Contents

1 Introduction 1
1.1 Problem Statement . . .. .. ... ... ... ... ... .. ... ...
1.2 Sleep Sensor Modalities . . . . ... ... ... ................ 3
1.3 Sleep Scoring (Annotation) Guidelines . . . . ... ... ............ 6
1.4 Changesof SleepPatterns . . . . ... ... ... ............... 9
1.5 Applicationsof SleepResearch . . . . . ... .. ... ... .......... 11
1.6 Machine Learning in Sleep Stage Classification . . . . ... .......... 13
1.6.1 Types of Machine Learning . . . ... ... .............. 15
1.6.2  Sleep Stage ClassificationChain . . . . . ... ............. 17
1.6.3 Feature Engineering and Feature Learning . . . . . . ... ... . ... 19
1.7 Thesis Contributions . . . . . . .. .. ... ... .. 26
1.8 Overview . . . . . . . . . e 28
2 Deep Learning for Sleep Stage Classification 29
2.1 ProblemStatement . . ... ... ... ... ... ... 29
22 RelatedWork . . . . ... .. .. 32
2.2.1 Diagnosticsin Sleep Medicine . . . . . ... ... ... ........ 32
2.2.2  Sleep Stage Classification Based on Machine Learning . . . . .. ... 33
2.2.3 Sleep Stage Classification Based on Deep Learning . . . . . .. .. .. 34
2.2.4 Comparison of Existing Research Methodologies . . . . . ... .. .. 36
23 DatasetDescription . . . . . . . .. ... e 37
23.1 OwnDataset(SDCP) . . . . . .. ... ... .. . . ... 37
2.3.2 Public Dataset (Sleep-EDFX) . . . ... ... ...... ... .... 38
24 DataPreprocessing . . . . . . . .ttt e e e e 42
24.1 Subsampling . . . ... ... ... e 42
242 Fine-grained Segmentation . . . . ... .. ... ... ... ... 43
2.5 Comparative Deep Neural Networks . . . . . ... ... ... ......... 43
i
Bibliografische Informationen E
https://d-nb.info/1281642991 digitalisiert durch 1

BLIOTHE


https://d-nb.info/1281642991

2.5.1 Multiple Layer Perceptron MLP) . . . ... .. ... ......... 43

2.5.2 Recurrent Neural Network (RNN) . . . . ... ... ... ....... 45
2.5.3 Convolutional Neural Network (CNN) . . . . . ... ... ... .... 47
2.54 DeConvolutional Neural Network (DCNN) . . . .. ... ... .... 48
2.6 Experimental Results on SDCP Dataset . . . .. .. .............. 56
2.6.1 Experimental Setting . . . . . ... ... ... ............. 56
2.6.2 Performance Evaluation on SDCP Dataset . . . . . ... ........ 56
2.6.3 Influence of Sensor Channel Selection . . . . . ... .......... 59
2.7 Experimental Results on Sleep-EDFX Dataset . . . . . ... .......... 60
28 Discussion. . . . . ... e 61
2.9 Summary of Scientific Findings . . . ...................... 67
Attention-Based Sleep Stage Classification 69
3.1 Problem Statement . . . .. ... ... ... ... 69
32 RelatedWork . . . . . .. .. . ... 73
3.2.1 Natural Language Processing Based on Attention Mechanism . . . . . 74
3.2.2 Computer Vision Based on Attention Mechanism . . . . ... ... .. 76
3.23 Time Series Forecasting Based on Attention Mechanism . . . ... .. 71
3.3 Datalmbalance Problem . . ... ... .. ... ... ..., . ....... 80
3.3.1 DataRandom Undersampling . . . ... ................ 81
3.3.2 Data Augmentation (Oversampling) . . . ... ... .......... 82
3.4 Attention Mechanisms . . . . .. ... ... ... 87
3.41 RNN-based AttentionModel . . . . . . ... ... ... ... ..... 87
3.4.2 DeConvolution- and Self-Attention-based Model (DCSAM) . . . . .. 89
3.5 Experimental Setting . . . . . ... .. .. ... ... 94
3.6 Experimental Performances . . . . . .. ... ... .. ... 0 L .. 97
3.6.1 Experimental Results on SDCP Dataset . . . .. ............ 97
36.2 SensorChannel Test . . .. ... ... ... ............. 103
3.6.3 Experimental Results on Sleep-EDFX Dataset . . . . . ... ... ... 105
37 DISCUSSION . . . .« v v it e e e e e e e e e e e e e e e e 107
3.8 Summary of Scientific Findings . . .. ... ..... . ... ... ..., 114
Conclusion and Future Work 117
4.1 Summary . . ... e e e e e e e e e e e e e e e 117
4.2 LImitations . . . . . . . it i e e e e e e e e e e e e e e e e e e 119
43 Future Work . . . . . . .. 120

ii



Bibliography

List of Own Publications
List of Abbreviations
List of Figures

List of Tables

Curriculum Vitae

ii

123

142

144

146

148

151



