 
Iterative and Incremental approach, those components are 
first recognized. When all different components or modules 
are identified, then those can be developed one by one. That 
is the way the Iterative and Incremental approach is used in 
the implementation of a project [14]. When different 
components are developed one by one, efficient time 
management is achieved. Thereby, it efficiently allocates 
time to increase functionalities of the project and do 
revisions to delivered versions of the application. This is 
done in iterative cycles until the whole project is completed 
successfully. 

B. High-Level Design 

  Fig. 5 visualizes the high-level design of the proposed 
solution. As the diagram depicts, the high-level diagram of 
the proposed system can be mainly divided into 3 sub-layers 
as the presentation layer, application layer, and database 
layer. Android was utilized to build both end-user 
applications (vehicle owner and police officer) as they are 
given two separate mobile applications. Google Map API is 
used in the application layer in order to allow the police 
officers to track the vehicle revenue license offenders via the 
mobile application. The Firebase database is used to store the 
vehicle revenue license details of every vehicle owner along 
with their vehicle registration details. 

C. Low-Level Design 

The low level or detailed design of the proposed solution 
for the E-revenue license management system is shown in 
Fig 6.  

XI. IMPLEMENTATION AND RESULTS 
The proposed solution has been implemented as an IoT 

device along with two native mobile applications based on 
the problem identified in the earlier sections of this research. 
Core functionalities are the ones detailed in Fig. 6 and Fig. 5 
through the Low-level and high-level diagrams.  

An IoT device was implemented to retrieve the current 
location of an offender’s vehicle prior to sharing it with a 
police officer. Since it was decided to indicate only the 
violators in the police officer’s mobile application, the IoT 
device will connect to a Firebase real-time database and 
check the revenue license details of a particular vehicle in 
order to provide accurate information. However, as it was 
decided to indicate the offenders to the nearest police officer, 
the radius was defined as 500 meters. Hence the offenders 
who are within a radius of 500 meters will only be shown in 
police officers’ mobile applications. Sending a notification to 
a police officer in order to identify a revenue license violator 
is a key feature. 

As the IoT device is programmed to connect (real-time) 
with the firebase database, it checks the status of the revenue 
license and notifies the nearest police officer if an offender 
moves within the given radius. Even if the notification is 
missed at some point, the relevant police officer has been 
given the ability to check it by entering the offender’s tab in 
the application. The core functionality of the application 
which was built for the police officers has been depicted in 
Fig. 7. 

Any authorized traffic police individual is capable of 
scanning the QR code displayed on the front surface of the 
implemented IoT device in order to retrieve the registration 
details of a particular vehicle or report an offender if he/she 
has violated a motor traffic law. 

 

Fig. 5. High-Level Design 
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Fig. 6. Low-Level Design for the System 

 

Fig 7. Identify Violators on map (Left) and receive violators details via a  

notification (Right). 
 

A user must grant permission to access the camera prior 
to scanning the QR code. To enable this feature 
ZxingScanner plugin [15] was utilized. The script which was 
written by the author addressing this feature is depicted 
below along with respective user interfaces. Once a violator 
was reported, necessary information regarding the violation 
will be directed in to “History” tab of the mobile application. 

Though it was decided to keep a record of the type of the 
violation, vehicle registration details of the violator’s vehicle, 
driving license details of the offender, location the offender 
was captured, etc. it only indicates the NIC and the vehicle 
registration details of the offender along with the date that 
he/she was reported. 

A feature called “Search by registration number” was 
added as it was decided to let the police officers find 
registration details of a particular vehicle by providing VRN 
to the application. By utilizing this functionality, an 

authorized traffic police officer shall be able to view the 
expiry date of any particular vehicle’s revenue license. 
Though the developed application indicates fewer details, it 
was planned to present details such as previous violations. 

It was decided to implement a separate mobile 
application for the vehicle owners to utilize functionalities 
such as setting reminders prior to getting their revenue 
license gets expired, notifying them once the revenue license 
is expired, making payments in order to renew their license, 
etc. A user shall have the ability to log in to this system by 
providing their NIC (National Identity Card) number to view 
and manage all the vehicles which have been registered 
under the provided NIC. Hence, it is mandatory to provide 
the same National Identity Card Number which has been 
given when registering the respective vehicle in order to log 
in to this mobile application. When a user provides a NIC, 
respective vehicle details will be retrieved from the firebase 
database and will be shown in the “Vehicle” section. 

Fig. 8 visualize a 3D model of the implemented IoT 
device which consists of a Raspberry Pi 3 board, 4G sim 
module, GPS module, and a 5” Display. Raspberry Pi 3 
board was used to provide an interfaced to connect the 
components while 4G sim module was utilized to provide 
Internet connectivity to the device as well as to get GPS 
positioning data. The reason for having a display is to depict 
the QR code and the revenue license details.   

 

Fig 8. 3D Model of the implemented IoT Device.  

XII. CONCLUSION 
The main objective of the I-Sense solution is to identify 

the revenue license offenders, keep track of them and enforce 
the law against them in an effective manner. An IoT device 
was implemented along with two android mobile 
applications to achieve the above-described objective. The 
proposed solution was critically compared with both existing 
solutions and published studies. They can be summarized as 
follows. 

• At present, Using ANPR and ALPR cameras to 
identify motor traffic violators is being used in 
several countries, but non-of those applications are 
unable to notify police officers to inspect a vehicle 
immediately when a revenue license violation 
happens. 

• The proposed solution is capable of sharing the real-
time location of a violator’s vehicle along with 
vehicle registration details, with the nearest police 
officer which does not exist in any current 
application. 
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• All the existing solutions which are currently 
implemented, allow only the police officers/ 
respective authorities to login and monitor motor 
traffic violations. Therefore, the proposed solution 
was designed and developed including a separate 
mobile application for the vehicle owners to sign up 
for the application where they can become 
beneficiaries of this solution (Set reminders to receive 
a notification prior to expiring the vehicle revenue 
license). Hence, this application becomes the first 
application that allows vehicle owners to receive 
reminders and alerts. 

• The proposed application will only allow the traffic 
police officers to register. The head of Administration 
(O.I.C) will only be able to have an overview 
(location and respective registration details) of the 
offenders. 

• However, the Police officers will not be able to track 
an offender's vehicle if the IOT device has been 
removed/ unplugged. 

• Vehicle owners are capable of managing, viewing 
vehicle registration information (set reminders, 
payment renewals, etc.) from one mobile application. 
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Abstract— Conducting a needs analysis is the first step to 

designing an English for Specific Purposes (ESP) course. The 

objective is to design a curriculum which caters to the specific 

needs of the Management and Information Technology MIT 

students. Due to the advancements of science and technology, 

most of the traditional models of language education are 

inadequate to meet the needs of the present day demands of the 

world of professions [1]. Merely teaching grammatical content 

will not aid filling the gap between the skills that students 

possess, and the skills that are demanded at their workplaces. 

Therefore, the present research intends to investigate the 

subjective needs, present needs and target needs of the sample 

along with key teaching methods. Sampling method s 

convenient sampling; it consists of fifty second year 

undergraduates of the Department of Industrial Management, 

University of Kelaniya. The participants were provided google 

forms with closed and open-ended questions. To validate the 

industry needs, semi-structured interviews were conducted 

with five industry professionals, and they were recorded and 

transcribed verbatim for thematic analysis. Quantitative data 

was analyzed using SPSS. According to the findings, it is 

revealed that the students are least confident about speaking 

and are expecting to improve both speaking and writing skills, 

mainly speaking. According to the professionals, speaking is 

the most demanded skill at the workplaces. Semi formal 

emails, presentations, conversations are said to be the most 

recurrent instances of English use. The methods of learning 

preferred are role plays/conversations, group work, pair work, 

writing exercises and individual work. Since the course 

delivery method is online/ hybrid, the item which addresses 

online learning gets positive responses from the majority 

although challenges are explained in the open-ended item that 

followed. However, to cater to the specific needs of the MIT 

students, both perceptions of students themselves and industry 

professionals are considered to design a more effective English 

course which caters to the demanded language skills of the 

learners. Future research is to be conducted to gain subject 

experts’ perceptions and knowledge to design the course. 

Keywords—English for specific purposes, English for 

Management and Information Technology, Needs Analysis, 

Online English Curriculum design 

I. INTRODUCTION  
Offering learners the opportunity to develop adequate 

and comprehensive English skills is becoming a necessity 
[1]. English for Specific Purposes (ESP) attempts to cater to 
the specific needs of learner groups of different subject 
streams, mostly addressing the “utility value” of language. In 

this process, the content is mostly aligned with the objectives 
of the mainstream subjects/ stream that the learners are 
following, or it aims the skills and usage of language in their 
academics and in the future professional contexts that the 
stakeholders of the course will be involved in. As worded by 
Hutchinson and Waters [2], “Tell me what you need English 
for and I will tell you the English that you need” (p. 8); ESP 
attempts to bridge the gap between what is taught in 
academics and what is used in professional context. 

In designing an ESP course for MIT students, many 
factors must be considered. It is cited [3] from Yalden’s 
work, setting up a new course means “a skillful blending of 
what is already known about language teaching and learning 
with the new elements that a group of learners bring to the 
classroom; their own needs, wants, attitudes, knowledge of 
the world”. Most importantly, ESP assumes that the 
problems are unique to specific learners in specific contexts 
and therefore must be carefully delineated and addressed 
with tailored-to-fit instruction [4] and this in turn will benefit 
them in occupational and academic contexts [5]. Hence, in 
the present research, learners’ subjective needs, present 
situation analysis, lack analysis, target situation analysis and 
learning needs analysis are evaluated. In fact, unlike in the 
past, now it is not only about the “linguistic development” by 
about the development of communication skills of the 
learners [2]. In Sri Lankan context, there is a gap between the 
industry needs and existing English needs [6] and ESP needs 
analysis could be a solution to address the concern. 

The mode of delivery is yet another concern that is 
addressed. Covid-19 pandemic striking the world in 2019 has 
influenced education sector to adhere to new policies and 
methodologies. With the introduction of Digital Educational 
Policy in March 2021 [7], Sri Lankan tertiary education 
shifted to completely online platforms. However, although 
now it is still online, popularity on a “hybrid” model in the 
future can be expected and promoted where the students are 
engaged both physically in a classroom and online at home. 
The study also considers student perceptions of the mode of 
delivery which is crucial to the success of the course. 

II. OBJECTIVES 

The present study aims to analyze the needs of the target 
group of learners in order to design an ESP curriculum for 
English for Management and Information Technology 
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(MIT). The research attempts to evaluate subjective needs, 
present situation needs, lacks, target situation needs and 
learning needs and preferences. Moreover, as part of this 
analysis, perceptions on the mode of delivery will also be 
taken into consideration. The research is conducted to design 
the course English for MIT for the undergraduates of the 
Department of Industrial Management.  

The research questions are as follows. 

i. What are students’ perceptions on their communication 
needs? 

ii. What are the language needs in the industry of MIT? 

ii. What are students’ perceptions on the preferred 
methods to be employed in the classroom? 

III. METHODOLOGY 

The present research is conducted to analyze the needs of 
undergraduates of MIT to design a curriculum for a tertiary 
level industry-oriented English course. Five sources are 
named that can be used for need analysis in ESP: published 
and unpublished literature, teachers and applied linguists, 
domain experts, learners, and triangulated sources [1]. The 
present research only concerns perceptions of industry 
professionals and the learners, however, the research is to be 
expanded concerning the perceptions of subject experts/ 
teachers as well. The research design takes a mixed method 
approach, however with mostly qualitative data The sample 
consists of fifty level II (second year) undergraduates who 
are following the course BSc (Hons) in Management and 
Information Technology (MIT) at the Department of 
Industrial Management (IM), University of Kelaniya, Sri 
Lanka. Research [2] discovers learners’ needs and necessities 
and lacks and wants by a variety of means: “by testing, by 
questioning and interviewing, by recalling previous 
performance, by consulting employers… by collecting data 
such as textbooks and manuals and by investigating the 
situations where the learners will need to use the language” 
[8]. Similarly, Google forms with open ended and closed 
items were embedded and were analyzed both thematically 
and using SPSS (Statistical Package for Social Sciences). 
Convenient sampling was incorporated. In order to gain 
industry perspectives, five industry professionals were 
interviewed, and the data gathered was recorded as online 
calls and transcribed verbatim for thematic analysis. 
Convenient sampling was in terms of student sample and the 
rationale for selecting the industry professionals is to add 
their perspective and experience in order to analyze how the 
learner preferences and industry needs can be merged.  

IV. RESULTS AND DISCUSSION 

The section describes and analyses the findings of the 

present study. Both quantitative and qualitative data are 

analyzed together to elicit observations and conclusions.  

Results suggest that the objectives of the research are 

fulfilled wherein all types of needs are analyzed below.  

A. Backround: Subjective Needs Analysis 

It is substantial to recognize the profile of the student 
population to whom the course will be delivered. The chosen 
sample representing the population, it is important to analyze 
their profile.  

The course s to be delivered to the undergraduates of the 
University of Kelaniya, Department of Industrial 
Management. The participants are enrolled in the degree 
program: BSc in Management and IT (MIT) Honors degree.  

According to the data descriptions, the participants come 
from all provinces of Sri Lanka and are in the age range of 
21-23. For the item that inquires about what their first 
language is, the 83.3% of the participants have responded it 
as “Sinhala” and 13.9% of the sample have responded it as 
“Tamil” whereas a very few percentages have responded as 
it being “English”. The next item which inquires on their 
previous exposure to English language, it can be stated that 
the majority which accounts for 88% have stopped learning 
English after school. As for the overall proficiency of 
English, according to their own perceptions, 47.2% believes 
that their proficiency is average (3) on scale which accounts 
for most of the sample.  

As for the profiles of the professionals chosen, they all 
work in Colombo, however remotely working now due to the 
Covid-19 restrictions in the country. Their designations are 
“Software Engineer”, “Senior Software Engineer” and 
“Business Owner”. All the professionals have experience for 
over 3 years and therefore it is assumed that they possess 
exposure to share their experience of English use at their 
workplaces in depth.  

B. The Need for English Skills in the field of MIT (Present 

Situation Analysis) 

The present needs evaluation can be used to identify 

learners in general, it will in fact identify the weaknesses 

and strengths of the skills that they may use in potential 

professional or academic contexts [5].  

One of the first items in the questionnaire is focused on 

knowing the learners’ own perception on their competence 

in skills.  

As illustrated in figure 1 below, speaking and vocabulary 

are the areas where the participants believe that they are 

least competent in. However, paradoxically, all five of the 

industry professionals have rated speaking as being the most 

demanded skill in their workplaces. Hence, the implication 

is that the curriculum needs to consider including speaking 

activities which strategizes developing speaking skills and 

developing confidence in the students to speak in the 

classroom. 

 

 
Figure 1 Student Perceptions on their own Competence 
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When it was inquired from both the professionals and the 

course takers, there were ideas on the instances English is 

required which can be integrated into the curriculum. Some 

of such recurring ideas are, team meetings, casual 

conversations, conversing with foreign clients, semi-formal 

emails etc. Hence, these needs have to be addressed in 

designing the ESP course.  

C. Skills that needs Improvement(Lack Analysis) 

 

Lack analysis aims to identify what are the skills lacking in 

the learners. Another item was included to check the 

demanded skills in the workplace, what productive skill the 

participants are least confident in. 83.3% of the participants 

are more confident in writing, whereas the minority 

accounting for 16.7% are more confident in speaking. In one 

of the previous items, as illustrated in figure 1, it is also 

evident that the learners perceive speaking as the least 

competent productive skill whereas listening is said to be 

the receptive skill that they are least confident in.  

Hence, it is imperative that the curriculum provides enough 

time, content, and opportunities for the course takers to 

develop the lacking skills.  

D.  Tasks and Activities to be covered (Target Situation 

Analysis) 

 

Among the instances of English use, the following were the 

recurring themes that were identified in the open ended and 

the closed ended prompts. The topics are listed in the order 

of frequency ranging from higher to lower.  

 

Table 1 Instances of English Use in Workplace 

 
Prompt Skill 

Meetings (Standup/ Foreign 

Clients) Conversational English 

Speaking 

Presentation Skills Speaking 

User guides and manuals Reading 

Emails (Formal/ semi formal) Writing 

Charts and Graphs Reading/ Writing/ 

Speaking 

Interview Skills  Speaking 

Process Writing (procedures) Writing 

Writing Blog articles/ journals Writing 

Making Reports Writing 

Self-branding Speaking 

 

Hence, several major requires are identified by the target 

situation analysis. It is defined [2] target situation analysis 

as “what the learner needs to do in the target situation.” 

Apart from these, several other topics of use have been 

identified for vocabulary and exposure purposes; 

technology, leadership and communication, management 

science, computers, negotiations are some of such.  

E. Learning Needs Analysis 

 

According to Miyake and Tremarco [9] learning needs are 

the language learning information about the effective ways 

of learning the skills and language. Hence, it is important to 

consider learners’ (participants’) learner preferences to 

design the course and lesson plans.  

 

  
Figure 2 Dominant Learner Types 

 

Although the participants perceive that one learning style is 

their learner type, it could be a combination, however the 

aim to evaluate the learner types. This could indeed aid in 

designing materials, to decide what type of input could be 

provided promoting “multimodality” in curriculum 

designing. 

 

Another part of the needs analysis is the activity types that 

are preferred by the participants. It can be illustrated as 

follows.  

 

Table 2: Preferred Activity Types in the order of Preference 

 
Role Plays/ Games 

Presentations 

Group work/ Pair work 

Writing Exercises 

Vocabulary Exercises 

Grammar Exercises 

Videos 

Individual Tasks 

 

The table illustrates the activity types in the order of 

preference. It is evident that there is more space for 

collaborative learning than individual tasks. Hence, the 

curriculum can be modified by introducing gamified and 

collaborative learning opportunities to the course takers 

where they will be much more engaged and benefitted.  

 

F. Means Analysis  

Means analysis addresses information about the 

environment in which the course will be run [9].  Mode of 

learning shifting to online from a physical classroom setting 

has also taken a considerable leap. Digitalization of 

education is said to be challenging initially, however, by the 

time the research was conducted, the students and lecturers 

were conducting all semester lectures online via Learn 

Zoom.  

 

70% of the participants believed that online delivery is 

effective and beneficial to them, 12% stated that they are 

ready to take up online learning (however, with the idea that 

physical classroom could be more effective). The rest of 

18% were adamant on the notion that online learning brings 

them multiple challenges everyday which in turn 

demotivates them. In the open-ended question prompt, those 

participants have explained the reasons as connection issues, 

unavailability of devices and lack of privacy at home as 
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reasons for the negativity. However, this concern cannot be 

ignored but carefully addressed ensuring that the group of 

students are not at disadvantage due to the mode of delivery 

of the course.  

 

Take home tasks are yet another type of activity and a 

practice in tertiary English education. Pre-tasks and post-

tasks are assigned to maximize engagement, specifically in 

an online classroom, teachers could engage their learners 

through these tasks. On the other hand, this makes the 

learners more autonomous giving them the agency of 

learning. However, with the commitments for the 

mainstream subjects, the hours that could be allocated for 

this sort of tasks is crucial. If it is neglected, teacher could 

also be disappointed assuming that the learners are not 

motivated.  

 

Responding the item that inquires about the time they can 

spend outside the classroom or online classroom, 55% of the 

participants responded that they can spend less than one 

hour for activities/ tasks while 25% indicated that they can 

spend 1-2 hours for extra tasks. However, in the open-ended 

prompt it was mentioned that this also depends on the exams 

and assignments of the main subjects. Pre-tasks and take 

home tasks which are not assignments do not take much of 

the time and hence can be integrated into the curriculum. 

 

V. CONCLUSION 

The present study attempts to investigate the English 

language needs of the Management and Information 

technology (MIT) students at the university of Kelaniya, 

department of Industrial Management. The needs analysis 

takes the perceptions of course takers and industry 

professionals, however subject experts and lectures 

perceptions are also beneficial for course designing.  

 

Subjective needs, present situation needs, target situation 

needs, lacks and means are separately analyzed. At a glance, 

it can be concluded that “speaking” is mostly demanded in 

terms of usage in the workplace, however it is also the skill 

that the participants are least confident about. Vocabulary is 

yet another area that needs attention. Results section 

suggests several topic areas (units) that could be integrated 

in the new curriculum.  

 

Learner preferences are also considered, and it can be 

concluded that mostly visual and read/write learner type 

activities are preferred. Moreover, collaborative tasks are 

preferred to individual work. Roleplays and games could 

also aid engagement as the sample seem to prefer these 

methodologies.  As for the mode of delivery, the 

participants view online learning in positive light, however, 

some have indicated practical challenges that they 

encounter, hence leaving a question of inclusivity in terms 

of engagement. It can be suggested that pre-activities and 

post activities need to be done to engage all learners beyond 

the classroom. The etra activities that are done could be 

strategized according to the lesson in order to decide take 

home tasks with lighter weightage.  

As stated in [8], even where a course uses a prescribed 

textbook, has an externally imposed syllabus, or leads up to 

an externally set test, there are still plenty of opportunities 

for negotiation, particularly as to how activities are carried 

out and how internal assessment is done. 
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Abstract—Image filtering can be identified as the most 

important and the very first stage of image processing as 

usually captured images are degraded with several kinds of 

noises that lead to reduced image quality. Therefore, high-

quality denoising techniques are needed to remove the random 

noise while preserving the edges of the original image. The 

random noise that occurred in images due to the error in the 

communication channel can be identified as the impulsive or 

salt-and-pepper noise. In this case, the Median Filter (MF) is 

acting as a nonlinear process of removing the impulsive or salt-

and-pepper noise. The MF commonly in use is a non-iterative 

technique and it is based on an element-wise operator using a 

selected structural element. The concept of using already 

approximated data for future value approximation is identified 

as a high convergence technique in numerical analysis. In this 

paper, the mathematical concept behind the MF is examined, 

and two iterative methods were developed row-wise and 

column-wise using the Gauss-Seidel (GS) method, and a clear 

comparison is presented between the benchmark results 

obtained by the conventional non-iterative MF and the results 

obtained for both improved iterative schemes for the 

Darmstadt Noise Dataset (DND), Lena and Cameramen images 

using Mean Square Error (MSE) values for different noise 

density values and compared the Peak Signal to Noise Ratio 

(PSNR) results for Lena image with the results of [5] and [2]. 

Depending on the findings of the research both the proposed 

Improved Median Filters (IMF) are giving denoised images 

with fewer MSE values than that for the conventional MF and 

the column-wise IMF is more successful than the row-wise 

IMF. 

Keywords— image filtering, salt and pepper noise, gauss 

seidel, iterative methods, numerical techniques  

I. INTRODUCTION  
As the initial stage of image processing, image filtering 

plays the major role used to remove the random noise from 
images and preserve the original edges of the image which is 
the major goal of bilateral filters. A bilateral filter is a simple 
smoothing scheme used for noise removal purposes and a 
non-iterative filter [1]. The basic concept here is replacing 
each interior pixel value with a weighted average pixel value 
calculated using the nearby pixels. The type of filter to be 
used depends upon the type of noise of the image. The 
random noise that occurred in images due to the error in the 
communication channel can be identified as the impulsive or 
salt-and-pepper noise. 

A. Salt and pepper noise 

Salt and pepper noise Fig. 1 can be identified as an 

impulse type of noise. In an image, if a certain number of 

pixels are black (0: Pepper noise) or white (255: Salt noise) 

dots, then it is considered as a salt and Pepper noise which 

occurred due to errors in data transmission, failure in the 

memory cell or analog-to-digital converter errors. 

B. Median Filter 

Median Filter is a bilateral and non-iterative filter used 

mainly for impulsive or salt and pepper noise removal 

which is based on statistics. In a median filter, a mask of 

sizes 3,5, 7… slides along the image, and the noisy pixel 

values of the mask considered are ranked according to their 

grayscale intensity values and the median value of the set of 

intensities is used to replace the noisy pixel value as given 

below in (1) [2]. 

 
 

Where  - Original image,  - Filtered image, 

 - Two-dimensional mask (3, 5, 7 . . .). 

II. RELATED WORK 

For highly corrupted images an algorithm on IMF is 

presented in [5] with a comparison with mean and MF using 

PSNR values for denoising salt and pepper noise by 

considering  mask. As the initial step of the algorithm, 

a vector  is generated for each pixel   based on 9 

neighbor pixels as, 

 
where  - minimum pixel value,  - median pixel 

value, and  - maximum pixel value. For the two cases 

identified as, 

Case I: If   and , 

then replace the corrupted pixel  with  

Case II: If case I is unsatisfied then  is identified as a 

noisy pixel and computed the difference between each pair 

of adjacent pixels across the sorted vector  and obtained 

the difference vector .  

Then by finding the maximum difference in the  and 

marked its corresponding pixel in the  to the processed 

pixel and repeated the process for the entire image. But this 

can not be identified as an iterative method as the mask 

acting here as an element-wise operator has no impact on 

the future pixel value approximation from the previously 

filtered pixels. As a summary of the results, PSNR values 

for the Lena and the House images with  density of salt 

and pepper noise can be highlighted compared with the 

values obtained from the median filter. While the Lena 

image gives effective PSNR values of  and  for 

the IMF and the MF respectively, the House image gives it 

as  and . So only for the Lena image, it has 

worked effectively. However, as the developed method is 
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tested only for two images, this is not sufficient to make a 

conclusion on the effectiveness of the IMF than the 

conventional MF.  

Reference [2] proposed two improvements for the MF. 

Suggest an adaptively resizing concept for the mask size 

according to the noise level of the mask to improve the 

noise-reducing performance. The statistical histogram is 

introduced in the searching process of the median in the 

filtering mask to speed up the process. During the adaptive 

resizing mask algorithm, the process initializes with size 

 and computing two values as,  

and 

 . 
Then the central pixel of the mask is filtered using the MF 

of the condition  and  is satisfied only. 

Otherwise, enlarge the size of the mask  as  and 

repeat the process. For the improvements of the median 

filter, a combination of the median filter with the average 

filter to a certain size of the filtering mask is introduced as 

this causes to reduce noises and retain image details. For 

this purpose, if the value of a pixel is greater than the 

average value in the mask then by concluding that the pixel 

is contaminated by noise and for denoising, the pixel is 

replaced with the median of the mask. Otherwise, retain the 

pixel unchanged. This method tends to reduce the 

computation time.  By implementing the statistical 

histogram concept in the searching process of the median to 

improve the searching speed by computing the gray 

histogram for the mask and then by finding the median to 

find the number of pixels that are less than the median will 

be recorded. Comparing this value with the  where N is 

the number of pixels in the image the algorithm returns the 

median. The main advantage of this is of achieving less 

complexity of the algorithm by using the characteristic of 

the limited gray level distribution range and it is clearly 

mentioned by comparing the complexity with two other 

algorithms. But the results were given only for the Lena 

image and the PSNR value is  for  noise 

density as the correlation of the pixels is fully utilized in the 

algorithm. However, same as before the developed method 

is tested only for a single image and this is not sufficient to 

make a conclusion on the effectiveness of the IMF than the 

conventional MF. 

Another concept of an iterative scheme for the mean filter to 

remove the salt and pepper noise is presented in [12] using 

the mean of gray values of noise-free pixels in a fixed size 

mask of . Clearly explained the reasons for being the 

mean filter is effective only for low noise densities. To 

avoid the low effectiveness of the improved mean filter at 

high noise densities, the method is combined with an 

iterative procedure. This concept of iterative scheme 

motivated to present an iterative scheme for MF using GS 

iterative scheme. 

 

III. METHODOLOGY 

The principal objective in this paper is to implement an 

iterative method for the MF using one of the famous 

iterative schemes called the GS method in numerical 

analysis. Under this section, the basic mathematical concept 

behind the conventional non-iterative median filter will be 

addressed along with the concept of the GS iterative 

scheme. For the development of the concept  mask size 

is selected as large mask size selection will reduce the 

accuracy of filtering.  

 

A. Mathematical Preliminaries 

If the considered mask is , in the conventional non-

iterative median filter its middle pixel value is replaced by 

the median value of neighboring pixels fall into the mask 

and this process is continued till all filtered pixels are 

approximated by sliding the mask row-wise pixel by pixel 

and always considering the initial pixel values belongs to 

the original gray image. In general,  filtered pixel value 

is considered as the median of all the original  pixels 

belonging to the mask as presented in the general grid 

Fig. 2. 

 
According to the properties of convergence, the solutions 

obtained for each pixel value in the median filter for the 

iteration should be closer to the actual pixel values of 

the image without the noise added than the pixel values 

obtained from the iteration. As such, to obtain more 

accurate approximations for the filtered pixel values it 

should be able to increase the rate of convergence by using 

the best initial values that are in hand. This process will be 

used properly in the GS method for solving a system of 

equations by starting from an initial set of pixel values in the 

input grayscale image [4] and replacing them within the 

iterative process by the filtered pixel values at each step. 

This process of replacing the initial pixel values with the 

already approximated filtered pixel values at each step can 

be clearly explained in the following iterative scheme 

developed for an  pixel matrix. 

 

 
Fig. 1. Salt and Pepper noise 
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Fig. 2. General  pixel matrix for  pixel 

The algorithm is developed to calculate all  interior pixel 

values row-wise using the GS method based on the set of 

equations derived. For the second row, the  iterative 

equations can be expanded as below for the  interior pixel 

values. 

 
. 

. 

. 

 
For the third row, the 6 iterative equations can be expanded 

as below. 

 
. 

. 

. 

 
. 

. 

. 

 

Where  – original pixel value,  – filtered 

pixel value for  

 Replacement of the initial pixel values at each iterative 

step for any middle pixel value, the proposed algorithm 

can be developed in two ways as row-wise iterative method 

and column-wise iterative method where the results are 

significantly different. 

 

B. Row-wise iterative scheme for  mask 

 

By considering the original grayscale pixel matrix as the 

initial approximation the GS method is applied row 

by row by sliding the mask in rows pixel by pixel, and 

immediately replacing the original pixel value by the 

approximated pixel value in each iterative step of . 

According to the above iterative scheme developed in 

section III.A, it is proven that for any interior pixel value 

filtering, at most four initial pixels values can be replaced by 

the improved pixel values. As such the rate of convergence 

is higher than the conventional element-wise MF. 

Furthermore, the general iterative scheme of the IMF row-

wise for any gray image of size  can be written as in 

the below scheme. 

 

For  and  

 

 
For  and  

 
For  and  

 
For and  
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For  and  

 
 

Where  – original pixel value,  – filtered 

pixel value for . 

 

C. Column-wise iterative scheme for . mask 

 

By considering the original grayscale pixel matrix as the 

initial approximation the GS method is applied 

column by column by sliding the mask in columns pixel by 

pixel, and immediately replacing the original pixel value by 

the approximated pixel value in each iterative step of . 

The algorithm is developed to calculate all interior pixel 

values column-wise using the GS method same as in section 

III.B. 

IV. RESULTS AND DISCUSSION 

 

For the verification of the efficiency of the proposed 

two iterative methods, the commonly used Lena and the 

Cameraman images were considered along with the 10 

benchmark images in DND 1  which is publicly available. 

Each image is randomly corrupted with salt and pepper 

noise of  density and the obtained results are presented 

in Fig. 3 and Fig. 4 for Lena and the Cameraman images 

respectively for visual comparison. Also, to develop the 

performance matrix, each image is considered for filtering 

using conventional MF, IMF row-wise, and IMF column-

wise with varying noise densities from  to  with 

increment, and the results are presented in tables I and 

II. A comparison between the PSNR results for the Lena 

image of [5] and [2] with it for both the IMFs are presented 

in Table I. According to the results of Table I, it can be 

determined that IMFs presented in the paper produce better 

results than that for [5] in higher noise densities. Similarly, 

the performance matrix for the DND images is presented in 

Table III with the MSE values for conventional MF, IMF 

row-wise, and IMF column-wise using the corrupted images 

with salt and pepper noise of density . For visual 

comparison, the restored images for one of the images in the 

DND image set are presented in Fig. 5. The MSE values for 

each filtered image using both IMFs and the conventional 

MF are calculated as 

 

 
 

 
1 https://noise.visinf.tu-darmstadt.de/ 

where  pixel of the filtered image,  pixel 

of the image with noise,  - size of the image. As 

discussed in the introduction, image filtering techniques 

already exist are non-iterative and based on an elementwise 

operator using a selected structural element. As such, it is 

proved above the concept of using already approximated 

data for future value approximation is a high convergence 

technique in image denoising for the MF. In this paper, the 

mathematical concept behind the MF is examined for the 

mask of size three. To calculate the approximated denoised 

interior pixel values, the GS method was applied as an 

iterative method to get an accurate restored image than the 

result of conventional MF. In this situation, the improved 

iterative method was developed as two main iterative 

algorithms separately for row-wise and column-wise pixel 

value approximation. Both produced smoothed images with 

relatively fewer MSE values than the conventional MF for 

all the datasets considered. Also, according to the MSE 

values obtained for both IMFs presented in table I, the 

column-wise IMF is giving better results for most of the 

images than the row-wise IMF and as a percentage, it is 

around  Especially for the cameraman image at  

noise density, it seems the iterative scheme is not more 

successful than the conventional MF. However, for this 

image also the column-wise IMF is successful for higher 

noise densities except  and this method can be 

identified as another novel approach for iterative methods in 

image filtering to remove impulse noise. 

 
Fig. 3. Restored images of the results for the Lena image with  noise 

density. (a) original image with salt and pepper noise of ; (b) restored 

image using the conventional MF; (c) restored image using the IMF row-

wise; (d) restored image using the IMF column-wise 
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Fig. 4. Restored images of the results for the cameraman image with  

noise density. (a) original image with salt and pepper noise of ; (b) 
restored image using the conventional MF; (c) restored image using the 

IMF row-wise; (d) restored image using the IMF column-wise 

TABLE I 

       COMPARISON OF RESTORATIONS IN MSE OR PSNR FOR 

LENA IMAGE WITH DIFFERENT NOISE DENSITIES 

 

Filter 

Noise Density 

    
conventional 

MF 

0.0059324 

22.368 

0.011462 

19.418 

0.016934 

17.719 

0.022374 

16.437 

IMF [5] - 
27.12  

- 
24.53  

- 
21.76  

- 
15.78 

IMF [2] - 

- 

- 

- 

- 

28.5861 

- 

26.1206 

IMF row-

wise 

0.0058997 

22.408 

0.011329 

19.460 

0.016736 

17.778 

0.022066 

16.502 

IMF column-

wise 

0.0058669 

22.432 

0.011295 

19.474 

0.016708 

17.787 

0.02202 

16.509 

 
TABLE II 

       COMPARISON OF RESTORATIONS IN MSE OR PSNR FOR 

CAMERAMAN IMAGE WITH DIFFERENT NOISE DENSITIES 

 

 
TABLE III     

 COMPARISON OF RESTORATIONS IN MSE FOR DND, LENA AND 

CAMERAMAN IMAGES WITH 80% NOISE DENSITY 

 

Image 

MSE values corrupted images with  noise 

density 

MF IMF row-wise 
IMF column-

wise 

Image 1 0.024744 0.024458 0.024456 

Image 2 0.024368 0.023961 0.023986 

Image 3 0.022919 0.022529 0.022616 

Image 

MSE values corrupted images with  noise 

density 

MF IMF row-wise 
IMF column-

wise 

Image 4 0.028393 0.028072 0.028052 

Image 5 0.021478 0.021220 0.021227 

Image 6 0.024586 0.024334 0.024328 

Image 7 0.030303 0.030046 0.030051 

Image 8 0.020861 0.020405 0.020409 

Image 9 0.024782 0.024429 0.024434 

Image 10 0.024580 0.024267 0.024322 

Lena 0.022374 0.022066 0.02202 

Camearman 0.025959 0.025804 0.025561 

 

 

 
Fig. 5. Restored images of the results for the image with  noise 

density. (a) original image with salt and pepper noise of ; (b) restored 

image using the conventional MF; (c) restored image using the IMF row-

wise; (d) restored image using the IMF column-wise 

 

 

 
Fig. 6. DND images [11] (a)-Image 1, (b)-Image 2, (c)-Image 3, (d)-Image 

 

Filter 

Noise Density 

    
conventional 

MF 

0.007827 

21.324 

0.013756 

18.425 

0.020043 

17.100 

0.025959 

15.886 

IMF row-
wise 

0.008154 
21.064 

0.013938 
18.365 

0.02007 
17.096 

0.025804 
15.921 

IMF column-

wise 

0.007946 

21.182 

0.013713 

18.436 

0.019853 

17.151 

0.025561 

15.941 
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4, (e)-Image 5, (f)-Image 6, (g)-Image 7, (h)-Image 8, (i)-Image 9, (j) 
Image 10 

V. CONCLUSION  

The proposed two iterative methods to remove impulsive 

noise successfully managed to restore the filtered images 

with fewer MSE values than that for conventional MF for 

the considered fixed mask size of  while preserving the 

image structure and because of the fixed window, the 

processing speed is higher than the adaptive window 

concepts. Furthermore, improved column-wise MF is more 

successful than the row-wise IMF. However, further 

research is needed to check the effectiveness of these 

adaptive mask sizes and for different types of noises to 

identify any significant deviation of the results. 
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Abstract- Antenatal mental health problems poses 

significant risk factors for postnatal mental health conditions. 

Early detection of this problem minimizes the risk of serious 

consequences. Statistics shows that the impact of this serious 

issue has led the affected mothers to commit suicide due to low 

mental tolerance. Lack of antenatal mental health awareness is 

the significant reason behind this study. The majority of the 

women are unaware of the psychological issues and the 

symptoms that could occur during the antenatal period, 

therefore,  the likelihood of seeking professional help is very 

low. Serious games are a great solution to provide awareness 

for this problem and also has been proven to be effective in 

augmenting cognitive abilities. MamaMoods is a serious game 

that is researched and developed by the authors to raise 

awareness on antenatal mental health among society by letting 

the player play and learn through the game itself. Test results 

of the MamaMoods game show that the serious games can 

positively and seriously increase the antenatal mental health. 

Keywords- Antenatal, Postnatal, Mental health awareness, 

Serious games, Game-based learning 

I. INTRODUCTION  
The antenatal period is referred to as the third trimester of 

a human pregnancy. Though pregnancy is usually considered 
a joyful and anticipated event, it could also lead to emotional 
and physical vulnerability to the expansion of various mental 
health problems. Antenatal mental health conditions can 
range from low mood to psychosis and have powerful long 
term effects on both the mother and the child. Women 
suffering from antenatal physiological problems, experience 
mood swings (rapid change in moods), moments of utter 
happiness, panic attacks, fatigue, fears for the wellbeing of 
the baby, and lack of energy [1]. These conditions can have a 
wide range of impacts on the woman and her family if they 
are left untreated.  

Poor mental health during the antenatal period could lead 
to preterm birth, low-birth-weight (LBW), long term 
intellectual and behavioural impacts on the child, reduced 
child growth, fetal distress, and poor neonatal adaptation. 
Low mood, stigma, anxiety, and depression are some of the 
common mental problems that could occur during the 
antenatal period[2]. Chronic antenatal mental issues are more 
likely to occur as a result of insufficient nourishment, 
stressful life events, unintended pregnancy, substance abuse, 
and smoking [3], [4]. 

The World Health Organization finds perinatal 
psychological condition as a leading community health issue 
and states that almost 10-13% of women both in the 
antenatal period and postnatal period, endure a psychological 
syndrome, mainly depression [5]. Women can go through a 
variety of mental health syndromes throughout their perinatal 
period. Postnatal mental health conditions are more likely to 
happen due to poor antenatal mental wellbeing [2], [6].  

In the year 2008, a joint programme was initiated by the 
World Health Organization (WHO) and United Nations 
Population Fund (UNFPA) to integrate mental health 
essentials into prevailing maternal and child health policies, 
plans, and activities [7]. In 2016 the National Institute for 
Health and Care Excellence (NICE) published guidelines and 
quality standards for antenatal and postnatal mental health 
due to the rise of perinatal mental health problems [8], [9]. 
United Kingdom (UK) spends an estimate of £8.1 billion on 
maternal mental health problems each year [2]. 

The pessimism of this serious issue has led the affected 
mothers to commit suicide because of low mental tolerance 
[6], [10]. Health care professionals have validated numerous 
screening tools to systematically detect perinatal depression 
[11]. Perinatal Grief Scale (PGS), Edinburgh Postnatal 
Depression Scale for pregnancy (EPDS), and Hospital 
Anxiety and Depression Scale (HADS) are some of the 
popular screening tools that are been used to help identify 
antenatal and postnatal depression [12]. 

Antenatal mental health problems are projected to 
become the leading cause of postnatal mental health 
conditions. Perinatal Anxiety and depression is a common 
mental health condition that affects one in five women 
during the antenatal period [2], [13]. According to the 
Pregnancybirthbaby organisation, becoming mentally 
unhealthy is very normal during pregnancy and there is 
nothing to be ashamed about. It also states that hormonal and 
physical changes are significant factors for these mental 
health problems [14].  Most women are unaware of these 
psychological issues and the symptoms, therefore they are 
very unlikely to seek help.   

The awareness and attitudes survey conducted by Smith, 
states that 46% of women thought that they did not fit into 
the category of perinatal depression and 12% of women were 
not comfortable talking to healthcare professionals about 
their psychological wellbeing [15]. The consequences of lack 
of knowledge and awareness have led the affected mothers to 
commit suicide because of low mental tolerance [6], [10]. 
Being aware of the symptoms and solutions is essential for 
the well-being of antenatal women [16], [17]. 

A. Symptoms And Consequences 

The antenatal period is referred to as the third trimester of 
a human pregnancy. Though pregnancy is usually considered 
a joyful and anticipated event, it could also lead to emotional 
and physical vulnerability to the expansion of various mental 
health problems. The World Health Organization finds, 
antenatal psychological condition as a leading community 
health issue. Few women experience their first depression 
during pregnancy, whereas few others are at risk as a result 
of a previous history of depression. 



Proceedings of the International Conference on Innovations in Info-business and Technology, Colombo, February 2022              61 
 

                       

Antenatal mental health conditions can range from low 
mood to psychosis and have powerful long-term effects on 
both the mother and the baby. Women suffering from 
antenatal physiological problems, experience mood swings 
(rapid change in moods), moments of utter happiness, panic 
attacks, fatigue, fears for the wellbeing of the baby, and lack 
of energy [1], [18]. These conditions can have a wide range 
of impacts on the woman and her family if they are left 
untreated. The below figure1 shows various emotional 
conditions that occur during the pregnancy period based on 
the survey study was conducted in Bangladesh during the 
year 2019 [18]. 

Poor mental health has been associated with preterm 
birth, low birth weight, long-term intellectual and 
behavioural impacts on the child, reduced child growth, fetal 
distress, and poor neonatal adaptation. Low mood, stigma, 
anxiety, and depression are some of the common mental 
problems that could occur during the antenatal period [2]. 
Chronic antenatal mental issues are more likely to occur as a 
result of insufficient nourishment, stressful life events, 
unintended pregnancy, substance abuse, and smoking [3], 
[4]. 

B. Serious Games And Its Impact 

Serious games are games that intend to improve the 
player’s cognitive abilities besides entertainment [19]. These 
games have the capability to raise awareness and promote 
knowledge and behavioural change in an effective and highly 
motivational manner [20]. Serious games have the power to 
make the player responsible to solve problems and learn 
from mistakes. Providing action-based feedback is a 
significant element in serious games that creates an effective 
educational experience for the player [20]. Education, 
healthcare, business, marketing, and training are some of the 
key areas that are being incorporated by serious games [19]. 

II. LITERATURE REVIEW 

This Literature review section provides a critical analysis 
of the literature on Antenatal Mental Health Awareness and 
the existing solutions that have been made in both awareness 
programs and awareness serious games 

A. Research On Awareness Programs 

The Maternal Mental Health Alliance is a UK charity 
organization, that has the vision to provide consistent, 
accessible quality care and support for all women’s mental 
health during the antenatal and postnatal period across the 
UK. Maternal Mental Health Alliance provides various 
services other than awareness programs. It provides 
campaigns for mothers who are in the perinatal period, 
specialist maternal mental health midwives and for general 
practitioners. Around half of the women in the UK doesn’t 
have the access to specialist perinatal mental health services 
and services are inadequate in other geographical areas [21]. 
Therefore, Maternal Mental Health Alliance initiated a 
project called ‘The Mums and Babies in Mind’ (MABIM) 
which was hosted by the Mental Health Foundation and 
funded by the Big Lottery Fund [21].  

The MMHA worked with local leaders in different areas 
to expand and improve services and care pathways for the 
wellbeing of mothers who are in the perinatal period and 
their babies. But unfortunately, this project only lasted for 

three years, until September 2018. The Maternal Mental 
Health Alliance also provides downloadable tools and 
resources via its web page, that provides awareness and 
useful information about the mental health conditions during 
the antenatal and postnatal period. The authors found a 
significant amount of limitations from the MMHA 
organisation. Limited service only in the UK, language 
barriers and distance barriers are limitations that the authors 
found and highlights. 

A systematic review of ethnic minority women’s 
experiences of perinatal mental health conditions and 
services in Europe [22]. This systematic review was 
conducted with the aim of exploring the perinatal mental 
health conditions and perinatal mental services offered to 
ethnic minority women in Europe. The review found a lack 
of awareness on perinatal psychological illness amongst 
women in ethnic minority groups. It also states that a few 
women were unable to identify the symptoms and also 
unaware of the services that were provided to support and 
overcome perinatal mental illnesses. The results of the 
interview conducted by Watson and his research team 
demonstrations that, language barriers, racism, cultural 
issues, fear of being judged, cost, and time are some of the 
reasons for women not attending perinatal mental health 
services 

The Maternal Mental Health NOW [23] is a Los 
Angeles organisation that aims to remove barriers for 
prevention, screening and treatment of prenatal and 
postpartum depression. The organisation was founded in 
2007 with a volunteer network of Community Partners. It 
provides services in training and technical assistance, public 
awareness and policy and advocacy. The web page of the 
organisation provides materials to support raising awareness 
and decreasing the stigma involved in perinatal mood and 
anxiety disorders. Therapists, clinical psychologists, social 
workers, community health workers, counsellors, nurses, 
midwives, nurse practitioners, physicians, lactation 
consultants, health educators, doulas, home visitors and new 
moms and moms-to-be are some of the audience who 
participate in Maternal Mental Health NOW awareness 
program. The Maternal Mental Health NOW organisation 
offers both in-person and online training programs for 
mothers who require attention. All the programs are not 
freely available and limited within the country 

B. Research On Awareness Serious Games 

Maternal Healthcare and Nutrition in Rural Ethiopia 
is a research and development project done by Hedvall and 
Svensson in the year 2017. This research proposed a design 
and implementation of a serious game considering women in 
rural Ethiopia as the target audience. The game is designed to 
educate the player about the importance of a balanced diet, 
and the benefits of healthcare during antenatal and postnatal 
periods. The project objective was to find ways to convey the 
necessary knowledge and awareness in a compelling manner. 
Hedvall states that the project hasn’t used any text-based 
elements but have included meaningful icons and graphics so 
that there will not be any language barrier in the game and it 
will be easily understandable by anyone, especially the rural 
community [24]. The player takes the role of a pregnant 
woman, from early pregnancy to successful or failed 
delivery. The game goals consist of keeping the player 
healthy through visits to medical centres, feeding her a 
nutritious, balanced diet, and also managing her water supply 
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and happiness. The game was developed using Unity Game 
Engine and launched for Android devices. Lack of mental 
health awareness during the antenatal period is the main 
limitation of this project. 

Efficacy of a mobile application for smoking cessation 
in young people is a study protocol for a clustered, 
randomized trial. This research project was done by 
Valdivieso. This research proposes a serious game that helps 
pregnant smokers to quit smoking and to educate and guide 
those who wish to end their habit. Help the user record the 
progress of the smoking cessation plan, Inform and educate 
the user about the problems of smoking and the 
improvements to be anticipated from smoking cessation and 
provide alternatives to the user for the times when he or she 
particularly wants to smoke are the three main objectives of 
this serious game. Valdivieso states that this serious game 
provides both entertainment (distraction) and subliminal or 
indirect messages that can help avoid the urge to smoke [25]. 

From the existing research, it is made clear that the 
existing awareness campaigns have failed to provide 
effective awareness on antenatal mental health. Awareness 
programs with less target audience, limited campaigns in 
rural areas and costly affaire in participation are some of the 
significant limitations that were found by the authors. In 
addition, the authors found that there are no serious games 
available to provide awareness of antenatal mental health 
conditions. Antenatal mental health conditions are serious 
risk factors and these mental health problems are increasing 
due to ineffective awareness programs and lack of 
knowledge and guidance 

III. THE SOLUTION AS A SERIOUS GAME 

Based on the findings it is clear that society has not 

gained an effective awareness of Antenatal Mental Health 

due to main factors like time, money and transportation. 

Therefore, as a solution for effective awareness, the authors 

researched and developed a serious game called 

MamaMoods. Serious games are games that intend to 

improve the player’s cognitive abilities besides 

entertainment [19]. This game was named MamaMoods 

since the game depicts a mother’s mental health or mood. 

A. Introduction to MamaMoods 

MamaMoods is a serious game that was researched and 

developed by the authors and evaluated by fifteen medical 

domain experts including Gynecologists, General 

practitioners, Medical Officer, Wellness Counselor, 

Forensic Psychology PhD students, Dietarian and ten 

technical domain experts including Solution Architect, 

Senior Software Engineer, UX Engineer, Senior Creative 

Content Developer, Game Developer/Founder, Senior Game 

Developer, Director/Head of Studio in order to validate the 

findings and provide effective awareness to the society.  

This game was developed in Unity Game Engine and 

all the game assets were used from mixamo and Unity Asset 

Store. The goal of the game is to raise awareness on 

Antenatal Mental Health among society by letting the player 

play and learn through the game itself. It also aims to 

identify the symptoms and solutions to live a healthy life. 

The player will be playing the role of a mother or woman 

who is in her antenatal period. 

The target audience of this game is a woman with the 

age above twenty years, an antenatal woman or her life 

partner. The unique factor about this game is that the 

women’s life partner also can play this game to gain 

awareness so that he too gets to know the mental health 

symptoms and problems that could occur to his partner. 

 

 

B. The high-level design of the game MamaMoods 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The above Figure 1 depicts the High-level design of the 

game MamaMoods, which clearly describes that the game is 

mainly based on decision making. When the player 

experiences various emotions, she will have to make 

decisions to overcome them. The positive/correct decision 

will reward the player whereas the negative/incorrect 

decision will penalize. Either way, the player will gain 

awareness through trial and error within the game. 

C. Milestones of the serious game MamaMoods 

The game consists of five major levels, in which each 
level has a unique way of providing awareness with various 
game mechanics like a progress bar, batches and levels. The 
UI contains a green bar which indicates the player’s health 
and a blue bar which indicates mental health. Mental health 
gets affected when the player is anxious or depressed, and 
when the player’s mental health is critical then the health 
also will get affected. The player’s objective is to maintain 
their mental health at 70% and above and also to make the 
right decision through trial and error. 

The first level of MamaMoods lets the player explore a 
mini island by providing tutorials to follow along with the 
waypoint guide. It also mainly provides awareness on the 
symptoms that could occur during the antenatal period such 
as Sleep difficulties, Mood swings, Anxiety and Depression 
through a counselling session in the game. 

Level two consists of an assessment to calculate the 
severity of anxiety and depression of the player. A legitimate 
Patient Depression Questionnaire(PHQ-9) and Generalized 
Anxiety Disorder (GAD-7) Questionnaire will be provided to 
the player to calculate the score of severity on anxiety and 
depression. These questionnaires are mainly used by mental 
health counsellors. 

Level three consists of meditation therapy and level four 
consists of a Healthy diet mission. Meditation and a healthy 
diet are some of the best coping skills for antenatal mental 
health problems. And finally, the final mission provides the 
player with a summarized journal containing the decisions 

Fig 1.  High-level design 
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that were made during the game so that the player could 
learn and gain awareness from the decisions that were made. 

 Figure 2 to figure 8 illustrates some of the major 
missions/levels that the player goes through in the 
MamaMoods serious game. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. EVALUATION 

Once the game was designed and developed, the 

authors evaluated the product through two categories of 

experts: medical domain experts and technical domain 

experts. The evaluation was done in the form of surveys and 

interviews to establish the efficacy and the suitability of the 

system from both technical and medical point of view. Table 

1 shows the summary of the feedback collected and over 

85% of the medical domain experts agreed that the system is 

ready to be released to the general public. Also, 90% of the 

technical experts concluded that the system has the potential 

to be released as a commercially viable product to the 

market.  

The vital part of the evaluation carries the feedback 

received from the women who are in the antenatal period 

and over 80% of the users were highly positive about the 

information given through the product and over 90% of the 

Figure 2. MamaMoods mini world 

Figure 3. Awareness on mental health symptoms (Level 1) 

Figure 4. Negative thoughts and sleep difficulties (Level 1) 

Figure 5. Expressing emotions (Level 1) 

Figure 6. Anxiety and depression assessment (Level 2) 

Figure 7. Meditation therapy (Level 3) 

Figure 8. Healthy diet (Level 4) 

Figure 9. Player’s life journal (Level 5) 
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women were ready to recommend the product to the others.  

Refer table 2. 

Usability testing was also conducted via surveys 

consisting of 25 antenatal women to get feedback. Some 

very interesting comments were given on the improvement 

of the system and one such comment says: “MamaMoods 

made me gain awareness on Antenatal mental health 

problems and I look forward to seeing more coping skills 

added to this game in the future!”. 

Authors will be focusing on the development of a 

model where users will get a personalized experience 

catered to their specific needs. 

 
Question Average positive 

response 

Does MamaMoods provides accurate 

information about antenatal mental health 

and provide good awareness? (Medical 

Domain) 

85% 

Does the game has good UI/UX and does 

this product has the potential to be released 

as a commercially viable product? 

90% 

Table 2: Evaluation from both medical and technical domain experts 

 
Question Average positive 

response 

Did you gain awareness on Antenatal 

Mental Health? 

80% 

Did you gain awareness of the symptoms 

and solutions of Antenatal Mental Health 

problems? 

80% 

Will you recommend this game to others 

who are in need? 

90% 

 

V. CONCLUSION 

Antenatal mental health problems are significant risk 

factors for postnatal mental health conditions. Early 

detection of this dilemma minimizes the risk of serious 

consequences. The pessimism of this serious issue has led 

the affected mothers to commit suicide due to low mental 

tolerance. Lack of Antenatal mental health awareness is the 

significant reason behind this issue and the majority of the 

women are unaware of the psychological issues and the 

symptoms that could occur during the antenatal period, 

therefore very unlikely to seek help.  

Serious games are a great solution to provide awareness 

for this dilemma. It also has been proven to be effective in 

augmenting cognitive abilities. MamaMoods is a serious 

game that is researched and developed by the authors to 

raise awareness on Antenatal Mental Health among society 

by letting the player play and learn through the game itself. 

It also aims to identify the symptoms and solutions to live a 

healthy life. 

MamaMoods game has some limitations due to time 

constraints and resources limitations. Discovery of partner’s 

mental health conditions during women’s antenatal period, 

Incorporation of more details on the reason for consuming 

and avoiding the food, Incorporation of breastfeeding 

mental health problems and Discovery of postnatal mental 

health issues are some of the limitations that were found and 

will be implemented as a future enhancement. 

VI. FUTURE WORK 

MamaMoods can be extended to support virtual reality 

and mixed reality which can enhance the overall experience 

for the users. Adding deeper levels with personalised 

integration should be carried out to maximize the impact of 

the game. Optimizations on the textures, models and inputs 

could be carried out for smooth gameplay across all devices.  
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Abstract— A permanent cure for Diabetes Mellitus, 

one of the most common non-communicable diseases has 

still evaded modern mankind’s thinking prowess. Even 

though Diabetes could not be cured, it could be 

successfully managed with an effective self-care routine. 

This research aimed to analyze the reasons that have led 

to Sri Lankan Diabetes patients’ inability to effectively 

manage their self-care routine and to the unavailability 

of a tool to support them. The research utilized a mixed 

methodology approach using a questionnaire and 

interviews with key stakeholders. Thus, a mobile 

application that could be seamlessly incorporated into 

Diabetes self-care management in Sri Lanka with 

capturing data, storing, and visualizing was developed to 

address these problems.  The mobile application also 

allows an individual to calculate pre-Diabetes risk 

depending on a few major criteria. 

Keywords— Diabetes Mellitus, Self-care routine, Mobile 

application, Wearable devices 

I. INTRODUCTION 
Diabetes, one of the most common non-communicable 

diseases in the world, causes deaths in most developed and 
developing countries Diabetes, despite having no cure, could 
be successfully managed with constant monitoring of blood 
glucose levels coupled with medication, regular screening, 
and exercises. 

Sri Lanka has a Diabetes mellitus prevalence rate of 8.7% 
among the total adult population, it was witnessed that the 
patients are unable to effectively monitor Diabetes self-care 
routine. From the research conducted, three factors were 
identified as main contributors to this: the need to take and 
maintain a large number of readings, discrepancies that take 
place such as forgetfulness, and individual shortfalls such as 
lack of awareness. It was simultaneously witnessed that an 
effective Diabetes risk calculation tool is lacking due to the 
large number of parameters to be considered and the 
unavailability of a mechanism to track Diabetes patients 
island wide. 

Thus, this study focuses on introducing a mobile 
application to help Sri Lankan Diabetes patients effectively 
monitor their self-care routine by overcoming the problems 
identified above and to implement a quiz that will calculate 
the pre-Diabetes susceptibility of a healthy individual. 

II. BACKGROUND 
Non-communicable diseases are one of the major health 

challenges of the 21st century and by far the leading cause of 

death worldwide [14]. In 2016 a total of 41 million deaths 
were caused by non-communicable diseases globally [14].  
Diabetes is one of the four major non-communicable 
diseases worldwide. It characterizes hyperglycemia and 
glucose intolerance due to insulin deficiency and/or impaired 
effectiveness of insulin action [6]. Two major forms of 
Diabetes are Type 1 Diabetes characterized by the loss of 
insulin production and Type 2 Diabetes, characterized by 
insulin resistance and relative insulin deficiency [14]. 
Though a multitude of risk factors contribute to Type 2 
Diabetes, major risk factors include family history, blood 
pressure above 120/80 mmHg, sedentary lifestyle, higher 
body mass index, age (Risk starts to increase around the age 
of 45), and gender (Males tend to have higher rates of Type 2 
Diabetes. With females, gestational Diabetes can increase a 
woman’s risk of developing Type 2 Diabetes later in life) [3].  

Raised blood glucose has been the most prominent sign 
of Diabetes [6]. The fasting plasma glucose level for a 
healthy individual is less than 100 mg/dl. This value for pre-
diabetes is between 100 mg/dl-125 mg/dl while Diabetes is 
predicted as a value higher than 126 mg/dl [3]. A blood 
glucose reading of more than 180 mg/dL is considered a high 
blood glucose reading [11]. Possible complications of 
Diabetes include heart attack, stroke, kidney failure, lower 
limb amputation, blindness, and nerve damage [14] and 
shortening life expectancy by 7-15 years [12]. 

Diabetes, despite having no cure, could be successfully 
managed with constant monitoring of blood glucose levels 
[1]. Assessing blood glucose involves long-term measures 
such as HbA1c and short-term measures like self-monitoring 
blood glucose. For Type 1 Diabetes patients using multiple 
Insulin injections, self-monitoring blood glucose should be 
carried out three or more times a day [4]. The knowledge is 
growing to prove the importance of self-management skills 
in Diabetes as it has proven to reduce long-term 
complications that arise from Diabetes by 40-75% [13]. 

A higher percentage of Diabetes Mellitus is witnessed in 
developing countries than in developed countries [7]. Asian 
countries contribute to more than 60% of the Diabetic 
population in the world [2]. India, the second-most populous 
country in the world had an estimated 69.3 million people 
with Diabetes in 2015. The situation in Sri Lanka largely 
mirrors that in India [12]. It is estimated that the prevalence 
of Diabetes in Sri Lanka is 8.7% of the total adult population 
of 14,109,200 [8]. 

Mobile applications that can incorporate technologies 
like cloud computing and Optical Character Recognition 
could be used to cater to Diabetes self-care effectively. Even 
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though physical activities are dire to prevent chronic diseases 
like Diabetes, physical activity counseling is minimum due 
to not having a reliable means to assess physical activity 
patterns. This could be addressed by integrating wireless 
wearables that track physical activity into a mobile 
application [9]. Background research included 10 Diabetes 
help mobile applications downloaded from Google App 
Store that had a rating above 3.5/5. Even though most of 
these are freely available for Sri Lankan Diabetes 
community, a major seen was that every application required 
a paid subscription for features such as image capture 
capabilities, data visualization, alerts, care circle notifying, 
and pre-Diabetes calculations. All of these were developed 
outside the context of Sri Lanka. 

Hence, the mobile application, Glucokare was 
implemented that incorporates these features. 

III. METHODS 
This research followed the mixed methodology when 

gathering data to identify issues faced by Diabetes patients of 
Sri Lanka.  

First, interviews were conducted with two doctors that 
treats Diabetes patients routinely in Sri Lanka, five Diabetes 
patients that has lived with Diabetes for years, and their 
family members/caretakers for an in-depth understanding of 
the problems faced during Diabetes self-caring. Questions 
included the number of times blood glucose measurements, 
Insulin injections, medications taken and how these are 
documented. They were also asked on how the family 
members are kept aware, and the nature of forgetfulness 
related to their self-care routine. Interviews with both doctors 
provided insights into commonly recommended routines for 
blood glucose checking at home and Insulin injecting 
routines. The number of times blood glucose is to be checked 
at home setting will vary from patient to patient. The number 
of times Insulin is injected depends on the type of insulin but 
can be once, twice, or three times a day. Patients interviewed 
had Diabetes self-care routines that involved blood glucose 
checking, and/or Insulin injections. All five patients have 
been prescribed oral medication for the control of Diabetes. 
It was seen that blood glucose readings were written on a 
notebook and forgetfulness is common. Family members of 
the patients acknowledged the concerns when leaving 
Diabetic patients by themselves, especially given the family 
member has witnessed steep fluctuations of blood glucose in 
the past.  

Secondly, a questionnaire targeting Diabetes patients in 
Sri Lanka was distributed using convenience sampling 
method to collect data from Diabetes patients. The 
questionnaire created using Google forms was distributed 
among family and friends and known Diabetes patients. It 
included questions regarding blood glucose monitoring, 
Insulin injecting, and oral prescribed medicine. 52 responses 
were received from Diabetes patients from different 
backgrounds. The data gathered was analyzed and visualized 
using Microsoft Excel. 56% of the total responses were from 
male Diabetic patients and the majority of the total 
respondents were from the age group 45-64. 31 respondents 
took blood glucose readings at home, 36 confirmed injecting 
Insulin at home, and 42 were prescribed oral medicine for 
Diabetes. 39% of the respondents checked blood glucose 
once a day, and 11% check blood glucose 3 times a day. 
Readings generated from medical devices are most 
commonly written down on pieces of paper and the preferred 

method of setting reminders for checking blood glucose was 
using an alarm clock (36%). When inquired regarding 
forgetfulness, 77% agreed to forgetting parts of their daily 
self-care routine. 

These results were used to formulate a solution for the 
problems faced during Diabetes self-care. Accordingly, 
mobile application, namely Glucokare, that helps overcome 
the problems faced by Diabetes patients in Sri Lanka was 
recognized as a favorable approach. 

 

Fig. 1 Google form responses received when inquired 

regarding the number of times Insulin is take 

 
Fig. 2 Google form responses received when inquired 

regarding the oral medication routine 
These results were used to formulate a solution for the 

problems faced during Diabetes self-care. Accordingly, 
mobile application, namely Glucokare, that helps overcome 
the problems faced by Diabetes patients in Sri Lanka was 
recognized as a favorable approach. 

Glucokare was developed with React Native, a cross-
platform development framework that allows developers to 
write components in JavaScript, which are converted to 
native iOS and Android components [10]. Firebase was 
chosen for data storage and manipulation during the 
implementation process which is more compatible with 
Android apps and uses gimage capture functionality of the 
proposed system, Google Vision API was used. It uses a 
specialized REST API, called Google Cloud Vision API, that 
is exploited during development within the application [5]. 
React-native-chart-kit library was used for the graphical 
display of saved blood glucose, blood pressure, and Insulin 
data points. React-native-calendar-events library was 
integrated to handle the patient’s requests of setting up 
routines according to which they will receive an alert from 
Google Calendar once the routines are saved. Twilio is an 
API that can be used to send and receive SMS messages. 
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This was used to accommodate SMS notification sending 
when blood glucose levels are abnormally high. 

To implement a quiz that can calculate pre-Diabetes risk, 
a quiz with 6 questions was implemented. A user answers the 
questions at the end of which the user will be provided with a 
score. To calculate the score, points for each risk factor in the 
quiz will be added up (Maximum 10). A total of 5 points or 
higher is considered high risk for having prediabetes. 

For the heart rate monitoring, Fitbit was integrated into 
the implemented mobile application using Fitbit Web API. 
This integration was a challenge as Fitbit does not allow a 
developer to integrate their API without validation. Given 
this, a personal Fitbit account was created through the web 
API. A personal email account was used in this process. 

IV. DISCUSSION 
As it was identified above, during Diabetes self-care 

routine a patient will be expected to monitor a few or all of 
the following: blood glucose, blood pressure, Insulin, oral 
medication. The frequency of monitoring could defer among 
the patients from it being a daily task or weekly. It was also 
seen that these generated values are written down on paper 
which is easily misplaced. 

To overcome the hassles faced by the large number of 
readings generated and storing them, the implemented 
mobile application facilitates entering blood glucose, blood 
pressure, Insulin using optical character recognition 
technology or manually. These data are saved and could be 
visualized graphically by the patient or doctor.  Figure 1 and 
2 display how readings could be captured by either using 
optical character recognition or manual entry. If the entered 
blood glucose level is more than or equal to 180 mg/dL, a 
family member that has been nominated by the patient will 
be immediately notified through a text message. Patients can 
also set up alerts for the routines in the form of Google 
calendar notifications. The implemented mobile application 
also facilitates monitoring and storing heart rate values. 
These heart rate values are generated from Fitbit digital 
wristwatch the user wears. 

A questionnaire based on answering questions regarding 
family history, high blood pressure, age, physical activities, 
gender, and body mass index was used in the mobile 
application to calculate a score for an individual’s pre-
Diabetes risk as shown in Figure 5 and 6. 

 

Fig 3 Inserting a value using optical character recognition 

 
Fig. 4 Inserting a value using manual entry 

 
Fig. 5 A question in the pre-Diabetes risk calculation quiz 

and how the final score could be derived 
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Figure 6 A question in the pre-Diabetes risk calculation quiz 

and how the final score could be derived 
The prototype implemented with the above 

functionalities was demonstrated to a targeted audience and 
were allowed to experience the functionalities implemented 
in the prototype. Then they were presented with a 
questionnaire to be completed. Feedback received from the 
stakeholders was analyzed using Microsoft Excel. From the 
feedback received it could be deduced that the prototype 
helps Sri Lankan Diabetes patients to overcome the 
difficulties in their Diabetes self-care routine. The appealing 
nature of the user interfaces, accessibility, user-friendliness, 
ease of navigation, and performance was rated highly as 
shown in Figure 7. 

 

Fig. 7 Overview of the responses received from the end-users 

regarding UI/UX aspects of the prototype 

V. CONCLUSION 
This study provides insights regarding the reasons that 

have led to the lack of an effective tool that can help address 
the ineffectiveness of managing Diabetes self-care routines.  
It also helps understand how the implementation of a mobile 
application that facilitates vital management, monitoring, and 
alerting can help effectively manage Diabetes self-caring. 
Future research could focus on predicting the vitals of a user 
depending on previously inserted data. This can be easily 
made possible by using machine learning. 
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Abstract— The essential activity of innovation is idea 

generation. Patents, publications, social media, websites, and 

other digital data sources, that are sources of innovation, are 

developing at an unparalleled rate. discovering undiscovered 

ideas in the world is discovered using a link prediction problem 

applied to scientific knowledge graphs. By this, we can find the 

missing connectivity among the entities of a particular subject 

through a new representation of multiple scientific documents. 

This proposed technique unifies structured and unstructured 

textual data into a single knowledge graph. For example, the 

suggested scientific knowledge graph is stored in the local 

storage, and further JavaScript, Bidirectional Encoder 

Representations from Transformers model packages are used 

to implement the above technique. Accuracy and precision are 

targeted as performance indicators and compare the above-

proposed technique with the link prediction algorithms. 

Theoretically, these findings clarify the conditions and 

procedures by which both linking unconnected nodes in 

knowledge graphs and using network graphs for idea creation 

based on fundamental principles might result in idea 

development. In practice, the findings give insightful and 

actionable information that can be used to any domain or 

scenario that requires human creativity, with E.D.I.T.H 

functioning as a digitalized brain. 

Keywords— Bidirectional Encoder Representations from 

Transformers, Euclidean distance, Knowledge graph, Link 

prediction 

I. INTRODUCTION 

In today's world, generating fresh ideas is challenging. 

As a result, a new research topic is generated when two 

keywords link with each other. For this, research articles are 

collected, and the knowledge graph is used to investigate 

their keyword relationships, forming a new word considered 

a literature gap. 

 Graph-based approaches (especially those relating to 

knowledge graphs) build on concepts and methods from 

graph theory to discover hidden knowledge from the 

structural characteristics as well as non-structural data of the 

corresponding research graph [1].  

Continuing the prior work, documents of a knowledge 

graph are represented as a graph of docs. This allows us to 

make the most of a study's graph's structural and textual 

traits towards building a unique link prediction algorithm for 

discovering destiny collaborations. To evaluate the outcome 

of this paper, the approach is compared against different 

combinations of link prediction measures, which utilize only 

the structural information of a research graph. Finally, the 

experimental results provide a new idea with the accuracy of 

the link prediction problem [2].  
The rest of the paper is categorized as follows.2 

introduces research objectives and conceptual, theoretical 
techniques. The literature review conducted to evaluate the 
proposed approach is reported in Section 3. The approach is 
thoroughly presented in Section 4 under methodology. 

Section 5 outlines future work directions as well as 
concluding remarks. 

A. Background 

Research unlocks the unknowns, allows us to see the 

world from multiple viewpoints, and fuels a deeper 

understanding. Research is crucial since we need to know 

what other researchers have done to set up and define a 

problem in the study. At this stage, we struggle to select a 

good topic to work on, and it is a time-consuming task if we 

keep on searching for a research gap. If that initial step of 

identifying a research problem is done perfectly, the rest 

will be going on track. Researchers can select the keywords 

relevant to their field. However, the link prediction should 

be made with an appropriate keyword to get an absolute 

literature gap that motivates us as well since research is a 

great domain to go further. 

B. Problem Statement 
A research gap exists when a notion or a fresh idea has 

not been investigated so far or sometimes if all the existing 
research is outdated and there can be a need for updated 
research. It will necessitate extensive investigation and 
reading. Also, researchers need to be highly familiar with all 
of the previous research investigations to get a decent idea. 

C. Project Scope 
As in the research, this work suggests creating and using 

a scientific knowledge graph that includes both organized 
and unstructured data (e.g., document, author, and word 
nodes) and expressing the documents in a scientific graph as 
a graph-of-docs, building on past work. This allows us to use 
both the structural and textural properties of a research graph 
to create a novel link prediction algorithm for predicting 
future collaborations. 

D. Rationale and Justification 

The goal of this study, as stated in the research topic 

above, is to come up with a fresh idea that anyone interested 

in the field can apply when working on a project. Research 

articles can be gathered as a whole and using the knowledge 

graph to investigate their keyword relationships, forming a 

new word association and assigning it to a new title for the 

user.  

Once the researcher has completed his/her research, 

he/she can always keep on track with the research by 

checking whether the final output has deviated from the 

initially proposed idea of keeping the distribution of 

keywords in the knowledge graph.  
Whatever the purpose is, this system can be used to 

generate new ideas and improve efficiency and accuracy by 
combining Deep Learning with Knowledge Graphs. 

II. RESEARCH OBJECTIVES AND CONCEPTS 

A. Objectives 
To create a system for generating ideas of Network 

Associate/Fundamentals by combining the BERT Deep 
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Learning Transformer model with Knowledge Graph 
integration. 

B. Concepts and theories of the research 

The suggested approach uses a combination of Natural 

Language Processing (NLP), graph-based text 

representation, graph theory, and knowledge graph 

techniques to find new ideas. JavaScript is a programming 

language.  

 

1) Graph measures and indices: In the literature, 

various graph measurements and indices have been 

developed to capture knowledge about a graph's structural 

features [3]. 

a) The number of nodes that are familiar neighbors 

for a pair of nodes a and b is calculated using the 

Common Neighbors measures indicated as CN(a, b) [4]. 

It is defined as follows: 

CN(a,b) = |N(a)  ∩ N(b)|   
b) The neighbors of a node x are denoted by N(x). 

The Total Neighbors measure, abbreviated as TN(a, b), 

considers all of a pair of nodes a and b's neighbors. It is 

defined as follows: 

TN(a,b) = |N(a)  ∪ N(b)|   
c) PA(a, b) is a measure that calculates the product of 

the in-degree values of two nodes a and b. This metric is 

defined as follows: 

 PA(a,b) = |N(a)| × |N(b)| 

d) The inverse logarithm of the degree of the set of 

neighbors shared by a pair of nodes a and b is calculated 

by the Adamic Adar measure indicated as AA(a,b). It is 

defined as follows: 

  AA(a, b) =   

The Jaccard Coefficient index, represented by J(a,b), is 

similar to the CN as mentioned earlier. However, it 

differs hugely in examining the quantity of the 

intersection in their neighbor nodes over their union for a 

pair of nodes a and b. It is defined as follows: 

  J(a,b) =  

2) Knowledge graph: In essence, a Knowledge Graph 

is a model for representing know-how. It describes actual 

international entities, items, and concepts, amongst other 

things. Knowledge Graphs are a form of data network that 

uses RDF-fashion triples ( <p,q,s> ) to represent 

information, in which p represents some head item and q 

represents some connection that connects p to a few tail 

entities.  

3) TF-IDF: The TF-IDF is an acronym for Term 

Frequency-Inverse Document Frequency. The relevance of 

a term to a report in a set of files is investigated using 

statistics. This approach determines how common or 

uncommon a phrase is over the entire document set. The 

TF-IDF score determines how relevant that phrase is in 

that paper's report. So, if the phrase isn't uncommon and 

appears in a lot of texts, the quantity will be close to zero. 

Otherwise, a report will be close to 1; the product of these 

two figures determines the TF-IDF rating. This is 

determined as follows: The TF-IDF score for the phrase t 

inside the field from record set D is calculated as follows: 

 

 TF−IDF(t,d,D) = TF(t, d)•IDF(t,D) 

 

The concept at the back of the TF-IDF method is that the 

phrases which are extra commonplace in one sentence and 

less common in other sentences need to receive high 

weights. 
BERT model: BERT stands for Bidirectional Encoder 

Representations from Transformers, and it is an emblem-new 
method to language illustration. Unlike current language 
illustration models [6], BERT is designed to circumvent all 
layers on both left and proper context to pre-train deep 
bidirectional representations from the unlabeled textual 
content. As a result, the pre-skilled BERT version may be 
satisfactorily tuned with just one extra output layer to 
provide present-day fashions for some responsibilities, 
including query answering and language inference, without 
requiring massive assignment-specific architecture 
changes.BERT is simple to understand both conceptually and 
almost. Moreover, it achieves new ultra-modern results on 11 
natural language processing obligations. Language version 
pre-education has been shown to facilitate the diffusion of 
natural language processing obligations. Sentence-stage 
obligations [7], [8], [9], such as natural language inference 
[10], [11] and paraphrasing, goal to expect the relationships 
among sentences by way of studying them holistically, at the 
same time as token-stage duties, along with named entity 
reputation and query answering, require fashions to produce 
excellent-grained output on the token stage [12]. In addition, 
two nicely-established approaches for using pre-trained 
language representations to downstream duties are feature-
based totally and great-tuning. The pre-trained 
representations are covered as extra functions in the task-
precise architectures applied in the characteristic-based total 
method, including ELMo [9]. In addition, the OpenAI GPT 
[9] uses a quality-tuning method that adds a few project-
particular parameters and learns downstream responsibilities 
through truly pleasant-tuning all pre-educated parameters. 

III. LITERATURE REVIEW 

This study aimed to examine current trends in the usage 

of knowledge graphs and compare them to previously 

published work in the context of idea generation. 

Knowledge Graphs have been used for various applications, 

including web search, link prediction, recommendation, 

natural language processing, entity linking, location map, 

Dialogue Systems, Information Retrieval, Question 

Answering systems, data mining, etc. The above-proposed 

report is used to find the research gap using link prediction 

techniques to find a new idea using basic equations [5]. 

 In addition, when earlier studies are examined, many of 

them use knowledge graphs. For example, the knowledge 

graph presented by researchers was used to analyze and 

activate an Intelligent Question Answering system that uses 

Natural Language Processing to offer brief and accurate 

answers directly to users.  

A very recent study by D Paranyushkin on a 

recommendation system for thinking [13] uses a machine-

learning derived approach implemented in a platform called 

INFRANODUS. Even though the system proposes idea 

generation using the 

Another group of researchers used the structural and 

textual information from a scientific knowledge graph to 

find new study topics almost similar to the one proposed 

here. Nevertheless, the previously mentioned one slightly 
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differs with the different types of entities where entity nodes 

with types like 'Paper,'' Author,'' Laboratory,'' Location,'' 

Institution' and relationship also edges with types like 'is 

similar,'' cites,'' writes,'' co authors' can coexist in the same 

graph data schema. The value of every node formed here is 

determined by the entities mentioned above, which is biased 

and not a suitable method in general opinion[5]. 

The creation of Polymerase Chain Reaction (PCR) 

displays how foresight, intuition, tenacity, and hard effort 

can pay off in enormous and unexpected ways for humanity 

and the planet. The technique was initially reported in the 

journal Science in late 1985 after obtaining the necessary 

patents. Due to the significant progress made over the 15 

years while waiting for patent approval, over 300,000 papers 

were published [14].  
In this proposed report, only the keywords are extracted 

using TF-IDF, and they are set to create a knowledge graph 
using Sigma.js for graphical representation. Then TF-IDF is 
applied to find the link prediction among the nodes, and the 
BERT model is used for text classification. The connected 
nodes are already undergoing research, while the 
unconnected ones are the research gaps. The shortest 
distance can be calculated by using the coordinates and can 
be presumed as the one which is less complicated to carry on 
for future research. In this approach, the lives of researchers 
are made more accessible to think, and the time is saved as 
well. 

IV. PROPOSED APPROACH 

A. Unstructured information extraction and preprocessing 

Unstructured records are defined as information that is 
not always organized correctly—text, photographs, and 
video, for example. As a result, this form of record is not 
always ideal for memory storage. As a result, this must be 
organized to find the entities and relationships. 

 

Fig. 1 Unstructured Data Extraction and Preprocessing. 

B. Relationship extraction and recognition of named 

entities 

Entities and entity kinds are searched here; hence an 
entity may be someone, a business enterprise, or something 
else. The connection should be extracted after acquiring the 
entities and their kinds. The difficulty, verb, and item triples 
will then be produced. 

 

Fig. 2 Relationship Extraction And Recognition Of Named Entities. 

C. Knowledge graph constructing 

Entities were created as nodes, and relationships have 
been created as directed edges. The expertise graph is 
constructed and visualized with the use of SigmaJs.org. 

D. Linked prediction 
The trouble of identifying lacking relationships among 

factors in know-how graphs is referred to as link prediction. 

E. Display the new idea 

The BERT version keywords are used to arrange the 

sentence in building a new idea. 

Initially, any number of pdf research documents can be 

uploaded. The pdf files are then transformed to Markdown, 

a simple to read and write format. Then a JSON data 

structure is constructed. Finally, the SigmaJS library can 

visualize a graph of nodes and edges representing the JSON 

format. 
The node's size is proportional to how often the keyword 

is used. Unlinked nodes can be connected after visualizing 
the knowledge graph. Distances between nodes can be 
determined using the Euclidean distance formula. The 
unconnected node distances will be sorted in descending 
order. The average internode Euclidean distance of old 
interconnected nodes can calculate the time research takes. 
Ideas will be sorted based on ease of execution, domain 
complexity, and biasedness. For example, suppose new 
nodes develop while joining two significantly separated 
nodes from one another. In that case, the domain of the 
smallest node distance of new nodes will be the location of 
appearance of the novel nodes. Finally, the BERT model 
identifies a new research gap, which is the expected 
consequence of further study. 

V. RESULTS AND DISCUSSION 

After comparatively analyzing and evaluating the system 

proposed in the study with the results obtained in the related 

recent studies, one insight that kept constantly sparking was 

that the ability of idea generation and strategically thinking 

using network graphs were not dynamically able to fit in 

multiple domains as per the work reflected in 

[4],[15],[13],[16] 

Despite the fact that all of the above-mentioned studies 

used multiple methodologies in terms of achieving 

innovations, the approach used in our methodology in 

looking into the fundamental principles via a Bio Inspired 
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process ended as an added advantage in outstanding amid 

the previous work done.[17],[18] 

The outstanding contributions of D Paranyushkin has 

reflected several areas of the applications in innovation, thus 

leaving a narrow but significantly impactful research gap in 

terms of the core technology and the fundamental data 

representation & idea generation methodology.[13] 

Henceforth the results of the current study show 

significant improvements in metrics like vectorization using 

Word2Vec from 82.7% [18] to 84.2%. Similarly, the BERT 

model for text keyword analysis showed improvements 

under the context of Market copywriting data keywords with 

a tremendous improvement from 78.4% to 82.3% percent in 

accuracy [9] for a scope of 1540 keywords generated from 

research papers mentioned in the current study under the 

reference section. 

Hypothetically speaking of the result obtained as a part 

of novel contribution of this research, the digitalization 3d 

neural map model was not only able to sort out the existing 

ideas and identify opportunities for novel research, but It 

was also able to differentiate the feasible solutions with the 

difficult ones based on the proportionality of the Euclidean 

distance between the nodes. Which means implies that 

Internode Euclidean distance   time spent on work 

Based on the author profiles and the publication types 

and the complexity in the methodology, 21 research papers 

mentioned in the reference section of this paper were used, 

Where the distribution of effort was in equal amounts 

starting from 1 year literature surveys and 5-year PhD 

thesis. Averaging all the distances and canceling out the 

proportionality index resulted in a value of 3.9 years from 

average internode Euclidean distance which proves legit 

from the Bayes probability theorem.  

Although this result was not a part of the initial objective, 

the following result turned out to be a valuable research 

finding. The magic happened when dividing the most 

complex idea of connecting Eric Shea-Browns 

“Dimensionality com-pression and expansion in deep neural 

networks” [21] with Seyed Mahdi paper about sentimental 

analysis [9]. As a control method we knew the result of idea 

generation is possible only via recording brain EEG data 

and embedding them in clustered sentimental keyword 

terms, which was beautiful to see the nodes populating 

within the areas of cognitive neuroscience clusters, 

henceforth proving the assumption correct. 

 

Fig. 3 Knowledge Graph Entities Of Research Keyword Terms On 

E.D.I.T.H 

This enables authors to narrow down the scope of areas 

to explore and stick with the priorities while reducing the 

economical burden of waste of research money being spent 

when trying to work on a risky research idea. 

VI. CONCLUSION 

Speaking on a comparative basis on the current state of 

the study with the existing technologies and mathematical 

models used in the proposed system and previously 

implemented systems, It is clear that the complexities 

involved in representing the data assets or any other 

ontological representation formats other than Euclidean 

coordinate geometries are inefficient.  

Thus, the current studies' representation of knowledge 

and data context is achieved by clustering algorithms by 

plotting the data on a 3D/2D Euclidean space where the key 

terms or context are placed in relative positions in 

proportion to its proximity.  

Which provides insights to many different areas that the 

past research papers have achieved via numerous and 

complex mathematical modelings, which explains the delay 

in implementing such systems to public usage.  

The uncovered mysteries of the current study not only 

unlocks the door to the problem of generating new novel 

ideas but also lay the other foundation for systems that 

validate the feasibility of a proposed idea while providing 

insights about the time and resources required for 

implementation, on the other hand, narrowing down the path 

of focus to explore in the journey of achieving the generated 

idea, all of these achieved with just the use of 2 simple 

mathematical concepts of clustering and finding the 

proportionality to the Euclidean distances. Putting together a 

novel system to make inventions and generate ideas based 

on the core concepts of innovation developed using the 

fundamental principles of neuroscience.  
This opens many doors in solving problems of narrowing 

down the work done by researchers during the domain 
understanding phase. The cost and time of exploring outside 
areas are reduced while saving tons of money spent on 
research and, most importantly, time and energy. 
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Abstract— During one of the largest periods of 

Renewable Energy growth, the world is struck with the 

COVID-19 Pandemic. The 2020 pandemic intensely disturbed 

infrastructure throughout the world. As lockdowns and similar 

mandates became a necessity, it was unclear how the U.S 

would maintain economic strength for its people and posterity. 

At the foundation of U.S commerce and its potential for 

longevity is a crucial dependence on energy and its 

consumption throughout the world. As the global shift towards 

sustainable energy progresses, the effects of Covid-19 on the 

renewable energy sector have been substantial. It is still 

unclear what the longterm impacts of COVID-19 will be, and 

how it will continue to impact our renewable energy resources 

in both positive and negative ways, or to what extent.  

Government intervention to control and mitigate the 

effects of COVID-19 on global infrastructure impacted various 

institutions, the energy sector being of the most delicate. As 

power plants attempted to prevent the spread of infection 

throughout regional facilities, their operations slowed or 

ceased, and energy production waned. The cost of this 

disturbance within renewable energy is still unknown. This 

study is based on existing literature about this emerging issue 

and attempts to answer a particular series of questions: How 

did the COVID-19 pandemic impact the renewable energy 

supply chain, what is and will be the impact on the global 

supply and demand of renewable energy and how will these 

impacts affect the growing trend towards renewable energy?  

 

Review Process—  The review of relevant literature took place 

over the course of a three-month period in which keywords 

were used to investigate the questions posed for the research 

conclusions and analysis. Requirements for appropriate 

literature remained that they must be published scientific, 

academic, or government articles, journal entries, reports, and 

studies. A total of 11 articles were used to synthesize 

conclusions. 

 

Keywords— Sustainability, Renewable Energy, Energy Sector, 

Government, COVID-19, Wind Turbines, Solar Energy, Hydro-

Electric Energy, Pandemic, Global Energy System  
 

I. INTRODUCTION  

As demand for energy increases throughout the globe, 

governments may continue to rely on the sustainability of 

RET (Renewable Energy Technology) [1]. As more 

governments work to establish and subsidize Wind, Solar, 

and Hydroelectric power plants, global support for 

sustainable methods of Energy production increases. In the 

U. S. alone, consumption of renewable energy surpassed 

consumption of energy produced by coal in 2020, something 

that has not been seen since the mid 1980’s [2]. The 

importance of our global shift to dependence on renewable 

resources is slowly becoming less of a debate, and more of a 

firm, widespread understanding. However, COVID-19 

continues to have a significant impact on the efficiency of 

many of the worlds RE infrastructure [3]. COVID-19 not 

only reduced production of Renewable Energy Power Plants 

by disrupting the sensitive supply chain that supports the 

manufacturing, transport, and operation of RE components 

and plants, it also reduced demand for energy as a result of 

shutdowns, lockdowns, and other mitigation strategies 

implemented by global governmental bodies [4]. In order to 

gain a stronger understanding of what the outlook for global 

renewable energy consumption looks like, it is important to 

understand how some of the underlying complications of 

COVID-19 may impact future RE trends. By exploring the 

effects of COVID-19 on the renewable energy supply chain 

as well as its impact on the global production and demand of 

renewable energy, we can get a better understanding of the 

outlook of our use of renewable energy in the years 

following the pandemic. This approach is of particular 

importance as we implement global mitigation strategies to 

slow the spread of the virus 

II. BACKGROUND 

A. Impact on the Global Renewable Energy Supply Chain 

Industries throughout the world face supply chain 

disruptions as COVID-19 prevents the manufacturing and 

production of various types of machinery and important 

electrical components. Just as these industries faced 

challenges and constraints, research shows that COVID-19 

has had a significant impact on the renewable energy supply 

chain throughout the world [1] [5] [6].  At its foundation, 

the economic downturn that resulted from lockdowns, 

mitigation techniques, and disaster relief efforts, reduced 

renewable energy investments by both public and 

government sources resulting from the constraints on supply 

component acquisition by renewable energy sites. It is 

possible that many renewable energy companies may fail to 

recover from these effects, and it is likely that construction 

of new renewables sites may slow as well. For example, in 

2020, wind turbine blade construction companies LM Wind 

Power and Siemens Gamesa both reported that they will be 

discontinuing the production of Wind Turbine blades in the 

near future [7]. 

As manufacturers continue to face difficulties 

creating and transporting components such as turbine blades 

and photovoltaic panels due to government lockdowns and 

travel restrictions, the cancellation of the construction of 

Wind and Solar farm projects is increasing [6]. Similarly, 

government investment in renewable energy companies has 



Proceedings of the International Conference on Innovations in Info-business and Technology, Colombo, February 2022              77 
 

                       

decreased drastically, as countries shift their focus from the 

energy sector to public health and disaster relief funds [1]. 

According to a study by Siddique [4] in India, the world’s 

fourth largest Wind Energy Market, it is expected that 

reductions in Wind and Solar installations will reach 18%-

20% within the next few years [8]. From this research alone, 

the effects of COVID-19 on the Renewable Energy supply 

chain can start to be understood. The implications of this 

drastic reduction in manufacturing, component delivery, and 

operations reduction can be tied to a general understanding 

of what the future outcome of renewable energy usage 

might be if COVID-19 or its variants continues to spread 

[4]. 
 

Impact on the Global Supply and Demand of Renewable 

Energy Production 

As COVID-19 infection rates began to rise throughout 

major cities, governments quickly recognized the need for 

mitigation and control measures in order to prevent its 

spread. Beginning in February 2020, nearly 100 countries 

throughout Europe, Asia, and North America introduced full 

lockdown requirements for all citizens to help reduce the 

negative impacts on various types of global infrastructure 

[9]. Countries and states that were not enforcing full 

lockdown protocols implemented partial lockdowns, with 

similar intentions and similar results. Renewable energy 

sectors around the world faced commonly shared problems 

as these new policies and restrictions grew, and while the 

global supply chain faced threatening consequences, 

particularly noticeable impacts in energy supply and 

demand were observed. Research has shown a direct 

correlation between the relaxation of COVID-19 mitigation 

efforts and an increase in global energy demand [5]. 

 

Various researchers observed an early reduction in the 

demand for global energy, as the implementation of social 

distancing regulations prevented populations from engaging 

in  

otherwise energy costly activities [3]. A 2021 report done by 

the International Energy Agency showed a reduction of 

nearly 20% in the demand for electricity for every month of 

full lockdown (IEA 2021). However, despite the overall 

reduction in electricity demand, consumption of renewable 

energy increased while demand for fossil fuels declined due 

to the shift in renewable energy use [3].  

 

The reduction of energy consumed by consumer 

industries such as grocery stores, large business facilities, 

and municipal organizations resulting from strict lockdowns 

and social distancing reduced the global demand for 

electricity. However, as populations were required to remain 

at home for extended periods of time, residential energy 

consumption spiked. Renewable energy accounted for 9% of 

all residential energy consumed in 2020 and continued to 

grow throughout the lockdown months [2]. While various 

studies provide similar conclusions, a 2021 literature review 

done by Skinelyte-Butkiene found multiple discrepancies in 

internationally reported energy consumption data [10]. In 

this study, it was observed that while some countries 

throughout the globe reported increases in energy demand 

following the COVID-19 pandemic, many countries 

reported declines in demand, some varying by upwards of 

45% [10]. China, for example, experienced a decline of 

wind installation by 50% and solar PV by 25% in the first 

three months of 2020 as provincial COVID-19 restrictions 

and related labour shortages reduced construction activities 

throughout the country [2]. In the United States,on the other 

hand, renewable deployment remained largely sheltered 

from COVID-19 restrictions as policy deadlines dictate 

wind and solar PV expansions [2].  These varying results 

appear problematic in determining an accurate projection for 

the sustainability of renewable energy, however, despite 

these discrepancies, Skinelyte-Butkiene [10], Werth et al 

[3], and the IEA [9] reached unanimous conclusions 

describing the penetration of renewable energy and a decline 

in fossil fuel-based energy as a direct result of varying 

amounts of global energy consumption reduction and 

COVID-19 mitigation strategies.  

 

The effects of COVID-19 lockdown and mitigation 

strategies are complicated and difficult to assess. Different 

countries produce varying amounts of renewably generated 

energy and global reporting methods often vary as well. 

Research studies and reports are often country specific, and 

global data can be problematic when attempting to draw 

firm conclusions as the data can be difficult to acquire. This 

prevents accurate and clear results when attempting to 

identify the specific effects of COVID-19 on the global 

renewable sector. Despite these challenges, researchers have 

concluded that mitigation efforts used to prevent the spread 

of COVID-19, and a growing shift towards sustainable 

energy, directly increased the demand for renewable based 

energy sources throughout the COVID-19 Pandemic. 

III. FUTURE TRENDS IN GLOBAL RENEWABLE ENERGY 

Despite the constraints caused by the COVID-19 

pandemic, including the severe disruption of the renewable 

energy sector supply chain, the future of renewable energy 

looks promising. Supply chain obstructions continue to be 

one of the most challenging aspects of preserving the 

growth of the renewable energy industry and although there 

remain difficulties in supplying renewable energy projects 

with the necessary components for production, certain 

opportunities have arisen from the COVID-19 Pandemic. A 

2022 Renewable Energy Industry Outlook by Deloitte 

Development suggested that a developing concern for 

climate change has encouraged and reinforced the growing 

importance for renewable sources of energy.  

One of the most significant considerations in 

determining the outlook for renewable energy is the 

disruption of financial investments by governments and 

private investors [9]. The COVID-19 pandemic shifted the 

investment trends in renewable energy as governments 

allocated funds from renewable project development to 

emergency relief efforts and the revitalization of economic 

conditions [5]. Despite these uncertainties, the effects of the 

COVID-19 pandemic as well as a growing appreciation for 

environmental efforts has triggered a reduction in demand 

for fossil fuel resources, potentially opening an avenue for 

increased utilization of renewable resources [5].  

 

An additional concern for the future of renewable energy is 

the necessity for the dedicated involvement of local and 

global communities to make impactful decisions that 
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encourage the continued development of renewable 

resources [5]. As communities, businesses, and governments 

face the effects of the COVID-19 pandemic, their 

collaboration is vital to a successful transition into the 

sustainable use of energy. New regulations, policies, and 

principles will need to be developed in order to establish a 

positive relationship with renewable energy and a reduction 

in the dependence for fossil fuels. Fortunately, most 

governments around the world have remained dedicated to 

completing renewable projects that had begun before the 

spread of the COVID-19 virus [2]. Similarly, the 

distribution of stimulus packages has allowed investors to 

remain strong contributors to renewable energy companies, 

reducing the financial losses that many energy companies 

have faced as a result of the effects of the pandemic. 

Although there are undoubtedly structural, cultural, and 

policy challenges to overcome for the future prosperity of 

renewable energy, there seems to be a consensus that the 

effects that the COVID-19 pandemic has had on the world, 

may have a silver lining such as the reduction in dependence 

on fossil fuels, global reduction in carbon emissions, and a 

stronger belief that it is imperative to continue to invest in 

renewable energy [11].   

IV. CONCLUSION AND DISCUSSION 

The COVID-19 Pandemic had drastic impacts on a 

multitude of industries, sectors, businesses, and 

communities and continues to affect both national and 

international economics. The foundation of many of these 

areas of impact lies a necessity for feasible and sustainable 

sources of energy.  

Much like the effects of the COVID-19 pandemic on the 

supply chains of various institutions, organizations, and 

businesses throughout the world, renewable energy has seen 

compromising challenges in the manufacturing and 

distribution of necessary components and parts to the power 

plants that supply much of the globe’s energy. Without the 

ability to install  

new power-producing facilities, many solar, wind, and 

hydroelectric power companies are unable to continue 

construction of new energy production plants. This causes 

uncertainty in the future of renewable energy as the shift 

towards sustainable energy is still gaining its momentum. 

The  

COVID-19 pandemic has undoubtedly had a substantial 

effect on the supply and demand of renewable energy and 

has influenced the relationship between the global demand 

for renewables versus the global reliance on unsustainable 

fossil fuels. Fortunately, although overall demand for energy 

decreased as a direct result of the COVID-19 pandemic, 

studies show that renewables have an opportunity to become 

a major source of global energy as fossil-fuel reliance 

slowed in recent years.  

Lockdowns and mitigation efforts have reduced the 

need for petroleum and other fossil fuels as society 

remained indoors, refraining from using gas powered 

vehicles and utilizing other high-energy dependent 

resources. At the same time, residential energy consumption 

increased, which relies heavily on renewable sources of 

energy, increasing the use of wind, solar, and hydroelectric 

power. Although discrepancies continue to remain in energy 

consumption reporting and usage trends around the globe, 

researchers appear confident that the renewable energy 

industry took significantly less damage than fossil-fuel 

based industries. Similar optimistic outlooks are implied by 

other areas of research, including government and private 

investment trends and a global shift towards environmental 

awareness and utilization of renewable based energy. 

COVID-19 has changed the way the world understands 

renewable energy and although negative consequences have 

been, and have yet to be seen, there remains a multitude of 

opportunities and silver linings for the continued use of 

Renewable Energy.  
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Abstract— The paper explores the roles of information 

objects to support coordination in globally distributed work in 

scientific research. First, it outlines key challenges to 

coordination in globally distributed work.  Then, an empirical 

study of a globally distributed project in nanoscience is 

presented. It focuses on the practices of organizing and 

coordinating scientific research across multiple locations, 

organizations, and disciplines. The findings emphasize the key 

utilizations of the experimental protocol as a key information 

object to support the interconnection of scientific activities 

across the project.  The experimental protocol is 

conceptualized as a ‘coordinative object’ that has key 

affordances to support global coordination: interpretation, 

alignment, and boundary-crossing.  

Keywords— globally distributed projects, information object, 

nanoscience, coordination, experimental protocol, coordinative 

object, affordances. 

I. INTRODUCTION 
Work is increasingly globally distributed. It is ever more 

organized in highly-changing projects that bring together 
multidisciplinary teams of highly specialized individuals, 
often from multiple organizations, operating remotely to 
resolve complex problems [1]. This is particularly significant 
in the context of the global COVID-19 pandemic since 2020 
that has made this form of work even common. However, 
coordinating globally distributed work activities across 
complex multi-layered projects is a huge challenge. [2,3,4,5] 

The aim of the paper is to investigate and understand the 
roles of information objects in supporting coordination 
practices in a globally distributed project in the scientific 
field of nanomedicine. We begin by outlining the 
coordination challenges in complex global projects where 
partners are separated geographically, work in different 
organisations and operate in diverse disciplines. Then, we 
closely examine coordination practices in a specific globally 
distributed scientific project in nanomedicine, NanoArth. We 
identify the experimental protocol as an essential information 
object that is used by partners to interconnect and integrate 
their scientific practices. Subsequently, we conceptualise the 
protocol as a coordinative object i.e., an information object 
that can be used, designed and shaped to help achieve global 
coordination across the project. Finally, we identify three 
affordances of the coordinative object as key capabilities that 
help navigate through and address the global coordination 
challenges highlighted earlier.  

II. BACKGROUND 

Globally distributed projects refer to a complex form of 

projects that require for collaborators from cross-

disciplinary and geographically dispersed teams to work 

interdependently across organizational boundaries [1] on 

dynamic co-operative projects [6]. If global projects have 

gained increasing prominence since the advent of 

internetworked technologies three decades ago, the COVID-

19 pandemic has made them even more prevalent and 

worthy of investigation. However, organizing and 

integrating work activities across global dynamic projects 

distributed between actors who work in different institutions 

and disciplines to achieve common action present several 

essential problems. This section first reviews the challenges 

that globally distributed projects pose on coordinating work 

operations and summarizes them in tabular format. 

A. Coordination challenges in globally distributed projects 

Globally distributed projects can be essentially 
characterized as projects that are dispersed  (1) 
geographically, (2) across organizational boundaries, and (3) 
across disciplines. The challenges on coordination in these 
projects are explored by reviewing the literature along these 
three dimensions. 

1) Geographical Dispersion: A first obstacle for the 

coordination of global projects emanates from the 

geographical dispersion of activities.  The general diffusion 

and adoption of networking technologies in the past 30 

years has enabled new global projects in which actors 

conduct their activities and cooperate remotely across 

distances, typically using digital tools [1]. The challenges of 

working projects that are geographically dispersed are 

considered in the following paragraphs. 

Geographic distance has been often identified as a key 
disruptive factor on coordination. Spatial dispersion can 
restrict frequent and spontaneous communication [3,7]. Even 
though synchronous interactions can be easily supported by 
digital technologies, the effectiveness of communication can 
be diminished by the loss of contextualization [3]. For Olson 
and Olson [8], distance makes it difficult to organize 
complex work that requires multiple interactions both 
synchronous and asynchronous. Setting up such complex 
systems of interactions can be done when people share a 
same location but becomes very challenging when working 
remotely. Four factors need to be considered when 
coordinating work at distance: (1) common ground – the 
knowledge that collaborators have and that they know to 
have in common; (2)  coupling of work – the type of 
communication required and its intensity; (3) collaboration 
readiness – the extent to which the co-workers are willing to 
cooperate and share; and (4) collaborative technology 
readiness – the availability of collaborative technology as a 
shared resource [8].    

Other factors, tightly related to distance, can also come 
into play. These include time differences, demographic and 



Proceedings of the International Conference on Innovations in Info-business and Technology, Colombo, February 2022              80 
 

                       

cultural differences, organizational configurations, and 
reliance on technology [3,9]. O’Leary and Cummings [7] 
suggest there are three types of geographical dispersion that 
make the organization and integration of work activities 
problematic. If spatial dispersion diminishes spontaneous 
communication, temporal dispersion reduces the ability to 
solve problems in real-time. Nonetheless, it is 
configurational dispersion, the number of sites and their 
isolation from each other, that significantly increases the 
complexity of coordination. It makes the managing of 
interdependencies difficult [10], reduces the reciprocal 
awareness of each other’s work and increase the chance of 
conflicts, thus making the interconnection of work activities 
challenging. Malhothra and Majchrzak [1] draw attention to 
the exclusive reliance on ICT as one key aspect of 
geographical dispersion that has bearings on the alignment 
of distributed activities. Some of the negative effects can 
include a reduction of awareness [11,12] and the increased 
difficulty to establish common ground [3] i.e., the 
knowledge that co-workers have in common and that they 
know they share [4,8]. The distribution of projects across 
organizational boundaries is considered next. 

2) Organizational Dispersion: In globally distributed 

projects, actors can co-operate not only over distance but 

across several organizational units or institutions with often 

different modes of operation. This is prevalent in innovation 

projects that requires for the actions and efforts of different 

parties to be combined to resolve complex problems. 

Scientific research is a prime example as multi-institutional 

collaborative projects are actively encouraged by funding 

agencies [13,14]. 

These cooperative projects set up across complex 
organizational boundaries pose their own coordination 
challenges, beyond those of distance. Several factors can be 
responsible for hindering the alignment and integration of 
operations distributed across different organisational units. 
These can include variations in organizational structures 
[15], managerial styles [13], differences in priorities and 
levels of involvement [16], and inability to share information 
effectively [17,18]. The effects can be delays in projects 
[19], inefficiencies and a reduced success of the overall 
collaborative outcome [15].  

Supporting coordination in projects that interlink 
heterogeneous organizational units requires additional efforts 
and resources. For Cummings & Kiesler [14], it involves two 
key operational aspects. First, additional ad-hoc coordination 
arrangements need to be established to foster co-learning and 
personal interactions, such as seminars, presentations or 
workshops. Second, devising and continuously maintaining 
alternative synchronous communication channels and 
common dedicated platforms is key to facilitate and improve 
information sharing. Staffing and managerial changes may 
also need to be made to compensate for the decentralization 
and lessened control that emanate from multi-sited 
cooperations [15]. This can involve additional training to 
specifically manage this type of complex work setups [15], 
the introduction of human mediators to help align tasks and 
plans [13] or the establishment of informal hierarchy in the 
structure of groups interactions to foster better interchanges 
between the different parties (Hinds & McGrath, 2006) [17]. 

Issues of alignment of multiple perspectives in pluralistic 
contexts, in which different and dispersed stakeholders have 

different views, have also been identified [21] as potentially 
problematic. Multiple stakeholders having diverging 
perspectives can put additional pressure on collaboration and 
potentially on coordination [22,23] Closely related are issues 
of cross-disciplinarity that are explored next. 

3) Disciplinary Dispersion: Cooperators in globally 

distributed projects may work in separate and remote 

organizations but also can come from different disciplines 

and perspectives. Medical practice, emergency and relief 

and scientific research are typically areas where cross-

disciplinary projects are particularly widespread [24,25]. 

Cooperating on projects set up across disciplines and 

multiple perspectives creates another set of problems for 

coordination. Issues may emanate from differences in 

situated practices [26], the local use of representations [27] 

and pre-established epistemic cultures [28]. Knorr Cetina 

[28, p.363] defines epistemic cultures as “those sets of 

practices, arrangements and mechanisms bound together by 

necessity, affinity and historical coincidence which, in a 

given area of professional expertise, make up how we know 

what we know”. The consequences may be communication 

barriers between the different partners [29], difficulties of 

interpretating the knowledge under consideration [30] and 

ultimately issues with the integration of novel ideas across 

the diverging perspectives [31]. 

For Ben-Menahem et al. [32], supporting complex cross-
disciplinary coordination is challenging because it involves 
having to manage a key tension between formalization and 
informal arrangements. On one hand, it requires establishing 
formal structures to organize collective action in a 
controlled manner, while, on the other hand, it necessitates 
setting up informal coordinative arrangements to assist with 
the integration of disparate tasks. In fact, the authors 
advocate an integrative model in which these two facets – 
formally designed coordination structures and informal 
coordination practices – are mutually constitutive. Formal 
structures need to be set up to assist coordination by 
clustering and prioritizing interactions between co-workers 
from different disciplines and perspectives [33]. However, 
within these structures, strong efforts need to be made to 
flexibly adapt roles, redefine routines and procedures and 
reorganize interdependent activities to handle ever-changing 
interdependencies and constantly arising contingencies [34]. 

Lastly, knowledge differences have also been recognized 
as a key barrier for the cross-disciplinary coordination of 
work [5], particularly in regard to innovation work in which 
new knowledge is produced [5,35] which is highly relevant 
for this paper. Carlile [35] highlights the difficulties of and 
the needs for finding ways to support the crossing of multiple 
boundaries for knowledge creation, sharing and innovation in 
complex projects. 

B. Summary of coordination challenges  

We highlighted three dimensions to characterise globally 
distributed projects: (1) geographical dispersion, (2) 
organizational dispersion, and (3) disciplinary dispersion. 
For each of these dimensions and based on our review of the 
existing literature, we identified key challenges, as shown in 
Table 1. 
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TABLE I.  COORDINATION CHALLENGES FOR GLOBALLY 

DISTRIBUTED PROJECTS 

Dimensions  Coordination Challenges 

(1) 

Geographical 

dispersion 

Loss of contextualization [3]. 
Increased complexity of synchronous and 

asynchronous interactions [8]. 

Spatial dispersion: decrease of spontaneous 
communication [7]. 

Temporal dispersion: reduction in real-time problem 

solving [7]. 
Configurational dispersion: increase in isolation [7]. 

Reduction of awareness [11,12]  

Increased difficulty to establish common ground [3, 
4, 8]. 

(2) 

Organizational 
dispersion 

Variations in organizational structures [15]. 

Disparities between managerial styles [13]. 
Differences in priorities and levels of involvement 

[16]. 

Inability to share information effectively [17,18].  
Diverging perspectives [21, 22, 23]. 

(3)  

Disciplinary 
dispersion 

Differences in situated practices [26]. 

Variations in use of representations [27].  

Divergences in epistemic cultures [28]. 
Communication barriers between partners [29].  

Difficulties of interpretating knowledge [30].  

Issues with the integration of novel ideas across 
diverging perspectives [31]. 

Differences in knowledge [5, 35]. 

 
Having reviewed the key challenges to coordination, we 

suggest that these can present serious obstacles 
(geographical, organizational, and disciplinary) to the 
successful running of globally distributed projects. 
Defective coordination practices in such complex settings 
can lead to serious delays and potentially detriment the 
successful and timely completion of a project. Thus, it is 
necessary to find ways to mitigate these issues. We posit 
that information objects play key roles in supporting 
coordination. Therefore, understanding these coordinative 
roles in a global project can ultimately help find ways to 
improve coordination towards the completion of the goals of 
the project.  

III. RESEARCH DESIGN 

A. Data collection 

We conducted an empirical study to probe the 
coordination practices and the coordinative roles of 
information objects in a globally distributed scientific 
project. Our research design concentrated on the 
Nanodiagnostics for Arthritis project (NanoArth), a globally 
distributed European project in the area of nanodiagnostics. 
Nanodiagnostics is a sub-discipline of nanomedicine that 
investigates the use of nanomaterials (materials in the 
nanorange, smaller than 100 nm) to develop innovative 
detection methods for a range of diseases [39]. The 
NanoArth project ran for four years from 2010 to 2014 and 
developed a nanomaterial-based diagnostic tool to detect the 
molecular causes of joint disorders, such as rheumatoid 
arthritis and osteoarthritis. The tool relied on synthesizing 
SuperParamagnetic Iron Oxide Nanoparticles (SPIONs) to 
image the inflammatory events of arthritis to identify the 
biomarkers associated with these conditions. 

NanoArth was based on a consortium of 14 partner 
organizations from 7 European countries as follows: 2 
nanotechnology SMEs (Switzerland); 2 nanotechnology and 
pharmaceutical MNCs (Germany and Sweden); 2 material 
science university labs (Switzerland); 5 university research 

centers in rheumatology, and musculoskeletal biology 
(Germany, Austria, Netherlands, Sweden, and Estonia); a 
hospital imaging unit (Switzerland); a polymer manufacturer 
(France) and a nanomedical project management firm 
(Switzerland). Thus, the NanoArth project was dispersed (1) 
geographically, (2) organisationally and (3) cross-
disciplinary and provided the complex settings for our 
enquiry. 

Our empirical investigation was based on a longitudinal 
qualitative case study that took place between March 2012 
and January 2014 that and consisted of five main stages: (1) 
initial interviews and focus groups with the representatives 
of the management of the NanoArth project; (2) first on-site 
visit of the lab in Lausanne to observe the nanosynthesis, 
functionalization and toxicity testing of the SPIONs; (3) 
follow-up on-site visit to conduct additional participant 
observations; (4) remote interviews with scientific partners 
using SPIONS in their scientific work on NanoArth, and (5) 
participatory exercises with management to discuss the 
coordinative use of experimental protocols. The interviews 
were mainly semi-structured.  An interview guide was used 
in a flexible manner to drive the qualitative enquiry into the 
scientific practices of the respondents and their use of 
information objects to share experimental data and 
coordinate their activities. The focus groups were also 
loosely based on a guide that allowed the dynamic 
exploration of a multitude of possible interactions to 
generate rich data. Participant observations enabled the 
active examination of the experimental practices of the 
scientists in-situ. The experimenters were asked to verbalize 
their actions during their experiments to explain their 
actions and use of information objects. Additional 
interviews followed immediately to provide additional 
clarifications.  

To sum up, a range of techniques were relied upon to 
elicit data: semi-structured interviews, participant 
observations, verbalizations during interviews, contextual 
interviews following observations, analysis of 
documentation and different participatory activities. Overall, 
17 separate events were held to collect rich in-depth 
qualitative data. 

B. Data Analysis 

Analytically, our approach drew from thematic analysis 
[40] to make sense of the rich data collected, develop themes 
and identify meaningful concepts. 

All transcripts were run through multiple times to 

identify the sections that shed light on the design and 

conduct of scientific activities in the NanoArth project, on 

the ways they were organized across the different project 

sites, on the interactions and exchanges that occurred around 

these activities, and on the ways in which information 

objects were used to coordinate these activities. Several 

areas of scientific activities and interactions were identified 

to frame our analysis. For each of these, we closely 

examined the scientists’ work practices, their social 

interactions, their utilizations of information objects, the 

meanings they allocated to situations and the difficulties 

they encountered. Therefore, analytical focus was 

essentially on the practices adopted by scientist to organize 

and manage their scientific activities and on the ways in 

which information objects were created and modulated to 
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align and integrate these practices. Our findings are 

discussed next. 

IV. FINDINGS 

Early in our study of the NanoArth project, it became 

clearly apparent that the scientists’ global practices and 

interactions were driven and mediated by the collective use 

of a key information object: the ‘experimental protocol’. In 

essence, an experimental protocol is a written specification 

that stipulates a detailed sequence of tasks and operations 

that need to be undertaken to carry out a scientific 

experiment. It usually features equipment, reagents, steps to 

be performed, as well as sometimes additional tips or 

troubleshooting techniques. Thus, experimental protocols 

rapidly became a key focus of our enquiry and data 

collection. The next subsections explore how the NanoArth 

scientists collectively designed and maintained experimental 

protocols within and between the project sites to drive 

scientific work and to interconnect their experimental 

activities to achieve coordination across the project. 

A. Protocol as a driver for experimental co-design 

When probing distributed scientific work in the global 
NanoArth project, it became rapidly apparent that the 
protocols were used to share key information about the 
design and conduct of scientific experimental activities i.e. 
the experiments carried out by the scientists on the project.  
This was explained for instance by the Bone Biologist in 
Geneva who gave a revealing account of some of the 
interactions that took place around experimental protocols:. 

“After the first couple of meetings we started to get a 
rough idea of how we were going to put together our 
protocols for our bit of the work package. So, when we 
got back in the lab, we wrote draft versions and tried 
experimenting with them. Then we emailed them to the 
other guys, either to check things with them or just 
because they wanted to have a look at them to see how 
we were doing things.” (Bone Biologist, Geneva site) 

This showed that the protocol played a key role beyond 
just defining experimental activities, and that it was a key 
vehicle for multiple interactions between project partners to 
organize their work collectively. In fact, the protocol took 
different symbolic meanings for different people depending 
on their roles within the project. For the scientist who 
conducted experiment at the bench, the experimental 
protocol was indeed the main tool relied upon to do science. 
It is seen as a dynamic artefact, carefully designed, tested 
multiple times and continuously developed. This point is 
illustrated by the Nanoparticles Developer in Lausanne, 
when queried about how she set up her own experimental 
work during the first participant observation: 

“When I do an experiment, the first thing I think about is 
how I am going to write my protocol. I try to put one 
together and when I have a rough version, I test it in the 
lab to see if it works. Then I test it many more times until 
I get something I am really happy with. It can take a 
while and I carry on testing it and modifying it until I get 
there”. (Nanoparticles Developer, Lausanne site) 

This exemplified how, for many experimenters in the 
NanoArth project, like this Nanoparticles Developer, the 
protocol was seen as a fluid and changing information object. 
It was continuously modified and tinkered with, until it 

reached a somehow permanent state that could help capture 
the scientist latest understanding of their experimental work. 
For the scientists who worked directly with others (the vast 
majority), the protocol was viewed as an information artefact 
that captured their counterparts’ experimental practices. It 
was used to shed light on their partners’ experimental 
practices, the methods they adopted, and the type of results 
they obtained. Hence, the protocol was used support 
awareness [11, 12, 16] and the alignment of work practices. 
The Biomechanics Engineer in Berlin explained how 
accessing her partners’ protocols helped her understand their 
experimental work so that she could align her own 
investigation with theirs: 

“I wanted to find out how they imaged the mice [injected 
with the SPIONs] in Geneva. So, I asked them to send me 
their protocols so that I could get a feel of which MRI 
sequences they used. Even though it is very different, it 
helped me with developing my own MRI sequences for 
the scanning of patients’ joints.” (Biomechanics 
Engineer, Berlin site) 

This is one of the many instances in which the 
experimental protocol was used to get a snapshot of a 
partner’s scientific enquiry practices and draw inspiration 
from it. Thus, the protocol played a key role in knowledge 
creation, knowledge sharing and interpretation [5, 3, 6]. 
Referring to their partners’ protocols allowed scientists to 
develop an overall understanding of the various methods and 
techniques deployed in the co-design of experimental work 
and helped them to adapt and adjust their own work 
accordingly. This is a meaningful example of the use of the 
protocol to create a collective understanding of the 
experimental design, and thus to support key awareness. 

B. Protocol as a driver for cross-sited and cross-

disciplinary coordination 

Several instances of scientific work in NanoArth were 
globally distributed and required for experimental activities 
to be designed and conducted across sites and disciplines. A 
key revealing example involved in-vitro toxicity testing in 
the Rheumatology Department in Berlin to assess the impact 
of the nanoparticles on immune cells. This work required the 
SPIONs to be created by a complex process of nanosynthesis 
at the Material and Powder Lab in Lausanne. The following 
intervention by the Rheumatology Scientist in Berlin 
illustrates the interactions they had with their partners in 
Lausanne. 

“We had many exchanges with the [nanoparticles and 
reactor engineer] and [nanoparticles developer] in 
Lausanne to discuss the particles we needed for our 
toxicity tests on the immune cells. We put together some 
very early protocols and from these we could define and 
discuss our requirements with them for the particular 
type of SPIONs, with the right characterization for our 
toxicity tests.” (Rheumatology Scientist, Berlin site). 

The two statements below exemplify the ways the 
scientists at the research center in Lausanne linked up with 
their counterparts in Berlin and how the protocols were used 
to drive these exchanges. 

“Once we had a good idea of the specific tox[icity] tests 
they wanted to do [in Berlin] and how they wanted their 
SPIONs to do their tests, we wrote our initial production 
protocols and sent it to them [in Berlin] so that they 
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could see how we were going to synthesize the particles 
to fit in with their work” (Nanoparticles and Reactor 
Engineer, Lausanne site). 

“I asked [the rheumatology scientist] to send me his 
early draft protocols so that I could just get a feel of how 
he was going to do his tox tests and how he wanted his 
particles. I find it helps me understand what they are 
trying to do and helps me think how I can develop the 
SPIONs they want, characterized exactly as they want 
them… but it was not always possible, and we needed to 
discuss lots more we could both be happy with them and 
improve our protocols on both sides” (Nanoparticles 
Developer, Lausanne site). 

The Rheumatology Scientist in Berlin also exposed some 
of the key interactions that took place between the two 
teams. 

“In light of the many discussions we had with them… 
negotiations in a way… we were able to make good 
progress and put together decent protocols for our tox 
tests.” (Rheumatology Scientist, Berlin site). 

These accounts are enlightening in several ways. First, 
they show how the protocols were used to align the 
expectations of the scientists conducting the toxicity tests 
with what was technically feasible in Lausanne – and the 
other way around – and thus helped define common ground 
between both cooperating parties [3,4,8]. Second, the 
protocols were relied upon by each team to construct an 
understanding of the methods and techniques used by their 
partners to help drive and link up their own experimental 
design accordingly. Third, the protocol helped mediate the 
interactions between the collaborators to establish common 
ground and the alignment of practices. Finally, these 
accounts illustrate how the protocol was continuously 
negotiated and modified to reflect the changes made to the 
experimental procedures to fit in with a partner’s 
experimental activities. In fact, this process of continuing 
negotiation and experimental cross-sited design continued 
further until both parties were satisfied with the outcome of 
the collective experimental work.  

V. DISCUSSION 

This analysis has highlighted several utilizations of the 
protocol in practice i.e. as it is being developed and used in 
the context of a globally distributed scientific project. It is a 
fluid information object that continuously evolves and take 
multiple meanings to accommodate multiple perspectives 
across the project and multiple shapes as the project 
progresses. We draw on practice-based perspectives [41,42] 
to make sense of the rich data collected to conceptualize the 
experimental protocol as a ‘coordinative object’. In addition, 
we use the concept of affordances to define the key 
characteristics of coordinative objects. Affordances are 
capabilities in action assigned to an object by an to 
individual [43] and we use it as a lens to identify the features 
of  the coordinative object that can help navigate the 
coordination challenges outlined in section II. B. 

First, the experimental protocol as a coordinative object 
can help address the challenges linked to geographical 
dispersion. The analysis has shown that sharing protocols at 
all stages of their design and development plays a key role. It 
facilitates greater communication (both synchronous and 
asynchronous) between partners at different locations [7], 

support the collective solving of problems along various time 
scales [7], raise awareness of each other’s work [11, 12] and 
help find the necessary common ground to work together 
[3,4,8]. This means that, in terms of affordance, the inherent 
flexibility of the protocol allows the scientists to interpret 
and allocate relevant meaning to their partners’ experimental 
work so that to integrate it with their own practice and thus 
to support coordination. We posit it this affordance of 
interpretation that help address the issues of geographical 
dispersion particularly in relation to spatial, temporal, and 
configurational dispersion [7], awareness [11, 12] and the 
definition of common ground [3, 4, 8]. 

Second, the experimental protocol as a coordinative 
object can help manage organizational dispersion.  In the co-
conduct of scientific work, the protocol provides scientists 
with useful information on their partners’ experimental 
design to understand the partners’ expectations, negotiate 
with them and adjust their own activities to achieve 
alignment. In this sense, the protocol plays the role of a 
coordination mechanism [45] that can handle ever-shifting 
complex interdependencies by identifying and providing a 
workable set of options for coordinative actions in any 
situation. It may play the softer role of a map in a distributed 
decision-making situation and be used as a guide to 
problem-solving. It may play a stronger script-like role in a 
situation which is defined by clear sequential or temporal 
interdependencies. In this sense, we suggest that it is the 
affordance of alignment of the protocol that allows it to 
accommodate continuously emerging interdependencies 
[32] and the constant reorganization of routines and 
processes [34] and thus help address the issues of 
organizational dispersion.      

Third, the experimental protocol as a coordinative object 
can help mitigate disciplinary dispersion. The analysis shows 
that the protocol mediates the sharing of knowledge and co-
learning across boundaries that divide specialized practices 
and disciplines [26, 29]. The protocol is used to share and 
access relevant scientific information without the need to 
have a complete understanding of the knowledge of the 
partners in their specialized field [38]. Hence, we posit that 
the protocol can be seen as a boundary object i.e., an object 
that exists at the junction between different communities and 
that is used to translate ideas across boundaries [44]. 
Exchanging protocols helped reach out across sites and 
epistemic cultures [28] to define that common ground [3,4, 8] 
and ultimately coordinate practices. Therefore, we suggest 
that it is the affordance of boundary-crossing of the protocol 
that help interconnect diverging disciplinary knowledge and 
practices and thus address the challenges related to 
disciplinary dispersion. 

VI. CONCLUSIONS 

Our study contributes to Information Systems (IS) 
through an improved understanding of coordination in 
globally distributed work characterized by geographical 
dispersion, multiple organizations and cross-disciplinarity. 
Previous studies have outlined coordination as challenging, 
emphasizing the need for improved coordination and the use 
of IS in such contexts. In this paper, we outline the key 
challenge areas of globally distributed work which are: 
geographical dispersion, organisational dispersion, and 
disciplinary dispersion. Through the study of the NanoArth 
global project, we identify the experimental protocol as the 
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key coordinative object that can be used, designed and 
shaped to support global coordination. Its unique affordances 
are interpretation, alignment, and boundary-crossing. 
Ultimately, we suggest that this conceptualisation may be 
transferrable and applicable to other globally distributed 
contexts where global coordination pose essential challenges, 
such as global software development, healthcare, 
engineering, and disaster management. Our study could 
potentially help technologists design a range of key 
coordinative objects including protocols, processes, and 
Standard Operating Procedures to best support the 
coordination of distributed teams and address the dispersion 
challenges in these complex global settings. This is even 
more significant in the current context of the COVID-19 
(post-)pandemic situation in which innovative ways need to 
be found to better support distributed coordination and 
improve the completion of global projects. 
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SnoreHelp – A Mobile Application to Analyze, 

Track and Record Snoring and to Predict 

Obstructive Sleep Apnea. 
 

                             

 

 

 

 

 

 

 

 

 
 

Abstract—Snoring is a common symptom of Obstructive 

Sleep Apnea, which has become a major public health concern. 

Key problem here is the unawareness of snoring condition 

among people and the serious health illnesses it could lead to, if 

left untreated. Thus, this project aims to identify and analyze 

issues related to snoring and to design, develop and evaluate a 

mobile application for a target age group of 40 to 65 Sri 

Lankans, that would help to detect the snoring sound, provide 

recordings of each sessions and to predict OSA condition at an 

early stage in order to alleviate major health related 

consequences and development conditions of the syndrome.  

Keywords— Snoring, Obstructive Sleep Apnea, Machine 

Learning 

I. INTRODUCTION 

Sleep is an intricate process which will affect our entire 

body. Proper sleep cycle is composed of four separate 

stages, and progressing through them multiple times each 

and every night helps to restore our minds and bodies. We 

have many demands on our time like family, job, errands 

due to which we find it hard to get some time to relax. And 

to fit everything in, we often tend to sacrifice sleep. It is 

normal that we focus on how many hours we get to sleep. 

Undoubtedly sleep duration is important, but it is also 

important to focus on the sleep quality. Sleep cycles vary 

from night to night and from person to person based on 

factors such as alcohol consumption, age, recent sleep 

patterns, anxiety, stress and many more [1]. Deep sleep is 

when critical body maintenance processes occur. This is 

when habitual snoring can affect the quality of our life. 

Habitual snoring occurs in around 40% of adult women and 

57% of adult men [2]. 

II. PROBLEM DOMAIN 

Snoring is the vibration of tissues along our upper 

respiratory tract. It is a sign that the normal air flow to your 

lungs is being interrupted. This is a normal process that 

occurs during sleep. However, this becomes a serious issue 

for people with Obstructive Sleep Apnea. Males and 

females of any age can be diagnosed with OSA. The 

categories at higher risk are men over 40. But what is more 

concerning being that about 90% of affected Sri Lankans are 

unaware of their condition. It is because many don’t know 

that habitual snoring can be an indicator of developing 

serious health issues. If left untreated, OSA can increase the 

likelihood of developing health conditions like high blood  

 

 

pressure, diabetes, heart disease or stroke [3]. The below 

sections discuss the sub problems of untreated OSA.  

A. Lack of knowledge with snoring related health concerns 

OSA remains as underdiagnosed condition despite its high 

prevalence and some studies have shown that up to 90% of 

people with OSA do not get a proper diagnosis by a 

physician. It seems that the knowledge and awareness of the 

public about this condition is poor. In a study conducted to 

follow up patients diagnosed with OSA, the medical records 

of 101 patients with moderate to severe OSA were 

reviewed. In these cases, the patients should undergo special 

treatments such as CPAP. But in this review study, except 

for 3 cases, all the patients were unaware of their condition. 

All stated that they knew nothing about OSA, although they 

had experienced it for a long time. Therefore, because of the 

lack of knowledge about this condition, people are at high 

risk for adverse consequences like cardiovascular diseases 

and hypertension [4].  

 

The American Sleep Apnea Association estimates that 

38,000 people die every year from heart disease with sleep 

apnea as a complicating factor. This treatable sleep disorder 

often goes undiagnosed.  

 

B. Symptoms affecting daily routine 

Many with OSA get sleepy during the daytime. This will 

make it difficult for them to work. A 2008 train crash in 

Boston was attributed to the sleepiness of a driver who 

likely had undiagnosed OSA.  

Depression is very common in people with 

untreated OSA. Prevalence of depression in patients with 

OSA ranges are higher as compared to patients without 

OSA. 

Snoring can affect the pregnancy outcome as well 

among obese pregnant women who have OSA. Snoring 

prevalence does increase as pregnancy progresses, reaching 

up to almost 50% during the third trimester. Therefore, 

women with OSA in pregnancy are at higher risk of 

pregnancy and anesthesia related complications. In addition, 

women with OSA were 5 times more likely to die during a 

pregnancy-related admission than women without OSA [5].  

12% of Americans have filed for a sleep divorce. But not 

all these divorces are related to snoring directly. Some 

complain about their partner tossing and turning, or getting 

up frequently which are basic symptoms of OSA.  
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C. Finding treatment plan expensive and uncomfortable 

Mild OSA conditions could be treated through lifestyle 

changes. But around 35% of patients diagnosed with OSA 

have the serious form of this condition. According to their 

severity they may have to be treated by ENT surgeries when 

appropriate. The most common and effective treatment is 

the use of the Continuous Positive Airway Pressure (CPAP) 

device, which requires participation of patients in overnight 

sleep studies.  

While interviewing patients who undergo CPAP therapy, 

they reported a significant burden associated with using 

CPAP. Common sources of their treatment burden included 

attending healthcare appointments and the financial cost of 

treatment [6]. Usually a diagnosis of OSA requires sleeping 

in a lab, attached to measuring machines all night long. “It 

was expensive, hard to schedule, and usually left you tired 

the next day” says Austin Frakt who underwent the 

treatment [7]. Most of the insurance companies also don’t 

cover for sleep studies in Sri Lanka. Another issue here is 

that the treatment being uncomfortable. “It’s intrusive. Each 

night we strap on masks connected to CPAP machines” says 

Austin Frakt [7]. 

 

D. Social stigma 

Denial is the common reaction when we convey someone 

about their snoring issue. Firstly, they don’t believe and if 

they do, they would not agree that is it as bad as how we 

described. For some people it’s humiliating to think of 

themselves as a snorer. Fear of medical treatments that 

involve removing or altering tissue of the throat, invasive 

options requiring weeks of recovery time and pain 

management medications [8]. Almost half of women do not 

report their snoring symptoms often due to embarrassment.  

According to the National Sleep Foundation, snoring 

affects 90 million people of all ages and genders, with 37 

million experiencing snoring on a regular basis. Among the 

women in the study, 88% snored but only 72% reported. 

The authors of the study described the social stigma which 

is the reason for the underreporting [8]. 

 

III. LITERATURE REVIEW 

A. Importance of sleep 

Proper sleep cycle is composed of four separate stages. We 

cycle from light sleep (stages 1 and 2) to deep sleep (stage 

3) and then to rapid eye movement (REM) sleep. The stages 

of sleep cycle –  

 

• Stage 1 - NREM (Non – rapid eye movement) – 1 to 5 

minutes  

• Stage 2 - NREM (Non – rapid eye movement) – 10 to 60 

minutes  

• Stage 3 - NREM (Non – rapid eye movement) – 20 to 40 

minutes  

• Stage 4 - REM (Rapid eye movement) – 10 to 60 minutes  

 

Sleep Duration - Focusing on the duration of the sleep, is an 

important part for a good sleep pattern. The National Sleep 

Foundation recommends that older adults (age above 65 

years) should get sleep between 7 and 8 hours and adults 

(age between 18 to 64) should get between 7 and 9 hours of 

sleep. Only recently, the society has changed the way how 

the sleep is treated. Nowadays many engage in segmented 

sleep patterns. There is biphasic sleep schedule, where 

people sleep in two separate periods over 24 hours. Besides, 

we have polyphasic sleep schedule where people engage in 

three or four sleep periods per day. Mostly this could be a 

sign of sleep disorder or Alzheimer’s [9]. These changes 

come with the rapid technology advancement, where “24-

hour seven day a week” economy conversion has reduced 

the duration of sleep.  

Sleep Quality - Both sleep quality and quantity have to 

be equally balanced in order to get good rest. But certain 

studies have proven that sleep quality is more important 

while focusing on the future health. Sleeping straight 

throughout the night with minimum disturbance is better 

than having a frequently interrupted sleep for a long time.  

 

B. Introduction to snoring and related issues 

Deep sleep is a stage where we need to feel refreshed while 

waking up in the morning. This is when habitual snoring can 

affect the quality of our life. While sleeping, the muscles 

loosen contracting the airway, and while we inhale and 

exhale, the moving air causes the tissue to flutter and 

produce noise. It is actually a sign that the normal air flow 

to your lungs is being interrupted. This is a normal process 

that occurs during sleep. Some are more likely to snore 

because of the size and shape of the muscle and tissues in 

their neck. In other cases, excess relaxing of the tissue or 

narrowing of the airway can lead to snoring [10]. Snoring 

could make us wake up at night frequently, cause headaches 

and fatigue next day, have a throat irritation next morning 

and in worst cases, if breathing pauses accompanies snoring, 

then could lead to choking and chest pain. Snoring is not 

only bad for the snorers, but could be disturbing the partners 

as well. Both cannot get enough sleep and tend to wake up 

in a bad mood reporting of daytime stress, depression, day 

time sleepiness and fatigue. 

 

Snoring being dangerous or not depends on its frequency, 

type and severity.  

 

• Light, infrequent snoring is considered to be normal and 

does not require medical treatment.  

• Primary snoring occurs for more than 3 nights per week. It 

is not considered as a health concern except for any signs of 

sleep apnea.  

• OSA associated snoring is the troublesome area from a 

health perspective. If untreated, may have major 

consequences for overall health [10]. 

 

Snoring is a symptom of sleep apnea. A person diagnosed 

with this condition may appear to stop breathing for a while 

in their sleep, and then produce choking or gasping sounds. 

There are mainly two types of apneas.  

• Obstructive sleep apnea (OSA) - comprises an airway 

blockage causing repeated lapses in breath. The most 

common symptom of OSA is snoring.  

• Central sleep apnea (CSA) – a problem with the central 

nervous system that controls breathing. This type of sleep 

apnea is not associated with snoring [11]. 
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C. Obstructive Sleep Apnea and its associated risk factors 

Snoring once in a while is not considered as a serious 

problem. But this becomes a serious issue for people with 

Obstructive Sleep Apnea (OSA). For such people, they have 

more severe obstruction to their airway during sleep, 

causing breathing to stop momentarily for at least 10 

seconds and the level of oxygen in the blood to fall. Our 

brain senses this and briefly wakes us up so that we can 

reopen our airway. As a result, we may snort, choke or gasp 

for air. If the intensity is strong enough, it may even jolt us 

awake from our sleep. This can repeat from anywhere from 

5 to 30 times or even more EVERY HOUR for the whole 

night [12].  

Common day time symptoms of OSA includes 

early morning headache, excessive daytime sleepiness, 

awakening with a dry mouth or sore throat, poor 

concentration, irritability and falling asleep during routine 

activities. Common night time symptoms of OSA includes 

loud snoring, pauses in breathing, choking for air and 

restless sleep.  

 

D. History of OSA vs now 

Discovery of OSA in 1965 was the key advance in the sleep 

medicine history. Up to 1980 tracheostomy was the only 

effective treatment method for OSA. Later in 1981, 

continuous positive airway pressure (CPAP) therapy was 

marked as an important discovery. From that time, 

everyone’s understanding towards OSA has increased 

significantly, and now it is recognized as a major health 

issue. It is a common problem affecting 24% of middle-aged 

males and 9% of middle-aged females [13]. In 2014, public 

health was threatened by the increase in prevalence of OSA, 

which afflicted at least 25 million adults in the U.S., 

according to the National Healthy Sleep Awareness Project. 

During the 17-year period, OSA was noted as a primary, 

secondary, or tertiary diagnosis for 53 million visits (0.3%). 

It was observed that a 14.6-fold increase from an estimated 

4.2 to 62.7 per 100,000 visits for OSA per year between 

1993 and 2010 [14]. As of 2021, one in every 10 patients 

treated could suffer from sleep apnea. Currently there are 

many options for OSA treatment based on the severity.  

IV. METHODOLOGY 

The general methodology practiced is iterative and 

incremental development approach (IID). IID was chosen 

considering the volatile nature of the project. Initially, key 

requirements were set before implementation. However, few 

requirements at multiple stages required repeated iterations 

which was feasible as the IID approach provides an 

opportunity to iron out discrepancies and provide an 

efficient solution that matters.  Rational Unified process 

(RUP) was the appropriate development methodology 

chosen as it is inclined with IID. 

 

V. SURVEY FINDINGS 

For this research two different questionnaires were 

circulated: the snorers and snorer's bed partners/witnesses. 

Both the questionnaires were distributed to approximately 

100 participants of Sri Lankans, middle age group people 

(40 to 65 males and females). Out of those circulated, there 

were 71 responses from snorer’s questionnaires and 76 from 

bed partners’/witnesses questionnaires.  

A. Questionnaire for snorers 

Initially while focusing on the questionnaire for the snorers, 

63.4 % confirmed that they snore and 19.1 % have 

responded that they are not sure if they have the snoring 

issue.  

All snorers do not gasp or choke while sleeping. But if 

snoring is accompanied by pauses in breathing, gasping 

sounds or choking then it is more likely to be associated 

with OSA. In this survey results, 46.5% have indicated that 

they gasp or choke while sleeping which is nearly half the 

study population.  

Feeling tired after sleep can be a common symptom for 

many problems. Considering only this factor cannot be 

driven to a conclusion regarding snoring but getting 

routinely tired as majority which is 33.8% have mentioned 

should be a considerable factor. 

 
Figure 01. Symptoms of OSA (Source: Survey data) 

 

With reference to Figure 01, it is revealed that people who 

snore are likely to have at least a slight chance in dozing off 

at all these scenarios. Studies prove that people who have 

snoring issues and who are diagnosed with sleep apnea are 

likely to be sleepy during morning times. 

 

OSA increases the risk of diabetes, high blood pressure and 

heart problems. Not treating it at the right time can cause 

serious issues. In this survey results, a very small percentage 

indicate of having heart problems but 26.3% indicate having 

diabetes.  

Researches have proven that hypothyroidism condition may 

cause changes in upper airway that may lead to suffering in 

breathing. Therefore, having thyroid issues can increase the 

risk of OSA. In this survey results 28.9% indicate having 

thyroid problems. 

When alcohol consumed, muscles, brain and throat relaxes 

causing airway blockage. This makes it difficult for air to 

reach the lungs. Therefore, in order to satisfy our needs of 

the body, we tend to forcefully inhale air which causes 

vibration and snoring sounds. In this survey results 60% of 

the population consumes alcohol. 

Similarly, smoke irritates upper airways with nicotine 

withdrawal making sleep instability and snoring sounds. 

Therefore, having smoking and alcohol consumption also 

could increase the risk of OSA. In this survey results 44% of 

the population have smoking habits as well. 

 

Regarding a question which was asked about the reasons for 

not seeking help for snoring issues, majority which is 51.4% 

have stated that they have not considered in consulting a 

doctor for treatment. In the reasons below, highest count 
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says that they don’t think that snoring is a serious issue 

which was identified as the main problem (unawareness of 

snoring condition). Secondly many find the treatment plan 

too expensive and thirdly social stigma. This question was 

highlighted in order to map the connection to the main and 

sub problems and hence proved valid. 

 

B. Questionnaire for bed partners/witnesses 

While focusing on the questionnaire for the bed 

partners/witnesses, 72.4% have confirmed that their partners 

have snoring issues and 11.8% is not sure of the difference 

between snoring and loud breathing. Under those who said 

yes, 78.4% fall under the age group of 40 to 65. 

Two questions were asked to indicate the sleep quality of 

snorers’ and the bed partners’ in order to drive conclusions 

regarding snorers sleep quality and how the bed partner’s 

sleep is affected as well. Half of the bed partners suggest 

that they have good sleep and 13.2 % complains of poor 

sleep. Whereas they indicate that half of the snorers have 

average sleep quality and 19.7 % with poor sleep quality. 

55.3% have responded that their partner feels asleep easily 

during the day. All these are basic symptoms of having 

sleep apnea.  

Disrupted sleep because of snoring is the reason for morning 

headaches. It stops breathing many times throughout the 

night. Headaches due to sleep apnea generally lasts for 

about 30 minutes. In this survey, 48.7% complains of 

headaches while waking up which is nearly half of the 

sample population.  

Overweight and sleep apnea have a deep connection. In 

overweight people, fat deposits in upper respiratory tract 

decreasing the muscle activity leading to snoring episodes. 

Increase in weight can create snore episodes, lead to sleep 

apnea and also increase risk of sleep apnea by many times. 

Even a 10% weight gain can cause a six-fold increase in 

OSA risk. In this survey, results show that 51. 3% are 

overweight. 

 

 
Figure 02. Sleep habits of snorers (Source: Survey data) 

 

With reference to figure 02, majority states that sometimes 

the habits disturb them while sleeping. 22.4% states that 

they get disturbed always. Out of the sleeping habits, 

snoring seems to be as the major disturbance (77.6%), 

waking up often (51.3%) and restless (47.3%) is also as 

equally as disturbing. 

 

Thus, the research findings have confirmed that 

unawareness is the main reason behind many not 

undergoing any treatments in related to snoring and the 

other factors mentioned in the problem domain also equally 

contribute to this issue. Furthermore, how technology could 

solve this problem has been researched and showcased in 

section V. 

 

VI. SOLUTION 

This section brings forth the solution framework for the 

concerns identified above. A mobile solution is to be 

implemented using machine learning to predict OSA. 

Functional requirements and non-functional requirements 

were elicited, prioritized using Moscow rule in order to 

identify the most important functionalities, then designed 

with UML diagrams such as use case diagram and activity 

diagrams, which was then followed by system mockups that 

were sketched using Figma tool and all the above were 

documented.  

 

The features of the application are: record snoring sound, 

provide recordings of all sessions, provide snoring statistics, 

providing recommended lifestyle changes, users will have 

an option of selecting the treatment or lifestyle changes they 

have undergone and snoring statistics will be provided based 

on their treatment to see if any changes are recorded, get 

connected to professional ENT surgeons and sleep centers 

through audio and video call options, providing a detailed 

report of the snoring analytics which can also be shared with 

their preferred doctors through the application, get 

personalized recommendation from doctors, system will 

track the status of users and if any users are in need of 

treatment, then the system itself would recommend relevant 

options or list of doctors to consult, user can get 

automatically directed to channeling links of hospitals and 

also predicting OSA based on risk level. 

The key features are highlighted below. 

A. Record snoring 

 
Figure 03. User Interface of     Figure 04. User Interface of  

 Steps to start recording           Sleep inducing tracks              
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Figure 05. User Interface of        Figure 06. User Interface of  

    Initial recording page                  Main recording page     

           

The main feature of SnoreHelp is to record the snoring 

sound during the whole night. Before starting to record, user 

will have to fill a few necessary steps which is depicted in 

figure 03 above.  

1. SnoreHelp gives a certain time limit for the user to fall 

asleep. The default time limit set by the application is 20 

minutes. The user can also change the time according to 

their sleep schedule.  

2. SnoreHelp has an option of selecting sleep inducing 

tracks that will help the user fall asleep. Detailed frame is 

shown in figure 04 above. There will be a set of tracks for 

the user to select or if they do not wish to, then they can 

switch it off as well. This will be played till the recording 

starts (default; 20 minutes). Once the recording starts, it will 

be switched off automatically. 

3. SnoreHelp will give an option of either to capture the 

recording for full night or capture only the snoring part.  

 

Once these are filled, initial recording screen will appear 

which is shown in figure 05. After the given time limit, 

main recording screen will appear as shown in figure 06. 

For the snore statistics to be calculated, the recording has to 

be taken for at least 45 minutes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 07. User Interface of 

Recordings 

 

The recordings will be displayed as shown in figure 07 

above. Recordings can be generated day wise, monthly as 

well as yearly wise. Each recording has an option of 

playing, sharing and deleting. Sharing option will direct to 

the professional they have been connected to. 

 

B. Generating statistical reports 

           
Figure 08. User Interface of       Figure 09. User Interface of   

 Snoring statistics                        Snoring analytics report   

 

Figure 08 shows the UI of snoring statistics that is produced 

after a recording is taken. This will show the user a 

complete graph of the whole night recording, with 

indications as snoring being quiet, light, loud or very loud. It 

also shows the score which is calculated using the average 

volume and the total duration of suspected snoring episodes 

during a night. The recorded duration and the recorded snore 

duration will be displayed.  

Below there are two options as treatment and lifestyle 

changes. Here the user could click on the treatment option 

and select the treatment plans they are undergoing (mouth 

piece, side sleeping, anti-snore pillow etc.). 

Similarly, the user could click on the lifestyle changes 

option and select any (weight, alcohol, fasting, smoking 

etc). 

 

Figure 09 shows the detailed analytics report. Here the user 

could select a time period (minimum one week) and see the 

changes. It displays the number of sessions taken within that 

period, score summary displays the snore score per each day 

in a bar graph, clicking on daily scored directing to the 

snoring statistics interface as shown if figure 08 and clicking 

on scores after changes will display the scores in a bar graph 

differentiating as in before treatment and after treatment/ life 

style change. 

VII. GAP ANALYSIS 

There is no mobile or web application developed in Sri 

Lanka yet for this research. While focusing on the global 

solutions, the majority of the applications have common 

features like tracking the snoring sound, viewing summaries 

and recommending lifestyle changes. While concentrating 

on the uniqueness of SnoreHelp, this mobile application 

includes features like getting connected to professional ENT 

surgeons and sleep centers, get personalized 

recommendations from doctors and get automatically 
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directed to channeling links of hospitals. In addition to 

these, the main uniqueness is predicting OSA based on risk 

level. Though much research has been conducted regarding 

using machine learning and IOT approaches for this 

prediction, there is no global application yet with this 

feature in it. 

VIII. DIRECTION FOR FUTURE WORK 

The main concern here is the unawareness of snoring 

condition among people and the serious health illnesses it 

could lead to, if left untreated. Therefore, the significance of 

this project is to record the snoring using a mobile 

application and to predict OSA condition at an early stage. 

 

In addition, as a future advancement, an IOT device is to be 

developed in order to record the snore sound and share the 

recordings to the mobile application so that analytics report 

could be generated in the mobile application. This will be 

useful for those who find it uncomfortable having their 

mobile phones beside them while sleeping. Therefore, 

SnoreHelp will have both the features of using mobile 

phone to record as well as an IOT device so that users could 

choose their preferred option.  

IX. CONCLUSION 

Snoring is a serious health concern where only a handful of 

research has been studied in Sri Lanka due to the lack of 

attention. As a result of this study, it is proven that majority 

of the random sample population is facing this health 

concern but not ready to seek help due to lack of awareness.  

 

This paper outlines the causes and implications of untreated 

snoring and thereby propose a solution which is a mobile 

application. This application helps users to record snore 

sound, predict OSA based on risk levels through machine 

learning, display sleep summary, view analytics report and 

assist users in engaging with doctors as core functionalities. 

IOT device to be implemented in future for better user 

experience.  
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Abstract— Over the decades, the need for recording and 

examining pregnant women's medical records has been 

emphasized since they are crucial in calculating the country's 

maternal mortality rate. Among the several perceived 

challenges confronting private healthcare institutions in Sri 

Lanka is the fact that many of them continue to maintain 

medical records on paper. Numerous issues develop when 

medical records are maintained on paper, including 

inaccuracies and a significant lack of information, such as 

misplaced medical records, excessive use of paper and other 

stationary materials that are not ecologically friendly, and a 

lack of updated medical files. The project was undertaken to 

ascertain the difficulties associated with the patient record 

management system at a Sri Lankan maternity care center and 

to then develop, build, and assess an information management 

system that would benefit both medical workers and pregnant 

patients. The project was created in stages, each step using an 

agile structure. The web-based prototype was created to 

minimize the problems involved with maintaining paper 

medical records for hospital personnel and patients receiving 

maternity care. An automated diet recommendation algorithm 

was developed to provide nutritional recommendations based 

on a patient's calcium, iron, and folate levels, three of the most 

frequently examined micronutrients during pregnancy to 

guarantee the mother's and infant's health and safety. It was 

included in the programme as a feature that sets it apart from 

similar solutions. A machine learning algorithm will be 

implemented in the future with the data gathered from the 

rule-based model to train the algorithm. 

Keywords— Paper based Medical Records, Electronic 

Medical Records, Maternity Care, Dietary Recommendation 

I. INTRODUCTION 
One of the current issues confronting private healthcare 
providers in Sri Lanka is that most still keep medical records 
on paper. According to [1], the lack of completeness and 
accuracy in patient records might compromise healthcare 
continuity. Furthermore, the problems created by poor 
medical record quality might fall on patients and healthcare 
practitioners, particularly those in maternity care. [2] 
highlights that low-quality healthcare records might make 
collecting data on maternal morbidity difficult. Aspects that 
contribute to the issues caused by utilizing paper-based 
record systems have been detailed as below :- 

• Patient Errors  

o Patients can face situations of misplacing their 
medical records due to unforeseen incidents or 
disasters [3]. 

o Misuse of medical information due to lack of security 
where patient information can be stolen when limited 
security of patient files is available [4]. 

• Excessive use of high costing stationary products 

o Stationary products used to produce medical files such 
as paper and x-ray films can be costly [5]. 

• Lack of complete medical information 

o Patients and clinical staff may face difficulties in 
keeping an organised folder of reports received from 
many clinics of the healthcare facility 

o Failure to update the medical records can result in 
putting the patient’s health at risk as well as the 
reputation of the healthcare facility [6]. 

• Inefficiencies in clinical workflow  
o Waiting times can be prolonged when receiving 

reports or attending appointments due to inefficiencies 
in paper-based record systems [7]. 

o Due to the poor quality of paper-based patient records, 
it can lead to unnecessary repetitions of medical tests 
[1]. 

o Patients sometimes neglect consultations owing to a 
lack of reminders, which may hamper the healthcare 
professional's ability to evaluate their health. The 
medical test findings may become obsolete or 
incorrect after consulting the healthcare professional. 
[8]. 

o due to different layouts of the paper-based records, 
extra time is taken in receiving the necessary 
information of the patient [9]. 

• Lack of storage space for patient files  
o Excessive use of stationary products used for medical 

files can cause limited spaces in file storage rooms of 
the healthcare facility [9]. 

Each of these factors prove that a solution is required in 
hopes of reducing the impact of the issues faced by patients 
and private healthcare facilities when using paper-based 
records. 

II. LITERATURE REVIEW 

A. Introduction to Digital Health  

Digital health is defined as “the use of information and 

communications technology in support of health and health-
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related fields” as stated by [10].The concept of digital health 

was first introduced in the early 1950s when early versions 

of computers were used in support of corporate processes in 

many industries as mentioned by [11].The evolution of 

digital health has resulted in numerous advances in 

numerous areas of healthcare worldwide. As stated by [12], 

the vision of introducing a digital health strategy is to 

improve health for everyone, everywhere by accelerating the 

development and adoption of digital health solutions to 

prevent, detect and respond to epidemics and pandemics, 

developing infrastructure and applications that enable 

countries to use health data to promote health and well-

being. Digital health has grown into a variety of fields of 

healthcare technology, including wearable devices, 

telemedicine, and assistive technologies. 

B. Sri Lankan Health Sector 

In Sri Lanka, the healthcare sector is divided into two 

categories: the public sector and the private sector. In 

the private sector, about 60% of outpatient care is 

provided while 10% of inpatient care is provided. In 

the public sector, around 90% of inpatient care is 

provided while 40% of outpatient care is provided as 

outlined in [13]. In relation to the public sector, there 

have been digital health initiatives such as HHIMS where 

patient records are being stored digitally, provided the 

results of improving the quality and efficiency of looking 

after patients in the service delivery of the Sri Lankan public 

health sector [14]. 

C. Patient Records 

Patient records are a vital segment in healthcare where it 

describes the necessary details about the “patient’s history, 

clinical findings, diagnostic test results, pre and 

postoperative care, patient’s progress and medication [2]. 

The importance of good health records has been expressed 

in many aspects of healthcare such as proper examination of 

the patient, medical research for future development of 

medical treatments and statistical studies of patient 

demographics and medical conditions [2]. When patient 

records are not maintained properly, it can make several 

impacts on the patient’s health. Such impacts can be 

misleading of information to healthcare providers and 

patients, redundant repetition of tests and leading to serious 

events that could risk the patient’s health [1]. Therefore, it is 

highlighted that the maintenance of the medical record is 

important to both the patient and the healthcare facility. 

D. Inefficiencies in paper-based health records 

Initially, most healthcare facilities have used paper based 

medical record systems to manage patient records before the 

digital intervention. Although it has provided some benefits, 

having paper-based systems can bring defects to the quality 

of patient care. While the majority of private sector hospitals 

have integrated digital applications into their business 

processes such as billing and inventory management, 94.4% 

of private healthcare facilities in Sri Lanka continue to use 

paper-based patient records as stated by [15] in Fig. 1. 

 

 

 

 
 

Fig. 1. Record Systems regulated by private healthcare facilities in Sri 

Lanka 
 Due to recent events of the pandemic of COVID – 19, [16] 

has stated that handling paper-based files can be another 

method of spreading the virus since it is exchanged many 

times among clinical employees which proves that having 

paper-based systems for patient records can be an 

inconvenience. 

E. How Maternity care can be affected 

Due to ineffiencies caused by applying paper-based systems 

for patient records, it can make an impact on patients, 

specifically those who are receiving maternity care. 

Maternity care or antenatal care is defined as “the care given 

to pregnant women in order to have a safe pregnancy and a 

healthy baby”. The period of maternity care for a patient is 

commonly 40 weeks where low risk patients have to make 

clinical visits during each trimester of their pregnancy. 

According to [17], the following information is obtained 

from the patient at the first clinical visit in order to build 

their health profile : 

• Personal History  

• Past and Present Medical History  

• Family History in medical terms 

• History of the present pregnancy  

• Past Obstetric/Neonatal History and Interventions  

• Perinatal complications and events in past pregnancies 

During each clinical visit, the basic health assessments 

which are performed in a routine manner are stated below: 
 

TABLE I. ROUTINE HEALTH ASSESSMENTS 
 

Type of health 

assessment 

Purpose 

Weight To record and monitor the weight gain during the 

pregnancy 

SFH - Symphysis 

fundus height 

To measure and monitor the abdominal region of 

the patient during the pregnancy 

Gestation To record the age of the pregnancy in terms of 

weeks 

Blood Pressure To measure and monitor the systolic and diastolic 

pressure of the patient during the pregnancy 

Urinalysis To test and monitor the glucose and protein levels 
throughout the pregnancy  

FHR – Fetal Heart 

Rate 

To auscultate and monitor the heart rate of the 

fetus starting from the 3rd week of the first 

trimester 

FM – Fetal 

Movement 

To monitor the fetal movement starting from the 

3rd week of the first trimester 

Presentation of 

Infant 

To assess and monitor the position of the infant 

where the inspection starts in the middle of the 
second trimester. The positions can be indicated as 

Head/Cephalic, Breech or Transverse 

F. Factors that impact the Maternal Mortality Rate 

To minimize pregnancy-related fatalities and illnesses, 

WHO has produced a set of antenatal care guidelines that 

emphasize adequate patient care for antenatal patients [10]. 

One of the factors that might affect the quality of prenatal 

care is the use of paper-based medical records. Statistical 

research is challenging with paper-based medical records, as 

indicated in [18]. Furthermore, complications in pregnancy 
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or delivery are often caused by serious medical disorders 

such as heart disease and liver illness, which are considered 

to be the primary causes of maternal mortality in Sri Lanka. 

60% of maternal fatalities are caused by pregnancy-related 

illnesses [19]. One of the key contributors to these serious 

health issues is insufficient monitoring of food consumption 

and its effect on the patient's health [20]. The guidelines 

published by [21] suggest that antenatal patients must be 

well nourished to preserve their own and the infant's well-

being. 

G. Importance of Nutrition in Pregnancy 

For the patient to maintain their health throughout the 

pregnancy, a range of health micronutrients with specific 

ranges have to be monitored in order to ensure a successful 

birth from the patient mother. The most common 

micronutrients that have to be monitored throughout the 

pregnancy along with their ranges and rationalizations 

which are: 

• Calcium levels - 8.5 to 10.5 mg/dL [22]. Calcium is a 

necessary micronutrient for both the pregnant woman 

and the growing fetus. Calcium is essential for bone 

development, normal circulation, and muscle function, 

as well as the production and maintenance of healthy 

teeth, which explains why the body's calcium 

requirement increases during pregnancy [23]. 

• Iron/Haemoglobin levels – 12 to 16 g/ [24]. Iron is 

required for foetal development, placental growth, and 

maternal red blood cell mass increase. Fetal iron 

demands are raised in late pregnancy, making iron 

shortage a frequent risk factor. Shortage has been 

associated to premature birth, low birth weight, iron 

insufficiency, memory and brain dysfunction [25]. 

• Folate levels - 2.7 to 17.0 ng/mL [26]. Folic acid is a B 

vitamin required for the creation of DNA, the major 

component of all cells. Folic acid supplementation is 

critical in the first three months of pregnancy and the 

first three months afterwards to avoid neural tube 

defects. During the first weeks of pregnancy, the fetus's 

brain develops. At this stage, a weakness in a few cells 

becomes a system problem. A defect in the neural tube, 

which grows into the brain and spine, may cause 

sickness, disability, or death of the fetus [27]. 

H. Recommendations using rule base approach 

The rule-based approach is generally known as the simplest 

form of machine learning where a set of rules is instigated 

as a condition or several conditions and if the input value 

satisfies that condition, it will perform the function defined 

in that condition. If-else-then expressions are used to 

express the rules. Since the rule is only applicable until its 

condition is met, an individual rule is not a model in and of 

itself. As a result, a rule-based machine learning algorithm 

usually consist of a series of rules that constructs in the 

completion of the prediction model [28]. Certain modelling 

approaches such as neural networks and decision support 

systems are more difficult to comprehend than rule-based 

systems. In certain cases, a rule-based approach is well 

applied to situations with lower data quantities and a fairly 

straightforward set of rules [29]. The rule-based approach is 

usually taken as a way to create new datasets that can be 

used   to train machine learning models where it would not 

have to depend on a set of rules to carry out the functions. 

III. SIMILAR WORK 

A. Similar Application – HHIMS 

Over the years, the Information and Communication 

Technology Agency of Sri Lanka had introduced Hospital 

Health Information Management System where it consists 

of subsidiary systems such as Electronic Medical Record, 

Patient Admission, Appointment and Queue Management, 

Pharmacy Stock management and many others to the public 

health sector of Sri Lanka [14]. It resulted in successful 

preliminary instigations in several state sector hospitals such 

as the National Hospital of Sri Lanka-Accident Service, 

Avissawella Base Hospital, Dompe District Hospital, 

Panadura Base Hospital and Ampara General Hospital [14]. 

The system was then expanded to many other public sector 

hospitals, resulting in an increase in the quality and 

efficiency of patient care in the Sri Lankan state health 

sector. While it has shown significant advantages, it can 

only be utilized by clinical personnel since it lacks a patient 

viewpoint. Patients are unable to access or get appointment 

reminders. Only the addition of diagnostic exams, diagnosis, 

and medications provided in accordance with the patient's 

profile may be altered. Certain aspects of the patient's 

demographic profile are irreversible. 

B. Similar Applications – Athena Health and 75 Health 

Features of global applications like Athenahealth and 75 

health are used in various areas of patient care. Both apps 

allow users to make appointment reminders and browse 

doctor/specialist profiles from their perspective. There are 

only a few limitations with these applications, such as 

Athenahealth's complex user interface and 75 Health's 

inability to read doctor notes. 

IV. PROJECT OBJECTIVE AND METHODOLOGY 

The main objective of the overall project was to analyse the 

inefficiencies in the current patient medical record 

management of a maternity care hospital in Sri Lanka and 

design, develop and evaluate an information system that can 

improve the electronic medical record management of the 

doctors/specialists, hospital staff members as well as the 

patients of the hospital. A high-level architecture of the 

system is displayed in Fig 2 as to provide an overview of the 

major components and how they are required to function 

together as a web application.  

 
Fig. 2 High-level architecture 
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After following an evaluation of the solution's architecture, 

it was determined that the agile methodology would be 

suited as the general approach due to the following reasons : 

• It encourages adaptability, which is beneficial given 

the difficulty of arranging meetings with healthcare 

providers and conducting surveys. Due to the agile 

methodology, it was simpler to accomplish these 

tasks, gather requirements, and alter them over time. 

• The technologies and resources used by the project 

could not be collected instantaneously and had to be 

studied and acquired through the duration of the 

project, so the agile approach was optimal. 

 

It was decided that agile methodology would be best suited 

throughout the course of the project. the reason of following 

the agile methodology for the project management and 

software development approaches would be as follows: 

• Changes to the project were accepted over the course 

of the period of the project's conduct, which provided 

an opportunity for the study to be conducted in 

compliance with the project goals. 

• The design, development, and user testing phases of 

the project were designed to be flexible while 

fostering a more fundamental approach to the project's 

development. 

V. DESIGN AND IMPLEMENTATION 

When it comes to designing the user interface for the 

proposed solution, careful consideration is needed since it 

will be used by both medical and non-medical stakeholders. 

As a result, it was established that the interface should be 

presented as a combination of basic and minimalistic themes 

to seem user-friendly, as the programme is intended for 

usage by patients, medical workers, and hospital 

administrators. 

The technologies that were utilized in the development of 

the web-based prototype were as follows:- 

• The programming language of JavaScript which was 

used to build the web application. 

• The Nuxt.js and Node.js frameworks used to build the 

frontend and backend apps. Nuxt.js was best used for 

constructing Vue applications using the Vue.js 

framework and offering a solid structural architecture, 

while Node.js was best used for scalability and 

efficiency. 

• The programming language of Python to build the 

rule-based algorithm of the web application. 

• The Flask Framework and REST API were integrated 

as to provide the communication between the frontend 

and backend applications where the information is 

retrieved, created, updated, and removed from the 

database. 

• The database management system of MySQL was 

employed in storing all the information retrieved from 

the application in creating, getting, updating, and 

deleting information if needed. 

 
TABLE II. NUTRITION GUIDELINES FOR THE RULED 

BASED APPROACH 

The rule base that is stated from the table above is 

personalized diet recommendations based on the ranges of 

the micronutrients which are calcium, iron, and folate. Each 

micronutrient has been broken down into three rules each 

along with their status which has been derived from the 

Literature Review.  If the input value meets the criterion of 

low, the diet recommendation is to increase consumption of 

the foods listed to bring the patient's levels back to normal. 

If the input value is within the predicted range, the patient 

will be advised to consume from the list of healthy items 

shown. If the input value is high, the diet prescription is to 

minimize the intake of the foods indicated to bring the 

patient's levels back to normal. The food suggestions were 

obtained from [30].The rule-based approach was utilized to 

assess all potential outcomes for each condition across 27 

diet groups of three. Input values for calcium, iron, and 

folate would be evaluated for condition and status, and if 

fulfilled, would indicate the diet group recommendations for 

the three micronutrients for which the input value was 

within its range. From the outlined rule-based approach, 

datasets can be constructed to develop and train a machine 

learning model capable of performing sentiment analysis on 

the data derived from patients' test results without relying on 

a set of rules. 

VI. RESULTS AND DISCUSSION 

As the successful result of the implementation of the 

prototype, the first task was to completely register a patient 

into the system. Personal details such as Name, Age and 

Spouse details of the patient are entered by the receptionist 

in order to create an account for the patient as shown in Fig. 

3. After registering, the patient will obtain the login 

credentials such as the email address and password from the 

receptionist so they can access their account 

Micronutrient Rule Status Diet recommendation 

Calcium 
(mp/dL) 

X<8.5 Low Increase intake of beans, 

almonds, cheese, and spinach  

8.5<=

X<=10
.5 

Normal Here are some healthy 

suggestions which are eggs, 
sweet potatoes, salmon, and 

yogurt 

X>10.5 High Reduce intake of coffee, ice 
cream, and pudding 

Iron 

(Hemoglobin) 

(g/Dl) 

Y<12 Low Increase intake of broccoli, 

pasta, raisins, and prune juice 

12<=Y

<=16 

Normal Here are some healthy 

suggestions which are bread, 

limes, chicken, watermelon 

Y>16 High Reduce intake of alcohol, 

coffee, and beef liver 

Folate 

(hg/mL) 

Z<2.7 Low Increase intake of asparagus, 

beetroot, papaya, and egg yolk 

2.7<=Z

<=17.0 

Normal Here are some healthy 

suggestions which are 

bananas, potatoes, orange 
juice 

Z>17.0 High Reduce intake of alcohol, 

overcooked vegetables 
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Fig. 2. Registering a patient for the first time 

 

 

A patient's doctor/specialist can log into their account and 

select the patient who has just registered to finish the 

registration process by inputting the neonatal history, 

medical and general history, family history, and any 

additional details about the patient. The doctor can then 

record the patient's first visit by giving the essential 

information is the patient's weight, SFH, gestation week, 

FHR, blood pressure, patient’s protein and glucose levels 

as well as the infant's presentation. Essential information 

is recorded and graphed during each clinical appointment 

in accordance with the optimum ranges shown in Fig.4 . 

To see the patient's pregnancy progression, the 

doctor/specialist could use this feature instead of going 

through several paper-based clinical visit records. 

Comparing these graphs to ideal graphs could help 

doctors make better medical decisions. 

 
Fig. 4. Viewing Patient Graphs 

The diet recommendation feature, which is powered by a 

rule-based machine learning algorithm, is accessible to 

the doctor. It allows the doctor/specialist to choose the 

patient's name, and if the patient's laboratory tests for 

micronutrient levels of calcium, iron/haemoglobin (from 

the whole blood count test report), and folate are finished, 

it will be displayed as such. As indicated in Fig. 5, the 

doctor/specialist may share the findings with the patient, 

who can view the diet advice in the Diet 

Recommendations tab. 

 
Fig. 5. Diet Recommendation Results 

The rule-based algorithm assesses the possibilities of each 

outcome that has derived from the laboratory test reports. 

For example, if the calcium, iron, and folate levels of the 

patient are 11.5, 10. And 5.7 respectively, Diet Group 21 

that is shown in Fig. 6 which is derived from the 27 diet 

groups would display as the result indicating the calcium 

levels are high, the iron levels are low, and the folate 

levels are normal along with their food recommendations 

as shown in Fig. 5. 

 

 
Fig. 6 Code screenshot of details for Diet Group 21 

Communication between the application and the rule-

based algorithm was supported using the Flask API. It 

would transfer the data entered from the application to the 

rule-based algorithm depicted in Fig. 7 and then return to 

the frontend, which would represent the correct diet 

recommendations based on the extracted values from the 

laboratory test results. 

 
Fig. 7 Code screenshot for Flask API 

 

VII. CONCLUSION AND FUTURE WORK 

Testing was done to evaluate which methods worked best 

for maternity records. Research was done to identify the 

right diets for each requirement as well as to 

accommodate all functions. This is evident during user 

testing, with reference evaluators remarking on its use for 

preserving medical data. It also aids in prenatal research 

and preserves medical information for both staff and 

patients at the maternity facility. Due to the prototype's 

preliminary phase, enhancements that will be made to the 

application to increase the usability in the future has been 

recognized as follows 
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• A mobile application version of the software will be 

launched as a significant improvement, emphasizing 

the solution's usability.  

• As connected medical devices become more 

prominent, blockchain technology will be utilized to 

sync them to the patient's medical records. By using 

blockchain, it is also possible to increase the security 

mechanisms in place to protect a patient’s health 

data, eliminating one of the issues stated in the 

Introduction about the use of paper-based record 

systems. 

• The application will be able to provide food recipes 

or menus that are more focused on optimizing the 

patients' individual dietary levels and health 

conditions such as diabetes, while still considering 

the patients' conditions such as allergies. 

• A chatbot will be launched for the patient to improve 

their user experience, acting as a helpful interactive 

guide for patients who get into difficulties when 

managing their own records. 

• A kick count chart will be included as a function to 

allow the patient to monitor foetal activity during the 

second trimester and into the final weeks before 

labor. This chart can be viewed by the 

doctor/specialist to track the fetus's growth. 

• A multi-language feature will be added to enable 

registered members to switch between Sinhala, 

English, and Tamil in their accounts, as the prototype 

is currently only available in English. 

• Additional sections of the patient visits will be 

devoted to monitoring pregnant patients who are at 

risk for developing high-risk clinical problems such 

as gestational diabetes and eclampsia. 

• The programme will soon include an online prenatal 

class option to aid patients throughout pregnancy, 

ensure a healthy delivery, and increase patient 

convenience. 

Despite the prototype's shortcomings, the solution solves 

the major components of registering and preserving 

important medical information for all pregnant women. 

The author achieved the project's goal while improving 

and obtaining new skills and knowledge. In the final stage 

of the application, future updates and enhancements 

should be considered. 
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Abstract— The factors behind the purchase intention of 

organic food have been identified as subjective norms, 

attitudes, perceived behavioral control, health consciousness, 

and environmental concern. Premium prices for organic foods 

are sometimes considered the main reason for not developing a 

positive buying intention. Given the lack of research attention 

on the impact of price, this study is conducted to assess the 

impact of Factors that Influence Organic Food Consumer 

Purchase Intentions in Sri Lanka: With the Mediation Effect of 

Prices. The data was collected from a sample of over 250 

participants who live in Colombo and are aware of / or 

purchase organic food using systematic random sampling. The 

findings of the research concluded that there were strong 

positive relationships between subjective norms, attitude, 

perceived behavioral control, health consciousness, 

environmental concerns, and organic food purchase intention. 

Moreover, it can be concluded that the relationship between 

influencing factors and organic food purchasing intention is 

highly mediated by the price. 

Keywords— Organic food, price, theory of planned behavior, 

purchasing intention, environmental and health consciousness 

I. INTRODUCTION 
Currently, most people dream about the healthiness and 

environmental friendliness of food. Hence the organic food 
consumers are increasing, and the sector is now growing fast. 
However, still Sri Lanka does not have enough supply for the 
demand of organic foods [25]. Premium prices for organic 
foods are sometimes considered the main reason for not 
developing a positive buying intention. This study is 
conducted to assess the factors that influence organic food 
purchasing intentions in Sri Lanka with the mediating effect 
of prices to fulfill the requirement of the lack of research 
attention and manufacturers to understand what the 
consumer needs. 

II. RESEARCH GAP 
Studies have been conducted to identify the factors 

influencing the organic food purchase intentions with the 
mediating roles of, environmental concerns, health 
consciousness, food safety, consumer attitudes, awareness, 
and sustainability in the local and global study contexts 
[20,22,25,26]. However, inadequate consideration has been 
paid for the mediating role of price in the Sri Lankan study 
context [13,6] 

III. RESEARCH QUESTIONS AND OBJECTIVES 
Based on the research gap, the following research questions 
were identified.  

Environmental concerns, attitude, perceived behavioral 
control, subjective norms, and health consciousness are some 
of the factors that have been identified in previous empirical 
studies [20,22,25,26]. Therefore, this research study seeks to 
identify the factors that influence the organic food purchase 
intentions of customers in Sri Lanka. 

RQ1: What are the factors that influence consumer purchase 
intentions of organic food? 

RO1: To identify the factors that influence consumer 
purchase intentions of organic food 

Previous empirical findings [12, 17, 19, 20, 24] revealed that 
the price has a mediation effect on the factors that influence 
organic food purchasing intentions. Therefore, this research 
study seeks to identify whether price plays a mediating role 
in purchase intentions relating to organic food consumption 
in Sri Lank 

RQ2: How does price mediate consumer purchase intentions 
of organic food? 

RO2: To understand the impact of Price on consumer 
purchase intentions of organic food. 

IV. THEORETICAL FRAMEWORK 
The purpose of this study was to explore the factors 

influencing the purchase of organic foods. Therefore, the 
theory of planned behavior with two more variables such as 
health consciousness, and environmental concern has been 
used to investigate the factors that influence organic food 
purchase intention. Price has been used to check the 
mediating effect of the purchasing intentions. 

V. THE THEORY OF PLANNED BEHAVIOUR 
TPB is frequently used in the food selection domain. 

Several previous studies have used TPB to study customer 
behavioral intentions related to organic products [2,12,15, 
20]. According to [12] the tendency to perform different 
types of behavior can be predicted with high accuracy from 
the Attitude of behavior, Subjective Norms, and Perceived 
Behavioral Control. 

 

Fig. 1 TEP 
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VI. CONCEPTUAL FRAMEWORK 

Purchasing intention is the dependent variable and 

subjective norms, attitude, perceived behavioral control, 

health consciousness and environmental concerns are 

independent variables.  

A. Subjective Norms 

This is the second construct of the TPB. As [11] stated, it 
can be defined as the own judgment about people’s ability to 
engage in a specific behavior [8] 

B. Attitude 

Attitude is the first construct of TBP. It can be defined as 
the effect of evaluating the positive or negative emotions of 
individuals in performing a particular behavior [11] 

C. Perceived Behavioral Control 

The third construct of the TBP is perceived behavioral 
control which can be defined as the abilities, ease or 
difficulties, and obstacles of performing a behavior. It is 
assumed to reflect experience as well as expected obstacles 
and hindrances [12]. This is the self-control that determines 
whether or not a person should abstain from certain 
behaviors [11].  

D. Health Consciousness  

Health consciousness is the level at which health 
problems are integrated into a person's daily activities [16]. 
This is a considerable factor when selecting food products.   

E. Environmental Concerns 

The environmental concern is about the awareness of the 
people regarding environmental issues and their willingness 
to solve those issues. If the people have a high amount of 
concern towards the environment will result in purchasing 
ecofriendly and organic products [3]. 

F. Price 

Price sensitivity is the level at which consumers' 
purchasing behavior is affected by price changes in a product 
[25].  

G. Consumer Purchasing Intention 

Purchasing Intention is the power of the mind to act in a 
particular way to make a purchase [23,28] 

H. Hypothesis Development  

 The following hypotheses were developed based on the 
conceptual framework [Figure 2]. 

H1 – There is a relationship between subjective norms 
and organic food purchase intention 

H2 - There is a relationship between attitude and organic 
food purchase intention  

H3 – There is a relationship between perceived 
behavioral control and organic food purchase intention 

H4 – There is a relationship between Health 
consciousness  and organic food purchase intention 

H5 – There is a relationship between Environment 
concerns and organic food purchase intention 

H6 - Price positively mediates consumers’ purchase 
intention for organic foods. 

VII. METHODOLOGY 

A. Research paradigm, approach, and method 

Due to the limited data and objective interpretation, the 
research paradigm will be based on the Philosophy of 
Positivism [24]. The research approach is deductive [14] 

 The research method is quantitative. A questionnaire has 
been designed by adapting research instruments used in 
previous research studies [8, 18, 17].   

B. Pilot Study and Data Collection 

A pilot test was conducted among 30 consumers in order 
to check the validity of the measurements. The Cronbach’s 
Alpha value was 0.98. hence the questionnaire was reliable.  

C. Sampling Technique.  

After assessing the quality of the questionnaire, the 
survey was conducted on the people aged between 20 to 55 
in Colombo District, Sri Lanka Also, studies have noticed 
that people in Colombo are more willing to purchase Organic 
Food as they do not have the space to grow their own organic 
products [13,19]. The population of Colombo is 2,310,136 
(Census of Population and Housing, 2012) but the population 
list was not available. Therefore, a systematic random 
sampling technique has been used. As per the Anderson table 
and Saunders et al., 2021, the appropriate sample size for the 
large population is 384 participants. Due to the limited time 
frame the sample size of this research was 250 
participants[13,19]. The questionnaire was distributed among 
350 people and 250 responses were received. Therefore, the 
rate of the response was 71%. 

D. Data Analysis 

Data analysis was carried out using SPSS Version 21 and 
relationships between the main variables were examined and 
hypotheses were tested. 

VIII. DATA ANALYSIS AND REPRESENTATION 

A. Normality of Data 

This test is conducted to check whether or not the data set 
is normally distributed [4] 

B. Skewness and Kurtosis 

A data set is normal if the Skewness is between -1 and 
+1. According to the analysis, the skewness of all the 
variables is ranging from -1 to +1. Hence the data 
distribution is normal [21, 24]. 

C. Kolmogorov – Smirnov and Shapiro-Wilk test 

If a data set is considered to be normal, the p-value 
(Significant value) should be greater than 0.05. All the p 

Fig. 2 Conceptual Framework 
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values of the below table are satisfying the requirement and 
hence the data set is normally distributed [26]. 

 

Fig. 3 Kolmogorov – Smirnov and Shapiro-Wilk test 

D. Missing values 

According to the analysis, there were no missing values in 
the data set. Hence the data instrument is normal.  

Outliers 

 

Figure 4 Outliers 

According to IBM, 2021, all the maximum, minimum, 
and standard residual values should be never exceeding -3.29 
or +3.29. hence there are no outliers in the data instrument 
[14] 

 

Figure 5 Multicollinearity Testing 

This test is to check the interrelationship between 
independent variables and has to be done before conducting 
the regression analysis [9]. The above Pearson correlation 
coefficient table shows that the inter-correlation matrix is 
below 0.9 and when comparing tolerance values and VIF it 
was found that the tolerance values are higher than 0.2 and 
VIF values are less than 5. Therefore, all the values are 
within the expected range. Hence the multiple regression 
analysis can be carried out [1].  

E. Reliability Analysis 

The rule of thumb here is that Cronbach’s Alpha value 
should be greater than 0.7 and the p-value should be greater 
than 0.005. According to the table below all the Cronbach’s 
Alpha values of all the variables are greater than 0.7 and all 
the p values were significant (<0.005). Hence the research 
tool was reliable [14]. 

 

F. Validity Analysis 

Sample Adequacy Test 

 

Figure 6 KMO and Bartlett's Test 

According to the table above KMO value is greater than 
0.5 and the P-value of Bartlett’s test is less than 0.05. Hence 
the data sample is adequate [22] 

1) Convergent Validity 
The rule of the convergent validity is all the items 

correlating within the scale should be 0.3-0.7. As per the 
analysis, all the scale values of correlations are significant 
and between the scale of 0.3-0.7. Hence the scale has good 
convergent validity [17] 

2) Construct Validity 
A pilot study was conducted among 30 respondents. 

Double-barreled and duplicate questions have been removed 
and the study revealed that the Cronbach’s Alpha value was 
0.98 which was greater than 0.7 hence the questionnaire has 
been approved as it has the construct validity  

G. Correlation Analysis 

As per the analysis, most of the Pearson Correlation 
values are higher than or closer to 0.7. and the p values are 
also significant. Hence all the independent variables are 
highly correlated with the dependent variable which means 
the relationships are positive and significant 

H. Multiple Regression Analysis 

This test is conducted to identify the cumulative impact 
on independent variables on the dependent variable [20] 

 

Figure 7 Multiple Regression Analysis 

According to the table above R Square value is 0.799 
with a statistical significance of p<0.05. This concludes 79% 
of the consumer purchasing intention is explained through 
the independent variables. The Durbin Watson statistic is 
1.746 (in between +1 and +3) which means that the 
independence of the observation has been met. 

 

Figure 8 ANOVA table 

The F ratio of the ANOVA table tests whether the overall 
regression model is a good fit for the data. The table shows 
that the independent variables statistically and significantly 
predict the dependent variable, F (4,106) = 70.375, P<0.005. 
This means the regression model is a good fit for the data. 
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Figure 9 Coefficient table 

St. beta value of 0.289 shows that Price makes the 
biggest impact on the dependent variable of purchasing 
intention of organic food. The significant level also should 
be less than 0.05. All the variables fulfill the requirement. 

As per the above coefficient table, this research proposed 
a model for factors influencing the organic food purchasing 
intention as follows,  

Purchasing Intention = 0.934+0.009(mean of Subjective 
Norms) +0.130(mean of Attitude) +0.407(mean of PBC) + 
0.187 (mean of Health Consciousness) + 0.237 (mean of 
Environmental Concerns) – 0.131(mean of Price 
Consciousness) 

I. Sobel Test for Mediation Analysis 

Sobel test has been conducted to check whether the price 
effects as the mediator to the organic food purchasing 
intention. 

Sobel Test Calculation 

 

The threshold value of the test statistic should be greater 
than +1.96 or lower than -1.96. According to the Sobel test 
calculation above (red square) test statistic value is 4.148 
which is satisfied the threshold value of above +1.96. Also, 
the p-value is significant as it is lower than 0.05. Hence the 
mediation is significant and price acts as a mediation effect 
on the factors that influenced to purchase of organic food in 
Sri Lanka. 

IX. HYPOTHESIS TEST 
The hypotheses were developed based on the deductive 

approach to analyze the relationship between independent 
dependent variables. The analysis has been conducted using 
Pearson correlation, and linear correlation coefficient in 
SPSS. Correlation standards are as follows in the below table 

 

 

TABLE II.  HYPOTHESIS TEST 

 

X. DISCUSSION OF RESEARCH OBJECTIVES AND FINDINGS 

The Subjective Norms of the consumer have a positive 

impact on customer purchase intention on organic food. This 

supports previous empirical findings relating organic food 

purchase intentions [4, 5,9, 27]. 
Attitudes of the customers have a positive impact on the 

organic food purchasing intentions. Previous empirical 
findings by [4,8,9] and the theory of planned behavior 
support these findings. Consumer attitude is influenced by 
the perceived benefits linked with organic food consumption 
[13, 25, 27, 28] and the theory of planned behavior supports 
this. 

Perceived behavioral control of the consumers has a 
positive impact on organic food purchasing intention. 
Previous empirical findings by [3, 4, 5,13] supported these 
findings.  The theory of planned behavior supports these 
findings since they perceive the benefits of organic food 
influence purchase decisions [13,25, 27]. 

Health consciousness positively impacts organic food 
purchasing intention.  Prior empirical findings by [15,4,5,9]. 
The theory of planned behavior supports these findings since 
they perceive the benefits of organic food influence purchase 
decisions [13,25, 27]. This is one of the main benefits of 
organic food consumption [3,4,5,27, 28]. 

Environment concerns have a positive impact on 
consumer purchase intention of organic food. Customers’ 
perception of green and sustainability is improving the 
impact of environmental concerns when purchasing foods 
[4,5,19,24]. The theory of planned behavior supports these 
findings since they perceive benefits of organic food 
influence purchase decisions [13,25]. 

Price consciousness is the mediator of the analysis and in 
this study, previous empirical findings and interview findings 
[12, 17, 19, 20, 24] revealed that the price has a mediation 
effect on the factors that influence organic food purchasing 
intentions. Even though the consumers are very health-
conscious, environmentally conscious, and their norms are in 
line to purchase organic products, they are concerned about 
the price as well. They take the price as a key consideration 
in their perceptions. 

XI. CONCLUSION 
The analysis of the empirical data revealed that price 

mediates the relationship between intention to purchase 
organic food and environmental concerns, health 
consciousness, attitude, perceived behavioral concerns, and 
subjective norms. The independent variables environmental 
concerns, health consciousness, attitude, perceived 
behavioral concerns, and subjective norms have a positive 
impact on the dependent variable, organic food purchase 
intention. 
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XII. CONTRIBUTION 
This study reveals that prices mediate consumer purchase 

intentions relating to organic food. Inadequate consideration 
has been paid to the mediating role of price in the Sri Lankan 
study context [13,6]. Therefore, the findings of this study 
make a significant contribution to the existing research 
literature relating to organic food purchase intentions in a Sri 
Lankan context. The main contribution of this study to the 
empirical literature is the identification of the main factors 
that influence consumer purchase decisions relating to 
organic food in Sri Lanka. 

XIII. LIMITATIONS & FUTURE AREAS OF RESEARCH 
Moreover, this study is also having a few limitations. The 

research approach is quantitative and hence does not probe 
in-depth into the underlying reasons that encourage or 
discourage consumers from purchasing organic food. The 
research study adopted a cross-sectional research design. 
However, a longitudinal study will delve deeper insights into 
the changing consumer behavior patterns and enable 
policymakers to make viable decisions. The research was 
carried out in Colombo District. The generalizability of the 
study will improve if other districts were also included. The 
purchase of organic food may vary based on different market 
segments. This was not analyzed through this study and 
could provide useful insights. 
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Abstract - People's emotions change from time to time. 

As a result, the majority of people tend to listen to music 

that reflects their current emotional state. People's 

music preferences differ from another and change 

frequently depending on their emotional state. Although 

much research has been done in the domain of emotion-

based music recommendations, they may not suit all 

user's preferences. Identifying key attributes from music 

which directly affect the human’s mood is unclear and 

adapting an accurate model for the entire process is 

challenging. As a solution, this concept paper proposes a 

music recommendation system which uses numerous 

machine learning and deep learning techniques based 

on the user's emotions, which satisfies their musical 

preferences. This research focuses on increasing the 

accuracy of recommendations and satisfies every user. 

Index Terms - Emotion, Deep Learning, Machine 

Learning, Music Recommendation System. 

I. INTRODUCTION 

 

Facial recognition is the best way to express people's 

current mood and humans have the best ability to guess 

someone’s emotions by looking at their face. Facial 

recognition has been discussed in recent history by many 

researchers with different accurate models. But 

identifying the emotions in the face based on the facial 

reactions and the time-based analysis is less accurate with 

the existing models. [5]. Music is the best way to make 

the mood of a user. The different competitive companies 

have performed their studies on the recommendation of 

songs for frequent users based on multiple computational 

techniques. Collaborative filtering, clustering-based 

techniques, and rules-based approaches have been used in 

different studies, but very few accurate studies exist in the 

music recommendation domain concerning to emotions. 

So, this study is mainly focused on identifying the key 

attributes related to the recommendation of a song based 

on the user's current mood using machine learning-based 

techniques. Throughout the study, the authors will focus 

on building an accurate model for music 

recommendations by identifying the principal components 

required. This proposed system primarily concentrated on 

these functions as the project's objectives: According to 

Ekman’s emotions model [3] there are 6 basic emotions 

but here the research focuses on 4 emotion models: 

happiness, sadness, neutrality, and anger, for facial 

recognition the system used deep learning techniques and 

NLP Module, is used to identify the keywords that the 

user is entering into the system. There is research done in 

this domain. Among them, research [1] used a 

Convolutional neural network (CNN) to recognize facial 

emotion and an Artificial neural network (ANN) to 

identify the song emotions. The “EmoPlayer” [5] used the 

Viola-Jones algorithm and FisherFace classifier for 

emotion identification. After that, it recommends Songs 

by accessing a database that store's songs and emotions. 

Another music player [4] identifies the emotion either by 

heart rate using a wristband or by face. Emotions are 

classified by the heart rate method mood classifier using 

the bpm. Microsoft Azure API is used to recognize facial 

emotion. [6] used OpenCV and DeepFace facial feature 

recognition framework by Facebook to extract facial 

features. Random Forest classifier and XGBoost 

algorithm were used to identify the song emotion. 
 

II. METHODOLOGY 

 

This section depicts the system architecture of the 

proposed solution. Mainly machine learning and deep 

learning techniques are used in this solution.  
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Figure 1 – System Architecture 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the pre-processing, OpenCV [1] is used to detect the 

facial part of an image. Then cropping the identified facial 

part from the image is done using pre-trained dimensions 

that are from the Haar cascade [1] along with the 

Adaboost. For the pre-processing Kaggle Facial 

Expression 

Recognition Challenge, FER 2013 [1] dataset is used. The 

system architecture is given for better clarification as 

follows. 
 

The implementation of the proposed system can be 

divided into 3 main domains as follows. 

 

A. Emotion Identification 

After the pre-processing is done a multi-layered 

convolutional neural network (CNN) [1] is used 

for the classification and identification of facial 

emotions. An input layer, convolutional layers, 

ReLU, pooling layers, dense layers, and an 

output layer is included in this multi-layered 

CNN. The multi-layered CNN. The process of 

CNN architecture is depicted in (see figure 2). 

 

B. Music audio feature analysing 

The pre-processing can be done by down 

sampling all the songs to the uniform bitrate of 

128 kbps [1]. Then it is necessary to identify the 

audio features of a song. For this process, audio 

feature extraction algorithms such as LibROSA 

[1] and aubiopitch [1] can be used. The features 

that can be identified are spectral, rhythmic, 

mode, and pitch [1]. 
 

C. Song suggestion 

For the recommendation, it is necessary to map 

the songs to the emotion of the user along with 

their preferences. This mapping process is done 

using the Russel 2D Valence-Arousal model [1] 

and Geneva Emotion Wheel [1]. In the mapping, 

process playlists are made according to the user’s 

emotion and the music preference of the user in 

that identified mood. 

 

 
Figure 2 - CNN Architechture [1] 

III. CONCLUSION AND FUTURE WORKS 

The contribution of this project is to explore facial 

expression recognition to implement an Emotion Based 

Music Suggestion System. The proposed system can 

recognize facial expressions based on four basic emotion 

models and it suggests songs to the user based on the 

mood along with the music preferences of the user. The 

evaluation matrix allows a quantitative examination of the 

system's accuracy. As a further improvement, transform-

based models can be used to train the system by analysing 

specific criteria to improve the system accuracy rate. In 

future works, the system will be enhanced to recognize 

more different emotions and to suggest songs in more 

languages. Also, the system will detect facial sentiments. 

These system requirements used in collaborating with 

existing systems will help to enhance the entire system 

and to develop it into a user-friendly system. 
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Abstract—The advent of Web 2.0 with the introduction 

of social media platforms and instant messaging coupled 

with support for native languages has caused a global 

communication revolution. With the commencement of 

multi-language capability in the digital world, Sri 

Lankans switched to using both native Sinhala and 

Romanized Sinhala for their day-to-day typing. 

However, typing “Romanized Sinhala” using ad hoc 

transliterations and shortened net acronyms has resulted 

in its own set of problems. Chief among them is the 

ambiguity posed by such transliteration which results in 

less accurate and time-consuming deciphering. This 

study aims to introduce a novel reverse transliterator 

that can back transliterate Romanized Sinhala to 

Sinhala using Statistical and Neural Based approaches. 

Keywords—Romanized Sinhala, Transliteration, Neural 

Approach, Statistical approach, Sinhala, Typing 

I. INTRODUCTION  

According to the Oxford Dictionary, the word 

transliteration can be defined as “the act of writing words or 

letters using letters of a different alphabet or language. [6] 

The word transliteration comes from the Latin word 

“transliteratus” which explains “trans” as across and 

“Littera” as a letter. Transliteration helps people to 

pronounce words and names in foreign languages. As an 

example, the Sinhala word “අම්මා” is represented using 

English as “Amma”. Unlike the translation, which tells the 

user about the meaning of a particular word, the 

transliteration only provides an idea of how the word is 

pronounced by using a familiar language. The reverse 

transliteration schema can transliterate a word or a sentence 

of a particular language expressed in a different language to 

the original language schema. As an example, the Sinhala 

word ක ාක ාමද” which is expressed as Roman English 

“kohomdha” can be back transliterated to the original word 

“ක ාක ාමද” using the Reverse transliteration techniques. In 

this study, the reverse transliteration schema will be modeled 

in a way that it can be used for different typing patterns 

where a Romanized Sinhala word expressed in short typing 

aka without vowels can be reverse transliterated to the 

original Sinhala word. The Sinhala word “ක ාක ාමද” can 
be expressed as “kohomadha, kohomada, kohomda, khmda, 
khmd” where different patterns of interpreting the same word 
are captured in the study before transliterating it back to the 

original language schema. As Sinhala is a low resource 
language[1], collecting the transliteral required for the study 
is challenging. So, the study will mainly focus on social 
media for collecting transliterals and code-mixed words will 
not be handled. Collected transliterals will be used to train 
the model required for the reverse transliteration process 
which mainly focuses on Statistical and Neural Approaches. 
According to the existing literature, Liwera and 
Ranathunga[2] used the trigram model along with the ruled-
based approach to build a model for reverse transliteration, 
where the model is mainly trained on social media hate 
speech. According to the study of Liwera, the prediction 
process uses Trigram, Bi-gram, and Uni-gram taggers and 
missing transliterals will be transliterated using a rule-based 
approach. But according to the study ambiguity of different 
typing schema is not handled in the study where 0.62-word 
level and 0.77 letter level accuracy has been achieved. The 
Neural language translator for Singlish to English modeled 
by Sandaruwan [3] has used seq2seq neural machine 
transliteration which is purely based on attention mechanism. 
This study is mainly focused on deep multi-layer RNN 
which consists of bidirectional LSTM as recurrent units. The 
encoder RNN consumes the input resource words whereas 
the decoder RNN process the target word. The above-
proposed architecture of [3] has achieved a 24.13 BLEU 

score on Singlish to English by seeing approximately 0.26M 

parallel sequence pairs with 50 K+ word vocabulary. The 

Native Sinhala studies have been performed in past few 

years by many researchers to enhance the Rule-based 

approach which is used for transliteration process but still, 

these proposed models are unable to handle different typing 

patterns of Romanized Sinhala where the reverse 

transliteration schema is not accurate. So, Considering the 

above limitation, the authors of this work will propose a 

novel model which can bridge the existing gap in the next 

chapter. 

II. METHODOLOGY 

A. Dataset Collection. 

The transliterals required for the study to train the models 
are collected through different social media platforms. 
Mainly the YouTube comments in Romanized Sinhala were 
extracted and transliterated to respective Sinhala Words. The 
Transliterals used in the study of Liwera[2] and the Dakshina 
dataset [5] are combinedly used to create an unbiased dataset 
for the study. 
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B. Identifiyng the ad hoc Transliteration schemas 

A survey was conducted to capture the different typing 
patterns of Romanized Sinhala. Diverse communities were 
selected based on gender and age groups for the survey 
where the inputs collected were analyzed to identify writing 
patterns. The identified writing styles and short typing styles 
will be used in the preprocessing steps before feeding them 
to the neural model. 

C. Pre Processing 

The initial processing of the dataset has been performed 
to build the transliterals required for the study. The data 
tuples are formatted as follows.  

TABLE I ROMANIZED SINHALA AND SINHALA DATA TUPLE 

Romanized 

Sinhala 

mama dakapu thawath nihathamani 

soduru minisek !  

Sinhala මම දැ පු තවත් නි තමානි ක ාදුරු  

මිනික ක් ! 

The formatted data tuples were examined and punctuation, 
emojis, and non- Romanized words were removed. The 
cleaned dataset was used to build the transliterals. The build 
transliterals from the above sentence are as follows. 

TABLE II PROCESSED TRANSLITERALS 

mama/මම dakapu/දැ පු thawath/තවත් 

nihathamani/ 
නි තමානි 

soduru/ක ාදුරු minisek/මිනික ක් 

Once the transliterates are generated from the dataset 
duplicate removal and changing to lowercase was performed 
on the generated transliterals to use in the N-gram tagger. 

D. Reverse Transliteration Model 

The reverse transliteral model is consisting of 3 phases. 

1) The Statistical approach with N-gram tagger. 

The Romanized Sinhala sentence entered by the user will be 

tokenized. Each token will be checked for Trigram, Bigram, 

and Unigrm taggers where if transliteration is available it 

will be appended with the final list where the reverse 

transliterated Sinhala sentence will be maintained. If the 

expected transliteral is not found the word “NONE” will be 

appended with the sentence. 

2) The Neural Approach 

The tokens which consist of the word “NONE” after the 

initial process will be examined in this chapter. Each 

Romanized Sinhala word related to the token will be 

preprocessed using the pattern identified in the ad hoc 

transliteration schema and fed to the encoder of the Neural 

model. The expected output will be Sinhala word(s) related 

to the Romanized Sinhala token from the decoder. If the 

Neural approach suggests more than one transliteration 

related to the Inputted Romanized Sinhala token, the 

suggestions will be analyzed in the finalizing phase. 

3) The Transliterating Finalizing Phase 

In this phase, if the neural model predicts more than one 

transliteral related to the transliteration, the respective words 

will be checked for the best suitability. The selection will be 

based on a knowledge-based approach where the most   

suitable word will be suggested to the user in the suitability 

order. This phase will tackle the ambiguity-related issues in 

the transliteration process. 

The finalized sentence which is in Sinhala will be output to 

the user. A simple UI will be used for the Data input and 

output process. So, the above Novel approach can be used in 

the Reverse transliteration process of Romanized Sinhala to 

Sinhala where it can be adapted with a future keyboard.  

 

E. Evaluation  

The model will be evaluated using both qualitative and 

quantitative approaches.  

1) Word Level and Sentence level accuracy 

The model will be evaluated using word-level accuracy 

for predicting and suggesting. The Sentence level 

accuracy will be checked for predicting. 

2) Qualitative Evaluation  

The evaluation of the system will be carried out with the 

users who are unfamiliar with the Sinhala keyboard. The 

users will be given access to the system where different 

statements will be evaluated based on different 

Romanized typing patterns. 

 

III. CONCLUSION AND FUTURE WORKS 

 
The proposed architecture can enhance the experience of 

Romanized Sinhala in texting. The ambiguity issue on the 
transliteration process will be addressed in the finalizing 
phase of the model where the model can adapt to a 
Romanized Sinhala – Sinhala Keyboard as a future 
implementation.  
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Abstract— In this modern era, Artificial Intelligence has 

emerged as the next data analytics powerhouse. The use 

of Machine Learning and Computer Vision algorithms 

in data analytics have become a popular trend since 

their introduction. However, applying Deep Neural Nets 

to various sports data analysis tasks and studying their 

performance has yet to be investigated. When it comes to 

analysis, it's usually a difficult and time-consuming 

process. Because of the sport's growth with technology, 

AI-based wicket-keeping technique analysis has become 

a trending topic. This study is based on research into 

wicket-keeping technique analysis and the proposed use 

of Convolutional Neural Networks (CNN) and poses 

estimation models to present an alternative approach. As 

wicket-keeping is less researched in history, access to a 

proper dataset is challenging and his study attempts to 

create a proper dataset and proposed a novel 

architecture to predict the real-time pose estimation 

using Neural Network based approach. This technical 

analysis tool will help wicket-keepers of any level to 

identify their technique faults on their own and rectify 

them without the help of a physical coach and improve 

their technique to become better wicket-keepers. The 

proposed tool will also aid coaches of any level to 

identify technique faults of their wicket keepers and to 

improve their coaching strategies to make them better 

players. 

 

Keywords— Classification, Machine learning, Technique 

analysis, Wicket-keeper, Convolution neural network, Deep 

learning. 

I. INTRODUCTION 

Wicket keepers are considered as modern-day all-rounders 

in world cricket. Wicket-keeping is defined as the ability to 

intercept deliveries while crouching behind the stumps, and 

there are various wicket-keeping tactics. Wicket keepers 

must adapt to various conditions when playing on various 

pitches, especially in different countries. As a result, top-

level wicket keepers will have thunder reflex action, 

excellent decision making, and be good strategists, in 

addition to having distinguished physical wicket-keeping 

skills[2]. The use of computer vision and machine learning 

techniques in cricket for various analyses is currently a 

developing field. A variety of technologies are utilized in 

cricket for visualization and coaching. Recent research has 

not yielded sufficient results for examining wicket-keeping 

techniques. The author recommended that action detection 

be done using a deep convolution neural network (CNN). As 

a result, we propose a new method for classifying wicket-

keeping techniques based on Convolutional Neural 

Networks and Deep Learning. By extracting features from 

real data and applying algorithms, an intelligent device may 

recognize human body components. After that, all of the 

bodily parts will be categorized using various action 

strategies for model representation[3]. The extraction of 

features in machine learning image processing and pattern 

recognition began with a basic set of data being measured, 

and constructs evolved values that were supposed to be 

plentiful and non-surplus. The following generalization 

motions and generalization should be facilitated[4]. 

Dimension reduction is linked to feature extraction. The 

author proposed a CNN-based model in which three 

convolution layers, three max-pooling layers, four dropout 

layers, and two dense layers are used to input images[2]. 

The goal of this study was to use a robust model to examine 

wicket-keeping techniques. Our CNN model recognizes the 

activity of leg movements, glove movements, final 

interception of the ball that was identified in our technique 

scope, as well as the similarities and differences between 

different wicket-keeping techniques on our own created and 

updated dataset[3]. This job was presented as a real-world 

problem based on deep learning, with the difference being 

determined via a feature extraction approach. According to 

the present literature, several scholars have conducted 

preliminary research on batting and bowling analysis using 

pose estimation and deep neural networks; however, there is 

no current literature on wicket-keeping technique analysis. 

Yao and Fei-Fei released a work employing mutual 

contextual modeling in 2010 titled Object Interaction 

Activities of Human Pose. They described a new random 

field model to encode human poses in human-object 

activities in their research article[2].  

 

II. METHODOLOGY 

The author describes the model implementation and the 

process of wicket-keeping technique analysis in this paper. 

This section covers the training of the model, testing and 

validation, data collecting, data collection, data 

augmentation, data resizing, suggested model definition, and 

finally the model training approach. The data collection that 

will be utilized to develop the model will be compiled by 

collecting data from various online sources. 
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A. Dataset collection 

A complete dataset encompassing all relevant data could not 

be gathered from a single source on the internet as a result 

of this study's unique technique. As a result, the author must 

look for wicket-keeping footage on numerous trustworthy 

sources and collect and organize the information as needed. 

The author needs to search through hundreds of videos to 

produce a compatible dataset for video analysis with only 

the wicket-keeper and the ball in the video footage. The 

open-source resources which are available to gather data 

will be collected and preprocessed in the study to build an 

accurate dataset. The produced dataset will be evaluated by 

domain experts who are experienced in both Sports and 

Data science. 

B. Data Augmentation 

To avoid overfitting, the dataset was artificially enlarged. It 

aids in the accumulation of useful data in the dataset. We 

supplemented the original data set in five distinct ways[2]. 

Rotate −30◦, Rotate +30◦, Shear by a certain amount, 

Adding Salt and Pepper noise, Shading. 

C. Data Preparation 

The images and the video footage are having various 

dimensions, such as height, width, and size. We reduced the 

data set to 100 x 100 pixels because our model required 

equivalent pixel sizes for train and test purposes. The 

photographs have also been turned to grayscale. We utilized 

grayscale photos to train the model due to the computer's 

low GPU[2]. 

D. Model Selection 

When it comes to any data science endeavor, choosing a 

model is a crucial step as the methods and algorithms 

chosen, have an impact on the findings and outcomes. Data 

scientists employ a variety of machine learning techniques 

when working on data science projects. These algorithms 

are classified as either supervised or unsupervised 

algorithms. As a CNN model was proposed after doing 

some background research on the libraries available for 

building neural networks, it was discovered that Tensoflow 

comes in first due to its popularity, and it's a deep learning 

library designed specifically for developing neural 

networks, as opposed to general tools like Sci-kit Learn, 

which includes many machine learning techniques such as 

(SVM, KNN) including neural networks. Tensorflow was 

chosen as the machine learning platform to use the basic 

functions since it has a lot to offer in terms of resources for 

self-learning. Tensorflow is a deep learning package that 

allows developers to create neural networks from scratch, 

something SciKit-Learn does not. Though it has a lot to 

offer, it also has a difficult learning curve. Because Keras is 

Tensorflow's high-level abstraction API, it will be used to 

overcome the complexity of the core functionality. Keras 

eliminates the need for boilerplate code while creating 

neural networks. 

E. Human Pose Estimation 

Because it demands a huge amount of effort and will go 

beyond the project's scope, the Pose Estimator library that 

already exists was chosen to be used instead of developing 

from scratch. After reviewing a variety of Pose Estimation 

libraries, it was decided that the OpenPose library would be 

used[1]. 

 

F. Proposed work 

The suggested system has not yet been examined in any of 

the existing literature relevant to wicket keeping, and all of 

the systems that have been implemented utilizing pose 

estimation approaches are for batting and bowling. The 

proposed system will be a big breakthrough for cricket. The 

author presents an innovative approach to examining, 

improving, and analyzing wicket-keeping techniques by 

combining video processing with deep learning neural 

networks. The author has discovered that no earlier research 

on wicket-keeping technique analysis has been conducted. 

G. Evaluation 

The system's completion is described by the evaluation 

procedure undertaken on several components of the 

blueprint. The evaluation of this system will take both 

qualitative and quantitative approaches. The system's testing 

stage employs a quantitative method, with an online survey 

issued to a group of domain experts and a variety of 

assessors, as shown later. The poll was created to get 

feedback on the technique analysis tools while also covering 

the project's evaluation criteria. Evaluators with a wide 

range of experience must be picked for the qualitative 

approach. Because they are also functional recipients of the 

arrangement, domain experts in the cricketing field and end-

users of the wicket-keeping technique Analysis Tool will be 

given a higher priority. 

 

 

 

 

Fig. 1. High-level architecture of the system 

III. CONCLUSION AND FUTURE WORKS 

We employed convolution neural networks to develop a 

model for our technique analysis tool, which allows us to 

analyze various types of wicket-keeping techniques.  Our 

long-term goal is to improve the accuracy of our neural 

network. We intend to use deep learning to perform a 3D 

depth image classification. We will utilize multiple sorts of 

algorithms where we will employ MS Kinect or Intel 

RealSense, and the most efficient one will be chosen[4]. 

Many cricketers deal with technique failure while wicket 

keeping and this wicket keeping technique analysis tool 

could be of help. It also aids amateurs in getting a fresh start 
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in cricket by providing video training on this analyzing tool. 

Further giving coaches who aren't highly experienced basic 

technique suggestions, which they can utilize to educate 

players using a combined analysis afterward. For the time 

being, the system will classify the fundamentals of wicket 

keeping and examine each stage's method. Implementation 

of a range of wicket-keeping techniques and numerous 

technical classifications can be included as future 

improvements, which will improve the players' skills and 

performances. The limitations to the proposed system are as 

follows: 

Models will be trained to classify a single person in an 

image, A video with multiple people might produce false 

results. 

Videos with a resolution of 640x360 or higher can be used 

to calculate an accurate pose estimation. 
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Abstract – Medical records are a crucial component in 

effective health care. There is an understanding among 

healthcare professionals that proper medical records are 

an important and necessary adjunct to medical care. 

Mostly the patient data are stored and managed in EHRs 

giving less authority and flexibility to the patients. A 

Blockchain based patient data management network is 

suggested to provide a flexibility and more authority to 

the patients and overcome issues associated with 

traditional Electronic Health Records systems.  

 

Index Terms – Blockchain, Health Records, Patients, 

Security. 

I. INTRODUCTION 

Medical records play a major role in patient healthcare. In 

order to successfully progress with treatment, healthcare 

professionals need accurate and precise medical 

information of the patient. This information includes past 

prescriptions, previous diagnosis and treatments carried 

out. The information should be managed appropriately to 

refer back and forth in the sequence of the medical 

timeline of a patient. This is a critical factor to be 

considered especially for patients with chronic illnesses. 

If important health records are mismanaged, the patient 

won't be privileged to experience a smooth treatment 

process [1]. According to a study in JAMA, missing 

medical records can adversely affect the patients' health 

care. Even though Electronic Health Records have been in 

the domain for a while it is challenging to access scattered 

patient data through multiple centralized Electronic 

Health Record Systems (EHRs) [2].  The traditional 

hospital centric data approach has many issues that needs 

to be addressed in this data driven era. 

II. BACKGROUND 

A. History of medical records  

 

In the 19th century the need for medical records was 

understood by clinicians. A lab notebook was used to 

capture the observations of patients and plan their clinical 

journey. It was not a statutory practice back then [3]. 

Before EHRs, medical records were handwritten 

documents maintained by clinicians. The need of 

structured and organized data was raised, and 

development of electronically stored medical records was 

suggested to overcome the issues with the manual health 

record management process[4]. However, EHRs are  

 

 

associated with several limitations, which are, ownership 

of medical records, privacy concerns and accessibility. To  

 

overcome the limitations, the ownership of medical 

records was given to the patients. As an outcome of this 

approach Personal Health Records systems (PHRs) 

emerged from EHRs. PHR can be defined as a self-

managed digital repository of patient data, unlike EHR the 

system is managed by the patient. Exchange of medical 

records across institutions (interoperability) is one main 

benefit provided by PHRs, crucial features such as such 

was hindered in the EHR approach [5]. Health care 

providing institutions are governed by Health Insurance 

Portability and Accountability Act (HIPAA) to protect the 

sensitive data of the patients, but there is no such 

governance associated with PHRs [5].  

B. Important factors to be considered  

 

Availability of medical records is an important factor for a 

patient to receive a better treatment. The medical records 

guide the practitioners to the underlying medical 

conditions and aid the diagnosis process. Misdiagnosis is 

one of the key issues which is associated with 

unavailability of medical records. It is mentioned that 12 

million Americans are misdiagnosed every year and 

40,000- 50,000 deaths are due to misdiagnosis [6]. The 

Institute of Medicine (IOM) reported that over one 

hundred thousand people die each year from preventable 

medical errors in the US [7].  It was stated by Kunal 

Khanna that electronic health records reduce 60% of the 

chance paper based medical records going missing [10].  

 

Unavailability of medical records leads to time-

consuming process of repetition of medical testing leading 

to disadvantage for the patient. In research carried out by 

Peter Smith, it was discovered that information such as 

laboratory test results, letters, medical history, or 

treatment details are among the missing clinical 

information, and it was identified 44% missing clinical 

data will adversely affect patients and 59.5% will delay 

the cure process. [10].  

 

Mismanaged and inconsistent medical records adversely 

affect the quality of the treatment process by increasing 

the time and effort. The patients with missing records will 

require more time to be diagnosed compared to a patient 

with accurate records. The medical practitioners will be 

unable to treat patients immediately under these 

circumstances. Certain emergency situations will lead the 
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practitioners to treat patients without referring to medical 

history [1]. 

 

Medical records include sensitive personally identifiable 

medical conditions and treatment histories. Having these 

scattered in multiple systems is a vulnerable factor hence 

they are mostly stored in centralized data bases managed 

by institutions. These databases are always exposed to the 

risk of hacking, personal data leaks, tampering and natural 

disasters, with these risk factors attached there is no 

guarantee of confidentiality integrity and reliability of 

data stored in current systems [8]. 

III. PROPOSED SOLUTION  

 

It is stated that the EHR adoption rate of America has 

increased from 2008 to 2017 has increased from 9.4% to 

96 % [10]. With a growing concern on EHR and 

increasing adoption around the globe arises the associated 

ethical issues; hospital centric approach, data security 

issues in centralized databases, privacy and confidentiality 

issues are some of them [10]. Considering these factors, it 

was identified that there is a significant need for a secured 

patient centric medical report storage platform.  

 

The proposed solution suggests a patient centric network 

of interconnected hospitals which are linked to each other 

and allows to share, communicate and collaborate health 

data seamlessly. The platform addresses the privacy and 

confidentiality issues associated with EHR systems by 

providing the ownership of the data to the patient and 

decentralizing the database. The interconnected network 

of hospitals allows interoperability of medical records 

within the network encouraging availability and 

consistency of medical records.  

 

Compared with centralized data bases which are stored 

located and maintained by a single authority, information 

stored in a blockchain cannot be manipulated due to the 

nature of the blockchain concept, a change is always 

guaranteed by participating peers in a blockchain. This 

increases the trust of the data being shared among the 

stakeholders [11]. As a result of unique characteristics of 

Blockchain technology sensitive data of patients can be 

stored safely without any involvement of interested 

stakeholders.  
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Abstract- In the current day and age every person young 

or old reads news. Any person who reads a newspaper 

article  obtains information will feel emotion (unless the 

piece of information is completely unrelated to them), it 

doesn't matter what kind the person will feel emotion. 

This emotion can change a person no matter how small 

the emotion the person feels is the person will have a 

behavior change. This  behavior change can affect the 

person's day and the people around. The  behavior 

change may be small and negligible but sometimes it 

may not. This research is aimed at this area, it allows a 

person to know what kind of emotion will be felt when 

reading a piece of information and make the person 

guess whether he or she should keep on reading or move 

onto another article as if the information piece is bad it 

may or may not ruin the person day which will put him 

into a bad mood which will affect the people around 

him. The proposed approach is to use sentiment analysis 

and affective computing to check the emotion of the 

information being read then allow the user to skip that 

piece of information if he/she desires so that the user 

will know when reading this she will have a negative or 

positive mood.  

Keywords: Machine Learning, Affective Computing, 

Sentiment Analysis, Emotional Analysis, Natural 

Language Processing 

I. INTRODUCTION 

In the current era information is almost related to 

everything, it may be games, politics, medicine, etc. 

Information can be obtained through many ways articles, 

news programs,  research papers, and many more. When a 

person obtains information, every person will feel 

emotion. The emotion may be sad, could be emotion 

which could make him or her happy.  This emotion can 

cause the person's day to be different than if he or she 

didn’t obtain it. As this could affect a person's day to day 

activities. For example, let’s say a person reads about a 

car crash in the article one person may read it and feel a 

bit sad but will still have a change in emotion but another 

person will be affected more as it could be a person he or 

she knows.  Now let’s say you obtain a sad piece of 

information that affects your day-to-day life. This could 

also affect the people around you if you’re a boss of the 

company you could affect  the people who work under 

you because you are sad or angry. No matter how small  
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the change in emotional behavior happens it will affect 

your day subconsciously. The person will not have it 

affect him, but the person may act differently according to  

what kind of information he or she has obtained and will 

act according to the emotional change that has happened 

when he has received it. 

Other than the above-mentioned problem this research is 

also following another goal which is in affective 

computing. Currently, most of the research done in this 

field is done using audio or videos and not text-based. 

While there are some researches that have done using 

text-based the author is trying to implement a new hybrid 

approach for text-based using sentiment analysis and 

affective computing while there is a hybrid approach done 

with affective computing and sentiment analysis[1] it is 

not done using text and it is done in deep learning and not 

machine learning. The author is trying to use machine 

learning to create these two models for the hybrid 

approach.  

In current literature, some researchers have detected the 

polarity of news using the sentence structures[2]. The 

researchers have used sentences to detect the polarity of 

the news and they have come to the conclusion that their 

algorithm has shown an accuracy of over 90%. Opinion 

mining is also another way of emotional analysis. In the 

paper written on opinion mining [3] the researchers 

collect tweets and find the polarity of it using sentiment 

analysis and they have reached positive results as they see 

the correlation between sentiment analysis and major 

events. This shows that emotions affect people and create 

different events that could make them have negative 

emotions or positives which is the same as having a bad 

day from reading an article or newspaper. Affective 

computing can be done using text [4]. The authors used 

the deep learning approach and lexicon-based approach 

for this research. They have reached positive results 

which show that affective 

computer
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Figure 1 High-Level Architecture Diagram 

 

ting can be  done using text, but this research has not been 

performed on machine learning models together with 

Affective learning.  

The next section of this paper will discuss the architecture 

used by the authors for emotional analysis of news using 

sentiment analysis and affective computing. 

II. METHODOLOGY 

This chapter will discuss what proposed approach was 

used for this research. The proposed method is a hybrid 

approach between 2 models Which consist of affective 

computing and sentiment analysis. Each model will have 

a different dataset so that the result will not be biased as 

the final result is a combination of the 2 models. Figure 1 

below shows the process done to get the required results. 

A. Affective Computing 

In the initial phase, the data from the dataset will be 

preprocessed to suit the model of affective computing. 

Then the data will be fed to the untrained model. After 

that, it will start training the model. Using different 

machine learning algorithms such as LSTMS, Support 

Vector machine and other algorithms will be used to see 

which will show the most promising result.   

B. Sentiment Analysis 

The same process used for affective computing will be 

used for sentiment analysis. The data shall be 

preprocessed and will be used in different algorithms. 

Then finally the best algorithm will be chosen. 

C. Hybrid Results 

The results from the affective computing and sentiment 

analysis will be compared and combined to get the result. 

Then different combinations of algorithms will be done 

for affective computing and sentiment analysis to get the 

best result. Then the trained models will be used for the 

final result. Then this final model will be used in the 

application for emotional analysis for news. 

III. CONCLUSION AND FUTURE WORKS 

The most optimal solution from the proposed architecture 

based on the hybrid method for sentimental analysis and 

affective computing. Then the confusion matrix will be 

used to get accuracy. This will give an accurate result to 

our hybrid model between affective computing and 

sentiment analysis. Using this model, the expected result 

should give higher accuracy. The main focus of this 

research is not the accuracy but to go deeper into the field 

of affective computing as currently almost all of the 

research for affective computing is done on videos, audio, 

and not text-based. The future works for this could be a 

more accurate model which means user customization. In 

the author's research, he has found that the biggest 

problem would be different opinions for the same 

information while this research is done to get a general 

emotion of the news. The proposed model could be 

improved by getting user input real time while he is 

reading the news to make the current model better and 

more customized to the user using it. As a 

conclusion to this study, the proposed architecture should 

be able to lead to optimal results. This means that it can 

be used in emotional analysis and the application of 

increasing performance. 
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