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Preface

Welcome to the proceedings of the 26th International Conference on Neural
Information Processing of the Asia-Pacific Neural Network Society (APNNS 2019),
held in Sydney during December 12–15, 2019.

The mission of the Asia-Pacific Neural Network Society is to promote active
interactions among researchers, scientists, and industry professionals who are working
in Neural Networks and related fields in the Asia-Pacific region. APNNS had
Governing Board Members from 13 countries/regions – Australia, China, Hong Kong,
India, Japan, Malaysia, New Zealand, Singapore, South Korea, Qatar, Taiwan,
Thailand, and Turkey. The society’s flagship annual conference is the International
Conference of Neural Information Processing (ICONIP).

The three-volume set of LNCS 11953–11955 includes 177 papers from 645 sub-
mission, and represents an acceptance rate of 27.4%, reflecting the increasingly high
quality of research in Neural Networks and related areas in the Asia-Pacific.

The conference had three main themes, “Theory and Algorithms,” “Computational
and Cognitive Neurosciences,” and “Human Centred Computing and Applications.”
The three volumes are organized in topical sections which were also the names of the
20-minute presentation sessions at the conference. The topics were Adversarial Net-
works and Learning; Convolutional Neural Networks; Deep Neural Networks; Feature
Learning and Representation; Human Centred Computing; Hybrid Models; Artificial
Intelligence and Cybersecurity; Image Processing by Neural Techniques; Learning
from Incomplete Data; Model Compression and Optimisation; Neural Learning
Models; Neural Network Applications; Social Network Computing; Semantic and
Graph Based Approaches; Spiking Neuron and Related Models; Text Computing
Using Neural Techniques; Time-Series and Related Models; and Unsupervised Neural
Models.

Thanks very much in particular to the reviewers who devoted their time to our
rigorous peer-review process. Their insightful reviews and timely feedback ensured the
high quality of the papers accepted for publication. Finally, thank you to all the authors
of papers, presenters, and participants at the conference. Your support and engagement
made it all worthwhile.

October 2019 Tom Gedeon
Kok Wai Wong

Minho Lee



Organization

Program Chairs

Tom Gedeon The Australian National University, Australia
Kok Wai Wong Murdoch University, Australia
Minho Lee Kyungpook National University, South Korea

Program Committee

Hussein Abbass UNSW Canberra, Australia
Hosni Adil Imad Eddine Beijing Institute of Technology, China
Shotaro Akaho AIST, Japan
Alaa Al-Kaysi University of Technology, Iraq
Bradley Alexander The University of Adelaide, Australia
Georgios Alexandridis National Technical University of Athens, Greece
Usman Ali Shanghai Jiao Tong University, China
Ahmad Ali Shanghai Jiao Tong University, China
Abdulrahman Altahhan Leeds Beckett University, UK
Muhamad Erza

Aminanto
NICT, Japan

Ali Anaissi The University of Sydney, Australia
Khairul Anam University of Jember, Indonesia
Emel Arslan Istanbul University, Turkey
Sunil Aryal Deakin University, Australia
Arnulfo Azcarraga De La Salle University, Philippines
Donglin Bai Shanghai Jiao Tong University, China
Hongliang Bai Beijing Faceall Technology Co., Ltd., China
Mehala Balamurali The University of Sydney, Australia
Mohamad Hardyman

Barawi
Universiti Malaysia Sarawak, Malaysia

Younès Bennani Université Paris 13 and Université Sorbonne-Paris-Cité,
France

Christoph Bergmeir Monash University, Australia
Gui-Bin Bian Chinese Academy of Sciences, China
Larbi Boubchir University of Paris 8, France
Amel Bouzeghoub Télécom SudParis, France
Congbo Cai Xiamen University, China
Jian Cao Shanghai Jiaotong University, China
Xiaocong Chen University of New South Wales, Australia
Junsha Chen UCAS, China
Junjie Chen Inner Mongolia University, China
Qingcai Chen Harbin Institute of Technology, Shenzhen, China



Gang Chen Victoria University of Wellington, New Zealand
Junya Chen Fudan University, USA
Dong Chen Wuhan University, China
Weiyang Chen Qilu University of Technology, China
Jianhui Chen Institute of Neuroscience, Chinese Academy of Science,

China
Girija Chetty University of Canberra, Australia
Sung-Bae Cho Yonsei University, South Korea
Chaikesh Chouragade Indian Institute of Science, India
Tan Chuanqi Tsinghua University, China
Yuk Chung The University of Sydney, Australia
Younjin Chung The Australian National University, Australia
Tao Dai Tsinghua University, China
Yong Dai Hunan University, China
Popescu Dan UPB, Romania
V. Susheela Devi Indian Institute of Science, India
Bettebghor Dimitri Expleo Group, France
Hai Dong RMIT University, Australia
Anan Du University of Technology Sydney, Australia
Piotr Duda Czestochowa University of Technology, Poland
Pratik Dutta IIT Patna, India
Asif Ekbal IIT Patna, India
Mounim El Yacoubi Télécom SudParis, France
Haytham Elghazel LIRIS Lab, France
Zhijie Fang Chinese Academy of Sciences, China
Yuchun Fang Shanghai University, China
Yong Feng Chongqing University, China
Raul Fernandez Rojas UNSW Canberra, Australia
Junjie Fu Southeast University, China
Bogdan Gabrys University of Technology Sydney, Australia
Junbin Gao The University of Sydney, Australia
Guangwei Gao Nanjing University of Posts and Telecommunications,

China
Tom Gedeon The Australian National University, Australia
Ashish Ghosh Indian Statistical Institute, India
Heitor Murilo Gomes The University of Waikato, New Zealand
Iqbal Gondal Federation University, Australia
Yuri Gordienko National Technical University of Ukraine, Ukraine
Raju Gottumukkala University of Louisiana at Lafayette, USA
Jianping Gou Jiangsu University, China
Xiaodong Gu Fudan University, China
Joachim Gudmundsson The University of Sydney, Australia
Xian Guo Nankai University, China
Jun Guo East China Normal University, China
Katsuyuki Hagiwara Mie University, Japan
Sangchul Hahn Handong Global University, South Korea

viii Organization



Ali Haidar University of New South Wales, Australia
Rim Haidar The University of Sydney, Australia
Fayçal Hamdi CEDRIC-CNAM Paris, France
Maissa Hamouda SETIT, Tunisia
Jiqing Han Harbin Institute of Technology, China
Chansu Han National Institute of Information and Communications

Technology, Japan
Tao Han Hubei Normal University, China
Jean Benoit Heroux IBM Research - Tokyo, Japan
Hansika Hewamalage Monash University, Australia
Md. Zakir Hossain Murdoch University, Australia
Zexi Hu The University of Sydney, Australia
Shaohan Hu Tsinghua University, China
Xiyuan Hu Chinese Academy of Sciences, China
Gang Hu Ant Financial Services Group, China
Xinyi Hu State Key Laboratory of Mathematical Engineering

and Advanced Computing, China
Han Hu Tsinghua University, China
Yue Huang Xiamen University, China
Shudong Huang University of Electronic Science and Technology of China,

China
Kaizhu Huang Xi’an Jiaotong-Liverpool University, China
Yanhong Huang East China Normal University, China
Xiaolin Huang Shanghai Jiao Tong University, China
Chaoran Huang University of New South Wales, Australia
Shin-Ying Huang Institute for Information Industry, Taiwan
Mohamed Ibm Khedher IRT SystemX, France
Loretta Ichim UPB, Romania
David Andrei Iclanzan Sapientia University, Romania
Keiichiro Inagaki Chubu University, Japan
Radu Ionescu University of Bucharest, Romania
Masatoshi Ishii IBM Research - Tokyo, Japan
Masumi Ishikawa Kyushu Institute of Technology, Japan
Megumi Ito IBM Research - Tokyo, Japan
Yi Ji Soochow University, China
Sun Jinguang Liaoning Technical University, China
Francois Jacquenet University of Lyon, France
Seyed Mohammad Jafar

Jalali
Deakin University, Australia

Zohaib Muhammad Jan Central Queensland University, Australia
Yasir Jan Murdoch University, Australia
Norbert Jankowski Nicolaus Copernicus University, Poland
Sungmoon Jeong Kyungpook National University, South Korea
Xiaoyan Jiang Shanghai University of Engineering Science, China
Fei Jiang Shanghai Jiao Tong University, China
Houda Jmila Télécom SudParis, France

Organization ix



Tae Joon Jun Asan Medical Center, South Korea
H. M. Dipu Kabir Deakin University, Australia
Kyunghun Kang Kyungpook National University Hospital, South Korea
Asim Karim Lahore University of Management Sciences, Pakistan
Kathryn Kasmarik UNSW Canberra, Australia
Yuichi Katori Future University Hakodate, Japan
Imdadullah Khan Lahore University of Management Science, Pakistan
Zubair Khan Shanghai Jiaotong University, China
Numan Khurshid Lahore University of Management Sciences, Pakistan
Matloob Khushi The University of Sydney, Australia
Shuji Kijima Kyushu University, Japan
Rhee Man Kil Sungkyunkwan University, South Korea
SangBum Kim Seoul National University, South Korea
Mutsumi Kimura Ryukoku University, Japan
Eisuke Kita Nagoya University, Japan
Simon Kocbek University of Technology Sydney, Australia
Hisashi Koga University of Electro-Communications, Japan
Tao Kong Tsinghua University, China
Nihel Kooli Solocal, France
Irena Koprinska The University of Sydney, Australia
Marcin Korytkowski Czestochwa University of Technology, Poland
Polychronis Koutsakis Murdoch University, Australia
Aneesh Krishna Curtin University, Australia
Lov Kumar BITS Pilani Hyderabad Campus, India
Takio Kurita Hiroshima University, Japan
Shuichi Kurogi Kyushu Institute of Technology, Japan
Hamid Laga Murdoch University, Australia
Keenan Leatham University of District of Columbia, USA
Xiaoqiang Li Shanghai University, China
Yantao Li Chongqing University, China
Ran Li Shanghai Jiaotong University, China
Jiawei Li Tsinghua University, China
Tao Li Peking University, China
Li Li Southwest University, China
Xiaohong Li Tianjin University, China
Yang Li Tsinghua University, China
Nan Li Tianjin University, China
Mingxia Li University of Electronic Science and Technology of China,

China
Zhixin Li Guangxi Normal University, China
Zhipeng Li Tsinghua University, China
Bohan Li Nanjing University of Aeronautics and Astronautics, China
Mengmeng Li Zhengzhou University, China
Yaoyi Li Shanghai Jiao Tong University, China
Yanjun Li Beijing Institute of Technology, China
Ming Li La Trobe University, Australia

x Organization



Mingyong Li Donghua University, China
Chengcheng Li Tianjin University, China
Xia Liang University of Science and Technology, China
Alan Wee-Chung Liew Griffith University, Australia
Chin-Teng Lin UTS, Australia
Zheng Lin Chinese Academy of Sciences, China
Yang Lin The University of Sydney, Australia
Wei Liu University of Technology Sydney, Australia
Jiayang Liu Tsinghua University, China
Yunlong Liu Xiamen University, China
Yi Liu Zhejiang University of Technology, China
Ye Liu Nanjing University of Posts and Telecommunications,

China
Zhilei Liu Tianjin University, China
Zheng Liu Nanjing University of Posts and Telecommunications,

China
Cheng Liu City University of Hong Kong, Hong Kong, China
Linfeng Liu Nanjing University of Posts and Telecommunications,

China
Baoping Liu IIE, China
Guiping Liu Hetao College, China
Huan Liu Xi’an Jiaotong University, China
Gongshen Liu Shanghai Jiao Tong University, China
Zhi-Yong Liu Institute of Automation, Chinese Academy of Science,

China
Fan Liu Beijing Ant Financial Services Information

Service Co., Ltd., China
Zhi-Wei Liu Huazhong University of Science and Technology, China
Chu Kiong Loo University of Malaya, Malaysia
Xuequan Lu Deakin University, Australia
Huimin Lu Kyushu Institute of Technology, Japan
Biao Lu Nankai University, China
Qun Lu Yancheng Institute of Technology, China
Bao-Liang Lu Shanghai Jiao Tong University, China
Shen Lu The University of Sydney, Australia
Junyu Lu University of Electronic Science and Technology of China,

China
Zhengding Luo Peking University, China
Yun Luo Shanghai Jiao Tong University, China
Xiaoqing Lyu Peking University, China
Kavitha MS Hiroshima University, Japan
Wanli Ma University of Canberra, Australia
Jinwen Ma Peking University, China
Supriyo Mandal Indian Institute of Technology Patna, India
Sukanya Manna Santa Clara University, USA
Basarab Matei University of Paris 13, France

Organization xi



Jimson Mathew IIT Patna, India
Toshihiko Matsuka Chiba University, Japan
Timothy McIntosh La Trobe University, Australia
Philip Mehrgardt The University of Sydney, Australia
Jingjie Mo Chinese Academy of Sciences, China
Seyed Sahand

Mohammadi Ziabari
Vrije Universiteit Amsterdam, The Netherlands

Rafiq Mohammed Murdoch University, Australia
Bonaventure Molokwu University of Windsor, Canada
Maram Monshi The University of Sydney, Australia
Ajit Narayanan Auckland University of Technology, New Zealand
Mehdi Neshat The University of Adelaide, Australia
Aneta Neumann The University of Adelaide, Australia
Frank Neumann The University of Adelaide, Australia
Dang Nguyen University of Canberra, Australia
Thanh Nguyen Robert Gordon University, UK
Tien Dung Nguyen University of Technology Sydney, Australia
Thi Thu Thuy Nguyen Griffith University, Australia
Boda Ning RMIT University, Australia
Roger Nkambou UQAM, Canada
Akiyo Nomura IBM Research - Tokyo, Japan
Anupiya Nugaliyadde Murdoch University, Australia
Atsuya Okazaki IBM Research, Japan
Jonathan Oliver Trend Micro, Australia
Toshiaki Omori Kobe University, Japan
Takashi Omori Tamagawa University, Japan
Shih Yin Ooi Multimedia University, Malaysia
Seiichi Ozawa Kobe University, Japan
Huan Pan Ningxia University, China
Paul Pang Unitec Institute of Technology, New Zealand
Shuchao Pang Macquarie University, Australia
Kitsuchart Pasupa King Mongkut’s Institute of Technology Ladkrabang,

Thailand
Jagdish Patra Swinburne University of Technology, Australia
Cuong Pham Griffith University, Australia
Mukesh Prasad University of Technology Sydney, Australia
Yu Qiao Shanghai Jiao Tong University
Feno Heriniaina

Rabevohitra
Chongqing University, China

Sutharshan Rajasegarar Deakin University, Australia
Md Mashud Rana CSIRO, Australia
Md Mamunur Rashid Central Queensland University, Australia
Pengju Ren Xi’an Jiaotong University, China
Rim Romdhane Devoteam, France
Yi Rong Wuhan University of Technology, China
Leszek Rutkowski Częstochowa University of Technology, Poland

xii Organization



Fariza Sabrina Central Queensland University, Australia
Naveen Saini Indian Institute of Technology Patna, India
Toshimichi Saito Hosei University, Japan
Michel Salomon Université Bourgogne-Franche-Comté, France
Toshikazu Samura Yamaguchi University, Japan
Naoyuki Sato Future University Hakodate, Japan
Ravindra Savangouder Swinburne University of Technology, Australia
Rafal Scherer Częstochowa University of Technology, Poland
Erich Schikuta University of Vienna, Austria
Fatima Seeme Monash University, Australia
Feng Sha The University of Sydney, Australia
Jie Shao University of Electronic Science and Technology, China
Qi She Intel Labs China, China
Michael Sheng Macquarie University, Australia
Jinhua Sheng Hangzhou Dianzi University, China
Iksoo Shin Korea Institute of Science and Technology Information,

South Korea
Mohd Fairuz

Shiratuddin
Murdoch University, Australia

Hayaru Shouno University of Electro-Communications, Japan
Sarah Ali Siddiqui Macquarie University, Australia
Katherine Silversides The University of Sydney, Australia
Jiri Sima Czech Academy of Sciences, Czech Republic
Chiranjibi Sitaula Deakin University, Australia
Marek Śmieja Jagiellonian University, Poland
Ferdous Sohel Murdoch University, Australia
Aneesh Srivallabh

Chivukula
University of Technology Sydney, Australia

Xiangdong Su Inner Mongolia University, China
Jérémie Sublime ISEP, France
Liang Sun University of Science and Technology Beijing, China
Laszlo Szilagyi Óbuda University, Hungary
Takeshi Takahashi National Institute of Information and Communications

Technology, Japan
Hakaru Tamukoh Kyushu Institute of Technology, Japan
Leonard Tan University of Southern Queensland, Australia
Gouhei Tanaka The University of Tokyo, Japan
Maolin Tang Queensland University of Technology, Australia
Selvarajah Thuseethan Deakin University, Australia
Dat Tran University of Canberra, Australia
Oanh Tran Vietnam National University, Vietnam
Enmei Tu Shanghai Jiao Tong University, China
Hiroaki Uchida Hosei University, Japan
Shinsuke Uda Kyushu University, Japan
Brijesh Verma Central Queensland University, Australia
Chaokun Wang Tsinghua University, China

Organization xiii



Xiaolian Wang University of Chinese Academy of Sciences, China
Zeyuan Wang The University of Sydney, Australia
Dong Wang Hunan University, China
Qiufeng Wang Xi’an Jiaotong-Liverpool University, China
Chen Wang Institute of Automation, Chinese Academy of Sciences,

China
Jue Wang BIT, China
Xiaokang Wang Beihang University, China
Zhenhua Wang Zhejiang University of Technology, China
Zexian Wang Shanghai Jiao Tong University, China
Lijie Wang University of Macau, Macau, China
Ding Wang Chinese Academy of Sciences, China
Peijun Wang Anhui Normal University, China
Yaqing Wang HKUST, China
Zheng Wang Southwest University, China
Shuo Wang Monash University and CSIRO, Australia
Shi-Lin Wang Shanghai Jiaotong University, China
Yu-Kai Wang University of Technology Sydney, Australia
Weiqun Wang Institute of Automation, Chinese Academy of Sciences,

China
Yoshikazu Washizawa University of Electro-Communications, Japan
Chihiro Watanabe NTT Communication Science Laboratories, Japan
Michael Watts Auckland Institute of Studies, New Zealand
Yanling Wei University of Leuven, Belgium
Hongxi Wei Inner Mongolia University, China
Kok-Wai Wong Murdoch University, Australia
Marcin Woüniak Silesian University of Technology, Poland
Dongrui Wu Huazhong University of Science and Technology, China
Huijun Wu University of New South Wales, Australia
Fei Wu Nanjing University of Posts and Telecommunications,

China
Wei Wu Inner Mongolia University, China
Weibin Wu Chinese University of Hong Kong, Hong Kong, China
Guoqiang Xiao Shanghai Jiao Tong University, China
Shi Xiaohua Shanghai Jiao Tong University, China
Zhenchang Xing The Australian National University, Australia
Jianhua Xu Nanjing Normal University, China
Huali Xu Inner Mongolia University, China
Peng Xu Jiangnan University, China
Guoxia Xu Hohai University, China
Jiaming Xu Institute of Automation, Chinese Academy of Sciences,

China
Qing Xu Tianjin University, China
Li Xuewei Tianjin University, China
Toshiyuki Yamane IBM, Japan
Haiqin Yang Hang Seng University of Hong Kong, Hong Kong, China

xiv Organization



Bo Yang University of Electronic Science and Technology of China,
China

Wei Yang University of Science and Technology of China, China
Xi Yang Xi’an Jiaotong-Liverpool University, China
Chun Yang University of Science and Technology Beijing, China
Deyin Yao Guangdong University of Technology, China
Yinghua Yao Southern University of Science and Technology, China
Yuan Yao Tsinghua University, China
Lina Yao University of New South Wales, Australia
Wenbin Yao Beijing Key Laboratory of Intelligent Telecommunications

Software and Multimedia, China
Xu-Cheng Yin University of Science and Technology Beijing, China
Xiaohan Yu Griffith University, Australia
Yong Yuan Chinese Academy of Science, China
Ye Yuan Southwest University, China
Yun-Hao Yuan Yangzhou University, China
Xiaodong Yue Shanghai University, China
Seid Miad Zandavi The University of Sydney, Australia
Daren Zha Chinese Academy of Sciences, China
Yan Zhang Tianjin University, China
Xiao Zhang Huazhong University of Science and Technology, China
Yifan Zhang CSIRO, Australia
Wei Zhang The University of Adelaide, Australia
Lin Zhang Beijing Institute of Technology, China
Yifei Zhang University of Chinese Academy of Sciences, China
Huisheng Zhang Dalian Maritime University, China
Gaoyan Zhang Tianjin University, China
Liming Zhang University of Macau, Macau, China
Xiang Zhang University of New South Wales, Australia
Yuren Zhang ByteDance Ltd., China
Jianhua Zhang Zhejiang University of Technology, China
Dalin Zhang University of New South Wales, Australia
Bo Zhao Beijing Normal University, China
Jing Zhao East China Normal University, China
Baojiang Zhong Soochow University, China
Guoqiang Zhong Ocean University, China
Caiming Zhong Ningbo University, China
Jinghui Zhong South China University of Technology, China
Mingyang Zhong Central Queensland University, Australia
Xinyu Zhou Jiangxi Normal University, China
Jie Zhou Shenzhen University, China
Yuanping Zhu Tianjin Normal University, China
Lei Zhu Lingnan Normal University, China
Chao Zhu University of Science and Technology Beijing, China

Organization xv



Xiaobin Zhu University of Science and Technology Beijing, China
Dengya Zhu Curtin University, Australia
Yuan Zong Southeast University, China
Futai Zou Shanghai Jiao Tong University, China

xvi Organization




