vii

CONTENTS

PREFACE......................................................................................................................... v ACKNOWLEDGEMENT..............................................................................................vi CONTENTS....................................................................................................................vii ABSTRACT.....................................................................................................................ix KURZFASSUNG .............................................................................................................x

PART I: BACKGROUND............................................................................................1

1. Introduction.................................................................................................................. 2 1.1 Generation and dynamics of EEG.............................................................................. 2 1.2 Sleep analysis............................................................................................................. 3 1.3 Brain computer interface............................................................................................ 3 1.4 Goal............................................................................................................................ 4

2. EEG models.................................................................................................................. 6 2.1 The autoregressive model .......................................................................................... 6 2.2 The autoregressive-moving-average model ............................................................... 8 2.3 Kemp’s feedback loop model ..................................................................................... 9 2.4 The lumped circuit model ........................................................................................ 11

PART II: THE ADAPTIVE AUTOREGRESSIVE MODEL........................................14

3. Theoretical considerations ........................................................................................ 15 3.1 Non-stationarity........................................................................................................ 15 3.2 Adaptive autoregressive model................................................................................ 16 3.3 Innovation process, prediction error and Goodness-of-fit ....................................... 17 3.4 Adaptive inverse autoregressive filtering................................................................. 18

4. Estimation algorithms................................................................................................ 20 4.1 Least mean squares and recursive AR methods....................................................... 20 4.2 The Kalman filtering and the state-space model...................................................... 21 4.3 Kalman filtering and the AAR model ...................................................................... 24

5. Comparison of the AAR estimation algorithms...................................................... 27 5.1 Estimation of the measurement variance V_k............................................................. 29 5.2 Estimation of the covariance W_k .............................................................................. 29

6. Model order and update coefficient ......................................................................... 30

PART III: APPLICATIONS .......................................................................................32

7. Brain Computer Interface......................................................................................... 33 7.1 Comparison of different EEG parameters................................................................ 33 7.2 Optimal classification time ...................................................................................... 34 7.3 Entropy of the BCI output........................................................................................ 35 7.4 The continuous-feedback-paradigm......................................................................... 37

viii

8. Analysis of sleep EEG................................................................................................ 39

8.1 Quality control of EEG recordings .......................................................................... 39

8.2 Artifact processing with the AAR parameters ......................................................... 40

8.3 Sleep analysis........................................................................................................... 42

PART IV: CONCLUSIONS.......................................................................................45

9. Comments on AAR modeling.................................................................................... 46

9.1 Historical notes ........................................................................................................ 46

9.2 Model order, update coefficient and the time-frequency resolution........................ 46

9.3 Alternative and related methods............................................................................... 47

9.4 Is an AAR model a useful model for EEG?............................................................. 47

REFERENCES .........................................................................................................49

APPENDIX..................................................................................................................I

A. Notation........................................................................................................................II

B. Subsampling ...............................................................................................................III

C. Linear Discriminant Analysis.................................................................................... V

D. Communication theory..............................................................................................VI

E. Data ........................................................................................................................... VII

F. List of figures..............................................................................................................IX

G. Abbreviations .............................................................................................................XI

H. Index.......................................................................................................................... XII