3/7/22, 11:48 AM Welcome to Engineering Letters (IAENG)

International Association of Engineers . .

Online Joumals
Conferences

IAENG Sacotis Engineering Letters

Online Resources . .
Engineering Letters

. »Journal Home
Objectives and Scope

PManuscripts Submission
Engineering Letters is published with both online and print versions. The journal covers the frontier

issues in the engineering and the computer science and their applications in business, industry and ~ ®Author Information
other subjects. The computer science is a branch of engineering science that studies computable
processes and structures. It contains theories for understanding computing systems and methods;
computational algorithms and tools; methodologies for testing of concepts. The subjects covered by
the journal include artificial intelligence, bioinformatics, computational statistics, database, data
mining, electronics, financial engineering, hardware systems, imaging engineering, industrial bContact Us
engineering, information engineering, internet computing, networking, operations research, scientific =~
computing, software engineering, telecommunications, and their applications etc.

FEditorial Board

PSubscriptions and Delivery

Printed copies of the journal are distributed to accredited universities and government libraries. All Join IAENG Now!
the papers in the journal are also available freely with online full-text content and permanent :

worldwide web link. The abstracts will be indexed and available at major academic databases (like MAENG Membership is free.

Sources Citation Index).

POur societies welcome committee

. members too.
Frequency: 4 issues per year

POur journals are waiting for your

ISSN: 1816-0948 (online version); 1816-093X (print version)

involvement.
Subject Category: Computer science and engineering
Published by: International Association of Engineers ™ .
This title,is
Coming Special Issues of Engineering Letters now indexed
in Scopus
Engineering Letters welcomes author submission of papers concerning any branch of the 58’5?&. us:

engineering and the computer science and their applications in business, industry and other subjects.
The subjects covered by the journal include artificial intelligence, bioinformatics, computational
statistics, database, data mining, financial engineering, hardware systems, imaging engineering,
industrial engineering, internet computing, networking, operations research, scientific computing,
software engineering, and their applications.

All submitted papers are to be peer-reviewed for ensuring their qualities.

Manuscripts Submission

Information for Authors

Editorial Board

Subscriptions and Delivery

Contact Us

TAENG
International Association of Engineers

info@jiaeng.org

www.engineeringletters.com 1/2


http://www.iaeng.org/
http://www.engineeringletters.com/doc/indexing_scopus.html
http://www.engineeringletters.com/doc/indexing_scopus.html
http://www.engineeringletters.com/doc/EI_COMPENDEX_%20SOURCE_LIST_2019.xlsx
http://www.engineeringletters.com/doc/Engineering_Letters_Thomson_Reuters_Emerging_SCI_March_1_2016.jpg
http://www.engineeringletters.com/special_issues.html
http://www.engineeringletters.com/submissions.html
http://www.engineeringletters.com/author_information.html
http://www.engineeringletters.com/editorial_board.html
http://www.engineeringletters.com/subscriptions.html
http://www.engineeringletters.com/contact_el.html
http://www.engineeringletters.com/
http://www.engineeringletters.com/submissions.html
http://www.engineeringletters.com/author_information.html
http://www.engineeringletters.com/editorial_board.html
http://www.engineeringletters.com/subscriptions.html
http://www.engineeringletters.com/contact_el.html
http://www.iaeng.org/membership.html
http://www.iaeng.org/societies.html
http://www.iaeng.org/online_journals.html
mailto:info@iaeng.org
http://www.iaeng.org/

3/7/122, 11:44 AM Welcome to Engineering Letters (IAENG)

Engineering Letters

Engineering Letters is published with both online and print versions. The journal covers the frontier issues in the
engineering and the computer science and their applications in business, industry and other subjects. The
subjects covered by the journal include artificial intelligence, bioinformatics, computational statistics, database,
data mining, financial engineering, hardware systems, imaging engineering, industrial engineering, internet
computing, networking, operations research, scientific computing, software engineering, and their applications
etc.

ISSN: 1816-0948 (online version); 1816-093X (print version)

Editors-in-chief

Editorial Board Members (Associate Editors)

Page: p1, p2, p3, P4, P5

Gavin Finnie

Professor of Information Systems & Deputy Dean

School of Information Technology, Bond University, Australia

\

Prof. Gavin Finnie is Professor of Information Systems and Deputy Dean of the School of Information
Technology, Bond University, Australia. He was previously Professor and Head of Department of Computer
Science and Information Systems at the University of Natal, Pietermaritzburg, South Africa, between 1990 and
1993. Between 1994 and 1998, he was Associate Dean (Academic), School of Information Technology, Bond
University. Prof. Finnie has extensive teaching experience in both Computer Science and Information Systems,
and obtains consistently good evaluations on teaching. He was awarded the Bond University Students Council
Presidents Award for Teaching Excellence in 2002. This is "to the lecturer/tutor who displays the most
outstanding performance in the previous semester. Students nominate their teachers based on their dedication,
teaching style, approachability, and going above and beyond the call of duty to assist their students". Prof. Finnie
has published extensively on different journals and conferences. His current research interests are primarily in
the area of Al/expert system applications in information systems, Electronic Commerce, Knowledge-Based
Systems, Knowledge-Based Software Engineering, Intelligent Decision Support Systems. The main work at
present is in applications of Artificial Intelligence and Case Based reasoning in software development effort
estimation and electronic bargaining.

Michel Barbeau

Full Professor and Associate Director

School of Computer Science, Carleton University

Dr. Michel Barbeau is a full Professor and the Associate Director, School of Computer Science, Carleton
University. He has got his B.Sc. Computer Science from Universite de Sherbrooke (1985), M.Sc. Computer
Science from Universite de Montreal (1987) and Ph.D. Computer Science from Universite de Montreal (1991).
He had been a Professor at Universite de Sherbrooke (1991-1999) and a visiting researcher at Aizu University,
Japan (1998-1999) and Alcatel Canada (2004-2005). He can be described best as a software expert with specific
expertise in telecommunications protocols (link, network, transport), mobile and wireless networks, satellite
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telecommunications, object-oriented design and programming, distributed objects and operating systems. His
academic honours include: Research Achievement Award, Carleton University, 2005; Governor Generals
Academic Gold Medal, Universite de Montreal, 1991. He has published about 40 research papers in referred
journals and conferences, and he is the owner of two patents.

B. D. Aggarwala

Prof. B. D. Aggarwala is Professor Emeritus, Department of Mathematics and Statistics, University of Calgary.
He has taught Mathematics at McGill University in Montreal, and then at the University of Calgary, Calgary,
Canada since 1960. He served for two years as the Chairman of the Division of Applied Mathematics here at the
University of Calgary and as chairman, I designed both the undergraduate and the graduate curriculum in
Applied Mathematics. Numerical solutions of Ordinary and Partial Differential Equations being one of my areas
of expertise, I have considerable experience with the Mathematical Software called 'Mathematica'. He has
published more than seventy research papers in the area of Applied Mathematics and Engineering. Currently his
interests are in mathematical modeling for HIV/AIDS epidemiology.

Chakib Chraibi

Full Professor and Faculty Representative to the
Information Technology Advisory Council

Barry University

Dr. Chakib Chraibi obtained a Ph.D. in Applied Mathematics from the University of Bordeaux (France) and a
Ph.D. in Computer Science from Binghamton University (New York). He is currently a Full Professor at Barry
University in Miami, Florida and the Faculty Representative to the Information Technology Advisory Council.
He brings significant experience in industry to academia from his work at Honeywell Bull and through industry
funded grants. His research interests are real-time computer systems and computer networks, Internet and web
programming, programming languages, operating Systems, object-oriented design and software engineering,
computer simulation and performance. Dr. Chraibi has received several awards, including the Distinguished
Dissertation Award in the category of Mathematics, Sciences, and Engineering and the Graduate Award for
Excellence in Research. He has also been included in the Who's Who Among Teachers in America (1998, 2000
and 2005 editions).

Padmanabhan Krishnan
Professor of Computer Science

Bond University

Dr. Padmanabhan Krishnan is Professor of Computer Science at the Faculty of Information Technology, Bond
University. He has been Associate Dean (Research and Development) at the School of Information Technology,
Bond University (2002-2003). He has got his B.Tech from IIT Kanpur, MS from U. Michigan, Ann Arbor, and
PhD from U. Michigan, Ann Arbor. He has held various positions at University of Canterbury (Christchurch
New Zealand), Siemens Research (Munich, Germany), Aarhus University (Aarhus, Denmark) and Texas A&M
University (College Station, USA). He has won several awards including Best Researcher in the IT Faculty,
2004, and Best Paper (Honorary Mention) at the Australian Software Engineering Conference, 2004. His
research interests include Software Assurance Software Engineering (Formal methods, Specification,
Verification and Testing), Verification of Security Protocols, Real-Time systems, and Models for concurrent
systems.

Kazumi Nakamatsu
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Prof. Kazumi Nakamatsu is a professor of computer science at School of Human Science and Environment,
University of Hyogo, Japan. He earned his Doctoral degree of Science from Kyushu University, Japan. He
published 8 books and over 80 papers. He was invited by several organizations to make lectures, to hold a
session at international conferences, and as an editorial committee member or reviewer (International Journal of
Hybrid Intelligent Information Systems and others). He won the Best Paper Award at the international
conference CASYS2000 which was held in Belgium. His current academic interest is mainly application of a
paraconsistent annotated logic program called EVALP (Extended Vector Annotated Logic Program) that was
developed by himself. He has already developed some intelligent control methods based on EVALP for traffic
signal system, railway interlocking, discrete event system, and so on.

Tai-Chi Lee

Prof. Tai-Chi Lee has been on the faculty at Saginaw Valley State University since 1988. He is currently a
Professor of Computer Science, Department of Computer Science and Information Systems. He received a BS in
Mathematics from National Taiwan Normal University, Taipei, Taiwan, in 1965, a MS in Electrical Engineering
and Computer Science from University of Illinois at Chicago in 1986, and a Ph.D. in Applied Mathematics from
University of Utah in 1975. His research interests include computer architectures, database systems design,
image compression, and cryptography & network security.

Tony White

Dr. Tony White is an Associate Professor in the School of Computer Science, Carleton University. He received
B.A. and M. A. degrees in Theoretical Physics from Cambridge University (1978, 1981), followed by M.C.S.
and Ph.D. degrees from Carleton University in Computer Science (1993) and Electrical Engineering (2000)
respectively. Prior to Carleton University, Tony worked with Nortel Networks on agent-based solutions to
network management problems. His research interests include Software Agents, Evolutionary Computation,
Swarm Intelligence and Autonomic Computing. He has published in excess of 60 papers and has 7 patents
granted with several others pending. He is also the Chief Technology Officer for Symbium Corporation, a
leading company in Autonomic Computing. He has also served as a member of the advisory boards of two
companies in the area of policy-based computing.

Rajgopal Kannan

Dr. Rajgopal Kannan is currently an Assistant Professor in the Computer Science department at Louisiana State
University. He obtained his B.Tech in Computer Science and Engineering from IIT-Bombay in 1991 and the
Ph.D in Computer Science from the University of Denver in 1996. His areas of interest are in algorithmic
aspects of wireless sensor networks, game and information theory, data security, interconnection networks,
optical networks, routing and multicasting protocols, distributed systems and algorithms. He has published
extensively in top tier journals and conferences and his papers have won several best-paper awards. He is on the
technical program committee and organizer/co-organizer of several conferences. His research work has been
funded by agencies such as NSF, DARPA, AFRL and DOE.

Andrija Maricic

Senior Lecturer in the School of Information Technology

Monash University — Sunway campus Malaysia

%
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Dr. Andrija Maricic has been a Senior Lecturer in the School of Information Technology, Monash University —
Sunway campus Malaysia since July 2001. After graduation (November 1969) he worked for 7 years as an
engineer and researcher at the Electrotechnical Institute in "Rade Koncar" Company ("ETI RK" in the sequel) in
Zagreb, capital of Croatia. He was involved in the modelling and simulation of dynamic processes (on the
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analog, hybrid and digital computers), in the development of software for data acquisition (small nuclear plant)
and in the development of a real-time operating system (application of the DEC's PDP-11/40 computer in gas
industry). During his professional career, he has produced 86 papers which have been prepared for conferences,
project documentation and publication in scientific journals. Dr. Maricic's biographical information was listed on
the page 236 in the second edition of the "International Directory of Experts Specialized in Informatics",
published in France (in 1994) by UNESCO (7 place de Fontenoy, 75352 Paris 07 SP). And his biographical data
were also included in the 16th edition (for 1999, page 1025), 17th, 18th, 19th, 20th, 21st and 22nd edition of
Marquis publication "Who's Who in the World".

Qusay H. Mahmoud
Assistant Professor, University of Guelph (Canada)

Associate Chair of the Distributed Computing and Wireless Telecom program

Dr. Qusay H. Mahmoud is an Assistant Professor in the Department of Computing and Information Science at
the University of Guelph (Canada), and Associate Chair of the Distributed Computing and Wireless Telecom
program at the University of Guelph-Humber. He received his Ph.D. in Computer Science from Middlesex
University in London, England, for his work on Mobile Agents for Wired and Wireless Computing. In the past,
he has worked for Simon Fraser University, Carleton University, and Newbridge Networks (now Alcatel). His
research interests include agent technology, wireless computing, web services, and software engineering. Dr.
Mahmoud has presented tutorials on developing wireless and enterprise applications at a number of international
conferences worldwide. He is the author of "Distributed Programming with Java" and "Learning Wireless Java"
and the editor of the book "Middleware for Communications".

Fidel Cacheda Seijo

Dr. Fidel Cacheda Seijo has been assistant professor at the University of A Coruna in the Department of
Information and Communication Technologies since October 1998. In February 2003 to July 2003, he is visiting
professor at the University of Glasgow with the Information Retrieval group. He has got his honours degree of
Computer Science in the University of A Coruna (Spain). And his Ph. D. degree was in Computer Science, with
thesis titled "Web Directory Advanced Data Architecture, with Optimisation of Restricted Searches to an Area
of the Category Graph". His research areas of interest are information retrieval on the web, data structures and
algorithms for IR, and retrieval evaluation for web search engines. He has published about 30 research papers.

Soheil Ghiasi

Dr. Soheil Ghiasi is an assistant professor at University of California, Davis, CA Department of Electrical and
Computer Engineering. He has obtained his PhD degree from University of California at Los Angeles (UCLA)
in computer science. His research interests are Embedded Systems: Embedded System Design techniques;
Application-Specific Programmable Processors and Modules, IP-based system design, embedded software,
compilation, CAD and Design Automation; and Reconfigurable Computing: Dynamic/Partial Hardware
Reconfiguration, Applications, Design Techniques for Reconfigurable Fabrics and platforms with heterogeneous
computational resources. He has obtained awards like the Harry M. Showman Prize, Henry Samueli School of
Engineering and Applied Sciences (HSSEAS), UCLA. He has published about 30 referred research papers.
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Chao Wang
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Chao Wang, "The Power Function Lognormal Distribution: A New Probability Model for Insurance Claims Data,”
Engineering Letters, vol. 30, no.1, pp1-8, 2022

Partial Chain Graphs
SHAHISTHA, K ARATHI BHAT, and G SUDHAKARA
Engineering Letters, 30:1, pp9-16 [Online Full Text]

SHAHISTHA, K ARATHI BHAT, and G SUDHAKARA, "Partial Chain Graphs," Engineering Letters, vol. 30, no.1, pp9-
16, 2022

A Local Search-based Metaheuristic Algorithm Framework for the School Bus Routing Problem
Yane Hou, Bingbing Liu, Lanxue Dang, Wenwen He, and Wenbo Gu
Engineering Letters, 30:1, pp17-28 [Online Full Text]

Yane Hou, Bingbing Liu, Lanxue Dang, Wenwen He, and Wenbo Gu, "A Local Search-based Metaheuristic Algorithm
Framework for the School Bus Routing Problem," Engineering Letters, vol. 30, no.1, pp17-28, 2022

An Introduction to n-th Order Limit Language
Siti Hajar Mohd Khairuddin, Muhammad Azrin Ahmad, and Noraziah Adzhar
Engineering Letters, 30:1, pp29-36 [Online Full Text]|

Siti Hajar Mohd Khairuddin, Muhammad Azrin Ahmad, and Noraziah Adzhar, "An Introduction to n-th Order Limit
Language,” Engineering Letters, vol. 30, no.1, pp29-36, 2022
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Wenhao Pan, and Kai Yang

www.engineeringletters.com/issues_v30/issue_1/index.html 111


http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_01.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_02.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_03.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_04.pdf

3/7/22, 11:46 AM Welcome to Engineering Letters (IAENG)
Engineering Letters, 30:1, pp37-44 [Online Full Text]

Wenhao Pan, and Kai Yang, "Enhanced Multi-Head Self-Attention Graph Neural Networks for Session-based
Recommendation,” Engineering Letters, vol. 30, no.1, pp37-44, 2022

Fuzzy Stress-Strength Reliability Subject to Exponentiated Power Generalized Weibull
Neama Salah Youssef Temraz
Engineering Letters, 30:1, pp45-49 [Online Full Text]

Neama Salah Youssef Temraz, "Fuzzy Stress-Strength Reliability Subject to Exponentiated Power Generalized
Weibull," Engineering Letters, vol. 30, no.1, pp45-49, 2022

Synthesis of Compound Facial Expressions Based on Indonesian Sentences Using Multinomial Naive
Bayes Model and Dominance Threshold Equations

Aripin, Hanny Haryanto, and Wisnu Agastya
Engineering Letters, 30:1, pp50-59 [Online Full Text]

Aripin, Hanny Haryanto, and Wisnu Agastya, "Synthesis of Compound Facial Expressions Based on Indonesian
Sentences Using Multinomial Naive Bayes Model and Dominance Threshold Equations,"” Engineering Letters, vol. 30,
no.1, pp50-59, 2022

Finite-time Backstepping Control for Fractional-order Hydro-turbine Governing System
Xiaomin Tian, Zhong Yang, Yan Shao, and Lixin Zhai
Engineering Letters, 30:1, pp60-65 [Online Full Text]|

Xiaomin Tian, Zhong Yang, Yan Shao, and Lixin Zhai, "Finite-time Backstepping Control for Fractional-order Hydro-
turbine Governing System," Engineering Letters, vol. 30, no.1, pp60-65, 2022

Intra-Period Signal Processing in a Synthetic Aperture Radar
Oleg V. Chernoyarov, Vladimir A. Ivanov, Alexandra V. Salnikova, and Marina A. Slepneva
Engineering Letters, 30:1, pp66-72 [Online Full Text]

Oleg V. Chernoyarov, Vladimir A. Ivanov, Alexandra V. Salnikova, and Marina A. Slepneva, "Intra-Period Signal
Processing in a Synthetic Aperture Radar,” Engineering Letters, vol. 30, no.1, pp66-72, 2022
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Research of Short-Term Wind Speed Forecasting Based on the Hybrid Model of Optimized Quadratic
Decomposition and Improved Monarch Butterfly

Gonggui Chen, Pan Qiu, Xiaorui Hu, Fangjia Long, and Hongyu Long
Engineering Letters, 30:1, pp73-90 [Online Full Text]

Gonggui Chen, Pan Qiu, Xiaorui Hu, Fangjia Long, and Hongyu Long, "Research of Short-Term Wind Speed
Forecasting Based on the Hybrid Model of Optimized Quadratic Decomposition and Improved Monarch Butterfly,"
Engineering Letters, vol. 30, no.1, pp73-90, 2022

Balanced Effectiveness of Toxic Mitigation Measures under Aquatic Environments: Game-theoretical
Analysis for Combinatorial Mechanism among Antidotes and Catalysts

Yu-Hsien Liao
Engineering Letters, 30:1, pp91-97 [Online Full Text]

Yu-Hsien Liao, "Balanced Effectiveness of Toxic Mitigation Measures under Aquatic Environments: Game-theoretical
Analysis for Combinatorial Mechanism among Antidotes and Catalysts,” Engineering Letters, vol. 30, no.1, pp91-97,
2022

A SIAR Model of COVID-19 with Control
Mohamed Lamlili E.N., Mohamed Derouich, and Abdesslam Boutayeb
Engineering Letters, 30:1, pp98-107 [Online Full Text]

Mohamed Lamlili E.N., Mohamed Derouich, and Abdesslam Boutayeb, "A SIAR Model of COVID-19 with Control,"
Engineering Letters, vol. 30, no.1, pp98-107, 2022

Grid-Connected Inverter using Model Predictive Control to Reduce Harmonics in Three-Phase Four-
Wires Distribution System

Asep Andang, Rukmi Sari Hartati, Ida Bagus Gede Manuaba, and | Nyoman Satya Kumara
Engineering Letters, 30:1, pp108-116 [Online Full Text]

Asep Andang, Rukmi Sari Hartati, Ida Bagus Gede Manuaba, and | Nyoman Satya Kumara, "Grid-Connected Inverter
using Model Predictive Control to Reduce Harmonics in Three-Phase Four-Wires Distribution System,” Engineering
Letters, vol. 30, no.1, pp108-116, 2022

The Relative Isolation Probability of a Vertex in a Multiple-Source Edge-Weighted Graph

Renzo Roel P. Tan, Kyle Stephen S. See, Jun Kawahara, Kazushi lkeda, Richard M. de Jesus, Lessandro Estelito O.
Garciano, and Agnes D. Garciano
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Renzo Roel P. Tan, Kyle Stephen S. See, Jun Kawahara, Kazushi lkeda, Richard M. de Jesus, Lessandro Estelito O.
Garciano, and Agnes D. Garciano, "The Relative Isolation Probability of a Vertex in a Multiple-Source Edge-Weighted
Graph," Engineering Letters, vol. 30, no.1, pp117-130, 2022

New Compact Finite Difference Schemes with Fourth-order Accuracy for the Extended Fisher-
Kolmogorov Equation

Jinming Zuo
Engineering Letters, 30:1, pp131-139 [Online Full Text]

Jinming Zuo, "New Compact Finite Difference Schemes with Fourth-order Accuracy for the Extended Fisher-
Kolmogorov Equation,” Engineering Letters, vol. 30, no.1, pp131-139, 2022

Modelling an Artificial Intelligence-Based Energy Management for Household in Nigeria
Rabiat Ohunene Ibrahim, Erick Tambo, David Tsuanyo, and Axel Nguedia-Nguedoung
Engineering Letters, 30:1, pp140-151 [Online Full Text]

Rabiat Ohunene Ibrahim, Erick Tambo, David Tsuanyo, and Axel Nguedia-Nguedoung, "Modelling an Artificial
Intelligence-Based Energy Management for Household in Nigeria," Engineering Letters, vol. 30, no.1, pp140-151,
2022

Indonesian News Articles Summarization Using Genetic Algorithm

Nurul Khotimah, and Abba Suganda Girsang
Engineering Letters, 30:1, pp152-160 [Online Full Text]

Nurul Khotimah, and Abba Suganda Girsang, "Indonesian News Articles Summarization Using Genetic Algorithm,"
Engineering Letters, vol. 30, no.1, pp152-160, 2022

A Node Ranking Method Based on Local Structure Information in Complex Networks

Jieming Yang, Jinghan Lu, Yun Wu, Tianyang Li, and Yuehua Yang
Engineering Letters, 30:1, pp161-167 [Online Full Text]

Jieming Yang, Jinghan Lu, Yun Wu, Tianyang Li, and Yuehua Yang, "A Node Ranking Method Based on Local
Structure Information in Complex Networks," Engineering Letters, vol. 30, no.1, pp161-167, 2022
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A Hybrid Convolutional Neural Network Model Based on Different Evolution for Medical Image
Classification

Yinyin Hu, Xiaoxia Zhang, Jiao Yang, and Shuai Fu
Engineering Letters, 30:1, pp168-177 [Online Full Text]

Yinyin Hu, Xiaoxia Zhang, Jiao Yang, and Shuai Fu, "A Hybrid Convolutional Neural Network Model Based on
Different Evolution for Medical Image Classification,"” Engineering Letters, vol. 30, no.1, pp168-177, 2022

Image Blur Simulation for the Estimation of the Behavior of Real Objects by Monitoring Systems
Daniil A. Loktev, Alexey A. Loktev, Alexandra V. Salnikova, Alexander N. Faulgaber, and Marina A. Slepneva
Engineering Letters, 30:1, pp178-187 [Online Full Text]

Daniil A. Loktev, Alexey A. Loktev, Alexandra V. Salnikova, Alexander N. Faulgaber, and Marina A. Slepneva, "Image
Blur Simulation for the Estimation of the Behavior of Real Objects by Monitoring Systems,"” Engineering Letters, vol.
30, no.1, pp178-187, 2022

Simulation Method of Semi-Measured Data of Radar Echo
Qiongdan Huang, Ruoyu Pan, Honggang Wang, and Biao Li
Engineering Letters, 30:1, pp188-192 [Online Full Text]

Qiongdan Huang, Ruoyu Pan, Honggang Wang, and Biao Li, "Simulation Method of Semi-Measured Data of Radar
Echo," Engineering Letters, vol. 30, no.1, pp188-192, 2022

Adaptive Charge Estimation of Piezoelectric Actuators with a Variable Sensing Resistor, an Artificial
Intelligence Approach

Morteza Mohammadzaheri, Hamidreza Ziaiefar, Mojtaba Ghodsi, Mohammadreza Emadi, Musaab Zarog, Payam
Soltani, and Issam Bahadur

Engineering Letters, 30:1, pp193-200 [Online Full Text]

Morteza Mohammadzaheri, Hamidreza Ziaiefar, Mojtaba Ghodsi, Mohammadreza Emadi, Musaab Zarog, Payam
Soltani, and Issam Bahadur, "Adaptive Charge Estimation of Piezoelectric Actuators with a Variable Sensing
Resistor, an Artificial Intelligence Approach,” Engineering Letters, vol. 30, no.1, pp193-200, 2022

Combining PSO-SVR and Random Forest Based Feature Selection for Day-ahead Peak Load
Forecasting

Huachao Zhai, and Jinxing Che

www.engineeringletters.com/issues_v30/issue_1/index.html 5/11


http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_19.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_20.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_21.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_22.pdf

3/7/22, 11:46 AM Welcome to Engineering Letters (IAENG)
Engineering Letters, 30:1, pp201-207 [Online Full Text]

Huachao Zhai, and Jinxing Che, "Combining PSO-SVR and Random Forest Based Feature Selection for Day-ahead
Peak Load Forecasting," Engineering Letters, vol. 30, no.1, pp201-207, 2022

Fractional Order Chebyshev Cardinal Functions for Solving Two Classes of Fractional Differential
Equations

Linna Li, Yuze Li, and Qiongdan Huang
Engineering Letters, 30:1, pp208-213 [Online Full Text]

Linna Li, Yuze Li, and Qiongdan Huang, "Fractional Order Chebyshev Cardinal Functions for Solving Two Classes of
Fractional Differential Equations,"” Engineering Letters, vol. 30, no.1, pp208-213, 2022

Medical Image Segmentation Using Phase-Field Method based on GPU Parallel Programming
Albertus Joko Santoso, and Pranowo
Engineering Letters, 30:1, pp214-220 [Online Full Text]

Albertus Joko Santoso, and Pranowo, "Medical Image Segmentation Using Phase-Field Method based on GPU
Parallel Programming,” Engineering Letters, vol. 30, no.1, pp214-220, 2022

Design of an Online Quality Inspection and Sorting System for Fresh Button Mushrooms (Agaricus
bisporus) Using Machine Vision

Fengli Jiang, Xin Yang, Yunuo Wang, Lei Yang, and Bingxin Sun
Engineering Letters, 30:1, pp221-226 [Online Full Text]

Fengli Jiang, Xin Yang, Yunuo Wang, Lei Yang, and Bingxin Sun, "Design of an Online Quality Inspection and Sorting
System for Fresh Button Mushrooms (Agaricus bisporus) Using Machine Vision," Engineering Letters, vol. 30, no.1,
pp221-226, 2022

On the Use of Minhash and Locality Sensitive Hashing for Detecting Similar Lyrics
Francisco Javier Moreno Arboleda, Felipe Cortes Norena, and Benjamin Cruz Alvarez
Engineering Letters, 30:1, pp227-242 [Online Full Text]

Francisco Javier Moreno Arboleda, Felipe Cortes Norena, and Benjamin Cruz Alvarez, "On the Use of Minhash and
Locality Sensitive Hashing for Detecting Similar Lyrics," Engineering Letters, vol. 30, no.1, pp227-242, 2022

www.engineeringletters.com/issues_v30/issue_1/index.html 6/11


http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_23.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_24.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_25.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_26.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_27.pdf

3/7/22, 11:46 AM Welcome to Engineering Letters (IAENG)

Parameter Estimation for Hyperbolic Model with Small Noises Based on Discrete Observations
Chao Wei
Engineering Letters, 30:1, pp243-249 [Online Full Text]

Chao Wei, "Parameter Estimation for Hyperbolic Model with Small Noises Based on Discrete Observations,"
Engineering Letters, vol. 30, no.1, pp243-249, 2022

A Low Complexity Detection Algorithm for Generalized Spatial Modulation System
Xinhe Zhang, Wenbo Lv, and Haoran Tan
Engineering Letters, 30:1, pp250-254 [Online Full Text]

Xinhe Zhang, Wenbo Lv, and Haoran Tan, "A Low Complexity Detection Algorithm for Generalized Spatial Modulation
System,” Engineering Letters, vol. 30, no.1, pp250-254, 2022

Single Voltage Differencing Gain Amplifier-Based Dual-Mode Quadrature Oscillator Using Only
Grounded Passive Components

Orapin Channumsin, Kapil Bhardwaj, Mayank Srivastava, Worapong Tangsrirat, and Wandee Petchmaneelumka
Engineering Letters, 30:1, pp255-260 [Online Full Text]

Orapin Channumsin, Kapil Bhardwaj, Mayank Srivastava, Worapong Tangsrirat, and Wandee Petchmaneelumka,
"Single Voltage Differencing Gain Amplifier-Based Dual-Mode Quadrature Oscillator Using Only Grounded Passive
Components," Engineering Letters, vol. 30, no.1, pp255-260, 2022

Improved Artificial Bee Colony Algorithm Guided by Experience
Chunfeng Wang, Pengpeng Shang, and Lixia Liu
Engineering Letters, 30:1, pp261-265 [Online Full Text]

Chunfeng Wang, Pengpeng Shang, and Lixia Liu, "Improved Artificial Bee Colony Algorithm Guided by Experience,"
Engineering Letters, vol. 30, no.1, pp261-265, 2022

Worst-case Mean-VaR Portfolio Optimization with Higher-Order Moments
Liangyu Min, Dewen Liu, Xiaohong Huang, and Jiawei Dong
Engineering Letters, 30:1, pp266-275 [Online Full Text]

Liangyu Min, Dewen Liu, Xiaohong Huang, and Jiawei Dong, "Worst-case Mean-VaR Portfolio Optimization with
Higher-Order Moments," Engineering Letters, vol. 30, no.1, pp266-275, 2022

www.engineeringletters.com/issues_v30/issue_1/index.html 7M1


http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_28.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_29.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_30.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_31.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_32.pdf

3/7/22, 11:46 AM Welcome to Engineering Letters (IAENG)

Multi-Object Detection Using Single Shot Multibox Detector MobileNet for People with Visual
Impairments

Indrabayu, Intan Sari Areni, Anugrayani Bustamin, Nur Latifa Jamaluddin, and Yuliani
Engineering Letters, 30:1, pp276-283 [Online Full Text]

Indrabayu, Intan Sari Areni, Anugrayani Bustamin, Nur Latifa Jamaluddin, and Yuliani, "Multi-Object Detection Using
Single Shot Multibox Detector MobileNet for People with Visual Impairments,” Engineering Letters, vol. 30, no.1,
pp276-283, 2022

Energy Minimizing Spatial Cubic Geometric Hermite Interpolation Curve
Juncheng Li, and Chengzhi Liu
Engineering Letters, 30:1, pp284-288 [Online Full Text]

Juncheng Li, and Chengzhi Liu, "Energy Minimizing Spatial Cubic Geometric Hermite Interpolation Curve,”
Engineering Letters, vol. 30, no.1, pp284-288, 2022

Artificial Neural Networks for Passive Safety Assessment
Moises Jimenez-Martinez
Engineering Letters, 30:1, pp289-297 [Online Full Text]

Moises Jimenez-Martinez, "Artificial Neural Networks for Passive Safety Assessment,” Engineering Letters, vol. 30,
no.1, pp289-297, 2022

Technology Platform for the Information Management of Theobroma Cacao Crops based on the
Colombian Technical Standard 5811

Eduard Guevara, Alix E. Rojas, and Hector Florez
Engineering Letters, 30:1, pp298-310 [Online Full Text]

Eduard Guevara, Alix E. Rojas, and Hector Florez, "Technology Platform for the Information Management of
Theobroma Cacao Crops based on the Colombian Technical Standard 5811," Engineering Letters, vol. 30, no.1,
pp298-310, 2022

Oscillation for a Class of Fractional Differential Equations with Damping Term in the Sense of the
Conformable Fractional Derivative

Qinghua Feng

www.engineeringletters.com/issues_v30/issue_1/index.html 8/11


http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_33.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_34.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_35.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_36.pdf

3/7/22, 11:46 AM Welcome to Engineering Letters (IAENG)
Engineering Letters, 30:1, pp311-317 [Online Full Text]

Qinghua Feng, "Oscillation for a Class of Fractional Differential Equations with Damping Term in the Sense of the
Conformable Fractional Derivative," Engineering Letters, vol. 30, no.1, pp311-317, 2022

K-Nearest Neighbor of Beta Signal Brainwave to Accelerate Detection of Concentration on Student
Learning Outcomes

Dimas Chaerul Ekty Saputra, Ahmad Azhari, and Alfian Ma'arif
Engineering Letters, 30:1, pp318-324 [Online Full Text]

Dimas Chaerul Ekty Saputra, Ahmad Azhari, and Alfian Ma'arif, "K-Nearest Neighbor of Beta Signal Brainwave to
Accelerate Detection of Concentration on Student Learning Outcomes,"” Engineering Letters, vol. 30, no.1, pp318-
324, 2022

An Energy-Optimization Method for Multipath Wireless Sensor Networks
Haofei Xie, Yushuang Wu, Rui Li, Daixiong Liu, Wanglin Zhang, and Zhejian Jia
Engineering Letters, 30:1, pp325-334 [Online Full Text]

Haofei Xie, Yushuang Wu, Rui Li, Daixiong Liu, Wanglin Zhang, and Zhejian Jia, "An Energy-Optimization Method for
Multipath Wireless Sensor Networks," Engineering Letters, vol. 30, no.1, pp325-334, 2022

The Estimation of a Regression Curve by Using Mixed Truncated Spline and Fourier Series Models for
Longitudinal Data

Made Ayu Dwi Octavanny, | Nyoman Budiantara, Heri Kuswanto, and Dyah Putri Rahmawati
Engineering Letters, 30:1, pp335-343 [Online Full Text]

Made Ayu Dwi Octavanny, | Nyoman Budiantara, Heri Kuswanto, and Dyah Putri Rahmawati, "The Estimation of a
Regression Curve by Using Mixed Truncated Spline and Fourier Series Models for Longitudinal Data," Engineering
Letters, vol. 30, no.1, pp335-343, 2022

Investigating the Impact Factors of Residents' Electricity Consumption Behavior Against the
Background of Electricity Substitution

Zhou Peng, Lifang Wang, and Min Cao
Engineering Letters, 30:1, pp344-353 [Online Full Text]

Zhou Peng, Lifang Wang, and Min Cao, "Investigating the Impact Factors of Residents' Electricity Consumption
Behavior Against the Background of Electricity Substitution,” Engineering Letters, vol. 30, no.1, pp344-353, 2022

www.engineeringletters.com/issues_v30/issue_1/index.html 9/11


http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_37.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_38.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_39.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_40.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_41.pdf

3/7/22, 11:46 AM Welcome to Engineering Letters (IAENG)

Warping Behavior of Open and Closed Thin-Walled Sections with Restrained Torsion
Tesfaldet Gebre, Vera Galishnikova, and Evgenia Tupikova
Engineering Letters, 30:1, pp354-361 [Online Full Text]

Tesfaldet Gebre, Vera Galishnikova, and Evgenia Tupikova, "Warping Behavior of Open and Closed Thin-Walled
Sections with Restrained Torsion,” Engineering Letters, vol. 30, no.1, pp354-361, 2022

Performance of Underwater Audio Transmission Based on Underwater Visible Light Communication
(UVLC)

Arya Maulana Ibrahimy, Budi lkhwan Fadilah, Dharu Arseno, and Brian Pamukti
Engineering Letters, 30:1, pp362-368 [Online Full Text]

Arya Maulana Ibrahimy, Budi Ikhwan Fadilah, Dharu Arseno, and Brian Pamukti, "Performance of Underwater Audio
Transmission Based on Underwater Visible Light Communication (UVLC)," Engineering Letters, vol. 30, no.1, pp362-
368, 2022

Absolute Stability Criteria of Singularly Perturbed Lur'e Systems with Time-Varying Delays
Yan Zhang, Zhong Yang, Wenyong Duan, Xingliu Hu, Yizhi Wang, and Zhenzhong Yu
Engineering Letters, 30:1, pp369-374 [Online Full Text]

Yan Zhang, Zhong Yang, Wenyong Duan, Xingliu Hu, Yizhi Wang, and Zhenzhong Yu, "Absolute Stability Criteria of
Singularly Perturbed Lur'e Systems with Time-Varying Delays," Engineering Letters, vol. 30, no.1, pp369-374, 2022

Achieving Secure Communication over Wiretap Channels Using the Error Exponent of the Polar Code
Mohammad Reza Deylam Salehi, and Hassan Tavakoli
Engineering Letters, 30:1, pp375-379 [Online Full Text]

Mohammad Reza Deylam Salehi, and Hassan Tavakoli, "Achieving Secure Communication over Wiretap Channels
Using the Error Exponent of the Polar Code,"” Engineering Letters, vol. 30, no.1, pp375-379, 2022

Fitting CSS2019 Data with Normal Distribution for Examining the Public Sense of Gain of the Yellow
River Basin in China

Haitao Li, Liyan Yang, and Wen Chen

Engineering Letters, 30:1, pp380-391 [Online Full Text]

www.engineeringletters.com/issues_v30/issue_1/index.html 10/11


http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_42.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_43.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_44.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_45.pdf
http://www.engineeringletters.com/issues_v30/issue_1/EL_30_1_46.pdf

3/7/22, 11:46 AM Welcome to Engineering Letters (IAENG)

Haitao Li, Liyan Yang, and Wen Chen, "Fitting CSS2019 Data with Normal Distribution for Examining the Public
Sense of Gain of the Yellow River Basin in China,” Engineering Letters, vol. 30, no.1, pp380-391, 2022

www.engineeringletters.com/issues_v30/issue_1/index.html 11/11



Engineering Letters, 30:1, EL._30 1 25

Medical Image Segmentation Using Phase-Field
Method based on GPU Parallel Programming

Albertus Joko Santoso”, and Pranowo, Member, IAENG

Abstract—The use of a Phase Field method for medical image
segmentation is proposed in this paper. The Allen-Cahn
equation, a mathematical model equation, is used in this
method. The Finite Difference method is used for numerical
discretization of model equations and semi-algebraic equations
integrated over time using the second-order Runge-Kutta
method. Numerical algorithms are implemented into computer
programming using the serial and parallel C programming
language based on GPU CUDA. Based on image segmentation
calculations, the Phase Field method has high accuracy. It is
indicated by the Jaccard Index and Dice Similarity values that
are close to one. The range of Jaccard Index values is 0.859 -
0.952, while the Dice Similarity value range is 0.926 - 0.976. In
addition, it is shown that parallel programming with GPU
CUDA can accelerate 45.72 times compared to serial
programming.

Index Terms—Medical Image, Segmentation, Phase Field,
GPU, Parallel Programming

. INTRODUCTION

MAGE segmentation is part of image analysis which is

fundamental and essential. Segmentation is used to
separate multiple objects in an image.The basic assumption
in the segmentation process is that each object in the image
contains different image intensities and has a constant value.
Relatively sharp and visible edges limit these objects. The
segmentation process looks for these boundaries and groups
things into many areas with a homogeneous image intensity.

Currently, researchers are intensively developing digital
image segmentation methods to continuously increase the
performance of the segmentation method [1][2][3]. The
method that has received serious attention is the
segmentation method based on the evolution of curves that
can trace the boundaries of objects on the image to be
separated. The Active Contour method, also known as
Snakes [4], is the embryo of the curve evolution-based
method. This method is quite efficient but sensitive to the
initial conditions of the curve and difficult to apply to
images containing separate objects. Osher and Sethian's
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proposed level set method [5} succeeded in improving the
weaknesses of the Active Contour method. The evolutionary
movement of the Level Set curve towards the object
boundary is based on the gradient of the pixel intensity value
that is on the object boundary. In contrast, not all object
boundaries can be determined using a pixel intensity
gradient.

Chan and Vese [6] proposed a Mumford-Shah [7] method,
function to enhance the performance of the Level Set
method. The method proposed can detect objects whose
boundaries cannot be calculated using a pixel gradient. The
proposed method by Chan and Vese became known as
Chan-Vese method and continued to be developed and
expanded into various kinds of segmentation for medical
images. Magka et al. [8] carried out the segmentation
process and shape tracking of cell movement using the
Chan-Vese method. Before segmentation is carried out, the
digital image is filtered first and then clustered. The
proposed method can increase 9 % accuracy compared to the
conventional Level Set method. Chen, Liu, and Zhu [9]
proposed the self-adaptive Chan and Vese (SACV) level set
method for segmenting the iris and pupil of the eye. The
disturbance in the segmentation process due to the presence
of eyelashes and eyelids can be overcome. The proposed
method is accurate and robust against various kinds of noise.
Rajalaxmi and Nirmala [10] improve the initialization
performance of the Chan-Vese method by proposing the use
of the Endo Fitting Curve to initialize calculations. The
proposed method can reduce computation time and can
provide segmentation results on Echocardiography images.
Femina and Raajagopalan [11] combined a meta-heuristic
algorithm called global pollination-based CAT swarm
(GPCATS) with the Chan-Vese method. The purpose of
using the GPCATS method is to avoid the level set curve
getting stuck in an undesirable area because that area is a
local minimum. The calculations show that the proposed
method outperforms the active contour method in
determining the boundaries of an object in an image.

As mentioned above, efforts to improve the performance
of both the Level set and Chan-Vese methods are
continuously being made. Benes, Chalupecky, and Mikula
[12] suggest using the phase-field method by directly
applying the Allen-Cahn equation for segmentation. Kay and
Tomasi [13] used the phase-field method for colour image
segmentation with the Finite Element (FE) method
discretization. The FE method is relatively difficult and
requires a large matrix inversion. In the study, the inversion
of the matrix was carried out iteratively with the multigrid
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method. Li and Kim [14,15,16] proposed replacing the
calculation of the length of the curve in the Mumford-Shah
function with the Allen Chan equation. An implicit splitting
Finite Difference scheme then solved the equation that was
formed. The equation for the linear system that was created
was solved by using the Multigrid method. The proposed
method for image segmentation is efficient and robust.
Thasneem, Sathik, and Mehaboobathunnisa [17] applied the
method developed by Li and Kim [14,15] for segmenting 3-
dimensional medical images. The images are the
combination of hundreds of 2-dimensional medical images.
The calculation results show that using the phase-field
method can increase the accuracy of the calculation of 3-D
image segmentation. Lee and Lee [18] For image
segmentation, Allen Cahn's equation was modified with a
Laplacian fractional. The segmentation results show that the
Laplacian fractional accuracy outperforms the standard
Allen Cahn equation.

An effort to speed up the computation time of the phase-
field method was carried out by utilizing parallel Graphical
Processing Units (GPU) programming. However, the effort
was not used for image segmentation but for modelling the
formation of alloy material. Zhu et al. [19] implemented a
phase-field method using parallel GPU programming to
simulate dendrite growth. As a result, computing time can be
accelerated up to 56 times. Yang, Xu, and Liu [20]
simulated the microstructural changes in the superalloy
nickel solidification process. Lee and Chang [21] studied the
effect of magnetic ordering on the spinodal decomposition
of the Fe-Cr system.

Based on the description above, no other researchers have
used parallel GPU programming for image segmentation
using the phase-field method. Therefore, this paper proposes
using the Phase Field method developed by Li and Kim [14]
using the second-order Runge-Kutta method and parallel
programming based on GPU to speed up computation time.

Il. THEORY BACKGROUND

In this paper, the phase-field function ¢(x, y) represents
the segmenting curve C for a given normalized image fo. The
phase-field function ¢(x, y) is defined as:

>0 if (xy)einside C

#(x,y)=1= if (xy)e C
<0 if (xy)eoutsideC 1)
The range of phase-field value is -1 < ¢ < 1, where (¢ = 0)
is equal to the segmenting curve C.
The evolution of the phase-field function is governed by
the modified Allen-Cahn equation, which is derived by Li
dan Kim [14,15]:

B__ ¢4, 8,8 e oFetoglh ot
gl dlteleglt-of )

L fo(x, y)L+ ¢)dxdy

_ J.Q fy (x, y XL - #)dxdy
J'Q f (L+ ¢)dxdy

o T [t gy

C, =

©)

The Q is the image domain, € is the gradient energy
parameter, A is the positive parameter, ¢; and c; are the
averages of the pixel values fy in the regions (¢ > 0) and (¢ <
0). It is assumed that the phase-field functions as time-
dependent variables. It can grow or shrink. Once the steady-
state is reached, the zero level of the function (¢ = 0)
becomes the curve that separates the segmented object from
the background image.

The modified Allen Cahn, i.e., equation 1, is discretized
using the finite difference method in the two-dimensional
domain. Let Nx x Ny denotes the image resolution, h is the
uniform mesh size, (i, j) is the pixel position index, At
denotes the time step size, and n is the time step level. Then,
the semi-algebraic equation is integrated using the second-
order Runge-Kutta [22] method as follow:

A
=g+ K4 K)

(32)
K = (¢Inj)3_¢lnj + ‘/jirlu _2¢ir,]j _¢irll,j +¢|r,lj+1_2¢|r,lj _¢ir,]j—1 n
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&

/1((1+¢Iﬁj+ﬂzxfo _Clﬂ“rl/z )2 +(1_ Mﬂzxfo _C2n+yz)2)

K,=

(3d)

I1l. PARALEL GPU IMPLEMENTATION

In this paper, the CUDA (Compute Unified Device
Architecture), which NVIDIA creates, is used as the parallel
computing platform. By using the CUDA platform, one can
enable GPU for general purpose processing. From a
programming standpoint, the GPU device makes use of the
kernel to run a command n times in parallel on the GPU
device. Several n-thread handle the execution. Threads
which are the backbone of GPU parallelization, are
organized into grids and blocks. That way of organizing the
thread is useful for accessing many threads. The detailed
information on thread organization can be found in Cheng et
al. [23]. Suban, et.al [24] said the kernel is a C subprogram
that is executed on the GPU device and is invoked by the
host (CPU). The following is the working sequence
interaction between the host (CPU) and device (GPU). The
host sends the kernel and thread to the GPU asynchronously
and waits for parallel execution in the GPU to complete
before moving on to the next seed. The GPU similar
algorithm for the phase-field segmentation process is
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described in Fig. 1. A solid box represents the general
cooperation of CPU and GPU and the numerical solution of
the phase-field function implemented on GPU.
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Fig. 1. Parallel GPU algorithm of the Phase Field method, adopted from
[25].

IV. RESULT AND DISCUSSION

Our proposed method is tested using authentic grayscale
medical images provided by Nanfang Hospital and General
Hospital, Tianjin Medical University [26, 27] and images
obtained from https://github.com/edvardskrumins/-
aneurysm/tree/master/images. The real image f is normalized
as

fmax - fmin (4)

Where fmin and fmax are the maximum and minimum
intensities of the real images. To achieve the value of the
Phase Field function distributed smoothly across the
interfacial region; therefore, the value of the gradient energy
parameter € is determined as follows:

L 2h
2:/2tanh%(0.9)

(®)

The initial condition of the phase-field function is defined
as follows:

p=tanh(5(2f,~1—¢)) (6)

Where ¢s is the approximation value of the phase-field
function of segmented objects, the mesh size h = 0.01, time
step size At = 2 x 10, 1 = 10° and final time = 200At are
used for all calculations.

The Jaccard Index and Dice Similarity are used to
evaluate the segmentation results [28]. Jaccard index is
defined as:

ANB
A B)=—|Am B|
o
[AUB @
Furthermore, the Dice Similarity is defined as:
2ANB|
D(AB)="—1
A+[B ©

where A and B are the images to be compared.

In the first experiment, the segmentation results obtained
using serial CPU dan parallel GPU programming are
compared. The size of the images is 1024 x 1024 pixels. The
value of the Jaccard index is J = 0.994, and the value of
Dice Similarity D = 0.997. Fig. 2 depicts the segmentation
results obtained using both programming methods.

(@) (b) (c)
Comparison of segmentation results using CPU and GPU

Fig. 2.
programming. Original image (a), segmentation using serial CPU
programming (b), and segmentation using parallel GPU Programming (c).

The results of the segmentation between both
programming methods have an excellent coincidence.

For the second experiment, images with various resolution
sizes are used to test the execution speed of CPU serial and
parallel GPU programming. The size of images is 512x512
pixels, 1024x1024 pixels, 1792x1792 pixels, 2048%2048
pixels, and 3072x4096 pixels. Fig. 3.1 — Fig. 3.5 show the
original image, the segmented contour, and the Phase Field's
surface, using parallel GPU programming.

(c)

Fig. 3.1. The results of segmentation medical image sized 512x512 pixels,
the original image (a), the contour of the segmentation result using the
GPU (b), the the surface of phase-field (c).
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(c)

Fig. 3.4. The results of segmentation medical image sized 2048x2048
pixels, the original image (a), the contour of the segmentation result using
the GPU (b), the surface of phase-field (c).

(c)

Fig. 3.2. The results of segmentation medical image sized 1024 x 1024
pixels, the original image (a), the contour of the segmentation result using
the GPU (b), the surface of phase-field (c).

Fig. 3.5. The results of segmentation medical image sized 3072x4096
) pixels, the original image (a), the contour of the segmentation result using

Fig. 3.3. The results of segmentation medical image sized 1792x1792  the GPU (b), the surface of phase-field (c).

pixels, the original image (a), the contour of the segmentation result using

the GPU (b), the surface of phase-field (c). The execution time for the serial and parallel segmentation
processes is shown in Table I. According to the data in
Table I, parallel programming with GPU CUDA can
significantly enhance the speed. Specifically, when the
image resolution is 3072 x 4096 pixels, programming with
GPU has a processing speed that is 45.72 times speedier
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than serial programming with a CPU. Increasing image
resolution tends to lengthen execution time, whether CPU or
GPU, however, the speed-up also increases.

TABLE |
SPEED COMPARISON RESULTS

re;rc?ligt]ieon Time () Speed-up

(pixels) Serial CPU Parallel GPU (% times)
512x512 2662.33 143.42 18.56
1024x1024 10931.37 318.72 34.30
1792x1792 34439.03 765.73 44.98
2048x2048 44667.74 998.58 44.73
3072x4096 129365.55 2829.81 45.72

Brain tumor segmentations are used as third experiments.
The segmentation results are validated using the ground
truth images of the tumor. Post-processing of the
segmentation results is needed to obtain the tumor
segmentation. In this work, the post-processing uses the
bwareaopen command in Matlab to remove segmented
objects other than the tumor. Fig. 4.1 — Fig. 4.2 shows the
results of Meningioma tumor segmentation, and Fig. 5.1 —
Fig. 5.2 shows the results of Pituitary tumor segmentation.
Each image presents the original (without segmentation) and
the results (with segmentation). The ground truth boundary
and the segmented boundary are shown as well.

Fig. 4.1. Segmentation of Meningioma tumor, top row indicates original
images, and the bottom row shows the results of segmentation for 3.png
(@), 22.png (b), 75.png (c), 274.png (d). The Redline is a segmented
boundary tumor, and the green line is the boundary of the ground truth of
tumor images.

(d)

Fig. 4.2. Segmentation of Meningioma tumor, top row indicates original
images and bottom row indicates the results of segmentation for 279.png
(a), 521.png (b), 524.png (c), 690.png (d). The red line is a segmented
boundary tumor, and the green line is the boundary of the ground truth of
tumor images.

The results in Fig. 4.1 — Fig. 4.2 show that the Phase Field
method can segment the Meningioma tumor in each medical
image. The difference between the ground truth boundary
and the segmented boundary is comparable.

Fig. 5.1. Segmentation of Pituitary tumor, top row indicates original
images and bottom row indicates the results of segmentation for 887.png
(a), 922.png (b), 935.png (c), 995.png (d). The red line is a segmented
boundary tumor, and the green line is the boundary of the ground truth of
tumor images.
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Fig. 5.2. Segmentation of Pituitary tumor, top row indicates original
images and bottom row indicates the results of segmentation for 1039.png
(a), 1357.png (b), 1428.png (c), 1454.png (d). The red line is the boundary
of the segmented tumor, and the green line is the boundary of the ground
truth of tumor images

In the case of segmenting the Pituitary tumor, the results in
Fig. 5.1 — Fig. 5.2 proves that the Phase Filed method can
segment the tumor. As can be seen, the difference between
the ground truth boundary (green line) and the segmented
boundary (red line) of the Pituitary tumor is relatively
similar. Based on the results in Fig. 4.1 — Fig. 4.2 and Fig.
5.1 — 5.2, it is evident that the segmentation process using
the Phase Field method for Meningioma tumor and Pituitary
tumor have a good match with the ground truth boundary in
the dataset. Furthermore, Table 2 and Table 3 show the
qualitative evaluation of Meningioma and Pituitary tumor
segmentation results using the Jaccard Index and Dice
Similarity.

TABLE II
QUALITATIVE EVALUATION OF SEGMENTATION RESULTS OF MENINGIOMA
TUMOR
No Testing Images Jaccard Index Dice Similarity
1 3.png 0.875 0.936
2 22.png 0.918 0.959
3 75.png 0.948 0.974
4 274.png 0.900 0.949
5 279.png 0.921 0.960
6 521.png 0.859 0.926
7 524.png 0.909 0.955
8 690.png 0.899 0.949

TABLE I
QUALITATIVE EVALUATION OF SEGMENTATION RESULTS OF PITUITARY
TUMOR

No Testing Images Jaccard Index Dice Similarity
1 887.png 0.919 0.960

2 922.png 0.952 0.976

3 935.png 0.927 0.964

4 995.png 0.912 0.957

5 1039.png 0.889 0.948

6 1357.png 0.944 0.972

7 1428.png 0.936 0.936

8 1454.png 0.922 0.960

Based on Table Il and Table Ill, the Jaccard Index and
Dice Similarity are relatively high. The minimum value of
the Jaccard Index in the case of the Meningioma tumor is
0.859, and the Pituitary tumor is 0.889. In terms of Dice
Similarity, the minimum value in the case of the
Meningioma tumor is 0.926 and the Pituitary tumor is 0.936.
If the Jaccard Index and Dice Similarity value is high and
closer to 1, the two images are highly similar. As the Jaccard
Index and Dice Similarity achieved in each image is high;
therefore, the results have high accuracy.

V. CONCLUSION

This paper proposes using the Phase Filed method using
the second-order Ringe-Kutta method and parallels GPU
programming for medical image segmentation. After
comparing the segmentation of sample images taken from
the benchmark dataset with the ground truth dataset, the
Phase Field method has high accuracy. The high accuracy of
the Phase Filed method is indicated by the Jaccard Index and
Dice Similarity value, which is close to number one. The
range of Jaccard Index values is 0.859 - 0.952, while the
range of Dice Similarity values is 0.926 - 0.976.
Furthermore, based on the experiments, when compared to
serial programming with the CPU, GPU CUDA-based
parallel programming can greatly reduce the elapsed time of
the segmentation process. In this research, parallel
programming with GPU CUDA accelerated 45.72 times than
serial programming with the CPU.

Based on the research that has been done in this paper,
several suggestions can be carried out in further research,
such as adding advection terms to the model equation that
can move the level curve faster and selecting the right
criteria for the evaluation of segmentation results needs to be
studied further.
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