Contents

Acknowledgements vii
List of Symbols xi
List of Figures xii
List of Tables xiii
Preface XV
1 Introduction 1
1.1 Evolution of Wavelet Transform . . . . . . . . . . . . . ... ... ... 1
1.1.1 The Fourier Series and Fourier Transform . . . . . . . . . .. .. 1

1.1.2  Short-Time Fourier Transform (STFT) . . . . . . ... ... ... 3

1.1.3 Wavelet Transform . . . . . . . . . . . . ... .. ... ... 3

1.2 Wavelet Analysis . . . . . . . . . . .. . e 5
1.2.1 Definition and Basic Properties . . . . ... . ... ... .... 5

1.2.2 Continuous Wavelet Transform (CWT) . . ... ... ... ... 7

1.2.3  Discrete Wavelet Transform (DWT) . . . ... . . ... ... .. 8

1.3 Implementationof DWT . . . . . . ... ... ... ... ....... 9

1.4 Literature Review . . . . . . . . . . . . e 13

1.5 Outlineofthethesis . . . . . . . . . . . . . . e 16

2 The Continuous Wavelet Transform in n-dimensions 17
2.1 Introduction . . . . . . . . . . .. 17

2.2 TheMainResult . . . .. . . . . . . . . e 20

2.3 Some StrongerResults . . . . .. ... ... ... .. ... ... 25

X



CONTENTS X
24 Conclusion . . . . . ... 29

3 Construction of Matched Wavelets 30
3.1 Matched Wavelets . . . . . .. ... ... 30
3.1.1 Motivation: Signal Detection . . . . . . ... ... ... ..... 30

3.1.2  Some Algorithms to Design Matched Wavelets . . . . . . .. .. 31

3.2 Matching a Wavelet to a Specified Signal by Chapa’s Algorithm . . . . . 33
3.2.1 Orthonormal MRAs . . . . . ... ... ... .. .. ...... 33

3.2.2  Finding the scaling function from a wavelet . . . . . . ... ... 34

3.2.3 Properties of Matching Spectrum Amplitude . . . .. ... ... 35

3.2.4 Matching Spectrum Amplitude . . . . . . .. ... ... ... .. 37

3.2.5 Matching Spectrum Phase . . . . .. ... ... .. ....... 37

33 Example . . . ... 40

4 Application of Matched Wavelets in Transformer Protection 44
4.1 Transformer Protection . . . . . . .. .. ... ... .. ... ... 44
4.2 The Proposed Methodology . . . . . . .. ... ... ... ... ..., 46
4.2.1 Construction of Wavelet Matched to inrush waveform . . . . .. 48

43 Results. . . . . .. 50
4.4 Conclusions . . . . . . . ... e 51

5 Application of Matched Wavelets in the Compression of ECG Signals 52
5.1 Introduction . . . . . .. . .. ... 52
5.1.1 ECG Signal Compression . . . . . . . ... ... .. ...... 53

5.1.2 Some ECG Signal Compression Techniques . . . . . . .. .. .. 53

5.1.3  Wavelet based ECG Compression . . . . .. ........... 54

5.2 Wavelet Transform and its implementation . . . . . . . ... ... .... 55
5.3 The Proposed Compression Methodology . . . . .. ... ... ..... 56
5.3.1 Construction of Wavelet Matched to the ECG Signal . . . . . .. 58

54 Resultsand Discussions . . . . . . . . ... ... L 58
5.5 Conclusions . . . . . . . ... 62
Bibliography 63



CONTENTS

xi

List of symbols

%gb@@

Z

R

L*(R)
L*(R")
(Wy)f(a,b)
Subscripts
Ay

Ap

Cy
Acronyms
STFT
CWT
DWT
MRA

CR

PRD

The Scaling Function

The Wavelet Function or Mother wavelet
Constraint Matrix

Spectrum of the desired signal in passband
Spectrum of the matched wavelet in passband
vector of length L whose entries are 1’s only
Set of integers

Set of real numbers

Set of all square integrable functions R

Set of all square integrable functions R"

Continuous wavelet Transform of function f with respect to wavelet ¢

Group delay of the matched wavelet
Group delay of the desired signal

Admissibility constant

Short-time Fourier transform
Continuous Wavelet Transform
Discrete Wavelet Transform
Multi-Resolution Analysis
Compression Ratio

Percent root mean square difference



List of Figures

1.1
1.2
1.3
1.4
1.5

3.1
3.2
33

4.1
4.2
43
4.4
45
4.6
4.7

5.1
5.2
5.3
54
5.5
5.6
5.7

Time-Frequency tiling in different transforms . . . . . . . ... ... .. 5
Some common Wavelets . . . .. ... ... ... 0L 6
Nested spaces spanned by scaling and waveletbases . . . . . . . ... .. 10
Block diagram for Multiresolution Decomposition . . . . . . . .. .. .. 13
Block diagram for Multiresolution Reconstruction . . . . . . . .. .. .. 13
Daubechies Wavelet-Db4 . . . . . ... ... ... ... 41
Spectrum match of matched wavelt and Db4 in passband . . . . . . . .. 42
Wavelet Matched to Db4 wavelet in passband . . . . . . . .. ... ... 42
Output from Power Transformer . . . . . . . ... ... ... ... ... 47
Inrush waveform . . . ... ... ... ..o 47
Fault waveform . . . . ... .. .. ... ... ... ... 48
Wavelet Matched to inrush waveform . . . . . ... ... ... ... .. 49
Wavelet Matched to fault waveform . . . . . . .. ... ... ... ... 50
Wavelet Coefficients when inrush matched wavelet wasused . . . . . . . 51
Wavelet Coefficients when fault matched wavelet wasused . . . . . . .. 51
Atypical ECGsignal . . . ... ... ... ... .. .. .. .. ... 53
Block diagram of DWT decomposition . . . . . . ... ... ....... 56
Block diagram of methodology for ECG signal compression . . . . . . . 58
Wavelet Matched to MIT-BIH database ECG record no. 108 . . . . . . . 59
DWT decomposition of ECG record 108 using matched wavelet . . . . . 60
DWT decomposition of ECG record 108 using db8 wavelet . . . . . . . . 61

Original ECG signal, Reconstructed signal with matched wavelet and

errorsignal . . ... L L L 61

Xii



LIST OF FIGURES xiii

5.8 Original ECG signal, Reconstructed signal with db8 wavelet and error



List of Tables

3.1 g(k) for the matched waveletforD4 . . . . ... ... ... ... ..... 43

5.1 h(k) for the matched wavelet for MIT-BIH database ECG record no. 108 59
5.2 Fidelity assessment parameters with use of matched wavelet (MW) and

db8 wavelet . . . . . . . 62

Xiv



