
Contents

1 Introduction 1
1.1 Biomedical signal processing . . . . . . . . . . . . . . . . . . . . 1
1.2 Biomedical applications of the wavelet transform . . . . . . . . 2
1.3 Analog versus digital circuitry – a power consumption challenge

for biomedical front-ends . . . . . . . . . . . . . . . . . . . . . . 4
1.3.1 Power consumption in analog sense amplifiers . . . . . . 5
1.3.2 Power consumption in digital sense amplifiers . . . . . . 6

1.4 Objective and scope of this book . . . . . . . . . . . . . . . . . 9
1.5 Outline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

2 The Evolution of Pacemakers: An Electronics Perspective 13
2.1 The heart . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.2 Cardiac signals . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

2.2.1 Surface electrocardiogram . . . . . . . . . . . . . . . . . 16
2.2.2 Intracardiac electrogram (IECG) . . . . . . . . . . . . . 17
2.2.3 Cardiac diseases – arrythmias . . . . . . . . . . . . . . . 17

2.3 The history and development of cardiac pacing . . . . . . . . . 18
2.3.1 What is an artificial pacemaker? . . . . . . . . . . . . . 18
2.3.2 Hyman’s pacemaker . . . . . . . . . . . . . . . . . . . . 19
2.3.3 Dawn of a modern era – implantable pacemakers . . . . 19

2.4 New features in modern pacemakers . . . . . . . . . . . . . . . 26
2.5 Summary and conclusions . . . . . . . . . . . . . . . . . . . . . 29

3 Wavelet versus Fourier Analysis 33
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
3.2 Fourier transform . . . . . . . . . . . . . . . . . . . . . . . . . . 33
3.3 Windowing function . . . . . . . . . . . . . . . . . . . . . . . . 34
3.4 Wavelet transform . . . . . . . . . . . . . . . . . . . . . . . . . 35

3.4.1 Continuous-time wavelet bases . . . . . . . . . . . . . . 39
3.4.2 Complex continuous-time wavelet bases . . . . . . . . . 41

3.5 Signal processing with the wavelet transform . . . . . . . . . . 42
3.5.1 Singularity detection – wavelet zoom . . . . . . . . . . . 42
3.5.2 Denoising . . . . . . . . . . . . . . . . . . . . . . . . . . 47
3.5.3 Compression . . . . . . . . . . . . . . . . . . . . . . . . 47



viii Contents

3.6 Low-power analog wavelet filter design . . . . . . . . . . . . . . 48
3.7 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

4 Analog Wavelet Filters: The Need for Approximation 51
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
4.2 Complex first-order filters . . . . . . . . . . . . . . . . . . . . . 51
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