
Digital Object Identifier 10.1109/TIE.2022.3178257

IEEE INDUSTRIAL ELECTRONICS SOCIETY
The Industrial Electronics Society is an organization, within the framework of the IEEE, of members with principal professional interest in electronics and electrical sciences as  
applied to control, treatment, and measurement of industrial processes. For membership and subscription information and pricing, please visit  /membership-catalog. 

IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS
Editor-in-Chief

Emil Levi,  Professor
Liverpool John Moores University, U.K.

e-mail: E.Levi@ljmu.ac.uk

Past Editor-in-Chief
Leopoldo Garcia Franquelo,  Professor

University of Seville, Spain
e-mail: lgfranquelo@ieee.org

IEEE Publishing Operations
Senior Director, Publishing Operations:  Dawn Melley

Director, Editorial Services:  Kevin Lisankie
Director, Production Services:  Peter M. Tuohy

Associate Director, Editorial Services:  Jeffrey E. Cichocki    Associate Director, Information Conversion and Editorial Support:  Neelam Khinvasara
Senior Manager, Journals Production:  Katie Sullivan    Journals Production Manager:  Brian Johnson

IEEE Transactions on Industrial Electronics (ISSN 0278-0046) 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, or its members. IEEE Corporate Office, 3 Park Avenue, 17th Floor, New York, NY 10016. IEEE Operations Center, 
445 Hoes Lane, Piscataway, NJ 08854. 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 on 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. For all other copying, reprint, or republication permission, write to: Copyrights and Permissions Department, IEEE Publications Administration, 
445 Hoes Lane, Piscataway, NJ 08854. Copyright © 2022 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 Industrial Electronics, 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 http://www.ieee.org/nondiscrimination. Printed in U.S.A.

Co-Editors-In-Chief
H. Abu-Rub,  Professor
Texas A&M Univ. at Qatar,

Qatar

R. Bojoi,  Professor
Politecnico di Torino,

Italy

M. Iwasaki,  Professor
Nagoya Inst. of Technology,  

Japan

Y. S. Lai,  Professor
National Taipei Univ. of Technology,

Taiwan

Y. Shi,  Professor
University of Victoria, 

Canada

C. Wen,  Professor
Nanyang Technological Univ., 

Singapore

Associate Editors

IEEE Executive Staff

Dr. Cherif Amirat,  Chief Information Officer
Chris Brantley,  Managing Director, IEEE-USA
Karen L. Hawkins,  Chief Marketing Officer
Steven Heffner,  Managing Director, Publications 
Donna Hourican,  Staff Executive, Corporate Activities

Cecelia Jankowski,  Managing Director, Member and Geographic Activities
Konstantinos Karachalios,  Managing Director, IEEE-Standards Association
Jamie Moesch,  Managing Director, Educational Activities
Sophia A. Muirhead,  General Counsel and Chief Compliance Officer
Thomas Siegert,  Chief Financial Officer
Mary Ward-Callan,  Managing Director, Technical Activities

Stephen P. Welby,  Executive Director & Chief Operating Officer

A. Abdelhakim   
Abb Corp. Research, Sweden
A. Abdel-Khalik 
Alexandria University, Egypt
J. Afonso

University of Minho, Portugal
E. Babaei   
Univ. of Tabriz, Iran
S. Bayhan 
Hamad Bin Khalifa University, Qatar
D. Bruckner   
B&R, Austria
G. Buticchi

Univ. of Nottingham, China
W. Chen  
Southeast University, China
X. Chen  
Shibaura Inst. of Tech., Japan
E. Cheng  
Hong Kong Polytech. U., Hong Kong
L. Dalessandro 
Schaffner Group, Switzerland
M. Dalla Costa 
Federal Univ. of Santa Maria, Brazil
P. Das 
State University of New York, USA
T. Dragicevic 
Aalborg Univ., Denmark
H. Du  
University of Wollongong, Australia
D. Dujic   
Ecole P.F. Lausanne, Switzerland
S. Dwivedi   
Danfoss Power Electronics A/S, 
Denmark
O. Ellabban

Iberdrola, Qatar
H. Fang

University of Kansas, USA
F. Freijedo 
Huawei Technologies Duesseldorf 
GmbH, Germany
Y. Fujimoto   
Yokohama Nat. Univ., Japan
F. Gao  
UT of Belfort-Montbéliard, France
Z. Gao   
Northumbria Univ., U.K.
M. Galea 
Univ. of Nottingham Ningbo, China
A. Garces 
Univ. Tech. de Pereira, Colombia

B. George 
IIT Madras, India
A. Ghazanfari 
Hydro-Québec, Canada
P. Giangrande 
University of Nottingham, U.K.
K. Gopakumar 
Indian Inst. of Sci. Bangalore, India
G. Grandi   
Univ. of Bologna, Italy
A. Griffo 
The University of Sheffield, U.K.
F. Guo

Zhejiang Univ. of Technology, China
R. Guzman 
Univ. Politècnica de Catalunya, Spain
Y. He 
China Univ. of Geosciences, China
M. Hilairet  
University of Franche-Comté, France
Y. Hu  
University of Liverpool, U.K.
A. Iqbal

Qatar University, Qatar
A. Ioinovici 
Nanjing Univ. of Aeronautics, China
R. Islam

Univ. of Wollongong, Australia
X. Jing 
City Univ. of Hong Kong, Hong Kong,
China
M. Karimi 
Mississippi State University, USA
S. Keerthipati

IIT, Hyderabad, India
V. Khadkikar

Masdar Inst. of Sci. & Tech., UAE
H. Komurcugil 
Eastern Mediterranean Univ., Turkey
G. Konstantinou

UNSW Sydney, Australia
A. Krings 
FEV GmbH, Germany
A. Kuperman
Ben-Gurion Univ. of the Negev, Israel
C. S. Lam
University of Macau, China
C. H. T. Lee
Nanyang Technological Univ., 
Singapore
K. B. Lee 
Ajou Univ., Korea

S. S. Lee
Newcastle Univ. in Singapore, Singapore
G. Lei 
Univ. of Technology Sydney, Australia
Y. Lei 
Xi'an Jiaotong University, China
P. Lezana 
U. T. Federico Santa Maria, Chile
H. Li 
Beijing Jiaotong Univ., China
H. LI
Northwestern Polytechnical Univ., China
Z. Li

Northeastern University, China
C. Liu  
City Univ. of Hong Kong, Hong Kong
Y. Liu 
Beihang University, China
Y. Liu 
Harbin Institute of Technology, China
O. Lopez 
University of Vigo, Spain
D. Lu  
University of Technology Sydney, Australia
Q. Lu
Zhejiang University, China
X. Lu  
Argonne National Laboratory, USA
O. Lucia   
Univ. of Zaragoza, Spain
R. Mastromauro 
Univ. of Florence, Italy
S. K. Mazumder
NextWatt LLC, USA
M. Mengoni 
University of Bologna, Italy
M. Molinas   
Norwegian University of S&T, Norway
M. Monfared
Ferdowsi Univ. of Mashhad, Iran
J. Na  
Kunming Univ. of Sci & Tech., China
S. Nategh
Volvo Cars, Sweden
J. K. Nøland   
Norwegian Univ. of Sci. and Tech.,
Norway
R. Oboe   
Univ. of Padova, Italy
R. M. Palhares   
Federal Univ. of Minas Gerais, Brazil
K. B. Park 
ABB Corp. Research Center, Switzerland

M. Perez  
U. T. Federico Santa Maria, Chile
J. Qin
Univ. of Sci. and Tech. of China, China
Z. Qin 
Delft Univ. of Tech., Netherlands
S. Rahardja 
Northwestern Polytechnical Univ., China
M. Rakotondrabe  
Univ. Bourgogne Franche-Comté, France
C. Rech  
Federal Univ. of Santa Maria, Brazil
B. Ren 
Texas Tech Univ., USA
M. Saeedifard   
Georgia Inst. of Tech., Atlanta, USA
A. Serpi
NEPSY srl, Italy
M. Shadmand
University of lllinois, USA
J. Shan 
York University, Canada
J. She 
Tokyo University of Technology, Japan
X. She 
GE Global Research, USA
D. Shi 
Beijing Institute of Technology, China
P. Siano  
Univ. of Salerno, Italy
Y. P. Siwakoti 
Univ. of Tech. Sydney, Australia
S. Song 
Northwestern Polytechnical Univ., China
T. I. Strasser   
AIT Austrian Inst. of Technology, Austria
X. Sun
Jiangsu Univ., China
H. Suryawanshi   
Visvesvaraya Nat. I. of Tech., India
K. F. Tsang  
City Univ. of Hong Kong, Hong Kong
T. Tsuji 
Saitama University, Japan
H. Vahedi
Ossiaco Inc., Canada
S. Vazquez   
Univ. of Seville, Spain
D. Vinnikov 
Tallinn Univ. of Technology, Estonia
F. Wang 
Chinese Academy of Sciences, China

H. Wang

ShanghaiTech University, China
W. Wang

Beihang University, China
Y. Wang 
Harbin Inst. of Tech., China
Z. Wang 
Southeast University, China
Z. Wei

Beijing Institute of Technology, China
C. Wen   
Nanyang Tech. Univ., Singapore
L. Wu 
Harbin Institute of Technology, China
L. Wu 
Shanghai Electric Wind Power Group 
Co., Ltd, China
W. Wu  
Shanghai Maritime Univ., China
D. Xu   
Harbin Inst. of Tech., China
W. Xu 
Huazhong Univ. of Sci. & Tech., China
T. Yamaguchi   
Ricoh Company Ltd., Japan
C. Yang 
Central South University, China
C. Yang

Univ. of the West of England, U.K.
H. Yang 
Southeast University, China
Y. Yang   
Aalborg University, Denmark
A. G. Yepes 
University of Vigo, Spain
S. Yin   
Harbin Inst. of Tech., China
Y. Yuan 
Chinese Academy of Sciences, China
L. Zhang 
Nanyang Technological Univ., 
Singapore
P. Zhang 
Tsinghua University, China
X. Zhang 
Nanyang Technological University
Z. Zhang

Technical Univ. of Denmark, Denmark
Z. Zhang  
Tianjin Univ., China

IEEE Officers
K. J. Ray Liu,  President & CEO
Saifur Rahman,  President-Elect
John W. Walz,  Director & Secretary
Mary Ellen Randall,  Director & Treasurer
Susan "Kathy" Land,  Past President

Stephen M. Phillips,  Director & Vice President, Educational Activities
Lawrence O. Hall,  Director & Vice President, Publication Services and Products
David A. Koehler,  Director & Vice President, Member and Geographic Activities
James E. Matthews,  Director & President, Standards Association
Bruno Meyer,  Director & Vice President, Technical Activities
Deborah M. Cooper,  Director & President, IEEE-US

Division Director
 Paul M. Cunningham,  Director & Delegate, Division VI

International Advisory Board
Carlo Cecati

Univ. of L’ Aquila,  
Italy

Leopoldo G. Franquelo
Univ. of Seville,

Spain

Mo-Yuen Chow
NC State Univ.,  

USA

Marian P. Kazmierkowski
Warsaw Univ. of Tech.,  

Poland

Fumio Harashima
Tokyo Metrop. Univ.,  

Japan

Joachim Holtz
Wuppertal Univ.,  

Germany

J. David Irwin
Auburn Univ.,  

USA

Bogdan M. Wilamowski
Auburn Univ.,  

USA

reinaldopalhares
Highlight

reinaldopalhares
Highlight


