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Welcome Message from the General Chairs
Dear Colleagues and Friends,

On behalf of the organizing committee, we are pleased to welcome you to the 46th Annual Conference of the IEEE Industrial
Electronics Society (IECON 2020)!

IECON 2020 is co-organized by IEEE Industrial Electronics Society, IEEE Industrial Electronics Chapter of Singapore, the School
of Electrical & Electronic Engineering, Nanyang Technological University. Due to the unexpected outbreak of COVID-19, the
organizing committee encountered lots of uncertainties. Nevertheless, this did not stop us from organizing IECON 2020. With the
efforts from all the members of the organizing committee, IECON 2020 received overwhelming responses with 1194 full paper
submissions and 21 tutorial proposals. All the submitted papers were processed by the Technical Program Committee and Special
Session Committee, while the tutorial proposals were processed by the Tutorial Chairs. All the TPC chairs, track chairs, special
sessions chairs and tutorial chairs worked professionally, responsibly and diligently in soliciting expert international reviewers.
Besides evaluations from reviewers, they also provided their own assessments to ensure that only high-quality papers and tutorial
proposals would be accepted. Their hard work has enabled us to put together a very solid technical program which includes 850
papers and 12 tutorials for presentation. During the conference, there will also be Students and Young Professionals Activities,
Women in IES Activities and INTEROP Plugfest.

Besides the parallel technical sessions and technical activities, three keynote addresses on the state-of-art development in industrial
electronics and applications will be delivered by eminent professors. We are indeed honored to have Professor Peter Willett,
University of Connecticut, Professor Qing-Chang Zhong, Illinois Institute of Technology & Syndem LLC and Professor YangQuan
Chen, University of California Merced as the keynote speakers for IECON 2020. We
would like to express our sincere appreciation to all of them for their contributions and supports to IECON 2020.

On behalf of the Organizing Committee, we would like to thank all the organizers of special session and numerous researchers
worldwide who helped to review the submitted papers. We are also grateful to distinguished members of International Advisory
Board for their invaluable supports and assistances. We also wish to place our hearty thanks to all the members of the Organizing
Committee for their hard work to make this conference possible, and to many friends, colleagues and indeed family members who
have helped the conference directly or indirectly.

Due to the impact of COVID-19 and considering that all delegates’ health and safety should be the most important, IECON 2020 is
conducted fully online. We hope that you will find your participation in this online conference stimulating, rewarding, enjoyable
and memorable. We also wish all of you stay safe and healthy.
 

Changyun Wen, Terry Martin, Huijun Gao, Luis Gomes

General Chairs of IECON 2020

3



IECON 2020 Committees

Honorary General Chairs

Khiang-Wee Lim (Singapore)
Xinghuo Yu (Australia)
Kamal Al-Haddad (Canada)
Bimal Bose (USA)

General Chairs

Changyun Wen (Singapore)
Terry Martin (USA)
Huijun Gao (China)
Luis Gomes (Portugal)

Finance Chair

Jingbing Zhang (Singapore)
Peter Palensky (Netherlands)

Technical Program Chairs

Josep Pou(Singapore)
Guoqiang Hu (Singapore)
Zhengguo Li (Singapore)
Juan J. Rodriguez-Andina (Spain)
Milos Manic (USA)
Jinhu Lv (China)
Chandan Chakraborty (India)
Shihua Li (China)

Special Session Chairs

Lihua Xie (Singapore)
Antonio Luque(Spain)
Kim-Fung Man (Hong Kong)
Mingyi He (China)
Shen Yin (China)
Frede Blaabjerg (Denmark)
Jing Zhou (Norway)
Cungang Hu (China)
Akshay Kumar Rathore (Canada)

Publication Chairs

Xing Zhu (Singapore)
Daswin de Silva (Australia)

5



Local Arrangement Chair

Patricia Wong Jia Yiing (Singapore)

Publicity chairs

Wenjian Cai (Singapore)
Wenxiang Xie (Singapore)
Fanglin Luo (Singapore)

Secretary

Lijun Jiang (Singapore)

Industry Liaison and Exhibition Chairs

Leong Hai Koh (Singapore)
Stamatis Karnouskos (Germany)

Tutorial Chairs

Guoqi Li (China)
Jiangshuai Huang (China)
Qinyuan Ren (China)
Jianfang Xiao (Singapore)

Women in Industrial Electronics Chairs

Lucia Lo Bello (Italy)
Huijin Fan (China)
Wei Wang (China)
Qianwen Xu (Singapore)

Student & Young Professionals Chairs

Marek Jasinski (Poland)
Xin Zhang (Singapore)
Bin Zhang (USA)
Xinan Zhang (Australia)

 

6



Technical Program Reviewers
A. J. Onumanyi
 Aamer Shaikh
 Abdalla Hussein Mohamed
 Abdelbasset Krama
 Abdelrahman Elsman
 Abraham Marquez
 Adam Bujnowski
 Adérito Alcaso
 Adérito Neto Alcaso
 Adil Ayub Sheikh
 Adil Sarwar
 Aditi Narang
 Aditya Shekhar
 Adria Junyent-Ferre
 Afshin Najafi-Ghalelou
 Ahmad Almaghrebi
 Ahmad Faiz Minai
 Ahmad Hably
 Ahmed A. Zaki Diab
 Ahmed Diab
 Ahmed Hussein
 Ahmed M. Ammar
 Aiwen Qu
 Ajay Kumar
 Ajit Muzumdar
 Ajmal Shahbaz
 Akash Kadechkar
 Akshay Rathore
 Alain Sanchez-Ruiz
 Alamera Alquennah
 Al Amera Alquennah
 Alberto Bellini
 Alberto Castellazzi
 Alberto Tessarolo
 Alecksey Anucin
 Alejandro Gismero
 Alejandro Gómez Yepes
 Alejandro Oliva Torres
 Alessandro Cultrera
 Alessandro Galassini
 Alessandro Serpi
 Alexander Ruderman
 Alexander Wendt
 Alexandros G. Paspatis
 Alex Stefanov
 Alex Tomy
 Alfan Presekal
 Alfredo Perez
 Alia Hamad
 Alia Hamad khraisha

Jayati Dey
 J. Chen
 Jean Sawma
 Jenna Wang
 Jeong Min
 Jesus Lago Garcia
 Jesus Leyva-Ramos
 Jiabin Shen
 Jiacheng Li
 Jiafu Wan
 Jiaju Yu
 Jiale Yu
 Jianfang Xiao
 Jiang Long
 Jianglong Yu
 Jiangshuai Huang
 Jianguo Wang
 Jiang Wentao
 Jian Huang
 Jianhua Wang
 Jiankun Sun
 Jian Liu
 Jianping Cai
 Jian Wen
 Jianxing Liu
 Jian Ye
 Jian Yin
 Jianying Zheng
 Jian Zhang
 Jiapeng Yin
 Jiaqi Yan
 Jiarui Hu
 Jiashen Teh
 Jiawei Cao
 Jiawei Chen
 Jiaxin Dong
 Jigneshkumar Patoliya
 Jignesh Patoliya
 Jim Ching-Jan Chen
 Jinag Hao
 Jinchen Wang
 Jin Chi
 Jindou Jia
 Jingang Lai
 Jing Bing Zhang
 Jingda Wu
 Jinghua Ji
 Jingjing Huang
 Jing Liang
 Jingliang Lv

Ryogo Kubo
 Saber Yu
 Sachin Jain
 Sachin Singh
 Saeed Arazm
 Saeed Peyghami
 Safayet Ullah
 Sagar Mahajan
 Saifullah Payami
 Sairaj Dhople
 Saji Chacko
 Salvador Ceballos
 Salvatore La Rocca
 Salvo Foti
 Samet Biricik
 Sam Moayedi
 Sandeep N
 Sandeep Patil
 Sandhya Lavety
 Sandro Rubino
 Sang-Hoon Kim
 Sanjib Kumar Panda
 Santanu Mishra
 Santosh Janaki Raman
 San-Xiu Wang
 Saran Chaurasiya
 Sarvesh Wakode
 Sashidhar Sampathirao
 Satarupa Bal
 Satish Kumar Gudey
 Satish Naik Banavath
 Satoshi Suzuki
 Savvas Papadopoulos
 S. C Xie
 Seang Yeoh
 Sebastian Bader
 Sebastian Wendel
 Seddik Bacha
 Seiichiro Katsura
 Sejir Khojet El Khil
 Seongil Kim
 Sepideh Amirpour
 Sérgio Cruz
 Sergio Vazquez
 Serhii Stepenko
 Sertac Bayhan
 Seyedfoad Taghizadeh
 S. G. Kadwane
 Shabnam Ruzbehi
 Shadab Murshid

7



 Aliasgar Shayer
 Alin Tisan
 Ali Reza
 Alireza Ghaedi
 Alireza Izadbakhsh
 Alireza Namadmalan
 Ali Teta
 Allen Chen
 Amal Sebastian
 Amel Adouni
 Amin Aalami
 Amirali Davoodi
 Amir Kaymanesh
 Amir Mohammad Hosseini
 Amjad Anvari-Moghaddam
 Amol Rahulkar
 Amrit Paudel
 Amro Alsabbagh
 Anandarup Das
 Anas Karaki
 Andi Sudjana Putra
 Andras Czmerk
 Andrea Arzillo
 Andrea Benigni
 Andrea Carloni
 Andrea Cavagnino
 Andrea Cervone
 Andrea Floridia
 Andreas Rauh
 Andrei Blinov
 Andres Garcia
 Angela Ferraro
 Angel Luis Perez Basante
 Angelo Ferraro
 Angelo Tani
 Angelo Trotta
 Anh-Duc Nguyen
 Anh-Vu Ho
 Aniko Costa
 Anindya Ray
 Anju Meghwani
 Anmol Saxena
 Ansu Alex
 Antonio Espirito Santo
 Antoine Hanna Nohra
 Antonino di Gerlando
 Antonino La Rocca
 Antonio Guarino
 Antonio J. Marques Cardoso
 Antonio Lopes
 Antonio Marques-Cardoso
 Anton Kersten
 Antxon Arrizabalaga

 Jingming Cao
 Jing Na
 Jingqi Jiang
 Jing-Wen Yi
 Jingyang Fang
 Jingyao Wang
 Jing Zhang
 Jing Zhong Tee
 Jing Zhou
 Jin Hou
 Jinlei Sun
 Jinlin Gong
 Jinna Li
 Jin Ruibing
 Jinsong He
 Jinxin Liu
 Jinya Su
 Jinyin Chen
 Jinyu Wang
 Ji Shu
 Jiuqiang Zhao
 J. Marcos Alonso
 Joao L. Monteiro
 João Martins
 Joao Teixeira
 Joaquim Monteiro
 Johannes Stöckl
 John Schmalzel
 John Y. Hung
 Jon Andoni Barrena
 Jon Are Suul
 Jonas Queiroz
 Jonathan Davidson
 Jorge Cabral
 Jorgen Baekke
 Jose Antonino-Daviu
 José Medronho
 José Salvado
 JoseTeixeira Goncalves
 J. Qi
 Hung Guo Jr.
 Juan Angel Ramirez
 Juan Jose Saucedo-Dorante
 Juan Zhao
 Julien Cordier
 Junfeng Zhang
 Jun Ishikawa
 Junjian Huang
 Jun Ma
 Junqi Yang
 Jun Wu
 Junxiao Wang
 Jun Yang

 Shafiq Odhano
 Shafquat Ullah Khan
 Shahil Shah
 Shailesh Kapoor
 Shams Ghahfarokhi
 Shaofu Yang
 Shaojun Xie
 Shaopeng Wu
 Shaoqing Huang
 Shaoshen Xue
 Shawkat Khairullah
 Sheetal Gore
 Sheldon Williamson
 Shen Dong
 Shengcong Chen
 Shenglin Li
 Shengquan Li
 Shengri Xue
 Shengrong Zhuo
 Sheng Wang
 Shengzhao Pang
 Shen Yin
 Shi Bu
 Shichang Cui
 Shicheng Huo
 Shi Donghan
 Shidong Xu
 Shihua Li
 Shijian Dong
 Shin-Ju Chen
 Shiny Abraham
 Shiping Wen
 Shiqi Kan
 Shishir Dixit
 Shivam Kumar Yadav
 Shivam Yadav
 Shiyong Zhang
 Shi Zhao
 Sho Sakaino
 Shouchao Zhai
 Shoujun Song
 Sho Yokota
 Shuaicheng Hou
 Shuai Wang
 Shuangshuang Yao
 Shude He
 Shu Leng
 Shuli Wen
 Shunfeng Yang
 Siba Kumar Patro
 Siddharth Joshi
 Sidun Fang
 Simone Ferrari

8



 Anubrata Dey
 Anup Anurag
 Anurag K Srivastava
 Anurag P Bhale
 Anushree Ramanathan
 Anuvav Bardalai
 Apurv Kumar Yadav
 Apurv Yadav
 Arash Khoshkbar-Sadigh
 Aravinth Subramaniam
 Arbind Kumar
 Archit Asthana
 Arghya Mitra
 Aritz Milikua
 Ariya Sangwongwanich
 Arkadiusz Lewicki
 Armando Cordeiro
 Arnaud Gaillard
 Arun Chandrasekharan Nair
 Asad Malik
 Asal Zabetian-Hosseini
 Asheesh Kumar Singh
 Ashok Chinmaya
 Ashraf Russo
 Asier Gil De Muro
 Atif Iqbal
 Atsushi Matsumoto
 Awadelrahman Mohamedelsadig Ali
Ahmed
 Awais Ahmad
 Baisakhi Chakraborty
 Baoquan Li
 Baotong Chen
 Bao Xie
 Bardalai Anuvav
 Baseem Khan
 Bashar Mousa Melhem
 Bei Sun
 Bekir Caner Yagci
 Benedikt Spichartz
 Benfei Wang
 Bernard Fong
 Bertalan Pizag
 Bharat Balagopal
 Bhatt Kunalkumar
 Biao Lu
 Biao Zhao
 Biji Jacob
 Bilal Sari
 BinBin Li
 Bin Duan
 Binghe An
 Bing Liu

 Junyong Zhai
 Junzhong Xu
 Jussi Sihvo
 JW Chen
 Jyotsana Kaiwart
 Kae Doki
 Kaif Ahmed
 Kaif Lodi
 Kaihui Zhao
 Kai Sheng
 Kai Tao
 Kai Wang
 Kai Zhang
 Kai Zhao
 Kalaiselvi J
 Kaloyan Mihailov
 Kandasamy
 Kang Ge
 Kanghua Zheng
 Kanghyun Jo
 Kang Lee
 Kan Yu
 Kapil Shukla
 Karel Hruska
 Kaushik Basu
 Kaustav Basu
 Kazuaki Ito
 Kazuhiro Ohyama
 Kazuhiro Umetani
 Ke Guo
 Ke Ji
 KE Jinkun
 Kenan Yong
 Kenji Tamaki
 Kenta Seki
 Keqi Mei
 Ke Shen
 Kevin Wang
 Ke Wang
 K. Gopakumar
 Khaled Rayane
 Khaliqur Rahman
 Kharan Shiluveru
 Kheng Cher Yeo
 Kilian Rehorik
 Kim Fung Tsang
 Kim Man
 Kirann Pandav
 Kiran Pandav
 Kishore Naik Mude
 Kishor Naik Mude
 Kohji Makino
 Koichi Adachi

 Simon Tindemans
 Sixing Du
 Slim Tnani
 S. M. Muyeen
 S. M. Suhail Hussain
 Snadro Rubino
 Snehal Gawande
 Somu Chaitanya
 Songlin Zhuang
 Songyin Cao
 Sónia Pinto
 Sorin Ioan Deaconu
 Soroush Esmaeili
 Soumyadeep Ray
 Soumya Shubhra Nag
 Souradeep Pal
 Spyros Skarvelis-Kazakos
 Sreekanth Thamballa
 Srikanth Narasimalu
 Srikara G
 Staffan Norrga
 Stamatis Karnouskos
 Stanimir Valtchev
 Stefan Goetz
 Stefano Cleva
 Stefanos Baros
 Stefano Stassi
 Stefan Thiago Cury Alves dos Santos
 Stephen oyewobi
 Steve Fotios
 Stjepan Stipetic
 Stoyan Nihtianov
 Subhendu Bikash Santra
 Sudharshan Kaarthik
 Sujitha Janardhanan
 Sumit Kumar Pramanick
 Sumit Pramanick
 Sunan Huang
 Sung-Pei Yang
 Sunil Maniklal Mutha
 Sunil Mutha
 Sun Liang
 Sun Mengchao
 Sun Ning
 Sun Yiyong
 Surya Doolla
 Suryanarayana Doolla
 Syed Rahman
 Szilard Kovacs
 Tabish Nazir Mir
 Tadashi Sawata
 Takahiro Nozaki
 Takashi Kosaka

9



 Bin Gou
 Bing Tian
 Binyu Xiong
 Bin Zhang
 Birgit Vogel-Heuser
 Blake Rose
 Bo Chen
 Boda Ning
 Bo Guan
 Bohui Wang
 Boshen Zhang
 Bo Tian
 Bo Wang
 Bowen Xu
 Bo Yan
 Bo Zhou
 Branislav Hredzak
 Bruno Allard
 Bruno Ribeiro
 Bruno Silva
 Byoung-Hee Lee
 Can Cui
 Caner Yağci
 Cao Ge
 Caolei Pan
 Cao Yongqi
 Caoyuan Gu
 Carlos Reusser
 Carlos Ruiz Rodríguez
 Carmen Aracil
 Caroline Stackler
 Catalin Gavriluta
 Cedric Caruana Mifsud
 Chandan Chakraborty
 Chandan Kumar
 Changchen Zhao
 Changjiang Sun
 Changpan Zhou
 Changyun Wen
 Changzhu Zhang
 Chao Deng
 Chaoqiang Jiang
 Chaoqun Wang
 Chaoqun Zhu
 Chao Wang
 Chao Wu
 Chao Xu
 Chao Yang
 Chaoyu Dong
 Chen Dai
 Chen Du
 Cheng-Chi Tai
 Chengda Lu

 Koji Imai
 Konstantinos N. Gyftakis
 Koteswara Rao Kothapalli
 Krishnakumar Vengadakrishnan
 Krzysztof Szabat
 Kuan Li
 Kuncheng Cai
 Kunwu Zhang
 Kuppili Anirudh
 Kyaw Hein
 Laercio Pioli
 Lalit Kumar Sahu
 Lalit Patnaik
 Landon Mackey
 Lang Ma
 Lantao Xing
 Larisa Dunai Dunai
 Laura Vegh
 Leandro Becker
 Leandro.Becker
 Lefei Ge
 Lei Chen
 Lei Xi
 Lei Yang
 Lei Zhang
 Lei Zhou
 Leonardo Callegaro
 Leong Hai Koh
 Leszek Jarzebowicz
 Liandi Fang
 Liang Gaowen
 Liang Hu
 Liang Wang
 Lian Zhijie
 Liao Huanyue
 Libing Cao
 Li Bingxu
 Li Chen
 Li Chushan
 Li Ding
 Lifeng Gou
 Ligang Wu
 Liheng Chen
 Lijun Jiang
 Li Lei
 Lina Wang
 Lin Chai
 Linfeng Zheng
 Lin Hu
 Linlin Li
 Lino Di Leonardo
 Lin Pengfeng
 Linqi Ye

 Takehiro Imura
 Takenori Atsumi
 Tan Anh Doan Nguyen
 Tania Monteiro
 Tanner Songkakul
 Tan-Quoc Duong
 Tanyi Szvetlin
 Tao Du
 Tao Rui
 Tao Yang
 Tao Zheng
 Tarak Saha
 Tarik Uzunovic
 Tenglong Huang
 Terence Donnell
 Thilina S. Ambagahawaththa
 Thomas Strasser
 Thorsten Gross
 Tiago Gomes
 Tiago Pedrosa
 Tianhao Tang
 Tianhong Wang
 Tian-Hua Liu
 Tianju Sui
 Tianyu Chen
 Tianyu Tan
 Tien-Dat Tran
 Ties Heijden
 Ties van der Heijden
 Tingjun Zhang
 Ting Li
 Tingting Hu
 Ting Yang
 Tin Lin
 Tobias Schindler
 Tomoya Kitamura
 Tomoyuki Shimono
 Tong Huang
 Tongshuai Zhang
 Tony Lee
 Torben Licht
 Torbjorn Thiringer
 Toshimasa Miyazaki
 Toshiyuki Murakami
 Toshiyuki Satoh
 Trung Tran Thai
 T. Sreekanth
 Tuan Ngo 
 Tuğçe Demirdelen
 Tung Lam Nguyen
 Tuopu Wen
 Turhan Ciftci
 Tushar Waghmare

10



 Cheng Fanyong
 Chenggang Cui
 Cheng Gong
 Cheng Guo
 Chenglong Du
 Chengming Yang
 Chengming Zhang
 Cheng Pang
 Cheng-Shion Shieh
 Chengsi Shang
 Chengtao Cai
 Chengzhi Ruan
 Chengzong Miao
 Chen Lei
 Chen Liu
 Chen Lv
 Chen Shuxin
 Chen Song
 Chenwei Ma
 Chen-Wei Yang
 Chen Xiaolong
 Chen Yijia
 Chen Zhensheng
 Chenzui Li
 Che-Yu Lu
 Chih-Chiang Chen
 Chih-Lyang Hwang
 Chi Jin
 Chi-Kong Wong
 Chinmaya K A
 Chi-Seng Lam
 Chi-Wa U
 Chi Yuan
 Chi Zhang
 Chong Wang
 Chris Lee
 Christian Messner
 Christian Rojas
 Christian Seitl
 Christina Papadimitriou
 Christine Chen
 Christopher D. Townsend
 Christopher H. T. Lee
 Christoph Schmittner
 Christoph Weber
 Chuanke Zhang
 Chuanlin Zhang
 Chunhua Liu
 Chun-Ki Kwon
 Chunting Jiao
 Chun Wei
 Chunyang Gu
 Chu Wang

 Liqiang Zhang
 Liu Jinxin
 Liu Qingxiang
 Liu Xinghua
 Liu Yang
 Liu Yun
 Liu Zheng
 Li Xiaolei
 Li Xin
 Li Xinze
 Li Yu
 Li Zhengmao
 Luca Rovere
 Luca Sciullo
 Luca Zarri
 Lucia Frosini
 Ludek Buchta
 Ludovico Ortombina
 Lu Hou
 Luis A. M. Riascos
 Luis Diaz
 Luis F. C. Monteiro
 Luis Galván
 Luis Humberto Diaz-Saldierna
 Luis Lino Ferreira
 Luis Reguera
 Luis Romba Jorge
 Luiz Barreto
 Lukas Otava
 Lu Liu
 Lulu Wu
 Luo Kai
 Lu Ren
 Lu Zhang
 Madhukar Rao Airineni
 Maedeh Mahzarnia
 Magno Ayala
 Mahadevan Bhaskar
 Mahdi Abolfazli Esfahani
 Mahdi Debouza
 Mahmadasraf Mulla
 Mahmoud Kabalan
 Mahsa Keikha
 Majid Mehrasa
 Mak Shu Lun
 M. A. Mulla
 Manaswi Srivastava
 Manex Barrenetxea
 Manikant Gupta
 Manish Kumar Barwar
 Manish Kumar Jaiswal
 Manju Bhashini
 Manman Xia

 T. Yang
 Ujjal Manandhar
 Utkarsh D. Kavimandan
 Vahid Hosseinnezhad
 Vahid Sohrabi Tabar
 Vaibhav Shah
 Valentina Palazzi
 Valeriy Vyatkin
 Van-Thanh Hoang
 Varun Mishra
 Venkateswari Radha Krishnan
 Vetrivel Subramaniam Rajkumar
 Vicente Climente-Alarcón
 Vicente Tiburcio Dos Santos Junior
 Victor Huang
 Victor Pires
 Victor Purba
 Vijayakumar Gali
 Vijaykumar Gali
 Vijay Vardhan Reddy
 Vijesh Jayan
 Viju Nair. R
 Vikas Kumar
 Viktor Sverdlov
 Vincent Lanfranchi
 Vincenzo Madonna
 Vincenzo Paciello
 Vitor Monteiro
 Vítor Monteiro
 Vitor Pires
 Vittaya Tipsuwanporn
 Vivekanandan
 Vivek Prakash
 Vivek Shrivastava
 Vivek Subburaj
 V. Karthikeyan
 V. Krishnakumar
 Vu Duc Tan
 Wai Hei Choi
 Wai-Kit Sou
 Wai Yan
 Wai Yan Hein
 Wang Borong
 Wang Han
 Wang Hao
 Wang Jiadong
 Wang Jianzheng
 Wang Junjun
 Wang Kai
 Wangli He
 Wang Meiqi
 Wang Wenxin
 Wang Xiong

11



 Chu Wu
 Ci Chen
 Claudia-Melania Chituc
 Claudio Carretero
 Concettina Buccella
 Cong-Long Nguyen
 Cosimo Spagnolo
 Cristian Babetto
 Cristiano Gomes Casagrande
 Cristiano Maria Verrelli
 C. S. Lim
 Csongor Horvath
 Cui Fengjiao
 Cui, Xiuhai
 Dachuan Li
 Dai Jiahong
 Daisuke Yashiro
 Daiying Tian
 Damien Guilbert
 Daniela Cancila
 Daniela Pagnani
 Daniel Efren Gaona Erazo
 Daniel Foito
 Daniel Joseph Ryan
 Daniel Morinigo-Sotelo
 Daniel Ramotsoela
 Daniel Stahleder
 Dan Zhou
 Dapeng Lan
 Darold Wobschall
 Darui Zhu
 David A. Stone
 Davide Fonseca
 Davide Leoni
 David Fellner
 David George Dorrell
 David Gerada
 David Hastbacka
 David He Renjie
 Dawei Gao
 Dayi Li
 Debranjan Mukherjee
 Dehong Zhou
 Demba Diallo
 Devinda Anushka Molligoda
 Devinda Molligoda
 Dhafer Almakhles
 Dharmendra Yadav
 Dharmendra Yadeo
 Dibakar Das
 Diego de Souza de Oliveira
 Dietmar Winkler
 Digvijay Gusain

 Man Mohan Garg
 Manoj Kumawat
 Mansour Bouzidi
 Manuela Sechilariu
 Manuel Raeber
 Maopeng Ran
 Marcelo A. Perez
 Marcian Cirstea
 Marcin Morawiec
 Marcin Woźniak
 Marcin Wozniak
 Marco Carratu'
 Marco Carratù
 Marek Jasiński
 Marek Korzeniewski
 Marek Tatara
 Maria Carmela Di Piazza
 Maria D. Bellar
 Marif Daula
 Mario Porru
 Marjan Popov
 Markel Zubiaga
 Marko Petkovic
 Markus Makoschitz
 Markus Zocher
 Martin Hüfner
 Martin Jones
 Martin Legry
 Masahide Ito
 Mateja Novak
 Matija Naglič
 Matteo Iacchetti
 Matthias Stifter
 Mattia Ricco
 Mauro Di Nardo
 Mauro Mameli
 Mazheruddin Syed
 Mehran Mirzaei
 Meiling Yue
 Meiliu Li
 Meng Deyuan
 Meng Jinhao
 Meng Li
 Meraj Muhammad
 Merkebu Zenebe Degafa
 Mian Guo
 Miao Lin Pay
 Miao Yu
 Michael Galea
 Michael Hoerner
 Michael Hörner
 Michael H. Spiegel
 Michael Silva

 Wangyang Ge
 Wang Yu
 Waqas Hassan
 Watcharin Srirattanawichaikul
 Weibin Jia
 Weichao Sun
 Wei Chen
 Weiduo Zhao
 Weifeng Zhong
 Wei Han
 Weihan Hu
 Weijian Han
 Wei Liu
 Weining Lu
 Wei Tian
 Wei Wang
 Wei Wei
 Weiyang Lin
 Wei Zhan
 Welp, B.
 Wenbin Dai
 Wenbo Xie
 Wendi Huang
 Wenjian Cai
 Wenjie Liu
 Wenjie Zhu
 Wenjun Liu
 Wen-Liang Zeng
 Wen Lihua
 Wenli Yao
 Wen Shuli
 Wentao Jiang
 Wenxiang Deng
 Wenxiang Xie
 Wenxiang Zhao
 Wenxin Wang
 Wenxiu Zhuang
 Wenzhao Liu
 Werner Eduardo Jara Montecinos
 Wucheng Ying
 Wu Yang
 Xiang Chen
 Xiangfei Kong
 Xiang Huo
 Xiangke Li
 Xiang Li
 Xiang Lin
 Xiangyang Liu
 Xiang Yin
 Xiangyu Wang
 Xiangze Lin
 Xianhua Ou
 Xianyong Feng

12



 Dilini Jayananda
 Dimas Anton Asfani
 Dimas Asfani
 Dimitrios G. Giaourakis
 Dimosthenis Peftitsis
 Ding Shihong
 Dinh Son Nguyen
 Dipesh Atkar
 Dipesh Shah
 Dipesh Yadav
 Divyanshu Bansal
 Djaffar Ould Abdeslam
 Domenico Vicinanza
 Dominik Meyer
 Don Gamage
 Dongdong Zhao
 Donghan Shi
 Dong Liu
 Dong Shen
 Dong Wang
 Dongxiang Yan
 Dong Xie
 Dongyu Li
 Dongzhe Wang
 Dorin Petreus
 Douglas Oliveira
 Drazen Dujic 
 Duanjin Zhang
 Duarte Mesquita
 Dunjian Xie
 Duy-Linh Nguyen
 Dwisnanto Putro
 Dwiza Bellamkonda
 Ebrahim Babaei
 Eddie Chong
 Edmund Widl
 Eduardo Galvan
 Eduardo Zafra
 Efren Guillo
 Ehsan Heydarian-Forushani
 E. Kabalci
 Elhoussin Elbouchikhi
 Elisabetta Sieni
 Elisabetta Tedeschi
 Emanuel Trunzer
 Emilio Carfagna
 Emilio Lorenzani
 Engg. S. Sivakumar
 Enrique Dede
 Enrique Romero-Cadaval
 Eraldo Preci
 Eric Semail
 Ernest Kurniawan

 Michael Spiegel
 Michael Starke
 Michele Degano
 Michele Luvisotto
 Michele Mengoni
 Mickaël Petit
 Miganka G Majumder
 Mihai Cernat
 Mihai Comanescu
 Mikel Mazuela
 Mikhail Mudrov
 Milos Cvetkovic
 Minfan Fu
 Mingbo Zhao
 Mingchao Xia
 Mingfeng Ge
 Minghang Zhong
 Minghao Zhou
 Ming Huang
 Ming Min
 Mingsi Tong
 Ming-Tsung Tsai
 Mingyang Guan
 Mingyi Huo
 Ming Zhan
 Mingzhe Jiang
 Mingzhe Wu
 Mingzhu Tang
 Minh-Khai Nguyen
 Minh Xuan Bui
 Min Yu
 Mirza Begh
 Miss Grazia Berardi
 Mi Tang
 Mitchell Smith
 Mithun Mukherjee
 Mizanur Rahman
 Moahmed Tanta
 Mohamed Benbouzid
 Mohamed Daoud
 Mohamed Diab
 Mohamed Djemai
 Mohamed Elgenedy
 Mohamed Saad
 Mohamed Tanta
 Mohamed Trabelsi
 Mohammad Ali
 Mohammad Amin
 Mohammadamin Aalami
 Mohammad Asim
 Mohammad Babaie
 Mohammad Meraj
 Mohammadreza Aghakashkooli

 Xiaobin Li
 Xiaobo Chi
 Xiaochao Hou
 Xiaodi Li
 Xiaodong Shao
 Xiaofen Wang
 Xiaogang Jia
 Xiaohua Ge
 Xiaohui Li
 XiaoHui Wang
 Xiaojun Fu
 Xiaokang Liu
 Xiaoke Deng
 Xiaolan Tang
 Xiaolei Li
 Xiao Li
 Xiaoliang Wang
 Xiaolu Li
 Xiaolu Liu
 Xiaomei Liu
 Xiaoqiang Li
 Xiaoqiang Ren
 Xiaoyue Yang
 Xiaoyue Zhang
 Xiaoyu Mo
 Xiaoyu Wang
 Xiao Zhang
 Xia Peng
 Xi Chen
 Xi Fang
 Xinan Zhang
 Xing Zhao
 Xing Zhou
 Xing Zhu
 Xinjiang Wei
 Xin Jin
 Xin Li
 Xin Liu
 Xinming Wang
 Xinpeng Fang
 Xinru Li
 Xin Wang
 Xinwei Yi
 Xinwei Zhang
 Xinwu Liang
 Xinxin Shang
 Xinyao Li
 Xin Yu
 Xin Yuan
 Xinyue Zhang
 Xinyu Qiao
 Xinyu Wen
 Xin Zhang

13



 Ersan Kabalci
 Eugene Song
 Evandro Leonardo Silva Teixeira
 Evangelos Rikos
 Eyke Liegmann
 Ezequiel Rodriguez Ramos
 Fabio Andrade
 Fabio Immovilli
 Faiz Menai
 Fanfan Lin
 Fan Feilong
 Fanglin Luo
 Fangzheng Gao
 Fanxiu Fang
 Fan Yang
 Faqiang Wang
 Faramarz Faraji
 Fareed Ahmad
 Fareed Ahmed
 Farhad Ilahi
 Farhad Ilahi Bakhsh
 Farid Hashemi
 Farnaz Sharif
 Farzad Mohammadzadeh Shahir
 Farzad Yazdani
 Farzaneh Bagheri
 Faz Rahman
 Federico Alimenti
 Federico Baronti
 Federico Barrero
 Federico Cecati
 Federico Marcolini
 Federico Montori
 Federico Tramarin
 Fei Chen
 Fei Gao
 Feilong Fan
 Fei Xia
 Feixiong Chen
 Fei Xu
 Felipe Bovolini Grigoletto
 Felipe Joel Zimann
 Feng Fan
 Feng Guodong
 Fengtao Gao
 Feng Wang
 Fengyu Zhang
 Feng Zhao
 Fernando Bento
 Fernando Silva
 Filipe Scalcon
 Flavia Khatounian
 Foad Taghizadeh

 Mohammadreza Rafiei
 Mohammad-Sadegh Karbasforooshan
 Mohammad Sharifzadeh
 Mohammad Zaid
 Mohammed Asim
 Mohammed Shihab
 Mohd Rizwan Khan
 Mohd Tariq 
 Mohit Mittal
 Mohsen Hasan Babayi Nozadian
 Mohsen Khorasani
 Mohsen Khorasany
 Moin Ahmed
 Moise Avoci Ugwiri
 Mojtaba Heydari
 Mona Eskander
 Mong Sim
 Monisha Menon
 Mostefa Seghir
 Mou Ya
 Mridul Marwaha
 Mriganka G Majumder
 M. Rizwan Khan
 M. Tariq
 Muhammad Faheem
 Muhammad Saad Saleem
 M. Ulagammai
 Murat Yokus
 Musa Ndiaye
 M. W. Altaf
 Nabil Mohammed
 Naeem Ul Islam
 Naga Brahmendra
 Naga Brahmendra Yadav Gorla
 Naki Guler
 Nandha Kumar Kandasamy
 Nandor Fink
 Nan Wu
 Naoki Motoi
 Naoki Oda
 Naoki Yamamura
 Narasimalu Srikanth
 Naret Suyarot
 Narli Jaspreet
 Nassar Mendalek
 Natalia Santos
 Naushath Haleem
 Nazih Moubayed
 Necmi Altin
 Neelesh Yadav
 Neha Beniwal
 Ngac Ky Nguyen
 Nguyen Doan Tan Anh

 Xiong Hu
 Xiuyu Zhang
 Xi Zhang
 X. R. Gao
 X. Tian
 Xuan Jiao
 Xuan-Thuy Vo
 Xuchong Zhang
 Xudong Zheng
 Xuebo Yang
 Xuefang Li
 Xue Jiang
 Xuejing Lan
 Xuemei Zheng
 Xueqian Wang
 Xuetao Zhang
 Xuexia Zhang
 Xuhao Zhao
 Xukai Ding
 Xuzhen Huang
 Yachang Zhu
 Yadlapalli, R.T.
 Yali Jin
 Yanan Liu
 Yanbo Che
 Yanfeng Chen
 Yang Deng
 Yang Haoxin
 Yang Jianfei
 Yang Li
 Yang Qi
 Yang Xia
 Yang Xiao
 Yang Xing
 Yangyang Chen
 Yangyang Cui
 Yang Zhang
 Yang Zhou
 Yan Lei
 Yan li
 Yannan Zhou
 Yanping Yang
 Yan Qin
 Yanqing Zhang
 Yan Wang
 Yan-Wu Wang
 Yanxiang Wan
 Yan Xu
 Yan Yan
 Yan Zhang
 Yaoqiang Wang
 Yao Weitao
 Yaoxia Shao

14



 Francesc Guinjoan
 Francisco-Juan Guinjoan Gispert
 Franck Scuiller
 Frede Blaabjerg
 Frederic Launay
 Fujin Deng
 Fuxi Chen
 Gabriel Rojas-Dueñas
 Gajbhiye Piyush
 Gang Chen
 Gang Jing
 Gavin Chen
 Geddada Nagesh
 Genji Pei
 George C. Konstantopoulos
 Georgios Konstantinou
 Georg Lauss
 Gerd Bramerdorfer
 Gerhard Zucker
 G. Hayek
 Giacomo Sala
 Giacomo Scelba
 Giada Giorgi
 Giambattista Gruosso
 Giampaolo Buticchi
 Gianvito Urgese
 Gil Marques
 Giorgio Valente
 Giovanni Griva
 Giulio De Donato
 Glen G. Farivar
 Golaleh Zarei
 Gopakumar
 G Siva Kumar
 G Srikara Reddy
 Guang Chen
 Guanghui Du
 Guanghui Wen
 Guanghui Xu
 Guanguan Li
 Guanguan Zhang
 Guang Wang
 Guan Mingyang
 Gu Haibo
 Guillen
 Guodong Feng
 Guodong Wang
 Guo Feng
 Guo Ke
 Guoxing He
 Guoxiu Jing
 Gustavo Leal
 Gustavo Monte

 Nguyen Hoang Thien
 Nickolay Ivanov
 Nidhi Mishra
 Nieto Capuchino Rubén
 Nie Yali
 Nikita Gupta
 Nikolaos Papakonstantinou
 Nikos Hatziargyriou
 Nikumani Choudhury
 Nil Patel
 Nimesh Vamanan
 Ning Cai
 Ningkang
 Ning Tian
 Nirav Patel
 Nitin Gupta
 Nivine Abou Daher
 Norbert Klaes
 Obrad Dordevic
 Olatokunbo Oloyede
 Oleksandr Bondarenko
 Oleksandr Husev
 Oleksandr Velihorskyi
 Oliver Wallscheid
 Omolemo G Matlou
 Onur Toker
 Oscar Duque
 Oscar Lopez
 Oscar Lucia
 Osman Kukrer
 Ouyang Wenjuan
 Øystein Haugen
 Pablo Guillen
 Pablo Jesus Gomez
 Pablo Jesús Gómez García
 Pal Varga
 Panagiotis Moutis
 Panbao Wang
 Panbo Wang
 Pankaj Swarnkar
 Panos Kotsampopoulos
 Panos Moutis
 Paolo Guglielmi
 Paolo Lazzeroni
 Papul Changmai
 Parminder Sangha
 Partha Pratim Das
 Partha Sarathi Subudhi
 Pascal Dupuis
 Patrick Bartholomeus
 Paulo Gamboa
 Paulo Mendes
 Paulo Rocha

 Yapeng Deng
 Yaser Babazadeh
 Ya-Shian Li-Baboud
 Yassine Amirat
 Yassine Kali
 Y. C. Huang
 Ye Cao
 Yeqin Wang
 Yesong Li
 Yicheng Zhang
 Yifang Shi
 Yifan Lin
 Yifan Yu
 Yifeng Li
 Yigeng Huangfu
 Yihan Chen
 Yijia Xie
 Yilin Mo
 Yiming Wan
 Yimin Wan
 Yimin Zhou
 Ying-Chun Chuang
 Ying He
 Ying Li
 Yinglong Chen
 Ying Wan
 Ying Wang
 Yingze Yang
 Yinlong Zhang
 Yin Wan
 Yipin Wu
 Yisen Yuan
 Yishi Liu
 Yitao Liu
 Yi Wang
 Yi-Wei Huang
 Yiwei Pan
 Yiwei Qiu
 Yixiao Wang
 Yiyong Sun
 Yonghao Gui
 Yonghong Zeng
 Yongjian Zhi
 Yongming Li
 Yongping Yin
 Yongsen Han
 Yongxi Yang
 Yong Xu
 Yongzhao Hua
 Yoshihiro Maeda
 Yoshihiro Ohnishi
 You Keyou
 Youssouf Mini

15



 Hadeed Sher
 Hadi Y. Kanaan
 Hafiz Ahmed
 Haibin Sun
 Hailing Fu
 Haitao Zhang
 Haixiao Ma
 Haiyang Hu
 Haiyue Zhu
 Hamed Nademi
 Hamed Nazi
 hamid reza Gholinejad
 Hamid Toliyat
 Hamza
 Hamza Makhamreh
 Hanbin Dang
 Han Deng
 Hang Yin
 Hang Zhao
 Hani Vahedi
 Hanjiang Dong
 Hanlin Huang
 Hanqing Wang
 Hans-Peter Berhard
 Hans-Peter Bernhard
 Hantao Wang
 Hanwen Zhang
 Hao Bai
 Hao Chen
 Hao Luo
 Haoran Liu
 Hao Ren
 Hao Su
 Hao Sun
 Hao Teng
 Haotian Zhao
 Haoxin Yang
 Haoyue Liu
 Haozhi Cao
 Harith R. Wickramasinghe
 Harshal Vadya
 Harshit Mohan
 Harsh S. Dhiman
 Hasan Komurcugil
 Hashmat Mallick
 Hassan Haes Alhelou
 Haven Clark
 He Chen
 Helbert da Rocha
 Hemlal
 Heng Li
 Hengliang Zhang
 Herve Pruvost

 Payam Shams Ghahfarokhi
 P. D. Debre
 Pedram Chavoshipour
 Pedram Chavoshipour Heris
 Pedro Melo Pinto 
 Pedro Neto
 Pedro Rodriguez-Ayerbe
 Peerawut Yutthagowith
 Peijun Wang
 Peng Cheng
 Pengfei Li
 Pengfei Shi
 Pengfeng Lin
 Peng Gao
 Peng Hang
 Peng Hui Tan
 Peng Li
 Pengyu Qiao
 Peter Palensky
 Petra Aradi
 Petros Karamanakos
 Philippe Martin
 Philipp Grothe
 Piaoyang Yang
 Pier Giuseppe Anselma
 Pierluigi Siano
 Ping Li
 Piyush Gajbhiye
 Prabhat Ranjan Tripathi
 Pradeep Anjana
 Pradyumn Chaturvedi
 Pragya Yadav
 Prakash Dwivedi
 Pranav Chandran
 Pratap Reddy
 Pratik Nachankar
 Praveen K. Jain
 Prema Daigavane
 Prem Prakash Jayaraman
 Priyank Shah
 Qian Cui
 Qiang Fang
 Qiankang Hou
 Qian Li
 Qianwen Xu
 Qian Zhang
 Qicheng Mei
 Qifan Yang
 Qi Li
 Qilong Liu
 Qinfen Lu
 Qingbo Guo
 Qingchao Song

 Yuan Cheng
 Yuan Heling
 Yuan Liang
 Yuanming Zhang
 Yuanwu Xu
 Yuanxi Gao
 Yuanzheng Li
 Yuanzhe Wang
 Yuchao Han
 Yu Chen
 Yudong Du
 Yudong Zhang
 Yu-Dong Zhang
 Yuecong Xu
 Yuefei Zuo
 Yue Long
 Yuemin Ding
 Yueming Ding
 Yuen Chau
 Yuezu Lv
 Yuhan Xu
 Yuhei Okazaki
 Yu Jiale
 Yujian Zhou
 Yujie Wang
 Yujing Liu
 Yukai Zhu
 Yu Li
 Yuliang Sun
 Yulin Wang
 Yu Liu
 Yu Lu
 Yumei Song
 Yu Mengze
 Yunda Yan
 Yunfei Zhang
 Yung-Shun Tsai
 Yunhong Zhou
 Yunjia Li
 Yunlei Jiang
 Yunlei Zhang
 Yunlin Si
 Yunlong Liu
 Yunsong Xu
 Yuriy Plotnikov
 Yushan Liu
 Yu Shi
 Yushi Zhou
 Yutaka Uchimura
 Yutian Gui
 Yu Wang
 Yu Zeng
 Yuzhang Wei

16



 Hipolito Guzman
 Hiroki Shigemune
 Hiroyuki Kawai
 H. O. Bansal
 Hongfei Wu
 Honggang Chen
 Hongjun Chu
 Hongliang Fang
 Hongquan Ji
 Hongrui Wang
 Hongtao Sun
 Hongtian Chen
 Hong Wang
 Hongwei Sun
 Hongxiang Hu
 Hongyu Zheng
 Hossein Dehghani Tafti
 Hossein Dehghanu
 hossein Khorramdel
 Hossein Khorramdel
 Hou Chuanchuan
 H. Pang
 Hua Chen
 Huaiping Zhang
 Huaizhi Wang
 Huang Huizhen
 Huang Jiajia
 Huang Yuqing
 Huang, Y.-W.
 Huan Li
 Huan Luo
 Huanyue Liao
 Huan Zhang
 Huaping Liu
 Huashan Liu
 HuaWei Chen
 Huazhen Fang
 Hubert Razik
 Hui Cai
 Huifen Hong
 Huihui Pan
 Huijin Fan
 Hui Liu
 Huili Ye
 Huiming Wang
 Huimin Ouyang
 Huimin Shen
 Huimin Wang
 Hui Wang
 Huixian Liu
 Huiying Zhou
 Hui Zhang
 Hui Zhao

 Qing Chen
 Qingli Deng
 Qing Liu
 Qingmian Chai
 Qingqing Ding
 Qingrui Zhang
 Qing Tang
 Qing Wang
 Qing Xiong
 Qiongxuan Ge
 Qipeng Liu
 Qi Qi
 Qishao Wang
 Qi Sun
 Qiuguo Zhu
 Qiu Huan
 Qi Xuan
 Qixu Lan
 Qi Yao
 Qi Zhang
 Rabea Jamil Mahfoud
 Rafael Real-Calvo
 Raffaele Petrone
 Rahimi Baharom
 Rahman Syed
 Rahul Dewani
 Rahul Mallik
 Raik Orbay
 Rajan Vinodray Vamja
 Rajan V. Vamja
 Rajaram Ugale
 Rajarshi Roychowdhury
 Rajeevan P P
 Rajesh Gupta
 Rakesh Kumar
 Rakesh Matam
 Ralph Kennel
 Ramon Guzman
 Ram Shankar Yallamilli
 Ramu Nair
 Ran Maopeng
 Raseel Aljendy
 Rasool Heydari
 Raul Mateos Gil
 Ravikiran Hiremath
 Ravi Prakash Reddy Siddavatam
 Ray Cheung
 Raymond Jayaraj s/o Jayabal
 Remus Pusca
 Remya Vk
 Rèmy Rigo-Mariani
 Renhe Guan
 Renzhi Lu

 Yu Zhao
 Yuzhong Wang
 Y. Zhai
 Zahra Elmi
 Zahra Saadatizadeh
 Zeeshan Aleem
 Zehao Wu
 Zengjie Zhang
 Zewen Wang
 Zeyang Geng
 Zeyang Yin
 Zhan Gao
 Zhang Chen
 Zhang Handuo
 Zhang Hui
 Zhangjie Liu
 Zhang Li
 Zhang Yiming
 Zhang Zhe
 Zhang Zhuhaobo
 Zhan Li
 Zhao Chen
 Zhaohao Wang
 Zhao Liu
 Zhaoping Du
 Zhaoyang Yan
 Zhe Chen
 Zhehan Yi
 Zhemin Wang
 Zhenbin Zhang
 Zhengchao Li
 Zheng Dong
 Zhengge Chen
 Zhengguo Li
 Zhenghua Chen
 Zhenghua Zhao
 Zheng Liu
 Zhen Hong
 Zhenhong Liao
 Zhenhua Pan
 Zhenhua Zhao
 Zhenjing Li
 Zhenxing Sun
 Zhian Kuang
 Zhibin Zhou
 Zhibo Pang
 Zhichang Yang
 Zhicong Huang
 Zhi Feng
 Zhiguang Hua
 Zhihao Zhang
 Zhihong Sun
 Zhijian Fang

17



 Huizhen Huang
 Hung-Wei Wu
 Hyung-Min Jeon
 Ian Biagioni
 iganka G Majumder
 Ignacio Gonzales-Prieto
 Ignacio Gonzalez Prieto
 Igor Baraia-Etxaburu
 Imad Mougharbel
 Imed Jlassi
 In-Dong Kim
 Indranil Sarkar
 InSoo Lee
 Iosu Marzo
 Iqbal Mohammad Tauquir
 Irfan Khan
 Irving Cruz
 Ismael Lengua Lengua
 Issa Hammoud
 Jae-Ho Han
 Jagabar Sathik
 Jaime Lloret
 Jaime Martínez-Turégano
 Jan Glos
 Janis Zakis
 Jan Laksar
 Janos Botzheim
 Jared Mercier
 Jaroslaw Protasiewicz
 Javad Zarrin
 Javier Díez-González
 Javier Moreno
 Jaya Sai Praneeth

 Reza Abrishambaf
 Reza Rafiei
 Reza Rouhi Ardeshiri
 Reza Zamani
 Ricardo Morim
 Riccardo Venanzi
 Rico Amslinger
 Rijil Ramchand
 Rishabh Bhandia
 Ritesh Keshri
 Ritesh Kumar Keshri
 R. K. Singh
 Roberto Di Rienzo
 Roberto Fernandez Molanes
 Roberto Rocca
 Robert Stamp
 Robin Roche
 Rodney Cummings
 Rodrigo Vieira
 Rogerio Campos-Rebelo
 Rohit Kumar
 Rohit R Deshmukh
 Roland Saur
 Ronald S. Fearing
 Roque A. Osornio-Rios
 Roya Ahmadi
 Roya AhmadiAhangar
 Ruben Gomez
 Rubén Nieto
 Rui Gao
 Rui Ma
 Rui Yang
 Rui Zhao
 Rukmi Dutta
 Ruman kalyan Mahapatra
 Runhua Wang
 Ruoyu Jiang
 Rusheng Wang

 Zhijie Lian
 Zhijun Zhang
 Zhikang Li
 Zhiqiang Cao
 Zhiqiang Ma
 Zhitai Liu
 Zhiwei Hao
 Zhiwen Chen
 Zhixiang Zou
 Zhixing Song
 Zhixue Zheng
 Zhixun Ma
 Zhiyi Chen
 Zhiyu Huang
 Zhongbao Wei
 Zhongbo Sun
 Zhongjie Hu
 Zhongliang Li
 Zhongliang LI
 Zhongwen Li
 Zhongxu Hu
 Zhongyao Chen
 Zhongyi Quan
 Zhou Hui
 Zhou Shou
 Zhou Xiao
 Z. Hua
 Zhuoran Zhang
 Ziang Zhang
 Zicheng Liu
 Zijie Wu
 Zike Lei
 Ziming Yan
 Ziqiang Chi
 Ziwei Wang
 Zixuan Guo
 Zixuan Huo

18



A Novel Op-Amp Based LC Oscillator for Wireless 

Communications 
 

Dodi Garinto  

1) Mechatronics Department 

Politeknik Manufaktur Astra 

2) Mechanical Engineering Department 

Swiss German University 

Jakarta, Indonesia  

dodi.garinto@polman.astra.ac.id  

Ary Syahriar 

1) Electrical Engineering Department  

 University al Azhar Indonesia 

 2) Mechanical Engineering Department 

Swiss German University 

Jakarta, Indonesia 

syahriar@uai.ac.id 

Setiyo Budiyanto  

Department of Electrical Engineering 

Universitas Mercu Buana 

Jakarta, Indonesia  

sbudiyanto@mercubuana.ac.id 

Abstract— This paper presents a novel op-amp based LC 

oscillator circuit design for wireless communications. This LC 

oscillator can be classified as a harmonic oscillator. Unlike the 

Hartley, Colpitts and Clapp oscillators, the resonant tank circuit 

of the proposed op-amp based LC oscillator is composed of only 

two components – single-inductor and single-capacitor, in 

parallel connection. Also, the LC oscillator does not use resistor 

components. The aim of this paper is to provide a low cost 

solution for sinusoidal oscillator design, particularly in low 

power mobile applications, where the power amplifier stage can 

be eliminated if the RF oscillator has enough output current and 

output voltage capabilities to supply the antenna load. On the 

other hand, the digital modulator is also integrated with the RF 

oscillator. The proposed op-amp based LC oscillator is analyzed 

and discussed using PSPICE simulation results. To verify the 

concept, experimental results are given. It can be observed that 

the simulation results are in line with the experimental results. 

Keywords— LC sinusoidal oscillator, Hartley oscillator, 

Colpitts oscillator, Clapp oscillator, Op-amp based LC oscillator 

I. INTRODUCTION 

In the Circuits and Systems society, sinusoidal oscillators 
are a popular research domain. It is interesting because many 
applications, such as wireless communication, biomedical, 
geophysical, control system, measurement, instrumentations, 
metal detector and dc-ac power converters require a sinusoidal 
oscillator circuit. In wireless communication applications, a 
sinusoidal oscillator is the RF source  that can be modulated 
by digital input signal and amplified by power amplifier so 
that the digital information can be transmitted by antenna to 
the air. Generally, sinusoidal oscillators are produced using 
transistor-based circuits with additional LC components. It is 
also can be generated by op amp and LC circuits [1] [2]. 
Although many papers and journals discuss the sinusoidal 
oscillators [1] [2] [3] [4] [8], this paper only discusses the 
research gap on LC oscillators. Specifically, this paper is 
focused on op-amp based LC oscillator. In principle, 
according to the Barkhausen criterion, in order to achieve 
oscillation, the loop gain must have a level of at least unity [5]. 

Today's well known LC oscillators, such as Hartley, 
Colpitts and Clapp Oscillators are commonly used in the 
frequency range from some hundred kilo-Hertz to several 
hundred Mega-Hertz. Hartley Oscillator is a type of LC 
oscillator which was invented by American engineer Ralph 
Hartley in 1915. The tank circuit of Hartley oscillator consists 
of three components – two inductors and single capacitor, as 
shown in Fig. 1(a). Three years later, in 1918, American 

engineer Edwin H. Colpitts proposes the opposite structure of 
Hartley Oscillator to improve the sinusoidal waveform and to 
increase the stability at high frequencies. The tank circuit of 

 

(a) 

 

(b) 

 

(c) 

Fig. 1. Op-amp based LC sinusoidal oscillators. (a) Hartley oscillator.  
(b) Colpitts oscillator.  (c) Clapp oscillator.  
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Colpitts oscillator also consists of three components – two 
capacitors and single inductor, as illustrated in Fig. 1 (b). To 
change the oscillation frequency, the value of inductance and 
capacitance of both Hartley and Colpitts oscillators can be 
tuned. For a long time, thirty years later, Colpitts oscillator is 
modified by James Kilton Clapp in 1948 using additional 
capacitance in series with inductor. The resonant LC tank 
circuit of Clapp oscillator consists of four components – three-
capacitors and single-inductor to meet the requirement 
regarding variable frequency oscillator, as depicted in Fig. 1 
(c). However, it can be perceived that the Hartley, Colpitts and 
Clapp oscillators, also many patents that concerned on op-amp 
based LC oscillator circuit design utillize relatively excesive 
components [1] – [8]. 

II. PROPOSED LC OSCILLATOR CIRCUITS 

In this paper, a novel LC oscillator using single op-amp 
and single LC circuit is proposed. Unlike the Hartley, Colpitts 
and Clapp oscillators, the resonant tank circuit of the proposed 
LC oscillator is composed of only two components – single-
inductor and single-capacitor, in parallel connection, as 
presented in Fig. 2. Moreover, unlike Fig. 1, resistors R1 and 
R2 are not required by the proposed negative or positive 
feedback in op-amp.  

In principle, sinusoidal oscillator is an unstable circuit system 

which produce a continous sinewave oscillation because the 

Barkhausen criterion is satisfied, as shown in Fig. 3, where 

the loop gain = 1 = unity and there is no input signal [5].  

Although the previous results are straightforward, it is of 

interest to analyze the op-amp oscillator ac model where its 

output resistance is Ro. The open-loop gain is: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. SIMULATION AND EXPERIMENTAL RESULTS 

Regarding the negative feedback in op-amp of Fig. 2(a), 
the output signal is the same as the inverting input, which 
result in a unity loop gain. Due to the thermal noise, a small 
signal that exist at the output stage cause oscillation occured 
at the LC tank ciruit and amplified by op-amp until a steady 
state condition is achieved. Table I indicates the parameters of 
Fig. 2(a). PSPICE simulation results confirm that, as shown in 
Fig. 4(a) and 4(b), the start-up and steady state conditions of 
sinusoidal waveform can be generated by the circuit of Fig. 
2(a) using op-amp LM318. The measured sinewave frequency 
based on the simulation result is about 103 kHz. The 
amplitude of the sinusoidal waveform is about +3.3 V and -
3.3V peak to peak. 

 

(a) 

 

(b) 

Fig. 2. Proposed op-amp based LC oscillator circuit using (a) Negative 
feedback and (b) Positive feedback. 

 

 

 

Fig. 3. The simplified feedback circuit modeling  

  

Fig. 3. Circuit modeling of the proposed Op Amp-based LC oscillator 

with unity loop gain 
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TABLE I. PARAMETERS OF THE PROPOSED LC OSCILLATOR IN FIG. 2 

Component: Parameter: 

Voltage source +V, -V 5 V dc, -5 V dc 

Inductor L1 22 uH 

Op-amp (a), (b) LM318, LM7171 

Capacitor C1 0.1 uF 

Output frequency 𝑓 107 kHz (calculated) 

 

To increase the output frequency, the inductor L1 and 
capacitor C1 can be adjusted to smaller values while 
considering the LM318 specification. According to the 
experimental result, the LC oscillator of Fig. 2(a) with LM318 
is also working with single supply voltage +5 V. The 
amplitude of sinusoidal waveform is about +2.3 V and -2.3 V 
peak to peak, as can be observed in Fig. 5. 

In case of positive feedback in op-amp of Fig. 2(b), the output 
signal is connected directly to the non-inverting input without 
supplementary resistors. This LC oscillator also fullfils the 
Barkhausen criterion which result in a unity loop gain. Fig. 6 
describes the PSPICE simulation result of the proposed LC 
oscillator using LM7171. Unlike LM318, the op-amp 
LM7171 can not produce sinusoidal output waveform using 
negative feedback. Based on experimental result, the LC 
oscillator with op-amp LM7171 only produces a small signal 
with amplitude of less than +1 V and -1 V peak to peak if it is 
designed in a negative feedback configuration. On the other 

hand, the LM7171 doesn’t work with single supply +5 V. The 
proposed LC oscillator based on op-amp LM7171 of Fig. 2(b) 
is straightforwardly verified by experimental result, as shown 
in Fig. 7. It can be observed that the sinusoidal amplitude can 
achieve around +4 V and -4 V peak to peak. It is interesting to 
use Op Amp with a better performance and smaller inductance 
and capacitance values to achieve higher frequency. 

 

(a) 

 

(b) 

Fig. 4. (a) Start-up condition of sinusoidal waveform that generated by 
LC oscillator of Fig. 2(a). (b) The sinusoidal waveform at steady state. 

 

Fig. 6. Start-up and steady state transient response of the proposed LC 
oscillator of Fig. 2(b) using LM7171. 

 

Fig. 5. Experimental result of the LC oscillator in Fig. 2(a) with 

LM318 and single supply voltage +5V 

 

Fig. 7. Experimental result of the proposed op-amp based LC 
oscillator in Fig. 2(b) using Op Amp LM7171 with supply voltage of 

+5 V and -5 V 
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Fig. 8(a) illustrates today’s wireless communication 
transmitter in a simple block diagram and Fig. 8(b) shows the 
proposed wireless communication transmitter block diagram. 
In wireless applications, it is necessary that the op-amp based 
LC oscillator has enough output current and output voltage 
capabilities to connected directly to the antenna load so that 
the digital information can be processed efficiently in the 

transmitter stage. In other words, the power amplifier stage 
can be eliminated to reduce the complexity and to increase the 
overall efficiency of the transmitter system. Fig. 9 depicts the 
proposed LC oscillator with additional switch S1 to perform a 
digital modulation technique using on off keying modulation. 
In principle, switch S1 is driven by digital input signal to 

modulate the RF source or sinusoidal signal that generated by 
this circuit. As shown in Fig. 9(b), a binary 1 is characterized 
by the present of RF signal and a binary 0 is characterized by 
no signal. The LC oscillator of Fig. 9(a) uses LM318 with L1 
= 10 uH and C1 = 0.01 uF. The supply voltage is +9V and -
9V.  

Fig. 10(a) describes the proposed op-amp based LC 
oscillator with frequency shift keying modulation and 
additional antenna load 50 . Fig 10(b) shows the simulation 
results when the switch S1 is turned ON and turned OFF by 
digital input signal. The parameters of Fig. 10(a) are L1 = 2.2 
uH, C1 = 0.01 uF, C2 = 0.1 uF and the op-amp = LM7171. 
The supply voltages are +9 V and -9 V. The frequency 
modulation is illustrated by the Fourier spectrum in Fig. 10(c). 
To increase the output RF power of the LC oscillator, high 
output current and output voltage capabilities of the op amp is 

 

(a) 

 

(b) 

 

(c) 

Fig. 10. (a) The op-amp based LC oscillator using FSK modulation and 

antenna load 50 . (b) Simulated voltage and current level at RL load 
using LM7171. (c) The frequency spectrum. 

 

 

(a) 

 

(b) 

Fig. 8. (a) Today’s wireless communication transmitter in a simple 
block diagram. (b) Proposed wireless communication transmitter block 

diagram 

 

(a) 

 

(b) 

Fig. 9. (a) Proposed LC oscillator with additional switch S1 to 

perform on off keying modulation. (b) Simulation result confirms that 

on off keying modulation can be achieved. 
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required so that the power amplifier stage as shown in Fig. 
8(a) can be pruned. Nevertheless, the frequency shift keying 
modulation that shaped by C2 and S1 configuration introduces 
switching loss when the switch is turned ON. This switching 
loss can be mitigated using fast rise and fall times of the S1. 

To achieve a very high sinusoidal frequency, a better op-
amp performance is required. Op-amp THS3095 has a better 
performance compared to op-amps LM318 and LM7171. Fig. 
11(a) shows the proposed op-amp based LC oscillator using 
THS3095 with bidirectional-switch on off keying modulation 

technique. Fig. 11(b) depicts the startup and steady state 

conditions in relation to the RF power  at antenna load 50 . 
Fig. 11(c) illustrates the simulated on off keying mechanism 

regarding the voltage and power levels at RL 50 . When the 
bidirectional-switch S1 and S2 are turned OFF at the same 
time, the op-amp produces RF source in light load condition. 
When the bidirectional-switch S1 and S2 are turned ON at the 
same time by digital input signal, the RF power is delivered to 
the antenna load and transmitted to the air to symbolize a 
binary 1. Fig. 12 shows the frequency spectrum with low 
harmonic contents in relation to the current and voltage 

amplitudes at the antenna load 50 . It means a better 
sinusoidal waveform of the proposed LC oscillator circuit 
based on op-amp THS3095 with 120 MHz frequency is 
created, as can be seen in Fig. 11(b). 

IV. CONCLUSION 

The op-amp based LC oscillator circuit with single op-
amp, single-inductor and single-capacitor was presented in 
this paper. Various op-amp performances were discussed and 
compared. The concept of RF power oscillator without power 
amplifier stage for wireless communication transmitter was 
introduced to shorten the chain of RF power processing and to 
increase the overall efficiency of the transmitter system. Also, 
the proposed LC oscillator with integrated on off keying and 
frequency shift keying modulations were presented and 
analyzed. The PSPICE simulation results confirm that the 
proposed op-amp based LC oscillator can produce sinusoidal 
waveform for wireless communications. The experimental 
results using op-amp LM318 and LM7171 were also given 
and in-line with the simulation results. In future works, 
transistor-based LC oscillator with the same structure will be 
investigated. It is interesting to demonstrate this LC oscillator 
using a better op-amp performance to achieve a microwave 
frequency with higher output current and output voltage 
capabilities so that it can be connected directly to the antenna 
load without a power amplifier stage. 
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(c) 

Fig. 11. (a) Proposed op amp based LC oscillator with bidirectional-
switch on off keying modulation technique. (b) Start up and steady 

state conditions. (c) Simulated voltage and power levels at RL 50 . 

 

Fig. 12. The Fourier spectrum shows the RF frequency with low 

harmonic contents in relation to the current and voltage amplitudes. 

2247

Authorized licensed use limited to: Dwi Astharini. Downloaded on November 19,2020 at 02:20:53 UTC from IEEE Xplore.  Restrictions apply. 



[4] D. R. Utomo, "Another approach to design a sinusoidal oscillator: 
Ensuring the oscillation stability," 2013 International Conference on 
Information Technology and Electrical Engineering (ICITEE), 
Yogyakarta, 2013, pp. 426-431. 

[5] Guillermo Gonzalez, "Foundations of Oscillator Circuit Design,"  
2007, Artech House, Inc. 685 Canton Street, Norwood, Ma 02062. 

[6] Ulrich L. Rohde and Anisha M. Apte. Everything you always wanted 
to know about Colpitts oscillators,” IEEE Microwave Magazine, pages 
59–76, August 2016. 

[7] US 1624537, Colpitts, Edwin H., "Oscillation generator", published 1 
February 1918, issued 12 April 1927. 

[8] J. L. Huertaz, A. Rodriguez-Vazquez and B. Perez-Verdu, "High 
Frequency Design of Sinusoidal Oscillators Realised with Operational 
Amplifiers", lEE Proc. G, Electron. Circuits & Syst. , vol. 131, no. 4, 
pp. 1 37-140, Aug. 1984. 

[9] Lindberg, E., ‘‘Oscillators—An Approach for a Better 
Understanding,’’ Proceedings of the 2003 European Conference on 
Circuit Theory and Design, Krakow, Poland, 2003. 

[10] Lindberg, E. (2010). The Barkhausen Criterion (Observation ?). In 
Proceedings of NDES 2010 (pp. 15-18), Dresden, Germany. 

[11] R.Manicini and R.Palmer., “Sine-Wave Oscillator”, Texas 
Instruments, Application Report SLOA060, March 2001. 

[12] “Sine Wave Generation Techniques”, National Semiconductor 
Application Note 263, Rerelaeased May 2009. 

[13] J. R. Westra, C. J. M. Verhoeven and A. H. M. van Roermund, 
Oscillators and Oscillator Systems - Classification, Analysis and 
Synthesis, pp. 1-282, Kluwer 1999. 

[14] E. Lindberg, “Colpitts, eigenvalues and chaos”, in Proceedings 
NDES’97 - the 5’th International Specialist Workshop on Nonlinear 
Dynamics of Electronic Systems, pp. 262-267, Moscow, June 1997. 

  

 

2248

Authorized licensed use limited to: Dwi Astharini. Downloaded on November 19,2020 at 02:20:53 UTC from IEEE Xplore.  Restrictions apply. 


