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Fuzzy Logic Systems

Fuzzy Mathematics

Fuzzy Control and Robotics

Fuzzy Modeling

Fuzzy Business Intelligence

Fuzzy Classification and Clustering
Fuzzy Applications in Data Mining
and Big Data Analysis

Fuzzy Applications in Hybrid
Systems, Modeling and Simulation
Fuzzy Applications in Industry 4.0
Fuzzy Applications in Internet of
Things

Fuzzy Applications in Rehabilitation
Engineering

Fuzzy Applications in Smart Car
Fuzzy Applications in Vision and
Sensors

Artificial Intelligence
Computing with Words

Deep Learning

Evolutionary Computation and
Optimization

Intelligent Identification and
Estimation

Intelligent Information Fusion
Intelligent Manufacturing
Systems

Intelligent System and Signal
Processing

Machine Learning

Neural Fuzzy Systems

Soft Computing Applications
Type-2 Fuzzy Logic System
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FUZZY 2021 will be held at Formosan Naruwan Hotel - Resort Taitung
Taitung Country, Taiwan

https: //www.naruwan-hotel.com.tw/en/facility/facility_list.html
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* Airport & Train Station Free weekdays and holidays.
Please make a reservation before 22:00 one day in advance.
For consecutive holidays and big holidays, the transfer fee is NT200 per room.
# [Tiehua Music Village Shuttle Bus] Round trip fee : NT$50 per person.
Departure with minimum 2 people. Please make a reservation one hour
before departure.
# Reservation : 089-225-000 EXT. 8116
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October 6, 2021 (Wednesday)

Registration [ In the front of PUYUMA and AMIS Meeting Room, Formosa Naruwan
Hotel & Resort Taitung, 2F])
(4% 2% EREHRH 2P

Plenary Speech (1)
On Equivalence of Fuzzy Bipolar Similarity Relations and
Correlation Functions
Speaker: Prof. lldar Batyrshin
Chair: Prof. Jin-Tsong Jeng
[PUYUMA ¥ 3 I, 2F]

Oral & Virtual conference, Virtual conference software: ZooM

https://zoomtw.zoom.us/}/3028700793?pwd=bWJIZQ3ZpUXVuR2I110
HkrNOF2bWhzUTQ09

Plenary Speech (1)
Agent-Based Real-Scale Social Simulation Using Synthetic Population
Speaker: Prof. Tadahiko Murata
Chair: Prof. Shun-Feng Su
[PUYUMA % 3 I, 2F]

Oral & Virtual conference, Virtual conference software: ZooM

https://zoomtw.zoom.us/j/3028700793?pwd=bWJIZQ3ZpUXVuR2110
HKkrNOF2bWhzUT09

Lunch [¥% % B and #%g % B, Formosa Naruwan Hotel & Resort Taitung, 2F ]




SESSION (111)
Oral conference
FUZZY?2021 (® <) Best Paper Awards Competition

Chairman: Prof. Chen-Chia Chuang
Co-Chairman: Prof. Hsu-Chih Huang and Prof. Mei-Yung Chen
(WA-3) [AMIS, # £ II, 2F)

#1042, #1044, #1048, #1069, #1083, #1093, #1099, #1102

Coffee Break [In the front of PUYUMA and AMIS Meeting Room, Formosa Naruwan
Hotel & Resort Taitung, 2F)

(432 F4E§RED R HF, 2F)




October 7, 2021 (Thursday)

09:00 Registration [In the front of PUYUMA and AMIS Meeting Room, Formosa Naruwan
| Hotel & Resort Taitung, 2F])

17:30 (32 EE€REDARF 2F)

10:00 Coffee Break [In the front of PUYUMA and AMIS Meeting Room, Formosa Naruwan
| Hotel & Resort Taitung, 2F])

10:10 (a2 iEREVARF 2F)

Plenary Speech (I11)
Decomposed Fuzzy Systems
Speaker: Prof. Shun-Feng Su
10:10 Chair: Prof. Jau-Yang Chang
11!00 [PUYUMA % 3 I, 2F]
' Oral & Virtual conference, Virtual conference software: ZooM

https://zoomtw.zoom.us/j/3028700793?pwd=bWJZQ3ZpUXVuR2110
HkrNOF2bWhzUT09

Plenary Speech (1V)
Adaptive Fuzzy Control and Robotics Using Fuzzy Deep and Broad
Learning Neural Networks
e Speaker: Prof. Ching-Chih Tsai
'I Chair: Prof. Li-Wei Ko
12:00 [PUYUMA % 3 |, 2F)

Oral & Virtual conference, Virtual conference software: ZooM
https://zoomtw.zoom.us/j/3028700793?pwd=bWJZQ3ZpUXVuR2110

HkrNOF2bWhzUTO09
12:00
| Lunch [% % B and ¥ 4% e, Formosa Naruwan Hotel & Resort Taitung, 2F}
13:00
SESSION (111)
1300 Oral conference
| ER ¢
2 [AMIS, 7 % 11, 2F])
SESSION (111)
14:30 Oral conference

15:40 Awards Ceremony Session

10



(TA-6) [AMIS, = £ 11, 2F)

Coffee Break [In the front of PUYUMA and AMIS Meeting Room, Formosa Naruwan
Hotel & Resort Taitung, 2F)

(4324 EREDR I, 2F)
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Plenary Speech (1)

On Equivalence of Fuzzy Bipolar Similarity Relations and Correlation Functions

Prof. Ildar Batyrshin

Fellow of IFSA, Mexican Society for Artificial Intelligence and Russian Association for Fuzzy
Systems and Soft Computing
Professor, The Center for Computing Research (CIC), National Polytechnic Institute (IPN),
Mexico

Abstract:

Correlation and association coefficients play an important role in statistics and in
knowledge extraction from data. The definition of the correlation coefficient for
different generalizations of fuzzy sets is also an important topic for fuzzy set theory.
Recently, we introduced the concept of correlation function (association measure) as a
function defined on an involutive set and satisfying some simple properties. It was shown
that correlation functions could be constructed using fuzzy relations called dissimilarity
and similarity functions or, for brevity, (dis)similarity functions. This approach gives a
possibility to represent most of the known correlation and association coefficients
introduced in statistics during more than one hundred years using suitable (dis)similarity
functions or distances. These results pave the way for constructing correlation
coefficients for different generalizations of fuzzy sets if one can introduce an involutive
complement of such sets and suitable (dis)similarity functions. In a recent paper, we
showed the equivalence of correlation functions and fuzzy bipolar similarity relations. In
this talk, we exploit this property for constructing fuzzy bipolar (dis)similarity relations
from fuzzy relations satisfying more simple properties. It gives new methods for creating

correlation coefficients from (dis)similarity functions. We will discuss the methods and
13


http://web.ite.mcu.edu.tw/ifuzzy2021/en/content/plenary-speech-0

examples of construction of correlation coefficients from fuzzy similarity relations for
different data types.

Biography:

Ildar Batyrshin graduated from the Moscow Physical-Technical Institute. He received
Ph.D. from the Moscow Power Engineering Institute and Dr. Sc. from the Higher
Attestation Committee of the Russia. He occupied professor and research positions in
Applied Mathematics and Computer Science at the National Research Technological
University, Kazan, Russia, the Institute of Problems of Informatics of Academy of Sciences
of the Republic of Tatarstan, Russia, and Mexican Petroleum Institute (IMP). Since 2014 he
is the Titular Professor C of the Center for Computing Research (CIC) of National
Polytechnic Institute (IPN), Mexico. He is the Vice-President of the Mexican Society for
Artificial Intelligence (SMIA), Past-President of the Russian Association for Fuzzy Systems
and Soft Computing (RAFSSoftCom), a member of the NAFIPS Board of Directors, a
member of BoG of IEEE SMCS, and Senior Member of IEEE. His awards: Fellow of IFSA, SMIA
and RAFSSoftCom, Level 3 (highest) Researcher of the National System of Researchers of
Mexico; 1st Prize for the Best Research of IMP for the Development of Expert System in
Diagnostics of Water Production (SMART-Agua) in 2007; Honorary Professor of Obuda
University, Budapest, Hungary; Honorary Researcher of the Republic of Tatarstan, Russia;
State Research Fellowship of the Presidium of Russian Academy of Sciences for
Distinguished Researchers (1997-2003). He is an associate editor of several scientific
journals. He served as a Co-Chair of Program or Organizing Committees of more than 10
International Conferences on Soft Computing, Artificial Intelligence, Computational
Intelligence, and Data Mining. He is a co-author and co-editor of more than 20 books and
special volumes of journals.

14



Plenary Speech (I1)

Agent-Based Real-Scale Social Simulation Using Synthetic Population

Prof. Tadahiko Murata

President of Japanese Society for Evolutionary Computation,
Associate Vice President on Cybernetics of IEEE Systems, Man, and Cybernetics Society
Professor, Department of Informatics, Kansai University, Japan

Abstract:

In this talk, several examples are shown in agent-based real-scale social simulations using
synthetic populations. When developing an agent-based social simulation for a real
community, we need detail compositions of the real population in that community. In
these years, whole Japanese populations are synthesized using supercomputers in Japan.
Synthetic population includes compositions of each household. The synthetic populations
are synthesized based on the national census in 2000, 2005, 2010 and 2015. The
synthesized method employs a simulated annealing method to minimize the difference
between available public statistics and statistics based on the synthesized population for
each community. We have prepared 100 sets of synthesized populations for each census.
Researchers can employ all the 100 sets when they employ their simulation tool with the
synthesized population. In this talk, the way how to synthesize the populations using the
national census is explained, and the rules for distributing the synthesized populations for
researchers is shown. We also explain how we can utilize the population in simulating in
some area of real-scale social simulations. In 2020, we utilized the synthetic populations
to see the effectiveness of counter measures against COVID-19 spreading. We show
several examples of agent-based real-scale social simulations.

15
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Biography:

Dr Tadahiko Murata received his Ph. D in 1997 from Osaka Prefecture University, Japan.
He is now a Full Professor of the Faculty of Informatics, Kansai University. He directed
Policy Grid Computing Laboratory, Kansai University funded by Japanese Government
from 2005 to 2010. He was an Associate Editor of several IEEE Transactions, and a Senior
Editor of Review of Socionetwork Strategies published from Springer. He is currently a
Board of Governor Member of IEEE SMCS since 2015. Currently He is a President of
Japanese Society for Evolutionary Computation, and an Associate Vice President on
Cybernetics of IEEE Systems, Man, and Cybernetics Society. He received the Best
Presentation Award in 1997 and 2005 from Institute of Systems, Control and Information
Engineers, the Best Presentation Award in 2009 in the International Workshop on
Awareness Computing, the Most Active Technical Committee Award in 2006, 2013, and
2017 from IEEE SMC Society, the Best Paper Award from Society of Instrument and Control
Engineers in 2019, Meritorious Service Award from IEEE SMC Society.

16



Plenary Speech (III)

Decomposed Fuzzy Systems

Prof. Shun-Feng Su

Fellow of IEEE, IFSA, CACS and RST
Chair Professor, Department of Electrical Engineering,
National Taiwan University of Science and Technology, Taipei, Taiwan

Abstract:

In the talk, a novel fuzzy structure termed as the decomposed fuzzy system (DFS) is
proposed to act as the fuzzy approximator. The proposed structure is to decompose each
fuzzy variable into layers of fuzzy systems and each layer is to characterize one
traditional fuzzy set. Similar to forming fuzzy rules in traditional fuzzy systems, layers
from different variables will form the so-called component fuzzy systems. The structure
of DFS is proposed to facilitate minimum distribution learning effects among component
fuzzy systems so that the learning can be very efficient. It can be seen from our
experiments that even when the rule number increases, the learning time in terms of
cycles is still almost constant. It can also be found that the function approximation
capability and learning efficiency of the DFS are much better than that of the traditional
fuzzy systems when employed in adaptive fuzzy control systems. Besides, in order to
further reduce the computational burden, a simplified DFS is proposed in this study to
satisfy possible real time constraints required in many applications. From our simulation
results, it can be seen that the simplified DFS can perform fairly with a more concise
decomposition structure. Furthermore, when used in modeling, the proposed DFS not only
can have much faster convergent speed, but also can achieve a smaller testing error than
those of other fuzzy systems.

17
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Biography:

Shun-Feng Su received the B.S. degree in electrical engineering, in 1983, from National
Taiwan University, Taiwan, R.0.C., and the M.S. and Ph.D. degrees in electrical
engineering, in 1989 and 1991, respectively, from Purdue University, West Lafayette, IN.
He is now a Chair Professor of the Department of Electrical Engineering, National Taiwan
University of Science and Technology, Taiwan, R.O.C. He is an IEEE Fellow, IFSA fellow,
CACS fellow and RST fellow. He has published more than 300 refereed journal and
conference papers in the areas of robotics, intelligent control, fuzzy systems, neural
networks, and non-derivative optimization. His current research interests include
computational intelligence, machine learning, virtual reality, intelligent transportation
systems, smart home, robotics, and intelligent control. Dr. Su is very active in various
international/domestic professional societies. He now is the I|EEE SMC society
Distinguished Lecturer Program chair and a member of board of government in the same
society. He also serves as a board member of various academic societies. Dr. Su also acted
as General Chair, Program Chair, or various positions for many international and domestic
conferences. Dr. Su currently serves as an associate editors of IEEE Transactions on
Cybernetics and of Information Science, a senior editor and associate editor of IEEE
Access, the executive editor of the Journal of the Chinese Institute of Engineers, and an
area editor and associate editor of International Journal of Fuzzy Systems.

18



Plenary Speech (IV)

Adaptive Fuzzy Control and Robotics Using Fuzzy Deep and Broad Learning Neural
Networks

Prof. Ching-Chih Tsai

Fellow of IEEE, IET, CACS, and RST
Life Distinguished Professor, Department of Electrical Engineering,
National Chung-Hsing University, Taichung, Taiwan

Abstract:

Deep learning (DL) has been widely investigated and applied for many engineering
applications. Broad learning system (BLS) has been shown to work as an effective and
efficient incremental learning without the need for deep architecture, thus giving a new
paradigm and learning system for Al systems. By incorporating with the merits of DL,
variant BLSs and fuzzy logics, this talk will present you fuzzy DL-based and fuzzy
BLS-based control frameworks for a class of nonlinear systems and mobile robots and
multirobots. In the short talk, some advances on fuzzy DL NN and fuzzy BLSs are first
reported, their applications to control of nonlinear dynamic systems and wheeled robots
and multirobots are mentioned in some detail. Experimental results are provided to
illustrate the merits of the proposed methods. Last but not least, some perspective
topics on fuzzy deep and broad learning methods are recommended for future research.

19
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Biography:

Ching-Chih Tsai received the Diplomat in Electrical Engineering from National Taipei
Institute of Technology, Taipei, Taiwan, ROC, the MS degree in Control Engineering from
National Chiao Tung University, Hsinchu, Taiwan, and the Ph.D degree in Electrical
Engineering from Northwestern University, Evanston, IL, USA, in 1981, 1986 and 1991,
respectively. Currently, he is currently a Life Distinguished Professor in the Department of
Electrical Engineering, National Chung-Hsing University, Taichung, Taiwan, where he
served the Chairman in the Department of Electrical Engineering from 2012 to 2014. Since
February, 2021, he has also served the Dean of the R&D Office, NCHU. He is a Fellow of
IEEE, IET, CACS, and RST.

Prof. Tsai served as the Chair, Taipei Chapter, IEEE Control Systems Society, from 2000 to
2003, and the Chair, Taipei Chapter, IEEE Robotics and Automation Society from 2005 to
2006. In 2007, he was the program chair of 2007 CACS international automatic conference
sponsored by Taipei chapter, IEEE control systems society. In 2010, he served as the
program co-chair of SICE 2010 annual conference in Taiwan, which was technically
sponsored by IEEE CSS; in 2011, he served as the General Chair, 2011 International
conference on service and interactive robotics; in 2012, he has served as the General
Chair, 2012 International conference on Fuzzy Theory and Its Applications, the General
Chair, 2012-2015 CACS International Automatic Control Conferences, and the General
Chair, 2016-2019 International Conference on Advanced Robotics and Intelligent Systems.
Dr. Tsai served the two-term President, Chinese Institute of Engineers in Central Taiwan,
Taiwan from 2007 to 2011, two-term President of Chinese Automatic Control Society from
2012 to 2015, and two-term President of Robotics Society of Taiwan form 2016 to 2019. Dr.
Tsai also served as a steering committee of Asian Control Association from 2014 to 2019,
and a BOG member of the IEEE SMCS from 2017 to 2019, a Vice President of International
Fuzzy Systems Association from 2015 to 2019. Furthermore, he has been the Executive
Directors in Boards of Government of thee professional associations, including Robotic
Society of Taiwan, Taiwan Fuzzy Systems Association, and Taiwan Systems Association
since 2009, the Chair, Taichung Chapter, IEEE Systems, Man, and Cybernetics Society
since 2009, the Chair of IEEE SMC Technical Committee on intelligent learning in control
systems since 2009, a BOG member of IEEE Nanotechnology council since 2012, and the
President-Elect of International Fuzzy Systems Association since 2019.

Dr. Tsai has published more than 600 technical papers, and seven patents in the fields of
control theory, systems technology and applications. Dr. Tsai is respectively the
recipients of the Third Society Prize Paper Award from IEEE Industry Application Society in
1998, the Outstanding Automatic Control Engineering Award in 2008 from Chinese
Automatic Control Society (CACS), and the Outstanding Engineering Professor Award in

2009 from the Chinese Institute of Engineers in 2009, the IEEE Most Active SMC Technical
20



Committee (TC) Award in 2012 from IEEE SMC Society, the Outstanding Electrical
Engineering Professor Award from the Chinese Institute of Electrical Engineering in 2014,
Outstanding Industry Contribution Award from Taiwan Systems Association in 2016, and
the 2018 outstanding research award from the Ministry of Science and Technology (MOST),
Taiwan, the 2019 RST Fellow, the 2020 Outstanding Robotics Engineering Medal from
Robotics Society of Taiwan, and many best paper awards from many international
conferences technically supported by IEEE. He is the advisor, IEEE SMC student branch
chapter at National Chung Hsing University; this chapter was the recipient of certificate
of appreciation from IEEE SMCS in 2009. He has served as the associate editors of
International Journal of Fuzzy Systems, and IEEE Transactions on Systems, Man and
Cybernetics: Systems, IEEE Transactions on Industry Informatics, and International
Journal of Electrical Engineering. He served as the Editor in Chief of a new international
robotics journal called “iRobotics” from 2018 to 2019. His current interests include fuzzy
systems, fuzzy deep NN control, advanced nonlinear control methods, deep model
predictive control, , deep neural-network control, advanced mobile robotics, intelligent
service robotics, intelligent mechatronics, and intelligent learning control methods with
their applications to intelligent automation, Al robots, smart machinery and smart
agriculture.

21



Foreword

Welcome to iIFUZZY2021&FUZZY2021, an annual international conference focused on
Fuzzy Theory and Its Applications. This conference is organized by the Taiwan Fuzzy
Systems Association (TFSA) and got sponsored from National Formosa University (NFU),
Ministry of Science and Technology, Taiwan, R.O.C. and Ministry of Education, Taiwan,
R.O.C.. The iIFUZZY2021 is soliciting novel research results on fuzzy theory and its
applications and related topics. Due to the pandemic of COVID19, this conference will take
place both virtually and physically during October 5-8, 2021. The physical conference is
held in the Formosan Naruwan Hotel- Resort Taitung. Hundreds of paper will be presented
with worldwide participants from the Fuzzy Theory and Applications, Intelligent Systems
and Artificial Intelligence. We would like to express our sincere appreciation to all
participants especially in this pandemic era for their strong support. We hope this event can
provide a great opportunity for scientists, engineers, and practitioners from all over the
world to present the latest system design concepts, research results, developments and
applications, as well as to facilitate interactions between scholars and practitioners. On
behalf of the Organizing and Program Committees, we thank you all for coming and
virtually attending on iIFUZZY2021.

"@

General Chair General Chair
Jin-Tsong Jeng Jau-Yang Chang
President of TFSA Prof. in NFU
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Contactless Vital Signs Measurement Using FMCW Radar
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Abstract : This research mainly uses frequency modulated continuous wave (FMCW) radar, a
non-contact device, to measure vital sign signals. In order to improve the stability and accuracy of
the measured vital sign signal values (respiration rate and heart rate), a method is proposed. The
adaptive filtering algorithm, based on the tracking of the vital signs of the filter, provides a
preliminary estimate. The applied filter will gradually reduce the difference and stably update the
measurement target value. The determined vital sign value output is compared with the measured
value of the oximeter. The experimental results show that the proposed algorithms uses the
measurement to obtain the difference between the 60 GHz frequency modulated continuous ware
(FMCW) radar and the oximeter.

Keywords: FMCW radar, adaptive filtering, vital signs.
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