IEEE
Computational

IEEE TRANSACTIONS ON FUZZY SYSTEMS c Saey

IEEE TRANSACTIONS ON Fuzzy SysTEMs is published by the TEEE Computational Intelligence Society (formerly IEEE Neural Networks Society) on behalf of the following 11 Societies: Circuits and Systems;
Computer Society; Control Systems; Engineering in Medicine and Biology; Industrial Electronics; Industry Applications; Lasers and Electro-Optics; Power Engineering; Robotics and Automation; Signal Processing; and Systems, Man,
and Cybernetics. For membership and subscription information and pricing, please visit www.ieee.org/membership-catalog.

Editor-in-Chief
JONATHAN GARIBALDI
School of Computer Science
University of Nottingham, Nottingham NG8 1BB, U.K.
Tel: +44 115 95 14216, jon.garibaldi @nottingham.ac.uk

GIOVANNI ACAMPORA
University of Naples
Italy

CHOON K1 AHN
Korea University
Korea

MUHAMMAD IRFAN ALI
Islamabad Model College for Girls
Pakistan

DEREK ANDERSON

Bagley College of Eng.

USA

PLAMEN ANGELOV
Lancaster University
UK.

SANSANEE AUEPHANWIRIYAKUL
Chiang Mai Univ.

Thailand

ROSANGELA BALLINI

Univ. of Campinas

Brazil

TANVI BANERJEE

Wright State University

USA

PETER BARANYI

Széchenyi Istvan Univ.

Hungary

EDURNE BARRENECHEA TARTAS
Public University of Navarra
Spain

BENJAMIN BEDREGAL

Federal Univ. of Rio Grande do Norte

Brazil

GLEB BELIAKOV
Deakin University
Australia

HUMBERTO BUSTINCE
Public Univ. of Navarra
Spain

MOHAMMED CHADLI
University of Paris-Saclay
France

JEsus CHAMORRO
University of Granada
Spain

SHYI-MING CHEN

National Taiwan University of Science

& Technology
Taiwan

C. L. PHILIP CHEN
Univ. of Macau
China

OscArR CORDON
University of Granada
Spain

ERNESTO DAMIANT
Milan University
Ttaly

Faryaz Doctor
University of Essex
UK

PiERPAOLO D’URsO
Sapienza University
Italy

Samrt FADALL
Univ. of Nevada
USA

Gary FENG
City University of Hong Kong
Hong Kong

JAVIER FERNANDEZ
Public University of Navarra
Spain

Tom GEDEON
Australian National University
Australia

ALEXANDER GEGOV
Univ. of Portsmouth
UK.

THIERRY MARIE GUERRA
Universite Polytechnique
Hauts-de-France

France

Past Editor-in-Chief
CHIN-TENG (CT) LIN
School of Software, Faculty of Engineering & IT
University of Technology Sydney
Broadway 2007, New South Wales, Australia

Associate Editors

PaNkas GUPTA
Univ. of Delhi
India

Hani HaGras
University of Essex
UK.

TiMoTHY C. HAVENS
Michigan Tech Univ.
USA

ENRIQUE HERRERA-VIEDMA
University of Granada
Spain

QiNGHUA HU
Tianjin University
China

Jian Huang
Huazhong University
China

DimITRIS IAKOVIDIS
Univ. of Thessaly
Greece

SAEED JAFARZADEH
California State Univ.
USA

SIMON JAMES
Deakin Univ.
Australia

BALASUBRAMANIAM JAYARAM
Indian Inst. of Technol. Hyderabad
India

Hamip Karivt
Politecnico di Milano
Italy

ERDAL KAYACAN
Aarhus University
Denmark

Uzay KAYMAK
Eindhoven University of Technology
The Netherlands

Amit KoNaR
Jadavpur Univ.
India

TuraN KUMBASAR

Istanbul Technical University
Turkey

Hak-KEUNG Lam

King’s College London

UK.

ZSOFIA LENDEK
Cluj-Napoca Tech University
Romania

Hongyr Li
Guangdong Univ. of Technol.
China

AvLAN WEE-CHUNG LIEW
Griffith Univ.

Australia

CHiH-MIN LiN

Yuan Ze Univ.

Taiwan

Jun Liv
Ulster University
UK.

EDWIN LUGOFER

Johannes Kepler University
Austria

FRANCESCO MARCELLONI
University of Pisa

Ttaly

Luis MARTINEZ

Univ. of Jaén

Spain

JESUS ALBERTO MEDA-CAMPANA
Instituto Politécnico Nacional
Mexico

PaTrICIA MELIN
Tijuana Inst. Technol.
Mexico

SusaNA MONTES
Univ. of Oviedo
Spain

Ju H Park

Yeungnam University
South Korea

Founding Editor

JaMEs C. BEZDEK

Department of Computer Science
University of West Florida, Pensacola, FL 32514 USA

GABRIELLA PAst
University of Milano-Bicocca
Ttaly

IRINA PERFILIEVA
Univ. of Ostrava
Czech Republic

MAHARDHIKA PRATAMA

Nanyang Tech University
Singapore

RADU-EmIL PRECUP

Politehnica University of Timisoara
Romania

MAREK REFORMAT
University of Alberta
Canada

Jose DE Jesus Rusio
Instituto Politecnico Nacional
Mexico

Mika SaTo-ILic
Univ. Tsukuba
Japan

ANTOANETA SERGUIEVA
Blockchain FinTech-nChain
UK.

QIANG SHEN
Aberystwyth University
Aberystwyth U.K.

Joko M. C. Sousa
Univ. Lisboa, Inst. Superior Técn.
Portugal

FucHuN SUuN
Tsinghua Yard
China

PETER SUSSNER
Universidade Estadual de Campinas
Brazil

CHIN-WANG Ta0
National ILan Univ.
Taiwan

SHAOCHENG ToNG
Liaoning Univ. of Technol.
China

HowaT ADELI

Ohio State Univ.
HAMID BERENJT
Intell. Inference Syst.
Jim BEZDEK

Univ. West Florida
PATRICK Bosc
Enssat

Dipier DuBols

Univ. Paul Sabatier
MADAN GUPTA

Univ. of Saskatchewan
LARRY HALL

Univ. of South Florida
FRANCISCO HERRERA
Univ. of Granada

Hisao IsHiBUCHI
Osaka Prefecture Univ. Japan

Laknmi C. JAIN

Univ. of South Australia Adelaide

JANUSZ KACPRZYK
Polish Academy of Sci.
ABRAHAM KANDEL
Univ. of South Florida

TosHio FUKUDA,  President
SusaN K. “KATHY” LAND,  President-Elect
KATHLEEN A. KRAMER, Secretary

JOSEPH V. LILLIE,
Josié M. F. MOURA,

THOMAS SIEGERT,
JuLig EVE CozIN,
DonNA HOURICAN,

JAMIE MOESCH,

SoPHIA A. MUIRHEAD,

LIESEL BELL,

CHRIS BRANTLEY,

Associate Director, Editorial Services:
Manager, Journals Production:

Treasurer
Past President

STEPHEN P. WELBY,

Business Administration

Corporate Governance
Corporate Strategy

Educational Activities

IEEE-USA

Director; Editorial Services:
JEFFREY CICHOCKI
KATIE SULLIVAN

LiiLiANA TRAJKOVIC,

Executive Advisory Board

JaMES M. KELLER
Univ. of Missouri-Columbia

CHIN-TENG LIN

University of Technology Sydney

BIN-Da Liu
National Cheng Kung Univ.

JERRY MENDEL
Univ. of Southern Calif.

IEEE Officers

STEPHEN M. PHILLIPS,
TAPAN K. SARKAR,
KukiiN CHUN,

ENRIC TRILLAS

Univ. Politech. Madrid
‘WEN-JUNE WANG
National Central Univ.

NIKHIL R. PAL

Indian Statistical Institute
‘WiToLD PEDRYCZ

Univ. of Alberta

HENRI PRADE

Univ. Paul Sabatier

RONALD YAGER

Tona College
MicHIO SUGENO TAKESHI YAMAKAWA

Tokyo Inst. of Technol.

Vice President, Educational Activities
Vice President, Publication Services and Products
Vice President, Member and Geographic Activities

ROBERT S. FisH, President, Standards Association

Kazuniro KosuGe,
JAMES M. CONRAD,
Director, Division X

Vice President, Technical Activities
President, IEEE-USA

IEEE Executive Staff
Executive Director & Chief Operating Officer

General Counsel & Corporate Compliance Officer
Human Resources

CHERIF AMIRAT,  Information Technology

KAREN HAWKINS, Marketing

CECELIA JANKOWSKI, Member and Geographic Activities
STEVEN HEFFNER, Publications

KONSTANTINOS KARACHALIOS,  Standards Association
MARY WARD-CALLAN, Technical Activities

IEEE Publishing Operations

Senior Director, Publishing Operations:
Director, Production Services:
Associate Director, Information Conversion and Editorial Support:
Journals Production Manager:

KEVIN LISANKIE

DAWN MELLEY
PETER M. TUOHY

SHANNON N. CAMPOS

Kyushu Inst. of Technol.

VICENC TORRA
Manynooth University
Ireland

MARLEY VELLASCO
PUC Rio

Brazil

DiaNHUI WANG

La Trobe University
Australia

FEI-YUE WANG
Chinese Academy of Science
China

Xizrao WANG
Shenzhen University
China

Tim WILKIN

Deakin University
Australia

DonGrur Wu
Huazhong University
China

Hua1-NiNnG Wu

Beihang Univ.

China

Zesnut Xu

Sichuan University

China

CHENGUANG YANG
University of West of England
UK.

ADNAN YAZICT
Middle East Technical Univ.
Turkey

ENGIN YESIL
Getron
Germany

X140-JUN ZENG
University of Manchester

ZHIGANG ZENG
Huazhong Univ. of Sci. and Technol.
China

HANS ZIMMERMANN
RWTH Aachen

NEELAM KHINVASARA

IEEE TRANSACTIONS ON Fuzzy SysTEms (ISSN 1063-6706) is published monthly by The Institute of Electrical and Electronics Engineers, Inc. Responsibility for the contents rests upon the authors and not upon the IEEE,
the Society/Council, or its members. IEEE Corporate Office: 3 Park Avenue, 17th Floor, New York, NY 10016. IEEE Operations Center: 445 Hoes Lane, Piscataway, NJ 08854-4141. NJ Telephone: +1 732 981 0060.
Price/Publication Information: To order individual copies for members and nonmembers, please email the IEEE Contact Center at contactcenter@ieee.org. Member and nonmember subscription prices available upon request.
Copyright and Reprint Permissions: Abstracting is permitted with credit to the source. Libraries are permitted to photocopy for private use of patrons, provided the per-copy fee of $31.00 is paid through the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923. Copyright © 2021 by The Institute of Electrical and Electronics Engineers, Inc. All rights reserved. Periodicals Postage Paid at New York, NY and at additional mailing offices. Postmaster:
Send address changes to IEEE TRANSACTIONS ON Fuzzy Systems, IEEE, 445 Hoes Lane, Piscataway, NJ 08854. GST Registration No. 125634188. CPC Sales Agreement #40013087. Return undeliverable Canada addresses to: Pitney
Bowes IMEX, P.O. Box 4332, Stanton Rd., Toronto, ON M5W 3J4, Canada. IEEE prohibits discrimination, harassment and bullying. For more information visit https://www.ieee.org/about/corporate/governance/p9-26.html. Printed in U.S.A.

Digital Object Identifier 10.1109/TFUZZ.2020.3044762



