
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
IEEE Catalog Number: 
ISBN: 

CFP21CNE-POD 
978-1-7281-4338-5 

2021 10th International 
IEEE/EMBS Conference on 
Neural Engineering (NER 2021) 

Virtual Conference 
4 – 6 May 2021 

Pages 1-576 

1/2 



 
 
 
 
 
 
 
Copyright © 2021 by the Institute of Electrical and Electronics Engineers, Inc. 
All Rights Reserved 
 
Copyright and Reprint Permissions:  Abstracting is permitted with credit to the source.  
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private 
use of patrons those articles in this volume that carry a code at the bottom of the first 
page, provided the per-copy fee indicated in the code is paid through Copyright 
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.   
 
For other copying, reprint or republication permission, write to IEEE Copyrights 
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ  08854.  All rights 
reserved.   
 
*** This is a print representation of what appears in the IEEE Digital 
Library.  Some format issues inherent in the e-media version may also 
appear in this print version.  
 
 
IEEE Catalog Number:   CFP21CNE-POD 
ISBN (Print-On-Demand):  978-1-7281-4338-5 
ISBN (Online):   978-1-7281-4337-8 
ISSN:                            1948-3546 
           
 
 
Additional Copies of This Publication Are Available From: 
 
Curran Associates, Inc 
57 Morehouse Lane 
Red Hook, NY  12571 USA 
Phone:  (845) 758-0400 
Fax:  (845) 758-2633 
E-mail: curran@proceedings.com 
Web:               www.proceedings.com 
 

 
 



TABLE OF CONTENTS 
 
BCI BASED ON LOWER-LIMB MOTOR IMAGERY AND A STATE MACHINE FOR 
WALKING ON A TREADMILL ........................................................................................................................ 1 

Laura Ferrero, Vicente Quiles, Mario Ortiz, Eduardo Iáñez, José M. Azorín 

GUIDELINES TO USE TRANSFER LEARNING FOR MOTOR IMAGERY DETECTION: AN 
EXPERIMENTAL STUDY ................................................................................................................................. 5 

Laurent Bougrain, Sébastien Rimbert, Pedro L. C. Rodrigues, Geoffrey Canron, Fabien Lotte 

DECODING NEURONAL ACTIVITY USING A DEEP NEURAL NETWORK TO PREDICT 
KNOB SUPINATION SUCCESS ........................................................................................................................ 9 

Joshua O. Usoro, Christopher Kung, Seth A. Hays, Joseph J. Pancrazio 

A PRELIMINARY STUDY OF CLASSIFYING SPOKEN VOWELS WITH EEG SIGNALS ...................... 13 
Mingtao Li, Sio Hang Pun, Fei Chen 

SYNCHRONOUS CLASSIFICATION OF SSVEP-EMG FUSION SIGNAL FROM OCCIPITAL 
ELECTRODES USING CONVOLUTIONAL NEURAL NETWORKS .......................................................... 17 

Zhimin Zhang, Kai Guan, Zhaopeng Qian, Fei Shen, Tao Liu, Haijun Niu 

INTER-SUBJECT DEEP TRANSFER LEARNING FOR MOTOR IMAGERY EEG DECODING ............... 21 
Xiaoxi Wei, Pablo Ortega, A. Aldo Faisal 

DESIGNING A CLOSED LOOP SYSTEM TO ACHIEVE REAL-TIME EVALUATION AND 
MANIPULATION OF STATE ANXIETY WHILE WALKING IN VIRTUAL REALITY ............................ 45 

Siwen Wang, Ryu Okubo, Gekai Liao, Conrad Ku, Richard Sowers, Manuel E. Hernandez 

SERIAL DECODING OF MACAQUE INTRACORTICAL ACTIVITY FOR FEEDFORWARD 
CONTROL OF COHERENT SEQUENTIAL REACH ..................................................................................... 49 

Chenyang Li, Tianwei Wang, Yiheng Zhang, Xinxu Xu, Qifan Wang, Ruichen Zheng, He Cui 

INTRACORTICAL MICROSTIMULATION OF SOMATOSENSORY CORTEX GENERATES 
EVOKED RESPONSES IN MOTOR CORTEX ............................................................................................... 53 

Luke E. Osborn, David P. McMullen, Breanne P. Christie, Pawel Kudela, Tessy M. Thomas, 
Margaret C. Thompson, Robert W. Nickl, Manuel Anaya, Sahana Srihari, Nathan E. Crone, 
Brock A. Wester, Pablo A. Celnik, Gabriela L. Cantarero, Francesco V. Tenore, Matthew S. 
Fifer 

INTER-MUSCULAR COHERENCE FEATURES TO CLASSIFY UPPER LIMB SIMPLE 
TASKS ...............................................................................................................................................................  57 

E. Colamarino, J. Toppi, V. de Seta, F. Cincotti, F. Pichiorri, M. Masciullo, D. Mattia 

IMPROVING SSVEP IDENTIFICATION ACCURACY VIA GENERALIZED CANONICAL 
CORRELATION ANALYSIS ........................................................................................................................... 61 

Qiang Sun, Minyou Chen, Li Zhang, Xiaoyang Yuan, Changsheng Li 

HYBRID TEMPLATE CANONICAL CORRELATION ANALYSIS METHOD FOR 
ENHANCING SSVEP RECOGNITION UNDER DATA-LIMITED CONDITION ........................................ 65 

Runfeng Miao, Li Zhang, Qiang Sun 

SPEECH MODALITY CLASSIFICATION WITH CORTICAL EEG SIGNALS ........................................... 69 
Changjie Pan, Zhixing Liu, Fei Chen 



MULTIMODAL EMOTION RECOGNITION USING A MODIFIED DENSE CO-ATTENTION 
SYMMETRIC NETWORK ............................................................................................................................... 73 

Zhi-Wei Zhao, Wei Liu, Bao-Liang Lu 

CHARACTERIZATION OF NOISE LIKE ACTIVITY OF A SPIKING NEURON: A SIGNAL 
PROCESSING PERSPECTIVE ......................................................................................................................... 77 

Ayan Chakraborty, Chittotosh Ganguly, Saswat Chakrabarti 

QUICKTUMORNET: FAST AUTOMATIC MULTI-CLASS SEGMENTATION OF BRAIN 
TUMORS ........................................................................................................................................................... 81 

Benjamin Maas, Erfan Zabeh, Soroush Arabshahi 

ELECTROPHYSIOLOGICAL CHARACTERIZATION OF GLIOMA USING A BIOMIMETIC 
SPHEROID MODEL ......................................................................................................................................... 86 

Kwang-Min Kim, Sumeyye Tercan, Murat Baday, Kelly B. Mahaney, Lawrence D. Recht, 
Jayakumar Rajadas, Chirag B. Patel 

MODEL NEOCORTICAL MICROCIRCUIT SUPPORTS BETA AND GAMMA RHYTHMS .................... 91 
Feng Feng, Drew B. Headley, Satish S. Nair 

PHASE-AMPLITUDE COUPLING BETWEEN NEURONAL WIDEBAND LOW-FREQUENCY 
OSCILLATIONS AND BROADBAND GAMMA ACTIVITY ....................................................................... 95 

Tao Xie, Zehan Wu, Liang Chen, Xiangyang Zhu, Xinjun Sheng, Peter Brunner 

AN EFFICIENT PIPELINE FOR BIOPHYSICAL MODELING OF NEURONS ........................................... 99 
Nathaniel Opsal, Pete Canfield, Tyler Banks, Satish S. Nair 

A QUANTITATIVE REPRESENTATION OF CONTINUOUS BRAIN STATE DURING SLEEP ............ 103 
Hyeon Jin Kim, Shuqiang Chen, Uri T. Eden, Michael J. Prerau 

A NEUROCOMPUTATIONAL MODEL OF POSTTRAUMATIC STRESS DISORDER ........................... 107 
Gregory P. Davis, Garrett E. Katz, Daniel Soranzo, Nathaniel Allen, Matthew J. Reinhard, 
Rodolphe J. Gentili, Michelle E. Costanzo, James A. Reggia 

A SOFTWARE TOOL FOR THE REAL-TIME IN VIVO EVALUATION OF NEURAL 
ELECTRODES' SELECTIVITY ..................................................................................................................... 112 

Ivo Strauss, Daniela de Luca, Adele M. Panarese, Fabio Bernini, Khatia Gabisonia, 
Francesco M. Petrini, Fabio A. Recchia, Stanisa Raspopovic, Silvestro Micera 

ADAPTATION AND OPTIMIZATION OF AN INTRANEURAL ELECTRODE TO 
INTERFACE WITH THE CERVICAL VAGUS NERVE .............................................................................. 116 

Ivo Strauss, Ciro Zinno, Alice Giannotti, Matteo M. Ottaviani, Fabio A. Recchia, Silvestro 
Micera 

HUMAN DERIVED CORTICAL EXCITATORY NEUROSPHEROIDS SHOWED 
SPONTANEOUS ACTIVITY ON MICRO ELECTRODES ARRAY ........................................................... 123 

L. Muzzi, M. Falappa, A. Maccione, D. di Lisa, M. Frega, S. Martinoia 

REINFORCEMENT OF NEUROPIXELS PROBES FOR HIGH-DENSITY NEURAL 
RECORDING IN NON-HUMAN PRIMATES ............................................................................................... 128 

Qifan Wang, Jiapeng Yin, He Cui 

A STEPPING STONE TO ENABLE PRECLINICAL EVALUATION OF MULTIMODAL 
THIN-FILM PROBES IN SMALL ANIMAL MODELS ................................................................................ 132 

Danesh Ashouri Vajari, Maria Vomero, Volker A. Coenen, Thomas Stieglitz 



SIMULATION AND ANALYSIS OF NEUROMORPHIC TACTILE DATA FOR OBJECT 
INTERACTION SPEED DETECTION ........................................................................................................... 136 

Christophe J. Brown, Harrison H. Nguyen, Margaret C. Thompson, Justin M. Joyce, Erik C. 
Johnson, Matthew S. Fifer, Luke E. Osborn 

HETEROGENEITY IN NEURONAL CALCIUM SPIKE TRAINS BASED ON EMPIRICAL 
DISTANCE ...................................................................................................................................................... 141 

Sathish Ande, Jayanth R Regatti, Neha Pandey, Ajith Karunarathne, Lopamudra Giri, 
Soumya Jana 

GAUSSIAN MIXTURE MODELING OF SINGLE-NEURON RESPONSES OBTAINED FROM 
CONFOCAL-CALCIUM-IMAGING OF DISSOCIATED RAT HIPPOCAMPAL NEURONS ................... 145 

Vaibhav Dhyani, Soumya Jana, Lopamudra Giri 

INVESTIGATING VARIATIONAL PHASE-AMPLITUDE COUPLING IN EEG-BASED 
EMOTION RECOGNITION ........................................................................................................................... 150 

Chuting Zhang, Wenbin Shi, Chien-Hung Yeh 

‘GLAUCOMA - AUTOMATING THE CUP-TO-DISC RATIO ESTIMATION IN FUNDUS 
IMAGES BY COMBINING RANDOM WALK ALGORITHM WITH OTSU THRESHOLDING’ ............ 154 

Kotturi Venkata SaiTeja, Ponduru Manoj Kumar, Punnamraju Sarath Chandra, N.K. Jisy, 
Md. Hasnat Ali, M.B. Srinivas 

AUTOMATED SCREENING OF PARKINSON'S DISEASE USING DEEP LEARNING BASED 
ELECTROENCEPHALOGRAPHY ................................................................................................................ 158 

Mohamed Shaban 

LOCAL AND SPARSE LINEAR CAUSAL MODELS FOR FMRI RESTING-STATE SIGNALS ............. 162 
Hassan Baker, Austin J. Brockmeier 

SIGNAL POWER AFFECTS ARTEFACT DETECTION ACCURACY IN CHRONICALLY 
RECORDED LOCAL FIELD POTENTIALS: PRELIMINARY RESULTS .................................................. 166 

Marcos Fabietti, Mufti Mahmud, Ahmad Lotfi, Alberto Averna, David Guggenmos, Randolph 
Nudo, Michela Chiappalone 

ANALYSIS OF MOTOR MODULE TRANSITION FROM TREMOR TO VOLUNTARY 
REACHING MOVEMENT IN PATIENTS WITH PARKINSON'S DISEASE ............................................. 170 

Minglei Bai, Manzhao Hao, Ning Lan 

LOCALIZATION OF EPILEPTOGENIC ZONE BASED ON RADIOMICS FEATURES OF 18F-
FDG PET IN PATIENTS WITH TEMPORAL LOBE EPILEPSY ................................................................. 174 

Jiaxin Hao, Yuhai Xie, Qiangqiang Liu, Jiwen Xu, Puming Zhang 

UNSUPERVISED DOMAIN ADAPTATION FOR CROSS-SUBJECT FEW-SHOT 
NEUROLOGICAL SYMPTOM DETECTION ............................................................................................... 181 

Bingzhao Zhu, Mahsa Shoaran 

A PILOT STUDY OF MULTI-SITE SIMULTANEOUS STIMULATION FOR TACTILE AND 
OPENING INFORMATION FEEDBACK IN THE PROSTHETIC HAND .................................................. 187 

Yan Li, Chih-Hong Chou, Jie Zhang, Zhuozhi Zhang, Manzhao Hao, Ning Lan 

TEXTURE DISCRIMINATION USING A NEUROMIMETIC ASYNCHRONOUS FLEXIBLE 
TACTILE SENSOR ARRAY WITH SPATIAL FREQUENCY ENCODING ............................................... 191 

Ariel Slepyan, Sriramana Sankar, Nitish Thakor 



MATERIAL SURFACE DETECTION ON VARIOUS BODY PARTS: A PRELIMINARY 
STUDY FOR TEMPERATURE SUBSTITUTION FOR UPPER ARM AMPUTEES................................... 195 

Magnus N. Kalff, Solaiman Shokur, Emilio F. Lavado, Silvestro Micera 

ADVANCING SPEECH SYNTHESIS USING EEG ...................................................................................... 199 
Gautam Krishna, Co Tran, Mason Carnahan, Ahmed H Tewfik 

CHARACTERIZING THE AREA OF SIGNIFICANT BRAIN ACTIVATION REGION TO 
SPECTRALLY-DEGRADED MUSIC: A FUNCTIONAL NEAR-INFRARED SPECTROSCOPY 
STUDY ............................................................................................................................................................. 205 

Zengzhi Guo, Mingming Zhang, Fei Chen 

TOOLS FOR IMPORTING AND EVALUATING BIDS-EEG FORMATTED DATA ................................. 210 
Arnaud Delorme, Dung Truong, Ramon Martinez-Cancino, Cyril Pernet, Subha Sivagnanam, 
Kenneth Yoshimoto, Russ Poldrack, Amit Majumdar, Scott Makeig 

IMPROVING MOVEMENT-RELATED CORTICAL POTENTIAL DETECTION AT THE EEG 
SOURCE DOMAIN ......................................................................................................................................... 214 

Chenyang Li, Haonan Guan, Zenan Huang, Weidong Chen, Jianhua Li, Shaomin Zhang 

EEG-BASED CLASSIFICATION OF THE INTENSITY OF EMOTIONAL RESPONSES ........................ 218 
Vahan Babushkin, Wanjoo Park, Muhammad Hassan Jamil, Haneen Alsuradi, Mohamad Eid 

LABEL-FREE INTRAOPERATIVE BLOOD FLOW IMAGING AND AUGMENTED REALITY 
DISPLAY IN SURGICAL MICROSCOPE ..................................................................................................... 222 

Jingyi Yu, Guang Xu, Peng Miao, Shanbao Tong 

SENSORY STIMULATION ENHANCES FUNCTIONAL CONNECTIVITY TOWARDS THE 
SOMATOSENSORY CORTEX IN UPPER LIMB AMPUTATION ............................................................. 226 

Keqin Ding, Andrei Dragomir, Rohit Bose, Luke Osborn, Manuel Seet, Anastasios 
Bezerianos, Nitish Thakor 

VISUAL DECODING OF PHRASES FROM OCCIPITAL NEUROMAGNETIC SIGNALS ...................... 230 
Debadatta Dash, Paul Ferrari, Amir Borna, Joonas Iivanainen, Peter D. D. Schwindt, Jun 
Wang 

A COMPUTATIONAL MODEL OF THE INTERACTION BETWEEN RESIDUAL CORTICO-
SPINAL INPUTS AND SPINAL CORD STIMULATION AFTER PARALYSIS ........................................ 251 

Josep-Maria Balaguer, Marco Capogrosso 

CORRELATED INPUTS TO STRIATAL POPULATION DRIVE SUBTHALAMIC NUCLEUS 
HYPER-SYNCHRONIZATION ...................................................................................................................... 255 

Elena Manferlotti, Matteo Vissani, Alberto Mazzoni, Arvind Kumar 

INFLUENCE OF MORPHOLOGY AND WAVEFORM PARAMETERS ON THE NEURAL 
RESPONSE TO SPINAL CORD STIMULATION ......................................................................................... 259 

Evan R. Rogers, Hans J. Zander, Scott F. Lempka 

THE EFFECT OF AXON TRAJECTORY ON RETINAL GANGLION CELL ACTIVATION 
WITH EPIRETINAL STIMULATION ........................................................................................................... 263 

Kathleen E. Kish, Robert D. Graham, Kwoon Y. Wong, James D. Weiland 

A COMPUTATIONAL MODEL OF THE PUDENDAL NERVE FOR THE BIOELECTRONIC 
TREATMENT OF SEXUAL DYSFUNCTIONS ............................................................................................ 267 

Federico Ciotti, Giacomo Valle, Alessandra Pedrocchi, Stanisa Raspopovic 



CONNECTOMIC PREDICTIVE MODELING GUIDES SELECTIVE PERTURBATION OF 
TRACTS IN THE SUBCALLOSAL CINGULATE WHITE MATTER ........................................................ 271 

Bryan Howell, Allison C. Waters, Ki Sueng Choi, Ashan Veerakumar, Mosadoluwa Obatusin, 
Helen S. Mayberg, Cameron C. McIntyre 

ADAPTIVE CONTROL OF SINUSOIDAL OPTOGENETIC STIMULATION ........................................... 275 
Diego M. Vieira, Antje Kilias, Moritz Diehl, Carola A. Haas, Ulrich Egert 

MODEL-DRIVEN COLLECTION OF NEURAL MODULATION DATA .................................................. 281 
Eric R. Cole, Dayton P. Grogan, Thomas E. Eggers, Mark J. Connolly, Nealen G. Laxpati, 
Robert E. Gross 

SPIKE-BASED ANALYSIS OF BRAIN INJURED ANESTHETIZED ANIMALS 
UNDERGOING CLOSED-LOOP INTRACORTICAL STIMULATION ...................................................... 285 

M. Carè, A. Averna, F. Barban, M. D. Murphy, R. J. Nudo, D. J. Guggenmos, M. 
Chiappalone 

EFFECT OF FOCALITY OF TRANSCRANIAL CURRENTS ON NEURAL RESPONSES ....................... 289 
Mats Forssell, Vishal Jain, Chaitanya Goswami, Sara Caldas-Martinez, Pulkit Grover, 
Maysam Chamanzar 

LFP BASED ANALYSIS OF BRAIN INJURED ANESTHETIZED ANIMALS UNDERGOING 
CLOSED-LOOP INTRACORTICAL STIMULATION .................................................................................. 293 

Federico Barban, Alberto Averna, Maxwell D. Murphy, Marta Carè, Randolph J. Nudo, 
David J. Guggenmos, Michela Chiappalone 

A SCALABLE ALGORITHM BASED ON SPIKE TRAIN DISTANCE TO SELECT 
STIMULATION PATTERNS FOR SENSORY FEEDBACK ........................................................................ 297 

Mark M. Iskarous, Sriramana Sankar, Qianwei Li, Christopher L. Hunt, Nitish V. Thakor 

MODELING THE IMPACT OF SURROUNDING DIELECTRIC WIDTH ON THE RANGE 
AND SHAPE OF THE RECORDING VOLUME OF DISC MICROELECTRODES ................................... 306 

Paritosh Rustogi, Abbas Furniturewalla, Erin Patrick, Jack W. Judy 

DON'T LOSE YOUR MIND: BRAIN-COMPUTER INTERFACES, AUTONOMY, AND THE 
NECESSITY OF ENGINEERING ETHICS .................................................................................................... 318 

Madelyn Douglas, Alice C. Parker 

DECODING OF CONTINUOUS MOVEMENT ATTEMPT IN 2-DIMENSIONS FROM NON-
INVASIVE LOW FREQUENCY BRAIN SIGNALS ..................................................................................... 322 

Gernot R. Müller-Putz, Valeria Mondini, Víctor Martínez-Cagigal, Reinmar J. Kobler, Joana 
Pereira, Catarina Lopes Dias, Lea Hehenberger, Andreea I. Sburlea 

A GAME-THEORETIC MODEL FOR CO-ADAPTIVE BRAIN-MACHINE INTERFACES ..................... 327 
Maneeshika M. Madduri, Samuel A. Burden, Amy L. Orsborn 

FEEDBACK CONGRUENCE AFFECTS REAL AND PERCEIVED PERFORMANCE OF AN 
AFFECTIVE NEUROFEEDBACK TASK ..................................................................................................... 331 

Lucas R. Trambaiolli, Claudinei E. Biazoli, André M. Cravo, João R. Sato 

GAZE-CONTINGENT DECODING OF HUMAN NAVIGATION INTENTION ON AN 
AUTONOMOUS WHEELCHAIR PLATFORM ............................................................................................ 335 

Mahendran Subramanian, Suhyung Park, Pavel Orlov, Ali Shafti, A. Aldo Faisal 

EXTRACTING INTERPRETABLE EEG FEATURES FROM A DEEP LEARNING MODEL TO 
ASSESS THE QUALITY OF HUMAN-ROBOT CO-MANIPULATION ..................................................... 339 

Hemanth Manjunatha, Ehsan T. Esfahani 



TEST-RETEST RELIABILITY OF GRAPH METRICS IN FUNCTIONAL BRAIN NETWORK .............. 343 
Ilaria Boscolo Galazzo, Francesco Zumerle, Edoardo Paolini, Walter Endrizzi, Gloria 
Menegaz, Silvia F. Storti 

DIMENSIONALITY REDUCTION VIA THE LAPLACE-BELTRAMI OPERATOR: 
APPLICATION TO EEG-BASED BCI ........................................................................................................... 347 

Xiaoqi Xu, Nicolas Drougard, Raphaëlle N. Roy 

HIERARCHICAL NEURAL NETWORK WITH LAYER-WISE RELEVANCE PROPAGATION 
FOR INTERPRETABLE MULTICLASS NEURAL STATE CLASSIFICATION ........................................ 351 

Charles A. Ellis, Mohammad S. E. Sendi, Jon T. Willie, Babak Mahmoudi 

TOWARDS A HYBRID EEG-EMG FEATURE FOR THE CLASSIFICATION OF UPPER LIMB 
MOVEMENTS: COMPARISON OF DIFFERENT PROCESSING PIPELINES .......................................... 355 

V. de Seta, J. Toppi, F. Pichiorri, M. Masciullo, E. Colamarino, D. Mattia, F. Cincotti 

BRAIN FUNCTIONAL CONNECTIVITY DYNAMICS IN AUTISM IN THE CONTEXT OF 
RESTRICTIVE, REPETITIVE AND STEREOTYPED BEHAVIORS .......................................................... 359 

Gerardo Noriega 

PHASE COMPONENT OF FREQUENCY-DOMAIN FUNCTIONAL NEAR-INFRARED 
IMAGING IMPROVES DECODING OF MOTOR-EVOKED NEURAL ACTIVITY .................................. 365 

Margaret C. Thompson, Brian S. Robinson, Griffin W. Milsap, Jeremiah J. Wathen, Michael 
J. Fitch, Clara A. Scholl, Scott M. Hendrickson 

RECONSTRUCTION OF THE VERY EARLY THALAMO-CORTICAL NETWORK WITH 
COMBINED EEG AND MEG ON REALISTIC HEAD MODELING .......................................................... 371 

Konstantinos Politof, Marios Antonakakis, Andreas Wollbrink, Carsten H. Wolters, Michalis 
Zervakis 

ADAPTIVE CENTRAL PATTERN GENERATOR TO CONTROL A MODULAR LOWER 
LIMB REHABILITATION EXOSKELETON ................................................................................................ 377 

Alberto Plaza, Mar Hernandez, Jaime Ramos, Gonzalo Puyuelo, Elena Garces, Elena Garcia 

NEUROMECHANICS-BASED DEEP REINFORCEMENT LEARNING OF 
NEUROSTIMULATION CONTROL IN FES CYCLING .............................................................................. 381 

Nat Wannawas, Mahendran Subramanian, A. Aldo Faisal 

BIOELECTRODES FOR HIGH-CHANNEL COUNT AND SMALL FORM FACTOR CMOS 
NEURAL PROBES .......................................................................................................................................... 388 

J. F. Ribeiro, F. Boi, A. Lecomte, G. N. Angotzi, L. Berdondini 

GRADIENTS OF SURFACE-BOUND LAMININ ON CONDUCTING POLYMER FILMS FOR 
POTENTIAL NERVE REGENERATION ...................................................................................................... 395 

Omid Dadras-Toussi, Milad Khorrami, Sheereen Majd, Mohammad Reza Abidian 

PAIN ASSESSMENT BASED ON FNIRS USING BI-LSTM RNNS ............................................................ 399 
Raul Fernandez Rojas, Julio Romero, Jehu Lopez-Aparicio, Keng-Liang Ou 

SEARCHING FOR WAVEFORMS ON SPATIALLY-FILTERED EPILEPTIC ECOG .............................. 403 
Carlos H. Mendoza-Cardenas, Austin J. Brockmeier 

AN ADVERSARIAL VARIATIONAL AUTOENCODER APPROACH TOWARD TRANSFER 
LEARNING FOR MTBI IDENTIFICATION ................................................................................................. 408 

Shiva Salsabilian, Laleh Najafizadeh 



A CONVOLUTIONAL AUTOENCODER FOR IDENTIFICATION OF MILD TRAUMATIC 
BRAIN INJURY .............................................................................................................................................. 412 

Fatemeh Koochaki, Laleh Najafizadeh 

AUTOMATED, SCALABLE AND GENERALIZABLE DEEP LEARNING FOR TRACKING 
CORTICAL SPREADING DEPRESSION USING EEG ................................................................................ 416 

Alireza Chamanzar, Xujin Liu, Lavender Y. Jiang, Kimon A. Vogt, José M. F. Moura, Pulkit 
Grover 

LOCAL POWER ESTIMATION OF NEUROMODULATIONS USING POINT PROCESS 
MODELING ..................................................................................................................................................... 420 

Shailaja Akella, Ali Mohebi, Kierstin Riels, Andreas Keil, Karim Oweiss, Jose C. Principe 

ON THE USE OF GENERATIVE DEEP NEURAL NETWORKS TO SYNTHESIZE 
ARTIFICIAL MULTICHANNEL EEG SIGNALS ......................................................................................... 427 

Ozan Özdenizci, Deniz Erdoğmuş 

UNSUPERVISED QUANTIFICATION OF HIGH-GAMMA ACTIVITY IN 
ELECTROCORTICOGRAPHIC SIGNALS ................................................................................................... 431 

J. Gruenwald, C. Kapeller, K. Kamada, J. Scharinger, C. Guger 

INVESTIGATING THE EFFECTS OF MACAQUE PRIMARY MOTOR CORTEX MULTI-
UNIT ACTIVITY BINNING PERIOD ON BEHAVIOURAL DECODING PERFORMANCE ................... 436 

Oscar W. Savolainen, Timothy G. Constandinou 

APPLICATION OF DIGITAL IMAGE ANALYSIS METHODS FOR QUANTIFYING 
SPATIOTEMPORAL NEURAL DYNAMICS FROM PLANAR MICROELECTRODE ARRAYS ............ 440 

Afareen Jaleel, Pawel Kudela, William S. Anderson 

IMU-BASED RECURRENCE QUANTIFICATION ANALYSIS OF THE SIGNAL 
DAMPENING EFFECT OF A THUMB PROTECTOR IN DEEP TENDON REFLEX TESTS ................... 444 

Gerald P. Otoide, Blake A. Hoppe, Nicole P. Ackley, Richard Matovu, Ariana Aliasso, Olivia 
Collins, Bronwyn Brocklehurst, Norman Stark, Ikechukwu P. Ohu 

COMPUTATIONAL MODEL OF THE DORSAL HORN CIRCUITRY FOR INNOCUOUS 
TOUCH ............................................................................................................................................................ 449 

Anna Beltraminelli, Simone Romeni, Silvestro Micera 

NEURAL DYNAMICS OF CLOSED-LOOP ALPHA WAVE MODULATION VIA PHASE-
LOCKED VISUAL FEEDBACK .................................................................................................................... 453 

Xingyi Jin, Li Zhang, Linling Li, Zhen Liang, Zhiguo Zhang, Gan Huang 

PRODUCTION AND DIFFUSION MODEL OF NITRIC OXIDE FOR BIOINSPIRED SPIKING 
NEURAL NETWORKS ................................................................................................................................... 457 

Alessandra Trapani, Alberto Antonietti, Giovanni Naldi, Egidio D'Angelo, Alessandra 
Pedrocchi 

ON- AND OFF-CENTRE PATHWAYS IN A RETINO-GENICULATE SPIKING NEURAL 
NETWORK ON SPINNAKER ........................................................................................................................ 461 

Basabdatta Sen Bhattacharya, Teresa Serrano-Gotarredona 

A CORTICAL EXTRACELLULAR SIMULATION MODEL TO CREATE SYNTHETIC 
NEURAL RECORDINGS ............................................................................................................................... 465 

Kyle Gherardi, Hakan Töreyin 



BRAIN AND HEART PHYSIOLOGICAL NETWORKS ANALYSIS EMPLOYING NEURAL 
NETWORKS GRANGER CAUSALITY ........................................................................................................ 469 

Anggie D. Jaimes-Albarracin, Álvaro D. Orjuela-Cañón, Andrés L. Jutinico, Maria A. 
Bazurto, Elida Dueñas 

A CLOSED-LOOP ADAPTIVE BRAIN-COMPUTER INTERFACE FRAMEWORK: 
IMPROVING THE CLASSIFIER WITH THE USE OF ERROR-RELATED POTENTIALS ...................... 487 

Kuan-Jung Chiang, Dimitra Emmanouilidou, Hannes Gamper, David Johnston, Mihai 
Jalobeanu, Edward Cutrell, Andrew Wilson, Winko W. An, Ivan Tashev 

MOTOR IMAGERY PERFORMANCE FROM CALIBRATION TO ONLINE CONTROL IN 
EEG-BASED BRAIN-COMPUTER INTERFACES ...................................................................................... 491 

Mahta Mousavi, Virginia R. de Sa 

ARTIFACT DETECTION AND CORRECTION IN EEG DATA: A REVIEW ............................................ 495 
Sari Sadiya, Tuka Alhanai, Mohammad M Ghassemi 

DO USER-CENTERED DESIGNED PARADIGMS FOR BCIS IMPROVE THE MODULATION 
OF EEG SIGNALS?......................................................................................................................................... 499 

V. R. Mercado-García, L. M. Alonso-Valerdi, M. Salas-Garza, A. López-Montoya, E. Garza-
Ibarra, C. Chávez-Madero 

EFFECT OF STIMULUS DIRECTION ON MOTION-ONSET VISUAL EVOKED 
POTENTIALS DECODED USING SPATIOTEMPORAL BEAMFORMING ABSTRACT ........................ 503 

Arno Libert, Benjamin Wittevrongel, Marc M. Van Hulle 

DOES INTER-STIMULUS DISTANCE INFLUENCE THE DECODING PERFORMANCE OF 
SSVEP AND SSMVEP BCI? .......................................................................................................................... 507 

Yuanpei Gao, Aravind Ravi, Ning Jiang 

INTEGRATING EEG AND NIRS IMPROVES BCI PERFORMANCE DURING MOTOR 
IMAGERY ....................................................................................................................................................... 511 

Zhongpeng Wang, Cong Cao, Yijie Zhou, Long Chen, Bin Gu, Shuang Liu, Minpeng Xu, Feng 
He, Dong Ming 

TECHNICAL NOTE: A LOW-COST RESEARCH PLATFORM FOR BRAIN-COMPUTER-
INTERFACE APPLICATIONS IN MIXED REALITY .................................................................................. 515 

Griffin Milsap, Preston Peranich 

KEYWORD-SPOTTING AND SPEECH ONSET DETECTION IN EEG-BASED BRAIN 
COMPUTER INTERFACES ........................................................................................................................... 519 

Madhumitha Sakthi, Maansi Desai, Liberty Hamilton, Ahmed Tewfik 

MINIMIZING SUBJECT-DEPENDENT CALIBRATION FOR BCI WITH RIEMANNIAN 
TRANSFER LEARNING ................................................................................................................................ 523 

Salim Khazem, Sylvain Chevallier, Quentin Barthélemy, Karim Haroun, Camille Noûs 

MODEL-AGNOSTIC META-LEARNING FOR EEG MOTOR IMAGERY DECODING IN 
BRAIN-COMPUTER-INTERFACING ........................................................................................................... 527 

Denghao Li, Pablo Ortega, Xiaoxi Wei, Aldo Faisal 

A MOTOR IMAGERY-BASED BRAIN-COMPUTER INTERFACE SCHEME FOR A SPINAL 
MUSCULAR ATROPHY SUBJECT IN CYBATHLON RACE .................................................................... 532 

Shi-Chun Bao, Kai Yuan, Cheng Chen, Cathy Choi-yin Lau, Raymond Kai-yu Tong 



MAXIMIZING CHARGE INJECTION LIMITS OF IRIDIUM OXIDE ELECTRODES WITH A 
PROGRAMMABLE ANODIC BIAS CIRCUIT ............................................................................................. 540 

Alpaslan Ersöz, Insoo Kim, Martin Han 

A DIAGNOSTIC CIRCUIT FOR CROSSTALK DETECTION IN MICROELECTRODE 
ARRAYS .......................................................................................................................................................... 544 

Morgan McNamara, Alpaslan Ersöz, Martin Han 

ANALYSIS OF FREQUENCY BANDS AND CHANNELS CONFIGURATION FOR 
DETECTING INTENTION OF CHANGE SPEED THROUGH EEG ........................................................... 554 

Vicente Quiles, Laura Ferrero, Eduardo Iáñez, Mario Ortiz, José M. Cano, José M. Azorín 

IN VIVO MEASUREMENTS OF CRANIAL ELECTRICAL STIMULATION USING 
STEREOTACTIC-EEG: A PILOT STUDY .................................................................................................... 560 

Minmin Wang, Shenghua Zhu, Haonan Guan, Hongjie Jiang, Jianmin Zhang, Shaomin Zhang 

DATA-DRIVEN SPECTRAL FEATURES OF DIRECTIONAL DBS ELECTRODES AND 
DDBS-ECOG CONNECTIVITY ..................................................................................................................... 566 

Courtnie Paschall, Lila Levinson, Jeffrey Ojemann, Andrew Ko, Jeffrey Herron 

REAL-TIME SCREENING OF PARKINSON'S DISEASE BASED ON SPEECH ANALYSIS 
USING SMARTPHONE .................................................................................................................................. 573 

Md. Tanvir Ehsan, Shehan Irteza Pranto, Khondaker A. Mamun 

EFFECT OF GENDER IN THE ONSET AND PROGRESSION OF PARKINSON'S DISEASE ................. 577 
S. Isa Bashir, A. Kavitha 

INCREASED FRONTAL SYNCHRONIZATION LIKELIHOOD IN ADHD CHILDREN ......................... 581 
A. Rojas, E. Kroupi, D. Ibañez, J. Picardo, G. García-Banda, B. Saez, M. Servera, A. Soria-
Frisch 

EVALUATION OF DEEP BRAIN STIMULATION EFFECT ON MOTOR SIGNS OF 
INDIVIDUALS WITH MOVEMENT DISORDERS THROUGH GAUSSIAN MODELS ........................... 585 

Ariana Moura Cabral, Bruno Lima Pessôa, Gabriel Pereira Escudeiro, Igor Duque G. Silva, 
Marcus Fraga Vieira, Adriano Alves Pereira, Adriano de Oliveira Andrade 

REAL-TIME OPTIMIZATION OF THE CURRENT STEERING FOR VISUAL PROSTHESIS ................ 592 
Zhijie Charles Chen, Bing-Yi Wang, Daniel Palanker 

CLOSED-LOOP OPTIMIZATION OF RETINAL GANGLION CELL RESPONSES TO 
EPIRETINAL STIMULATION: A COMPUTATIONAL STUDY ................................................................ 597 

Dorsa Haji Ghaffari, Yao-Chuan Chang, Ehsan Mirzakhalili, James D. Weiland 

ON THE STABILITY OF POROUS PLATINUM COATINGS FOR IN-EAR EEG 
APPLICATIONS .............................................................................................................................................. 601 

S. Bielefeldt, T. Stieglitz, M. Eickenscheidt 

URINARY BLADDER INNERVATION WITHIN THE SACRAL ROOTS OF A SHEEP .......................... 605 
B. Metcalfe, N. Granger, J. Prager, L. Jabban, J. Taylor, S. Sadrafshari, N. Donaldson 

RECRUITMENT OF PRIMARY AFFERENTS BY DORSAL ROOT GANGLION 
STIMULATION USING THE INJECTRODE ................................................................................................ 609 

Ashley N Dalrymple, Jordyn E Ting, Rohit Bose, Stephan Nieuwoudt, Manfred Franke, Kip A 
Ludwig, Andrew J Shoffstall, Lee E Fisher, Douglas J Weber 



A DISTRIBUTED ENSEMBLE OF WIRELESS INTRACORTICAL MICRODEVICES FOR 
CHARGE-BALANCED PHOTOVOLTAIC CURRENT STIMULATION ................................................... 613 

Ah-Hyoung Lee, Jihun Lee, Kent D. Choquette, Yoon-Kyu Song, Arto Nurmikko 

COCHLEAR IMPLANT ELECTRODES AS ELECTROCHEMICAL SENSORS IN VIVO ....................... 617 
A. Weltin, J. Kieninger, G.A. Urban, S. Arndt, N. Rosskothen-Kuhl 

MECHANOSENSITIVE ION CHANNELS CONTRIBUTE TO MICROMOTION INDUCED 
MEMBRANE POTENTIAL CHANGES IN CELLS AT THE NEURAL INTERFACE IN VIVO ............... 621 

Arati Sridharan, Jonathan Duncan, Jit Muthuswamy 

NEUROTECH-ETHICS: SUGGESTIONS FOR THE WAY FORWARD ..................................................... 639 
Christopher Coenen, Thomas Stieglitz 

CEREBELLAR CONTROL OF SACCADIC ADAPTATION USING A SPIKING NEURAL 
NETWORK MODEL INTEGRATED INTO THE NEUROROBOTICS PLATFORM ................................. 643 

Junya Inoue, Alberto Antonietti, Alessandra Pedrocchi 

TIME REVERSAL BEAMFORMING FOR POWERING ULTRASONIC IMPLANTS .............................. 647 
Braeden C. Benedict, Mohammad Meraj Ghanbari, Sina Faraji Alarnouti, Nathan Tessema 
Ersumo, Rikky Muller 

NEURAL PROBE UTILIZING PROGRAMMABLE MICRO-COIL MAGNETIC 
STIMULATION ............................................................................................................................................... 651 

Edward C. Szoka, Jesse C. Werth, Sunwoo Lee, Jae-Ik Lee, Alejandro J. Cortese, Thomas A. 
Cleland, Shelley Fried, Alyosha Molnar 

POTENTIAL EFFECT OF ENDOTHELIAL SIGNALING ON CEREBRAL BLOOD FLOW 
RESPONSE TO NEURAL ACTIVATION ..................................................................................................... 655 

Ramin Pashaie 

CHANGES IN INTERPULSE SPACING CHANGES TACTILE PERCEPTION OF 
MICROSTIMULATION IN HUMAN SOMATOSENSORY CORTEX ........................................................ 660 

Christopher L. Hughes, Robert A. Gaunt 

OPEN EEG DATASETS FOR PASSIVE BRAIN-COMPUTER INTERFACE APPLICATIONS: 
LACKS AND PERSPECTIVES ...................................................................................................................... 686 

Marcel F. Hinss, Bertille Somon, Frédéric Dehais, Raphaëlle N. Roy 

HEADING FOR MOTOR IMAGERY BRAIN-COMPUTER INTERFACES (MI-BCIS) USABLE 
OUT-OF-THE-LAB: IMPACT OF DRY ELECTRODE SETUP ON CLASSIFICATION 
ACCURACY .................................................................................................................................................... 690 

Maria-Isabel Casso, Camille Jeunet, Raphaëlle N. Roy 

SELECTION OF TEMPORAL FEATURES FOR THE DETECTION OF MOVEMENT 
INTENTION IN PATIENTS WITH AMYOTROPHIC LATERAL SCLEROSIS ......................................... 694 

S. Aliakbaryhosseinabadi, S. Dosen, J. Blicher, N. Mrachacz-Kersting 

A COMPARISON STUDY OF SINGLE- AND MULTIPLE-TARGET STIMULATION 
METHODS FOR ELICITING STEADY-STATE VISUAL EVOKED POTENTIALS ................................. 698 

Chuyang Xiao, Kuan-Jung Chiang, Masaki Nakanishi, Tzyy-Ping Jung 

COMPARISON OF CLASSIFICATION ACCURACIES BETWEEN DIFFERENT BRAIN 
AREAS DURING A TWO-CLASS MOTOR IMAGERY IN A FNIRS BASED BCI ................................... 702 

Amir H. Moslehi, T. Claire Davies 



CONNECTIVITY MODELING MEETS MACHINE LEARNING: THE NEXT GENERATION 
OF EEG-BASED BRAIN COMPUTER INTERFACES ................................................................................. 706 

Francesca Stival, Francesco Setti, Gloria Menegaz, Silvia Francesca Storti 

UPDATING BCI PARADIGMS: WHY TO DESIGN IN TERMS OF THE USER? ..................................... 710 
L. M. Alonso-Valerdi, V. R. Mercado-García 

DEEP REAL-TIME DECODING OF BIMANUAL GRIP FORCE FROM EEG & FNIRS .......................... 714 
Pablo Ortega, Tong Zhao, Aldo Faisal 

HEMCNN: DEEP LEARNING ENABLES DECODING OF FNIRS CORTICAL SIGNALS IN 
HAND GRIP MOTOR TASKS ....................................................................................................................... 718 

Pablo Ortega, Aldo Faisal 

IMPLEMENTATION OF THE NUCLEOCORTICAL PATHWAYS INSIDE A SPIKING 
NEURAL NETWORK MODEL OF CEREBELLAR NUCLEI ...................................................................... 722 

Massimo Grillo, Alice Geminiani, Alberto Antonietti, Egidio D'Angelo, Alessandra Pedrocchi 

ASSESSING PATTERN RECOGNITION PERFORMANCE OF NEURONAL CULTURES 
THROUGH ACCURATE SIMULATION ...................................................................................................... 726 

Gabriele Lagani, Raffaele Mazziotti, Fabrizio Falchi, Claudio Gennaro, Guido Marco 
Cicchini, Tommaso Pizzorusso, Federico Cremisi, Giuseppe Amato 

TRADEOFF BETWEEN ACCURACY AND COMPUTATIONAL COST OF EULER AND 
RUNGE KUTTA ODE SOLVERS FOR THE IZHIKEVICH SPIKING NEURON MODEL ....................... 730 

Giuseppe de Alteriis, Calogero Maria Oddo 

DECOMPOSITION OF A NEURAL SPIKE USING A TWO PULSE SYNTHESIS MODEL ..................... 734 
Ayan Chakraborty, Sashmita Panda, Rituparna Mandal, Chittotosh Ganguly, Saswat 
Chakrabarti 

MULTI-PLATFORM SIMULATIONS FACILITATE INTERDISCIPLINARY INSTRUCTION 
IN UNDERGRADUATE NEUROSCIENCE .................................................................................................. 738 

David W. Donley, Ziao Chen, David Bergin, David J. Schulz, Satish S Nair 

A SIMPLE TABLE-TOP TECHNIQUE FOR MULTI-SIGNAL PSEUDO-EXTRACELLULAR 
RECORDING ................................................................................................................................................... 742 

Martin J. Niemiec, Martin Han 

QUANTIFYING NEURAL PROCESSING CHANGES DURING AN AUDITORY ODDBALL 
TASK UNDER HYPOXIA USING ELECTROENCEPHALOGRAPHY ...................................................... 746 

Sophia Yuditskaya, James R. Williamson, Gregory Ciccarelli, Kara Blacker, Matthew Funke, 
Brian Telfer 

A SEGMENTED FOREARM MODEL OF HAND PRONATION-SUPINATION 
APPROXIMATES JOINT MOMENTS FOR REAL TIME APPLICATIONS ............................................... 751 

Matthew G. Yough, Russell L. Hardesty, Sergiy Yakovenko, Valeriya Gritsenko 

CLASSIFICATION OF TASK-SPECIFIC CONFIDENCE FROM KINEMATIC FEATURES ................... 757 
Erica Waters, Eric Wade 

INTERFERENTIAL CURRENT STIMULATION FOR NON-INVASIVE SOMATOTOPIC 
SENSORY FEEDBACK FOR UPPER-LIMB PROSTHESIS: SIMULATION RESULTS USING 
A COMPUTABLE HUMAN PHANTOM ...................................................................................................... 765 

Leen Jabban, Dingguo Zhang, Benjamin W. Metcalfe 



ELECTRICAL STIMULATION OF THE HUMAN MEDIAN NERVE: A COMPARISON 
BETWEEN ANATOMICAL AND SIMPLIFIED SIMULATION MODELS ................................................ 769 

Mattia Stefano, Francesca Cordella, Salvatore Maria Li Gioi, Loredana Zollo 

INFERRING MORPHOLOGY OF A NEURON FROM IN VIVO LFP DATA ............................................ 774 
Ziao Chen, Dan Dopp, Satish S Nair, Drew B Headley 

PNS-GAN: CONDITIONAL GENERATION OF PERIPHERAL NERVE SIGNALS IN THE 
WAVELET DOMAIN VIA ADVERSARIAL NETWORKS ......................................................................... 778 

Olivier Tessier-Larivière, Luke Y. Prince, Pascal Fortier-Poisson, Lorenz Wernisch, Oliver 
Armitage, Emil Hewage, Guillaume Lajoie, Blake A. Richards 

A ROBUST AND AUTOMATED ALGORITHM THAT USES SINGLE-CHANNEL SPIKE 
SORTING TO LABEL MULTI-CHANNEL NEUROPIXELS DATA ........................................................... 783 

Zheng Zhang, Timothy G. Constandinou 

MODELING SENSORY ADAPTATION TO PERIPHERAL NERVE STIMULATION ............................. 788 
J. Kljajic, G. Valle, S. Raspopovic 

EXPLAINABLE AI FOR RETINAL PROSTHESES: PREDICTING ELECTRODE 
DEACTIVATION FROM ROUTINE CLINICAL MEASURES .................................................................... 792 

Zuying Hu, Michael Beyeler 

GENERATIVE ADVERSARIAL NETWORK-BASED SYNTHETIC SEIZURE DATASET 
AUGMENTATION .......................................................................................................................................... 797 

Yushi Guan, Jamie Koerner, Taufik A. Valiante, Roman Genov, Gerard O'Leary 

ON THE ASSESSMENT OF UNILATERAL SPATIAL NEGLECT VIA DIGITAL TESTS ....................... 802 
Federica Ferraro, Marco Trombini, Romina Truffelli, Marina Simonini, Silvana Dellepiane 

DECODING RESTING-STATE EEG TO PREDICT VISUAL FIELD DEFECT WITH 
CONVOLUTIONAL NEURAL NETWORK IN STROKE ............................................................................ 807 

Jiahua Xu, Zheng Wu, Andreas Nürnberger, Bernhard A. Sabel 

OPTIMIZING THE LEVEL OF CHALLENGE IN STROKE REHABILITATION USING 
ITERATIVE LEARNING CONTROL: A SIMULATION ............................................................................. 813 

Sandra-Carina Noble, Tomas Ward, John V. Ringwood 

EEG NON-STATIONARITY ACROSS MULTIPLE SESSIONS DURING A MOTOR 
IMAGERY-BCI INTERVENTION: TWO POST STROKE CASE SERIES ................................................. 817 

Elaine Astrand, Jeanette Plantin, Susanne Palmcrantz, Jonatan Tidare 

THEORETICAL EVIDENCE SUPPORTING HARMONIC REACHING TRAJECTORIES ....................... 823 
Carlo Tiseo, Sydney Rebecca Charitos, Michael Mistry 

REAL-TIME NEUROMUSCULOSKELETAL MODEL FOR MYOELECTRIC CONTROL OF 
ANKLE PROSTHESIS .................................................................................................................................... 828 

Nikhil Verma, Mehrdad Javidi, Douglas J. Weber 

ANTERIOR-POSTERIOR CENTER OF PRESSURE ANALYSIS FOR THE DIP/VIP 
BALANCE MAINTENANCE MODEL: FORMALIZATION AND PRELIMINARY RESULTS ............... 832 

Andrea Tigrini, Alessandro Mengarelli, Sandro Fioretti, Federica Verdini 

COMPARISON OF CONTROLLER'S PERFORMANCE FOR A KNEE JOINT MODEL BASED 
ON FUNCTIONAL ELECTRICAL STIMULATION INPUT ........................................................................ 836 

Domingos L. A. Neto, André F. O. A. Dantas, Túlio F. de Almeida, Junio A. de Lima, Edgard 
Morya 



THE SAME MUSCLE SYNERGIES ARE USED TO CONTROL SYMMETRIC AND 
ASYMMETRIC LOCOMOTION .................................................................................................................... 840 

Kacie Hanna, Sergiy Yakovenko 

INERTIAL STABILIZATION OF UPRIGHT POSTURE WHILE WALKING ............................................ 849 
José Quintanilla, Moises Perez, Rodolfo Balderas, Alejandro González, Antonio Cardenas, 
Mauro Maya, Davide Piovesan 

HOME-BASED DETECTION OF EPILEPTIC SEIZURES USING A BRACELET WITH 
MOTOR SENSORS ......................................................................................................................................... 854 

Chunjiao Dong, Lei Chen, Tianchun Ye, Xi Long, Ronald M. Aarts, Johannes van Dijk, 
Chunheng Shang, Xiwen Liao, Yunfeng Wang 

THE EFFECTS EVALUATION OF A LONG-TERM NEUROFEEDBACK TRAINING USING 
COUPLING EEG-EMG FEATURES .............................................................................................................. 858 

Feng He, Beibei He, Zhongpeng Wang, Long Chen, Bin Gu, Shuang Liu, MinPeng Xu, Dong 
Ming 

TARGETING POST-STROKE WALKING AUTOMATICITY WITH A PROPULSION-
AUGMENTING SOFT ROBOTIC EXOSUIT: TOWARD A BIOMECHANICAL AND 
NEUROPHYSIOLOGICAL APPROACH TO ASSISTANCE PRESCRIPTION .......................................... 862 

Regina Sloutsky, Meryem A. Yücel, Ashley N. Collimore, El Ottman, Terry D. Ellis, Conor J. 
Walsh, David A. Boas, Louis N. Awad 

TOWARDS ROBUST, UNOBTRUSIVE SENSING OF RESPIRATION USING UWB IMPULSE 
RADAR FOR THE CARE OF PEOPLE LIVING WITH DEMENTIA .......................................................... 866 

Ziwei Chen, Alan Bannon, Adrien Rapeaux, Timothy G. Constandinou 

NON-INVASIVE COGNITIVE-LEVEL HUMAN INTERFACING FOR THE ROBOTIC 
RESTORATION OF REACHING & GRASPING .......................................................................................... 872 

Ali Shafti, A. Aldo Faisal 

MOTOR IMAGERY TRAINING REDUCES CONTRALESIONAL COMPENSATION IN 
STROKE PATIENTS WITH MODERATE TO SEVERE UPPER LIMB IMPAIRMENT ............................ 876 

Xin Xiong, Hewei Wang, Xu Wang, Limin Sun, Xiaoli Guo 

CARTESIAN SPACE FEEDBACK FOR REAL TIME TRACKING OF A SUPERNUMERARY 
ROBOTIC LIMB: A PILOT STUDY .............................................................................................................. 889 

M. Pinardi, L. Raiano, A. Noccaro, D. Formica, G. Di Pino 

LATERALIZED FRONTAL-TO-TEMPORAL CROSS-FREQUENCY COUPLING IN 
CORTICAL PROCESSING OF PLEASANT ODORS ................................................................................... 900 

Manuel S. Seet, Nida I. Abbasi, Junji Hamano, Anumita Chaudhury, Nitish V. Thakor, Andrei 
Dragomir 

DOMAIN ADAPTATION FOR CROSS-SUBJECT EMOTION RECOGNITION BY SUBJECT 
CLUSTERING ................................................................................................................................................. 904 

Jin Liu, Xinke Shen, Sen Song, Dan Zhang 

IDENTIFYING THE ONSET OF INCREASED COGNITIVE LOAD USING EVENT-RELATED 
POTENTIALS IN ELECTROENCEPHALOGRAPHY .................................................................................. 909 

Margaret M. Swerdloff, Levi J. Hargrove 

SSVEP HARMONIC FUSION FOR IMPROVED VISUAL FIELD RECONSTRUCTION WITH 
CNN ................................................................................................................................................................. 913 

Danson Evan Garcia, Kai Wen Zheng, Steve Mann 



AUDITORY EVOKED POTENTIAL DETECTION DURING PURE-TONE AUDIOMETRY ................... 919 
George Langroudi, Ramaswamy Palaniappan, Ian McLoughlin 

CLASSIFIERS AND ADAPTABLE FEATURES IMPROVE MYOELECTRIC COMMAND 
ACCURACY IN TRAINED USERS ............................................................................................................... 924 

Sarah M. O'Meara, Stephen K. Robinson, Sanjay S. Joshi 

FOCUS AND CONCENTRATE! EXPLORING THE USE OF CONVERSATIONAL ROBOT TO 
IMPROVE SELF-LEARNING PERFORMANCE DURING PANDEMIC ISOLATION BY 
CLOSED-LOOP BRAINWAVE NEUROFEEDBACK .................................................................................. 928 

Ker-Jiun Wang, Midori Sugaya 

AN ERP STUDY ON THE INFLUENCE OF LYRIC TO SONG'S EMOTIONAL STATE ......................... 933 
Cheng Li, Jia Wen Li, Sio Hang Pun, Fei Chen 

MOTION SICKNESS REDUCTION THROUGH VIBRO-MOTOR REPROCESSING 
THERAPY: A FIRST STUDY......................................................................................................................... 937 

Emmanuel Molefi, Ramaswamy Palaniappan, Ian McLoughlin 

MEASURING HUMAN DECISION CONFIDENCE FROM EEG SIGNALS IN AN OBJECT 
DETECTION TASK ........................................................................................................................................ 942 

Rui Li, Le-Dian Liu, Baa-Liang Lu 

DISCRIMINATION OF DECISION CONFIDENCE LEVELS FROM EEG SIGNALS ............................... 946 
Rui Li, Le-Dian Liu, Bao-Liang Lu 

AUTONOMOUS STATE INFERENCE FOR DATA-DRIVEN OPTIMIZATION OF NEURAL 
MODULATION ............................................................................................................................................... 950 

Eric R. Cole, Mark J. Connolly, Sang-Eon Park, Dayton P. Grogan, William Buxton, Thomas 
E. Eggers, Nealen G. Laxpati, Robert E. Gross 

COMPARISON OF CELL-TYPE SPECIFIC OPTOGENETIC CORTICAL STIMULATION 
TARGETING DISTINCT NEURAL POPULATIONS FOR THE RESTORATION OF VISION ................ 954 

Akira Masuda, Susumu Takahashi 

RAMP RATE EVALUATION AND CONFIGURATION FOR SAFE AND TOLERABLE 
CLOSED-LOOP DEEP BRAIN STIMULATION .......................................................................................... 959 

Matthew N. Petrucci, Kevin B. Wilkins, Gerrit C. Orthlieb, Yasmine M. Kehnemouyi, Johanna 
J. O'Day, Jeffrey A. Herron, Helen M. Bronte-Stewart 

VIDEO-EEG AND PERCEPTTM PC DEEP BRAIN NEUROSTIMULATOR FINE-GRAINED 
SYNCHRONIZATION FOR MULTIMODAL NEURODATA ANALYSIS ................................................. 963 

Elodie M. Lopes, Maria do Carmo Vilas-Boas, Ricardo Rego, Ângela Santos, João P. S. 
Cunha 

ANALYSIS OF THE ELECTROMAGNETIC FIELD GENERATED BY DEEP BRAIN 
STIMULATION IN PATIENTS WITH PARKINSON'S DISEASE............................................................... 967 

Bradley Greger, Alexis Kiraly, Ashley Guest, Dakota Graham, Jitendran Muthuswamy, 
Francisco Ponce 

EVALUATION OF COMMERCIAL CONNECTORS FOR ACTIVE NEURAL IMPLANTS .................... 973 
Henry T. Lancashire, Maryam Habibollahi, Dai Jiang, Andreas Demosthenous 

MAXIMIZING WIRELESS POWER TRANSFER TO INTRAOCULAR IMPLANTS UNDER 
UNCONSTRAINED EYE MOVEMENTS ..................................................................................................... 977 

Abraham Akinin, Jeremy M. Ford, Jiajia Wu, Jiwoong Park, Hiren D. Thacker, Gert 
Cauwenberghs, Patrick P. Mercier 



TOWARDS A WIRELESS SYSTEM THAT CAN MONITOR THE ENCAPSULATION OF 
MM-SIZED ACTIVE IMPLANTS IN VIVO FOR BIOELECTRONIC MEDICINE .................................... 981 

Gonçalo Rodrigues, Mariana Neca, João Silva, Diogo Brito, Taimur Rabuske, Jorge 
Fernandes, Rainer Mohrlok, Christoph Jeschke, Jannis Meents, Kambiz Nanbakhsh, Vasiliki 
Giagka 

OMNI: OPEN MIND NEUROMODULATION INTERFACE FOR ACCELERATED 
RESEARCH AND DISCOVERY .................................................................................................................... 985 

Bradford N. Roarr, Randy S. Perrone, Fawad Jamshed, Ro'ee Gilron, Timothy J. Denison, 
Philip A. Starr, Jeffrey A. Herron, David A. Borton 

TOWARDS A FULL-STACK PERIPHERAL NERVE RECORDING INTERFACE: 
CHALLENGES ON INTEGRATION AND POSSIBLE SOLUTIONS ......................................................... 991 

Federica Camossi, Stefano Crorti, Fabiana Del Bono, Beatrice Federici 

AN OPTIMIZED EEG-BASED SEIZURE DETECTION ALGORITHM FOR IMPLANTABLE 
DEVICES ......................................................................................................................................................... 995 

Farrokh Manzouri, Lakshay Khurana, Kristina Kravalis, Thomas Stieglitz, Andreas Schulze-
Bonhage, Matthias Dümpelmann 

HIERARCHICALLY SPATIAL ENCODING MODULE FOR CHRONIC STROKE LESION 
SEGMENTATION ......................................................................................................................................... 1000 

Cheng Chen, Kai Yuan, Yuqi Fang, Shichun Bao, Raymond Kai-yu Tong 

3D FREE REACHING MOVEMENT PREDICTION OF UPPER-LIMB BASED ON DEEP 
NEURAL NETWORKS ................................................................................................................................. 1005 

Chao Wang, Manoj Sivan, Tianzhe Bao, Guqiang Li, Shengquan Xie 

TRAINING THE BLADDER HOW TO VOID: A NONINVASIVE SPINAL 
NEUROMODULATION CASE STUDY ...................................................................................................... 1010 

Parag Gad, Evgeniy Kreydin, Hui Zhong, V Reggie Edgerton 

INVESTIGATING COGNITIVE GLOBAL COORDINATION IN NORMAL AND AUTISTIC 
CHILDREN USING VIRTUAL REALITY ENVIRONMENTS – AN EEG STUDY ................................. 1016 

S Chrisilla, Tharun R Ragav, S Vidhusha, A Kavitha 

MINIATURE EMG SENSORS FOR PROSTHETIC APPLICATIONS ...................................................... 1022 
A. Marinelli, N. Boccardo, M. Semprini, A. Succi, M. Canepa, S. Stedman, L. Lombardi, A. 
Dellacasa Bellingegni, M. Chiappalone, E. Gruppioni, M. Laffranchi, L. De Michieli 

A PROGRAMMABLE, MULTICHANNEL, MINIATURE STIMULATOR FOR 
ELECTROTACTILE FEEDBACK OF NEURAL HAND PROSTHESES .................................................. 1026 

Han Wang, Guohong Chai, Xinjun Sheng, Xiangyang Zhu 

LESION DISTRIBUTION ACROSS DIFFERENT BEHAVIORAL DEFICIT DOMAINS IN 
ACUTE ISCHEMIC STROKE PATIENTS .................................................................................................. 1031 

Yourong Guo, Zengai Chen, Yao Li 

ESTIMATION OF JOINT KINEMATICS AND FINGERTIP FORCES USING MOTONEURON 
FIRING ACTIVITIES: A PRELIMINARY REPORT .................................................................................. 1035 

Feng Xu, Yang Zheng, Xiaogang Hu 

ADVANCED ARTIFACT REMOVAL FOR AUTOMATED TMS-EEG DATA PROCESSING .............. 1039 
Christopher C. Cline, Molly V. Lucas, Yinming Sun, Matthew Menezes, Amit Etkin 



HIGH RESOLUTION COMPUTATIONAL MODELING OF TRANSCRANIAL 
STIMULATION USING THE MIDA HEAD MODEL ................................................................................ 1044 

William A. Wartman, Edward H. Burnham, Sergey N. Makarov, Mathias Davids, Mohammad 
Daneshzand, Aapo Nummenmaa 

TDCS INTER-INDIVIDUAL VARIABILITY IN ELECTRIC FIELD DISTRIBUTION FOR 
CHRONIC STROKE: A SIMULATION STUDY ......................................................................................... 1048 

Chun Hang Eden Ti, Kai Yuan, Raymond Kai-yu Tong 

CHANGES IN HEART RATE VARIABILITY AFTER TRANSCRANIAL DIRECT CURRENT 
STIMULATION IN PATIENTS WITH REFRACTORY EPILEPSY .......................................................... 1053 

Elodie M. Lopes, Linus van Rafelghem, Duarte Dias, Márcia C. Nunes, Mirjam Hordt, Soheyl 
Noachtar, Elisabeth Kaufmann, João P. S. Cunha 

NETWORK TO NETWORK FUNCTIONAL CONNECTIVITY MODULATED BY 
TRANSCRANIAL ALTERNATING CURRENT STIMULATION IN CHRONIC STROKE .................... 1057 

Kai Yuan, Cheng Chen, Cathy Choi-yin Lau, Shichun Bao, Xiangqian Shi, Raymond Kai-yu 
Tong 

EFFECTS OF LOW-INTENSITY FOCUSED ULTRASOUND STIMULATION ON WORKING 
MEMORY IN VASCULAR DEMENTIA RATS .......................................................................................... 1061 

Jiajia Yang, Qian Wang, Faqi Wang, Ling Wang, Dong Ming 

INHIBITION OF KNEE SENSORY RECEPTORS DOES NOT AFFECT QUADRICEPS 
MUSCLE ACTIVITY AT DIFFERENT CONDITIONS OF PATELLOFEMORAL LOADING ............... 1066 

Cristiano Alessandro, Adarsh Prashara, David P. Tentler, Matthew C. Tresch 

DIFFERENTIAL SETS OF CORTICAL MUSCLE SYNERGY SIGNATURES DURING ADULT 
LOCOMOTION ............................................................................................................................................. 1070 

Coen S. Zandvoort, Andreas Daffertshofer, Nadia Dominici 

DEEP LEARNING WITH CONVOLUTIONAL NEURAL NETWORK FOR PROPORTIONAL 
CONTROL OF FINGER MOVEMENTS FROM SURFACE EMG RECORDINGS .................................. 1074 

V. Mendez, L. Pollina, F. Artoni, S. Micera 

RECURSIVE PID CONTROLLER FOR AUTOMATICALLY ADJUSTING M-WAVE SIZE 
DURING H-REFLEX OPERANT CONDITIONING ................................................................................... 1079 

Stavrina Devetzoglou-Toliou, Jodi Brangaccio, Darren E. Gemoets, Andy Borum, Jonathan 
R. Wolpaw, James J. S. Norton 

FUZZY LOGIC CONTROL OF HEARTRATE BY ELECTRICAL BLOCK OF VAGUS NERVE .......... 1083 
Shane A. Bender, David B. Green, Robert J. Daniels, Kevin L. Kilgore, Niloy Bhadra, Tina L. 
Vrabec 

PERCEPTION OF STATIC POSITION AND KINESTHESIA OF THE FINGER USING 
VIBRATORY STIMULATION ..................................................................................................................... 1087 

Luis Vargas, He Helen Huang, Yong Zhu, Xiaogang Hu 

TOWARDS A FUTURE VR-TENS MULTIMODAL PLATFORM TO TREAT NEUROPATHIC 
PAIN ...............................................................................................................................................................  1105 

Greta Preatoni, Noëlle Moana Bracher, Stanisa Raspopovic 

NONINVASIVE, MULTIMODAL ASSESSMENT OF PHYSIOLOGICAL RESPONSES TO 
TRANSCUTANEOUS AURICULAR VAGUS NERVE STIMULATION .................................................. 1109 

Shubham Debnath, Todd J. Levy, Stavros Zanos, Theodoros P. Zanos 



SCHLIEREN VISUALIZATION OF FOCUSED ULTRASOUND BEAM STEERING FOR 
SPATIALLY SPECIFIC STIMULATION OF THE VAGUS NERVE ........................................................ 1113 

S. Kawasaki, E. Dijkema, M. Saccher, V. Giagka, J.J.H.B. Schleipen, R. Dekker 

NEUROMORPHIC PATTERN GENERATION CIRCUITS FOR BIOELECTRONIC MEDICINE .......... 1117 
Elisa Donati, Renate Krause, Giacomo Indiveri 

LARYNGEAL ELECTROMYOGRAPHY TO ESTIMATE A-FIBER ENGAGEMENT BY 
VAGAL STIMULI IN MICE ......................................................................................................................... 1121 

Adam Abbas, Ibrahim T. Mughrabi, Stavros Zanos 

DORSAL ROOT GANGLION (DRG) VERSATILE STIMULATOR PROTOTYPE 
DEVELOPED FOR USE IN LOCOMOTION RECOVERY EARLY CLINICAL TRIALS ....................... 1125 

Konstantina Kolovou-Kouri, Sadaf Soloukey, Frank J.P.M. Huygen, Biswadjiet S. Harhangi, 
Wouter A. Serdijn, Vasiliki Giagka 

AUXILIARY CLASSIFIER GENERATIVE ADVERSARIAL NETWORK FOR INTERICTAL 
EPILEPTIFORM DISCHARGE MODELING AND EEG DATA AUGMENTATION .............................. 1130 

David Geng, Zhe Sage Chen 

QUADRATIC MUTUAL INFORMATION ESTIMATION OF MOUSE DLGN RECEPTIVE 
FIELDS REVEALS ASYMMETRY BETWEEN ON AND OFF VISUAL PATHWAYS .......................... 1134 

Zhiguang Mu, Konstantin Nikolic, Simon R. Schultz 

COMBINING GENERALIZED EIGENVALUE DECOMPOSING WITH LAPLACIAN 
FILTERING TO IMPROVE CORTICAL DECODING PERFORMANCE ................................................. 1140 

Abed Khorasani, Soshi Samejima, Vahid Shalchyan, Mohammad Reza Daliri, Chet Moritz 

AUTOMATIC SLEEP STAGING USING A SMALL-FOOTPRINT SENSOR ARRAY AND 
RECURRENT-CONVOLUTIONAL NEURAL NETWORKS ..................................................................... 1144 

William G. Coon, Naresh M. Punjabi 

USING LATENT REPRESENTATIONS OF MUSCLE ACTIVATION PATTERNS TO 
MITIGATE MYOELECTRIC INTERFACE NOISE .................................................................................... 1148 

Yuni Teh, Levi J. Hargrove 

POPULATION ACTIVITY IN MOTOR CORTEX IS INFLUENCED BY THE CONTEXTS OF 
THE MOTOR BEHAVIOR ........................................................................................................................... 1152 

Xuan Ma, Kevin L. Bodkin, Lee E. Miller 

Author Index 
 




