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& IEEE EMB

President’s Welcome Message

Dear Members of the EMBS Family,
[ want to extend a warm welcome to all to The EMBC 2020 Virtual Academy!

Our plan was to meet in person in the beautiful city of Montreal enjoying summer outdoor cafes with music between the
events of the Conference. Alas, that has turned out not possible due to the pandemic. We are providing a true test of
virtual communication technologies and our resilience to hardships. The theme for this year’s Conference,” Enabling
Innovative Technologies for Global Healthcare”, could not be more appropriate. The pandemic mandates the development
of innovative technologies and as a world community we need to come together to fight this unforeseen monster.

The past six months have witnessed the emergence of the human spirit and willingness to improvise. Engineering has
come to the forefront in developing personal protective equipment, from facemasks to ventilators. We have witnessed the
emergence of global pandemic data and the engineering models to help create analytical and predictive scenarios.
Biotechnology has already paved the way for developing vaccines and when validated the mass production at low cost will
warrant even newer technologies. Our Society can play an important role in aiding this process.

EMBC 2020 offers an exciting series of sessions and speakers. The keynote talks are immensely contextual. Testing for
cancer in developing countries is a huge challenge and Dr. Cremer who is the founding president of the Basic Health
International will highlight the challenges in her EMBC keynote. Dr. Ramanujam is a pioneer bringing innovative
strategies for women’s health in developing countries. Her innovative scope for cervical cancer has already saved thousands
of lives across continents. We have as a keynote speaker a renaissance engineer Dr. Denison who has pioneered
technologies at the interface of measurement and computation. What is more important than gadgets to improve Global
Health? Dr. Ansermino, a clinician-scholar who will discuss innovative technologies that improve the lives of millions
across the globe. The themes for EMBC 2020 are featured by star speakers who bring the latest developments in the field.
EMBC always features outstanding special sessions. Young Professionals and Women in Engineering are an inspiration for
the entire Society and these sessions will cap the Conference.

I realize that unlike an in person meeting, we will have members signing in from all possible time zones across the globe.
To facilitate visiting the meeting, EMBC 2020 offers asynchronous views of the sessions providing many opportunities to
interact. I welcome you to this experiment that could become a harbinger for the future.

I sincerely hope that you will enjoy EMBC 2020 and hope that engineers working in medicine and biology will help
overcome the pandemic for us to meet in person in the enchanting city of Guadalajara.

? '\ p 'Am
Shankar Subramaniam
EMBS President, 2019-2020
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EMBC
2020

Montréal

Welcome Message
from Organizing Committee

Bienvenue!

Welcome to the 42nd Annual International Conferences of the IEEE Engineering in Medicine and Biology Society
(EMBC20) in conjunction with the 43rd Annual Conference of the Canadian Medical and Biological Engineering
Society (CMBES20). We are glad to see you joining this virtual edition of the IEEE Engineering in Medicine and
Biology Conference this year. Preparations for the conference began more than four years ago and the work during
the last 12 months have been a challenge due to COVID-19, however, we managed to service EMBS’s members to the
best of our ability with the means that we had. The unifying theme of the present edition of EMBC, “Enabling
Innovative Technologies for Global Healthcare”, highlights what Canada values as a country with a strong focus on
giving higher priorities to well-being and the best quality of life.

A caretully tailored program was achieved by a selection of outstanding plenary, keynote and tutorial speakers from
academic, clinical and industrial backgrounds and various IEEE regions. Significant care and consideration was given
to equality, diversity and inclusion as well. This top-quality program would not have been achievable without the
large number of contributions submitted by authors from over 58 countries. We graciously thank everyone who
contributed to make EMBC20 a very successful event despite the unfortunate circumstances of 2020. You will find
the regular program integrated with workshops, mini symposia, and special sessions, in addition to a great collection
of Video Presentations created by our Authors. A special session along with a group of papers have been scheduled
from significant contributions addressing COVID-19 as well. Please make use of the online tools for providing
comments, networking and socializing.

Montreal is one of the major industrial hubs dealing with healthcare and wellness fields. In addition, current
coronavirus events increase the expectation on developing new technologies related to monitoring and treatments.
Consequently, biomedical engineering fields are attracting attention, and will see a boost of support from the public,
governments, and funding agencies to accelerate solutions to preventive and supportive healthcare.

We would like to take this opportunity to thank the Program Committee and the EMB Conference Editorial Board
who diligently worked to create an interesting and dynamic program for the conference. We would like to thank the
EMBS Executive Office, for their significant efforts to deal with the virtualization of this conference and for keeping
us on schedule.

We hope that you will find [EEE EMBC 2020 to be a source of innovation and fruitful exchanges, and we encourage
you to seize this opportunity to meet your colleagues online and renew your social network. We sincerely hope that
this EMBC edition will enrich you with new ideas and that you will enjoy your online participation.

Merci beaucoup! Thank you very much!

Mohamad Sawan, Carolyn McGregor AM, Atam Dhawan

Conference Chairs

Benoit Gosselin, Joaquin Azpiroz Lechan, Olaf Doessel, Dominique Durand
Program Chairs
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Hey there,

The IEEE Engineering in Medicine and Biology Society, and its partner, the Canadian Medical and Biological
Engineering Society, thank you for registering to participate in the 42nd Annual International Conference of the
IEEE Engineering in Medicine and Biology Society in conjunction with the 43rd Annual Conference of the
Canadian Medical and Biological Engineering Society, to be delivered Virtually on the New EMBS Virtual Academy!

The conference will include:

1600+ On-Demand Pre-Recorded Author Presentations of Research

43 On-Demand Pre-Recorded Mini-Symposium ¢ Special Session Presentations

A Live Web Cast Welcome Ceremony ¢» Awards Presentation

20 Live Webcast Talks ¢ Sessions, with live 9c>A, including Prominent Speakers highlighting a wide range of Hot Topics in
Biomedical Engincering

o Virtual Exhibit Hall to engage with supporting organizations of the conference

What if I have a question for a speaker in a pre-recorded session?

All Pre-recorded sessions will have running discussion boards where you can engage directly with the session
contributor to network or post questions.

What if I miss a live session?

All live sessions will be made available for on demand viewing approximately 30 minutes after the live session
concludes.

Contributing Research Papers

All contributed papers and video presentations will be available for on-demand viewing, and contain a running
discussion board for questions and/or comments from participants. Authors and all participants are encouraged to
engage closely in these discussion boards, mainly during the conference’s main scheduled dates of July 20 - 24, 2020,
and respond to any questions that may be posed by participants and colleagues. As a reminder, where all author
presentations were pre-recorded, there will be no live presentations of author papers.
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Registered for a Pre-Conference Workshop?

Pre Conference workshops will take place on either Friday, Saturday, or Sunday, as scheduled, and will be accessible
on the Virtual Academy, to those who have registered a pre-conference workshop. Registered workshop participants
will also receive a reminder message prior to your workshops start date.

Not registered for a workshop? There is still time to modify your registration to add a pre-conference workshop.
Don’t miss out!

Virtual Exhibit Hall

The conference is fortunate to have many sponsors and exhibitors continue with us on this virtual journey, and we
greatly appreciate their participation this year. Please visit the conference’s virtual exhibit hall to view content and
engage with these critical biomedical organizations.

Accessing the Virtual Conference:

All who are registered will be provided access to the virtual platform through August 19, 2020, a full 30 days!

To access the EMBS Virtual Academy, you must navigate your supported web browser to https://academy.embs.org/
As this will be your first time logging into the EMBS Virtual Academy, please follow the steps below for your initial login:

e On the EMBS Virtual Academy Home page select “Direct Access Request” in the upper right hand corner of
the landing page

e There you will be prompted to enter your registration email address [ ExampleContactEmailAddress |; the
email address you used to register for the conference

¢ You will be sent an email from support@multiregistration.com ; be sure to check your spam or junk folders in case the
email is blocked — please note, you will only receive this email where the email address is formally registered for the conference.

e The email will contain a link which will provide access to the virtual platform and all available content the

conference has to offer you!

Should you require technical support during the conference please contact support@multilearning.com

We thank you for your support of EMBC 2020 during these difficult times for us all, and are confident that you will
enjoy this virtual conference experience!

Be safe and well!

EMBS Conference Operations
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Program at a Glance

Student and Young Professionals Global Meeting 8:30am [9:30am
Women in Engineering 10:00am 12:00pm
Brain-Machine Interfaces (BMI) to Machine-Brain Interfaces (MBI): The Next Frontier 1:30pm  5:30pm

Brain-Computer Interface Neurotechnology for Control, Rehabilitation, Brain Assessment and Cortical Function Mapping 8:30am  [12:30pm

Hyper-Adaptability for Overcoming Body-Brain Dysfunction: Integrated Empirical and System Theoretical Approaches 8:30am  |12:30pm
Break 12:30pm |1:30pm
Open Challenges in Deep Learning for Biomedical Image Analysis 1:30pm |5:30pm

Advances in Wearable Technology and Biomedical Devices: Opportunities and Challenges 1:30pm_ |5:30pm

Opening Ceremony & Welcome 8:30am [10am
Break 10am 10:30am
Last Call Speaker: Andrea Webb 10:30am |12pm
Break 12pm 12:30pm
Keynote Speaker Theme 2 Biomedical Imaging and Image Processing - Tal Arbel 12:30pm [2pm
Break 2pm 2:30pm
Keynote Speaker Theme 1 Biomedical Signal Processing - Pierre-Alexandre Fournier 2:30pm  |[4pm
Break 4pm 4:30pm
Last Call Speaker: Christopher Khoury 4:30pm  [6pm
T ™ ERWEeuw il TR W |
Theme 6 Keynote Speaker: Nitish Thakor 8:30am_ |10am
Break 10am 10:30am
Keynote Speaker: Nimmi Ramanujam 10:30am [12pm
Break 12pm 12:30pm
Keynote Speaker Theme 4 Computational Systems, Modeling and Simulation in Medicine, Multiscale Modeling - Joelle Pineau [12:30pm [2pm
Break 2pm 2:30pm
Keynote Speaker Theme 3 Micro/Nano-bioengineering Cellular/Tissue Engineering & Biomaterials- Maryam Tabrizian 2:30pm  |[4pm
[ WT W TWednesdapluiy2z200 40 gy [ TH 7]
Keynote Speaker Theme 7 Biomedical Sensors and Wearable Systems - Sandro Carrara 8:30am [10am
Break 10am 10:30am
Keynote Speaker: Miriam Cremer 10:30am |12pm
Break 12pm 12:30pm
Addressing Clinical loT Interoperability and Security Challenges Globally Part| 12:30pm _|2pm
Break 2pm 2:30pm
Addressing Clinical loT Interoperability and Security Challenges Globally Part 11 2:30pm |4pm
Break 4pm 4:30pm
Last Call Speaker : Alan M. Weinstein 4:30pm  [6pm
- thursdayauyzz20 1
Keynote Speaker Theme 9 Therapeutic & Diagnostic Systems and Technologies - Thomas Stieglitz 8:30am [10am
Break 10am 10:30am
Keynote Speaker: John Ansermino 10:30am |12pm
Break 12pm 12:30pm
Keynote Speaker Theme 5 Cardiovascular and Respiratory Systems Engineering - Zorina Galis 12:30pm |[2pm
Break 2pm 2:30pm
Keynote Speaker Theme 8 Biorobotics and Biomechanics - Sylvain Martel 2:30pm__|4pm
Break 4pm 4:30pm
Special Session: Wireless Medical Devices Going into the 5G World: New Use Cases, Practical Issues, and Challenges 4:30pm _ [6pm
- FrdayJuy2e20 000000
Keynote Speaker Theme 10 Biomedical & Health Informatics - Adrian Schauer 8:30am [10am
Break 10am 10:30am
Keynote Speaker Tim Denison 10:30am [12pm
Break 12pm 12:30pm
OPEN 12:30pm |2pm
Break 2pm 2:30pm
Keynote Speaker Theme 12 Translational Engineering for Healthcare Innovation and Commercialization - Theodore Papagiannis |2:30pm [4pm
Break 4pm 4:30pm
Enabling Innovative Technologies for Global Healthcare: Round Table on COVID-19 4:30pm  |6pm

*All Times are EDT UTC/GMT -4 Hours
**All Sessions will be available On Demand Upon Completion
***0On Demand Sessions will be available to all registrants through August 19, 2020
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Special Sessions

Early-Career Researcher Series: Transitioning from a

Graduate Student to a Professional
Organizer: Aishwarya Bandla

Enabling Innovative Technologies for
Global Healthcare: Round Table on COVID-19

Organizer: Colin Brenan

Special Session: Clinical Engineering Initiatives in Canada
Organizer: Michael Capuano

NIH Grantsmanship Session
Organizer: Kee Forbes

Addressing Clinical IoT Interoperability and Security
Challenges Globally ( Part I & IT)

Organizer: Florence Hudson

Demonstrating the Value of In-House Clinical Engineering Service
Organizer: Andrew Ibey

Biomedical Engineering in Latin America - Perspectives towards EMBC 2021
Organizer: Roberto Lavarello

Starting Your Own Company: Part I
Organizer: Dorin Panescu

Starting Your Own Company: Part II
Organizer: Dorin Panescu

CMBES Clinical Engineering Cross Canada Check-Up

Organizer: Martin Poulin

Wireless Medical Devices Going into the 5G World:

New Use Cases, Practical Issues, and Challenges
Organizer: Donald Witters
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Minisymposia

MINI SYMPOSIA TITLE

ORGANIZERS

The Evolving Science and Engineering of Tumor Treating Fields: -Part

Ze'ev Bomzon

The Evolving Science and Engineering of Tumor Treating Fields: -Part II

Ze'ev Bomzon

Emerging Biomedical Engineering Technologies in Veterinary Medicine

Nadja Bressan

Methods for Trustworthy and Reliable In-the-Wild EEG Recordings

Alexander James Casson

Artificial Vision: Latest Progress in Retinal Prosthetics Leanne LH Chan
Recent Advances in Sensory Neuroprostheses - Part 11 Hamid Charkhkar
Engineering and Medicine in Extreme Environments - Part I Tobias Cibis
Engineering and Medicine in Extreme Environments Tobias Cibis
Activity Trackers in Healthcare: Signal Processing and Machine Learning for Kaial Clavpool
Monitoring and Detecting Health Conditions ) P
Tlme/Serleg Modelhng of Physiology: Inference, Implementation, and Glen Wright GolBpy
Interpretability

Low Intensity Focused Ultrasound: Engineering Developments and Alllaes Gt

Therapeutic Applications

Mobile Point-of-Care Diagnostic and Health Monitoring Devices

Partha Sarati Das

Computational Models of Neuromodulation

Socrates Dokos

Implantable Wireless System for Neural Recording and Brain Stimulation

Gabriel Gagnon-Turcotte

Recent Advances in Sensory Neuroprostheses - Part I

Emily Graczyk

Emerging Biophotonic Applications Based On, or Conjoined with OCT
Technologies

Boris Gramatikov

Brain-Computer Interfaces for Neuromodulation, Language Decoding and

High-Gamma Mapping Christoph Guger
Recent Advances on Cuff-Less Blood Pressure Measurement II Jin-Oh Hahn
Eaettwe r]?lzv;i%)&zriiseglssileee%) Bioengineering: 1. Detection and Analysis of Michael Khoo
New Developments in Sleep Bioengineering: 2. Novel Diagnostic Markers for Michael Khoo

Sleep Apnea



http://repository.unej.ac.id
http://repository.unej.ac.id

MINI SYMPOSIA TITLE ORGANIZERS
N'eW.DeV'elopments in Sleep Bioengipeering: 3. A Deeper Dive into New Clinical Michael Khoo
Findings in Sleep-Disordered Breathing
Advanced Photoacoustic and Optical Imaging Chulhong Kim
Emerging Neural Technologies for Neuroprosthetic Hand Ning Lan
Bio-Nano-Micro Systems in Biomedical/Clinical Applications Kin Fong Lei

Telemedicine Enabling Person-Centered Telecare

Natividad Martinez Madrid

Brain-Machine Interface: From Neurophysiology to Clinical Applications Matija Milosevic
Recent Advances on Cuff-Less Blood Pressure Measurement [ Ramakrishna Mukkamala
Current Trends in Bioelectronic Systems to Interface with the

Hangue Park

Human Nervous System

Microwaves in Biomedical Applications - Part I: Breast Cancer Detection
and Monitoring

Milica Popovic

Microwaves in Biomedical Applications - Part II: Diverse Sensing Applications

Milica Popovic

Implantable BCI and Clinical Applications: Functional Compensation and
Rehabilitation for Motor Impairment

Fabien Sauter-Starace

Artificial Intelligence in Rehabilitation

Ervin Sejdic

Methodological and Technical Advances in Fetal/mewborn Heart Rate Monitoring

Maria G. Signorini

Data Analytics in the Wild: Emerging Wearable Inertial Sensors and Egocentric
Cameras for Prevention and Rehabilitation

James Yungjen Tung

Augmented Neural Prostheses

James Weiland

Noninvasive Fractional Flow Reserve from Computed Tomography Coronary
Angiography: Challenges and Opportunities

Liang Zhong
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Organizing Committee

Conference Co-Chairs
Mohamad Sawan, Westlake University
Carolyn McGregor AM, Ontario Tech University
Atam Dhawan, NJIT

Program Chair
Benoit Gosselin, Université Laval

Program Co-Chairs
Joaquin Azpiroz Lechan, Universidad Autonoma Metropolitana
Olaf Doessel, Karlsruhe Institute of Technology KIT
Dominique Durand, Case Western Reserve University

Conference Editorial Board Chair
Riccardo Barbieri, Politecnico di Milano

Finance Chairs
Emilio Sacristan, UAM-Iztapalapa
May Dongmei Wang, Georgia Institute of Technology and Emory University

Exhibits Committee
Marie-Ange Janvier, Children’s Hospital of Eastern Ontario, Chair
Hassan Rivaz, Concordia University, Co-Chair
Tobias Cibis, Friedrich-Alexander University, Co-Chair

Workshop and Mini-Symposium Subcommittee
Bruce Wheeler, UC San Diego
Georgios Mitsis, McGill University

Local Activities Committee
Mounir Boukadoum, University of Quebec at Montreal, Chair
Milica Popovié, McGill University, Co-Chair

Publicity & Promotion Chair
Jo Ann Platt, Platt and Associates Inc, Chair
Sri Krishnan, Ryerson University, Co-Chair

WIE/Young Professionals Sub-Committee
Samira Abbasgholizadeh-Rahimi, McGill University
Nadja Bressan, University of Prince Edward Island

Student Activity Chair
Laura Gagliano, Polytechnique Montréal

EMBS Executive Team
Laura Wolf, Society Executive Director
Adrian Plummer, Society Operations Manager
Janice Sandler, Conference Planner
Michael Markowycz, Senior Administrator, Society Services
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International Program Committee

Co-Chairs:
Bin He, Carnegie Mellon University
Christian Roux, IMT
Yuan-Ting Zhang, City University of Hong Kong

Members:
Elsa Angelini, Imperial College London
Sameer Antani, National Library Of Medicine, NIH
Laura Astolfi, University of Rome Sapienza
Larbi Boubchir, University of Paris 8
Rosa Chan, City University of Hong Kong
Adrian Chan, Carleton University
Ayman Eldeib, Systems ¢ Biomedical Eng. Depart., Faculty of Eng., Cairo University
Arturo Forner-Cordero, University of Sao Paulo
Cuntai Guan, Nanyang Technological University
Bruce Hecht, Analog Devices
Bo HONG, Tsinghua University
Christopher James, University of Warwick
Eung Je Woo, Kyung Hee University
Mohamad KHALIL, Lebanese University, faculty of engineering
Yongmin Kim, POSTECH
Yoot Khuan Lee, Universiti Teknologi MARA
Roberto Lavarello, Pontificia Universidad Catolica del Perti
Frédéric Lesage, Ecole Polytechnique
Guanglin Li, Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences
Zhi-Pei Liang, University of Illinois at Urbana-Champaign
Chii-Wann Lin, National Taiwan University
Nigel Lovell, UNSW
Xiaoying Lu, Southeast University
Zahra Moussavi, University of Manitoba
Arrate Munoz-Barrutia, Universidad Carlos I11 de Madrid
Shuming Nie, University of Illinois at Urbana-Champaign
Xiaochuan Pan, The University of Chicago
James Patton, University of Illinois at Chicago (UIC)
Thomas Penzel, Charite University Hospital Berlin
Blanca Rodriguez, University of Oxford
Shirley Ryan, Ability Lab (SRAL)

Erik Schkommodau, University of Applied Sciences Northwestern Switzerland
Guenter Schreier, AIT Austrian Institute of Technology GmbH
Daniel ]. Strauss, Saarland University ¢ htw saar
Toshiyo Tamura, Waseda University
Ewaryst Tkacg, Silesian University of Technology, Faculty of Biomedical Engineering
Guangzhi Wang, Tsinghua University
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Conference Editorial Board
EMBC 2020 Virtual Academy

In these unprecedented times, in the midst of uncertainty, isolation, limitation of movement, and unfortunately for
some, pain and loss, like never before I would like to sincerely thank all the members of the Conference Editorial
Board. Despite the distance and the slow but inevitable realization that, for the first time, we would not have the
chance to see our work unwind in a physical environment, we never worked so well together as a team and in perfect
timing to finalize the EMBC 2020 Conference Program.

There were 2,378 submissions overall. 1,946 of these were full-contributed manuscripts that were part of our
rigorous peer-review process. These papers were reviewed with a minimum of two reviewers per paper. Theme
Editors made initial “accept/reject” decisions and created a draft scientific program for each Theme. 198 of these
papers were nominated for the Student Paper Competition, further reviewed by an Ad-Hoc Committee.

We received 18 Workshops, 17 Special Session, and 51 Minisymposia proposals, carefully reviewed by a separate
review panel selected by the Program Committee. This year, we also organized a late breaking submission on
COVID-19 investigations related to our themes, resulting in 18 1-page poster papers, also reviewed by a special panel.

Lastly, there were 326 Research Poster submissions. These were reviewed by a special team of Associate Editors,
handpicked by the local organizers and the EMB Technical Committees. I thank all these individuals for their time as
they rapidly reviewed them. 221 of these submissions made it to the final program.

As always, we maintained the highest quality of papers being selected, each with ratings and feedback given to
authors from reviewers. The continued dedication and commitment of Editors, Associate Editors and Reviewers,
makes this Annual Conference an active and vibrant community of science. So please let me again warmly thank all
the members of the Editorial Board, listed below. It has been a privilege and an honour to be part of such a fine
community of esteemed scientists. Despite the circumstances, even if just from a computer screen and not in
beautiful Montreal, I believe the passion and dedication of our work will transpire one session at a time and, on your
behalf, I wish to invite all the EMBC 2020 participants to enjoy this unique online event!

Riccardo Barbieri, Fditor in Chief - Conference Editorial Board
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Theme Editors

Theme 01. Biomedical Signal Processing
Editor: Georgios Mitsis
Co-Editor: Luca Mainardi

Theme 2. Biomedical Imaging and Image Processing
Editor: Jim Ji
Co-Editor: Marleen Debruijine
Co-Editor: Marius George Linguraru
Co-Editor: Arrate Munoz Barrutia

Theme 3. Micro/Nano-Bioengineering;
Cellular/Tissue Engineering & Biomaterials
Editor: Esmaiel Jabbari
Co-Editor Nathalia Peixoto

Theme 4. Computational Systems &
Synthetic Biology; Multiscale Modeling
Editor: Jie Liang
Co-Editor: Socrates Dokos

Theme 5. Cardiovascular and Respiratory
Systems Engineering

Editor: Thomas Penzel

Co-Editor: Thomas Heldt

Theme 6. Neural and Rehabilitation Engineering
Editor: Richard Jones
Co-Editor: David Guiraud

Theme 7. Biomedical Sensors and
Wearable Systems
Editor: Emil Jovanov
Co-Editor: Paolo Bonato

Theme 8. Biorobotics and Biomechanics
Editor: Yasin Dhaher
Co-Editor: Arturo Forner-Cordero

Theme 9. Therapeutic & Diagnostic
Systems and Technologies
Editor: Dorin Panescu
Co-Editor: Dieter Haemmerich

Theme 10. Biomedical & Health Informatics
Editor: Mark van Gils
Co-Editor: Omer Inan

Theme 11. Biomedical Engineering
Education and Society
Editor: Bruce Wheeler

Theme 12. Translational Engineering for Healthcare
Innovation & Commercialization
Editor: Atam P Dhawan
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Theme 01. Biomedical

Signal Processing
Bertrand, Alexander
Bianchi, Anna Maria
Boudaoud, Sofiane
Faes, Luca
Humeau-Heurtier, Anne
Kahya, Yasemin P.
Laguna, Pablo
Magenes, Giovanni
Michmizos, Konstantinos
Pachori, Ram Bilas
Porta, Alberto
Sakkalis, Vangelis
Signorini, Maria G.
Song, Dong
Sornmo, Leif
Valenza, Gaetano
Vanrumste, Bart
Voss, Andreas
Westwick, David
Yamamoto, Yoshiharu
Yana, Kazuo

Theme 02. Biomedical Imaging
and Image Processing

Alic, Lejla

Anastasio, Mark

Chan, Kevin C.

Ding, Lei

Du, Yiping

Duan, Qi

Fenster, Aaron

Gonzalez Ballester, Miguel Angel

Gu, Xuejun

Ji, Jim Xiuquan
Jiang, Xiaoyi
Lavarello, Roberto
Lee, Ray

Liao, Hongen
Munoz-Barrutia, Arrate
Q4i, Jinyi

Rizzo, Giovanna
Sidky, Emil
Sikdar, Siddhartha
Staib, Lawrence H.
Suzuki, Kenji
Toschi, Nicola
Vinegoni, Claudio
Ying, Leslie

Associate Editors

Theme 03. Micro/Nano-

Bioengineering; Cellular/Tissue

Engineering & Biomaterials
Almasri, Mahmoud
Hamad, Eyad
Jabbari, Esmaiel
Lee, Hyunjoo Jenny
Lord, Megan
Peixoto, Nathalia
Raje, Manasi
Siu, Vince
Wu, Hung-Wei

Theme 04. Computational
Systems & Synthetic Biology;
Multiscale Modeling

Dai, Yang

Dokos, Socrates

Lu, Ting

May, Elebeoba

Xia, Yu

Zhang, Jinfeng

Theme 05. Cardiovascular and

Respiratory Systems Engineering

Armoundas, Antonis
Chbat, Nicolas W.
Di Rienzo, Marco
Heldt, Thomas

Jané, Raimon

Li, John K-J.
Sugimachi, Masaru

Theme 06. Neural and
Rehabilitation Engineering
Abbas, James
Al-Jumaily, Adel
Astolfi, Laura
Azevedo-Coste, Christine
Babiloni, Fabio
Besio, W. G.
Bianchi, Anna Maria
Chiappalone, Michela
Guiraud, David
James, Christopher
Jones, Richard D.
Lee, Hyunjoo Jenny
Micera, Silvestro
Perreault, Eric
Petroff, Neil
Sahin, Mesut
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EEG-Based Emotion Recognition using Spatial-Temporal Representation via Bi-GRU .................................. 116-119
Lew, Wai Cheong Lincoln* (Nanyang Technological University; Institute for Infocomm Research); Wang, Di
(Nanyang Technological University); Shylouskaya, Katsiaryna (Institute for Infocomm Research); Zhang, Zhuo
(A*STAR); Ang, Kai Keng (Institute for Infocomm Research); Lim, Joo-Hwee (Institute for Infocomm Research);
Tan, Ah-Hwee (Nanyang Technological University)

Theme 01. Deep Learning Methods for Neuroimaging Signals (Oral Session)

Depression Scale Prediction with Cross-Sample Entropy and Deep Learning ............cccccoooiiiiiiiiiineeee e, 120-123
Chen, Guan-Yen (National Tsing Hua University); Huang, Chih-Mao (National Chiao Tung University);
Liu, Ho-Ling (University of Texas, MD Anderson Cancer Center); Lee, Shwu-Hua (Linkou Chang Gung
Memorial Hospital); Lee, Tatia Mei-Chun (The University of Hong Kong); Lin, Chemin (Keelung Chang Gung
Memorial Hospital); Wu, Shun-Chi* (National Tsing Hua University)
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Spatio-Temporal Deep Learning for EEG-fNIRS Brain Computer Interface ...............ccccooviiiiiiiiiiee e, 124-127
Ghonchi, Hamidreza (Shahrood University of Technology); Fateh, Mansoor (Shahrood University of
Technology); Abolghasemi, Vahid* (University of Essex); Ferdowsi, Saideh (University of Essex);
Rezvani, Mohsen (Shahrood University of Technology)

EEG-Based Depression Detection using Convolutional Neural Network with

Demographic Attention MeChaniSIm ..............o i e e e e e e e e e e 128-133
Zhang, Xiaowei (Lanzhou University); Li, Junlei (Lanzhou University); Hou, KeChen (Lanzhou University); Hu,
Bin (Lanzhou University); Shen, Jian (Lanzhou University); Pan, Jing (Lanzhou University); Hu, Bin* (Lanzhou
University)

Generalized Prediction of Unconsciousness during Propofol Anesthesia using
3D Convolutional Neural NetWOIKS ...t e et e e s b e e e e sbeeee e 134-137
Patlatzoglou, Konstantinos* (University of Kent); Chennu, Srivas (University of Kent); Gosseries, Olivia
(University and University Hospital of Liege); Bonhomme, Vincent (CHU University Hospital of Liege); WOolff,
Audrey (University and University Hospital of Liege); Laureys, Steven (Cyclotron Research Center, University of
Liege in Belgium)

Automatic Detection of Artifacts in EEG by Combining Deep Learning and

Histogram CoNtOUN ProCESSING .......cccueiiiiiiiiiiiiiii ettt e e s bt e e e bbb e e e e anb e e e e e aab e e e e anbe e e e ennes 138-141
Bahador, Nooshin* (University of Oulu); Erikson, Kristo (University of Oulu); Laurila, Jouko (University of Oulu
and Oulu University Hospital); Koskenkari, Juha (University of Oulu and Oulu University Hospital); Ala-Kokko,
Tero (University of Helsinki and Helsinki University Hospital); Kortelainen, Jukka (University of Oulu)

Deep Learning Techniques to Improve Intraoperative Awareness Detection from

Electroencephalographic Signals ... et et e e et e e e 142-145
Avilov, Oleksii* (National Technical University of Ukraine "Igor Sikorsky Kyiv Pol); Rimbert, Sébastien
(Université de Lorraine, LORIA, INRIA); Popov, Anton (National Technical University of Ukraine “Kyiv
Polytechnic Institute); Bougrain, Laurent (University of Lorraine)

Theme 01. Deep Learning Methods in Biosignal Analysis — | (Oral Session)

Predicting Age with Deep Neural Networks from Polysomnograms ................cccoocoiiiiiiii e 146-149
Brink-Kjeer, Andreas™ (Technical University of Denmark); Mignot, Emmanuel (Stanford University); Sorensen,
Helge B D (Technical University of Denmark); Jennum, Poul (University of Copenhagen, Demnar)

A Machine Learning Method for Automatic Detection and Classification of Patient-Ventilator Asynchrony ..... 150-153
Bakkes, Tom Hendricus Gerardus Franciscus* (Eindhoven University of Technology); Montree, Roel (Eindhoven
University of Technology); Mischi, Massimo (Eindhoven University of Technology); Mojoli, Francesco (Fondazione
I.R.C.C.S. Policlinico San Matteo); Turco, Simona (Eindhoven University of Technology)

Automatic Detection of Respiratory Effort Related Arousals with Deep Neural
Networks from Polysomnographic RECOIAINGS ...........ccoiiuiiiiiiiiii it e e e e e eneeeeeeanes 154-157
Mahmud, Mdshaad* (University of New Hampshire); Wickramaratne, Saijila (University of New Hampshire)

Emergency Clinical Procedure Detection with Deep Learning .............ccccoooiiiiiiiiiiie i 158-163
Li, Lingfeng (Vanderbilt University); Paris, Richard (Vanderbilt University); Pinson, Conner (Vanderbilt
University); Wang, Yan (Vanderbilt University); Coco, Joseph (Vanderbilt University Medical Center);
Heard, Jamison (Rochester Institute of Technology); Adams, Julie A. (Oregon State University);
Fabbri, Daniel (Vanderbilt University Medical Center); Bodenheimer, Bobby* (Vanderbilt University)

Robust Deep Learning Framework for Predicting Respiratory Anomalies and Diseases ...................ccc.o....... 164-167
Pham, Lam* (University of Kent); McLoughlin, lan Vince (The University of Science and Technology of China);
Phan, Huy (Queen Mary University of London); Tran, Minh (University of Oxford); Nguyen, Truc (Graz
University of Technology); Ramaswamy, Palaniappan (University of Kent)

Rheumatic Heart Disease Detection using Deep Learning from Spectro-Temporal

Representation of Heart SOUNAS ... e e e e e e e e e e e aareees 168-171
Asmare, Melkamu Hunegnaw* (KU Leuven); Woldehanna, Frehiwot (Addis Ababa Institute of Technology);
Janssens, Luc (KU Leuven); Vanrumste, Bart (Katholieke Universiteit Leuven)


http://repository.unej.ac.id
http://repository.unej.ac.id

Theme 01. Deep Learning Methods in Biosignal Analysis — Il (Oral Session)

An Attention-Based Deep Learning Method for Schizophrenia Patients Classification
using DNA Methylation Data .................oooiiiiiiii e e e e e e e e st a e e e e e e s e st e e e e e aaeeeenneeeeas 172-175
Zhang, Minmin (Shanghai Key Laboratory of Navigation and Location Based Service); Pan, Changchun
(Shanghai Key Laboratory of Navigation and Location Based Service); Liu, Haichun (Shanghai Key Laboratory
of Navigation and Location Based Service); Zhang, Qinting* (Shanghai Key Laboratory of Forensic Medicine,
Shanghai Forensic); Li, Haozhe (Shanghai Key Laboratory of Forensic Medicine, Shanghai Forensic)

Hybrid Encoder-Decoder Deep Networks for Decoding Neural Drive Information towards

Precise Muscle Force EStimation ... e e e 176-179
Tang, Xiao* (University of Science and Technology of China); Chen, Maoqi (University of Science and
Technology of China); Chen, Xun (University of British Columbia); Chen, Xiang (University of Science &
Technology of China); Zhang, Xu (University of Science and Technology of China)

Optimal Scree-CNN for Detecting NS1 Molecular Fingerprint from Salivary SERS Spectra ........................... 180-183
Saifuzzaman, Aiman Tariq (Universiti Teknologi MARA); Lee, Yoot* (Universiti Teknologi MARA); Mohd Radzol,
Afaf Rozan (Universiti Teknologi MARA); Wong, Peng Shyan (Infectious Disease Unit, Pulau Pinang General
Hospital); Looi, Irene (Head of Dept., Consultant Neurologist, Hospital Seberang Ja)

Attention Networks for Multi-Task Signal AnalySis ... e 184-187
Ahmedt-Aristizabal, David* (CSIRQO); Armin, Mohammad Ali (CSIRO (Data61)); Denman, Simon (Queensland
University of Technology); Fookes, Clinton (Queensland University of Technology);

Petersson, Lars (CSIRO Data61)

Blood Pressure Prediction by a Smartphone Sensor using Fully Convolutional Networks ........................... 188-191
Baek, Sanghyun (Seoul National University); Jang, Jiyong (Seoul National University);
Cho, Sung-Hwan (Samsung); Choi, Jong Min (Samsung Advanced Institute of Technology);
Yoon, Sungroh* (Seoul National University)

Classify Motor Imagery by a Novel CNN with Data Augmentation ..................o.cc e 192-195
Huang, Weijian* (Guangzhou University); Wang, Li (Guangzhou University); Yan, ZhenXiong (GuangZhou
University); Liu, Yanjun (Guangzhou University)

Theme 01. Independent and Principal Component Analysis (Oral Session)

Potential Pitfalls of Widely used Implementations of Common Spatial Patterns ................................coo 196-199
Rybaf, Milan* (University of Essex); Daly, lan (University of Essex); Poli, Riccardo (University of Essex)

Inter-Subject Correlations during Natural Viewing: A Filter-Bank Approach ..............ccccccoiiiiiiii e, 200-203
Gait, Arslan® (Nazarbayev University); Duisenbinov, Vladimir (Nazarbayev University);
Lee, Min-Ho (Nazarbayev University); BieBmann, Felix (Beuth University of Applied Sciences Berlin);
FazLi, Siamac (Nazarbayev University)

Stereo-Electroencephalography (SEEG) Reference based on Low-Variance Signals ................ccccccceeeeiinns 204-207
Uher, Daniel* (Institute of Scientific Instruments, The Czech Academy of Science); Klimes, Petr (Institute of
Scientific Instruments of the ASCR, v.v.i.); Cimbalnik, Jan (International Clinical Research Center, St. Annes
University Hospital); Roman, Robert (-Central European Institute of Technology, Masaryk University, B); Martin,
Pail (Brno Epilepsy Center, Dept. of Neurology, St Anne's Univers); Brazdil, Milan (Masaryk University Brno);
Jurak, Pavel (Inst of Scientific Instruments Academy)

A Comprehensive Approach for Classification of the Cough Type ...........cccocii i 208-212
Nemati, Ebrahim* (Digital Health Lab in Samsung Research America); Rahman, Md Mahbubur (Samsung
Research America); Nathan, Viswam (Samsung Research America Inc.); Vatanparvar, Korosh (Samsung
Research America); Kuang, Jilong (Samsung Research America)

Introducing a Deflationary Approach to Space-Time ICA that uses Temporal Methods
iN Brain Signals ProCeSSING ..........oooiiiiiiiiiiiii ettt e e ettt e e e aa e e e e b e e e et e e e e eneeas 213-216
Chiu, Hok Yin Stephen* (University of Warwick); James, Christopher (University of Warwick)
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Eye-Blinking Artifacts Removal by ICA in Cross-Modal Long-Term EEG Recording ..............ccccccceeeeeiiinnnne, 217-220
Huang, Gan* (Shenzhen University); Hu, Zhenxing (Shenzhen University); Zhang, Li (Shenzhen University);
Li, Linling (Shenzhen University); Liang, Zhen (Shenzhen University); Zhang, Zhiguo (Shenzhen University)

Theme 01. Neural Networks and Support Vector Machines for Biosignal Analysis (Oral Session)

Neural Network-Based Classification of Static Lung Volume States using Vibrational Cardiography .......... 221-224
Clairmonte, Nathan* (McGill University); Skoric, James (McGill University); D'Mello, Yannick (McGill University);
Hakim, Siddiqui (McGill University); Aboulezz, Ezz (McGill University); Lortie, Michel (MacDonald, Dettwiler and
Associates Corporation); Plant, David (McGill University)

Robust Methods to Detect Spatial Abnormalities of the Gastric Slow Wave from Cutaneous Recordings ...... 225-231
Coleman, Todd* (UCSD); Agrusa, Anjulie (UCSD); Allegra, Alexis (UCSD); Kunkel, David (UCSD)

High Accuracy Respiration and Heart Rate Detection based on Artificial Neural Network Regression ........ 232-235
Tsai, Yu-Chiao* (National Chiao Tung University); Lai, Shih-Hsuan (National Chiao Tung University); Ho,
Ching-Ju (National Chiao Tung University); Wu, Fang-Ming (National Chiao Tung University); Henrickson,
Lindor (National Chiao Tung University); Wei, Chia-Chien (National Sun Yat-sen University); Chen, lrwin
(Wistron Corporation); Wu, Vincent (Wistron Corporation); Chen, Jyehong (National Chiao Tung University)

Parkinson’s Disease Classification using Pitch Synchronous Speech Segments and
Fine Gaussian Kernels based SVIVI ...t e et e e e e e e e s er e e e e e e s e annraeeeeaeeeeannnnenes 236-239
Appakaya, Sai Bharadwaj* (University of South Florida); Sankar, Ravi (University of South Florida)

Impulse Classification Network for Video Head Impulse Test .............ccooooiiiiiii e 240-243
Baydadaev, Shokhrukh (INHA University); Usmankhujaev, Saidrasul (INHA University); Kwon, Jang Woo (Inha
University); Kim, Kyu-Sung* (Associate Professor, Dept. of Otolaryngology-Head & Neck Su)

Prediction of Freezing of Gait in Parkinson’s Disease from Foot Plantar-Pressure Arrays using a

Convolutional Neural NEtWOTK ... ettt e e s e bt e e e aa bt e e e sbe e e e s sbaeee s sbeeeeeaes 244-247
Shalin, Gaurav* (University of Waterloo); Pardoel, Scott (University of Waterloo); Nantel, Julie (University of
Ottawa); Lemaire, Edward (The Ottawa Hospital Rehab Centre); Kofman, Jonathan (University of Waterloo)

Theme 01. Neural Networks and Support Vector Machines for Electrophysiological Signals (Oral Session)

EEG-Based Driving Fatigue Detection during Operating the Steering Wheel Data Section ........................... 248-251
Zou, Bing* (Beijing University of Posts and Telecommunications); Shen, Mu (Beijing University of Posts and
Telecommunications); Li, Xinhang (Beijing University of Posts and Telecommunications); Zheng, Yubo (Beijing
University of Posts and Telecommunication); Zhang, Lin (Beijing University of Posts and Telecommunications)

Tensor-Based EEG Network Formation and Feature Extraction for Cross-Session

Driving Drowsiness Det@CHION .............ooiiiiiiii e 252-255
Shen, Mu* (Beijing University of Posts and Telecommunications); Zou, Bing (Beijing University of Posts and
Telecommunications); Li, Xinhang (Beijing University of Posts and Telecommunications); Zheng, Yubo (Beijing
University of Posts and Telecommunication); Zhang, Lin (Beijing University of Posts and Telecommunications)

Classification of Mild Cognitive Impairment from Multi-Domain Features of Resting-State EEG ................... 256-259
Li, Yuling (Shanghai University); Xiao, Shasha (Shang Hai University); Li, YingJie* (Shanghai University);
Li, Yunxia (Tongji Hospital of Tongji University); Yang, Banghua (Shanghai University)

MaDeNet: Disentangling Individuality of EEG Signals through Feature Space Mapping and Detachment ....... 260-263
Moon, Seong-Eun (Yonsei University); Lee, Jong-Seok* (Yonsei University)

EEG-Based Neglect Detection for Stroke Patients .................cooooiiiiiii e 264-267
Kocanaogullari, Deniz* (University of Pittsburgh); Mak, Jennifer (University of Pittsburgh); Kersey, Jessica
(University of Pittsburgh); Khalaf, Aya (University of Pittsburgh); Ostadabbas, Sarah (Northeastern University);
Wittenberg, George (University of Pittsburgh); Skidmore, Elizabeth (University of Pittsburgh);
Akcakaya, Murat (University of Pittsburgh)
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Sequential Attention-Based Detection of Semantic Incongrueties from EEG while Listening to Speech ..... 268-271
Motomura, Shunnosuke* (Nara Institute of Science and Technology); Tanaka, Hiroki (Nara Institute of
Science and Technology); Satoshi, Nakamura (Nara Institute of Science and Technology)

Theme 01. Nonlinear Analysis of Biosignals (Oral Session)

Improving EEG-Based Error Detection using Relative Peak Features ...................cccoooiiiiiiii e, 272-275
Ashley, Adrian* (University of Sheffield); Arvaneh, Mahnaz (University of Sheffield)

Reliability of Electroencephalogram-Based Individual Markers — Case Study ................cccooiiiiiine. 276-279
Uudeberg, Tuuli* (Tallinn University of Technology); Paeske, Laura (Dept. of Health Technologies, School of
Information Technology); Hinrikus, Hiie (Tallinn University of Technology); Lass, Jaanus (Tallinn University of
Technology); Bachmann, Maie (Tallinn University of Technology)

Sample Entropy Analysis of Pupillary Signals in Glaucoma Patients and Control via

Light-Induced PUPIHIOMELRIY ..........oo et e e e e e e e et eenreas 280-283
Bhowmik, Susmit (RMIT University); Motin, Mohammod Abdul (PhD Student, University of Melbourne);
Sarossy, Marc (RMIT University); Radcliffe, Pj (RMIT University); Kant Kumar, Dinesh* (RMIT University)

Dynamical Systems Modeling of Day-to-Day Signal-Based Patterns of Emotional Self-Regulation and
Stress Spillover in Highly-Demanding Health Professions ... 284-287
Hadjiantonis, George (Texas A&M University); Paromita, Projna* (Texas A&M University);
Mundnich, Karel (University of Southern California); Nadarajan, Amrutha (University of Southern California);
Booth, Brandon (University of Southern California); Narayanan, Shrikanth (University of Southern California);
Chaspari, Theodora (Texas A&M University)

Theme 01. Pattern Detection and Classification in ECG Signals — | (Oral Session)

Robust Classification of Cardiac Arrhythmia using a Deep Neural Network ..................ccoiiiii e, 288-291
Mahmud, Mdshaad* (University of New Hampshire); Lennox, Connor (University of New Hampshire)

Arrhythmia Classification using Deep Learning and Machine Learning with Features Extracted from
Waveform-Based Signal ProCeSSING ..ot e e e e e e e e e e e s et e e e e e e e e e nnnraees 292-295
Hsu, Po-Ya* (UC San Diego); Cheng, Chung-Kuan (University of California, San Diego)

Feature Matching based ECG Generative Network for Arrhythmia Event Augmentation ................................ 296-299
Cao, Fan* (Biofourmis); Budhota, Aamani (Biofourmis); Chen, Hao (Biofourmis); Rajput, Kuldeep Singh (Biofourmis)

Interpreting Deep Neural Networks for Single-Lead ECG Arrhythmia Classification ............................c..cc. 300-303
Vijayarangan, Sricharan (Healthcare Tech. and Innovation Center (HTIC-1ITM)); Murugesan, Balamurali (Indian
Institute of Tech. Madras); R, Vignesh (Healthcare Technology Innovation Center, IIT Madras); Sreeletha
Premkumar, Preejith (Healthcare Technology Innovation Center (HTIC), IIT Madras); Joseph, Jayaraj (HTIC,
Indian Institute of Technology Madras); Sivaprakasam, Mohanasankar* (Indian Institute of Tech. Madras)

Unsupervised Domain Adaptation for ECG Arrhythmia Classification ...................cccccocoi i, 304-307
Chen, Ming (Tsinghua University); Wang, Guijin* (Tsinghua University); Ding, Zijian (Tsinghua University);
Li, Jiawei (Tsinghua University); Yang, Huazhong (Tsinghua University)

Arrhythmias Classification using Short-Time Fourier Transform and GAN based Data Augmentation ........ 308-311
Lan, Tianjie (Fudan University); Hu, Qihan (School of Information Science and Technology, Fudan University);
Liu, Xin (Fudan University); He, Kaiyue (Fudan University); Yang, Cuiwei* (Fudan University)

Theme 01. Pattern Detection and Classification in ECG Signals — Il (Oral Session)

A Faster approach to ECG Analysis in Emergency Situations ...............cccoiiiiii e 312-315
Di Gennaro, Marco (Politecnico di Milano); Fusco, Luigi (Politecnico di Milano); Di Dio Lavore, lan (Politecnico
di Milano); D'Arnese, Eleonora* (Politecnico di Milano); Santambrogio, Marco (Politecnico di Milano)
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A Novel Approach for Atrial Fibrillation Signal Classification based on Temporal Attention Mechanism ........ 316-319
Gao, Yibo (Univ. of Electronic Science and Technology of China); Wang, Huan* (Univ. of Electronic Science
and Technology of China, Chengd); Liu, Zuhao (Univ. of Electronic Science and Technology of China)

Estimation of Heart Rate Directly from ECG Spectrogram in Neonate Intensive Care Units ......................... 320-323
Cabrera-Quiros, Laura* (Eindhoven University of Technology); Varisco, Gabriele (Eindhoven University of
Technology); Zhan, Zhuozhao (Eindhoven University of Technology); Long, Xi (Eindhoven University of
Technology and Philips Research); Andriessen, Peter (Maxima Medical Center); Cottaar, Ward (Eindhoven
University of Technology); van Pul, Carola (Maxima Medical Center)

A New Spectrum Driven Index for the Assessment of ECG Signal Quality ...............cccccoiiiiiiiiii, 324-327
Jarchi, Delaram* (University of Essex); Prochazka, Ales (University of Chemistry and Technology); Sanei, Saeid
(University of Surrey)

MNDL Sparsity Order Selection for Compressed Sensing with Application in ECG Compression ................ 328-331
Shamsi, Mahdi* (Ryerson Univ.); Beheshti, Soosan (Ryerson Univ.); Yousefi Rezaii, Tohid (Ryerson Univ.)

A Graph-Constrained Changepoint Detection Approach for ECG Segmentation ......................cccocoo 332-336
Fotoohinasab, Atiyeh (Northern Arizona University); Hocking, Toby (Northern Arizona University); Afghah,
Fatemeh* (Northern Arizona University)

Theme 01. Pattern Detection and Classification in ECG Signals — Il (Oral Session)

Detection of Premature Ventricular Complexes using Semisupervised Autoencoders and Random Forests .... 337-340
Kalidas, Vignesh* (The University of Texas at Dallas); Tamil, Lakshman (University of Texas at Dallas)

Adversarial Multi-Task Learning for Robust End-to-End ECG-Based Heartbeat Classification ..................... 341-344
Shahin, Mostafa* (University of New South Wales); Oo, Ethan (University of New South Wales);
Ahmed, Beena (University of New South Wales)

RPnet: A Deep Learning Approach for Robust R Peak Detection in Noisy ECG ...................cccocociiiiiniinnnne. 345-348
Vijayarangan, Sricharan (Healthcare Technology and Innovation Center (HTIC-IITM)); R, Vignesh (Healthcare
Technology Innovation Center, IIT Madras); Murugesan, Balamurali (Indian Institute of Technology Madras); Sreeletha
Premkumar, Preejith (Healthcare Technology Innovation Center (HTIC), lIT Madras); Joseph, Jayaraj (HTIC, Indian
Institute of Technology Madras); Sivaprakasam, Mohanasankar* (Indian Institute of Technology Madras)

Recognition of Premature Ventricular Contraction Beat from 12-Lead ECG based on a

Novel Detection Function of QRS ONSEt ... e 349-352
He, Kaiyue (Fudan University); Zhong, Gaoyan (Fudan University); Ding, Xiaoman (Fudan University);
Yang, Cuiwei* (Fudan University)

Deep Multi-Instance Networks for Bundle Branch Block Detection from Multi-Lead ECG .............................. 353-356
Hu, Jing* (Guangzhou Shiyuan Electronic Technology Co., Ltd.); Zhao, Wei (Guangzhou Shiyuan Electronics
Co., Ltd); Jia, Dongya (Guangzhou Shiyuan Electronics Co., Ltd); Yan, Cong (Guangzhou Shiyuan Electronics
Co., Ltd); Wang, Hongmei (Guangzhou Shiyuan Electronics Co., Ltd); Li, Zhenqi (Guangzhou Shiyuan
Electrionics Co., Ltd); Fang, Jiansheng (Harbin Institute of Technology); Yang, Ming (CVTE Research)

Compressive Sampling based Multi-Spectrum Deep Learning for Sub-Nyquist Pacemaker ECG Analysis ...... 357-360
Chen, Hao* (Biofourmis); Wibowo, Sandi (Biofourmis); Rajput, Kuldeep Singh (Biofourmis)

Theme 01. Physiological Systems Modeling — I (Oral Session)

Individualized Closed-Loop Anesthesia through Patient Model Partitioning .....................ccooeii e, 361-364
Wabhlquist, Ylva* (Lund University); van Heusden, Klaske (The University of British Columbia);
Dumont, Guy (University of British Columbia); Soltesz, Kristian (Lund University)

Realistic Mathematical Model of Retinal Outer Plexiform Layer for Edge Detection ................c.ccccceiiiiinn 365-368
Inagaki, Keiichiro* (Chubu University); Imanaka, Seiya (Chubu University)
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Efficiently Training Two-DoF Hand-Wrist EMG-Force Models ..............ccooocuiiiiiiiii e 369-373
Bardizbanian, Berj (Worcester Polytechnic Institute); Zhu, Ziling (Worcester Polytechnic Institute); Li, Jianan
(Worcester Polytechnic Institute); Huang, Xinming (Worcester Polytechnic Institute); Dai, Chenyun (Fudan
University); Martinez Luna, Carlos (Liberating Technologies, Inc.); McDonald, Benjamin E. (Liberating
Technologies, Inc.); Farrell, T (Liberating Technologies, Inc.); Clancy, Edward A.* (Worcester Polytechnic Institute)

Robust Modelling of Reflectance Pulse Oximetry for SpO2 Estimation ..................c.cccoci i, 374-377
Vijayarangan, Sricharan (Healthcare Technology and Innovation Center (HTIC-IITM)); Suresh, Prithvi
(Healthcare Technology and Innovation Center (HTIC-1ITM)); Sreeletha Premkumar, Preejith (Healthcare
Technology Innovation Center (HTIC), IIT Madras); Joseph, Jayaraj (HTIC, Indian Institute of Technology
Madras); Sivaprakasam, Mohanasankar* (Indian Institute of Technology Madras)

Self-Regulated and Co-Ordinated Smart Tumor Homing for Complex Vascular Networks ............................. 378-381
Ali, Muhammad* (University of Waikato); Sharifi, Neda (The University of Waikato); McGrath, Nicholas (The
University of Waikato); Cree, Michael (University of Waikato); Chen, Yifan (The University of Waikato)

Reducing Tachycardia in Septic Shock Patients: Do Esmolol and Ivabradine Have a

ChronotropiC EffECt ONIY? ... ettt e ettt e e e ettt e e e aa bt e e e s e be e e e e sabeeeeeabeeeeesaeeeeeaans 382-385
Carrara, Marta* (Politecnico di Milano, Italy); Niccold, Arianna (Politecnico di Milano);
Herpain, Antoine (Université libre de Bruxelles); Ferrario, Manuela (Politecnico di Milano)

Theme 01. Physiological Systems Modeling — Il (Oral Session)

Roles of the Cerebellar Interneurons on Cerebellar Motor Learning: A Computational Study ...................... 386-389
Takagi, Ryunosuke (Chubu Univ.); Matsuda, Taiga (Chubu Univ.); Inagaki, Keiichiro* (Chubu Univ.)

Effect of Stimulation Duration to the Existence of Initial Dip ..................cccciiiiiii e, 390-393
Khan, M. N. Afzal (Pusan National University); Bhutta, M. Raheel* (Dept. of Computer Science and
Engineering, Sejong University); Hong, Keum-Shik (Pusan National University)

Tensor Decomposition of Functional Near-Infrared Spectroscopy (fNIRS) Signals for

Pattern Discovery of Cognitive Response in Infants ... 394-397
Hssayeni, Murtadha (Florida Atlantic University); Wilcox, Teresa (Florida Atlantic University);
Ghoraani, Behnaz* (Florida Atlantic University)

Modeling BOLD-fMRI Hemodynamics via Multidimensional Decomposition of
Electrophysiology Data: A Simulation Study ... 398-401
Mann-Krzisnik, Dylan* (McGill University); Mitsis, Georgios D. (McGill University)

Pole-Zero REM Modeling with Application in EEG Artifact Removal ...................cccccoiiiiiiiiiii e, 402-405
Nassif, Farah* (Ryerson Univ.); Yousefi Rezaii, Tohid (Ryerson Univ.); Beheshti, Soosan (Ryerson Univ.)

Theme 01. Signal Processing and Classification for Atrial Fibrillation (Oral Session)

Data Augmentation for Automatic Identification of Spatiotemporal Dispersion Electrograms in
Atrial Fibrillation Ablation using Machine Learning ...............ccccuuiiiiiiiiiiiiiie e 406-409
Ghrissi, Amina* (Université Céte d'azur, CNRS, 13S); Almonfrey, Douglas (Federal Institute of Esprito Santo);
Costa de Almeida, Rafael (Federal University of Esprito Santo); Squara, Fabien (Université Céte dAzur, CHU
Pasteur, Cardiology Dept., Nice,); Montagnat, Johan (Université Céte d'azur, CNRS, 13S); Zarzoso, Vicente
(Université Nice Sophia Antipolis - CNRS)

Non-Invasive Identification of Atrial Fibrillation Driver Location using the 12-Lead ECG:

Pulmonary Vein Rotors vs. Other LOCAtioNS ...............cooiiiiiiiiiiiii e e e e 410-413
Luongo, Giorgio* (Karlsruhe Institute of Technology); Azzolin, Luca (Karlsruhe Institute of Technology); Rivolta,
Massimo Walter (Universita degli Studi di Milano); Martinez, Juan Pablo (University of Zaragoza); Doessel, Olaf
(Karlsruhe Institute of Technology (KIT)); Sassi, Roberto (Universita degli Studi di Milano); Laguna, Pablo
(Zaragoza University and CIBER-BBN); Loewe, Axel (Karlsruhe Institute of Technology (KIT))
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Subject-independent Classification on Brain-Computer Interface
using Autonomous Deep Learning for finger movement recognition

Khairul Anam, Saiful Bukhori, Faruq Sandi Hanggara, and Mahardhika Pratama, Member, IEEE

Abstract— The degradation of the subject-independent
classification on a brain-computer interface is a challenging
issue. One method mostly taken to overcome this problem is by
collecting as many subjects as possible and then training the
system across all subjects. This article introduces streaming
online learning called autonomous deep learning (ADL) to
classify five individual fingers based on electroencephalography
(EEG) signals to overcome the issue above. ADL is a deep
learning architecture that can construct its structure by itself
through streaming learning and adapt its structure to the
changes occurring in the input. In this article, the input of ADL
is a common spatial pattern (CSP) extracted from the EEG
signal of healthy subjects. The experimental results on the
subject-dependence classification across four subjects using 5-
fold cross-validation show that that ADL achieved the
classification accuracy of around 77%. This performance was
excellent compared to a random forest (RF) and a convolutional
neural network (CNN). They achieved accuracies of about 53%
and 72%, respectively. On the subject-independent
classification, ADL outperforms CNN by resulting stable
accuracies for both training and testing, different from CNN
that experience accuracy degradation to approximately 50%.
These results imply that ADL is a promising machine learning
in dealing with the issue in the subject-independent
classification.

I. INTRODUCTION

The disability prevalence across various countries is quite
a lot. For example, as many as five million Indian descendants
have a disability [1]. Similarly, in Indonesia, around 2-3% of
Indonesian citizens experience disabilities [2]. Many factors
cause disability, one of which is amputation. The causes of
amputations are various, such as diabetes, work accident or
traffic accident. Various efforts need to take to restore their
quality of life, especially disability on the hands. Losing hands
becomes a severe problem for sufferers because the
functionality of the hands in human life is very high.

One of the methods for the rehabilitation of amputees is by
providing a prosthetic hand robot to replace lost hand
functions. The challenge emerges how to design a control
system for the robot in such a way the user feels that it is a part
of the user's body. To produce such a control system, we have
to design a control system that can predict the user desire based
on human body signals such as electromyography (EMG).

Many studies have developed a pattern recognition system
for hand movements based on EMG signals. However, EMG

Khairul Anam is with Department of Electrical Engineering, Universitas
Jember, 68121, Indonesia (corresponding author phone: +62331-484977; e-
mail: khairul@unej.ac.id).

Saiful Bukhori is with Faculty of Computer Science, Universitas Jember,
Indonesia (e-mail: saiful.ilkom@unej.ac.id)

978-1-7281-1990-8/20/$31.00 ©2020 IEEE 447

signals for the hand movements cannot be obtained from
patients who have amputations above the elbow. In addition,
in patients who have very severe weakness of motor function
(neuromuscular disease), the EMG signal cannot be recorded.
The solution is to use another body signal, which is from a
brain signal or electroencephalogram (EEG).

EEG signals are signals that are dynamic and non-
stationary. As a result, the motion detection system is
susceptible to changes in EEG signals such as fatigue, the
humidity of the EEG electrode due to sweating, or a slight shift
in the EEG electrode. Therefore, we need a detection system
that is robust, sturdy, and not sensitive to changes or even little
changes and also has an adaptive nature. One reason for the
lack of solidity of the existing system is the use of learning
machines that do not work online. In other words, various
machine learnings such as artificial requirements network
(ANN), support vector machine (SVM), k-nearest
neighborhood (kNN), extreme learning machine (ELM), linear
discriminant analysis (LDA) or other works in a batch learning
system. In batch learning, the system is trained offline, and
then the trained system is applied for testing. The problem is,
due to the non-stationary property of the EEG signal, the data
in offline learning is different from the data in real-time
applications. Furthermore, the gap is getting more prominent
when the system is implemented for a long period of time.
Certainly, there will always be a recalibration of the system.
Unfortunately, it will bore the patient.

An online learning system, or known as streaming
learning, can be a solution to this problem. In this pattern
recognition system, the system works directly, and at the same
time, it is learning and adapting to the new environment. To
some extent, the designed systems can also learn by
themselves looking for the appropriate parameters to produce
a sturdy system. This system is also known as autonomous
machine learning or independent machine learning [3].

The success of deep learning in image processing inspires
researchers to apply it to EEG signal processing [4]. The main
advantage of deep learning is that it eliminates feature
extraction stages because the feature extraction has become
part of deep learning. However, the learning process is still in
the form of batch learning or offline learning so it is less robust
with changes. The use of online learning methods in deep
learning is still in testing stages of the benchmark datasets. To
the best of the author’s knowledge, none of them have been
applied to overcome the inherent problem of the EEG signal
processing. This article is proposed to evaluate the
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performance of the online deep learning or so-called
autonomous deep learning [5][3] to produce a robust EEG
signal processing system.

This article will focus on the performance of the proposed
system overcoming a robustness issue in degradation
performance of the subject-independent classification
especially on the EEG pattern recognition for finger
movement. The common method to overcome the degradation
performance in the subject-independence classification is by
collecting as many subjects as possible [6][7]. This article
takes different approaches by introducing the streaming deep
learning called autonomous deep learning to classify five
individual finger movements from EEG signal.

The rest of the paper is as follows. Section two presents the
theoretical aspect of autonomous deep learning. Then, the
section for material and method comes after it. Result and
discussion and then the conclusion will end the presentation of
this paper.

II. AUTONOMOUS DEEP LEARNING

Autonomous deep learning (ADL) is a supervised elastic
deep neural network where the structure of hidden units and
hidden layers can be constructed by itself in a long-life
learning mechanism. The basic of ADL is the multi-layer
perceptron (MLP) that consists of a first layer and multi
intermediate layers. The former is the input feature while the
latter is the hidden layers that have a connection to unique
classifiers, as shown in Figure 1.

o

The output
layer

The first
hidden layer

The Input
layer

Figure 1 The Autonomous deep learning structure with two hidden
layers

The equation of the ADL is as follow:

C= max ¥,;7 =YL, pW.y® (M
0=1,...m
where
y(l) = max(Ws(l)h(l) + bS(l)) vl = 1, oL (2)
hO = O_(Wh(l—l) + b(l)), MO =x 3)
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In equation (1), y is the multiclass probability, and L is the
number of hidden layers. Meanwhile, in the equation (2) and
(3), WM g RK1X4 is the weight of the /-th hidden layer in
which K; and d is the number of hidden nodes and the number
of input in the /-th hidden layer. Next, b € R™ is the bias of
input layer and % is the /-th hidden layer weight in which it is
adjusted by reward and punishment factor.

ADL consists of two adaptations., i.e. the adaption of the
network width and network depth. The first adaptation is
governed by network significance (NS) method which creates
a new hidden unit and prunes an inconsistent hidden unit.
Meanwhile, the later adaption is driven by drift detection
scenario (DDS) which creates and prune a hidden layer. In
general, the learning mechanism of ADL is depicted in Figure
2.

Feed the class label

1.0 Encoding Scheme

Test ADL with
incoming data
stream via (4.1)

| Dynamic Adaptation of |
Layer weight

The Adaptation of
Network Parameters
Using SGD

Hidden Layer Pla
Scenario

Hidden Node
Pruning Strategy

i The high level learning

The low level learning
E The model learning

Figure 2. Autonomous Deep Learning [3]

III. METHOD

The experiments was carried out following the flow shown
in Figure 3. The goal of the pattern recognition based on ADL
is to decode five individual fingers from EEG signals. The
dataset is EEG motor imagery for brain-computer interfaces
obtained from [8]. The recording session parts we choose are
five finger motion of five mental imagery types to discriminate
finer movement imageries. All motor imageries are of a single
hand.

The EEG montage consisted of 19 lead configured with the
international 10-20 system, one bipolar lead X3 for data
synchronization, and two ground leads Al and A2. Although
the dataset provides data of subject A to subject M, we only
used four subjects {A, B, C, F} because their EEG signal
recorded with both frequencies of 200Hz and 1000Hz.

We used four subjects A, B, C, and F at frequencies of
200Hz and 1000Hz. In this study, the feature of an EMG signal
is the five components of the Common Spatial Pattern[9]. The
windowing process uses a window length of 1 second and
overlap by 0.75 seconds. The number of data for each subject
A, B, C, and F are {4974, 4959, 5941, 4947} at 200Hz and
{4853, 4962, 4856, 4944} at 1000Hz. We used 100 chunk data
so there are around 40 streaming learning for each subject.
Before being separated into several batches, the data is
randomized first.
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EEG Classification

Data Common using Predicted finger
Acquisit Spatial Pattern Autonomous movement

ion Deep Learning

Figure 3 Computer-brain interface for movement predicting the
hand movements

In this paper, we separated evaluation to subject dependent
and subject independent to examine the robustness of the
system. In subject-dependent, the model trained and tested
with the dataset of each subject. On the other hand, subject-
independent evaluation regards a subject dataset as test data
and the others as train data. The model is trained with 5-fold
cross-validations with shuftle, assuming that the comparison
of training data and testing data that is 4: 1 is good enough for
each fold to represent the aggregate data.

Comparison to other methods, random forest (RF) with
100 trees and convolutional neural network (CNN). As for
CNN, it comprises 6 layers, 3 convolutional layers and 3 fully
connected layers. The matrix size of the input is 28x28 while
the feature size of the convolutional layers is 32x32, 64x64,
and 64x64 for the first, second, and third layers, respectively.

IV. RESULT AND DISCUSSION

A. Subject-dependent classification

The subject dependent evaluation was performed on all
subjects. Each new model is trained with some data from a
subject and then tested with other data parts from the same
subject. The experimental results are shown in Figure 4 and
Figure 5.
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Figure 4. The average testing accuracy across four subjects using 5-cross
validation on data with a frequency of 200 Hz
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Figure 5. The average testing accuracy across four subjects using 5-cross
validation on data with a frequency of 1000 Hz
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Both figures indicate that the EEG pattern recognition
based on ADL was able to predict the five individual fingers
by the accuracy of around 70 to 80%. The performance of the
proposed pattern recognition system is more standing up when
we compare it with another deep learning method and one
ensemble powerful classifier i.e. random forest (RF), as it can
be seen from Table 1 to Table 4.

From these tables, we can see that the accuracy of ADL is
the worst on the training stage. However, the testing accuracy
of ADL is the best by the average accuracy of around 78%
across four subjects compared to 53% and 72% for RF and
CNN, respectively. In comparison to the work of [8], the ADL
based pattern recognition based on EEG developed in this
article achieves better results. This article employed the same
datasets as those in [8] in which utilized support vector
machine (SVM). Perhaps, this fact supports the advantage of
ADL over other classifiers.

TABLE I. THE TRAINING ACCURACY OF ADL 5 CROSS-VALIDATION
200HZ DATA
RF (%) CNN (%) ADL (%)
SUBJECT
Mean | STD | Mean | STD | Mean | STD
A 100,00 | 0,00 | 99,95 | 0,01 | 77,57 | 0,22
B 100,00 | 0,00 | 99,91 | 0,07 | 77,73 | 0,16
C 100,00 | 0,00 | 99,90 | 0,07 | 81,76 | 0,31
Ig 100,00 | 0,00 | 99,93 | 0,03 | 78,05 | 0,20
AVERAGE | 100,00 | 0,00 | 99,92 | 0,05 | 78,78 | 0,22

TABLE II. THE TESTING ACCURACY OF ADL 5 CROSS-VALIDATION 200HZ

DATA
RF (%) CNN (%) ADL (%)
SUBJECT
Mean | STD | Mean | STD | Mean | STD
A 54,63 | 0,71 | 71,28 | 0,69 | 77,46 | 091
B 50,91 | 0,52 | 74,92 | 0,49 | 77,82 | 0,60
C 55,56 | 0,60 | 70,67 | 0,76 | 81,62 | 1,06
F 54,11 | 0,58 | 76,86 | 0,76 | 78,13 | 0,82
AVERAGE | 53,80 | 0,60 | 73,43 | 0,67 | 78,76 | 0,85

TABLE III. THE TRAINING ACCURACY OF ADL 5 CROSS-VALIDATION

1000HZ DATA
RF (%) CNN (%) ADL (%)
SUBJECT
Mean | STD | Mean | STD | Mean | STD
A 100,00 | 0,00 | 99,77 | 0,27 | 77,61 | 0,08
B 100,00 | 0,00 | 99,70 | 0,26 | 74,73 | 0,21
C 100,00 | 0,00 | 99,73 | 0,26 | 77,57 | 0,06
F 100,00 | 0,00 | 99,91 | 0,06 | 77,19 | 0,20
AVERAGE | 100,00 | 0,00 | 99,78 | 0,21 | 76,77 | 0,14

TABLE IV. THE TESTING ACCURACY OF ADL 5 CROSS-VALIDATION

1000HZ DATA
RF (%) CNN (%) ADL (%)
SUBJECT
Mean | STD | Mean | STD | Mean | STD
A 4829 | 1,18 | 68,56 | 1,09 | 77,75 | 0,33
B 52,03 | 0,34 | 71,53 | 0,82 | 74,61 1,02
C 55,51 | 0,78 | 69,50 | 1,24 | 77,49 | 0,27
F 59,08 | 0,74 | 79,26 | 0,79 | 77,20 | 0,77
AVERAGE | 53,73 | 0,76 | 72,21 | 0,99 | 76,76 | 0,60
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B. Subject-independent classification

In many cases, most EEG pattern recognition systems
work well on the same subjects. However, the performance
will be poor when it is trained with one subject and tested with
different subjects. This section will test the performance of
ADL for subject-independent classification. In this
experiment, the system was trained using one subject and then
tested using the rest of subjects. The experimental results are
depicted in Figure 6 and Figure 7.

These two figures show that the ADL works very well on
the subject-independent classification. The performance of
ADL is similar to the subject-dependent classification. The

average accuracy is around 78% over different four
scenarios. It shows that the ADL is very promising for
overcoming subject-independent classification that is most
haunting the bio-signal pattern recognition implementation.

Classification Rate

chunk

Figure 6 The testing accuracy of ADL on subject-independent classification
on 5-fold cross-validation using data with a frequency of 200 Hz
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Figure 7 The testing accuracy of ADL on subject-independent classification
on 5-fold cross-validation using data with a frequency of 1000 Hz

The benefit of ADL is more highlighted when it is
compared to CNN, as shown in Table 5 and Table 6. Same as
subject-dependent classification, the training accuracy of CNN
is very good, almost 100%. Unfortunately, its testing accuracy
is extremely bad. It became around 20%. On the contrary,
ADL presents a promising performance. The accuracy did not
decrease and tent to stable. The experimental results show that
ADL is a promising solution for robustness issues in the bio-
signal pattern recognition especially on EEG based system.
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TABLE V. THE CLASSIFICATION ACCURACY OF CNN AND ADL USING 5
CROSS-VALIDATIONS ON 200 HZ DATA FOR SUBJECT-INDEPENDENT TEST

Scenario TRAINING TESTING
CNN ADL CNN ADL
A vs BCF 99,95 79,15 22,10 77,46
B vs ACF 99,93 79,10 20,85 77,82
C vs ABF 99,89 77,83 21,07 81,62
F vs ABC 99,93 78,96 19,37 78,13
AVERAGE | 99,93+0,03 | 78,76 +0,63 | 201,13 | 78,76 £1,93

TABLE VI. THE CLASSIFICATION ACCURACY OF CNN AND ADL USING 5
CROSS-VALIDATIONS ON 1000 HZ DATA FOR SUBJECT-INDEPENDENT TEST

SEenart TRAINING TESTING
CNN ADL CNN ADL
A vs BCF 99,96 76,43 20,26 77,75
B vs ACF 99,59 77,46 20,02 77,82
C vs ABF 99,85 76,51 20,50 81,62
F vs ABC 99,95 76,55 20,96 78,13
AVERAGE | 99,84+ 0,17 | 76,74+ 0,48 | 20,43+0,40 | 78,83+1,87

V. CONCLUSION

This article proposes a new method to overcome the
degradation performance on the subject-independent
classification by introducing a new brain-computer interface
(BCI) based on autonomous deep learning (ADL). One of the
main advantages of ADL is the ability to construct its structure
itself and adapt to the changes in the input behaviors. The
proposed BCI consists of CSP features and ADL. The goal is
to classify five individual fingers based EEG signals. The
experimental results on the subject-dependent classification
show that the ADL outperforms random forest and CNN by
producing stable accuracies on both training and testing about
78%. In the subject-independent classification, the virtue of
ADL is more standing out compared to CNN. The ADL did
not experience performance degradation, while CNN
experienced a degradation performance of about 50%.
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