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Abstract 

Electroencephalography (EEG) facilitates the neuroscientific research and 
applications by virtue of its properties such as non-invasion, affordability, mobility, etc. 
However, challenges including high artefacts pending, intra- and cross-subject variance, 
limited data availability, etc., pose the difficulty in reaching solid conclusions. This 
thesis explores how to utilize and generalize deep neural networks (DNN), which have 
set new performance records in various fields, to analyze EEG data to mitigate these 
challenges in reaching enlightening conclusions. 

This thesis brings the comprehension of research goals by the introduction of 
EEG and DNN background. It reviews the conventional EEG signal processing 
methods and highlights the challenges of EEG data analysis. As part of this work, EEG 
datasets from three stereotypical brain-computer interface (BCI) experiments are 
described in detail to assess the proposed methods by benchmarking. To illustrate the 
DNN centered methodology for addressing divergent challenges of EEG data analysis, 
a research map is compassed to show respective contributions in fulfilling the following 
specific goals: (1) Selection of appropriate DNN structures targeting EEG data captured 
during different BCI experiments. (2) Solutions to address the intra- and cross-subject 
variance of EEG data. (3) Utilization of brain-inspired computation such as memory 
network to improve the performance of processing EEG data. (4) Exploration of new 
computation paradigm, i.e., reinforcement learning (RL), to relieve the noise label 
challenge and to improve data utilization. 

By a series of published and in-preparation papers, this thesis demonstrates 
different achievements corresponding to the set goals: (1) Investigation of the 
computation traits of neural network structures and revelation of their effectiveness in 
EEG signal processing. The designed recurrent residual network (RRN), which is based 
on the recurrent structure, residual structures, etc., achieves the highest classification 
accuracy and provides coherent evidence and interpretation to the efficacy of 
conventional hand-crafted filters. (2) Invention of adversarial method in light of the 
domain adaptation (DA) and generative adversarial network (GAN) to address inter- 
and cross-subject variance. The proposed subject adaptation network (SAN), which 
borrows the philosophy of GAN but works in different ways, shows promising results 
among EEG sample clustering, sample-of-interest selection, EEG data alignment, etc. 
(3) Systematic study of memory networks and proposal of memory module based on 
self-organized maps (SOM). Work on a stacked version of differentiable neural 
computer (DNC), reveals that EEG features buried in the endurance experiment can be 
more effectively harvested by augmenting memory and consequently boost the 
performance. SOM-based memory network demonstrates its capability in reducing 
network complexity. (4) Implementation of reinforcement learning (RL) for EEG data 
analysis to relieve the noisy label challenge and to improve EEG data utilization. 
Instantiation of RL framework such as deep Q-network (DQN) demonstrates its 
feasibility and practicability for certain BCI experiments. Generally, through this 
sequence of work and papers, this thesis contributes from different aspects that well 
advance the EEG data analysis via DNN.   

 
 



iii 
 

 

Acknowledgements 

First and foremost, the author thanks Professor Chin-Teng (CT) Lin for his great 
support and supervision during the whole PhD candidature period. His insight, 
sharpness and brevity in delivering the guidance to the research is evaluable for the 
author’s work. The author also thanks Professor CT for offering the opportunities 
involving in other academic activities, which are necessary to train independent 
researchers.  

Helps and supports from lab members and collaborators such as Dr. Mukesh 
Prasad, Dr. Weiping Ding, Dr. Dongrui Wu, Dr. Yu-Kai Wang, et al., are highly 
appreciated and it is also manifest from the published/revised/submitted/preparing 
papers enlisted as co-authors. The author also expresses the cherished friendship with 
lab mates such as Fred, Carlos, Thong, Howe, Jia, et al. developed over these years. 

In addition, the author thanks Dr. Avinash K. Singh, Dr. Sonny Ce, et al., for 
their frequent discussions about different aspects of the research, and the administration 
team in the School of Computer Science such as Margot, Janet and Caitlin for 
administrating affairs, and other PhD students in CIBCI lab for daily communications. 
The author also pays attributes to the following people for a variety of help hard to be 
categorized but contributing to an enjoyable and beneficial experience during this 
period: Dr. Jiaochao Yao, Dr. Xian Tao, Xiaowei, et al. 

Lastly, the author appreciates the understanding and sacrifices made from 
family members, and well acknowledged that this work is supported by UTS 
President’s (UTSP) Scholarship and UTS International Research Scholarship (UTS IRS) 
and in part by the Australian Research Council (ARC) under discovery grant 
DP180100670 and DP180100656. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



iv 
 

 

Publications 

Conference Papers  

 Yurui Ming, Yu-Kai Wang, Mukesh Prasad, Dongrui Wu and Chin-Teng Lin, 
"Sustained Attention Driving Task Analysis based on Recurrent Residual Neural 
Network using EEG Data," IEEE International Conference on Fuzzy Systems, 
2018. 

 

Journal Papers 

 Jung-Tai King, Mukesh Prasad, Tsen Tsai, Yurui Ming and Chin-Teng Lin, 
"Influence of Time Pressure on Inhibitory Brain Control During Emergency 
Driving," IEEE Transactions on Systems, Man, and Cybernetics: Systems, 2018. 
https://doi.org/10.1109/TSMC.2018.2850323 
 

 Yurui Ming, Danilo Pelusi, Chieh-Ning Fang, Mukesh Prasad, Yu-Kai Wang, 
Dongrui Wu and Chin-Teng Lin, "EEG data analysis with stacked differentiable 
neural computers," Neural Computing and Applications, 2018. 
https://doi.org/10.1007/s00521-018-3879-1 
 

 Yurui Ming, Chin-Teng Lin, Stephen D. Bartlett, Wei-Wei Zhang, “Quantum 
topology identification with deep neural networks and quantum walks,” npj 
Computational Materials, Aug. 2019. 
https://doi.org/10.1007/s11467-019-0918-z 
 

 Yurui Ming, Danilo Pelusi, Weiping Ding, Yu-Kai Wang, Mukesh Prasad, Dongrui 
Wu, Chin-Teng Lin, “Subject Adaptation Network for EEG Data Analysis,” 
Applied Soft Computing, Sep. 2019. 
https://doi.org/10.1016/j.asoc.2019.105689 

 
 Yurui Ming, Dongrui Wu, Yu-Kai Wang, Yuhui Shi, Chin-Teng Lin, "EEG-based 

Drowsiness Estimation for Safety Driving using Deep Q-Learning". IEEE 
Transactions on Emerging Topics in Computational Intelligence, 2020. 
https://doi.org/10.1109/TETCI.2020.2997031 
 
 

 Yurui Ming, Weiping Ding, Yu-Kai Wang, Chin-Teng Lin, " Memory Augmented 
Convolutional Neural Network and Its Application," In Preparation. 

 
 
 
 
 
 

https://doi.org/10.1007/s11467-019-0918-z


v 

List of Abbreviations 

ANN ·········· Artificial Neural Networks
BCI ············ Brain Computer Interface 
CNN ·········· Convolutional Neural Networks 
DA ············ Domain Adaptation 
DL ············· Deep Learning 
DNN ·········· Deep Neural Networks 
DNC  ·········· Differentiable Neural Computer 

DQN ·········· Deep Q-Network 
DRL ··········· Deep Reinforcement Learning 
EEG  ·········· Electroencephalography 
GAN  ········· Generative Adversarial Networks 
LSTM ········· Long Short-term Memory 
ML ············ Machine Learning 
MN  ··········· Memory Network 
RL  ············ Reinforcement Learning 
RNN ·········· Recurrent Neural Networks 

SAN  ·········· Subject Adaptation Network 
SL ············· Supervised Learning 
SOM ·········· Self-organizing Maps 



vi 

Content 

Certificate of Authorship and Originality ....................................................................... i
Abstract .......................................................................................................................... ii
Acknowledgements ...................................................................................................... iii
Publications ................................................................................................................... iv
List of Abbreviations ..................................................................................................... v
1. Introduction ................................................................................................................ 1

1.1 EEG Brain Imaging .............................................................................................. 1
1.2 Deep Learning ...................................................................................................... 3

2. Research Overview .................................................................................................... 6
2.1 Literature Review ................................................................................................. 6
2.2 Challenge Highlights ............................................................................................ 8
2.3 Stereotypical BCI Experiments .......................................................................... 10

2.3.1 Driving Fatigue Experiment ........................................................................ 10
2.3.2 Visual Oddball Task .................................................................................... 11
2.3.3 Working Memory Experiment .................................................................... 12

2.4 Research Map ..................................................................................................... 13
3. General DNN Approach .......................................................................................... 15

3.1 Basic Structures Review .................................................................................... 15
3.2 Recurrent Residual Network .............................................................................. 17
3.3 Experiment and Result ....................................................................................... 19
3.4 Discussion and Future Work .............................................................................. 21

4. Variance Reduction by Adversarial Method............................................................ 23
4.1 Background ........................................................................................................ 23
4.2 Subject Adaptation Network .............................................................................. 25

4.2.1 Mathematical Description ........................................................................... 25
4.2.2 Network Architecture .................................................................................. 26

4.3 Experiments and Analysis .................................................................................. 28
4.3.1 Driving Task EEG Dataset .......................................................................... 28
4.3.2 Oddball Task EEG Dataset .......................................................................... 31

4.4 Discussion and Future Work .............................................................................. 33
5. Memory Network Perspective ................................................................................. 35

5.2 Stacked Differential Neural Computer ............................................................... 35
5.2.1 Interpretation ............................................................................................... 36



vii 
 

5.2.2 Network Architecture .................................................................................. 37 

5.2.3 Experiments and Results ............................................................................. 40 

5.2.4 Discussion and Future Work ....................................................................... 43 

5.3 Memory Augmented Convolutional Network.................................................... 44 

5.3.1 SOM Recap ................................................................................................. 45 

5.3.2 Network Architecture .................................................................................. 47 

5.3.3 Experiment and Result................................................................................. 49 

5.3.4 Discussion and Future Work ....................................................................... 51 

6. Reinforcement Learning Paradigm .......................................................................... 53 

6.1 Background ........................................................................................................ 53 

6.2 Deep Q-Network ................................................................................................ 54 

6.2.1 Problem Formulation ................................................................................... 54 

6.2.2 Network Design ........................................................................................... 57 

6.3 Experiments and Results .................................................................................... 59 

6.3.1 Single-Subject Case ..................................................................................... 60 

6.3.2 Cross-subject Case ....................................................................................... 62 

6.4 Discussion and Future Work .............................................................................. 64 

7. Summaries................................................................................................................ 66 

Reference ..................................................................................................................... 68 

 


	Title Page
	Certificate of Authorship and Originality
	Abstract
	Acknowledgements
	Publications
	List of Abbreviations
	Content



