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About SEMIT 2024

International Conference on Science, Engineering Management and Information Technology
2024 is a gathering of faculty members, scholars, educators, industry experts, and university
students from all around the world. SEMIT 2024 aims to provide a platform to transfer
information, experience, and scientific and research findings of the recent theoretical and
practical achievements of engineering management and IT in both research and industry. The
conference is an extraordinary opportunity to encourage experts to respond to current national
and international engineering management and IT issues and to enhance university-industry
collaboration. In addition to paper presentations and invited lectures keynote speech, the
International Conference on Science, Engineering Management and IT 2024 is also going to
provide useful workshops and many other programs, the information of which is presented on
its website (https://semit2024.refconf.com/). The conference warmly welcomes all researchers,
lecturers, and students, as well as managers and experts in the field of engineering management
and IT.

The Conference language is English and the papers could be in English and Turkish. The
selected English papers will be published in Springer's CCIS book series or will be sent to the
specified journals on the conference website, which are indexed in the well-known indexing
databases, such as Scopus.

With the increasing development in the field of Industrial Engineering and Information
Technology, RefConf organization decided to hold the next International Conference on
Science, Engineering Management and Information Technology (SEMIT 2024) in cooperation
with Ankara Yildirim Beyazit University (AYBU).

Presenting numerous papers in 14 specified panels, scientific and practical lectures by keynote
speakers and prominent professors, as well as holding workshops, attracted participants from
different countries to the conference.

Conference Topics

All submissions falling within the broad area of Science, Engineering Management and
Information Technology are welcome. In addition to research papers, case studies would be
perfectly welcome. Full papers and abstracts are accepted for presenting in the conference and
publishing in the conference proceeding. The conference topics include, but not limited to the
following subjects:

e IT and EM-based case studies of manufacturing/ service industries (including
automotive, food, agriculture, tourism, petroleum, electronic, civil, healthcare,
insurance and banking, energy, etc.)

« Atrtificial intelligence applications in IT, engineering & management

e Heuristic and Metaheuristic algorithms and applications in engineering & management

o Data science in engineering & management

e Applied soft computing in engineering & management

e Blockchain in engineering & management

e Optimization and decision making in engineering & management

e E-government, E-commerce, E-learning

e Marketing and E-marketing
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Internet of things (1oT)

Industry 4.0, supply chain 4.0, and logistics 4.0

Supply chain management (green SCM, sustainable SCM, agile SCM, JIT SCM, global
SCM, etc.)

Inventory control, production planning and scheduling

Data science in project management

Quality and productivity management and tools

Decision support and expert systems

Digital technologies in service and industry

Machine learning, deep learning, and neural networks

Other fields of study related to IT, engineering & management
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AYBU Preface

We are honored to present the proceedings of the INTERNATIONAL CONFERENCE ON
SCIENCE, ENGINEERING MANAGEMENT, AND INFORMATION TECHNOLOGY
(SEMIT 2024) to the program's authors and delegates. We hope that it will be a useful, exciting,
and inspiring resource for all readers.

SEMIT 2024 aims to provide a platform for discussion engineering management and
information technology concerns, challenges, and possibilities. The rapidly growing scope and
evolution of engineering management has resulted in new issues and questions. We feel the
papers submitted for SEMIT 2024 provide important tools to address these issues.

The reaction to the request for papers was very positive, with submissions coming from Turkey,
Iran, and other countries. Unfortunately, according to the results of the reviews and our capacity
restrictions, a few manuscripts from prestigious institutions were not accepted. We'd like to
offer our gratitude and appreciation to all of the reviewers who assisted us in reviving some of
our SCI, Scopus and TRdizin papers. We also like to express our gratitude to the members of
the organizing team for their efforts.

We wish all of the attendees of the next SEMIT a beautiful and productive conference, as well
as our international visitors a pleasant stay in Ankara.

Prof. Abdullah Yildiz

Dean of Faculty of Engineering and Natural Sciences, AYBU
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Conference Report

Prof. A. Mirzazadeh,
Kharazmi University, Iran

= Institution of International Scientific Services

RefConf organization holds International Conference on
4 Science, Engineering Management and Information Technology
(SEMIT 2024) in cooperation with Ankara Yildirim Beyazit University to keep pace with the
development of Industrial Engineering and Information Technology. SEMIT 2024 is a good
opportunity to encourage experts to respond to current engineering management and IT issues
and to enhance university-industry collaboration. Presenting numerous papers in 14
specified panels, scientific and practical lectures by keynote speakers and prominent
professors, as well as holding workshops, attracted participants in the conference.

One of the features of the conference was the benefit of scientific support from 8
universities and associations, including University of Texas at Dallas, USA; Isparta
University of Applied Sciences, Turkey; Prague University of Economics and Business, Czech
Republic; University of Kent, UK; University of LE HAVRE, France; University of Sfax,
Tunisia; Manisa Celal Bayar University, Turkey; Healthcare Systems Group, Tunisia.
Selected papers will be published by ten scientific journals: 1) Journal of Dynamics and
Games (JDG); 2) Research in Engineering Design; 3) International Journal of Supply and
Operations Management (IJSOM); 4) International Journal of Sustainable Manufacturing
(1JSM); 5) Journal of Turkish Operations Management (JTOM); 6) International Journal
of Applied Optimization Studies (IJAOS); 7) Journal of Management Science and
Information Technology (MSIT); 8) Journal of Optimization and Supply Chain
Management (JOSCM); 9) Journal of Optimization and Decision Making (JODM); and
10) Researcher. The valuable presence of nine keynote speakers and workshop organizers
from Uniter States of America, Poland, Portugal, Turkey, United Arab Emirates, India,
and Iran in addition to the participation of more than 130 authors, are among the other
features that have given credence to this conference.

The International Conference on Science, Engineering Management and Information
Technology, is held having the support of 32 international technical program committee
members from 17 countries. A total of 70 papers have been accepted for presentation in the
conference that their abstracts are published in this book and their full version will be
published by conference full papers proceedings and journals.
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Figure 1. Geographical Diversity of SEMIT 2024 Conference Committees

The countries’ share in the presented papers includes about 39% from Turkey and the rest were
from other countries in the world according to the chart below.

Other Countries' Participation
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Figure 2. Coutnries’ Participation in SEMIT 2024

Selected English papers will be published in Springer's CCIS book series. Articles published
in CCIS will be indexed in the following databases:

e Scopus
e« SClmago
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o EI-Compendex

« DBLP

e Google Scholar

e Mathematical Reviews

CCIS volumes are also submitted for the possible inclusion in Web of Science, which will be
evaluated by Calrivate Analytics.

We hope that this conference could have been a step towards promoting the Engineering
Management and Information Technology as well as the multidisciplinary fields
related to the two main fields of EM and IT. At the end, it is worth thanking all the
participants in holding this event. This success is due to the motivation, perseverance and
unremitting efforts of dear friends and colleagues at Ankara Yildirim Beyazit University
and other universities (board members and students), panel chairs, steering committee, the
technical program committee, reviewers, keynote speakers, workshop speakers, executive
teams, panel members, presenters, attendees and others.
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Technical Program Chairs: Prof. Gerhard Wilhelm Weber
Poznan University of Technology, Poland
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Kharazmi University, Iran

Dr. Erfan Babaee Tirkolaee
Istinye University, Turkey
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Ulster University, UK
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Prof. Kathryn Stecke
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University of Isfahan, Iran
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Honorary Speech

Short Biography

Prof. Gerhard-Wilhelm Weber is a Professor at Poznan University of Technology, Poznan, Poland, at
Faculty of Engineering Management. His research is on mathematics, statistics, operational research, data
science, machine learning, finance, economics, medicine, neuro-, bio- and earth-sciences, development,
cosmology and spirituality. He is involved in the organization of scientific life internationally. He received
Diploma and Doctorate in Mathematics, and Economics / Business Administration, at RWTH Aachen, and
Habilitation at TU Darmstadt (Germany). He replaced professorships at University of Cologne, and TU
Chemnitz, Germany. At Institute of Applied Mathematics, Middle East Technical University, Ankara,
Turkey, he was a Professor in Financial Mathematics and Scientific Computing, and Assistant to the
Director, and has been a member of five further graduate schools, institutes and departments of METU.
G.-W. Weber has affiliations at Universities of Siegen (Germany), Federation University (Ballarat,
Australia), University of Aveiro (Portugal), University of North Sumatra (Medan, Indonesia), Malaysia
University of Technology, Chinese University of Hong Kong, KTO Karatay University (Konya, Turkey),
Vidyasagar University (Midnapore, India), Mazandaran University of Science and Technology (Babol,
Iran), Istinye University (Istanbul, Turkey), Georgian International Academy of Sciences, at EURO
(Association of European OR Societies) where he is “Advisor to EURO Conferences” and IFORS
(International Federation of OR Societies), where he is member in many national OR societies, working
groups, IFORS Newsletter and IFORS Developing Countries Online Resources, at Pacific Optimization
Research Activity Group, etc. G.-W. Weber has supervised many MSc. and PhD. students, authored and
edited numerous books and articles, and given many presentations from a diversity of areas, in theory,
methods and practice. He has been a member of many international editorial, special issue and award
boards; he participated at numerous research projects; G.-W. Weber received various recognitions.
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Keynote Speech

Prof. Gulnihal Meral

Vice Dean of Faculty of Engineering and Natural
Sciences, Ankara Yildirim Beyazit University, Turkey

Honorary Speech

Short Biography

Prof. Gilnihal Meral received her PhD and MSc degrees in Mathematics at Middle East Technical
University (METU) and BSc in Ankara University (Turkiye). She worked as a Research Assistant in
METU (2002-2009), as an Assistant Prof. (2009-2013) and Assoc. Prof. (2013-2016) in Bilent Ecevit
University, Zonguldak. She joined Ankara Yildirim Beyazit University in October 2016 as an Assoc. Prof.
and is now a full-time professor of Mathematics Department. She is also one of the vice-deans of the
Faculty of Engineering and Natural Sciences. She has been to different German Universities (University
of Stuttgart, University of Minster, University of Kaiserslautern) during her Ph.D. studies and for her Post
Doctoral Research. Dr. Meral’s research area mainly includes numerical solutions of ordinary and partial
differential equations and mathematical modelling, analysis, and numerical simulation of cancer invasion.
She has authored and co-authored at various core journals, conference proceedings and has given many
presentations on numerical methods and mathematical models with a special focus on cancer models and
their analysis.
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Keynote Speech

Prof. Dursun Delen

Department of Management Science & Information
Systems, Regents Professor, Patterson Foundation Chair,
us

Short Biography

Dr. Dursun Delen is the holder of William S. Spears Endowed Chair in Business Administration, Patterson
Family Endowed Chair in Business Analytics, Director of Research for the Center for Health Systems
Innovation, and Regents Professor of Management Science and Information Systems in the Spears School
of Business at Oklahoma State University. Prior to his academic tenure at OSU, he worked for a privately-
owned research and consultancy company as a research scientist for five years, during which he led a
number of advanced analytics research projects funded by federal agencies including DoD and NASA. Dr.
Delen has authored more than 250 peer reviewed articles and 12 books and textbooks in the broad area of
Data Science, Business Analytics, and Al/Machine Learning. He is often invited to companies for
consultancy engagements and national and international conferences for keynote addresses. Dr. Delen
regularly chairs tracks and minitracks at various business analytics and information systems conferences.
Currently, he is the editor-in-chief for the Journal of Business Analytics and Al in Business (in Frontiers
in Artificial Intelligence), senior editor for the Journal of Decision Support Systems, Decision Sciences,
and Journal of Business Research, associate editor for Decision Analytics, Big Data, Applied Soft
Computing, and Information Systems Frontiers, and is on the editorial boards of several other academic
journals. He has been the recipient of several research and teaching awards including the prestigious
Eminent Faculty, Fulbright Scholar, Regents’ Distinguished Teacher and Researcher, President’s
Outstanding Researcher, and Big Data Mentor awards.

Decoding the Data Universe: From Buzzwords to Real-World Implications

Abstract

In our rapidly evolving digital landscape, terms like “business analytics,” “big data,” “business
intelligence,” and “data science” have become part of our everyday lexicon. But what do they really mean?
Avre they interchangeable, or do they each hold a distinct purpose? Despite their diverse labels, these terms
share a common theme: uncovering hidden patterns and extracting insights from data. Whether it’s
predicting financial success of Hollywood movies or optimizing treatment regiments of chronic diseases,
analytics is the compass guiding our choices. Generally speaking, analytics is the art and science of
discovering insight—by way of using sophisticated mathematical/statistical/Al models along with a variety
of data and expert knowledge—to support accurate and timely decision making. Why has analytics and
data science become so popular? Why now? Is it something new/novel? This presentation will attempt to
answer these questions, and by doing so, will demystify the underlying terms/concepts of data science and
business analytics with real-world applications.
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Keynote Speech

Dr. Sara Saberi

Associate Professor, Worcetser Polytechnic Institute, US

Short Biography

Dr. Sara Saberi is an Associate Professor of Operations and Industrial Engineering at WPI. She completed
her second PhD in Business Administration from the University of Massachusetts Amherst in 2016. Her
main research interests lie at the intersection of supply chain management, Blockchain, game theory and
network optimization. Her research published in the leading journals including the European Journal of
Operational Research, Transportation Research Part E: Logistics and Transportation Review, International
Journal of Production Research, and International Journal of Production Economics. She has been awarded
multiple grants as PI from APICS’ Research Grant, Alfred P. Slone Foundation/Environmental Law
Institute, National Science Foundation, and The U.S. Economic Development Administration. Due to her
contributions to the supply chain field, which have benefited manufacturers, she has been honored with the
esteemed Norton Assistant Professorship.

Blockchain use cases in sustainable supply chain

Abstract

This presentation provides theoretical and practical managerial insights on emerging blockchain
technology. Specifically, | introduce rudimentary blockchain technology features and their relationship to
supply chain management and their use cases in sustainable supply chain networks. | expand my discussion
into what managers need to know on the linkage of blockchains to sustainable supply chains and the circular
economy. Overall, there is substantial potential for blockchain to support corporate and supply chain
sustainability—but care should be taken to understand the pitfalls.
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Keynote Speech

Prof. Eren Ozceylan

Gaziantep University, Industrial Engineering Department,
Turkey

Short Biography

Prof. Eren Ozceylan is a Professor of the Industrial Engineering Department at the University of
Gaziantep, and Branch Chief of the Logistics Association of Turkey (LODER). Before joining there, he
was at Northeastern University to conduct postdoctoral studies about sustainable production and
distribution planning. He has a diverse background with degrees and experience in environmentally
conscious logistics and supply chain management, Al implementations, optimization, and management
science. With this multidisciplinary background, he has helped practitioners and policymakers develop
decision-making skills and tools to create and manage efficient, resilient, and sustainable supply chains. He
was awarded the Science Academy Young Scientist Award in 2016 and the Gaziantep University Science
Award in 2017. He has over 100 SCI, and SSCI articles and over 5000 citations. According to the latest
research conducted by Stanford University, he is one of the top 2 percent of scientists in the world, he is a
TUBITAK and TUSSIDE-approved Model Factory Lean Production and DDX Digital Transformation
consultant. He is also a borad member at Limonist Meta Technology, based in London, offers Al-based
digital solutions to different sectors such as construction, carpet, garment, cosmetics, and health.

Partial disassembly line balancing problem insustainability framework

Abstract

Remanufacturing, like recycling, is crucial in terms of economic benefits, environmental conservation, and
resource preservation. Disassembly operations have a critical role for remanufacturing and recycling
processes. The disassembly lines, which are integral to the disassembly system, serve the purpose of
separating recycled or remanufactured products into their individual components. Due to the long-term
decision-making process and substantial investment required for installing these lines, it becomes crucial
for the system to operate at its utmost efficiency. Achieving efficient operation of disassembly lines
necessitates appropriate configuration and resolution of the line balancing problem. However, end-of-life
products can undergo either complete or partial disassembly procedures. Complete disassembly is often not
practical in real-world settings. Given that complete disassembly is often unnecessary and costly, it has
become essential to determine the optimal level of disassembly that maximizes profitability. Consequently,
businesses commonly opt for partial disassembly, focusing on dismantling predominantly hazardous and
high-demand parts while leaving the remaining components intact without disassembling them. In this
speech, we will focus on partial disassembly line balancing problems within the framework of
sustainability. The gaps in the literature on partial disassembly line balancing problems will be mentioned
and the economic, environmental and social objective functions that can be used will be discussed.
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Keynote Speech

Prof. Tatiana Tchemisova

University of Aveiro, Portugal

Short Biography

Prof. Tatiana Tchemisova graduated from the Belarusian State University and received her Ph.D. in
Physical and Mathematical Sciences from the National Academy of Sciences of Belarus in 1996. She began
her career at the Institute of Mathematics, Minsk, Belarus, and has worked as a researcher, lecturer, and
assistant professor at several higher education institutions in Belarus and Portugal. Since 2020, she has been
an associate professor at the University of Aveiro, Portugal. Prof. Tatiana's expertise encompasses various
aspects of mathematical optimization, including continuous and convex optimization, and the application
of optimization methods to operations research, data mining, and decision support. She is the author of over
50 scientific publications and has co-authored research papers in various core journals, book chapters, and
conference proceedings. She has educated several graduate students and is currently mentoring others. Prof.
Tatiana leads as an editor, guest editor, and editorial board member for several journals, journal special
issues, and book projects. Since 2020, Prof. Tatiana has been a member of the board of the EURO
WISDOM Forum, which aims to promote, support, empower, and encourage the participation of all genders
in Operations Research and Management Science.

Algorithmic challenges in Semidefinite Programming: exploring regularity with
Immobile indices

Abstract

Semidefinite programming (SDP) deals with the problem of minimizing linear functions subject to linear
matrix inequalities (LMIs) and belongs to conic optimization. A wide variety of nonlinear convex
optimization problems can be formulated as problems involving LMIs, and hence efficiently solved using
recently developed interior-point methods. Semidefinite programming has been recognized in
combinatorial optimization as a valuable technique for obtaining bounds on the solution of NP-hard
problems. It provides important numerical tools for analysis and synthesis in systems and control theory,
robust optimization, computational biology, systems and control theory, sensor network location, and data
analysis, among others. Regularity is an important property of optimization problems. Various notions of
regularity are known from the literature, being defined for different classes of problems. Usually,
optimization methods are based on the optimality conditions, which in turn, often suppose that the problem
is regular. The absence of regularity leads to theoretical and numerical difficulties, and solvers may fail to
provide a trustworthy result.

The first part of the talk is about a novel approach to the algorithmic investigation of the regularity of linear
SDP problems. This approach is based on the notions of immobile indices and their immobility orders. For
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the linear semidefinite problem, we define the subspace of immobile indices and formulate the first-order
optimality conditions in terms of a basic matrix of this subspace. These conditions are explicit, do not use
constraint qualifications, and have the form of criterion. In the second part, an algorithmic generator
constructing nonregular SDP instances with prescribed irregularity degrees and a database of nonregular
test problems created using this generator are presented. Numerical experiments using popular SDP solvers
on the problems of this database permit us to conclude that the most efficient solvers are not efficient when
applied to nonregular problems.

The presentation is based on joint work with O. Kostyukova (National Academy of Sciences of Belarus)
and E. Macedo (University of Aveiro, Portugal).
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Workshop

Dr. Marzieh Asaadi

Economics and Management Department,
Golestan University, Iran

Short Biography

Dr. Marzieh Asaadi is an economist researcher specialized in international macroeconomics, with a
focus on sustainable development and the knowledge-based economy. she earned her PhD in monetary
and international macroeconomics from the University of Glasgow, UK, with an A grade. Currently,
she is serving as an Assistant. Professor of Economics in the Faculty of Humanities and Social
Sciences, and the director of the Socio-Economic Research Group at Golestan University, Iran.
Besides publishing several research papers, her most notable achievements include receiving the
World Bank scholarship, the International Monetary Fund research travel grant, the research travel
grant as a visiting researcher at the Korea Institute for International Economic Policy, South Korea
(2022), the main investigator in the international research project "Governance of sustainable

development of BRICS member countries" hosted by the National Institute of Humanities and Social
Sciences of South Africa, and the Faculty of Management Sciences of the Durban University of
Technology-South Africa (2023-2024), and the research travel grant to attend the roundtable dialogue
of the BRICS plus nations in the field of digital economy governance, hosted jointly by MGIMO
University, and St. Petersburg University, Russia (2024).

The interplay between Tockenomics and Monetary Policy
Transmission Mechanism

Abstract

Blockchain-based applications and cryptocurrencies have recently gained significant attention as
technological advancements in finance, introducing a new dimension to the traditional monetary system.
The concept of tokenomics, which focuses on the economics of blockchain-based tokens, has emerged
prominently alongside the proliferation of cryptocurrencies and decentralized finance (DeFi) platforms.
This development has presented fresh opportunities and challenges concerning the monetary policy
transmission mechanism (MTM). Currently, central banks and policymakers are tasked with grasping the
intricate relationship between tokenomics and the monetary transmission mechanism, which dictates how
monetary policy decisions influence the economy through alterations in interest rates, credit accessibility,
and asset valuations. This presentation seeks to delve into the dynamics between tokenomics and the
monetary transmission mechanism through its transmission channels, offering insights into the potential
implications for central banks and policymakers amidst a rapidly evolving financial landscape.
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Dr. AbdulQuddus Mohammed
Higher Colleges of Technology, UAE

Short Biography

Dr. AbdulQuddus Mohammed is working as an Assistant Professor in Business Division Chair at HCT-
Al Dhafra Colleges since 2016. His leadership philosophy is “leaders eat last”. He is passionate about
making difference to people by sharing knowledge to create leaders of influence to society. He had been
fortunate to win 2024 ACBSP Teaching Excellence Award by ACBSP, USA. And also, HCT Teaching
Excellence Awards consecutively since last three years. He won HCT Outstanding Employee Award and
HCT Faculty Excellence Award for the community service. He is a winner of the prestigious Sheikh
Mansour Bin Zayed Award for Best Research in Human Resources by FAHR, UAE. And also, The
winner of Queen Effat Award for the Excellence in Teaching at Effat University, Saudi Arabia.

He has attained PhD (Management), Doctorate in Business Administration (Al and Digital Marketing),
MBA in Management Information Systems and MPM (Masters in Personnel Management).
Professionally. He has professional certifications in FCIM, FCIML, SHRM-CP, MCIPD-Academic,
Blackboard Certified Educator, Certified Management and Business Educator and Certified Digital
Marketing Professional and Certified Blockchain Associate. His research interests include
Entrepreneurial Mindset, Innovation, Blockchain, Meta Verse, Artificial Intelligence, Future of Work,
Entrepreneurship, 4th Industrial Revolution Technologies, Talent Management, and HR Analytics. He
developed the most important course ENT 4033-Startup Lab in collaboration with the industry partners
for the Innovation and Entrepreneurship program. He embarked on a project of contributing to society
with my Z-Mindset Lab to advocate Entrepreneurial Mindset as an element of education system and
developed first ever psychometric test for assessing Entrepreneurial Mindset in UAE. The hunger that
keeps him moving is to spread the importance of entrepreneurial mindset and the philosophy of
impossible is nothing to zee generation and entrepreneurs.

Al Tools for Classroom Engagement

Abstract

This workshop is designed specifically for all the international faculty, focusing on Al tools that can
enhance classroom engagement and improve learning outcomes. We will explore Al driven platforms for
creating interactive classes, course development, assessment development and analytical tools to monitor
students progress that will help individual’s faculty members to offer customized classroom solutions for
students’ engagement and active classroom environment.
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Mr. Vuppulapati Chandra Mr. Harshavarshan Dr. Sheetal Sharma

Sekhar Naidu Yedla _
Principal Architect School of Architecture, VIT

Senior Practice Leader - Coforge Practitionar, Wipro LLC, Bhopal, India
Disney+, Dallas, TX

Short Biography

Mr. Vuppulapati Chandra Sekhar Naidu is an IT professional with over 23 years of experience in
Computer Science and Information Technology, having worked with prestigious organizations such as
IBM, EXL, Virtusa, UST Global, and Polaris in Principal Architecture and Leadership roles. His expertise
spans Big Data, AI/ML, Cloud, Cybersecurity, and Data Governance. He has published articles in these
fields, developed advanced analytical models, and designed cutting-edge solutions. Mr. Vuppulapati also
served as a reviewer for various university journals and was recently selected as a GLOBEE Judge in
Cybersecurity, where he assessed submissions from over 50 companies. He has been invited to speak at
several international conferences on communication, computational intelligence, and computing
technologies, and he regularly reviews research-oriented papers from leading organizations, universities,
International seminar/workshops offering innovative ideas that can make a meaningful impact .His
experience includes managing diverse global clients across industries such as banking, finance,
healthcare, retail, insurance, manufacturing, logistics, and telecom. As a Senior Member of IEEE,
IET and Fellow of IETE, he currently leads Data, AI/ML, Cloud, and Big Data projects at
COFORGE.COM, as a Senior Practice Leader -Al/ML where he drives strategic engagements and
provide thought leadership to expand the data analytics practice.

Mr. Harshavardhan Yedla is a seasoned IT professional with 18 years of experience in implementing
and architecting digital technologies, having made significant contributions at renowned organizations
like Wipro, Persistent & Genpact. His expertise encompasses a broad spectrum of areas including Data
Engineering, AI/ML, Cloud Solutions & Business Transformation. Mr. Yedla has successfully led cross-
functional teams, managed complex data transformation projects & driven innovative solutions across
various domains such as finance, healthcare, and manufacturing & Supply Chain. He has published
scholarly articles on advanced forecasting techniques and environmental sustainability and actively
contributes as a reviewer for numerous international conferences and journals. His role as a Principal
Architect Practitioner has seen him leading transformative projects at prominent companies like Disney+,
Zelle, Walmart, GE where he has shaped technology roadmaps and enhanced business processes. Yedla
is a Senior Member of IEEE and a Fellow of the IETE & SAS Society, Mr. Yedla continues to drive
strategic initiatives and provide thought leadership in the realms of data analytics and digital
transformations & Al.
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Dr. Sheetal Sharma is a distinguished academic and professional with a rich background in
architecture and urban planning, currently serving as the Dean of the School of Architecture at VIT
Bhopal. With extensive qualifications, including a Ph.D., GEM CP, M.Plan (U.D.P), M.Val, and
B.Arch, she has gained notable recognition in her field. Dr. Sharma is a Chartered Architect and a
member of prestigious organizations such as RIBA, FIV, AllA, AMI Struct, MITPI, and LMIAH,
showcasing her commitment to advancing architectural practice and education. Throughout her
career, she has been instrumental in shaping future architects, fostering innovation, and leading
collaborative efforts that merge design excellence with urban development strategies. Her
leadership extends beyond academia, contributing to industry standards and participating in
interdisciplinary projects that span structural design, urban planning, and valuation. As a thought
leader in architecture, Dr. Sharma continues to guide the next generation of architects and urban
planners while playing an active role in the growth of architectural education and practice in India.

Advancing Quality Control & Predictive Maintenance
In Manufacturing with Al, ML, Cloud, & IoT

Abstract

In manufacturing industries, ensuring product reliability, compliance with standards, and operational
efficiency is crucial, relying heavily on effective quality control and maintenance management. This
study explores the integration of Al technologies to analyze sensor data from production equipment.
Leveraging advanced predictive modeling techniques such as Stacked LSTM networks, RNNs, Random
Forests, Gradient Boosting, SVM, ARIMA, and SARIMA, the analysis aims to predict potential
equipment failures, implement proactive maintenance strategies, and maintain stringent quality standards
through automated checks and audits.

This research illustrates how Al-driven insights are effectively visualized on intuitive dashboards and
detailed reports, facilitating adherence to regulatory requirements and significantly enhancing operational
reliability in manufacturing processes. Beyond immediate benefits such as reduced downtime and
increased productivity, anomaly detection in rotating machinery is highlighted as pivotal in Al-based
predictive maintenance (PdM). The study underscores the transformative impact of predictive modeling
on the management of production equipment, fostering innovation and supporting sustainable practices
across diverse industries by utilizing sensors, cameras, and laser beam sensing.
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Panel:
7
» Optimization and Decision-Making:
l‘ jf‘ Methods and Algorithms
Dr. Rohit Bansal  Dr. Fazla Rabby Dr. Pooja Chaturvedi
Sharma
Panel:

Avrtificial Intelligence and Expert Systems

Dr. Luan-Thanh  Mr. Tri-Quan  Mrs. Tien-Thao ~ Mr. Tung-
Nguyén Dang Thanh Le

Panel:

Safety and Reliability Engineering, System Engineering
and System Safety, Safety in Industry 4.0

A

Dr. Mazdak Khodadadi

Panel:

BioCompute Innovations: Bridging Computer Science
and Bioinformatics

Dr. Hela Limam

Panel:

Recent Advancements in Social Sciences, Humanities,
and Information Technology

Dr. Asif Akhtar

Panel:

HSE & Machine Learning Applications in
Engineering

Dr. Aybike Ozyiksel Dr. Soheyl
Ciftgioglu Khalilpourazari
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Dr. Simerjeet Singh Bawa

Dr. Ammar Odeh

Dr. Zohreh Molamohamadi

SEMIT 2024

Panel:

Blockchain Applications and Other Fields of
Study Related to EM and IT

Panel:

Marketing and E-marketing

Panel:

Smart Transportation Systems and Water
Management

Panel:

The Impact of Al on Cybersecurity

Panel:

Harnessing Advanced Mathematical Modeling and Digital
Technologies for Sustainable Engineering and Financial
Solutions

Panel:

Soft Computing Algorithms for
Optimization and Decision Making in an
Uncertain Environment
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Data Modeling, Mining and
Knowledge Discovery
Dr. Wided Oueslati Dr. Afef Bahri Dr. Sonia Nasri

Q Panel:
'.. | Role of Digital Technologies and Supply

Chain Sustainability

'y

Dr. Vijay Kumar Dr. Rakesh ~ Dr. Kumar Rahul  Mr. Mohit
Gahlawat Kumar Malik
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“SEMIT 2024 is scheduled based on ANKARA time zone”

Ahmet Siiha Hancioglu

Ankara Yildirim Beyazit University, Tiirkiye

Vildan Tezcan Safak Kagar

Ankara Yildirim Beyazit

Kdrd Ankara Yildinm Beyazit
University, Turkey

University, Turkey

https://zoom.us/j/92473236147?pwd=0xdyoMslbrnPMWLx
tVaCtxEJ10Vsjn.1

E Join Zoom Meeting
S https://zoom.us/j/99428691656?pwd=FWj]ibl103X6sdzz8lhp
x Leila Chehreghani MEKY9vPBKBY.1
Ulster University, Birmingham, UK
S | Mert Eyiiboglu
= Ankara Yildirm Beyazit University, Turkey Join Zoom Meeting
iy Thursday:
= i https://zo0m.us/j/94297908252?pwd=Bp1PdcgzZWWxnMHQ
S GvCmNpYI9iYQWGD.1
x Dr. Gl Uslu Friday:
) o https://zoom.us/j/96190459972?pwd=9WyTe38CVVTF8UY
Sinop University, Turkey cBzuk01g3hBNdIA.1
Abdulrahim Taha Alperen Oncel Join Zoom Meeting
Kglkoner '\ Ankara Yildinm Bevage | TRUrsday:
| nKara Yidirim beyazi ) . _
- ‘ Ankara Yildirim Beyazit A [ University, Turkey https://zoom.us/j/98317536609?pwd=EZPoyJkF3W2eOgES5
= University, Turkey \ PwTmNIvoci6Kza.1
S - Friday:
Bl s
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» The conference programs are scheduled based on Ankara Time Zone (UTC+3).

First day: Thursday 12.09.2024

Location/time 9-10:30 10:45-12:15 12:15-13:30 13:30-15:00 15:15-16:45
Room 1 . 10:45-11:30
Opening
CETEmY Keynote speech
Honorary Speech Hidp Bl Tat|ana Paper Session
Tchemisova Keynote Speech
Prof. Gerhard- Break time Dr. Mazdak Prof. Dr. Dursun
Wilhelm Weber 11:30-12:15 Khodadadi e
. Delen
Karimvand
Honorary speech Workshop
Prof. Dr. Gulnihal | Mr. Vuppulapati Chandra
Meral Sekhar Naidu
Room 2 Closed Paper Session Break time Paper Session Paper Session
Dr. Rohit Bansal Dr. Hela Limam Dr. Aybike
Ozyiiksel Ciftcioglu
Room 3 Closed Paper Session Break time Paper Session Paper Session
Dr. Luan-Thanh Nguyen Dr. Meenakshi Dr. Zohreh
Kaushik Molamohamadi
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Second day: Friday 13.09.2024

Location/time 9-10:30 10:45-12:15 12:15-13:30 13:30-15 15:15-16:45
Room 1 9-9:45
Workshop
Dr. Marzieh Closing Session
Asaadi Dr vaodrlljfg%%dus Paper Session
; ; ' Break time Keynote speech
9:45-10:30 Mohammed Dr. Sadeq Damrah Dr. Sara Saberi
Keynote speech
Prof. Dr. Eren
Ozceylan
Room 2 Paper Session Paper Session Break time Paper Session Closed
Dr. Mohit Malik Dr. Serap Ergiin Dr. Wided Oueslati
Room 3 Paper Session Paper Session Break time Paper Session Closed

Dr. Simerjeet

Singh Bawa

Dr. Ammar Odeh

Dr. Vijay Kumar
Gahlawat
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e Opening Ceremony

Thursday, 12.09.2024, At 9:00 (Ankara time)

# Title Time Duration (min)

1 Opening Presentation 9:00-9:05 5
Welcome Speech

2 Prof. Dr. Mete Gundogan, Head of Department of Industrial 9:05-9:15 10
Engineering, AYBU
Conference Report . .

3 Prof. Dr. A. Mirzazadeh, Conference Chair 9:15-9:30 15

4 SEMIT 2024 Clip 9:30-9:35 5
Honorary speech

5 Prof. Gerhard-Wilhelm Weber, Poznan University of Technology, 9:35-9'50 15
Poland and Chair of IFORS Developing Countries Online ’ ’
Resources

6 AYBU Clip 9:50-9:55 5
Honorary speech

7 Prof. Dr. Gilnihal Meral, Vice Dean of AYBU Faculty of 9:55-10:20 25
Engineering and Natural Sciences

8 Introduction to the Conference Programs and Schedules 10:20-10:30 10

e Closing Session
Friday, 13.09.2024, At 15:15 (Ankara time)

# Title Time Duration (min)

1 Closing Presentation 15:15-15:20 5
Friendly Talk with the Participants ) _

. Prof. Dr. Erdebilli, Conference Chair LA TS =
Speech about the Application of Blockchain in Sustainable

3 Supply Chain 15:35-16:25 50
Dr. Sara Saberi, Worcetser Polytechnic Institute, US

4 SEMIT 2024 Clip 16:25-16:30 5

6 Appreciation and Group Photo 16:30-16:45 15
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Room 1, link:
Keynote Speech | https://zoom.us/j/99428691656?pwd=FWj]ibllo3X6sdzz8lhpmEKY9vPBKBY.1
Host: Ahmet Siiha Hancioglu

Date: Thursday, 12.09.2024
Time:10:45-11:30

Title:
“Algorithmic challenges in Semidefinite Programming: exploring regularity with immobile indices”

Keynote Speaker:
Prof. Dr. Tatiana Tchemisova
University of Aveiro, Portugal

Abstract:
Semidefinite programming (SDP) deals with the problem of minimizing linear functions subject to linear matrix inequalities (LMIs)

and belongs to conic optimization. A wide variety of nonlinear convex optimization problems can be formulated as problems involving
LMIs, and hence efficiently solved using recently developed interior-point methods. Semidefinite programming has been recognized
in combinatorial optimization as a valuable technique for obtaining bounds on the solution of NP-hard problems. It provides important
numerical tools for analysis and synthesis in systems and control theory, robust optimization, computational biology, systems and
control theory, sensor network location, and data analysis, among others. Regularity is an important property of optimization problems.
Various notions of regularity are known from the literature, being defined for different classes of problems. Usually, optimization
methods are based on the optimality conditions, which in turn, often suppose that the problem is regular. The absence of regularity
leads to theoretical and numerical difficulties, and solvers may fail to provide a trustworthy result.

The first part of the talk is about a novel approach to the algorithmic investigation of the regularity of linear SDP problems. This
approach is based on the notions of immobile indices and their immobility orders. For the linear semidefinite problem, we define the
subspace of immobile indices and formulate the first-order optimality conditions in terms of a basic matrix of this subspace. These
conditions are explicit, do not use constraint qualifications, and have the form of criterion. In the second part, an algorithmic generator
constructing nonregular SDP instances with prescribed irregularity degrees and a database of nonregular test problems created using
this generator are presented. Numerical experiments using popular SDP solvers on the problems of this database permit us to conclude
that the most efficient solvers are not efficient when applied to nonregular problems.

The presentation is based on joint work with O. Kostyukova (National Academy of Sciences of Belarus) and E. Macedo (University
of Aveiro, Portugal).
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Room 1, link:
Workshop https://zoom.us/j/99428691656?pwd=FW/]ibll03X6sdzz8lhpmEKY9vPBKBY.1
Host: Ahmet Siiha Hancioglu

Date: Thursday, 12.09.2024
Time:11:30-12:15

Title:
“Advancing Quality Control & Predictive Maintenance in Manufacturing with Al, ML, Cloud, & l1oT”

Speakers:

Mr. Vuppulapati Chandra Sekhar Naidu, Senior Practice Leader — Coforge

Mr. Harshavarshan Yedla, Principal Architect Practitionar, Wipro LLC, Disney+, USA
Dr. Sheetal Sharma, School of Architecture, VIT Bhopal, India

Abstract:
In manufacturing industries, ensuring product reliability, compliance with standards, and operational efficiency is crucial, relying

heavily on effective quality control and maintenance management. This study explores the integration of Al technologies to analyze
sensor data from production equipment. Leveraging advanced predictive modeling techniques such as Stacked LSTM networks, RNNs,
Random Forests, Gradient Boosting, SVM, ARIMA, and SARIMA, the analysis aims to predict potential equipment failures,
implement proactive maintenance strategies, and maintain stringent quality standards through automated checks and audits.

This research illustrates how Al-driven insights are effectively visualized on intuitive dashboards and detailed reports, facilitating
adherence to regulatory requirements and significantly enhancing operational reliability in manufacturing processes. Beyond
immediate benefits such as reduced downtime and increased productivity, anomaly detection in rotating machinery is highlighted as
pivotal in Al-based predictive maintenance (PdM). The study underscores the transformative impact of predictive modeling on the
management of production equipment, fostering innovation and supporting sustainable practices across diverse industries by utilizing
sensors, cameras, and laser beam sensing.
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Room 2, link:
Session Code: SP01 https://zoom.us/j/94297908252?pwd=Bp1PdcgzZWWxnMHQGvCmMNpYI9iYQWGD.1
Host: Mert Eyiiboglu

Date: Thursday, 12.09.2024
Time:10:45-12:15

Title:

“Optimization and Decision-Making: Methods and Algorithms”

Panel Chairs:

Dr. Rohit Bansal, Professor Department of Management Studies Vaish College of Engineering, Rohtak India
Dr. Fazla Rabby, Director Stanford Institute of Management and Technology, Sydney Australia

Dr. Pooja Chaturvedi Sharma, Assistant Professor, Apeejay School of Management, Delhi India

Paper Code Authors Paper Title

1025-SEMIT2024 | Merve Koca FSR in Wireless Sensor Networks and UAVs: Enhancing Routing Efficiency

Parmida Bahreini; Babek

1002-SEMIT2024 Erdebilli

Hydrogen Refueling Station Location Selection Using Fuzzy AROMAN

1004-SEMIT2024 | Gizem Yazici Yildiz Fuzzy Lo_glc Regresswn Modeling and Integrgtlon of Advanc_ed '_I'echnologles in Irrigation
Cooperatives: Development and Implementation of Smart Irrigation Systems

Fatma Ben Amor; Manel A capacitated multi-vehicle covering tour problem to solve the medication distribution

1089-SEMIT2024 Kammoun; Taicir Loukil problem

Emmanuel Ifeanyichukwu
Nkeleme; Afolabi Dania;
Miracle Chinemerem Ojiakor;
Olayinka Gideon Omoboye

1032-SEMIT2024 Recovery and Reuse of Building Materials from End of Service Life of Buildings in Nigeria



https://zoom.us/j/94297908252?pwd=Bp1PdcgzWWxnMHQGvCmNpYl9iYQWGD.1
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Time:10:45-12:15

Date: Thursday, 12.09.2024

Room 3, link:

Session Code: SP02 https://zoom.us/j/98317536609?pwd=EZPoyJkF3W2eOgE5PWTmNIvgcf6Kza.1

Host: Alperen Oncel

Title:

“Artificial Intelligence and Expert Systems”

Panel Chair:

Dr. Luan-Thanh Nguyen, Ho Chi Minh City University of Foreign Languages-Information Technology (HUFLIT)

Panel Members:

Mr. Tri-Quan Dang, Senior researcher, Ho Chi Minh City University of Foreign Languages-Information Technology (HUFLIT)
Mrs. Tien-Thao, Cong Phan, Senior researcher & Ho Chi Minh City University of Foreign Languages-Information Technology (HUFLIT)
Mr. Tung-Thanh Le, Senior researcher & Ho Chi Minh City University of Foreign Languages-Information Technology (HUFLIT)

Paper Code Authors Paper Title
1022-SEMIT2024| llayda Boz Performance Evaluation of Object Detection Models in Maritime Applications
1023-SEMIT2024| llayda Boz Single-Stage Deep Learning in Aviation: YOLOV5 for Satellite-Based Aircraft Detection
1029-SEMIT2024| Hilal Kuzu Benchmarking YOLOv7 and YOLOVS8: Real-Time Pothole Detection Capabilities

1050-SEMIT2024

Van-Hung Le; Huu-Son
Do; Van-Nam Phan;
Trung-Hieu Te; Quang-
Tri Ninh

Fine-tuning VO Estimation Model Based on Deep Learning of TQU-SLAM Benchmark Dataset

1024-SEMIT2024

Merve Koca

Comparative Analysis of SSD and Faster R-CNN in UAV-Based Vehicle Detection



https://zoom.us/j/98317536609?pwd=EZPoyJkF3W2eOgE5PwTmNIvqcf6Kza.1
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Date: Thursday, 12.09.2024

Time:13:30-15-00 Session Code: SP03

Room 1, link:
https://zoom.us/j/99428691656?pwd=FWjibl103X6sdzz8lhpmEkY9vPBKBY.1

Host: Ahmet Siiha Hancioglu

Title:

“Safety and Reliability Engineering, System Engineering and System Safety, Safety in Industry 4.0”

Panel Chair:

Dr. Mazdak Khodadadi Karimvand, University of Science and Culture, Tehran, Iran

Paper Code

Authors

Paper Title

1073-SEMIT2024

Erfan Sarjozani; Emad Roayaei; Mazdak
Khodadadi Karimvand

Proposing a Conceptual Model Based on Critical Success Factors for
Implementing Safety Programs in an Upstream Oil and Gas Project

1082-SEMIT2024

Sadegh Azad; Sobhan Ahadi

Accident Analysis Using Fault Tree Analysis: A Case Study of AB Specialty
Silicones

1096-SEMIT2024

Mohadeseh Asgari; Mazdak Khodadadi
Karimvand

The Role of Artificial Intelligence in Risk Management, Accident Prevention,
and Safety Protocols

1043-SEMIT2024

Busra Baytur; Eren Ozceylan

Unmanned Aerial Vehicles in Inventory Management: An Overview of Current
Research and Applications

1092-SEMIT2024

Mahya Farhad; Mazdak Khodadadi
Karimvand

Analysis of the thinner release accident in the painting unit of automobile
manufacture using the Bow-Tie method

1095-SEMIT2024

Mohadeseh Asgari; Mazdak Khodadadi
Karimvand

Analysis of a fire accident at oil storage tank in Gheshm Island by using the
Bowtie method
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Date: Thursday, 12.09.2024

Time:13:30-15-00 Session Code: SP04

Room 2, link:

https://zoom.us/j/94297908252?pwd=Bp1PdcgzZWWxnMHOGvCmNpYI19iYOWGD.1

Host: Mert Eyiiboglu

Title:

“BioCompute Innovations: Bridging Computer Science and Bioinformatics”

Panel Chair:

Dr. Hela Limam, Institut Supérieur d’Informatique, Université de Tunis El Manar, Tunisia and Laboratoire BestMod, Institut Supérieur de

Gestion de Tunis, 2000, Tunis, Tunisia

Paper Code Authors

Paper Title

1028-SEMIT2024 | Hela Limam; Wided Oueslati

Practices and Future Directions

Artificial Intelligence for Predicting Acute Ischemic Stroke Outcomes: Current

Faicel Felhi; Jalel Akaichi; Hela

1056-SEMIT2024 | , .
Limam

Architecture: A Survey

A Semantic Context Ontology Based on Self-Adaptive Service-Oriented

1006-SEMIT2024 | Servet Soygiider; Hasan Ali Yasa

SPSS Method

Analysis on Digital Health Services Awareness of Generations X, Y and Z Using

1007-SEMIT2024 | Servet Soyguder; Nilguin Ugkun

Digital Health System and Carbon Footprint Analysis

Wifek Boumrifek; Ines Ben Alaya;

1111-SEMITZ024 Wanis Barreh; Salam Laabidi

learning approach

Enhancing Ischemic Stroke Patient Selection for Thrombectomy using deep-
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) Room 3, link:
Date: Thursday, 12.09.2024 Session Code: SPO5  |https://z00m.us/j/983175366092pwd=EZPoyJKE3W2e0gESPWTmNIvaci6Kza.1
Time:13:30-15:00 - =

Host: Alperen Oncel

Title:
“Recent Advancements in Social Sciences, Humanities, and Information Technology”

Panel Chair:
Dr. Meenakshi Kaushik, Dean (Research), TIIPS, GGSIPU (Guru Gobind Singh University), India

Panel Member:
Dr. Asif Akhtar, Department of Business Administration, A.M.U, Aligarh

Paper Code Authors Paper Title

1060-SEMIT2024| Meenakhi kaushik: Shaily Saxena Mo_onllghtmg thrgugh the lens of ethics: An analysis of ethical dilemma faced by
Indian IT professionals

Neighborhood-based Knowledge Embedding Model for Explainable News

1086-SEMIT2024| Zihal Kurt .
Recommendations

Mohammed Alami Chentoufi, Ait Alla Gender Disparities and Public Policies in Education: An Econometric Study of

1126-SEMIT2024 Aniss, Naoual Mamdouh Morocco’s Challenges and Opportunities

Kishori Kasat; Naim Shaikh; Venkatesh Enhancing Omnichannel Customer Experience: A Case Study Analysis of Al

1124-SEMIT2024 lyengar Integration in Retail E-Commerce

1112-SEMIT2024| Naval Lawande A Decade of Emotional Intelligence: Emerging Trends and Developments
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Room 1, link:
Keynote Speech  |https://zoom.us/j/99428691656?pwd=FWj]ibllo3X6sdzz8IhpmEkY9vPBKBY.1
Host: Ahmet Siiha Hancioglu

Date: Thursday, 12.09.2024
Time:15:15-16:45

Title:
“Decoding the Data Universe: From Buzzwords to Real-World Implications”

Speaker:
Prof. Dr. Dursun Delen
Department of Management Science & Information Systems, Regents Professor, Patterson Foundation Chair, US

Abstract:

In our rapidly evolving digital landscape, terms like “business analytics,” “big data,” “business intelligence,” and “data science” have
become part of our everyday lexicon. But what do they really mean? Are they interchangeable, or do they each hold a distinct purpose?
Despite their diverse labels, these terms share a common theme: uncovering hidden patterns and extracting insights from data. Whether
it’s predicting financial success of Hollywood movies or optimizing treatment regiments of chronic diseases, analytics is the compass
guiding our choices. Generally speaking, analytics is the art and science of discovering insight—by way of using sophisticated
mathematical/statistical/Al models along with a variety of data and expert knowledge—to support accurate and timely decision making.
Why has analytics and data science become so popular? Why now? Is it something new/novel? This presentation will attempt to answer
these questions, and by doing so, will demystify the underlying terms/concepts of data science and business analytics with real-world
applications.
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Date: Thursday, 12.09.2024

Time:15:15-16:45

Room 2, link:
Session Code: SP06  |https://zoom.us/j/94297908252?pwd=Bp1PdcgzZWWxnMHQGvVCmNpYI9iYOWGD.1

Host: Mert Eyiiboglu

Title:

“HSE & Machine Learning Applications in Engineering”

Panel Chair:

Dr. Aybike Ozyiiksel Ciftcioglu, Department of Civil Engineering, Manisa Celal Bayar University, Tiirkiye

Panel Member:

Dr. Soheyl Khalilpourazari, Department of Mechanical, Industrial and Aerospace Engineering, Concordia University Montreal, Canada

Paper Code

Authors

Paper Title

1068-SEMIT2024

Duha Khalid Al-Mallah; Wijdan Hasan
Hamoody

The role of machine learning in improving the quality of academic outcomes

1080-SEMIT2024

Aybike Ozyiiksel Ciftgioglu; Anil
Delikanlt

The Application of Machine Learning on Shear Strength of Reinforced Concrete T-
Beams

1061-SEMIT2024

Hatice Yahsi; Deniz Efendioglu

Tiirkiye Hukukunda Giiriiltii ile Ilgili Yapilan Diizenlemeler Ve Giiriltii
Yonetmeligi Oncesi Ve Sonrasi Giiriiltii Kaynakli Meslek Hastaliklari Arasindaki
Iligki Incelemesi

1063-SEMIT2024

Seniha Yakut Giler; Deniz Efendioglu

Ogretmenlik Mesleginde Bir Risk Faktorii Olan Bulasici Hastaliklara is Sagligi Ve
Guvenligi Acisindan Bir Bakis

1117-SEMIT2024

Harshavardhan Yedla; Vuppulapati
Chandra Sekhar Naidu; Sheetal Sharma

Advancing Quality Control & Predictive Maintenance in Manufacturing with Al,
ML, Cloud, & loT



https://zoom.us/j/94297908252?pwd=Bp1PdcgzWWxnMHQGvCmNpYl9iYQWGD.1

ggaﬁed

Date: Thursday, 12.09.2024

Time:15:15-16:45

Room 3, link:
Session Code: SP12 https://zoom.us/j/98317536609?pwd=EZPoyJKF3W2eOgE5PWTmNIvgcf6Kza.1l

Host: Alperen Oncel

Title:

“Soft Computing Algorithms for Optimization and Decision Making in an Uncertain Environment”

Panel Chair:

Dr. Zohreh Molamohamadi, Kharazmi Univeristy, Iran

Paper Code

Authors

Paper Title

1047-SEMIT2024

Fatima Zohra Ndlped Allam née Chergui;
Latifa Ndlped Hamami; Hicham Bousbia-
Salah

Wavelet Transform applied to Iris Person Recognition

1010-SEMIT2024

Cansu Caliskan; Hilal Arslan

Efficient Feature Selection Method Using Metaheuristic Algorithms for
Detecting Gallstone Disease

1030-SEMIT2024

Olayinka Gideon Omoboye; Abdullateef
Adewale Shittu; Yakubu Danasabe
Mohammed; John Abel Tsado; Emmanuel
Nkeleme

Inhibitors to The Adoption of Construction Contract Auditing

1039-SEMIT2024

Mete Gilindogan; Melike Kaya Akca;
Kiibra Yildiz; Mustafa Ozer

Evaluation of Natural Disaster Effects in the Industrial Sectors in Tirkiye: An
AHP-based Assessment Application in the Pharmaceutical Sector of Istanbul

1099-SEMIT2024

Saeed Naeimi; Leila Bashir; Seyed
Jalaledin Hosseini Ghoncheh, Hasan Haleh

Prioritize Risk Management Solutions in Gas Industry Projects (Based on the
PMBOK Standard): A Case Study
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. C Room 1, link:
?fr;eé_g_ '8333{;1;3'09'2024 Workshop  |https://zoom.us/j/994286916562pwd=FWijibl103X6sdzz8lhpmEKYvPBKBY. 1

Host: Ahmet Sitha Hancioglu

Title:
“The interplay between Tockenomics and Monetary Policy Transmission Mechanism ”

Speaker:
Dr. Marzieh Asaadi
Economics and Management Department, Golestan University, Iran

Abstract:

Blockchain-based applications and cryptocurrencies have recently gained significant attention as technological advancements in
finance, introducing a new dimension to the traditional monetary system. The concept of tokenomics, which focuses on the economics
of blockchain-based tokens, has emerged prominently alongside the proliferation of cryptocurrencies and decentralized finance (DeFi)
platforms. This development has presented fresh opportunities and challenges concerning the monetary policy transmission mechanism
(MTM). Currently, central banks and policymakers are tasked with grasping the intricate relationship between tokenomics and the
monetary transmission mechanism, which dictates how monetary policy decisions influence the economy through alterations in interest
rates, credit accessibility, and asset valuations. This presentation seeks to delve into the dynamics between tokenomics and the monetary
transmission mechanism through its transmission channels, offering insights into the potential implications for central banks and
policymakers amidst a rapidly evolving financial landscape.
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. Room 1, link:
DEIES [FileEY, A DEl AV Keynote Speech  |https://zoom.us/j/994286916562pwd=FWijibl103X6sdzz8lhpmEKY9vPBKBY. 1
Time:9:45-10:30 - " -
Host: Ahmet Siiha Hancioglu
Title:

“Partial Disassembly Line Balancing Problem in sustainability Framework”

Keynote Speaker:
Prof. Dr. Eren Ozceylan
Gaziantep University, Industrial Engineering Department, Turkey

Abstract:
Remanufacturing, like recycling, is crucial in terms of economic benefits, environmental conservation, and resource preservation.

Disassembly operations have a critical role for remanufacturing and recycling processes. The disassembly lines, which are integral to
the disassembly system, serve the purpose of separating recycled or remanufactured products into their individual components. Due to
the long-term decision-making process and substantial investment required for installing these lines, it becomes crucial for the system
to operate at its utmost efficiency. Achieving efficient operation of disassembly lines necessitates appropriate configuration and
resolution of the line balancing problem. However, end-of-life products can undergo either complete or partial disassembly procedures.
Complete disassembly is often not practical in real-world settings. Given that complete disassembly is often unnecessary and costly, it
has become essential to determine the optimal level of disassembly that maximizes profitability. Consequently, businesses commonly
opt for partial disassembly, focusing on dismantling predominantly hazardous and high-demand parts while leaving the remaining
components intact without disassembling them. In this speech, we will focus on partial disassembly line balancing problems within the
framework of sustainability. The gaps in the literature on partial disassembly line balancing problems will be mentioned and the
economic, environmental and social objective functions that can be used will be discussed.
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Date: Friday, 13.09.2024
Time: 9:00-10:30

Room 2, link:

Session Code: SPO7  |https://zoom.us/j/96190459972?pwd=9WyTe38CVVTF8UYcBzuk0lg3hBNdIA.1

Host: Mert Eyiiboglu

Title:

“Blockchain Applications and Other Fields of Study Related to EM and IT”

Panel Chair:

Dr. Monhit Malik, Department of Interdisciplinary Sciences, NIFTEM-K, India

Panel Members:

Dr. Dhiraj Kumar Yadav, Department of Food Engineering, NIFTEM-K, India

Paper Code

Authors

Paper Title

1049-SEMIT2024

Hind Jebbouri; Chafi Anas;
Salaheddine Kammouri
Alami

Integrating Additive Manufacturing with Lean Construction: A comprehensive literature review

1079-SEMIT2024

Vikas Malik; Kumar Rahul;
Vijay Kumar

Blockchain in Food Science: Current Trends and Future Prospects for a Sustainable Food Supply
Chain

1005-SEMIT2024

Kiibra Ozdemirci; Babek
Erdebilli

Performance Evaluation with Mamdani Type Fuzzy Inference System

1036-SEMIT2024

Sedanur Akkoyun; Fatih
Yucalar

Improving Software Processes with the Use of Hybrid Approaches in Software Project
Management

1109-SEMIT2024

Ghazi Alkhatib

Linking Artificial Intelligence to ERP: The Case of Oracle



https://zoom.us/j/96190459972?pwd=9WyTe38CVVTF8UYcBzuk0Iq3hBNdlA.1
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Date: Friday, 13.09.2024

Time: 9:00-10:30

Room 3, link:

Session Code: SP0O8  |https://zoom.us/j/92473236147?pwd=0xdyoMslbrnPMWLxtVaCtxEJ10Vsjn.1

Host: Safak Kagar

Title:

“Marketing and E-marketing”

Panel Chair:

Dr. Simerjeet Singh Bawa, Chitkara Business School, Chitkara University, Punjab, India

Paper Code

Authors

Paper Title

1066-SEMIT2024

Fereidoon Bidollahkhany;
Mehdi Basiri

Refining Human Resources Strategies in Private Banking: Implementing the European Foundation
for Quality Management Excellence Model.

1052-SEMIT2024

Hajiyeva Nushaba Aslan;
Kerimova Minure Hadzhi;
Gurbanova Xatira Vali;
Huseynova Mehriban
Rovshan; Babakishiyeva
Sevinj Firuddin;
Mammadova Ayshan
Viladdin

Green Economy in the Framework of Sustainable Development

1106-SEMIT2024

Vasudevan Sundararajan;
Shweta Tewari; Nagaraj
Subbarao; Nikita Gera

The Impact of Culture on Brand Personifications and Consumer’s Purchase Intentions of the Brand

1027-SEMIT2024

Badriah Almutairi; Mona
M Alnahari; Huda
Alharthi; Shumukh
Almutairi; Rawan Al-
juaid; Wed Al-khammash

MediConnect: E-Medical Service for Patients

1123-SEMIT2024

Abdulguddus Mohammed

Artificial Intelligence in Digital Marketing: Adoption, Challenges and Future Direction in the
United Arab Emirates



https://zoom.us/j/92473236147?pwd=OxdyoMsIbrnPMWLxtVaCtxEJ10Vsjn.1

Room 1, link:
Workshop https://zoom.us/j/99428691656?pwd=FWj]ibll03X6sdzz8lhpmEKY9vPBKBY.1
Host: Ahmet Siitha Hancioglu

Date: Friday, 13.09.2024
Time:10:45-12:15

Title:
“Al Tools for Classroom Engagement”

Speaker:
Dr. AbdulQuddus Mohammed
Higher Colleges of Technology, UAE

Abstract:

This workshop is designed specifically for all the international faculty, focusing on Al tools that can enhance classroom engagement
and improve learning outcomes. We will explore Al driven platforms for creating interactive classes, course development, assessment
development and analytical tools to monitor students’ progress that will help individual’s faculty members to offer customized
classroom solutions for students’ engagement and active classroom environment.

Ogaﬁed
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Date: Friday, 13.09.2024
Time: 10:45-12:15

Room 2, link:

Session Code: SP09  |https://zoom.us/j/96190459972?pwd=9WyTe38CVVTF8UYcBzuk0lg3hBNdIA.1

Host: Mert Eyiiboglu

Title:

“Smart Transportation Systems and Water Management”

Panel Chair:

Dr. Serap Ergln, University of Applied Sciences, Turkey

Paper Code Authors

Paper Title

1045-SEMIT2024 | Serap Ergln

Decentralized Multi-Agent Traffic Light Control Using Swarm Intelligence for Improved
Urban Traffic Flow

1046-SEMIT2024 | Serap Ergln

Innovative Traffic Information Interpolation Using Pheromone-Based Model

Furkan Acar; Cansu Bozkurt;

1000-SEMIT2024 Mahmut Firat

Ahp Yéntemi ile Oncelikli lyilestirilmesi Gereken Sayag Hatas1 Yonetim Bilesenlerinin
Tespiti

Furkan Acar; Cansu Bozkurt;

1001-SEMIT2024 Mahmut Firat

Sayag Hatalarindan Kaynaklanan Idari Kay1p Bilesenlerinin AAS Yaklasim ile
Onceliklendirilmesi
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Date: Friday, 13.09.2024

Time: 10:45-12:15

Room 3, link:

Session Code: SP10  |https://zoom.us/j/92473236147?pwd=0xdyoMslbrnPMWLxtVaCtxEJ10Vsjn.1

Host: Safak Kagar

Title:

“The Impact of Al on Cybersecurity”

Panel Chair:

Dr. Ammar Odeh, Associate Professor, Princess Sumaya University for Technology, Jordan

Paper Code

Authors

Paper Title

1026-SEMIT2024

Mona M Alnahari

DeepBot: Bot Détection in the Twitter Using Deep Learning Method for Social Media
Security

1033-SEMIT2024

Fereidoon Bidollahkhany;
Mehdi Basiri

Developing a National-Level Strategic Management Model for Cyber security.

1108-SEMIT2024

Saba J. Hamadi, Emad, A.
Mohammed

Biometric Based Chaotic Cryptography for Multiuser Security System

1118-SEMIT2024

Ammar Odeh

Leveraging Aurtificial Intelligence for Enhanced Cybersecurity: Opportunities and Challenges



https://zoom.us/j/92473236147?pwd=OxdyoMsIbrnPMWLxtVaCtxEJ10Vsjn.1
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Date: Friday, 13.09.2024

Time: 13:30-15:00

Session Code: SP11

Room 1, link:
https://zoom.us/j/99428691656?pwd=F\W/|jibllo3X6sdzz8lhpmEkY9vPBKBY.1
Host: Ahmet Siiha Hancioglu

Title:

“Harnessing Advanced Mathematical Modeling and Digital Technologies for Sustainable Engineering and Financial Solutions”

Panel Chairs:

Dr. Sadeq Damrah, Australian University, Kuwait

Paper Code

Authors

Paper Title

1113-SEMIT2024

Wassim Daher, Sadeq
Damrah

Overconfidence and Public Information in Markets with Multiple Insiders: A Simplified
Game-Theoretic Analysis

1114-SEMIT2024

Sadeq Damrah; Yousef
AbuHour; Mahmoud H.
DarAssi

Mathematical Modeling for Financial Risk Assessment and Loan Management

1075-SEMIT2024

Mehmet Ali Kaygusuz; Vilda
Purutguoglu
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Likelihood Ratio Test and Consistent AIC Comparison for Gaussian Mixture on Biological
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Enhancing Concrete Performance and Sustainability through Self-Curing Agents: A
Comprehensive Analysis
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Electric Vehicle Market Analysis and Consumer Behavior
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Combining Transformers with BIiLSTM for Abstractive Comsumer Heath Question
Summarization
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Date: Friday, 13.09.2024
Time:15:35-16:25

Keynote Speech

Room 1, link:
https://zoom.us/j/99428691656?pwd=FW/|ibllo3X6sdzz8lhpmEkY9vPBKBY.1

Host: Ahmet Siiha Hancioglu

Title:

“Blockchain use cases in sustainable supply chain”

Keynote Speaker:
Dr. Sara Saberi

Associate Professor, Worcetser Polytechnic Institute, US

Abstract:

This presentation provides theoretical and practical managerial insights on emerging blockchain technology. Specifically, | introduce
rudimentary blockchain technology features and their relationship to supply chain management and their use cases in sustainable supply
chain networks. I expand my discussion into what managers need to know on the linkage of blockchains to sustainable supply chains
and the circular economy. Overall, there is substantial potential for blockchain to support corporate and supply chain sustainability—
but care should be taken to understand the pitfalls.
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Date: Friday, 13.09.2024 Room 1, link:

Time: 15:15-16:15 https://zoom.us/j/99428691656?pwd=FW/|jibll03X6sdzz8lhpmEkY9vPBKBY.1

Host: Ahmet Siitha Hancioglu

Closing Ceremony

Title Time Duration (minutes)
1 Closing Presentation 15:15-15:20 5
Friendly Talk with the Participants oL e
2 Prof. Dr. Erdebilli, Conference Chair 15:20-15:35 15
Speech about the Application of Blockchain in Sustainable
3 Supply Chain 15:35-16:25 50
Dr. Sara Saberi, Worcetser Polytechnic Institute, US
4 SEMIT 2024 Clip 16:25-16:30 5
5 Appreciation and Group Photo 16:30-16:45 15
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SPO1: Optimization and Decision-Making: Methods and Algorithms

Hydrogen Refueling Station Location Selection Using Fuzzy AROMAN

Parmida Bahreini*?, Babek Erdebilli?
! Ms Student at Ankara Yildirim Beyazit University Department of Industrial Engineering
2Professor at Ankara Yildirim Beyazit University, Department of Industrial Engineering

Abstract

Hydrogen fuel cell vehicles are becoming increasingly popular for sustainable transportation, in line
with the principles of societal sustainability. With the growing number of hydrogen-powered vehicles,
the need for hydrogen refueling stations is becoming more important. This research addresses the
challenges involved in choosing the best hydrogen refueling station from the perspective of drivers. To
assist drivers in making this decision, a new multi-criteria decision-making (MCDM) approach known
as Alternative Ranking Order Method Accounting Two-Step Normalization (AROMAN) is utilized in
a fuzzy environment. Various factors are taken into account in this process, including the distance of
the station from the driver, the time required to reach the charger, the expected waiting time in case the
charger is busy, and the availability of free charging slots at each station. The effectiveness of this
methodology is demonstrated through a real-life case study, showcasing how it improves driver
convenience and station accessibility. This comprehensive strategy ensures that drivers can make well-
informed decisions that align with their requirements, ultimately enhancing the efficiency and
attractiveness of hydrogen fuel cell vehicles.

Keywords: Hydrogen Powered Vehicles, Multi-Criteria Decision-Making, AROMAN method,
Location Selection.

Fuzzy Logic Regression Modeling and Integration of Advanced Technologies in
Irrigation Cooperatives: Development and Implementation of Smart Irrigation
Systems

Gizem Yazici Yildiz
Ankara Yildirim Beyazit University

Abstract

The advent of advanced technologies, which promise smart systems and sustainability, is
revolutionizing irrigation techniques and changing the agriculture advanced technologies. This research
investigates how irrigation cooperatives might incorporate fuzzy logic and advanced technologies to
maximize water use, boost agricultural output, and promote environmental sustainability. In order to
create a theoretical framework for their use, we first go over the fundamental theories and uses of these
technologies in agricultural irrigation. Fuzzy regression modeling is used in the research to process
operational and environmental data and dynamically adjust irrigation needs. This approach makes use
of fuzzy logic to handle ambiguous real-world data more effectively, allowing for more adaptable
irrigation systems and more effective use of water resources. A case study in a cooperative setting is
used to further explore the possible effects and difficulties of this integration. The field's results, which
demonstrate notable gains in water management and efficiency, demonstrate the advantages and
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challenges of implementing such sophisticated systems. This study advances our knowledge of the
possible synergies between advanced technologies and fuzzy logic, raising the possibility that applying
both together may result in more sustainable and resource-efficient farming methods.

Keywords: Fuzzy Regression Modeling; Advanced Technologies; Smart Irrigation Systems; Irrigation
Cooperatives; Sustainable Agriculture; Water Management; Fuzzy Logic; Environmental Data
Analysis; Agricultural Productivity; Technology Integration.

FSR in Wireless Sensor Networks and UAVs: Enhancing Routing Efficiency

Merve Koca
Tarsus University, Turkey

Abstract

Routing protocols play a critical role in Mobile Ad-Hoc Networks (MANETS) by establishing efficient
routes between source and destination nodes, ensur-ing timely data dissemination and transfer. These
protocols dynamically map recipient addresses to current network locations through a Locator Service,
utilizing single-hop transmission services for reliable end-to-end delivery. Key characteristics include
minimal control overhead, loop prevention, dy-namic topology management, scalability, and support
for security and Quali-ty of Service parameters. Fisheye State Routing (FSR), widely adopted in
Wireless Sensor Networks (WSNs) and Unmanned Aerial Vehicles (UAVS), optimizes data delivery in
dynamic environments. The integration of FSR with mobile robots improves navigation and
communication dynamics in dynamic environments, enhancing collaboration and task coordination in
disaster response and industrial automation. FSR's efficient management of update messages,
employing the fisheye technique to adjust coverage levels based on network size, mitigates bandwidth
impact while maintaining rout-ing accuracy. This study investigates FSR's advantages, emphasizing
sim-plicity, resilience to host mobility, and efficient route updates. Performance metrics including
packet delivery rate, network control overhead, through-put, and end-to-end delay are evaluated in grid
environments. FSR demon-strates robust performance under various Quality of Service constraints,
vali-dating its effectiveness through NS2 simulations with high packet delivery rates and optimized
throughput management.

Keywords: Routing Protocol, Fisheye State Routing, Wireless Networks, Unmanned Aerial Vehicles,
Network Simulation.

A Capacitated Multi-Vehicle Covering Tour Problem to Solve the Medication
Distribution Problem

Fatma Ben Amor*, Manel Kammoun, Taicir Loukil
Faculty of Economics and Management of Sfax, Tunisia

Abstract

The Covering Tour Problem (CTP) is one of the most popular issues in supply chain management,
logistics, and combinatorial optimization. The CTP is a generalization of the Vehicle Routing Problem
(VRP) that does not require visiting all nodes. The CTP's main concept is that some nodes must be
visited by vehicles, while others must be covered. Interest in this subject has recently been raised, both
theoretically and practically. Many researchers have indicated their interest in the CTP for practical
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applications such as humanitarian logistics, regional development, urban patrolling, and healthcare
management. Several constraints and variants were treated and introduced to the CTP such as multi-
vehicle (m-CTP), cumulative constraints (m-CCTP) and price collection (PCCTP). This paper aims to
develop the first distribution model that considers vehicle capacity under coverage constraints. This
problem is called the multi-vehicle Capacitated Covering Tour Problem (m-CCTP) which extends the
multi-vehicle Covering Tour Problem (m-CTP), and it considers the need to find an optimal route that
minimizes routing costs while taking into account vehicle capacity and coverage constraints. To validate
the proposed m-CCTP model, several scenarios of real-world instances were executed to design the
optimal route that allows the distribution of medications to cover the largest number of patients at the
lowest possible cost.

Keywords: Capacity Constraints, Mathematical Formulation, Covering Tour Problem, Medical
Distribution, Real Case.

Recovery and Reuse of Building Materials from End of Service Life of Buildings in
Nigeria

Emmanuel Ifeanyichukwu Nkeleme™, Afolabi Dania?, Miracle Chinemerem Ojiakor?, Olayinka
Gideon Omoboye*
! University of Central Lancashire

2 Quantity Surveying and Commercial Management Department, School of Applied Management,
Westminster Business School, 35 Marylebone Road London, United Kingdom
8 Department of Building, Federal University of Technology Owerri, Nigeria

4 School of Applied Management, Westminster Business School, University of Westminster, 35
Marylebone Road, London NW1 5LS School of Environmental Technology, Federal University of
Technology, Minna, Niger State, Nigeria, P.M.B 65

Abstract

The construction industry in Nigeria significantly impacts resource consumption, waste generation, and
environmental degradation. Increased infrastructure demand has led to substantial construction and
demolition waste. This study explores methods for recovering and reusing key materials: concrete, steel,
brick/masonry, and wood. It identifies benefits, barriers, and strategies for these materials' recovery and
reuse in Nigeria. Using a structured questionnaire, data from 259 Nigerian professionals were analyzed
with SPSS version 23.0. Findings indicate that sustainability, resource conservation, and cost savings
are the most significant benefits, ranked by respondents in order of severity. The primary barriers
include skepticism about the quality of reused materials, followed by demolition complexity, limited
market demand, and lack of standardization. Regulatory support is identified as the most critical
strategy, with skill development and design for deconstruction and reuse also prioritized. To overcome
the barriers and fully embrace material reuse and recovery, the study recommendations include
enhancing regulatory frameworks, promoting education, and training, and fostering market
development to increase demand for recycled materials. These measures will contribute to advancing
sustainable practices within Nigeria's construction industry.

Keywords: Recovery and Reuse, Building Materials, End of Service Life.
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Performance Evaluation of Object Detection Models in Maritime Applications

llayda Boz
Tarsus University

Abstract

Detecting objects on sea and ocean surfaces, particularly ships, is critical for various maritime
applications, including traffic regulation, emergency re-sponse, environmental protection, and security.
However, this task is chal-lenging due to dynamic factors such as background variability, wave inter-
ference, and diverse lighting conditions. Satellites in low Earth orbit offer superior image clarity
compared to geostationary counterparts, capturing dy-namic features crucial for ship detection. Despite
these advantages, chal-lenges persist, including distinguishing ships from other structures like piers and
managing high viewing angles that complicate object recognition. The deployment of deep learning
techniques has revolutionized object detection, replacing traditional methods with models like R-CNN,
Faster R-CNN, SSD, RefineDet, and YOLO. These algorithms enable precise localization and
classification of various objects in diverse environments, enhancing security, autonomy, and
surveillance systems. This study compares the performance of Faster R-CNN and YOLOV7 in ship
detection from satellite images. Faster R-CNN, renowned for accuracy, employs a two-stage detection
process, ex-celling in complex scenarios but at the cost of longer execution times. In contrast, YOLOV?7,
optimized for real-time applications, offers rapid detec-tion by simultaneously predicting bounding
boxes and class probabilities in a single pass. Evaluating these models involves analyzing metrics such
as pre-cision, recall, throughput, and execution speed, providing insights into their effectiveness across
different operational requirements. The findings con-tribute to understanding the trade-offs between
accuracy and speed in ship detection applications, guiding the selection and optimization of detection
systems for maritime surveillance and security.

Keywords: object detection, Faster R-CNN, YOLOv7, satellite-based monitoring.

Single-Stage Deep Learning in Aviation: YOLOV5 for Satellite-Based Aircraft Detection

Ilayda Boz"
Tarsus University

Abstract

Recent advancements in object detection technology have revolutionized re-al-time remote sensing
capabilities through satellite imagery. Close-orbit sat-ellites, unmanned aerial vehicles, and autonomous
vehicles have emerged as preferred platforms for object detection, offering operational advantages
across various applications. Deep learning algorithms play a pivotal role in object detection. Aircraft
detection is particularly critical in civil and military aviation contexts, facilitating efficient traffic
routing at airports and enhanc-ing national defense strategies. However, satellite-based remote sensing
faces challenges such as image resolution limitations, environmental influences, and complexities in
distinguishing small, densely packed aircraft in datasets. To address these challenges, deep learning
techniques harness neural net-works optimized for parallel processing on GPUs, significantly
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improving ob-ject detection accuracy and efficiency. This study focuses on evaluating the YOLOV5
detection algorithm for ground aircraft detection using satellite-based aerial imaging. YOLOV5's single-
stage architecture enables real-time detection and classification of objects with enhanced accuracy and
efficien-cy, making it ideal for applications requiring rapid analysis of large-scale aer-ial images.
Leveraging advanced deep learning methodologies, this research assesses YOLOv5's performance in
aircraft detection, highlighting its poten-tial in advancing aviation management, surveillance, and
security practices.

Keywords: Deep Learning, Convolutional Neural Networks, YOLOV5, Aircraft Detection.

Comparative Analysis of SSD and Faster R-CNN in UAV-Based Vehicle Detection

Merve Koca”
Tarsus University

Abstract

Actificial intelligence-based methods for monitoring transportation networks and vehicles play a crucial
role in enhancing forensic analysis and security applications. Continuous surveillance enabled by object
detection algorithms allows real-time monitoring of roads and highways, facilitating tasks such as traffic
flow monitoring, accident detection, and identification of suspicious vehicles or behaviors. Integrating
these algorithms into surveillance systems supports law enforcement in swiftly locating vehicles of
interest and re-sponding effectively to incidents, thereby improving security measures and enhancing
forensic investigations through detailed analysis of surveillance footage. Furthermore, object detection
aids in optimizing traffic manage-ment by identifying congestion points and optimizing traffic signals,
thus enhancing road safety and mobility. This study evaluates the performance of SSD and Faster R-
CNN in vehicle detection using UAV-based aerial imag-ing, providing insights into their strengths and
limitations for applications such as aerial surveillance and traffic monitoring. By comparing these algo-
rithms comprehensively, this study aims to guide the selection of the most suitable model for effective
vehicle detection in diverse operational environ-ments. The findings contribute to advancing Al
applications in transporta-tion and security, offering insights into optimizing surveillance systems for
enhanced safety, efficiency, and responsiveness in managing urban mobility and security challenges.

Keywords: SSD, Faster R-CNN, Vehicle Detection, Traffic Management.

Benchmarking YOLOv7 and YOLOV8: Real-Time Pothole Detection Capabilities

Hilal Kuzu®
Tarsus University

Abstract

In today's world, vehicle technology with autonomous systems is developing rapidly. Potholes on road
surfaces have become a major cause of vehicle accidents. Since the human eye has a deficient forward
vision capacity, especially at night, it is of great importance to detect potholes on the road at short and
long distances using real-time object detection detectors to prevent vehicle accidents. Among the object
detection algorithms, the YOLO algo-rithm outperforms other object detectors in real-time object
detection operations with its improved speed and efficiency. In this study, detailed performance
comparisons of YOLOv7 and YOLOvV8 algorithms for pothole detection are performed using web-
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based and Google Earth images. A comprehen-sive dataset was created with web-based pothole images
and the performances of both algorithms were measured and compared. The results are analyzed to
showecase the strengths and weaknesses of both algorithms.

Keywords: Pothole Detection, YOLOv7, YOLOVS, Image Processing, Deep Learning.

Fine-tuning VO Estimation Model Based on Deep Learning of TQU-SLAM Benchmark Dataset

Van-Hung Le'*, Huu-Son Do?, Van-Nam Phan?, Trung-Hieu Te!, Quang-Tri Ninh?
! Trao University, Tuyen Quang Province, Vietnam
2 FPT University, Vietnam

Abstract

In this study, we make two main contributions. The first is to publish the TQU-SLAM Benchmark
dataset collected from the corridors of Building A, Building B, and Building C of TQU. These three
buildings are interconnected with a movement length of 230m. TQU-SLAM Bench_x0002_mark
dataset includes 160,631 RGB-D frame pairs captured with 8 move_x0002_ment times (4 FO-D times
and 4 OP-D times), published data includes RGB-D data and 3D ground-truth camera motion
trajectory/pose. The second is to perform fine-tuning of the VO estimation model based on the end-to-
end MLF-VO framework with backbones such as Resnet-18, and Resnet-34 on 12 cross-divided subsets
of the TQU-SLAM Bench_x0002_mark dataset. VO estimation results are evaluated and presented in
the available.

Keywords: Deep Learning, Fine-tuning estimation model, Visual Odom_x0002_etry (VO), TQU-
SLAM Benchmark Dataset.

Page77



1DIR7
P 0

hNKAq4

M\
L SEMIT 2024

o Lol 4o
REFCONF.COM 47VERS'\‘$%

IIZVeY

SP03: Safety and Reliability Engineering, System Engineering and System Safety,
Safety in Industry 4.0

Proposing a Conceptual Model Based on Critical Success Factors for Implementing Safety
Programs in an Upstream Oil and Gas Project

Erfan Sarjozani®, Emad Roayaei, Mazdak Khodadadi-Karimvand
Faculty of Engineering, University of Science and Culture, Tehran, Iran

Abstract

Planning for success in implementation and execution of the policies in organization, especially in
safety, is always an inevitable process, and one of the daily challenges in this industry is developing
strong plans and not realizing them during the life cycle of the project. Therefore, identifying and
analyzing the critical success factors in implementation of safety plans at all stages in projects,
especially upstream, can lead to a better understanding of the role of each factor in optimal
implementation of project safety plans. Also, with sufficient understanding of the critical success
factors, costs should be reduced in proportion and by focusing on the most important critical success
factors, faster implementation and establishment of safety programs in the project to create
sustainability will happen. In this research, by presenting a conceptual model of the critical success
factors for implementation of safety programs in an oil and gas project, it is possible to improve the
project's productivity with a sustainable development approach while fully implementing the project's
safety plan.

Keywords: Critical Success Factors (CSF), Conceptual Model, Interpretive Structural Modeling (ISM),
Sustainability, Safety Programs.

Accident Analysis Using Fault Tree Analysis: A Case Study of AB Specialty Silicones

Sadegh Azad™, Sobhan Ahadi?
! University of Science and Culture, Tehran, Iran.
2 University of science and cuture, Tehran, Iran.

Abstract

Since the Industrial Revolution, production processes have become more complex, and we are not only
longer dealing with simple raw materials in industries. the combination of two or more incompatible
substances can have terrible consequences, leading to huge financial losses and damage to the
environment, in addition to human injuries. The important point is that today, almost all industries use
a variety of materials, but we are often unaware of all the possible reactions within our industry, this
was exemplified at AB Specialty Silicon Company in 2019, which resulted in human and financial
losses. Fortunately, there are tools and techniques to predict such events, and one of the best among
them is the fault tree analysis method. In this research, we identified the root causes of this accident by
using the fault tree analysis method, focusing on the factors that would not have occurred if they had
not been combined.

Keywords: Fault Tree Analysis Method, Accident Analysis, Accident Modeling, Risk Assessment,
Process Safety Management, Lesson Learning.
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The Role of Artificial Intelligence in Risk Management, Accident Prevention, and Safety
Protocols

Mohadeseh Asgari™, Mazdak Khodadadi Karimvand?
! Faculty of Engineering, University of Science and Culture, Tehran, Iran.
2 University of Science and Culture, Tehran, Iran

Abstract

The introduction of artificial intelligence (Al) into safety culture represents a major shift, bringing
advanced tools that transform workplace safety. This paper examines Al's various roles, focusing on its
abilities in risk assessment, accident prevention, and strengthening safety protocols. By utilizing
machine learning and data analysis, Al systems can handle large amounts of data to spot potential risks
that traditional safety methods might miss. These insights allow for a proactive approach to risk
management and improve real-time monitoring and response. However, integrating Al into safety
culture brings challenges, such as reduced human oversight and the risk of algorithmic biases affecting
safety decisions. To address these issues, a strong ethical framework is needed to ensure that Al systems
do not reinforce existing inequalities or create new risks. This paper supports a balanced approach that
combines Al's strengths with necessary human judgment. In addition to preventing accidents, Al fosters
a culture of continuous improvement by analyzing past incidents and updating safety strategies based
on evidence. As Al technology evolves, its impact on safety culture will grow, influencing everything
from regulatory compliance to personalized safety training. The paper concludes by discussing the
future of Al in safety culture and highlights the need for ongoing research and collaboration among
technologists, safety experts, and regulators to fully harness Al's potential for creating safer work
environments.

Keywords: Artificial Intelligence (Al), Safety Culture, Risk Assessment, Accident Prevention, Safety
Protocols, Data Analysis, Risk Management, Real-time Monitoring.

Unmanned Aerial Vehicles in Inventory Management: An Overview of Current Research and
Applications

Busra Baytur”, Eren Ozceylan
Gaziantep University

Abstract

Industry 4.0 refers to the integration of digital transformation and automation within production
processes, offering the potential for significant improvements in productivity, cost optimization, and
production flexibility. In this framework, inventory management is recognized as one of the
fundamental applications of Industry 4.0. Intelligent inventory systems and automated stock tracking
technologies facilitate the real-time monitoring and management of stock levels, thereby reducing the
time lost and error rates typically associated with traditional inventory methods. The advent of big data
analytics and sensor technologies has introduced revolutionary enhancements in inventory
management, allowing for substantial cost reductions and providing the capability to respond more
rapidly and accurately to customer demands. Recently, drone technology has emerged as an innovative
tool for inventory counting. Drones, equipped with advanced data collection capabilities, are proving
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to be particularly effective in large-scale warehouses and logistics centers. They offer distinct
advantages, including the ability to operate in areas that are difficult to access and to provide high-
resolution imaging. This study presents a comprehensive literature review focused on evaluating the
impact of drone technology on inventory counting and its potential applications within the Industry 4.0
paradigm. The literature review aims to offer an in-depth analysis of current academic research and
industrial practices, with the goal of elucidating the role of drones in inventory management and
identifying future areas for development. The review indicates that employing drones for inventory
counts results in reduced error rates, shortened processing times, and enables real-time monitoring of
stock levels. Consequently, this advancement supports the implementation of inventory management
strategies in a more dynamic and precise manner, enhancing overall efficiency and accuracy.

Keywords: Unmanned Aerial Vehicle-Based Stock-Taking, Autonomous Inventory Systems, Drone-
Assisted Stock Management.

Analysis of the thinner release accident in the painting unit of automobile manufacture using
the Bow-Tie method

Mahya Farhad™, Mazdak Khodadadi Karimvand?
! Faculty of Engineering, University of Science and Culture, Tehran, Iran.
2 University of Science and Culture, Tehran, Iran

Abstract

Paint spraying systems in the automobile industry, keeping hoses in good condition is important for
operational safety and system efficiency. This study highlights the need of preventing hazardous leaks
from failures such as hose detachment and rupture. A significant incident occurred at an automobile
manufacturing company when a hose detached from handgun 5 at station CC-EXT in Paint Shop 1,
leading to a release of volatile thinners and underscoring the risks of inadequate hose maintenance.
According to preventive maintenance guidelines, the provision of a sufficient quantity of hoses for
replacing all routes in the spraying equipment was inadequate, which contributed to the incident. To
prevent such incidents, it is crucial to conduct thorough risk assessments to identify potential issues in
hose systems. Different risk assessment methods can be used, and the Bow-Tie method is especially
helpful. Using the Bow-Tie method clarifies strategies to prevent hose failures and ensures that safety
measures are in place to protect both equipment and workers. The results include ensuring the
availability of hoses and connections for replacements, updating material charging and transfer systems
for better circulation, and designing, constructing, and installing racks with pipe clamps to securely
manage hoses.

Keywords: Thinner Leak, Bow-Tie Method, Accident Analysis, Preventive Maintenance, Paint
Spraying Systems.
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Analysis of a fire accident at oil storage tank in Gheshm Island by using the Bowtie method

Mohadeseh Asgari™, Mazdak Khodadadi Karimvand?
! Faculty of Engineering, University of Science and Culture, Tehran, Iran.
2 University of Science and Culture, Tehran, Iran

Abstract

This article presents a comprehensive analysis of the fire accident at oil Storage of the Khangiran Oil
Facilities, which occurred on due to a lightning strike. The analysis utilizes the Bowtie method to
evaluate the accident's risk factors, causes, and consequences, and to develop strategies for preventing
similar occurrences in the future. The fire, which ignited from five different points along the mechanical
seal of the tank, led to extensive damage despite the immediate response by emergency management
personnel. The initial response involved using fire trucks, manual foam application, and cooling with
sprinkler systems. However, the lack of automated fire suppression systems, functional foam tanks, and
reliable communication equipment significantly hampered the effectiveness of the response. The
Bowtie analysis identifies key barriers and controls that failed, including the absence of lightning
protection, inadequate fire detection and suppression systems, and deficiencies in communication and
operational support. The investigation also highlights the impact of environmental factors, such as
muddy access roads and heavy rainfall, which complicated the emergency response. The findings
emphasize the need for implementing robust lightning protection, upgrading fire suppression
infrastructure, improving communication systems, and ensuring operational readiness of equipment.
The study concludes with recommendations for enhancing safety measures and response strategies to
mitigate the risks of similar accidents in the future, thus ensuring a safer operational environment at the
Khangiran Oil Facilities.

Keywords: Fire Accident, Khangiran Oil Facilities, Bowtie Analysis, Risk Assessment, Emergency
Response, Environmental Factors, Safety Measures.
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SP04: BioCompute Innovations: Bridging Computer Science and Bioinformatics

Avrtificial Intelligence for Predicting Acute Ischemic Stroke Outcomes: Current Practices and
Future Directions

Hela Limam™, Wided Oueslati?
nstitut supérieur d’Informatique, Université de Tunis El Manar, and BESTMOD Laboratory, Institut
Supérieur de Gestion de Tunis, Tunisia
2 University of manouba

Abstract

Ischemic acute stroke is a serious pathology caused by a sudden stoppage of blood flow to part of the
brain. Stopping blood circulation leads to the death of brain cells in the affected area of the brain by
depriving them of vital oxygen and nutrient supply. Multimodal Magnetic Resonance Imaging (MRI)
techniques of Diffusion Weighted Imaging (DWI1) data are integral parts of the diagnostic workup in
the Ischemic Acute Stroke setting. The most likely procedure to predict Acute Ischemic Stroke (AIS)
outcomes are the visual interpretation of DWI. The current process defines visually the ischemic core,
which is presumed to be irreversibly damaged. However, this practice is tedious and subjective. Thus,
the assessment of endovascular treatment's potential risks and benefits is uncertain. In this work, we
draw an overview of several applications of Artificial Intelligence (Al) for predicting Acute Ischemic
Stroke outcomes and their potential contributions to clinical practices. We compare the current
approaches with respect to some key requirements.

Keywords: Ischemic Stroke, Artificial intelligence, Machine learning, Deep learning.

A Semantic Context Ontology Based on Self-Adaptive Service-Oriented Architecture: A Survey

Faical Felhi'? and Jalel Akaichi?, Hela Limam?
!BESTMOD laboratory, High Institute of Management, Tunis University, Tunis, Tunisia
2Unit of Scientific Research, Applied College, Qassim University
$Institut supérieur d’Informatique, Université de Tunis El Manar, and BESTMOD
Laboratory, Institut Supérieur de Gestion de Tunis, Tunisia

Abstract

The ontology is a strong power to take into account the heterogeneity of data and knowledge. Its
reusability is also an argument in favors of its strong use in any context and specially in a cognitive
stimulation problem. In this context, several health problems appear with age. The most well-known
one is the one which attacks the cognitive functions and requires non-medicated solutions in the absence
of curative treatment. In such situation, assistant systems are required especial to people who has
neurodegenerative diseases such as Mild Cognitive Impairment and Alzheimer's. The cognitive
stimulation of cognitive functions is the most recommended non-medicated solution. In this context,
our paper presents a semantic modelling related to this new therapeutic approach for people with mild
cognitive impairment based on the ontology. The choice of ontology is because of its ability to model
heterogeneous data related to the concerned people including data from his environment and the
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cooperative design between the different actors in a domain (such as the family member, the medical
staff, Software Assistants Agent etc.) to meet the needs for data sharing.

Keywords: Ontology, Context, Cognitive Stimulation, Self-Adaptability, SOA, Web Service.

Analysis on Digital Health Services Awareness of Generations X, Y and Z Using SPSS Method

Servet Soyguder?, Hasan Ali Yasa™
! Ankara Yildirrm Beyazit University (AYBU), Faculty of Engineering and Natural Sciences,
Department of Industrial Engineering
2 Ankara Yildirim Beyazit University (AYBU), Institute of Natural and Applied Sciences, Department
of Occupational Health and Safety, Non-Thesis Master’s Program

Abstract

Digital health services include hospital information systems, personal digital assistants, tele-medicine,
e-prescription (electronic prescription), e-health (electronic health), m-health (which have become an
important part of the digital transformation in the health sector with the developing technology today).
It includes modern technology applications and systems such as mobile health), wireless health or
wireless sensors, the use of digital technologies such as the Internet of Things, virtual reality
applications, wearable clothing, big data and cloud systems. With the introduction of these technologies,
it can be seen that results can be obtained much faster, more accurately and more easily than traditional
methods. This technology, which is currently still developing, reveals that healthcare services as we
know them may reach much different dimensions in the coming years. This issue, which is very
important among countries, is turning into a technology and science race these days. In order not to be
left behind in this race, more research and development studies need to be carried out and companies
need to make the necessary investments in this regard. However, as with many new technologies, it can
easily be said that it will take some time for people to adapt and accept the technology. Therefore, it is
important that issues such as security, data privacy, ethical concerns and access to technology are
examined in more detail and conveyed to the society in the most appropriate way, and their advantages
and disadvantages are explained transparently. In this way, this technological development will be
quickly adoptable and acceptable to people. In this study, survey questions were prepared and applied
to individuals from three generations (Generations X, Y and Z), and the results regarding the answers
were obtained and examined whether they were statistically significant or not. As a result of these
examinations carried out using the IBM SPSS Statistics 22 (IBM SPSS, Turkey) program, appropriate
tables were created and suggestions appropriate to the results were given and examined at the end of
the study.

Keywords: Digital Health Services, Generations X, Y, and Z, SPSS Method.
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Digital Health System and Carbon Footprint Analysis

Servet Soyguder?, Nilgiin Uckun™
! Ankara Yildirrm Beyazit University (AYBU), Faculty of Engineering and Natural Sciences,
Department of Industrial Engineering
2 Ankara Yildirim Beyazit University, Institute of Natural and Applied Sciences, Department of
Occupational Health and Safety, Non-Thesis Master’s Program

Abstract

Digital life, which started with the Industrial Revolution in the 18th century and continues until today,
has managed to make itself felt in the healthcare sector day by day. The health sector has rapidly adapted
to the digitalization adventure with scientific and technological advances. This digital transformation
aims to increase service quality in health and healthcare services, increase efficiency and provide safe
service, while minimizing air pollution caused by greenhouse gas emissions that cause global warming
and fossil fuel emissions that cause climate change. This study aims to examine the change process of
carbon footprint with digitalization in the field of health in our country and in the world, by addressing
the factors that cause digital health and carbon footprint. It is thought that greenhouse gas emissions,
which cannot be prevented day by day in the world and in our country, can be reduced by digitalization.
However, as a result of the use of the internet and mobile devices, CO: gas is released into the
environment. In the study; carbon footprint, physical carbon footprint, its components, calculation
methods, measurement, carbon footprint related to sectors, digital health applications, socio-economic
benefits of digital transformation in health and carbon footprint in the world and in our country have
been analyzed and examined. In addition, this study aims to provide detailed information about the
usage areas of digital health applications, the distribution of carbon footprint across sectors and how
this can be prevented with digital products. The main aim of this study is to create a livable world by
preventing less environmental pollutants and greenhouse gases that will less affect climate change by
using digital health services and digital health technologies that are expected to become widespread in
the future for healthcare users.

Keywords: Digital Health System, Carbon Footprint, Digital and Physical Carbon Footprint.

Enhancing Ischemic Stroke Patient Selection for Thrombectomy using deep-learning approach

Wifek Boumrifek™, Ines Ben Alaya!, Wanis Barreh?, Salam Laabidi?
! Tunis El Manar University, Higher Institute of Medical Technology of Tunis, Laboratory of
Biophysics and Medical Technology, 1006 Tunis, Tunisia.
2 Tunis El Manar University, Higher Institute of Medical Technology of Tunis, Laboratory of
Biophysics and Medical Technology, 1006 Tunis, Tunisia

Abstract

Introduction: The accurate diagnosis and treatment of ischemic stroke remain challenging due to the
reliance on subjective visual assessments and the intricate requirements of advanced image processing.
Current methods for determining thrombectomy eligibility often depend on the Time to Maximum
(Tmax) map, which is derived from Perfusion Weighted Imaging (PWI) through a complex
deconvolution process. This method is not only time-consuming but also demands expensive and
sophisticated software to accurately quantify hypoperfused tissue. Objective: This study introduces an
innovative approach that simplifies patient selection for thrombectomy by bypassing the traditional
need for Tmax computation. We use artificial intelligence (Al) to directly analyze Time-to-Peak (TTP)
maps, utilizing U-Net segmentation to accurately identify hypoperfused tissue volumes. This novel
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method aims to enhance clinical decision-making while reducing both the time and costs associated
with current practices. Methods: We conducted a retrospective study using a dataset involving 14
patients and 339 TTP images. A robust Al model based on the U-Net architecture was developed and
trained to segment hypoperfused regions directly from TTP maps. This Al-driven approach is designed
to optimize the speed and accuracy of identifying patients who could benefit from thrombectomy,
offering a more efficient alternative to conventional image processing techniques. Results: The Al-
based method demonstrated high accuracy in detecting hypoperfused tissue volumes directly from TTP
maps. Our quantitative analysis shows a strong correlation with traditional Tmax-based methods,
achieving a Pearson correlation coefficient of 0.96 and a Dice similarity coefficient of 0.92.
Furthermore, the proposed method significantly expedited the analysis process, reducing the time
required from 4.5 minutes to just 45 seconds per patient, without compromising the accuracy or
reliability of the results. Conclusion: The application of Al to directly utilize TTP maps represents a
transformative step in the assessment of ischemic stroke patients. This method not only simplifies the
evaluation process but also reduces the time and resources required for decision-making, potentially
making advanced stroke care more accessible. Future research with larger patient cohorts is necessary
to further validate these findings and confirm the broader applicability of this technique in clinical
settings.

Keywords: Ischemic Stroke, Artificial Intelligence, TTP Map, U-Net Segmentation,
Thrombectomy, Tmax.
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SPO05: Recent Advancements in Social Sciences, Humanities, and Information
Technology

Moonlighting through the lens of ethics: An analysis of ethical dilemma faced by Indian IT
professionals

Meenakhi kaushik®, Shaily Saxena
Trinity Institute of Innovations in Professional Studies (T1IPS) GGSIPU (Guru Gobind Singh
University), India

Abstract

The VUCA world has witnessed people taking up multiple jobs to safeguard themselves from the
dynamic environmental factors. The term Gig working or moonlighting is become a very significant
aspect of recent working trends over the years, especially after COVID-19. However, despite its
widespread prevalence, moonlighting has not been researched considerably which leaves many
moonlighting issues hidden. One such issue is to understand the ethical dilemmas concerning
moonlighting. Since moonlighting is widespread, especially in the IT industry, this study is based on
uncovering the problems for employers related to moonlighting along with analyzing it as an ethical
dilemma for the employees in the Indian IT industry post-COVID. This conceptual study is based on
secondary data analysis through an extensive literature review. The results of the study are also used to
provide working suggestions to the organizations affected by moonlighting employees.

Keywords: Moonlighting, IT Employees, VUCA, Ethical Dilemma.

A Decade of Emotional Intelligence: Emerging Trends and Developments

Naval Lawande”
Symbiosis Institute of Management Studies, Symbiosis International (Deemed University), Pune,
India

Abstract

Emotional Intelligence (EI) as a theme is quite popular. Although, there are numerous empirical,
conceptual, and exploratory studies on El, no scientific mapping of the literature has been done in the
recent past. This paper intends to showcase the trends in the field of EI research through the symbiosis
of knowledge structures. An analysis using bibliometric tools was conducted. A sample of 1654
documents was extracted from the Scopus database. This was based on a search strategy determined by
the author. R-language was used for the study that aided the analysis of the dataset. Various themes,
patterns and trends were identified based on the authors, countries and citations. Results show that the
domain of EIl needs to be given direction. The article provides some crucial insights on areas that need
further inquiry. The conceptual and social network structure depict a downward trend in terms of this
area of research. However, in the real world there is a growing demand for El practitioners. The current
paper focused only on the Scopus Database. Future studies could use multiple databases such as Web
of Science. A systematic literature review would widen the scope and help identify some of the
uncharted territories of El.

Keywords: Emotional Intelligence, Emotions, Emotional Quotient, EQ, EI.
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Neighborhood-based Knowledge Embedding Model for Explainable News Recommendations

Zuhal Kurt”
Technical University Chemnitz, Germany

Abstract

An explainable knowledge graph-based recommendation system aims to provide personalized
recommendations and tries to explain why an item is recommended to a particular user. Knowledge
graph (KG) based models that use different knowledge sources for recommendation are getting more
attention in recent years. The system leverages a KG that models the relationships between items and
users’ preferences, as well as external knowledge sources such as item features and user profiles. In this
study, a knowledge graph-based explainable recommendation algorithm is proposed that is
incorporating neighborhood relations and knowledge embeddings to learn items and the corresponding
user’s representations. The neighborhood relations are obtained by utilizing the user-item interactions
(ratings/clicks), and the neighborhood sizes are selected 20 and 30 for the experimental results. On the
standard Amazon Cellphone, MovieLens and MIND-News datasets, the proposed neighborhood-based
knowledge embedding method performed empirically well compared to other methods operating in the
explainable recommendation domain. The experimental results show that the proposed recommender
system can be a plausible alternative to overcome the deficiencies in explainable recommender systems.

Keywords: Explainability, Knowledge Graphs, Neighborhood, Recommendation System.

Gender Disparities and Public Policies in Education: An Econometric Study of Morocco’s
Challenges and Opportunities

Mohammed Alami Chentoufi™!, Ait Alla Aniss?, Naoual Mamdouh?®
! Laboratory of Mathematical Modeling and Economic Computation, Associated to the Laboratory of
Theoretical and Applied Economics Research, Faculty of Economics and Management, University
Hassan I, Settat, Morocco
2 Laboratory of Research in Management and Development

Faculty of Economics and Management

University Hassan |, Settat, Morocco
3 Laboratory of Mathematical Modeling and Economic Computation

Faculty of Economics and Management

University Hassan |, Settat, Morocco

Abstract

This study aims to evaluate the impact of education policies on student outcomes in Morocco. Using
regression analysis, researchers examined the effects of various independent variables on the national
success rate. The analysis relied on national-level data obtained from official government reports and
surveys. The results show that an increase in the education budget was positively associated with a
notable improvement in the national success rate. However, a higher percentage of the total budget
allocated to education resulted in a slight decrease in the national success rate. These findings
underscore the importance of adequate funding for education in improving student outcomes. However,
they also highlight the need for a balanced allocation of resources to avoid potential negative effects.
The study suggests that policymakers should focus not only on increasing funding but also on other
factors such as teaching quality, pedagogical methods, and school infrastructure to further enhance
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educational outcomes. In conclusion, this study contributes to our understanding of education policies
in Morocco and their impact on student success.

Keywords: Regression Analysis, Education, Public Policy, Morocco.

Enhancing Omnichannel Customer Experience: A Case Study Analysis of Al Integration in
Retail E-Commerce

Kishori Kasat™, Naim Shaikh?, Shradha Vernekar?, Venkatesh lyengar*
! Symbiosis School for Liberal Arts, Symbiosis International (Deemed) University
2 Global Business School and Research Centre, Dr. D. Y Patil Vidyapeeth
$Bharati Vidyapeeth (Deemed to be) University’s Institute of Management and Entrepreneurship
Development
4 Symbiosis International (Deemed University)

Abstract

This case study research examines how Atrtificial Intelligence (Al) technologies enhance customer
experience in omnichannel retail environments by analysing case studies of leading companies. A
detailed review of existing research on Al applications in retail for customer experience, omnichannel
strategies, and their integration, based on select academic journals, company reports, industry articles,
and previous case studies is done. Further, semi-structured interviews with key stakeholders and
customer reviews/feedback related to Al-driven services are integrated. The study analysed cases using
context analysis, impact assessment, identification of common challenges, and best practices adopted
in Al implementation. A comparative cross-case synthesis of findings across cases highlights
overarching insights and trends. Data triangulation is done to enhance the validity and reliability of
findings. The expected outcomes relate to the identification of key Al technologies in enhancing
omnichannel customer experiences, insights on customer satisfaction and operational efficiency in
different retail contexts, offering valuable insights and practical recommendations for retailers on
leveraging Al in their omnichannel strategies based on real-world case examples.

Keywords: Artificial Intelligence (Al); Omnichannel Retail; Customer Experience; Case Study
Analysis; Retail Technology.
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SP06: HSE & Machine Learning Applications in Engineering

The role of machine learning in improving the quality of academic outcomes

Duha Khalid Al-Mallah®, Wijdan Hasan Hamoody
Northern Technical University

Abstract

With the advancement of the field of machine learning, its importance has emerged through the
completion of projects that compete with the human mind by carrying out tasks and services for
humanity to this day. The decision-making process has been adopted to predict ideas and conclusions
that improve the performance of the teaching staff and evaluate performance and other things in a
behavioral manner. Algorithms have been extracted with a supervisor and unsupervised and taught with
laws to extract. The best and the bad excluded, queried SQs by repeatedly querying a database with
machine learning inputs and predicting academic performance from behavioral metadata. The study
dealt with classifying the characteristics of the sample into a group of characteristics (professional
development, self-training, evaluation and feedback, improving the design of the educational
curriculum, how to manage time, activating automated administrative tasks, and strategies to facilitate
cooperation) and by taking a sample of the study population within the Northern Technical University
of 256 A questionnaire suitable for statistical analysis with 33 data entries for two variables, they were
distributed in a community that includes Iragi universities, taking the opinions of elite academics and
dish Study a method of statistical inference and prediction with finding linear regression values and
influence and correlation relationships for study variables

Keywords: Machine Learning, Intelligent Teaching Systems, Academic Performance.

The Application of Machine Learning on Shear Strength of Reinforced Concrete T-Beams

Aybike Ozyiiksel Ciftcioglu*, Anil Delikanh
Department of Civil Engineering, Manisa Celal Bayar University, Turkey

Abstract

Reinforced concrete (RC) T beams are critical structural elements in modern construction and
significantly contribute to the general safety and stability of buildings. The shear strength of these beams
is a crucial parameter in structural analysis, traditionally assessed through labor-intensive and costly
experimental methods. This study explores the application of Machine Learning (ML) algorithms to
predict the shear strength of RC T-beams, thereby offering a more efficient alternative to conventional
techniques. Four regression algorithms—Adaptive Boosting, Decision Tree, Random Forest, and
Polynomial Regression—were employed to develop predictive models, each evaluated for accuracy and
reliability. The results indicate that Polynomial Regression achieved the highest performance with an
R2 value of 0.99 and minimal error metrics, while the Decision Tree and Random Forest algorithms
also demonstrated strong predictive capabilities. The results highlight the promise of ML algorithms as
dependable tools for structural analysis and demonstrate their considerable benefits compared to
conventional approaches. These algorithms reduce the time and cost associated with shear strength
prediction and enhance the accuracy of these predictions. This study affirms the value of ML in
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advancing structural engineering practices and recommends further exploration to refine these models
for a wider application.

Keywords: Machine Learning, Polynomial Algorithm, Shear Strength, T-Beams.

TURKIYE HUKUKUNDA GURULTU iLE ILGILI YAPILAN DUZENLEMELER VE
GURULTU YONETMELIGi ONCESi VE SONRASI GURULTU KAYNAKLI MESLEK
HASTALIKLARI ARASINDAKI ILiSKI INCELEMESI

Hatice Yahsi!, Deniz Efendioglu
! Ankara Yildirrm Beyazit University-Institute of Science-Occupational Health & Safety Ph.D.
Program
2 Ankara Yildirim Beyazit University-Faculty of Natural Science & Engineering-Industrial
Engineering Department

Abstract

Giiriilti, is saghig1 ve giivenligi (ISG) agisindan calisanlarin is ortaminda maruz kaldiklar1 istenmeyen
ve rahatsiz edici sesler olarak tanimlanir. Is yerlerinde sikca karsilasilan bir ¢evresel faktor olan ve
calisanlarin saglig: iizerinde ciddi olumsuz etkiler olusturan Giiriiltii kavramu, is saghig1 ve giivenligi
perspektifinden, kontrol altina alinmasi gereken dnemli bir risk faktoriidiir. Uzun siire yiiksek diizeyde
giiriiltiiye maruz kalmak, igitme kaybi, stres, yorgunluk ve ¢esitli saglik sorunlarina yol agabilir.
Isyerlerinde giiriiltiiye maruz kalmanin neden oldugu is saghg ve giivenligi sorunlarini 6nlemek
amaciyla hem ulusal hem de uluslararasi alanda birgok hukuki diizenleme getirilmistir. Bu ¢aligmada,
calisanlarin giiriiltii maruziyeti ile ilgili olan hukuki diizenlemeler detayli olarak incelenip, Tiirk is
saghigl ve glivenligi mevzuatinin uluslararasi sozlesmelere ve Avrupa Birligi yasalarina uygunlugu
degerlendirilmistir. Sonrasinda ¢alisanlarm giirtiltii ile ilgili risklerden korunmasina dair yonetmeligin
ylriirliige girdigi tarih 6ncesi ve sonrasi giiriiltiiden kaynakli meslek hastalig1 vakalari olan isitme
kayiplar1 vakalan istatistiksel olarak incelenmistir ve bu cercevede alinmasi gereken Onlemler
belirlenmeye ¢aligilmugtir,

Keywords: Giiriiltii, meslek hastaligi, isitme kaybi, Mann-Whitney U testi.

OGRETMENLIK MESLEGINDE BiR RiSK FAKTORU OLAN BULASICI
HASTALIKLARA i$ SAGLIGI VE GUVENLIGI ACISINDAN BiR BAKIS

Seniha Yakut Gler?!, Deniz Efendioglu”
! Ankara Yildirim Beyazit Universitesi, Fen Bilimleri Enstitiisii, Is Saglig1 ve Giivenligi Doktora
Programi
2 Ankara Yildirim Beyazit University-Faculty of Natural Science & Engineering-Industrial
Engineering Department

Abstract

Diinyada paraziter ve/veya viral hastalik etkenlerinin olusturabilecegi salginlarla ilgili tutum, davranis,
egitim yaklasimlari, zihinlerde her gegen giin daha fazla yer tutar hale gelebilmektedir. Cocuklar
bulasici hastaliklara yakalanabilme, tedavi ve/veya bagisiklig1 desteklemek amach yaklasimlarda belirli
riskleri tastyabilen bir popiilasyon olustura-bilmektedir. Ogretmen, 6grenci, idareciler ve hizmetlilerin
ve ziyaretgilerin birlikte olusturduklari okul ortaminda bulagici hastaliklarin var olabilme riskini
gosteren galig-malar mevcuttur. Ogretmenlerin bulagict hastaliklarin belirtileri ve korunma ydntemleri
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konusunda bilgi eksikliklerinin oldugu konusunda kanitlar bulunmaktadir. Bu yoksun-luk, okulu
olusturan tiim unsurlar igin risk faktorii olusturabilmektedir. Egitimde kayip-larin oniine gegebilmek
icin, mesleki risk faktorleri arasinda degerlendirilebilen bulasict hastalik unsurlarimi fark edebilme,
tedbir alabilme kritik Oneme sahiptir. Alinabilecek tedbirlerle etki alani azalabilecek bulasici
hastaliklar, 6gretmenlik mesleginde siklikla karsilasilabilecek bir durum olabilmektedir. Risk
faktorlerini taniyabilmek, alinabilecek tedbirleri hayata gecirmeyi kolaylastirabilecektir. Mevcut
durumla ilgili sayisal veriler arttikca, okullardaki bulasici hastalik etkileri, egitimi aksatmayacak
cizgiye cekilebile-cektir. Ogretmenlik mesleginin toplumdaki yaygin kanaate gore; risksiz, konforlu,
cok kolay icra edilebilir, donanim gerektirmeyen bir meslek olmadig: fikri yayginlastirila-bilmelidir.
Makalemizde okullarda, bilhassa ¢ocuklarla var olmasi muhtemel olan bula-gici hastaliklar belirli
kriterler 15181nda incelenmis, korunma tedbirleri vurgulanmaistir.

Keywords: Is saghg ve giivenligi, Risk, Bulasic1 hastalik, Okul, Ogretmen.

Advancing Quality Control & Predictive Maintenance in Manufacturing with Al, ML, Cloud,
& loT

Harshavardhan Yedla!, Vuppulapati Chandra Sekhar Naidu?, Dr. Sheetal Sharma?®
Principal Architect, Plano, Texas, United States
2Principal Data Solution Architect, Frisco, Texas, United States
3 Profeissor and Dean, School of Architecture VIT Bhopal

Abstract

In manufacturing industries, ensuring product reliability, compliance with standards, and operational
efficiency is crucial, relying heavily on effective quality control and maintenance management. This
study explores the integration of Al technologies to analyze sensor data from production equipment.
Leveraging advanced predictive modeling techniques such as Stacked LSTM networks, RNNs, Random
Forests, Gradient Boosting, SVM, ARIMA, and SARIMA, the analysis aims to predict potential
equipment failures, implement proactive maintenance strategies, and maintain stringent quality
standards through automated checks and audits. This research illustrates how Al-driven insights are
effectively visualized on intuitive dashboards and detailed reports, facilitating adherence to regulatory
requirements and significantly enhancing operational reliability in manufacturing processes. Beyond
immediate benefits such as reduced downtime and increased productivity, anomaly detection in rotating
machinery is highlighted as pivotal in Al-based predictive maintenance (PdM). The study underscores
the transformative impact of predictive modeling on the management of production equipment,
fostering innovation and supporting sustainable practices across diverse industries by utilizing sensors,
cameras, and laser beam sensing.

Keywords: Al, ML, Cloud, loT, LSTM, Random Forests, Gradient Boosting, SVM, ARIMA,
SARIMA, Sensors, Cameras, Laser Beam Sensing.
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SPO07: Blockchain Applications and Other Fields of Study Related to EM and IT-

Blockchain in Food Science: Current Trends and Future Prospects for a Sustainable Food
Supply Chain

Vikas Malik, Kumar Rahul’, Vijay Kumar
NIFTEM

Abstract

The implementation of Blockchain technology in the area of food research is gaining considerable
attention in the preceding ten years due to its capacity to improve traceability, transparency, and
sustainability in the supply chain for food. This study provides a thorough analysis of the applications
of Blockchain technology in the food sector using systematic literature review (SLR) and a bibliometric
analysis. The study emphasizes current trends and future opportunities in the food sector. The
systematic literature review (SLR) utilizes a thematic analysis to classify the research into distinct
primary themes, including Blockchain for food traceability, improvement of food safety, and
improvement of sustainable supply chains. Barriers such as the capacity to handle large-scale
operations, high investments, and regulatory compliance requirements are often mentioned as factors
that hinder the widespread adoption and implementation. Although the possibility of combining
Blockchain with emerging digital technologies, such as Artificial Intelligence (Al), Machine Learning,
the Internet of Things (1oT) etc. offers encouraging opportunities for further investigation. In conclusion
Blockchain technology presents significant advantages for the field of food science, its integration is
currently in its nascent phase, accompanied by numerous barriers that need to be addressed. This
analysis offers significant insights for researchers, industry stakeholders, policymakers, and
practitioners, highlighting the necessity of further investigation into the role of Blockchain in
establishing food systems that are more safe, transparent, and sustainable.

Keywords: Blockchain Technology, Food Science, Traceability, Sustainability, Food Safety.

Performance Evaluation with Mamdani Type Fuzzy Inference System

Kiibra Ozdemirci™, Babek Erdebilli?
! Turk Patent ve Marka Kurumu
2 Ankara Yildirim Beyazit Uni.

Abstract

Performance evaluation in businesses is a process of great importance and considerable sensitivity. In
this process, contrary to what is desired, subjective evaluations can emerge. This study presents an
approach based on fuzzy logic and fuzzy inference system (FIS) as an alternative to classical
performance evaluation methods. This alternative approach aims to evaluate personnel performance in
a more flexible and nuanced manner. For this purpose, the performance evaluation scores of 25 expert
personnel working in a unit of a public institution were assessed using a Fuzzy Inference System (FIS)
by their managers. To achieve this, literature studies on Fuzzy Inference System have been examined.
Following that, fuzzy logic and fuzzy inference systems were mentioned. The performance
measurements of public personnel, which is the subject of this study, were utilized. The evaluation of
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performance ratings given separately by two managers has been restructured using fuzzy logic. The
general inference system was applied with the Mamdani approach and different results were obtained
from the classical performance evaluation process.

Keywords: Fuzzy Logic, Mamdani Fuzzy Inference System (Mamdani - FIS), Performance Evaluation.

Improving Software Processes with the Use of Hybrid Approaches in Software Project
Management

Sedanur Akkoyun™, Fatih Yucalar?
1 BilgeAdam Technologies, Departments of Software Development. 34467 Istanbul, Turkey
2 Manisa Celal Bayar University, Departments of Software Engineering. 45400 Manisa, Turkey

Abstract

As technology rapidly develops, customer requirements for software products are also observed to be
quickly changing in an increasingly competitive environment. Promptly addressing the customer's
change requests is becoming increasingly important in project management today. During the software
development process, it is essential to use a methodology that can accommodate these changes quickly
and at the lowest cost. This situation is increasing the interest of software-developing organizations in
agile software development methodologies. Agile software development methodologies, such as
Scrum, XP (Extreme Programming), Kanban, and Lean, which are preferred for responding quickly
and effectively to customer expectations, aim to guide software processes based on principles of
flexibility, customer focus, and rapid delivery. However, using agile software development
methodologies alone can be insufficient for managing important aspects of software development
processes, such as documentation, planning, process maturity, and standardized procedures. At this
point, the Capability Maturity Model Integration for Development (CMMI-Dev) v2.0 is presented as a
model that guides agile organizations in evaluating and improving their process capabilities to mature
and enhance their software processes. This study explores how software organizations can enhance their
software development processes by integrating the CMMI-Dev v2.0 model with agile software
development approaches. It specifically examines how Scrum practices, an agile approach, can be
effectively combined with the practices in the CMMI-Dev 2.0 process areas and thoroughly analyzes
the opportunities this integration offers for improving software processes. As a result, the importance
of implementing this hybrid approach, which emerges from the combination of Scrum and CMMI-Dev
2.0, has been evaluated in terms of its impact on the execution, management, and standardization of
software development processes, as well as its contribution to improving both process and product
quality.

Keywords: Agile Software Development, CMMI-DEV v2.0, Process Improvement, Process Maturity.
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Integrating Additive Manufacturing with Lean Construction: A Comprehensive Literature
Review

Hind Jebbouri*!, Chafi Anas?* Salaheddine Kammouri Alami?
! Sidi Mohammed Ben Abdellah University, Industrial Techniques Laboratory Faculty of Science and
Technology, Fez, Morocco
2Sidi Mohammed Ben Abdellah University Industrial Techniques Laboratory Faculty of Science and
Technology Fez, Morocco

Abstract

Analyzing the history of the industry, we can see that since the Industrial Revolution, man has sought
to improve industrial performance and ensure customer satisfaction by reducing expenses. Nowadays,
additive manufacturing (AM) is increasingly used in many companies worldwide, due to the ability to
create complex, high-quality products in a limited amount of time. Therefore, additive manufacturing
can be seen as one of the keys to minimizing waste by eliminating unnecessary work and quality defects
to achieve better results in lean construction. In this article, our objective is to introduce the process of
additive manufacturing, the machine used in this technology some of its characteristics, and materials
used in AM, as well as to define the advantages and disadvantages of using additive manufacturing. To
focus on the topic of lean construction and to know the relationship between lean construction and AM,
we present the meaning of lean construction and the effect of additive manufacturing on it. Several
studies have been conducted in this context, so the approach used in this paper is a literature review of
the latest studies.

Keywords: AM, Lean Construction, Performance.

Linking Artificial Intelligence to ERP: The Case of Oracle

Ghazi Alkhatib*
Hashemite University

Abstract

The main aim of this paper is to investigate the link between enterprise resource planning (ERP) systems
and artificial intelligence. The paper starts with the construction of the ERP basic infrastructure
consisting of the back-end database, the database management system engine, the ERP system, and the
front-end user interface. Two scenarios are available: total integration of all components in one
company, such as Oracle, or running the ERP system on different DBMS software, such as SAP on
Oracle DBMS. Two strategies for integrating ERP and Al are proposed: embedding Al into the ERB
system and using cloud computing. The discussion presents how Oracle links large language models
(LLM) such as ChatGPT with its database stored by the ERP. The opportunities for such links include
the existence of the data to be used for training, testing, and operation of Al are available within the
ERP database; external data available from agencies may be needed on macroeconomic variables. The
challenges refer to types of ERP internal data mainly in numeric form; Al transforms such data into a
binary representation, requirement gaps between current internal practices vs ERP best practices, Al
skill gap, and domain knowledge of both users and developers.

Keywords: ERP, Artificial Intelligence, Linking ERP and Al, Oracle Case, I-ERP.
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SP08: Marketing and E-marketing

Refining Human Resources Strategies in Private Banking: Implementing the European
Foundation for Quality Management Excellence Model.

Fereidoon Bidollahkhany™, Mehdi Basiri?
! Karabuik University of Turkiye
2 Tehran Azad University, Department of Business Administration

Abstract

Abstract With the continuous evolution of societal structures, rapid technological advancements, and
diverse stakeholder expectations, organizations are compelled to systematically regulate their
performance and pursue excellence. This pursuit necessitates the active participation of outstanding
individuals. To attract and retain such talent, organizations must implement a robust framework and
criteria. The Excellence Model for Business and Organizational Excellence from the European
Foundation for Quality Management (EFQM), which appropriately emphasizes human resource
management, is proposed for this purpose. This research was conducted to investigate the current
situation of human resources management and provide strategies to improve the quality of strategic
planning of human resource management of the Private Banking Industry in Iran based on the EFQM
self-evaluation model. The study population includes all personnel employed at Ayandeh Bank in
Tehran. The sampling method employed is systematic random sampling. The research methodology is
descriptive, focusing on "describing the current state” exploratory in terms of execution path, and
practical in terms of purpose. Finally, based on the weaknesses identified in the analysis of the study
enabler criteria (leadership, policy, human resource, participation, processes, and assets), strategies
have been formulated to enhance each aspect.

Keywords: Strategic Planning, Excellence Model, Human Resource Management, European
Foundation for Quality Management, Self-Evaluation, Private Banking.

Green Economy in the Framework of Sustainable Development

Hajiyeva Nushaba Aslan?, Kerimova Minure Hadzhi!, Gurbanova Xatira Vali!, Huseynova
Mehriban Rovshan?, Babakishiyeva Sevinj Firuddin!, Mammadova Ayshan Viladdin®?
1Azerbaijan Technological University, Azerbaijan
2Azerbaijan State Qil and Industry University, Azerbaijan

Abstract

"Green economy" is very relevant in the modern world, where environmental problems, economic
growth and social equality are increasingly intertwined. As humanity faces pressing challenges such as
climate change, biodiversity loss, and resource depletion, the need for transformative action to transition
to a more sustainable economy is increasingly recognized. Traditional economic models often prioritize
short-term gains over long-term sustainability, leading to depletion of natural resources, pollution and
social inequalities. In contrast, the green economy framework recognizes that economic prosperity
cannot be achieved at the expense of environmental degradation and social injustice. Instead, it
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advocates an inclusive and equitable approach that balances economic growth with environmental
protection and social welfare.

Keywords: Green Economy, Ecology, Sustainable Economic Development, Subsidy, Investment.

The Impact of Culture on Brand Personifications and Consumer’s Purchase Intentions of the
Brand

Vasudevan Sundararajan?, Shweta Tewari*?, Nagaraj Subbarao®, Nikita Gera*
! School of commerce and management studies, Dayananda Sagar University
2 School of commerce and management studies, Dayananda sagar university, Bengaluru. India
% School of commerce and management studies, Daynanda sagar university
4SCMS, Symbiosis International University

Abstract

This study examines the influence of cultural differences on consumer behavior in India, drawing
parallels with the diverse cultural landscape of Pan-European countries. It explores whether ethnic and
cultural diversity among Indian consumers impacts their purchasing habits, particularly focusing on
female consumers of cosmetics. The research aims to identify variations in brand personifications
among culturally diverse regions of India and investigate how these are rooted in religious practices,
predominantly Hinduism.By applying Hofstede’s six cultural dimensions, the study seeks to understand
how these cultural factors influence brand personifications and purchase intentions among Indian
female consumers. The study also explores how brand awareness, attitudes toward advertising, and
branding, alongside demographic factors, affect the purchasing decisions of Indian women. The goal is
to provide insights for formulating effective brand positioning strategies for cosmetic brands in India,
considering the cultural nuances and diverse consumer profiles across different regions of the country.
By operationalizing Hofstede’s cultural dimensions, the research will contrast the differences in
purchase intentions among female consumers, offering a comprehensive understanding of the interplay
between culture and consumer behavior in the Indian cosmetics market.

Keywords: Brand Personification; Cosmetics Products; Culture; Hofstede Dimensions; Indian
Consumer Behavior; Purchase Intention.

MediConnect: E-Medical Service for Patients

Badriah Almutairi™, Mona M Alnahari?, Huda Alharthi?, Shumukh Almutairi®, Rawan Al-
juaid®, Wed Al-khammash?
! Taif university
2 Assistant Professor
3 Taif University

Abstract

The intricate healthcare system in the Kingdom, overseen and managed by multiple entities, including
the Ministry of Health, the Ministry of Defense, and other health_x0002_related institutions, has led to
the existence of separate and fragmented medical record systems. However, the primary objective of
MediConnect is to harmonize medical records across all healthcare entities, affording patients the
following benefits: Seamless Hospital Transitions: With accessible medical information available to
various healthcare institutions, patients can effortlessly move between different hospitals without the
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loss of crucial medical data, Providing Comprehensive Care: The consolidation of medical records
significantly enhances the quality of healthcare by providing comprehensive insights into a patient's
medical history and health records, Reducing Medical Errors: Unification plays a pivotal role in
mitigating medical errors and drug interactions, as physicians can readily access a patient's medical
history and health status details, Enhancing Resource Management: The integration of medical records
contributes to the optimization of resource management within the healthcare sector, leading to cost
savings and heightened operational efficiency. Furthermore, one of the notable advantages of
MediConnect is the provision of a QR Code card that simplifies access to healthcare services. This card
eliminates the need for repetitive patient information submission during each visit, streamlines in-
hospital processes, reduces waiting times during visits, and improves coordination in medication
dispensation. Also, with the ability of Al to analyze patient data to issue a diet plan appropriate to the
patient’s health condition, as well as detect a conflict between the patient’s medications and issue a list
of the recommended best healthcare centers that the patient can go to

Keywords: Medical, Synchronization, QR Code, Al, E-Heath, Artificial lintelligence.

Artificial Intelligence in Digital Marketing: Adoption, Challenges and Future Direction in the
United Arab Emirates

Abdulquddus Mohammed”
Higher Colleges of Technology

Abstract

Al is transforming the field of marketing on a global scale by improving interactions with customers
and boosting marketing effectiveness through personalization techniques. The UAE stands out as a place
where rapid technological progress intersects with cultural influences and regulatory structures that
offer both advantages and obstacles for incorporating Al into marketing approaches.Although there is
discussion about how Al is reshaping industries worldwide the research on its implications, within the
unique market landscape of the UAE remains relatively scarce. This research intends to fill this void by
investigating the impact of intelligence on digital marketing strategies in the United Arab Emirates
(UAE) showcasing its advantages as well, as the obstacles it presents. The main goals of this study are
to examine how Al influences marketing strategies in the UAE and to compare Al driven methods with
conventional marketing techniques while also exploring the advantages and challenges of integrating
Al into marketing practices in the region. Furthermore, the research delves into issues concerning Al
such, as data privacy and consumer autonomy and examines how these concerns are handled within the
marketing domain of the UAE. Our research approach involved an exploration using a mix of methods
for gathering data from marketing experts in the UAE — through surveys and semi formal interviews.
Surveys gave us numbers on how Al's being used in marketing and its impact on strategies. The detailed
interviews helped us dig into the hurdles faced by professionals, in this field. How they dealt with ethical
dilemmas while addressing these challenges. The results suggest that Al plays a role in improving
marketing personalization and customer interaction in the UAE compared to conventional
approaches.The study also points out obstacles for businesses like expenses, specialized expertise
requirements and integration difficulties.Ethical dilemmas such as data protection and preserving
consumer independence have surfaced as issues requiring well defined frameworks and guidelines, for
responsible Al deployment.This research underscores the increasing necessity for businesses to
effectively tackle these challenges while harnessing the potential of Al.

Keywords: Artificial Intelligence (Al), Digital Marketing, Personalization, Customer Engagement,
UAE, Integration Challenges, Data Privacy, Ethical Considerations, Marketing Effectiveness.
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SP09: Smart Transportation Systems and Water Management

Decentralized Multi-Agent Traffic Light Control Using Swarm Intelligence for Improved
Urban Traffic Flow

Serap Ergin”
Isparta University of Applied Sciences, Turkey

Abstract

In urban environments, traffic congestion is a pervasive issue that leads to increased travel time, fuel
consumption, and environmental pollution. Traditional traffic light control systems often fail to adapt
to the dynamic nature of traffic flow, resulting in inefficiencies. In this study, we propose innovative
solutions to enhance traffic signal control through decentralized, multi-agent systems inspired by swarm
intelligence principles. The first proposed method, the split and offset control system, leverages a spring
model where each traffic light agent adjusts its signals based on real-time traffic data from itself and
neighboring agents. This approach aims to reduce waiting times and prevent traffic jams by dynamically
responding to traffic conditions. The second method, the wide-area offset control system, focuses on
creating a coordinated green wave by enabling neighboring agents to form collaborative organizations.
By sharing local traffic information, these agents can synchronize their signals to facilitate continuous
traffic flow over extended areas, reducing stop-and-go movements and improving overall traffic
efficiency. Recognizing the challenge of sensor installation at every intersection, we introduce an
alternative solution using Ant Colony Optimization (ACO). This swarm intelligence algorithm
interpolates traffic information in environments where sensor deployment is sparse or economically
unviable. ACO mimics the foraging behavior of ants to estimate and predict traffic patterns, enabling
the traffic control system to function effectively even with limited direct data input. Through extensive
simulations and real-world data analysis, we demonstrate that these decentralized control systems
significantly improve traffic flow and reduce congestion. Our findings suggest that integrating swarm
intelligence with traffic signal control offers a robust, scalable solution to urban traffic management
challenges.

Keywords: Decentralized Control, Multi-Agent Systems, Swarm Intelligence, Traffic Signal
Optimization.

Innovative Traffic Information Interpolation Using Pheromone-Based Model
Serap Ergin”
Isparta University of Applied Sciences, Turkey

Abstract

Traffic congestion remains a major social issue, necessitating the development of advanced traffic
signal control systems. Achieving precise and real-time adaptive control often requires the installation
of sensors at a vast number of intersections, but this is cost-prohibitive. To overcome this challenge, a
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pheromone-based traffic information interpolation system is proposed, providing real-time traffic data
for intersections without sensors. This innovative approach leverages principles inspired by pheromone
trails in nature to interpolate traffic information, offering a cost-effective and efficient alternative. The
methodology exhibits exceptional interpolation performance, particularly under conditions of heavy
traffic flow, surpassing the capabilities of traditional statistical and machine learning-based methods. It
is also adept at responding to sudden changes in traffic flow, ensuring reliable and continuous traffic
management. Despite these advantages, the system's accuracy diminishes at intersections where traffic
flows merge, posing a significant challenge. To address this issue, an enhanced pheromone-based
interpolation method tailored for intersections with merging traffic flows is introduced. This refined
approach maintains high interpolation accuracy even in complex traffic scenarios, ensuring
comprehensive and adaptive traffic data coverage. Extensive simulations and real-world testing
demonstrate the robustness and reliability of the proposed system, highlighting its potential to
revolutionize traffic management and alleviate congestion in urban areas. By reducing the need for
extensive sensor installations, the pheromone-based system offers a scalable and economically viable
solution for modern traffic control challenges.

Keywords: Pheromone-Based Interpolation, Traffic Signal Control, Adaptive Traffic Management,
Sensorless Traffic Data.

AHP Yontemi ile Oncelikli Tyilestirilmesi Gereken Sayac Hatasi Yonetim Bilesenlerinin Tespiti

Furkan Acar!, Cansu Bozkurt?, Mahmut Firat™
! in6nii Universitesi, 44280 Malatya, Tiirkiye
2 Ardahan Universitesi, 75000 Ardahan, Tirkiye
“44furkanacar44@gmail.com

Abstract

Su temin ve dagitim sistemlerinde meydana gelen su kayiplar1 Su idareleri i¢in ekonomik kayip
olusturmas1 nedeniyle 6nemli bir sorundur. Su idareleri i¢in dogrudan gelir kaybina sebep olan idari
kayiplar yasal olmayan tiiketimler, faturalama, veri isleme hatalar1 ve saya¢ hatalarindan olugmaktadir.
Yasal olmayan tiiketimler ve faturalama hatalar1 dogrudan idare yonetimi ile iligkilidir ve prosediirlerin
iyilestirilmesi ile azaltilabilmektedir ancak saya¢ hatalarindan kaynaklanan kayiplarin dlgiilmesi ve
yonetimi daha zordur. Bu ¢alismada sayag hatasi yonetim bilesenlerini tespit etmek, agirlik katsayilarini
belirlemek, bilesenleri dnceliklendirmek amaciyla ¢ok kriterli karar verme yontemlerinden Analitik
Hiyerarsi Prosesi (AHP) yontemi uygulanmistir. Calisma kapsaminda 27 bilesen tespit edilmis ve bu
bilesenler idare yonetim, Su dengesi bilesenleri, Idari kayip yonetimi, Ekonomik analiz, Performans
izleme ve Veri yoOnetimi ana basliklar1 altinda incelenmistir. Sonuglar saya¢ hatast yOnetim
bilesenlerinden en etkili olanin 0,1224 agirlik katsayisi ile “Saya¢ hata oranlarmin belirlenmesi-
sayaclarin izlenmesi” bileseni oldugunu ve 0,0782 katsay1 ile “idari kayiplara etki eden faktdrlerin
analizi” ile 0,0770 katsay1 ile “Abone sayac¢ hatasindan kaynaklanan kayiplar” in onu takip ettigini
gostermistir. Yapilan ¢alisma strateji belirleme ve 6nceliklendirme kapsaminda karar analiz yonteminin
nasil uygulanabilecegini gdstermektedir.

Keywords: Su kayip yonetimi, Idari su kayiplari, Sayag hatalari, AHP, Onceliklendirme.
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Saya¢ Hatalarindan Kaynaklanan idari Kayip Bilesenlerinin AAS Yaklasim ile
Onceliklendirilmesi

Furkan Acar?, Cansu Bozkurt?, Mahmut Firat™
! Inénii Universitesi, 44280 Malatya, Tiirkiye
2 Ardahan Universitesi, 75000 Ardahan, Trkiye

Abstract

Etkili su yonetimi su kaynaklarinin yetersizligi ve kuraklik nedeniyle zorunlu bir hale gelmistir. Su
idareleri icin artan su kayiplari, siirdiiriilebilir yonetim ve ekonomik kalkinma agisindan risk
olusturmaktadir. Bu calismada idari su kayiplarinin 6nemli bir bileseni olan saya¢ hatalarindan
kaynaklanan kayiplar analiz edilmis, kayiplar1 azaltmak ve kontrol altina almak amaciyla saya¢ hatasi
yonetim bilesenleri Analitik Ag Siireci yaklasimi ile agirliklandirilmistir. Yapilan literatiir
incelemelerinde AAS yaklasiminin bilesenlerin birbirleri ile olan etkilesim durumlarini da géz 6niinde
bulundurmasi sebebiyle ariza yonetim sistemlerinin planlanmasinda etkili oldugu bulunmustur.
Boylece AAS ile elde edilen sonuglar bilesenlerin etkilesim ve bagliliklarini da igerdigi i¢in herhangi
bir stratejinin uygulanmasi durumunda diger bilesenler acisindan da degisimleri icermektedir. Ana
basliklar igerisinde etki diizeyi en yiiksek olanlar Idari kayip yonetimi, Su dengesi bilesenleri ve Veri
yonetimidir. Alt bilesenler icerisindeki genel agirliklara gore ise etki diizeyi en yiiksek olan bilesenler
IK3 “Sayac hata oranlarinin belirlenmesi-sayaglarin izlenmesi”, V2 “Sayag yas1”, iK1 “Idari kayiplara
etki eden faktorlerin analizi”, IK2 “Idari kayip azaltma ve yonetim stratejisi” ve V3 “Sayac yonetimi
veri taban1 (CBS ile entegre)” seklinde elde edilmistir. Calismanin sayag¢ hatalarindan kaynaklanan
kayiplarda ariza onarim siireclerinde yol haritasi olusturacag: diisiiniilmektedir.

Keywords: Su kayiplari, Idari su kayip yonetimi, Sayac hatalari, Cok Kriterli Karar Verme, Analitik
ag siireci.
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SP10: The Impact of Al on Cybersecurity

DeepBot: Bot Détection in the Twitter Using Deep Learning Method for Social Media Security

Mona M Alnahari*
Assistant Professor, Saudi Arabia

Abstract

Bot detection plays a crucial role in maintaining the integrity and trustworthiness of online platforms,
especially in the context of social media. This paper presents a deep learning-based methodology for
bot detection in Twitter. We collected a dataset of 10,000 tweets and conducted rigorous data
preprocessing to ensure data quality. VVarious deep learning architectures, including LSTM, CNN, and
GNN, were explored and adapted for bot detection. Relevant features such as linguistic, temporal, user-
related, and network-related features were extracted to capture different aspects of bot behavior.
Through extensive training and evaluation, our methodology achieved an accuracy of 0.90, precision
of 0.91, recall of 0.89, and F1 score of 0.90, demonstrating its effectiveness in accurately identifying
bot accounts. Comparative analysis with other studies using the same dataset revealed superior
performance in terms of accuracy, precision, recall, and F1 score. The implications of this research are
significant in domains such as social media, cybersecurity, and online platforms. By effectively
identifying and mitigating the presence of bots, we can enhance the authenticity and trustworthiness of
online conversations. However, challenges and limitations remain in adapting the methodology to
evolving bot behaviors and generalizing it to different datasets and platforms. This paper contributes to
the field of bot detection by presenting a comprehensive methodology that combines deep learning
architectures, feature extraction techniques, and rigorous evaluation, opening avenues for further
advancements in bot detection research.

Keywords: Deep Learning, Al, Bot Detection.

Developing a National-Level Strategic Management Model for Cyber security.

Fereidoon Bidollahkhany™, Mehdi Basiri?
1 Karabuk University, Turkey
2Tehran Azad University, Department of Business Administration, Iran

Abstract

The ever-increasing expansion of cyberspace has led to the migration of numerous economic, social,
political, and cultural activities into the digital realm. Consequently, we are witnessing a significant
influx of data from government and public centers, organizations, businesses, and even private
individuals into cyberspace. In response, governments are developing foundational strategies and
solutions to protect information and preserve data assets. This research aims to develop a strategic
management model for cybersecurity at the national level to safeguard cyber information. The research
is practical in its purpose, employing a data foundation methodology. To achieve the research objective,
relevant documents and scientific literature were analyzed using qualitative content analysis and
MAXQDA software. The study identified and extracted the basic concepts and themes of the research
paradigm model across five dimensions: background, causal and intervening conditions, consequences,
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vand strategies. The model was refined and validated through consultations with 15 cybersecurity
experts and focus group discussions. The result is a comprehensive strategic management model
designed to enhance national cybersecurity.

Keywords: Strategic Management, Cyber Security, Data Protection, National Security.

Biometric Based Chaotic Cryptography for Multiuser Security System

Saba Jassim Hamadi *, Emad, A. Mohammed
North Technical University, Iraq

Abstract

This paper introduces a security system for a multiuser system that was suggested in order to identify
the users of the system. That is why most security systems only utilize one algorithm to code the system
or identify its users. according to the research, we will combine the user's biometric with the system's
algorithms to create a Digital Signature that will allow us to identify the system's user. This work
presents a new approach in image encryption by combining the merits of RSA and Chaotic maps,
namely Lorenz and Logistic. First is the eye biometrics, giving the initial value to the chaotic algorithm.
The description of the eye biometrics is encrypted using the RSA algorithm, followed by concatenation
of the eye biometric and image vertically after encryption. Finally, the diffusion process is implemented
using the Zig-Zag method. It has been shown to have strong security and resistance to differential and
statistical attacks, with the values for the NPCR of the image equaling 99.605, that for UACI equaling
35.805, and the capability of de-correlating the adjacent pixels of the cipher image, which resulted in a
near-zero correlation coefficient.

Keywords: RSA Algorithm, Zig-Zag Transform, Chaotic Algorithm, Logistic Encryption, Lorenz
System.

Leveraging Artificial Intelligence for Enhanced Cybersecurity: Opportunities and Challenges

Ammar Odeh”
Princess Sumaya University for Technology

Abstract

The integration of Artificial Intelligence (Al) into cybersecurity has revolu-tionized the way
organizations detect, prevent, and respond to cyber threats. Al-driven solutions offer unprecedented
capabilities in analyzing large vol-umes of data, identifying anomalies, and automating incident
responses. From enhancing user authentication through biometric techniques to pre-dicting and
mitigating potential vulnerabilities, Al plays a pivotal role in strengthening digital defenses. However,
as Al improves cybersecurity, it al-so introduces new risks, such as Al-powered attacks and adversarial
threats that target Al models themselves. This paper explores the dual role of Al in cybersecurity,
discussing both the opportunities it offers and the challenges it presents. As cybercriminals increasingly
adopt Al to develop more sophis-ticated attacks, the need for secure Al models and ethical frameworks
be-comes imperative. The future of Al in cybersecurity lies in finding a balance between leveraging its
strengths and mitigating the risks associated with its application.

Keywords: Artificial Intelligence, Cybersecurity, Al-powered Attacks, Threat Detection, Automated
Incident Response.
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SP11: Harnessing Advanced Mathematical Modeling and Digital Technologies for
Sustainable Engineering and Financial Solutions

Overconfidence and Public Information in Markets with Multiple Insiders: A Simplified Game-
Theoretic Analysis

Sadeq Damrah™, Wassim I. Daher?, Muhammad Afzal®
! Department of Mathematics and Physics, College of Engineering, Australian University West
Mishref, Safat 13015, Kuwait
2Gulf University for Science and Technology
3 Capital University of Science & Technology

Abstract

Building on the work of Zhou (2011) and Liu (2022), this paper explores the impact of overconfidence
and public information in financial markets. Zhou (2011) analyzed how an overconfident market maker
influences informed trading, while Liu (2022) extended this to include continuous private information
flow. Our study simplifies these models by assuming that the precision of public information is fully
accurate (k = k1 = 1) and introduces two overconfident insiders alongside an overconfident market
maker. Through comparative static analysis, we examine the effects of these dynamics on trading
behavior and market efficiency, setting the stage for potential extensions to n-player models. The
findings highlight how multiple overconfident players intensify the market effects observed in single-
insider scenarios, offering insights into the role of behavioral biases in market dynamics.

Keywords: Overconfidence, Public Information, Insider Trading, Game Theory, Market Efficiency.

Mathematical Modeling for Financial Risk Assessment and Loan Management

Sadeq Damrah™, Yousef AbuHour?, Mahmoud H. DarAssi?
! Department of Mathematics and Physics, College of Engineering, Australian University West
Mishref, Safat 13015, Kuwait
2 Princess Sumaya University for Technology

Abstract

This article applies the SUIR (Stable-Unstable-1solated-Recovered) model to assess interest rate risk
among borrowers. The model, adapted from epidemiology, classifies clients into four categories: those
at risk of becoming financially unstable (Stable), those currently experiencing financial difficulties
(Unstable), those undergoing loan restructuring or other measures to prevent default (Isolated), and
those who have regained financial stability through improved management or repayment plans
(Recovered). Using this model, we can identify high-risk clients and evaluate the effectiveness of
interventions, such as loan restructuring, in stabilizing portfolios. The model also introduces the concept
of a reproduction number, representing the average number of new high-risk clients generated by an
existing unstable client, which is key for understanding and maintaining financial stability. The study
discusses both local and global stability in financial systems and demonstrates, through simulations,
that the SIQR model effectively predicts risk and aids in managing borrower portfolios under conditions
of rising interest rates.
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Keywords: Borrower Assessment, Financial Stability, Loan Restructuring, Risk Management,
Portfolio Stabilization, Financial System Stability, Global Stability, Risk Prediction.

Conformal Robust Neural Networks with Stochastic Differential Equations to Detect Outlier
Values

Mehmet Ali Kaygusuz™, Vilda Purutguoglu®
! Anadolu University, Turkey
2 Middle East technical university, Turkey

Abstract

Basically, robust methods are statistical techniques that are less sensitive to outliers and noise than
traditional methods. More recently, robust feed-forward neural networks gain a lot of popularity to
detect outlier on observations. The conformal prediction is another robust and non-parametric method
against outliers. It is simply an uncertainty quantification method with coverage guarantees even for
misspecified models while having a simple mechanism to correct regression classification and
clustering. This method can be also used within a wide variaty of models from linear regression to deep
neural networks. But most of these models have some boundries for continuous cases where time is not
discrete. Hereby, in this study, we have proposed the stochastic differential equation (SDE) for robust
feedforward neural networks with and without conformal prediction to investigate potential
improvement in the detection of outlier under regression models on continuous case. An SDE is,
actually, a classical differential equation which is perturbed by a random noise and it is different from
random differential equations in such a way that it is differential equation involving one or more
(usually additive) terms that are random. We have examined proposed estimation procedure with
different number of parameters and the number of observationss to investigate the gain in accuracy.

Keywords: Deep Neural Networks, Conformal Predictions, Stochastic Differential Equation.

Likelihood Ratio Test and Consistent AIC Comparison for Gaussian Mixture on Biological
Networks

Mehmet Ali Kaygusuz™, Maruf Gégebakan?, Vilda Purutcuoglu®
! Anadolu University, Department of Economics, Turkey

2 Bandirma Onyedi Eylul University, Department of Marine, Turkey

% Middle East Technical University, Department of Statistics, Turkey

Abstract

Gaussian mixture model is a probabilistic model where all the data points are assumed to be generated
from a mixture of a finite number of Gaussian distributions with unknown parameters [3]. This model,
typically deployes in unsupervised machine learning and has common applications in different fields
such as bioinformatics, financial econometrics and deep learning. In this study, we combine bootstrap
procedure for Gaussian mixture model to investigate whether they enable to improve the model
accuracy specifically when the number of parameters is more than the number of observations [1, 2].
In the analyses we compare the performance of models with likelihood ratio test and consistent Akaike
information criterion under distinct numbers of observations and numbers of parameters by using
protein-protein interaction networks datasets.
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Keywords: Gaussian Mixture Model, Bootstrap Procedure, Likelihood Ratio Test, Consisten Akaike
Information Criterion.

Enhancing Concrete Performance and Sustainability through Self-Curing Agents: A
Comprehensive Analysis

Parul Mangal™, Jayesh Juremalani?
1 parul University
2 Parul University

Abstract

The construction sector always looks for new ways to improve the efficiency and eco-friendliness of
concrete buildings. Self-curing agents are a major development in this effort, providing a streamlined
way to enhance the hydration of concrete without relying on conventional external curing methods.
This research looks into how different self-curing agents can improve the mechanical properties,
durability, and overall performance of concrete. The study includes a thorough examination of various
self-curing agents, such as internal water reservoirs, lightweight aggregates, and chemical admixtures,
which are intended to maintain moisture in the concrete. Several tests were carried out experimentally
to assess the hydration process, compressive strength, tensile strength, and durability of concrete
samples treated with these substances. In addition, the research examines the positive effects on the
environment of self-curing concrete, specifically focusing on water preservation and lower labor
expenses. Findings show that self-curing agents have a noteworthy impact on the hydration process,
resulting in better mechanical properties and longevity when compared to traditionally cured concrete.
The addition of self-healing agents reduced shrinkage and cracking, improving the durability and
strength of concrete buildings. In addition, the environmental impact assessment points out the potential
of self-curing concrete in aiding sustainable construction practices by reducing water consumption and
advancing resource efficiency. In summary, utilizing self-curing agents in concrete offers the potential
for overcoming traditional curing method challenges. This research highlights how self-curing concrete
could transform the construction sector by boosting effectiveness, longevity, and eco-friendliness.
Continued exploration and advancement in this area may result in increased acceptance and
improvement of self-healing technologies, ultimately enhancing the durability and sustainability of
infrastructure.

Keywords: Self-Curing, Concrete, Hydration, Moisture, Aggregates.
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SP12: Soft Computing Algorithms for Optimization and Decision Making in an
Uncertain Environment

Wavelet Transform applied to Iris Person Recognition

Fatima Zohra Ndlped Allam Née Chergui™, Latifa Ndlped Hamami?, Hicham Bousbia-Salah?
! Ecole Nationale Supérieure des TIC et de la Poste
2 Ecole Nationale Polytechnique; Algeria

Abstract

In this article, we have developed a biometric system based on person recognition using the iris. This
area of research is constantly expanding and plays an essential role in environments requiring high
security. Biometric systems based on iris recognition are used to identify or verify the identity of
individuals with a high degree of reliability. Our main objective is to design a robust and efficient
biometric system focused on iris recognition of individuals. To do this, we structured our work in
several stages. We began by introducing the general concepts of biometrics, highlighting the four main
modules of a typical biometric system: data capture, feature extraction, matching, and decision making.
Next, we focused more specifically on the iris recognition system. We studied and leveraged existing
methods and algorithms used to extract and compare iris features. We also explored recent advances in
this area of research, particularly regarding system robustness and efficiency. In our approach, we first
performed a wavelet transform to decompose the iris images into different frequency scales. Then, we
extracted the features using the Histogram of Oriented Gradients (HOG) method. This step allowed us
to represent each image of the iris by a vector of significant characteristics. To reduce the dimensionality
of the data and improve the efficiency of the model, we applied Principal Component Analysis (PCA).
This technique allowed us to select the most discriminating components and use them to represent the
irises in a reduced dimension space. Finally, to evaluate our iris recognition system, we compared the
acquired iris image with the database images by calculating the Hamming distance. Hamming distance
measures the similarity between two irises by counting the number of different bits. The system searches
for the minimum distance and identifies the corresponding person in the database based on this distance.
This allowed us to determine if the given iris belongs to a person present in the database.

Keywords: Recognition, Wavelet Transform, Histogram of Oriented Gradients (HOG), Principal
Component Analysis (PCA).

Efficient Feature Selection Method Using Metaheuristic Algorithms for Detecting Gallstone
Disease

Cansu Caliskan™, Hilal Arslan?
! Cansu Caliskan Master’s Degree Student Id Number: 225101114 Computer Engineering Faculty of
Engineering and Natural Sciences Ankara Yildirim Beyazit University
2 Associate Professor Computer Engineering Faculty of Engineering and Natural Sciences Ankara
Yildirim Beyazit University

Abstract

Gallstone diseases are significant and affect many people worldwide. Although some imaging
techniques are used to detect gallstones, they can be costly and sometimes produce inaccurate results.
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In this study, we employ metaheuristic methods to identify efficient features for detecting gallstones
from laboratory data. To achieve this purpose, we use the Grey Wolf Algorithm, Whale Optimization
Algorithm, Harris Hawk Algorithm, and Binary Particle Swarm Optimization Algorithm. In addition to
these algorithms, Minimum Redundancy Maximum Relevance, Chi-Square Test, Analysis of Variance
and Kruskal-Wallis Test methods are also applied for feature selection. Finally, we apply machine
learning algorithms that are support vector machine, k-nearest neighbour, neural network, and decision
tree algorithms to determine the presence of gallstones. We achieve satisfactory results.

Keywords: Machine Learning, Feature Selection, Gallstone Diseases.

Inhibitors to the Adoption of Construction Contract Auditing

Olayinka Gideon Omoboye™, Abdullateef Adewale Shittu?, Yakubu Danasabe Mohammed?,
John Abel Tsado?, Emmanuel Nkeleme®
1 University of Westminster, London
2 School of Environmental Technology, Federal University of Technology, Minna, Niger State,
Nigeria, P.M.B 65
% School of Engineering and Computing, University of Central Lancashire, Preston, United Kingdom,
PR1 2HE

Abstract

This study examines the inhibitors to adopting construction contract auditing (CCA) in government-
funded construction projects. The paper aims to identify construction professionals’ opinions on the
inhibitors to adopting Construction Contract Auditing and rank these factors in their order of severity.
Consequently, the methodology involved an online questionnaire survey using snowball sampling to
collect data from respondents in Nigeria’s north-central geopolitical zone and the Federal Capital
Territory. The data were analysed using descriptive statistics, and the normalisation value (NV)
technique was adopted to establish the severity of these inhibitors. Results indicate that the most severe
factors inhibiting CCA adoption is “corruption and lack of political will” (NV=1.00b), followed closely
by “Lack of Contract auditing frameworks” (NV=0.75b) However, the mean value of all factors (>3.84)
implies that all identified factors have a significant influence on the adoption of CCA. This research
advances our understanding of the inhibitors to contract auditing and provides a pathway for further
research on improved implementation of CCA in Nigeria’s construction sector.

Keywords: Contract Auditing; Inhibitors; Government-Funded Construction Projects.

Evaluation of Natural Disaster Effects in the Industrial Sectors in Turkiye: An AHP-based
Assessment Application in the Pharmaceutical Sector of Istanbul

Mete Giindogan, Melike Kaya Akca”, Kiibra Yildiz, Mustafa Ozer
Ankara Yildirim Beyazit University, Turkey

Abstract

Tirkiye is known as an earthquake-prone country, and pessimistic outcomes are expected due to the
potential Istanbul earthquake. On the other hand, the pharmaceutical sector plays a critical role,
especially in earthquake-prone areas and in the event of a disaster. Increasing the earthquake
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preparedness of the pharmaceutical industry ensures that critical health services continue uninterrupted
and the post-disaster recovery processes are accelerated. Besides, the fact that a significant majority of
pharmaceutical manufacturing facilities in Turkiye are located in Istanbul motivates the study. It
assesses the earthquake preparedness of pharmaceutical companies in Istanbul, using the Analytic
Hierarchy Process (AHP). By combining survey responses from industry professionals with expert
weights for various criteria, a comprehensive preparedness index was developed. The index provides
an objective measure of each company's preparedness for a potential earthquake and helps identify
criteria that need improvement. The survey evaluated by the managers of the companies includes six
main criteria: Facility Condition, Preparedness and Preventive Measures, Supply Chain and Logistics,
Personnel Safety, Emergency Plans, and Social Support. The results indicate that pharmaceutical
companies generally perform well in terms of the earthquake, with an average index of 0.77269 on a
scale from 0 to 1. Facility conditions and emergency plans are identified as particularly strong areas,
whereas supply chain logistics and personnel safety need improvements. This study also provides
insights into the current state of the earthquake preparedness of the pharmaceutical sector and
contributes to strategic improvements in system evaluation.

Keywords: Earthquake Preparedness Index, Pharmaceutical Sector, Analytic Hierarchy Process
(AHP), System Evaluation.

Prioritize Risk Management Solutions in Gas Industry Projects (Based on the PMBOK
Standard): A Case Study

Saeed Naeimi?; Leila Bashir™?; Seyed Jalaledin Hosseini Ghoncheh?, Hasan Haleh*
! Department of Industrial Management, Faculty of Management and Economy, Science and Research
Branch, Islamic Azad University, Tehran, Iran
2 Department of Managemen, Tehran University, Iran
% Department of Mathematics, Takestan Branch, Islamic Azad University, Takestan, Iran
4 Department of Industrial Management, Golpayegan Technical and Engineering Faculty, Isfahan
University of Technology, Golpayegan, Iran

Abstract

The main aim of this research is to investigate and prioritize risk management solutions for gas industry
projects based on the Project Management Body of Knowledge (PMBOK) standard for gas turbine
production projects. Initially, project risks were identified according to the PMBOK standard.
Subsequently, expert experiences were gathered using a questionnaire, and the identified risks were
screened. Next, with the implementation of Failure Modes and Effects Analysis (FMEA) to articulate
qualitative statements for parameters such as the likelihood of risk occurrence, the impact of risk, and
the ability to detect risk before occurrence, expert opinions were solicited again, and qualitative risk
analysis was conducted. In the next step, a questionnaire was distributed among experts to prioritize the
risks based on their impact on project objectives. For this purpose, the Fuzzy Analytical Network
Process (FANP) decision-making method was employed. The criteria considered included project time,
cost, quality, and safety. To determine the weight of the criteria, analysis of the FANP method was also
used. The most significant identified risks, in order of priority, are: failure to procure or delays in
procuring imported equipment; improper and untimely allocation of financial resources by the project
financiers; and delays in issuing maps.

Keywords: Gas Industry Projects, Gas Turbine Production, Fuzzy Environment, Project Risk
Management, PMBOK.
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SP13: Data Modeling, Mining and Knowledge Discovery

The Effect of Ankara’s Weather Parameters on Solar Radiation Forecast: A Comprehensive
Regression Analysis

Mete Giindogan, Melike Kaya Akca”, Harika Umut Ergiin, Gller Zengin
Ankara Yildinnm Beyazit University, Turkey

Abstract

Solar energy is one of the renewable energy sources that meets a significant share of today's energy
needs. It is a beneficial energy source due to environmental sustainability and economic efficiency, as
well as in many aspects. High energy is required in regions with high population density and industry
zones such as Ankara. On the other hand, the efficient use of solar energy source should be based on
reliable estimates of solar irradiance. In this study, the effects of weather parameters on solar radiation
are investigated to increase the precision of the forecasts. The study analyzes in detail the effect of
several meteorological parameters of Ankara on solar radiation values. It covers parameters such as
high and low temperatures, wind speed, percentage of cloud cover, total sunshine duration obtained
from sunrise and sunset times. These parameters were evaluated using the regression analysis technique
to specify their correlation with one-year weather records and solar radiation measurements for the year
2022. The solar potential of the year 2023 data was estimated by the equations obtained. The analysis
aims to measure the impact of each of these variables on solar radiation forecasts and to develop an
accurate model for reliable energy production forecasts with the resulting relationship equations. The
study is expected to be a prominent source for strategic decision-making in areas such as the placement
of solar energy panels, energy production planning and meteorological risk management.

Keywords: Solar Energy, Solar Radiation, Weather Parameters, Regression Analysis, Forecast.

Regression Analysis Study on the Factors Affecting Wheat Production in Tlrkiye

Mete Giindogan, Melike Kaya Akg¢a”, Melike Arigiimiis, Bahar Tuna
Ankara Yildirnm Beyazit University, Turkey

Abstract

The agricultural sector has a significant position in the economic and social structure of a country and
is supported by government policies for several aims such as sustainable food security, economic
development and rural employment. That sector has also an essential role in economy of Turkiye,
considering its share in gross domestic product. In this study, we focus on wheat production of Trkiye
due to its strategic nature in economies and food industry. The study tests the efficiency of agricultural
supports for Tirkiye on wheat production with regression analysis. In detail, the effects of state support
such as fuel, fertilizer, seed and premium payment support on wheat production are analyzed. The
variations of Turkiye's wheat production are examined and evaluated according to the changes in
production areas and production amounts over the years. On the other hand, the regression results show
that promoting the use of fertilizer is the best way to increase efficiency in wheat production. It is
important to focus on the fertilizer support and climate factors, which have the highest coefficient
among the factors affecting the wheat cultivation area. Agricultural policies should be developed on
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these two factors in order to increase the wheat cultivation. Thus, the sustainability of wheat production
is ensured by supporting the development and implementation of climate change adaptation strategies.
The analysis results in several valuable information that guides policymakers, farmers, and other related
stakeholders to create future agricultural policies or improve the existing policies.

Keywords: Sustainable Agriculture, Wheat Production, Government Support, Regression Analysis,
Climate Factors.

Predicting Heart Disease Risk Using Fuzzy Logic

Zehra Ayca Kaplan®
Ankara Yildinnm Beyazit University, Turkey

Abstract

Heart disease continues to be the world's leading cause of death, underscoring the urgent need for
precise and effective diagnostic techniques. Using the Mamdani Fuzzy Inference System (FIS), we
present a fuzzy logic-based model for the diagnosis of cardiac disease in this work. Because fuzzy logic
provides an adaptable framework for modeling uncertainty, it can be applied to medical applications
where complicated decision-making processes and imprecise data are prevalent. To determine the risk
of heart disease, the model incorporates a number of input variables, such as age, cholesterol levels, and
the type of chest discomfort. The model produces actionable insights to support early diagnosis and risk
assessment, so promoting more effective healthcare interventions and improving patient outcomes. It
does this by methodically evaluating fuzzy rules and membership functions.

Keywords: Fuzzy Logic, Heart Disease Risk Assessment.

Evaluation of the Factors Affecting Flour Export in Turkey with Regression Analyses: Using
Trademap Database

Merve Cahskan Giiler”
Yildirim Beyazit univercity, Turkey

Abstract

The aim of this study is to determine and evaluate the factors that enable our country to rank first in
wheat flour exports, in the light of Foreign Trade data. The data source of the research is the TradeMap
database. For this purpose, the data in the database was examined and the factors, dependent and
independent variables were analyzed. Considering the determined variables (average distances of
countries to each other, unit price, import values, etc.), it has been determined that the impact values of
factors that are effective in the emergence of this situation can be determined by multiple regression
analysis.

Keywords: Keywords: Wheat Flour, Data Analyses, Multiple Regression Analyses, Foreign
Trade, Export
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Electric Vehicle Market Analysis and Consumer Behavior

Vijay Kumar Reddy Voddi™, Kuzivakwashe Rusere?
! Saint Peters University
2 Saint Peter’s University

Abstract

This review paper investigates the evolving landscape of the electric vehicle (EV) market, examining
market dynamics, consumer be- havior, and policy impacts. Through a comprehensive methodology in-
corporating diverse datasets—including market data, consumer surveys, infrastructure data, and
sentiment analysis of online discussions—we pro- vide a multifaceted perspective on the EV landscape.
Our findings reveal a rapidly growing global EV market, with regional variations in adoption rates
influenced by factors such as government incentives and infrastructure availability. Geo-spatial analysis
identifies key areas with potential for growth and targeted investment. Sentiment analysis of online
discussions highlights evolving consumer attitudes to- wards EVs, showcasing both positive and
negative sentiments influenced by technological advancements, environmental concerns, and lingering
barriers such as range anxiety. Customer segmentation reveals distinct consumer groups with varying
preferences and concerns, informing targeted marketing and policy ap- proaches. Additionally, we
examine the crucial role of government in- centives and charging infrastructure in stimulating market
growth, un- derscoring the need for targeted policy interventions and infrastructure development in
regions with varying adoption rates. This comprehensive approach, encompassing market analysis,
consumer behavior insights, and policy assessment, offers valuable information for policymakers,
industry stakeholders, and consumers to make informed decisions regarding the EV market. Future
research could further inves- tigate the long-term effects of incentives, explore strategies to address
consumer concerns, and develop context-specific solutions for diverse markets.

Keywords: Electric Vehicles, Market Analysis, Consumer Behavior, Sentiment Analysis, Customer
Segmentation, Geo-Spatial Analysis.

Combining Transformers with BiLSTM for Abstractive Comsumer Heath Question
Summarization

Afef Bahri®, Wided Oueslati
Ecole Supérieure de Commerce Manouba University

Abstract

In recent decades, automatic biomedical text summarization methods have been widely investigated to
provide clinicians and researchers, generally users in the biomedical domain, with tools that help them
to deal with large amounts of information embedded in textual resources. Searching for medical
information online is becoming more common. Consumers questions may be long, complex, or may
contain off-topic information that will not help find adequate answers. Question summarization aims to
simplify complex questions without changing their intent. We use in this paper the MeQSum dataset of
consumer health questions and summaries released in the BioNLP 2019 shared taks annotated by
National Library of Medicine experts. We propose an abstractive question summarization model that
apply transformers to increase the size of this corpus with Pegasus for paraphrase and T5 for question
generation. We use the state-of-art abstractive summarization model, BART and T5 to generate
abstractive summaries. Experiments show that our approach, which combines abstractive
summarization transformers with data augmentation improves performance over summarization
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baseline. Equally we show that our BART based model outperforms the state-of-the-art methods by
ROUGE-2 score of 41.
Keywords: Consumer Health Question Summarization, Transformers, Data Augmentation.
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SP14: Role of Digital Technologies and Supply Chain Sustainability

Determination of the Optimal Appointment Time Interval in Digital Health Platform by Fuzzy
Logic

Bulent Herdem”, Babek Erdebilli, Servet Soygiider
Ankara Yildirim Beyazit University, Turkey

Abstract

In recent years, just as there has been a trend towards digitalization in every field, digitalization has also
gained greater momentum in healthcare services.This acceleration started with the Covid-19 pandemic
and people wanting to receive healthcare services remotely, with the aim of reducing virus
transmission.As a result of providing health services remotely with digital technology,it has brought
many problems and made many innovations and developments necessary.One of the most important of
these problems is the dynamic planning of doctor appointments in the most efficient way.It has been
determined that this situation is a significant problem in almost all developed countries.Online doctor
consultation systems have emerged as an effective solution to facilitate remote medical consultations
and access healthcare.However, the appointment scheduling process in these systems often lacks
optimization, resulting in suboptimal patient and doctor experiences in digital health systems.This study
demonstrated how fuzzy logic can be applied to determine optimal appointment time slots in online
doctor appointment systems.With fuzzy logic, a flexible and intuitive framework is provided to manage
uncertainties in decision-making and, in particular, the complexity of appointment scheduling is
minimized.With fuzzy logic algorithms, patient preferences, doctor's workload models, patient urgency
levels and doctor's areas of expertise are classified. This study aimed to determine the most appropriate
appointment time intervals that will maximize patient satisfaction while ensuring efficient use of limited
physician resources.The results of the study showed the effectiveness of fuzzy logic in optimizing
appointment scheduling efficiency and improving the overall quality of online doctor consultations.

Keywords: Fuzzy Logic, Optimization, Digital Health System, Optimum Appointment.

Providing Business Package Services to SMES Using Lean Manufacturing and Digital
Technologies

Guler Zengin!, Harika Umut Ergiin?, Deniz Efendioglu”
! Ankara Yildirrm Beyazit University
2 Ankara Yildirim Beyazit University-Faculty of Natural Science & Engineering-Industrial
Engineering Department

Abstract

This study investigates the effect of lean production systems on the performance of businesses. Lean
manufacturing is a production philosophy that aims to reduce waste, increase efficiency and maximize
customer satisfaction. The aim of the research is to evaluate the contribution of lean production
principles to business performance and to understand the impact of these system applications on
business processes. This study was carried out in cooperation with the Ankara model factory. Lean
manufacturing principles were extensively researched using current literature sources and their potential
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benefits were determined through practical training within the Model Factory. Research shows that
Lean manufacturing practices help reduce waste, optimize production processes, and increase a
company's customer satisfaction. According to data obtained from research, lean production practices
reduce operating costs and provide competitive advantage.

Keywords: SME, Digital Technologies, Regression Analysis, Outlier Analysis.

Digital Dialogues: Measuring the Impact of Chatbots on Human Communication

Gurloveleen Kaur™, Shefali Salujal, Simerjeet Singh Bawa?
! Chitkara Business School, Chitkara University, Rajpura, Punjab, India
2 Chitkara Business School, Chitkara University, Rajpura, Punjab

Abstract

The utilization of chatbots has become integral to the daily operations of businesses across various
sectors, owing to the advancements in technology. This Al-driven tool has become ubiquitous, with
almost every service industry leveraging its capabilities. This study aims to explore the practical
applications of chatbots effectively. The primary study is integrally used for integrating the perceived
beneficial use of chatbots by the respondents. In lieu of the same, a survey was conducted, structured
guestionnaires were distributed to 200 respondents and results of the study complied after gathering the
data. Through factor analysis, significant factors were identified and categorized into three groups:
Reliability, Functionality & Credibility; User-friendliness; and Communication initiation, conveyance,
handling, understanding, guiding users, clarity, and informativeness. A Structural Equation Model
(SEM) named RUCHC (Reliable, Understanding, Clear Communicating, Handling queries
appropriately with Chatbots) was constructed, demonstrating a good fit with all significant values such
as CFl, GFI, AGFI, NFI, IFI, TLI, and RMSEA. The study's findings embarked on the effective and
value-added use of chatbots as perceived by the respondents. It was observed that the introduction of
chatbots by corporations has generally met with satisfactory responses from users. Generally, chatbots
were observed as reliable, clear, error free, appropriate in terms of designing, utility, timely responding,
and in other ways studied in the current research work.

Keywords: Intelligent Conversational system, Reliability, Artificial Intelligence, User’s friendly,
Appropriateness, Chatbots.

Designing Efficient Supply Chains for Biodiesel: A Focus on Organic Waste Conversion

Bita Ebrahimi, Alireza Goli”
University of Isfahan, Iran

Abstract

In this research, the excessive consumption of fossil fuels and its environmental consequences have
been investigated. The environmental destruction and climate change caused by the emission of
greenhouse gases due to excessive consumption of these energy sources have been examined.
Therefore, sustainable and appropriate alternatives to fossil fuels must be identified. In this study, a
mixed-integer linear model for the design of a supply chain network for converting organic waste into
biodiesel has been presented. The model has been developed with the aim of minimizing the total costs
of the supply chain, locating bio-refineries, waste collection centers, and determining suitable locations
for fuel stations. The proposed model has been implemented using GAMS software, and the optimal
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values have been determined for different time periods. Additionally, sensitivity analysis has been
conducted to assess the impact of key parameters on the objective function. The results indicate that the
proposed approach can contribute to reducing fossil fuel consumption and mitigating negative
environmental impacts. Finally, it has been emphasized that providing innovative and sustainable
solutions to replace fossil fuels can also lead to a reduction in energy costs.

Keywords: Biodiesel; Supply Chain Network Design; Mixed-Integer Linear Programming; Organic
Waste; Sensitivity Analysis.

Al-Powered Route Optimization: Advancing Logistics and Environmental Sustainability

Harshavardhan Yedla!, Chandrasekhar Naidu Vuppulapati?, Dr. Sheetal Sharma®
! Principal Architect, Plano, Texas, United States
2 Senior Practice Leader- Data Solution Architect, Frisco, Texas, United States
3 Profeissor and Dean, School of Architecture VIT Bhopal

Abstract

The increasing demand for logistics and the urgent need for environmental sustainability necessitates
innovative approaches to optimize transportation routes and reduce greenhouse gas emissions. This
study investigates how artificial intelligence can enhance logistics efficiency and environmental
performance by applying various regression models to predict travel times and emissions using various
industrial datasets of real-world logistics scenarios. The dataset includes critical factors such as vehicle
types, traffic conditions, weather, and emissions, with key variables including distance, fuel
consumption, and package attributes. Machine learning models employed in this study include Linear
Regression, Ridge and Lasso Regression, Support Vector Machines (SVM), Decision Trees, Random
Forests, Gradient Boosting, XGBoost, Gaussian Processes & Multi-layer Perceptron (MLP) Regressors.
It also explores advanced deep learning techniques such as LSTM, RNN, and CNN, and includes
ARIMA for time series forecasting. The evaluation framework uses metrics such as Mean Squared Error
(MSE), Mean Absolute Error (MAE), R-squared (R2), and Mean Absolute Percentage Error (MAPE).
Hyperparameter tuning was conducted to enhance model performance. Advanced functionalities of this
study include dynamic route recalculation, emissions impact analysis focusing on CO2 and other
greenhouse gases, cost-benefit optimization, and scenario planning. The results highlight the most
effective models for route optimization and emission reduction, demonstrating the potential of Al-
driven approaches to improve logistics and sustainability while reducing the ecological footprint of
transportation.

Keywords: Al, ML, Cloud, Linear Regression, Ridge and Lasso Regression, Support Vector Machines
(SVM), Decision Trees, Random Forests, Gradient Boosting, XGBoost, Gaussian Processes, and Multi-
layer Perceptron (MLP) Regressors, Mean Squared Error (MSE), Mean Absolute Error (MAE), R-
squared (R2), and Mean Absolute Percentage Error (MAPE), Long Short-Term Memory (LSTM),
Recurrent Neural Network (RNN), Convolutional Neural Network (CNN) and Auto-Regressive
Integrated Moving Average (ARIMA).
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SPO1: Optimization and Decision-Making: Methods and Algorithms

Hydrogen Refueling Station Location Selection Using Fuzzy AROMAN

Parmida Bahreini*?, Babek Erdebilli?
! Ms Student at Ankara Yildirim Beyazit University Department of Industrial Engineering
2 Professor at Ankara Yildirim Beyazit University, Department of Industrial Engineering

Abstract

Hydrogen fuel cell vehicles are gaining traction as a viable means of sustainable transportation, aligning
with the ethos of societal sustainability. As the number of hydrogen-powered vehicles continues to rise,
the establishment of hydrogen refueling stations becomes increasingly pertinent. This study tackles the
complexities inherent in selecting an optimal hydrogen refueling station, considering the viewpoint of
drivers. To aid drivers in this decision-making process, a recently developed multi-criteria decision-
making (MCDM) approach called Alternative Ranking Order Method Accounting Two-Step
Normalization (AROMAN) is employed within a fuzzy environment. Various factors are evaluated
during this process, encompassing the driver's proximity to the station, travel time to the charger,
anticipated wait time in case of charger unavailability, and the availability of free charging slots at each
station. The application of this methodology is demonstrated through a practical case study.

Keywords: Hydrogen Powered Vehicles, Multi-Criteria Decision-Making, AROMAN method,
Location Selection.

1. Introduction

Our planet is currently confronted with a striking reality: escalating temperatures at the polar regions
and a growing number of extreme weather occurrences - all of which are outcomes of the escalating
greenhouse effect. Consequently, there is a rapid unfolding of a worldwide energy transformation.
Developed countries, highly cognizant of this environmental emergency, are assuming a prominent role.
Nations such as the United States, the European Union, and Japan are placing great importance on
climate mitigation efforts. Their initiatives are focused on accelerating carbon reduction strategies and
crafting comprehensive energy development plans that promote sustainable economic and social growth
in the long-term. Amidst this energy revolution, one industry stands out as a key conflict: transportation.
Accounting for a significant portion of greenhouse gas emissions, it's clear that decarbonizing
transportation is a critical step if we are to achieve global climate goals. The solutions lie in developing
and adopting cleaner technologies, from electric vehicles and hydrogen fuel cells to smarter urban
planning and improved public transit systems (Zhang et al., 2021; Isaac & Saha, 2023; Zhang et al.,
2022; Li et al., 2022). However, our current energy infrastructure relies heavily on fossil fuels, a non-
renewable and polluting source that hinders progress towards a clean future. This incompatibility with
the new era of sustainability has driven the search for cleaner alternatives like renewable energy
(Nikolaidis & Poullikkas, 2017; Baykara, 2018). Recognizing this incompatibility, researchers have
been actively exploring cleaner alternatives like renewable energy. Among these, hydrogen is
particularly promising due to its non-polluting, efficient, and recyclable nature. With its potential to
power a "low-carbon living" future, hydrogen energy is poised to play a key role in achieving our
environmental goals (Sun et al., 2019; Lee et al., 2022). The drive for utilizing hydrogen energy goes
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beyond its application as a fuel source, encompassing the advancement of hydrogen fuel cell vehicles
(FCVs) and the necessary infrastructure, such as hydrogen refueling stations (HRSs, to support them.
These FCVs show great potential in decreasing our reliance on fossil fuels and the related greenhouse
gas emissions, making them a top candidate for the future of eco-friendly urban transportation in
numerous nations. The establishment of HRS infrastructure is equally vital, serving as the energy supply
hubs for FCVs and playing a key role in the sustainable growth of the transportation sector as a whole
(Lin et al., 2020; Jacobson et al., 2005, Wang et al., 2022).

At the same time, due to the gradual exhaustion of petroleum reserves and the growing focus on
protecting the earth's ecological balance, the creation of environmentally friendly and sustainable
transportation options has emerged as a necessary decision to enhance the energy framework and
address the environmental challenges stemming from conventional fuels (Zhen et al., 2024). Zero-
emission vehicles (ZEVs) are one of the most effective solutions for reducing transportation emissions.
These vehicles, fueled by clean options such as electricity and hydrogen fuel cells, generate very little
to no harmful emissions during use. Electric vehicles (EVs), for example, depend completely on
electricity stored in batteries, removing tailpipe emissions completely. Likewise, hydrogen fuel cell
vehicles (FCVs) demonstrate an equally eco-friendly operation, releasing only water vapor as a result
(Ramea 2019; Selmi et al., 2022). Zero-emission vehicles (ZEVSs) are gaining popularity as an effective
method for reducing transportation emissions. Compared to regular gas-powered vehicles, ZEVs have
various advantages, including cheaper running costs, much lower greenhouse gas emissions, and higher
energy efficiency. However, these clean machines have challenges such as a higher initial purchase
price and limited infrastructure for charging and refueling. Despite these obstacles, the benefits of ZEVs
make them an extremely appealing option. Transitioning to ZEVs has the potential to considerably
reduce greenhouse gas emissions from the transportation sector. The International Energy Agency's
data shows that the electric vehicle market is expanding rapidly. Sales surpassed 10 million devices in
2022, indicating a significant acceleration in adoption. This enthusiasm is reflected in the market share,
which has more than tripled in only three years, rising from approximately 4% in 2020 to a startling
14% in 2022.
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Figure 1. Electric car sales, 2016-2023 [Electric vehicles - IEA]

According to the International Energy Agency, the electric vehicle market is booming, with sales
expected to top 10 million units by 2022. This spike reflects the growing global demand for zero-
emission vehicles (ZEVs). One promising type of ZEV is the hydrogen-powered vehicle. These clean
devices use hydrogen fuel cells, which generate power by combining hydrogen gas and oxygen from
the air. This electricity then powers the vehicle's motor. The technique is highly efficient, with hydrogen
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fuel cells potentially reaching three times the efficiency of typical combustion engines. Furthermore,
hydrogen has a high energy density, which allows it to store a lot of energy in a small and lightweight
container. While both electric and hydrogen-powered vehicles present great opportunities for a greener
transportation future, they each have their own set of benefits and drawbacks (Ananthachar & Duffy,
2005; Andersson & Gronkvist, 2019). The swift progress of hydrogen energy development relies
heavily on one crucial aspect: strategically placing hydrogen refueling stations. Erecting these stations
poses a significant challenge, given their high costs (often surpassing those of traditional gas stations
by millions of dollars), which act as a major obstacle to widespread acceptance (Apostolou et al., 2019).
Despite the ongoing global establishment of hydrogen refueling stations, with projections indicating
15,000 stations by 2030, the current rate is not keeping up with the expected increase in hydrogen fuel
cell vehicles (Li et al., 2019; Apostolou et al., 2019; Chang et al., 2019; Jones et al., 2020). This delay
arises from the unique difficulty of HRS placement. Unlike other infrastructure ventures, these stations
must be economically viable and conveniently situated in urban areas to cater to drivers (Xu et al.,
2020). However, acquiring suitable land in these areas proves challenging due to scarcity and steep
commercial land prices, leading to further escalation of construction expenses (Bai & Zhang, 2020).
Furthermore, strict safety regulations concerning proximity to buildings limit potential sites in central
urban areas (Yuan et al., 2022). These intricate and interconnected factors contribute to the challenge
of finding suitable locations, impeding the growth of hydrogen refueling infrastructure. By delving into
the relationships among these decision points, we can enhance our comprehension of HRS placement
and tackle the current inadequacy.

This paper proposes a fuzzy decision-making model to help hydrogen vehicle drivers quickly find and
choose the best refueling station in real-time, considering their current location. As the demand for
hydrogen stations is expected to rise, drivers may face limited options in the future. This model aims to
assist them in swiftly identifying and selecting the most suitable station for their needs. The model
considers key factors like a driver's proximity to available stations, estimated travel time, potential
waiting times if a station is busy, and the number of free chargers at each station. The model's output
will indicate the most preferable hydrogen refueling station for a driver at that specific moment. This
paper proposes a fuzzy decision-making model designed to empower hydrogen vehicle drivers. This
real-time system will help them quickly find and select the most suitable refueling station based on their
current location. As the demand for hydrogen stations grows, drivers may face limited options in the
future. This model aims to alleviate this challenge by assisting them in swiftly identifying and selecting
the most appropriate station for their needs. The key factors considered by the model include a driver's
proximity to available stations, estimated travel time, potential waiting times if a station is busy, and
the number of free chargers at each station. Ultimately, the fuzzy decision-making approach aims to
achieve several key objectives:

e Optimal Station Selection: Identify the most suitable hydrogen refueling station based on the
driver's current location.

e Reduced Travel Costs: Guide drivers away from unsuitable stations, minimizing unnecessary travel
expenses.

¢ Minimized Waiting Times: Help drivers avoid long waits by predicting busy stations, leading to
more efficient refueling experiences.

2. Literature Review

With the rise of hydrogen car technology, many studies have been published on how to best place
hydrogen fueling stations in cities. This research looked at articles from the scientific database Web of
Science to find these studies.
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In a review by Symes et al. (2014), a set of crucial criteria was established to effectively pinpoint
appropriate sites for hydrogen refueling stations within the Northeast region of the United States. This
framework was constructed by considering variables such as population density, demographic
characteristics, and traffic volume. The process entailed a comprehensive examination of these
fundamental criteria to designate the initial sites for refueling stations and to strategize the expansion
of the infrastructure across three distinct temporal phases to cater to the escalating demand for hydrogen
fuel. Sun et al. (2019), on the other hand, aimed to optimize the siting and sizing of hydrogen refueling
stations to reduce costs for regional consumers and promote the use of hydrogen fuel cell vehicles. Their
approach entailed constructing a model that considered the distribution of hydrogen sources and
demand locations, the likelihood of stations being selected by users, and the capacities of the stations.
Additionally, they incorporated a strategy for a multi-origin hydrogen supply to enhance the efficiency
of hydrogen procurement by the stations. The utilization of the Particle Swarm Optimization (PSO)
algorithm was implemented to identify the most suitable station locations and the multi-origin hydrogen
supply plan. Additionally, Zhu et al. (2023) aim to address the research gap concerning the selection of
sites for electric-hydrogen hybrid refueling stations within the context of a dual-carbon economy.
Through a thorough examination of existing literature, 34 relevant factors have been pinpointed and
assessed utilizing fuzzy Delphi and LBWA models. The key findings underscore the importance of
factors such as hydrogen storage technology and wind speed in the process of site selection.
Furthermore, an improved index system is proposed, which will help governments and investors make
educated decisions about such initiatives. Likewise, Li et al. (2023) propose a hybrid fuzzy decision-
making approach to address the complexity of selecting locations for hydrogen refueling stations
(HRSs). It identifies 18 decision indicators across policy, economy, society, and environment
dimensions. Through semi-structured interviews and modeling, it establishes a 7-level structural model
to clarify the relationships between indicators. Findings suggest that policy indicators have the most
significant influence, offering valuable guidance for prioritizing resources and advancing sustainable
hydrogen energy infrastructure.

Zhou et al. (2022) concentrate on the selection of locations for hydrogen refueling stations (HRSS) in
China, considering various factors related to the economy, technology, and society. A site selection
assessment system is established using the analytic hierarchy process (AHP), assigning weights to each
criterion. By utilizing the fuzzy comprehensive evaluation (FCE) technique and an artificial neural
network (ANN) model, an intelligent model for site selection (FCE-ANN) is introduced and utilized to
assess operational HRSs in China's coastal regions and major urban centers, using Shanghai as a case
example. Similarly, Messaoudi et al. (2019) introduce a systematic approach to determine feasible
locations for hydrogen production facilities in Adrar province, Algeria, by capitalizing on its abundant
wind resources. The methodology consists of two key phases: firstly, using GIS and the MCDM
method, the research assesses and chooses the best sites for wind-driven hydrogen generation. The
Analytic Hierarchy Process (AHP) is used to assess criteria and create a Location Suitability Index
(LSI) for site appraisal. Secondly, different filtering restrictions are implemented to pinpoint appropriate
gas stations for hydrogen refueling station adaptation. The outcomes reveal that almost the entire Adrar
province is conducive to wind-powered hydrogen production, with areas classified as highly suitable,
moderately suitable, and less suitable. Around 4 stations are considered suitable for converting to wind-
powered hydrogen refueling systems in Adrar province, following the application of constraints. In
addition, Zhou et al. (2024) focus on optimizing the placement of hydrogen refueling stations (HRSS)
along expressways to lower unit hydrogen costs and promote the use of hydrogen fuel cell automobiles.
Two models for HRS placement have been created, incorporating hydrogen sources and transportation.
A selection process and algorithm are devised to choose viable placement plans under specific
conditions. Furthermore, the study investigates the effects of several parameters on station placement,
including hydrogen demand, production capacities, and the maximum permissible distance between
HRSs, providing useful insights for hydrogen station placement along expressways. Besides, Cronert
and Minner (2021) discuss the critical issue of hydrogen fuel station placement selection in light of
increased competition and uncertainty in FCEV adoption rates. It presents a new competitive flow-
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capture location-allocation methodology, which enables providers to determine ideal sites without prior
knowledge of rival locations. By solving the model as an integer programming game, the ideal locations
for the two main competing fuel station providers in Munich, Germany, are determined. Lin et al.
(2020), on the other hand, focus on improving strategic planning for hydrogen stations, which is critical
for the progress of hydrogen energy and the fuel cell vehicle industry. By utilizing various data sources
and a hybrid approach that integrates genetic, greedy, and annealing algorithms, the research suggests
viable location strategies for hydrogen stations in Beijing modeled after California. The objective of the
study is to efficiently optimize the placement of hydrogen stations, thereby lowering construction
expenses in China and fostering the growth of hydrogen energy, which can lead to significant societal
and economic advantages.

Rezaei et al. (2021) want to improve the process of selecting sites for wind-powered hydrogen refueling
stations in Iran by implementing Fuzzy Multi-criteria Decision-making (FMCDM) approaches. The
eight cities are prioritized based on technical, economic, environmental, geographical, and social
criteria. The Fuzzy Multi-criteria Optimization and Compromise Solution (FVIKOR) technique is used
to determine the best choice. Furthermore, validation is carried out utilizing the Fuzzy Technique for
Order of Preference by Similarity to Ideal Solution (FTOPSIS) and an integrated method. Tang et al.
(2022) also present a new methodology for identifying the key cost components of renewable hydrogen
for refueling stations. The study examines the performance of individual Swedish cities using solar
radiation, wind speed, and energy price data. The study emphasizes the need to integrate the power grid
in the creation of green hydrogen, with wind speed having an important role in cost savings. Moreover,
Zhou et al. (2023) examine the life cycle cost of hydrogen refueling station (HRS) infrastructure for
long-distance transportation, considering construction, operation, hydrogen generation, transit, storage,
and carbon-related expenditures. It provides a demand uncertainty element and develops a mathematical
model for HRS sitting optimization that takes into account cost, demand uncertainty, supply radius,
productivity, and geographical constraints. The model is used on the Beijing-Shanghai expressway to
optimize HRS number, position, hydrogen sources, transit, and storage modalities.

Kokkinos et al. (2022) introduce a Decision Support System (DSS) designed to choose hydrogen
storage station sites in urban areas with a focus on sustainable freight transportation. By employing
Intuitionistic Hesitant Fuzzy (IHF) methodologies, the research examines four approaches for the
Larissa city urban region in central Greece. The input provided by experts from the transportation
department and local authorities establishes fifteen assessment criteria, covering aspects such as
hydrogen infrastructure, socioeconomics, fleet, and road network considerations. Factors like energy
efficiency, pollution prevention, public acceptance, as well as risk and safety considerations, play a vital
role. Among the various methods used, the Steiner point locations along the road network consistently
emerge as the most favorable scenario, offering valuable insights for sustainable urban freight
transportation. Furthermore, Xu et al. (2023) suggest transforming existing gas stations in China into
oil-hydrogen combined stations to address the difficulties of difficult site selection and high starting
expenditures for hydrogen refueling stations. It develops an optimal site selection framework that takes
socioeconomic considerations into account, employing the fuzzy analytic hierarchy process (AHP) and
the TODIM approach. A case study is used to determine the best place for building. Also, Gegici et al.
(2022) utilize a multi-period p-median model to estimate the number and locations of hydrogen
refueling stations (HRSs) in Istanbul, which are critical for promoting hydrogen fuel cell cars (HFCVs).
The study identifies a cluster-like structure for HRSs by considering the transition to hydrogen
technology in each district using the human development index and traffic flow data. These stations
exist in both sparsely inhabited and heavily populated areas early in the planned horizon, as opposed to
spreading from the city center to the outskirts.

Tian et al. (2024) provide a unique approach for locating and determining the capacities of Electric
Hydrogen Charging Integrated Stations (EHCIS) to overcome construction issues in charging and
hydrogen refueling facilities. The solution uses the Voronoi diagram and particle swarm algorithm to
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calculate vehicle charging and hydrogen refueling demands while considering origin-destination
pairings and traffic network models. The Voronoi diagram categorizes EHCIS service scopes and
equipment capacities, whereas a dynamic optimal current model framework ensures that distribution
networks operate safely and reliably. Simulation results demonstrate the suggested method's
effectiveness and feasibility in satisfying automobile energy demands while minimizing total social
costs. likewise, Glindiz et al. (2024) discuss the critical problem of placing Hydrogen Refueling
Stations (HRS) in Istanbul, Turkey, to meet the growing demand for Hydrogen Fuel Cell Vehicles
(HFCVs). The study used a multi-period set coverage model that incorporates the city's various
population densities. To address computing problems, the authors suggest two heuristics: iterative and
simplified models. The findings highlight the importance of prioritizing population density over
Euclidean distance when determining station placement, with stations primarily located in densely
populated areas. Different heuristics provide advantages for decision-makers and customers in a multi-
period system with stations opening incrementally. Furthermore, a partial coverage model combines set
covering and p-median models to examine incremental demand fulfillment, revealing different station
requirements depending on demand fulfillment goals. Also, Eriskin & Karatas (2023) address the need
for hydrogen fuel storage areas (HFSAS) to support the growing number of hydrogen fuel vehicles
(HFVs) in Istanbul's Anatolian side. It formulates the HFSA locating and sizing problem as a bi-
objective semi-desirable facility location problem, considering social and transshipment costs. Using a
weighted goal programming framework, the study minimizes deviations from organizational and
governmental rules for the years 2021 to 2030, incorporating demand predictions and market
penetration rates. Through a posteriori approach, non-dominated solutions are generated to aid decision-
makers.

Zhou et al. (2021) provide a two-stage site optimization approach for hydrogen refueling stations
(HRSs) that uses geographic information and big data to help the development of hydrogen fuel cell
vehicles (HFCVs). The model includes appropriateness analysis and decision-making using multi-
criteria decision-making (MCDM) techniques. The study, which was conducted in Weifang City, China,
identified crucial elements such as traffic convenience and economic growth level. The findings lead to
the selection of alternate sites for HRS designs, providing significant insights into Shandong's hydrogen
energy plan. Furthermore, Kuvvetli (2020) provided a solution to the challenge of locating a hydrogen
refueling station in Adana, Turkey, considering cost, risk, and population convergence. Meanwhile, Lin
et al. (2008) present the fuel-travel-back technique for hydrogen fueling in southern California. The
approach's major goal was to create an ideal station roll-out scheme. Finally, Simunovié et al. (2022)
tackle the difficulty of determining the best capacities and locations for hydrogen refueling stations
(HRS) in Croatia, where no hydrogen users exist. Several HRS configurations are under consideration,
including on-site hydrogen production with a charging station, hydrogen production in a wind farm
with a nearby charging station, and mobile charging stations for consumers in various locations. The
study focuses on hydrogen's levelized cost, considering capital, operating, and maintenance costs in a
techno-economic analysis of each configuration. The results obtained from the reviews have been
consolidated and presented in detail in Table 1.

Table 1. Literature review on hydrogen station location selection

No Author Year Title

Symes, D; Maillard, JG; Courtney, J;
Watton, J; Meadowcroft, A;

Development of a hydrogen fuelling infrastructure in the

1 Chandan, AS; Gurley, L; Priestly, R; 2014 Northeast USA
Serdaroglu, G
. ) . Optimal siting and sizing of hydrogen refueling stations
2 sun, HR; He, CM; Yu, XZ; W, 2019 | considering distributed hydrogen production and cost

MX; Ling, YH reduction for regional consumers

Page124



{\\,'D lszif

ﬁ A "t:‘
2 %
L SEMIT 2024 2 ) 5
REFCONF.COM &“‘?vgns'ﬁéx
Research on key influencing factors for site selection of
3 | Zhu, L; Lei, GX and Gao, J 2023 | DC microgrid-based hydrogen-electric hybrid refueling
stations
4 Li, L; Wang, SQ; Zhang, SX; Liu, D; 2023 The Hydrogen Energy Infrastructure Location Selection
Ma, SB Model: A Hybrid Fuzzy Decision-Making Approach
An Intelligent Site Selection Model for Hydrogen
e . . Refueling Stations Based on Fuzzy Comprehensive
5 | Zhou, ¥; Qin, XP; Li, CL; Zhou, J 2022 Evaluation and Artificial Neural Network-A Case Study
of Shanghai
R ) . Site selection methodology for the wind-powered
6 Messaoud_l, D Settou, N Negrou, B; 2019 | hydrogen refueling station based on AHP-GIS in Adrar,
Rahmouni, S; Settou, B; Mayou, | Algeria
) o i Hydrogen station location optimization coupling
7 ﬁh?_l:uJS?ru PH; Liang, GC; Chang, 2024 | hydrogen sources and transportation along the
’ ' expressway
8 | Crénert, T: Minner, S 2021 Locatl_on selec_tlon for h)./(!rogen fuel stations under
emerging provider competition
9 | Lin RH: Ye, ZZ: Guo, ZY: Wu, BD | 2020 Hydr_ogen station location optimization based on
multiple data sources
10 Rezaei, M; Alharbi, SA; Razmjoo, 2021 Accurate location planning for a wind-powered
A; Mohamed, MA hydrogen refueling station: Fuzzy VIKOR method
) . Levelized cost of hydrogen for refueling stations with
11 | Tang, O; Rehme, J and Cerin, P 2022 solar PV and wind in Sweden: On-grid or off-grid
A . T Site planning and selection of hydrogen refueling
Zhou, Y; Qin, XP; Yao, CL; Ni, M; . - .
12 Zhou. J; Liu, L: Li, WY: Yang, WL 2023 statlons_ considering the life cycle and demand
uncertainty
Kokkinos, K; Nathanail, E; Hydrogen storage station location selection in
13 | Gerogiannis, V; Moustakas, K; 2022 | sustainable freight transportation via intuitionistic
Karayannis, V hesitant decision support system
Xu, MJ; Wu, YN; Liao, YJ; Tao, Y; Optimal sites selection of oil-hydrogen combined
14 | 7. 2023 . - L
Liu, FT stations considering the diversity of hydrogen sources
T oy Multi-period planning of hydrogen refuelling stations
15 | Getigi, E; Guler, MG; Bilgig, T 2022 using flow data: A case study for Istanbul
. ) . . Site Selection and Capacity Determination of Electric
16 PJan, XQ; Yang, H; Ge, YY; Yuan, 2024 | Hydrogen Charging Integrated Station Based on
Voronoi Diagram and Particle Swarm Algorithm
17 | Gindiiz, SB: Gecici, E: Giller, MG 2024 Locating hydrogen fuel stations: A comparative study
for Istanbul
18 | Eriskin, L: Karatas, M 2023 A semi-desirable Iocatlorl and sizing model for
hydrogen fuel storage areas: A case study for Istanbul
. . . Geographic information big data-driven two-stage
19 Zhgu, L W, YN’ Tao, Y; Gao, 2021 | optimization model for location decision of hydrogen
JW; Zhong, ZM; Xu, CB - A g > .
refueling stations: An empirical study in China
20 | Kuwvetli, Y 2020 Kuvvetli, Y. (2920). Multl-objt_ectlve and multi-period
hydrogen refueling station location problem.
21 \I;\'/n’ Z; Ogden, J; Fan, Y; Chen, C. 2008 | The fuel-travel-back approach to hydrogen station siting
22 | Simunovic, J: Pivac, I Barbir, F 2022 Tec_hn(?-economlc assessment of hydrogen refueling
station: A case study in Croatia

Despite recognizing the importance of hydrogen station location, research has primarily focused on
challenges in the US and China, neglecting diverse global contexts. Furthermore, a critical gap exists
in the form of decision-making tools for drivers. Current studies lack user-centric approaches to real-
time station availability and optimal selection based on individual needs. Additionally, while Multi-
Criteria Decision-Making (MCDM) methods exist for station placement, the Alternative Ranking Order
Method Accounting for Two-Step Normalization (AROMAN) remains underexplored. Addressing
these gaps presents an opportunity to develop a more comprehensive understanding of global station
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placement strategies, user-friendly decision-making tools, and the potential of Fuzzy AROMAN within
the MCDM framework for hydrogen refueling infrastructure.

3. Methodology
3.1 Hybridized Fuzzy AROMAN Approach

As mentioned earlier, the AROMAN approach is being utilized for the first time within a fuzzy
framework in this particular scenario. Hence, it's beneficial to offer some introductory insights into
fuzzy arithmetic.

3.1.1. Introduction to Fuzzy Arithmetic

Below, we outline fundamental definitions of fuzzy sets and numbers for better understanding (Chen,
2000).

Definition 1: A fuzzy set 4 in a universe of discourse X is characterized by a membership function

uz (x) which associates with each element x in X a real number in the interval [0,1]. The function value
iz (x) represents the grade of membership of x in A.

Definition 2: A fuzzy set 4 in the domain X is deemed convex if, for any x1, x2 in X,

pz (yxy + (1= y)xz) = Min (uz (xq), uz (x2)), where € [1,0]

Definition 3: A fuzzy set A of the universe of discourse X is called a normal fuzzy set implying that
Ax; €X, uz(x;) =1.

Definition 4: A fuzzy number is a subset of domain X that is both convex and normal. Figure 3
illustrates a triangular fuzzy number example.

y
M5 (x)
1

P
ny n, nj .

Figure 2. A triangular fuzzy number 7.

Definition 5: The a-cut of fuzzy number 71 is defined
A% ={x; : uz (x;) =, x; € X}, where o< € [1,0].

A% is a non-empty bounded closed interval contained in X and it can be denoted by
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A% =™, 7™ ] where 7%, 71, are the lower and upper bounds of the closed interval, respectively.
Figure 4 shows a fuzzy number 7 with a-cuts, where

ol _peew] el X2 [ X2 2
(AN VAR Ol I VRS I OFa (v |
From Figure 4 we can see that if a2 > as, then 77°% > a7*% and 3,%' > 77,2
A
M5 (x)
1

Figure 3. Fuzzy number 7l with « cut.

Definition 6: A triangular fuzzy number 72 can be defined by a triplet (n1, n2, n3) shown in Figure 3.
The membership function uz (x) is defined as:

0, x <ng
xX—1n
— n<x<n,
_Jnoa—mn
,Llﬁ(X)— nz — x
_ N, <x <ng
nz — ny
0, x <nj

Definition 7: If 7i is a fuzzy number and 77" > 0 for o € [0, 1], then 7 is called a positive fuzzy number.

Given any two positive fuzzy numbers m ,7 and a positive real number r, the a-cut of two fuzzy
numbers are M~ = [m;*, m,* Jand A% =[n,*, n,* ] (a € [0,1]), respectively. According to the
interval of confidence, some main operations of positive fuzzy numbers 71,7 can be expressed as
follows:

(m(+) )= [m™ + ™ my™ + n,~]
(m(-)a)= [mIO( - n%m,~ - nu(x]
(m()n)= [mltx-nltx: mux-num]

() A) =[5,

1 1
my,* " m™

(e y=1

]
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(m()r)=[m*r,m,*r]

. a«_ m_l“ my~
(7 C)r)e= [, ]
where r is constant.

3.1.2. Fuzzy AROMAN Approach

This section proposes an extension of the AROMAN approach (Boskovi¢ et al., 2023; Boskovi¢ et al.,
2023) for the fuzzy environment. The strategy is particularly useful for tackling MCDM situations in
which more experts are involved in the decision-making process. The technique will be outlined in
steps.

Step 1: Using the input data, construct the basic decision-making matrix.

A fuzzy MCDM problem can be represented in matrix form as:

A=12,....m, j=1,2,..,n. Q)

where Xjj are linguistic variables.

The qualitative parameters are rated using linguistic factors. These linguistic variables can be
represented using triangular fuzzy numbers. The scale is presented in Table 3.

Table 2. Linguistic variables for the ratings of criteria

Linguistic Variable Fuzzy Number

Veri Low (VL) (0,0,1)
Low (L) 0,1,3)
Medium-Low (ML) 1,3,5)
Medium (M) (3,5, 7)
Medium-High (MH) (5,7,9)
High (H) (7,9, 10)

Veri High (VH) (9, 10, 10)

If K experts evaluate the options based on predetermined criteria, the ratings can be calculated as:
~ 1 ~ ~ ~
Xij =~ [xilj (+)xi2j (+) .. (+)x{‘j] 2

Data normalization should take place in the next step. The AROMAN approach implies two methods
of normalization, which are detailed in Steps 2 and 3.

Step 2: After defining the decision-making matrix using the input data, the second step is to normalize
the data. This means that the input data should be organized in intervals of 0 and 1. Normalization
equations (3) and (4) are classified into two categories.
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Normalization No. 1:
- Xij—minX; .
tij: _ ~—,/L=1,2,...,4’I/L,]:1,2’___’,n; (3)

miaxxij— milnxi]-
Normalization No. 2:
2k Xij . ,
tjj = — ,i=L12,....m, j=1,2,..,n; 4

m =2

i=1%ij

As it is generally known, in MCDM problems certain criteria should be minimized, also known as cost
criteria, and the others should be maximized, often named as benefit criteria. The normalization
procedure in Steps 2 and 3 should be applied for both criteria types (min and max).

Step 3: Aggregated normalization.

The aggregated normalization is obtained by Equation (5).

. t+(1-B) T~
grorm = BUCDLG g m =12 (5)

2 )

where £ 1°"™ denotes the aggregated averaged normalization. f is a weighting factor for each type of
normalization varying from 0 to 1.

Step 4: Weighted aggregated normalized decision-making matrix.

In this phase, multiply the aggregated normalized decision-making (DM) matrix by the criteria weights
to get a weighted DM matrix.

L= Wy .T0™; i=12,...,mj=12,.,m (6)

Step 5: Summation of weighted aggregated normalized DM per the criteria type.

Further procedure relates to a summation of the normalized weighted values separately for the criteria
type min L; and the type max 4;.

LY tmm i=12...,mj=12.,n (7)
Ay X tme i=12..,mj=12.,m (8)

Step 6: Raise the obtained L ; and A ; values to the degree of A.
s ~ (mim\A
Li=L}= (3, E"™)  i=12,..,mj=12.n 9)

. - 1-4
A=A = (zn, £0™) i=12.,mj=12..,m (10)
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» Arepresents the coefficient degree of the criterion type. Since we included both criterion types, we
considered parameter A to be 0.5.

Step 7: Calculate the final ranking.

To obtain the final ranking of alternatives (R;), the difference between the values /Ti and ii should be
calculated and the final ranking equation applied.

R =eAi-1d; =12 . m (12)
where R; denoted the final rank.

4. Case Study

To demonstrate the applicability of the proposed methodology, we provide an illustrative numerical
example. Let us suppose that the task to be solved is to select the most appropriate hydrogen refueling
station from three candidates. The candidates can be considered the alternatives in the MCDM process,
and we denote them as Al, A2, and A3. The criteria that are used for the evaluation of candidates are
identified as distance to charger, traveling time to the charger, expected waiting time if the charger is
occupied, and number of free chargers at one station.

Assume a driver is driving from Z location and must determine whether to stop at the appropriate
hydrogen refueling station. The Fuzzy AROMAN technique recommends the optimal refueling solution
for his/her automobile based on the distance between charging stations, the travel time to each charger,
the projected waiting time if the charger is occupied, and the number of free chargers at each station. In
this manner, the driver decides and drives to the recommended hydrogen station. The structure of the
considered MCDM problem is shown in Figure 4.

As mentioned earlier, three potential candidates are marked by Al, A2, and A3, the interviewed experts
by E1, E2, and E3, and set evaluation criteria from C1 to C4. Figure 5 depicts an illustrative problem
description. The Fuzzy-AROMAN technique to tackling the aforementioned problem is described in
stages, as previously explained in the methodology part.
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Table 3. Criteria Description
Criteria Description
Distance to charger (Km) The physical distance between a vehicle's current location and the
nearest charging station, measured in kilometers
Traveling time to the The estimated time required for a vehicle to reach the nearest charging
charger (minute) station from its current location, expressed in minutes.
Expected waiting time if The anticipated duration a vehicle may have to wait if all charging spots
the charger is occupied at a station are occupied upon arrival, represented in minutes.
(minute)
Number of free chargers at The count of available charging slots at a single station.
one station

Step 1. Suppose that experts utilize linguistic variables to assess the options, and their responses create
the primary decision-making matrix displayed in Table 4. The linguistic inputs are transformed into
fuzzy numbers based on the guidelines outlined in Table 2. Table 5 illustrates the fuzzy decision matrix
obtained by averaging Equation (2).

Table 4. The ratings of candidates

o did Experts
Criteria Candidates E1 E> E3
Al H MH M
C1l A2 M H H
A3 VH H H
Al M MH M
C2 A2 MH H H
A3 ML M M
Al H M M
C3 A2 VH H H
A3 H M MH
Al H MH MH
C4 A2 L VL L
A3 M ML ML
Table 5. The fuzzy decision matrix
C1 Cc2 C3 C4
Al (5,7, 8,67) (3.67,5.67, 7.67) (4.33,6.33, 8) (5.67,7.67,9.33)
A2 (5.67,7.67,9) (6.33, 8.33,9.67) (7.67,9.33, 10) (0,0.67,2.33)
A3 (7.67, 9.33, 10) (2.33, 4.33, 6.33) (5,7, 8.67) (1.67, 3.67, 5.67)
Min/Max Min Min Min Max

Step 2. Normalization No. 1 is performed using equation (3), and the obtained results are shown in
Table 6.
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Table 6. Normalization No. 1 of the fuzzy decision matrix
C1 Cc2 C3 C4
Al (0, 0.4, 0.73) (0.18, 0.46, 0.73) (0, 0.35, 0.65) (0.61,0.82, 1)
A2 (0.13, 0.53, 0.8) (0.54,0.82, 1) (0.59, 0.88, 0.94) (0, 0.07, 0.25)
A3 (0.53,0.86, 1) (0, 0.27, 0.54) (0.12,0.47,0.77) (0.18, 0.39, 0.61)

Step 3. Normalization No. 2 is complete using equation (4), and the obtained results are in Table 7.

Table 7. Normalization No. 2 of the fuzzy decision matrix

C1 C2 C3 ca

Al (0.41,057,0.71)  (0.36,055,0.75)  (0.39,057,0.72)  (0.42, 0.57,0.70)
A2 (0.43,058,0.69)  (0.44,058,0.68)  (0.49, 0.60, 0.64) (0, 0.28, 0.96)
A3 (0.49,0.60,0.64)  (0.29,0.54,0.79)  (0.41,057,0.71)  (0.24,0.53, 0.81)

Step 4. The aggregated normalization is calculated by Equation (5), where we considered the parameter
B to be 0.5. The results are in Table 8.

Table 8. Aggregated normalization of the fuzzy decision matrix

Cl C2 C3 c4

Al (0.10,0.24,0.36)  (0.14,0.25,0.37)  (0.10,0.23,0.34)  (0.26, 0.35, 0.43)
A2 (0.14,0.28,0.37)  (0.25,0.35,0.42)  (0.27, 0.37, 0.40) (0, 0.09, 0.30)
A3 (0.26,0.37,041)  (0.07,0.20,0.33)  (0.13,0.26,0.37)  (0.11,0.23, 0.36)

Step 5. Next, the weighted fuzzy decision-making matrix is formed using Equation (6). We used the

weights of 0.28, 0.22, 0.26, 0.24 for Criteria 1 to 4 respectively. The resulting weighted matrix is shown
in Table 9.

Table 9. The weighted fuzzy decision matrix

Cl C2 C3 c4
Al (0.03,0.07,0.10)  (0.03,0.06,0.08)  (0.03,0.06,0.09  (0.06,0.08,0.10)
A2 (0.04,0.08,0.10)  (0.06,0.08,0.09)  (0.07, 0.10, 0.10) (0, 0.02, 0.07)
A3 (0.07,0.10,0.11)  (0.02,0.04,0.07)  (0.03,0.07,0.10)  (0.03, 0.06, 0.09)
Weight 0.28 0.22 0.26 0.24

Step 6. In this step, the summation of the weighted aggregated normalized fuzzy decision-making
matrix using Equation 7 and 8 should be completed per the criteria type. In our case, the min type
criteria are C1 and C2, and C3 while the max type criteria are C4.

Step 7. The sums from Step 6 should be raised using Equation 9 and 10 to the degree of A, which is in
our case, is equal to 0.29. The obtained values are in Table 10.

Table 10. Summation of weighted fuzzy decision matrix per the criteria type

L

i ji
Al (0.50, 0.62, 0.68) (0.44, 0.48, 0.51)
A2 (0.60, 0.68, 0.70) (0, 0.32, 0.46)
A3 (0.54, 0.64, 0.69) (0.36, 0.44, 0.50)
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Step 8. In the final step, we calculate the final ranking by Equation (11). As shown in Table 11, the
results of the implemented method indicate that the best candidate is A1, followed by A3 and A2.

Table 11. Final ranking

R;
Al 0.88
A2 0.67
A3 0.83

5. Conclusion

Addressing the challenge of selecting optimal locations involves navigating through a complex
landscape, especially considering the multitude of criteria involved in the evaluation of potential
candidates. The complexity further intensifies with the addition of more criteria and alternative options.
Moreover, the necessity to handle uncertain or imprecise data adds another layer of intricacy to the
process. This study showcased the effectiveness of employing a hybridized Fuzzy-AROMAN
methodology in tackling the aforementioned issue, offering a viable solution to the problem at hand.
This paper focused on determining optimal locations for hydrogen refueling stations from the
perspective of drivers. The author proposes employing a multi-criteria decision-making method, such
as Fuzzy AROMAN, to address this location determination challenge. Key criteria considered for
effective station selection included distance to the charger, travel time to the charger, expected wait
time, and the availability of free chargers at each station. Three potential hydrogen stations were
evaluated as alternatives. Utilizing the Fuzzy AROMAN method, the hydrogen refueling stations were
ranked as the most favorable solution for drivers originating from an initial point Z, based on the
specified criteria. However, as indicated in Table 11, Alternative 1 emerged as the optimal location for
selection.

Future studies in the field of determining the location of hydrogen refueling stations could investigate
a number of promising paths. Initially, there is a potential to optimize the placement of charging
facilities using advanced optimization methods, taking into consideration factors such as population
density and traffic patterns. Secondly, the integration of real-time data into location determination
models could improve accuracy and responsiveness. Evaluations of the sustainability of station
locations could be carried out, taking into account environmental impacts, social acceptance, and
economic feasibility. Moreover, methods for making decisions involving multiple stakeholders could
be devised to include a variety of perspectives in the process. Subsequent research could also
concentrate on comprehensive planning of hydrogen infrastructure networks, analyzing resilience
against potential risks, and evaluating the techno-economic aspects. Understanding user behavior and
preferences, evaluating policy frameworks, and exploring new technologies could additionally
contribute to the advancement and growth of hydrogen refueling infrastructure.
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Abstract

The Covering Tour Problem (CTP) is one of the most popular issues in supply chain management,
logistics, and combinatorial optimization. The CTP is a generalization of the Vehicle Routing Problem
(VRP) that does not require visiting all nodes. The CTP's main concept is that some nodes must be
visited by vehicles, while others must be covered. Interest in this subject has recently been raised, both
theoretically and practically. Many researchers have indicated their interest for the CTP for practical
applications such as humanitarian logistics, regional development, urban patrolling, and healthcare
management. Several constraints and variants were treated and introduced to the CTP such as multi-
vehicle (m-CTP), cumulative constraints (m-CCTP) and price collection (PCCTP). The aim of this
paper is to develop the first distribution model that takes into account vehicle capacity under coverage
constraints. This problem is called the multi-vehicle Capacitated Covering Tour Problem (m-CCTP)
which extends the multi-vehicle Covering Tour Problem (m-CTP), and it considers the need to find an
optimal route that minimizes routing costs while taking into account vehicle capacity and coverage
constraints. In order to validate the proposed m-CCTP model, several scenarios of real-world instances
were executed to design the optimal route that allows the distribution of medications to cover the largest
number of patients at the lowest possible cost.

Keywords: Capacity Constraints, Mathematical Formulation, Covering Tour Problem, Medical
Distribution, Real Case.

1. Introduction:

Rapid and high-quality operational information are generally required to ensure the transport design in
particular situations involving disaster relief. Given their crucial issues, most logistic managers find it
difficult to create an appropriate design. Solving these difficulties optimally is often a challenging task.
We also observe that in order to create effective logistic systems that support the contemporary
economy, new logistic solutions are required due to the growing dynamics of global marketplaces and
client demands. Finding a trade-off between profit and satisfying consumers is the main responsibility
of logistics, and transportation in particular. Numerous organizations aim to stay competitive by
enhancing their customer service, reducing their distribution costs, and, most importantly, expanding
their logistical capacities. The service distribution affects not just countries with limited resources but
also third-world nations and disaster areas where non-profit health care organizations are located.

Our focus in this work, is a specific real-world problem with the purpose of determining the shortest
tour that passes through a subset of vertices, avoiding us from having to visit every vertex. Despite their
significance, these routing issues receive little attention from researchers. In contrast to traditional
vehicle routing problems, where the route must directly serve every customer, very few works and
solution techniques have been established to address these issues. So, there is not plenty of research on
these issues and their variants.
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In this paper, we examine a problem in which the obligation to visit every customer is relaxed. In
another way, each client's request might be met either directly by passing by the customer throughout
the tour or indirectly by covering it. Among the VRP problem’s family, the CTP is one of the most
studied problems in the last decade. In 1981, Current made the initial proposal for it (Current, 1981). In
the beginning, we have a variant of the CTP called the m-CTP, in which a subset of vertices needs to
be covered by up to m vehicles at the same depot, while a subset needs to be visited. In many real-world
routing problems, it is generally not necessary to visit every client or we are unable to reach every
customer due to various constraints that restrict the vehicles from serving them, for example if we have
a vehicle capacity constraint. In such cases, we cannot consider the number of visited node for each
vehicle like for the m-CTP-p. Due to this particularity in routing problems, resulting in a fascinating
topic of research, we have directed our study efforts toward solving the m-CCTP, a novel variant of the
m-CTP. When a visited customer is within a particular distance of a vertex that is not part of any route
that has to be covered, that vertex is said to be covered. The unvisited nodes will be covered at no cost
if the covering distance is less than a certain value o. If the predefined distance is not respected, the
customer cannot be covered, and the covering cost will be proportionate to the distance exceeding a.

The remaining sections of the paper are structured as follows: Section 2 provides an overview of
relevant works in the context of the m-CTP and the integration of the capacity constraints. Section 3
defines the real case and formally defines the m-CCTP. Sections 4 presents the exact resolution of the
problem and the numerical experiments. Finally, section 5 summarizes the main findings and discusses
avenues for future research.

2. Literature review:

Over the years, many different approaches have been put up to lower routing costs. Some of them
include using more cars with larger capacities or installing new depots and facilities.

Sadly, putting both of these approaches into practice will be expensive and challenging. As a result,
expenses will rise and the effect will be reversed. Researchers developed a novel strategy to address
these issues: covering to reduce overall costs. This concept can be addressed in a variety of ways. For
a more thorough description, please refer to the survey by (Ben Amor et al., 2023), which studies the
incorporation of the covering notion into routing problems which are vehicle routing problems (VRP),
traveling salesman problems (TSP), and location routing Problems (LRP).

Relatively few articles have been written on the CTP and its variations, despite the fact that VRP has
been receiving more attention lately. The problem of finding a Hamiltonian tour with shortest length
across the subset of nodes to be visited such that each node in the subset of nodes to be covered lies
within a prespecified distance from a tour node is the formal definition of the CTP as given by
(Gendreau et al., 1997). A branch-and-cut algorithm is applied to solve a two-index formulation that
has been devised exactly. They also suggest a heuristic approach that combines the solutions for the
TSP and the set covering problem (SCP).

According to (Hachicha et al., 2000), the m-CTP, which extends the CTP to multiple vehicles, is the
problem of designing tours for up to m vehicles that start and end at the depot and have a minimum
total length so that the number of nodes to cover and the length of any tour do not exceed given values.
Partially based on similar methods for the regular VRP, they offer three heuristics: modified savings,
modified sweep, and route-first/cluster-second. After that and based on the formulation of (Baldacci et
al., 2005) for the m-CTP, (Ha et al., 2013) present a two-commaodity flow formulation when the length
constraints is relaxed and m is a decision variable. For an exact solution, they take into account the
standard branch and cut approach. They also propose an evolutionary local search (ELS)-based, two-
phased metaheuristic. All customers' subsets of nodes are created in the first phase, and each subset's
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unit demands on the VRP is solved in the second phase. (Kammoun et al., 2017) implement a variable
neighborhood search (VNS) heuristic based on the variable neighborhood descent (VND) method for
the variant excluding length constraints. This method is compared to that of (Ha et al., 2013) on the
identical instances and gives better or equal results in a shorter computational time. In a more recent
work, (Glize et al., 2020) propose an exact method based on column generation techniques to solve the
m-CTP and its bi-objective version, which aims to minimize the total distance (length) of the tours (first
objective) as well as to minimize the maximum coverage distance (second objective). The technique is
compared with state-of-the art methods using instances from the literature.

As an important restriction in vehicle routing issues, capacity constraints are commonly seen in a variety
of study investigations. The CVRP has attracted the interest of academics who want to improve the
effectiveness of transportation networks. Many different approaches have been devised to deal with the
complexity of the CVRP. Either exact approaches or heuristic methods, each with unique characteristics
and advantages of its own, are the two general categories into which these methodologies belong.

(Ng et al., 2017) aims to address the challenges of the optimizing the online vehicle routing problem
(OVRP), which is a variation of the capacitated vehicle routing problem (CVRP) that incorporates real-
time traffic congestion, by developing a flexible delivery rerouting strategy based on a novel Multiple
Colonies Artificial Bee Colony (MCABC) algorithm. The results of the study show that this approach
can help to reduce the risk of late deliveries and improve the overall efficiency of vehicle routing
operations.

(Wei et al., 2018) focuses on optimizing the capacitated vehicle routing problem with two-dimensional
loading constraints (2L-CVRP). This paper aims to address the challenges of the 2L-CVRP by
developing a novel simulated annealing algorithm. The results of the study demonstrate that the
algorithm is a promising tool for solving this complex problem.

(Tanzila & M. Ahsan Akhtar Hasin, 2019) aims to improve the efficiency of the cement company's
distribution operations by optimizing the routes for its fleet of vehicles. The genetic algorithm is used
as a tool to find the best possible solutions to the VRP, considering factors like vehicle capacity,
customer demand, and distribution network structure.

3. Problem definition
To the best of our knowledge this the first formulation ever presented for the capacitated m-CTP.
1. Real case description

It is essential to maintain the well-being and standard of living of people everywhere. Stakeholders in
the healthcare sector include clinics, hospitals, home health services, doctors, nurses, caregivers, the
pharmaceutical industry, insurance companies, government agencies, and research centres. This
industry faces numerous difficulties, notable among them the increasing healthcare expenses. The need
for high-quality care, ageing populations, chronic diseases, and new medical technology have all
contributed to the ongoing rise in healthcare costs.

In the framework of health care services, pharmacies are the pharmaceutical markets that we aim to
reach as quickly as possible in the instance of a disease. Pharmacists are members of the healthcare
team who offer advice to patients. Thus, pharmacies play a vital role in preventing prescription errors
and discovering drug interactions, and pharmaceutical care is a critical component of the healthcare
system.

In Tunisia, medicines are classified into two categories:
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e drugs of the hospital nomenclature: those available in hospital pharmacies.

e Medications not listed in hospital nomenclature: these medications are also known by specific
drugs. They should only be used to treat severe and serious diseases, that call for long-term
care or exceptionally costly care since they are excessively costly. This is a list that can be

expanded to include other diseases.

We will concentrate on the second cluster in our study, specifically the National Social Security Fund's
(NSSF) specific pharmacy. The management of these medications is under the purview of the NSSF;
initially, just the Omrane policlinic was engaged, but later, the policlinics in Sousse and Sfax were as
well. The articles by (Ben Amor et al., 2022a) and (Ben Amor et al., 2022b) offer valuable insights into
the intricacies of this particular case.

Our goal in this study is to solve this real-world problem by collaborating with a group of pharmacies
to increase accessibility for the general public. By implementing this idea, the patients' needs in every
city might be met either directly through visits or indirectly through coverage. We will attempt to solve
this problem as a multi-vehicle Capacitated Covering Tour Problem (m-CCTP) by combining the ideas
of covering and routing in our proposed approach and taking the vehicle capacity in consideration.

2. Notation of the problem

Let us introduce an directed graph G = (V U W, E; U E,), used to illustrate our m-CCTP formulation.
The definition of the m-CTP formulation states that the subset of selected vertices ensures the highest
level of coverage as the non-visited vertices need to be covered. This indicates that there are two subsets
of nodes: the pharmacies and policlinics "must be visited," while the remaining cities "have to be
covered." If a node is located within a certain covering distance of its closest visited node, it is
considered covered. The sets, parameters, and decision variables listed in table below describe the
model.
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Table 12 The sets, the parameters and the variables used in our formulation

The Sets Definition
V={vg, ..., Vn_1}

° n The sets of policlinics and pharmacies that can be
V'=V\ {vo} visited

W ={wy, .., w}

The set of the must be covered cities

T ={vy,..,vs}suchthatT c vV

The set of the policlinics that must be visited

E1 = {(vi,vj) \ vi,vj ev

EZ = {(vi,vj)\vi EV \ T, 'Uj EW

The sets of Edges

The Parameters

Definition

Q The total capacity of the vehicle

qi The demand of each node i

Cij Cost associated with each edge

D The distance from the node i to the node j

ij

Ay = | 1ifw; can be covered by v; e V\ T

0 otherwise

This coefficient is used to indicate which
pharmacy in the city (v;) coversacity | € W

The variables

Definition

x;j = [ 1if (v;,v;) belongs to the tour

0 otherwise

This decision variable is used to indicate if the
edge (v;, v;) is used in the solution

y; = | 1ifthe node (v;) belongs to the tour

0 otherwise

This decision variable is used to indicate if the
node (v;) is used in the solution

U;; is the load of the vehicle leaving i to j

This load is calculated based on the demand of
each node

m=is a set of identical vehicles

This decision variable is used to indicate the
number of vehicles used in the solution
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The objective function (1) of the m-CCTP aims to identify a set of routes that minimizes the routing
cost. Constraint (2) expresses that every non visited city must be covered by at least one visited
pharmacy. Constraint (3) ensures that the total demand of the cities covered by the pharmacy (i) can be
satisfied by the latter's demand. Constraint (4) indicates that each pharmacy or policlinic is visited once.
Constraint (5) and (6) are flow conservation constraints. Specifically, Constraint (5) state that at each
visited pharmacy the inflow is equal to the outflow. While the constraint (6) ensures that the number of
vehicles leaving the depot source is the same returning to the final depot. Constraint (7) indicates that
each arc is traversed at most once. Constraint (8) states that the load of the vehicle leaving the depot is
less or equal to the total capacity of the vehicle. Constraint (9) ensures that the load of the vehicle when
leaving (i) can satisfy the demand of (j). Constraint (10) ensures that each visited city (i) has received
exactly it's demand. Constraint (11) is derived from the definition of the load. Constraints (12) ensures
that the policlinics must be visited. Constraints (13), (14) and (15) defines the decision variables.

4. Exact resolution
1. Datasets and problem instances

In this section, we will explain our case study instances and the computational outcomes of the
suggested approach. Our problem is solved as an m-CCTP.

As previously mentioned, the m-CTP has three different types of nodes: T, V, and W. Several situations
are created to fix the sets of nodes in order to assist the decision-maker:

e Two scenarios for T
— Consider the used policlinics (T = 3)
— Use all the available policlinics (T = 6)

e  Three scenarios to determine the remainder sets V and W: Let PP represent the
proportion of patients in every vertex. In order to get the set V, we take into account
the nodes whose PP values are less than 40%, 60%, and 80% each time. All remaining
nodes are included in the set W.

Our instances have been designated as T-V-W, where T is the number of policlinics visited during the
tour, V is the number of pharmacies that can be visited, and W is the number of cities that should be
covered.

In our case, others scenarios were proposed according to the vehicles’ capacities since the treatments
can be transported using three different vehicles’ capacities:

e Q=3500k,
e Q=7500k4
e Q=10000,

To solve this problem, first of all we have to calculate the demand of each city which differs depending
on the type of the node:

e If we are talking about a policlinic (i.e. the set T), the demand will be calculated as the number
of the patients which are situated in the same city as the policlinic.

e In the case of a city from the set W then the demand of this city is the number of the patients
living in this city.

e  For the pharmacies included in the set V the demand of each node is equal to the summation of
the demand of the nodes covered by the this pharmacy and the demand of the pharmacy itself.

2. Computational experiments for m-CCTP

Page144



& A\ 2
] 2
SEMIT 2024 NI DS
! {"“JVERSW@Q

We obtained eighteen instances; each one was run on a 2.10 GHz CPU Intel Core i7-1260P computer
with 16 GB of RAM. Next table, shows the computational results of our instances obtained, where all
the instances were successfully solved and the column headings are as follows:

Instances: In these columns each time the used scenario for the set T is indicated in

addition to the name of the instance.

Q: The different situations of the vehicle’ capacity

Cost: The routing cost

CPU: The time of execution of each instance in second (S)

Visited pharmacies: This column shows for each instance the number of vehicles in the solution
and the visited nodes by every vehicle with respecting the capacity constraints

To further demonstrate the effectiveness of the proposed mathematical formulation, experiments were
conducted on the 18 instances where the routing cost is considered as an objective function.

Table 13. The computational results of the real case instances considering the m-CCTP objective

function
m-CCTP
Instances Instances Q Cost CPU(S)
3500 1404 0,001
T3-4-17 | 7500 690 0,001
10000 690 0,016
The first sger)a(io for the set of T3_11- 3500 1424 0,031
policlinics T=3 10 7500 876 0,016
10000 718 0,016
3500 1215 0,047
T3-14-7 | 7500 718 0,031
10000 718 0,016
3500 1300 0,016
T6—-4-15 7500 997 0,001
10000 991 0,001
The second scenario for the set 3500 1224 0,031
of policlinics T =6 T6-10-9 | 7500 1018 0,031
10000 1007 0,016
3500 1029 2,547
T6-13-6 | 7500 1007 0,031
10000 1007 0,031

a) For the first scenario concerning the set of policlinics (T=3), we can consider the figure 1 that

illustrates the routing cost depending on the possible vehicle’s capacity. It is clear that the
routing cost decreases when the capacity of the used vehicles is increased, in other words
increasing the number of vehicles used in the solution. In addition, we can observe that biggest
vehicle always allow us to obtain the lowest cost for the three set of instances, unless for T3 —
4-17,T3-14 -7 and T6 — 13 — 6 in these cases the two capacities (7500, et 10000)

allows us to obtain the same results. Now if we consider the same vehicle capacity but we
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compare the cost of the three instances we can deduce that the last instance T3 — 14 — 7 allow
as to obtain the minimum routing cost when the capacity of the used vehicle is 3500,. This

solution uses 4 vehicles allowing to visit the 3 policlinics as well as 2 pharmacies from 14
candidates pharmacies. Whereas, in the case of using the two others capacities the best solution
is obtained in the instance T3 — 4 — 17. For this instance, when using a vehicle with the capacity
75004, indicates that the best solution is to visit one pharmacy of the set V in addition to the

3 policlinics of the set T using 3 vehicles. But in the case of the capacity of 10000, only 2
vehicles are used to visit the same pharmacies.

Comparing the cost of every instance for the
different possible capacities of the vehicles

1500
b
S 1000
oo
< T3-14-7
5 500
3 T3-11-10
o
T3-4-17
0

3500 7500 10000

mT3-4-17 mT3-11-10 T3-14-7

Figure 6 Comparing the routing cost for the first set of instances applying the m-CCTP

For the second scenario which treat the case when the set of policlinics (T=6), We can examine
the figure 2, which shows the routing cost based on the given vehicle capacity. In this situation
we have proposed to the decision maker to incorporate the other policlinics in the solution in
the “must be visited” nodes. From the Table 2 and figure 2 we can notice that the minimum
cost is given using the instance T6 — 4 — 15 and using the biggest capacity of vehicle. This
solution consists of visiting one pharmacy in addition to the 6 policlinics. In the case of using
the vehicle with the capacity 7500, also the same instance gives the best solution minimizing
the routing cost. Finally if only the vehicle with the smallest capacity is available, the minimum
cost is obtained using the instance T6 — 13 — 6 which consists of visiting two pharmacies in
addition to the 6 policlinics using 4 vehicles.

Page146



SEMIT 2024

Comparing the cost of every instance for the
different possible capacities of the vehicles

1500
k7
S 1000
oo
)= T6-13-6
S
3 500 T6-10-9
[a's
T6-4-15
0

3500 7500 10000

mT6-4-15 ®WT6-10-9 T6—-13-6

Figure 7 Comparing the routing cost for the second set of instances applying the m-CCTP
5. Conclusion

We investigated the m-CCTP, a variant of the m-CTP that considers capacity constraints into account.
Experiments were executed on multiple instances from a real case in which we aim to solve the problem
of distributing medication for the specific pharmacy of the NSSF. In this work, we have proposed
several scenarios to the decision maker so the appropriate solution depending on the situation can be
chosen.

Future studies should focus on more specialized problems related to green m-CCTP and green of
heterogeneous vehicles. An increasing number of complex optimization algorithms (including adaptive
algorithms, hybrid heuristics, and meta heuristics) are being suggested and have been applied as
solutions in various areas. Consequently, it will be important to investigate the applicability of more
complicated optimization algorithms in the future.
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Abstract

The construction industry in Nigeria significantly impacts resource consumption, waste generation, and
environmental degradation. Increased infrastructure demand has led to substantial construction and
demolition waste. This study explores methods for recovering and reusing key materials: concrete, steel,
brick/masonry, and wood. It identifies benefits, barriers, and strategies for these materials' recovery and
reuse in Nigeria. Using a structured questionnaire, data from 259 Nigerian professionals were analyzed
with SPSS version 23.0. Findings indicate that sustainability, resource conservation, and cost savings
are the most significant benefits, ranked by respondents in order of severity. The primary barriers
include skepticism about the quality of reused materials, followed by demolition complexity, limited
market demand, and lack of standardization. Regulatory support is identified as the most critical
strategy, with skill development and design for deconstruction and reuse also prioritized. To overcome
the barriers and fully embrace material reuse and recovery, the study recommendations include
enhancing regulatory frameworks, promoting education, and training, and fostering market
development to increase demand for recycled materials. These measures will contribute to advancing
sustainable practices within Nigeria's construction industry.

Keywords: Recovery and Reuse, Building Materials, End of Service Life.

1. Introduction

The global resource consumption and waste generation are significantly influenced by the construction
industry. The construction industry generates a lot of construction and demolition waste (C&D waste)
due to the increase in demand for infrastructure resulting from increase in population. (Ashley, 2021).
There is an urgent need to address the environmental impact of building demolition and disposal as they
approach the end of their service lives. A building can be considered to have reached the end of its
service life when it is no longer structurally sound, functionally viable, or economically feasible to
continue using it for its intended purpose.

According to the database of the Organization for Economic Co-operation and Development (OECD)
in 2015, about 36% of the total generated waste is attributed to construction and demolition waste as
seen in Wilson, 2015 as cited in (Ashleyab, 2021).

Nandhinipriya, Janagan, and Soundhirarajan (2016) define construction and demolition (C&D) waste
as materials produced from the alteration, construction, demolition, rehabilitation, or repair of any built
structures, including residential, commercial, industrial facilities, and roadways. Improper disposal and
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illegal dumping of C&D waste are leading to environmental degradation, posing significant challenges
for cities and municipalities in managing solid waste effectively (Bansal, Mishar & Bishnoi, 2020).

Large volumes of construction and demolition (C&D) waste contribute to increased river flood levels,
causing significant erosion of riverbanks and the depletion of natural resources. The leaching of
hazardous substances from this waste into aquatic environments has detrimental effects on marine
ecosystems. Furthermore, illegal dumping along roadways exacerbates traffic congestion and obstructs
surface drainage systems, leading to localized flooding on pavements and further environmental
disruption. (Bansal et al; 2021). Traditional practices of demolishing buildings and sending the debris
to landfills not only deplete valuable resources but also contribute to environmental pollution and
ecosystem degradation. In this context, the recovery and reuse of construction materials offer a
promising avenue to address these challenges and transition towards more sustainable practices. The
concept of recovery and reuse of construction materials from involves systematically salvaging
materials such as timber, concrete, steel and glass from demolished buildings for reuse in new
construction projects, thereby reducing the demand for virgin resources and minimizing waste
generation. By extending the lifespan of construction materials through reuse, the demand for virgin
resources is reduced, leading to lower energy consumption, greenhouse gas emissions, and overall
environmental footprint. (Kabirifa, 2020).

Moreover, the recovery and reuse of construction materials have economic implications, offering
potential cost savings for stakeholders cross the construction value chain. By salvaging materials,
contractors and developers can reduce procurement expenses associated with new materials while
also minimizing disposal costs. Additionally, the resale of recovered materials or components can
create new revenue streams and foster innovation in resource recovery technologies and business
models (Hopkinson et al 2019).

Despite the well-documented environmental and economic advantages, there are significant
challenges in implementing effective strategies for the recovery and reuse of construction materials.
According to Adams et al. (2017), as referenced by Hopkinson et al. (2019), a primary and urgent
challenge is the substantial existing stock of material-intensive buildings and infrastructure that were
not designed with material recovery and reuse in mind. This issue is compounded by technical and
economic barriers, including the absence of established market mechanisms. Additionally, there may
be concerns regarding the quality and performance of reused materials, as well as perceptions related
to aesthetics and durability. Addressing these challenges requires holistic approach that integrates
technological innovation, policy support, stakeholder collaboration.

Consequently, this study in alignment with efforts made by various researchers in finding the best
approach to aid recovery and reuse of these materials, sought to investigate the extent to which
construction materials are currently being recovered and reused from demolished buildings based on
the opinion of the construction professionals in Nigeria. Also, this paper focused on four materials:
concrete, steel, brick/masonry, and wood materials, to identify the benefits of their recovery and reuse,
the Barriers as well as the strategies encouraging recovery and use of these four construction and
demolition materials in Nigeria.

Page150



M\
L SEMIT 2024

)
REFCONF.COM 4?["2118“‘;’%

AYBO

2. Literature Review
The Concept of Building Life Span

The concept of building lifespan is fundamental to building design, construction, and management. It
denotes the anticipated duration a building will remain functional before reaching the end of its
serviceable life. The service life of a building is affected by multiple factors, including the type of
construction materials utilized, the quality of workmanship, and the extent of maintenance and repairs.
Akintoye and MacLeod (2017) categorize the building lifespan into three distinct phases: the design
life, the physical life, and the economic life. Each phase reflects a different dimension of the building’s
durability and operational efficacy.

Design Life

The design life of a building refers to the period it is intended to remain functional, based on its
materials and construction methods. This timeframe, determined during the planning and design
phases, indicates how long the building should perform its intended functions without major repairs.
Influencing factors include architectural and structural design, which set performance standards;
compliance with building codes and standards, ensuring safety and durability; and the building’s
intended use, which dictates its capacity to handle anticipated demands. Generally, residential
buildings are designed for 50 to 100 years, while commercial and industrial structures may have shorter
lifespans due to differing usage patterns (Ji, Lee, & Yi 2021).

Physical Life

The physical life of a building represents the actual period it remains in use, considering wear and tear,
deterioration, and damage. This phase spans from construction completion until the building can no
longer be maintained economically or safely. Key factors influencing physical life include the quality
of construction, which affects durability; the extent of maintenance and timely repairs, crucial for
preventing accelerated deterioration; and environmental exposure, as factors like weather, pollution,
and natural disasters impact the building's condition. With proper upkeep and robust construction, the
physical life can often surpass the design life (Miatto, Schandl, & Tanikawa, 2017).

Economic Life

The economic life of a building refers to the period during which it remains financially viable to
operate and maintain. This stage is influenced by factors such as operating costs, which must be
justified by the building's usage or revenue; market value, affected by real estate trends, neighborhood
development, and economic conditions; functional obsolescence, where evolving standards and needs
can render the building outdated and costly to update; and technological advances, which may make
older buildings less competitive due to newer, more efficient alternatives. The economic life may be
shorter than the physical life if operating and maintenance costs become prohibitive or if the building
fails to meet current demands effectively.

Construction and Demolition Waste

The demolition component of construction and demolition (C&D) waste differs significantly from the
construction component. Construction waste tends to be more homogeneous, consisting mostly of new
materials like wood and drywall, making it easier to separate and recycle. In contrast, demolition waste
is often a mix of various materials, complicating separation and recovery. Demolition waste can be
categorized into remodeling and debris loads. Remodeling waste often includes both new and old
materials; residential projects contain more wood, while commercial projects have more metal. These
loads typically arrive in open-top containers or are self-hauled. Debris loads, resulting from
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demolished structures, are transported to landfills and contain masonry mixed with wood, roofing,
carpet, drywall, and metals. These materials are usually broken and mixed, making recovery
challenging (Nandhinipriya et al., 2016).

Fig 2.1. Waste from demolished building.

Environmental Impacts

Given that a significant proportion of construction and demolition (C&D) waste consists of inert
materials, landfilling has traditionally been the primary disposal method, particularly during the 1970s
and 1980s. However, one major environmental concern associated with landfilling, including C&D
waste, is the potential for landslides at disposal sites, which can jeopardize both human safety and
property (Asheyab, 2021). Recycling C&D waste reduces the demand for new raw materials, thereby
minimizing the extraction of virgin resources. This process alters the product lifecycle and prevents
the emission of greenhouse gases (GHGs) that would otherwise be released during material extraction
and processing, thus decreasing total lifecycle emissions (Eneh and Oluigbo, 2012). Additionally,
landfills can generate contaminants such as hydrogen sulfide, which pose significant environmental
and health risks.

Bansal, Mishra, and Bishnoi (2020) highlight that large accumulations of construction and demolition
(C&D) waste contribute to increased river flood levels, erosion of riverbanks, resource depletion, and
the leaching of hazardous materials into water bodies, which adversely affects marine life.
Furthermore, illegal dumping along roadways leads to traffic congestion and clogs surface drains,
causing pavement flooding. According to Thomas and Wilson (2013), as cited by Bansal, Mishra, and
Bishnoi (2020), C&D waste from small-scale demolitions often ends up in municipal bins,
complicating municipal solid waste management. This waste is sometimes covered on-site, forming
an impermeable layer that prevents vegetation growth and hinders the infiltration of rainwater into the
ground.

The disposal of construction and demolition (C&D) waste has increasingly become a significant issue
in recent years. Some property owners, waste haulers, and demolition contractors are engaging in
improper and illegal disposal practices to evade transportation and tipping fees at waste management
facilities. Unauthorized disposal sites have been identified in gravel pits, groundwater recharge areas,
agricultural lands, prime residential properties, as well as borrow pits and low-lying regions.

Ilicit disposal sites may also attract the unlawful dumping of various types of waste, including
municipal, industrial, mechanical, and hazardous materials. Such practices exacerbate site
contamination and significantly increase the future costs associated with remediation and cleanup.
Furthermore, the open burning of demolition materials presents a significant environmental concern
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and is prohibited by regulations. The combustion of materials such as plastics, foams, and treated or
painted wood releases toxic fumes. Additionally, demolition debris from warehousing, agricultural,
and manufacturing facilities may be contaminated with chemicals from spillage or routine operations.
The leachate generated from such waste can potentially contaminate groundwater, as noted by Mah,
Fujiwara, and Ho (2018).

Construction Waste Management

The management of construction and demolition (C&D) waste has become a major environmental
concern for many municipalities. Addressing this challenge involves prioritizing strategies for
reducing, reusing, and recycling C&D waste, with a focus on implementing effective waste
management practices. Kabirifar et al. (2020) advocate for a waste management hierarchy that
emphasizes reduction, reuse, and recycling as preferable approaches before resorting to landfill
disposal. This hierarchy dictates that waste should be assessed and processed according to its potential
for reduction, reuse, or recycling prior to final disposal.

According to the World Bank, Nigeria produces approximately 12 million tons of construction and
demolition (C&D) waste each year, with a substantial amount being disposed of in landfills and
dumpsites. Improper disposal of this waste can lead to severe environmental and health consequences,
such as air and water pollution, the proliferation of diseases, and the establishment of breeding grounds
for pests and vermin.

Construction and demolition (C&D) waste management has emerged as a significant environmental
challenge for many municipalities. To address this issue, efforts have focused on reducing, reusing,
and recycling C&D waste, emphasizing the need for efficient and effective waste management
strategies. Kabirifar et al. (2020) recommend adhering to a waste management hierarchy that
prioritizes reduction, reuse, and recycling over disposal. According to this hierarchy, waste should be
recovered and processed based on its suitability for reduction, reuse, or recycling before considering
disposal in landfills.

A Recovery of Construction Materials

Material recovery, encompassing salvage or deconstruction, is pivotal for reducing waste and
conserving resources. Smith (2018) highlights that material recovery diminishes the need for new raw
materials, conserves energy, and diverts waste from landfills. Economically, it offers potential cost
savings through decreased material procurement expenses and generates revenue opportunities from
the resale of salvaged materials (Thompson, 2019). The practice of salvaging and reusing materials
such as bricks, concrete, steel, wood, and glass significantly mitigates the environmental impact of the
construction industry (Johnson, 2016).

Several methodologies are employed in the recovery of construction materials. Manual deconstruction,
as described by Thompson (2019), involves the systematic dismantling of structures by hand to
optimize the recovery of reusable materials. This technique requires skilled labor and detailed planning
to ensure efficient and safe material extraction. In contrast, mechanical deconstruction, as detailed by
Brown (2017), employs machinery and equipment to expedite the disassembly process, enhancing the
efficiency of material recovery.
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Fig 1. Recovering of bicks building.
B Recycling of Construction Material

The process of breaking down used construction materials to create new products is known as
construction and demolition (C&D) waste recycling. According to Sasitharan et al. (2012), as cited in
Alsheyab (2021), recycling involves reprocessing waste to modify its physical and chemical
properties, thereby producing secondary materials for reuse in the same or different applications.

Alsheyab (2021) notes that recycling C&D waste can mitigate several environmental risks associated
with landfilling. For instance, landfilled C&D waste can lead to groundwater contamination from
leachate, which forms when rainwater interacts with the waste. Additionally, the decomposition of
drywall gypsum by bacteria can produce hydrogen sulfide, a gas that causes unpleasant odors and
poses significant health risks, including chronic health effects at low concentrations and potentially
fatal consequences at high levels (Knut et al., 2019, cited in Alsheyab, 2021). Moreover, Humam et
al. (2020), as cited in Alsheyab (2021), found that the quality of recycled concrete aggregate is
generally inferior to that of natural aggregate. This degradation in quality results from residual mortar
and cement paste remaining after crushing C&D waste, which reduces density by up to 10% and
increases water absorbency, complicating quality control (Marinkovic et al., 2010, cited in Alsheyab,
2021).
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C REUSE OF CONSTRUCTION MATERIALS

Reusing involves employing an item again after its initial use, which can encompass both conventional
reuse—where the item serves the same function as before—and creative reuse—where it is repurposed
for a different function.

The practice of reusing construction and demolition (C&D) waste refers to the application of building
materials multiple times, whether for their original purpose or a new one (Huang et al., 2018). Most
C&D materials are amenable to reuse following demolition, and this strategy is highly effective in
conserving natural resources, protecting the environment, and reducing costs. Reusing building
materials also offers additional benefits, such as reducing greenhouse gas emissions, mitigating the
impacts of climate change, preserving resources for future generations, and maximizing the utility of
products (Oyenuga, 2016; Park & Tucker, 2017, cited in Huang et al., 2018). Various types of building
materials can be recovered from construction, renovation, and demolition sites for resale, storage for
future use, or direct application on current projects.

Fig 3: Breaking down recovered stones for reuse.

3. Methodology

This study employed a survey research design, a widely accepted approach in social science research
that enables the collection of data from large participant samples through standardized questionnaires.
The respondents were drawn from construction professionals across the six political zones of Nigeria,
with a particular focus on major commercial centers within these zones, including Kaduna, Lagos,
Abuja, Onitsha, Port Harcourt, and Ibadan. This methodology facilitated comprehensive data
collection and analysis across a diverse geographic and professional landscape.

Sampling techniques involve the methods used by researchers to select representative samples from
the population under study (Onodugo, Ugwuonah, & Ebinne, 2010). In this research, stratified
sampling was employed to ensure that various subgroups within the population were adequately
represented. This approach involved dividing the population into distinct strata based on relevant
characteristics and then randomly selecting respondents from each stratum. The use of stratified
sampling was essential due to the diverse nature of the construction professionals across different
political zones and major commercial centers in Nigeria. This technique allowed for more precise and
comprehensive data collection, reflecting the diversity within the population
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The primary data for this study was collected using a structured questionnaire, which was designed to
assess the current state of material recovery and reuse within Nigeria's construction industry. The
guestionnaire aimed to identify both the challenges and opportunities encountered by stakeholders.

To facilitate data collection, the questionnaire was distributed via an online forum, where participants
were invited to take part in the survey through a dedicated post. This post included a link to the
questionnaire and a brief overview of the study. Participants accessed the questionnaire through the
provided link and were able to complete it at their convenience.

A total of 259 completed responses were collected and analyzed. The data obtained from the
guestionnaire provided insights into the prevailing practices and obstacles related to the recovery and
reuse of construction materials in Nigeria. Additionally, the findings were used to explore potential
solutions for enhancing the sustainability of construction waste management in the country.

The questionnaire was organized into six sections, each targeting a specific aspect of material recovery
and reuse in Nigeria.

To estimate the required sample size for a survey, we utilized the following formula for proportions in
large or unknown populations:

n=2Z%(1-p) E?

where:

n = Required sample size

Z = Z-score corresponding to the desired confidence level

p= Estimated proportion of the population

E = Margin of error

Given that;

Z-score: For a 95% confidence level, the Z-score is 1.96.

Estimated Proportion (p): To ensure a conservative estimate, \( p \) was set at 0.2.
The margin of Error (E): The margin of error was set at +5% (0.05).

Calculation

To determine the sample size for the specified margin of error, we apply the following calculation:
n=1.962x 0.2 X (1 - 0.2)/0.052

n = 3.8416x 0.25/0.0025}

n =245.76 =250

A total of 270 questionnaires were distributed. This sample size ensures a high degree of statistical
precision and reliability in the survey results, making it suitable for analyzing the specified parameters
even with an unknown total population. A total of 259 respondents were returned effectively filled.

Tsun and Dac-Buu (2008) define data analysis as the process by which researchers extract insights from
data that were not initially evident, enabling a comprehensive summary of the study. In this research,
descriptive statistics and the Relative Importance Index (RII) were employed to analyze the dataset
thoroughly. Frequencies and percentages were calculated for each engagement category to provide an
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overview of response distribution. Additionally, the RIl was used to measure the severity of various
factors, offering a nuanced understanding of their relative importance.

To aid interpretation, the results were visualized using pie charts and bar charts, which effectively
depicted the proportions and comparative sizes of different response categories. The analysis was
conducted using SPSS version 23.0, a robust statistical software package for data management and
analysis. Frequencies for each response on the Likert scale were aggregated using SPSS functions,
ensuring precise tallies. Percentages were then calculated to present the data in an interpretable format,
and the RII provided additional insights into the severity of different factors. This approach facilitated
a detailed examination of engagement levels and revealed patterns and insights that might otherwise
remain hidden. The integration of visual aids, statistical calculations, and the RIlI ensured a
comprehensive and accessible presentation of the data, enabling the drawing of meaningful conclusions
from the survey results.

4. Results and Discussion

The respondents' opinions on the current practice of recovery and reuse of construction and demolition
waste are presented in Table 1. The data reveals varying levels of engagement and awareness regarding
material recovery and reuse. Most organizations (32.82%) are moderately engaged in these practices,
while a smaller segment (5.79%) is highly engaged. In terms of awareness, most respondents are
moderately aware (29.34%) of the environmental benefits associated with material recovery and reuse.
Only a small fraction (5.02%) is not aware at all, suggesting that while overall awareness is reasonably
high, there is still significant potential for improving both engagement and awareness to further promote
sustainable practices.

Tablel. Current Practices.

SIN Variable Option Frequency Percentage
(%)
1  Organization’s Current Practices: a) Not Engaged 44 16.99
b) Minimally 53 20.46
Engaged
¢) Somewhat 62 23.94
Engaged
d) Moderately 85 32.82
Engaged
e) Highly Engaged 15 5.79
Total 259 100
2 Awareness Of a) Not Aware 13 5.02
Environmental Benefits of material b) Slightly Aware 56 21.62
recovery and reuse. c) Somewhat Aware 64 24.71
d) Moderately 76 29.34
Aware
e) Highly Aware 50 19.31
Total 259 100

Source: Field Survey, (2024)
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The results in Table 1 shows that 32.82% of the organizations are moderately engaged in the practice
of recovery and reuse of construction materials, 23.94% are somewhat engaged, 20.46% are minimally
engaged, 16.99% are not engaged, and 5.79% are highly engaged. While it is positive that a third of
organizations are moderately engaged, there is significant room for improvement in encouraging
widespread adoption. The high percentage of not and minimally

engaged organizations necessitates interventions to raise awareness, address challenges, and
demonstrate the benefits of material reuse.

The results in Table 4.1.2 shows that 29.34% of the organizations are moderately aware of the
environmental benefits of material recovery and reuse, 24.71% are somewhat aware, 21.62% are
slightly aware, 19.31% are not aware, and 5.02% are highly aware. These findings reveal a positive
trend, with a majority (75.67%) of organizations possessing some level of awareness regarding the
environmental benefits of construction material reuse. This awareness is crucial for promoting the wider
adoption of these practices. However, the presence of a knowledge gap among a notable portion
(24.33%) underscores the need for targeted awareness campaigns and educational initiatives.

Benefits of Material Recovery and Reuse

Table 2 presents the benefits of recovery and reuse of construction and demolition waste as opined by
the respondents. From the Table, the benefits of material recovery and reuse are highlighted by the
survey, where sustainability emerges as the most significant benefit with a Relative Importance Index
(RI1I) of 0.78, emphasizing its critical role in fostering environmentally responsible practices. Resource
conservation follows closely with an RIl of 0.75, reflecting a strong commitment to sustainable
resource management. Cost savings, with an RII of 0.73, underscores the financial advantages of
reducing expenses through recovery efforts. Additionally, the creation of new markets for recycled
materials (RIl 0.71) showcases economic growth potential. While waste reduction (RIl 0.70) and
extended material life (RIl 0.69) are valued for environmental conservation, improved supply chain
resilience (RII 0.67) is recognized for enhancing operational stability. These insights demonstrate the
comprehensive benefits, focusing on sustainability, economic growth, and resource efficiency. Details
of the ranking of other benefits re as presented in Table 2

Table 2: Benefits of Material Recovery and Reuse.
WEIGHTING/RESPONSE FREQUENCY

BENEFITS 1 2 3 4 5 O >fx  MEAN RII  RANK
Cost Savings 17 19 50 114 59 259 939 3.63 0.73 3¢
Sustainability 15 31 28 80 105 259 1006 3.88 0.78 1%
Resource Conservation 12 24 60 84 79 259 971 3.75 0.75 2
Waste Reduction 32 33 46 70 78 259 906 3.50 0.70 5n

Improved  Supply  Chain 23 37 28 78 93 259 865 3.33 0.67 7"
Resilience

Extended Material Life 30 38 52 60 79 259 897 3.46 0.69 6"
Creates new markets for 43 17 42 75 82 259 913 353 0.71 4"
recycled and reused materials

where: 1 = Not Significant, 2 = Slightly Significant, 3 = undecided, 4 = Significant, 5 = Highly
Significant

Barriers to Implementation

The survey highlights key barriers to implementing material recovery and reuse, with the perception of
quality emerging as the most severe obstacle (RI1 0.78), indicating significant concerns about material
standards. The complexity of deconstruction is closely followed (RI1 0.76), emphasising the challenges
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of dismantling materials efficiently. Limited market demand (RI1 0.74) and lack of standardization (RII
0.73) also pose severe challenges, reflecting the need for consistent practices and increased market
interest. Cost is another major barrier (RIl 0.72), impacting the financial viability of recovery efforts.
Contamination issues (RIl 0.69) and storage and sorting challenges (RIl 0.67) moderately affect
implementation, while the lack of infrastructure (RIl 0.65) and regulatory constraints (RII 0.64)
highlight systemic issues. Although less severe, the lack of awareness (RIl 0.62) underscores the
importance of education and promotion to enhance material recovery initiatives. Addressing these
barriers is crucial to advancing sustainable practices.

Table 3: Barriers to Implementation.

WEIGHTING/RESPONSE FREQUENCY

Barriers 1 2 3 4 5 (fH >fx MEAN RIl RANK
Lack Of Awareness 13 55 107 55 29 259 809 312 0.62 10"
Cost 22 24 84 29 100 259 938 362 0.72 5t
Lack Of Infrastructure 21 44 83 75 36 259 838 3.24  0.65 gh
Limited Market Demand 14 39 49 67 90 259 957 369 074 3rd
Regulatory Constraints 19 51 78 84 27 259 826 319 0.64 oth
Perception Of Quality 4 32 66 38 119 259 1013 391 0.78 18
Lack of Standardization 14 40 72 31 102 259 944 3.65 0.73 4t
Storage and Sorting 35 45 34 78 67 259 874 3.37 0.67 7h
Complexity of Deconstruction 13 26 70 28 122 259 997 385 0.76 2nd
Contamination Issues 26 54 47 46 86 259 889 343 0.69 6"

where: 1= not a cause, 2 = not a major cause, 3 = barely a cause, 4 = a cause, 5 = always a cause

Methods and Strategies of Encouraging Recovery and Reuse of Construction and Demolition
Waste

The survey identifies critical methods and strategies for enhancing the recovery and reuse of
construction and demolition waste. Regulatory support emerges as the most impactful strategy (RII
0.79), underscoring the pivotal role of robust policies in driving sustainable practices. This is closely
followed by skill development (RI1 0.76), which highlights the urgency of training programs to equip
the workforce with necessary competencies for efficient recovery. Design for deconstruction and reuse
(RI11 0.75) is also highly significant, advocating for strategic planning that facilitates seamless material
recovery.

Financial incentives (RI1 0.74) provide strong motivation by improving the economic attractiveness of
recovery efforts. The importance of awareness campaigns (RI1 0.73) cannot be overstated, as they play
a crucial role in enhancing public and industry understanding of recovery benefits. Collaboration with
suppliers and contractors (RI1 0.70) fosters essential partnerships, while salvage and recovery programs
(RI110.66) support practical implementation despite being less emphasized. Collectively, these strategies
highlight the necessity of integrated regulatory, educational, and financial approaches to significantly
advance material recovery initiatives. Addressing these areas with urgency is vital for achieving
sustainable construction practices.
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Table 4: Methods and Strategies of Encouraging Recovery and Reuse of Construction and
Demolition Waste.

Weighting/response frequency
Remedy 1 2 3 4 5 G >fx MEAN RIl RANK
Design For Deconstruction 22 21 60 55 101 259 969 3.74 0.75 3¢
and Reuse

Salvage And Recovery 15 31 88 109 16 259 857 331 0.66 7"
Programs

Financial Incentives 07 31 57 98 66 259 962 3.71 0.74 4"
Collaboration With 11 35 71 102 40 259 902 348 0.70 6"
Suppliers and Contractors

Awareness Campaigns 10 56 33 79 81 259 942 364 0.73 5"
Regulatory Support 16 22 32 82 107 259 1019 3.93 079 1%
Skill Development 20 40 23 76 100 259 973 3.76 0.76 2

where: 1= Not Significant, 2 = Slightly Significant, 3 = Neutral, 4 = Significant, 5 = Highly Significant

5. Summary, Conclusion and Recommendation
Summary of Findings

The survey results on the recovery and reuse of construction and demolition (C&D) waste offer
valuable insights. Analysis indicates that 32.82% of organizations are moderately engaged in these
practices, while a minority (5.79%) exhibit high engagement levels. Awareness regarding the
environmental benefits of material recovery is generally positive, with 29.34% of respondents being
moderately aware. However, 24.33% demonstrate limited awareness. Key benefits identified include
sustainability (RIl 0.78), resource conservation (RIlI 0.75), and cost savings (RIl 0.73), which are
critical drivers for adopting recovery practices. Conversely, significant barriers include concerns over
material quality (RIl 0.78), the complexity of deconstruction (RIl 0.76), and insufficient market
demand (RII 0.74). Strategies for improving recovery efforts emphasize the importance of regulatory
support (RI1 0.79), skill development (RII 0.76), and design for deconstruction and reuse (RII 0.75).

Conclusion

The findings underscore that while there is a considerable level of engagement and awareness in
material recovery and reuse, there are notable areas for improvement. The substantial proportion of
organizations with only moderate or minimal engagement highlights the need for enhanced adoption
strategies. Although awareness of environmental benefits is relatively high, there remains a critical
need to bridge the knowledge gap. The recognized benefits of material recovery, particularly in
sustainability and resource conservation, are well-acknowledged, yet significant barriers such as
quality concerns and deconstruction challenges must be effectively addressed. Implementing the
recommended strategies, particularly those involving regulatory frameworks and skill development, is
essential for advancing material recovery practices.

Recommendations

1. Strengthen Regulatory Frameworks: Develop and enforce comprehensive policies to
support material recovery and reuse. This should include clear standards and regulations to
address quality issues and ensure consistency across the sector.

2. Enhance Awareness and Education: Implement targeted awareness campaigns and
educational initiatives to further increase understanding of the environmental and economic
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advantages of material recovery. Address the existing knowledge gaps to foster greater
industry engagement.

Invest in Skill Development: Prioritize training and development programs to enhance the
skills of construction professionals in efficient material recovery and deconstruction
techniques.

Promote Design for Deconstruction: Advocate for design practices that facilitate easier
material recovery and reuse. This will improve the efficiency of deconstruction processes and
support material reuse efforts.

Support Market Expansion: Introduce financial incentives and foster the development of
new markets for recycled materials to stimulate demand and improve the economic viability
of recovery efforts.

Address Implementation Challenges: Focus on overcoming key barriers such as material
quality perceptions and the complexity of deconstruction. Develop strategies to simplify these
processes and enhance the feasibility of material recovery.

By addressing these recommendations, stakeholders can significantly improve material recovery and
reuse practices, contributing to more sustainable construction practices and effective waste
management strategies.
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Abstract

Since the Industrial Revolution, production processes have become more complex, and we are no longer
dealing solely with simple raw materials in industries. The combination of two or more incompatible
substances can have severe consequences, leading to significant financial losses and environmental
damage, in addition to human injuries. The important point is that today, almost all industries use a
variety of materials, but we are often unaware of all the possible reactions within our industry. This was
exemplified at AB Specialty Silicon Company in 2019, which resulted in human and financial losses.
Fortunately, there are tools and techniques to predict such events, and one of the best among them is
the fault tree analysis method. In this research, we identified the root causes of this accident by using
the fault tree analysis method, focusing on the factors that would not have occurred if they had not been
combined.

Keywords: Fault Analysis Method, Accident Analysis, Accident Modeling, Risk Assessment, Process
Safety Management, Lesson Learning, Silicone Industry Tree.

1. Introduction

Silicon is a material that possesses special physical and chemical properties, as silicone molecules are
helical and their intermolecular forces are very low. This results in high elasticity and flexibility at
both low and high temperatures (cassagnau 2019). Due to the characteristics of silicone and its unique
properties, the applications of silicone in various fields are increasing day by day, leading to a
significant rise in the demand for the production of silicone products as well as silicone molds (Aziz,
et al. 2018). With the expansion of the growing trend of using and producing silicone materials in
various industries, we are witnessing an increase in the number of these industries worldwide.

Taking into account the demand for silicone materials, we observe the growth of manufacturing
companies and factories to meet this demand. Considering that this industry is younger than many
others, it can be said that there are many risks that are still unknown or have not been thoroughly
researched. In this paper, we aim to identify the existing risks by examining one of the accidents in
this industry and helping other companies in this field recognize their work risks.

Accident analysis and investigation are widely recognized as crucial components of comprehensive
and efficient safety management. Understanding the various causes embodied in past cases is of vital
importance. On this basis, feasible mitigation strategies can be developed to avoid similar mistakes in
the future (Wang and Yan 2019).

During the last few years, researchers have developed many techniques for handling the problems of
system safety and risk analysis, including Hazard and Operability Analysis (HAZOP), Fault Tree
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Analysis (FTA), Event Tree Analysis (ETA), and Failure Mode Effect Analysis (FMEA). All of these
techniques share a common objective: to reduce catastrophic risk to an acceptable or tolerable level
(Hamza and Hacene 2019). Among these, we use FTA, which is one of the widely used safety and
hazard analysis techniques (Ericson 2015) and is also a well-structured, precise, and powerful tool that
can be used for the risk assessment process and finding basic causes leading to a specific event. It
assists the analyst in identifying, evaluating, and analyzing all of the basic causes and paths that lead
to the occurrence of a certain event. Furthermore, it shows the interrelationships and interdependencies
of hazardous events and their corresponding root causes (Yazdi, et al. 2023). For these reasons, we are
witnessing the use of the FTA method in many fields, such as dependability analysis (Kabir 2017),
reliability analysis (Hamza and Hacene 2019), uncertainty handling (Zarei and Yazdi 2018) and for
risk assessment of train derailment (jafarian and Rezvani 2012), hotel fires (Hu 2016), container
terminals (sunary and Hamka 2017) , leaks in storage tanks (Ikwan, sanders and Hassan 2021), formal
requirements for nuclear reactor protection (Jang, Yoo and Lee 2020), and shields for tunnels (Hyun,
et al. 2015). Since the FTA method is one of the most versatile methods, it can be used in risk
assessment, reliability analysis, incident analysis, and, in general, throughout the entire life cycle of a
system. All the articles mentioned in the above paragraph are informative regarding this issue.

The fault tree itself is a graphic model of the various parallel and sequential combinations of faults
that will result in the occurrence of the predefined undesired event. The faults can be events associated
with component hardware failures, human errors, or any other pertinent events that can lead to the
undesired event. A fault tree thus depicts the logical interrelationships of basic events that lead to the
undesired event, which is the top event of the fault tree. A fault tree is a complex of entities known as
“gates,” which serve to permit or inhibit the passage of fault logic up the tree. The gates show the
relationships of events needed for the occurrence of a “higher” event. The “higher” event is the
“output” of the gate; the “lower” events are the “inputs” to the gate. The gate symbol denotes the type
of relationship of the input events required for the output event (Vesely, et al. 1981).

The description and methodology of the FTA are discussed in Section 2. Section 3 presents details of
the incident that occurred at AB Specialty Company. The FTA map of the incident, along with its
analysis, is provided in Section 4. The conclusion and recommendations are presented in Section 5.

2. Theory of Fault Tree Analysis Method and Accident Analysis

Fault Tree Analysis (FTA) emerged in the 1960s as a response to the increasing complexity of
engineering systems and the need for systematic safety assessments. The method was developed by
the U.S. Air Force as part of its efforts to improve the reliability and safety of military aircraft and
missile systems. The motivation behind FTA was to provide a structured approach to identifying
potential failures in complex systems and understanding how these failures could lead to catastrophic
events. FTA is a systematic, deductive analytical tool used in various fields such as engineering, safety,
and risk management to identify and analyze the potential causes of system failures. By breaking down
complex systems into simpler components, FTA helps organizations understand how different failures
can interact to lead to undesirable outcomes, thus enabling better decision-making regarding risk
mitigation and system reliability. The technique is widely used for both qualitative and quantitative
assessment. The qualitative phase results in the minimal cut sets (MCS), which represent the system
logic function as Boolean algebra to identify the combination of basic events in component failure
modes. An MCS is a combination of basic events that cause the undesired event. The FTA process can
be seen in Fig. 1 (Hu 2016).
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Figure 1. Fault Tree Analysis Process.

2.1. Structure of Fault Tree Analysis

The analysis begins with the identification of the top event (TE), which represents the undesired
outcome or system failure that the analysis aims to prevent. This could be anything from a catastrophic
failure in an aircraft to a minor malfunction in a manufacturing process. Basic events are the root
causes that can lead to the top event. These are typically individual failures or faults in components,
systems, or processes. The identification of basic events often involves brainstorming sessions, expert
consultations, and historical data analysis (Hamza and Hacene 2019).

The relationships between the top event and basic events are depicted using logic gates. The logic
gates connect all the events in the fault tree, which essentially are: AND gate, where both of the basic
events have to occur for the top event to occur, and OR gate, where one of the basic events has to occur
for the top event to occur. Fig. 2 shows different kinds of gates.
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PRIORITY AND — Output fault occurs if all of the input faults occur
in a specific sequence (the sequence is represented by a CONDI-

TIONING EVENT drawn to the right of the gate)

INHIBIT — Output fault occurs if the (single) input fault occurs in the

presence of an enabling condition (the enabling condition is

represented by a CONDITIONING EVENT drawn to the right of

the gate}

Figure 2. Gate symbols used in Fault Tree (Vesely, et al. 1981).

@ EXCLUSIVE OR — Output fault occurs if exactly one of the input

An AND gate is a basic logic gate that outputs true (or “1””) only when all of its inputs are true (or
“17). If any input is false (or “0”), the output will also be false (Table 1). An OR gate is a basic logic
gate that outputs true (or “1”) if at least one of its inputs is true (or “1”). If all inputs are false (or “0”),

the output will be false (Table 2).

Table 1. Truth Table of AND Gate.

Input A Input B Output Y
0 0 0
0 1 0
1 0 0
1 1 1

Table 2. Truth Table of OR Gate.

Input A Input B Output Y
0 0 0
0 1 1
1 0 1
1 1 1

2.2. Qualitative and Quantitative Analysis

Qualitative analysis of fault trees plays a crucial role in identifying potential factors that could lead to
equipment failures. Central to this analysis are the concepts of cut sets and minimum cut sets. A cut
set is defined as a collection of events that, when combined, lead to the occurrence of a top event,
which ultimately results in system failure. The minimum cut set, on the other hand, represents the
smallest subset of these events necessary to trigger the top event. This concept is fundamental in
reliability statistics and serves as a vital tool in understanding system risks. By identifying the
minimum cut set, analysts can gauge the likelihood of faults and assess the overall risk associated with
the system. (Bai 2023) believes that finding the minimum cut set can enhance the understanding of the
possibility of fault occurrence and the associated risks of the system. When any event in the cut set is
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removed randomly, the cut set in which the top failure event no longer occurs is the minimum cut set,
and everything in a minimum cut set can be considered equivalent to the top failure event.

To determine the minimum cut set, two primary methods are employed: the ascending method and the
descending method (He and Xu 2021). The ascending method begins with the bottom events and works
its way up through the fault tree, utilizing set operations such as union and intersection to simplify
calculations. This approach allows for an efficient reduction in operational complexity. Conversely,
the descending method, often implemented through algorithms like those by (Vesely, et al. 1981),
starts from the top event and moves downward. This method systematically replaces inputs at each
logic gate, ultimately generating a comprehensive list of cut sets. By comparing these cut sets, analysts
can identify those that are most critical for understanding potential failures.

Quantitative analysis complements qualitative methods by focusing on the failure rates or probabilities
associated with individual system components. This analysis aims to calculate the likelihood of top
events occurring and to derive important reliability metrics. The results provide valuable insights into
system reliability, helping analysts prioritize which components require closer scrutiny or
improvement. Together, qualitative and quantitative analyses form a robust framework for fault tree
analysis, enabling organizations to effectively manage risks and enhance the reliability of their
systems. (Bai 2023) described how the results of quantitative analysis give the analyst an indication of
the reliability of the system and help determine which parts of the system are more critical.

3. Accident Overview
1.1. Substance and Installation

The accident was caused by adding an incompatible substance, specifically potassium hydroxide, to
XL10 and TD 6/12. During this process, the foamy composition resulting from the reaction of the
substances was expelled from the container, and a cloud of colorless and odorless hydrogen vapors
filled the low bay area (Fig 3). The company used potassium to adjust the pH of the product,
determining the necessary amount based on samples sent to the quality control unit. However, on the
day of the incident, the barrels of potassium hydroxide from the first shift were left in place due to the
similarity in color, as all the barrels were blue. This led to a mistake in the operator's diagnosis,
resulting in the addition of potassium hydroxide to the mixture instead of XL 10. The combination of
the three substances—potassium, TD 6/12, and XL 10—is very unstable. Based on this, a test was
conducted by CSB, the results of which can be seen in (Fig 4).
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Figure 3. Map of the accident scene

The AB Specialty operation took place inside a production building. The production building was
divided into two adjoining areas known as the “High Bay” and the “Low Bay,” named after the
physical heights of the structures. These bays were subdivided into different production areas,
including the “emulsions area,” where the incident occurred (Fig. 3), and were equipped with reactors,
tanks, storage vessels, and other equipment for the manufacture of various silicone products.

At the time of the incident, AB Specialty was manufacturing an emulsion commercially branded as
(Andisil EM 652), a waterproofing agent, in the Low Bay emulsions area. AB Specialty had been
producing EM 652 since 2013 as needed. Because AB Specialty manufactured other emulsions and
did not produce the same emulsion products continuously, AB Specialty used different tanks to
perform the EM 652 batch process based on equipment availability. The EM 652 batches were made
in tanks that were loosely sealed with a hatch-type lid (Fig 5). Workers would open the lids of these
tanks during the production process to, among other things, perform visual observations.
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Figure 4. Photographs of the chemical reactivity test of XL 10, TD 6/12 blend, and 10% KOH
solution. (CSB investigation team. 2021).

Figure 5. Exemplar AB Specialty batch tank with agitator and lid.

1.2. Process and Consequence

On May 3, 2019, a catastrophic incident at AB Specialty Silicones in Waukegan, Illinois, highlighted
the critical importance of safety in chemical manufacturing. A violent explosion occurred when an
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operator mistakenly introduced an incompatible chemical into a batch process during the production
of a silicone product known as EM 652. The operator added potassium hydroxide (KOH) to a mixture
containing two other chemicals, XL 10 and TD 6/12 Blend. This error triggered an exothermic reaction
that generated hydrogen gas rapidly, leading to a massive explosion that claimed the lives of four
employees and obliterated the production facility. First responders arrived to find a scene of
devastation, with the building reduced to rubble and emergency personnel facing significant challenges
in managing the situation. Tragically, four employees lost their lives, and several others were injured,
leaving the community grappling with grief and loss.

In response to the incident, the U.S. Chemical Safety and Hazard Investigation Board (CSB) launched
an inquiry that revealed critical safety deficiencies within AB Specialty's operations. Key findings
included:

1. Improper Storage and Handling of Incompatible Materials: The facility lacked adequate protocols to
prevent the storage of incompatible chemicals in close proximity.

2. Lack of Effective Hazard Analysis Programs: Comprehensive hazard analyses were not conducted,
failing to identify potential risks associated with chemical reactions.

3. Inadequate Design of Batch Equipment and Ventilation Systems: The mixing equipment design did
not account for pressure buildup from gas generation, and ventilation systems were insufficient.

4. Absence of Gas Detection and Alarm Systems: There were no systems in place to detect hydrogen
gas or alert employees to its presence.

5. Insufficient Emergency Preparedness Measures: Emergency response protocols were inadequate,
leading to confusion and delays during the crisis.

6. Weak Safety Culture: A culture prioritizing production over safety contributed to neglecting
essential safety practices.

The explosion at AB Specialty Silicones was a wake-up call for the entire chemical industry. It
emphasized the dire consequences of neglecting safety protocols and recognizing the inherent risks
associated with chemical reactions. The loss of life and destruction will resonate within the community
for years to come, serving as a poignant reminder of the importance of vigilance, proper training, and
adherence to safety standards in preventing future catastrophes. As companies reflect on this incident,
they must take proactive measures to safeguard their employees and communities from similar
disasters in the future.
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Figure 6. Fault Tree Diagram for AB Specialty Explosion.

Table 3. Symbols and Meanings of AB Specialty Fault Tree.

code Basic event
o TE e Building explosion
e« X1 e lIgnition source
e Al e ERP
e BI1 e Hydrogen gas
e C1 e Improper ventilation
o X2 e Lack of management procedures
e X3 e Lack of training system
o X4 e Improper container design
o X5 e Lack of gas detection system
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o X6 e Weakness of process safety culture

o X7 e Weakness in PSMS

o X8 e  There were no procedures for storing chemicals

e B2 e Incorrect chemical reaction

e B3 e Lack of hazard identification

o B4 e Operator error

e B5 e Housekeeping

e B6 e  Placement of KOH and XL10 drums together

e BY e The color similarity of the drums

o (C2 e  Batch tank ventilation issue

e C3 e Low bhay ventilation issue

o C4 e Weakness in technical inspection

e X e Use of materials with lower risk

The top event of the fault tree has four different causes. Some of them have only developed to one
stage, while others have progressed to several stages and have multiple reasons. It should be noted
that, as shown in Fig 6, some of the root causes have repeated more frequently, indicating a higher
priority for addressing them. In this regard, a qualitative evaluation has also been conducted, as
presented in Table 4. Many of the root causes of the events were fundamental, but there are also
undeveloped events in this analysis that require further investigation.

Table 4. Minimal Cut Sets of the Previous Fault Tree Diagram.

EVENTS type
1 X1, X2 Basic
2 X1, X3, X4 Basic
3 X1, X7, X2, X4 Basic
4 X1, X6, X2, X4 Basic
5 X1, X8, X2, X8 Basic
6 X1, X, X2, X4 Basic
7 X1, X, X3, X4 Undeveloped / Basic
8 X1, X7, X3, X4 Basic
9 X1, X6, X3, X4 Basic
10 X1, X8, X3, X4 Basic

In the qualitative evaluation, more than 30 minimal cut sets were identified, with some of the most
important listed in Table 4 based on the repeatability of basic events.

5. Conclusion and Recommendations

After the occurrence of a large number of accidents in industries, we are still witnessing accidents,
many of which continue to occur due to weaknesses in learning from past incidents (Labib 2015). In
the history of industries like Bhopal, we have seen similar incidents. Therefore, in this research, we
aimed to discover the root causes by selecting one of the recent industrial accidents and analyzing it
using the FTA method, which is very effective in identifying the root causes of accidents (jafarian and
Rezvani 2012). By identifying these causes, we can work to prevent future accidents.

As a result of the above research, the root causes of the AB Specialty incident were identified. We
found that some causes, such as defects in organizational procedures, were among the most significant
root causes of this incident. Additionally, insufficient training and an improper ventilation system were
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other factors that contributed to this accident. Therefore, all companies with processes similar to AB
Specialty can benefit from the results of this research. If we want to review the important aspects that
companies should consider to prevent accidents according to the research, we can mention the
following:

e Storing drums of materials in different colors

o Modifying existing procedures and creating specific, clear procedures within the organization

e Conducting regular training for workers and making them aware of the dangers in their
environment

e Establishing a suitable and sufficient ventilation system

e Using gas detection sensors, placing them in the right locations, and performing regular
maintenance

e Redesign of containers

e Lessons learning from past near misses

One of the biggest issues in conducting FTA studies is finding accurate possibilities for conducting
guantitative studies. For this reason, it can be seen in many studies, such as (Hu 2016), that FTA studies
are completed by conducting qualitative analysis. As a result, we conducted qualitative analysis in our
research because the main purpose of this research was to identify the causes of this incident and to
highlight them.
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Abstract

Paint spraying systems in the automobile industry, keeping hoses in good condition is important for
operational safety and system efficiency. This study highlights the need of preventing hazardous leaks
from failures such as hose detachment and rupture. A significant incident occurred at an automobile
manufacturing company when a hose detached from handgun 5 at station CC-EXT in Paint Shop 1,
leading to a release of volatile thinners and underscoring the risks of inadequate hose maintenance.
According to preventive maintenance guidelines, the provision of a sufficient quantity of hoses for
replacing all routes in the spraying equipment was inadequate, which contributed to the incident. To
prevent such incidents, it is crucial to conduct thorough risk assessments to identify potential issues in
hose systems. Different risk assessment methods can be used, and the Bow-Tie method is especially
helpful. Using the Bow-Tie method clarifies strategies to prevent hose failures and ensures that safety
measures are in place to protect both equipment and workers. The results include ensuring the
availability of hoses and connections for replacements, updating material charging and transfer systems
for better circulation, and designing, constructing, and installing racks with pipe clamps to securely
manage hoses.

Keywords: Thinner Leak, Bow-Tie Method, Accident Analysis, Preventive Maintenance, Paint
Spraying Systems.

1. Introduction

Paint spraying systems play a crucial role in the automotive industry, as they are used to apply coatings
to vehicle bodies and other components. The reliability and maintainability of these systems are critical
to ensuring the quality and efficiency of the manufacturing process [1]. However, hose failures in paint
spraying systems can have significant consequences, including downtime, reduced productivity, and
potential safety risks. A recent incident at an automotive company, where a hose detached from a
handgun, resulting in a thinner leak, highlights the importance of maintaining operational safety and
system efficiency in paint spraying systems [1]. There is a necessity for proactive measures to prevent
such incidents. The risks associated with hose failures, including the release of hazardous materials
and threats to worker safety, necessitate thorough risk assessments and effective preventive
maintenance strategies. This is because risk-based maintenance is critical in ensuring the safety and
efficiency of process systems, and hose failures can have significant consequences if not properly
managed. This study aims to address this need by employing the Bow-Tie method to analyze the
thinner leak incident and identify key strategies for preventing hose failures and ensuring the safety of
both equipment and workers [2]. Previous research has emphasized the importance of risk assessment
and preventive maintenance in ensuring the safety and efficiency of paint spraying systems. Studies
have shown that inadequate hose maintenance can lead to accidents, and that the provision of a
sufficient quantity of hoses for replacing all routes in the spraying equipment is crucial. The Bow-Tie
method has been used in various industries, including the chemical industry, to identify and mitigate
risks, and its application in the automotive industry has been limited [3; 4]. A review of previous
research highlights the need for a comprehensive approach to risk assessment and preventive
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maintenance in paint spraying systems. While previous studies have identified the importance of hose
maintenance, there is a lack of research on the application of the Bow-Tie method in the automotive
industry. This study aims to address this gap by providing a detailed analysis of the thinner leak
incident and identifying key strategies for preventing hose failures. This study employs the Bow-Tie
method to analyze the thinner leak incident and identify key strategies for preventing hose failures.
The study consists of several stages, including data collection, risk assessment, and strategy
development. The results of the study include ensuring the availability of hoses and connections for
replacements, updating material charging and transfer systems for better circulation, and designing,
constructing, and installing racks with pipe clamps to securely manage hoses. The remainder of this
article is organized as follows. The next section provides a detailed analysis of the thinner leak incident
using the Bow-Tie method. This is followed by a discussion of the results and implications of the
study. Finally, the conclusion summarizes the key findings and recommendations of the study.

2. Incident Description
Date: June 1, 2023, at 11:00 AM

A thinner leakage occurred at station CC-EXT in Paint Shop 1, specifically from Handgun 5, used for
spraying paint materials. The system, designed to circulate paint and thinner between the main storage
tanks and spraying units, experienced a failure in one of the critical hoses.

Radius: Limited to the paint shop area, specifically around the handgun operation units.
Duration of the Incident: Approximately 3 hours.

At 10:45 AM, operators noticed a decrease in system pressure, but the main indicator remained within
the expected range. However, closer examination revealed that one of the hoses, connecting the
handgun to the paint circulation system, had detached, leading to thinner leaking onto the ground. The
preventive maintenance (PM) guidelines indicated that the hoses for replacement had not been
sufficiently stocked. Operators continued working under the assumption that the system was
functioning normally, although minor discrepancies were reported regarding pressure levels. At 11:15
AM, the first alarm was triggered, indicating a potential pressure drop. Due to the malfunctioning
surge tank and incorrect settings on the pressure sensor, operators misinterpreted the alarm and took
no immediate action. The primary causes of the incident included multiple factors. First, the cleaning
procedure was not properly defined, and the operators followed inconsistent guidelines. Additionally,
the malfunction of the surge tank led to pressure fluctuations and high surges in the transfer lines,
placing undue stress on the hoses. Moreover, inadequate training for operators handling the equipment
contributed to poor decision-making when faced with alarm signals. There was also a failure to inspect
hoses and system components with relevant expertise, which could have identified potential problems
before the incident occurred. The poor connection of the hose to the cabinet wall further contributed
to the hose’s detachment. The preventive maintenance schedule also suffered from an insufficient
supply of replacement hoses. Risky external equipment positioned outside the designated protective
areas added to the potential dangers. The layout of the hoses included kinks, which caused flow
resistance, further aggravating pressure issues and creating blockages. Compounding these problems
was the low cleaning efficiency of the solvent, which allowed paint residue to accumulate inside the
hoses, leading to blockages and a buildup of pressure. By 1:30 PM, the thinner leak had worsened,
spilling over a larger area. The operators were forced to shut down the equipment to contain the spread
of the volatile liquid. However, by this time, significant amounts of thinner had already evaporated,
creating a potentially hazardous vapor cloud. Fortunately, no explosions occurred, but the incident
exposed serious deficiencies in preventive maintenance and system safety measures. This incident
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resulted in operational downtime, production delays, and safety risks due to the spread of hazardous
materials. While no fatalities were reported, several employees experienced dizziness and respiratory
discomfort from inhaling thinner vapors. The company faced financial losses due to halted production
and subsequent repairs. The incident highlighted several safety deficiencies and issues within the
system. There was a lack of preventive measures to properly maintain hoses and related components.
The operators’ response to initial alarm signals was insufficient, and poor inventory management
meant critical spare parts like hoses were not available. The equipment was outdated, and inspection
routines were inadequate, leading to system failures. Design flaws in the pipe layout caused undue
stress on the hoses, resulting in blockages and detachment. Finally, the company failed to update
operational procedures despite known issues with the pressure relief valves and hose connections.

3. Method and Materials

This section analyzes and reviews the critical incident at the paint shop using the Bow-Tie method.
Our goal is to apply this methodology along with the available data to identify gaps in controls and
safety measures that contributed to the thinner leak incident at station CC-EXT in Paint Shop 1. By
employing the Bow-Tie method, we aim to highlight necessary steps to prevent similar occurrences in
the future.

3.1. What is the Bow-Tie Method?

The Bow-Tie method is a risk assessment tool that visualizes potential threats and the safety measures
implemented to mitigate them. This methodology helps identify weaknesses in existing controls,
providing a structured framework for improving safety and preventing failures [6].

3.2. Study Area

This case study focuses on Paint Shop 1 at an automotive manufacturing facility, where a significant
thinner leak incident occurred at station CC-EXT, specifically from Handgun 5. The thinner leakage
resulted from a hose detaching, which underscores various technical issues in the paint circulation
system, including deficiencies in hose maintenance and operator error. We will utilize the Bow-Tie
methodology to identify potential threats and vulnerabilities in the hose system, as well as analyze the
safety barriers that were either inadequate or nonexistent, contributing to the incident. The study aims
to outline areas where preventive measures were ineffective and provide recommendations for future
improvements.

3.3. Procedure

By conducting a thorough analysis using the Bow-Tie method, we can create a visual representation
that examines the hazards and failures leading to the thinner leak incident on June 1, 2023. This
diagram will enable us to clearly present the existing safety controls and barriers designed to prevent
such hazards while highlighting their weaknesses. The Bow-Tie model employed in this analysis
includes various components related to the incident, such as threats, preventative risk barriers, top
events, mitigation risk barriers, consequences, and escalation factors. By breaking down the incident
into these components, we can better understand the sequence of failures and areas needing
improvement.

3.4. History of the Bow-Tie Method

The Bow-Tie method originated in the 1970s during efforts in hazard analysis and gained prominence
following the 1988 Piper Alpha disaster, which exposed safety gaps within the oil and gas industry
[4]. In the 1990s, Royal Dutch Shell adopted it as a standard for risk management, refining its
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guidelines and principles for effective implementation [5]. Since then, the method has been adopted
across various industries, including aviation, mining, and healthcare, due to its efficacy in visualizing
and managing risks [6].

4. Results and Discussion

The Bow-Tie methodology was applied to assess the risks associated with the thinner leak incident
that occurred on June 1, 2023, at station CC-EXT in Paint Shop 1. The controls implemented and those
overlooked by the organization were analyzed and represented in a Bow-Tie diagram. The analysis
highlighted both preventative and mitigation barriers, with those inadequately addressed or missing
highlighted to indicate gaps in organizational control and oversight. The risk assessment detailed the
extent of damage to equipment, personnel, and production, providing a full scenario from threat to
consequence. Through this methodology, weaknesses in safety procedures and equipment
maintenance were identified, particularly in relation to hose detachment and inadequate material
provision for replacements. The diagram also identified escalation factors for some barriers, helping
clarify which specific controls needed reinforcement.

4.1. Preventative Risk Barriers

Preventative barriers are essential for reducing the likelihood of incidents by intervening between the
initial cause and the eventual loss event [5]. In this incident, key areas where preventative measures
were either insufficient or absent included hose maintenance, lack of adequate material for hose
replacement, and failure to maintain a safe blow-down system. These findings emphasized the
importance of implementing a robust safety culture, reliable warning systems, and proximity detection
mechanisms to prevent similar incidents in the future [4]. Such preventative measures could
significantly reduce the risk frequency and avoid operational disruptions.

4.2. Mitigatory Risk Barriers

Mitigation measures, which help reduce the likelihood and severity of incidents, require a strong
understanding of the hazard and its contributing factors. These measures can modify one or more
contributing factors to lessen risk. In the June 2023 incident, appropriate mitigation measures were
found to be lacking, particularly regarding hazardous area classification, emergency response
protocols, and ventilation systems to disperse gas leaks. By implementing layered mitigation, such as
emergency response training and better ventilation design, the organization could ensure a reduction
in both the probability of incidents and the severity of their consequences [6]. Achieving the desired
level of risk reduction in future operations will likely require the deployment of multiple mitigation
measures to address different risks comprehensively.
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Table 1. Examples of components that form the Bow Tie.
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hazard

-Containment
booms or berms
-Install leak
detection systems
-fire detection and
alarm systems

- emergency
response planning
-explosion-proof
equipment
-Ventilation systems
-fire-resistant
materials

Top event: thinner
leak duo to hose
detachment

from hand gun

monitoring system
-Regularly inspect
and test surge tank
-Train personnel on
surge tank operation
-Develop and
implement
emergency
procedures
-Conduct regular
audits and
inspections
-Establish a culture
of compliance

and

increased
pressure

- Non-compliance
with procedures

- Lack of system
inspection

- Uncertainty
about

hose connection to
the cabin wall

- Inadequate
provision of hoses
and connections
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