
Part I Origin, Acquisition, Analog Processing, and Digitization of
Biosignals

1 Origin and Detection of Bioelectric Signals .................................................... 3
1.1 The Neuron ....................................................................................................3
1.2 Electrical Excitation Conduction and Projection .......................................7
1.3 Galvanic Sensors ......................................................................................... 13

1.3.1 Basics ...............................................................................................13
1.3.2 Offset Voltage...................................................................................14
1.3.3 Impedance ........................................................................................15

1.4 Capacitive Sensors ......................................................................................16
1.4.1 Sensor Technology ..........................................................................16
1.4.2 Metrology ........................................................................................17

1.5 Experimental Data ......................................................................................18
1.5.1 Action Potentials of Natural Neurons .......................................... 19
1.5.2 EEG, Sensory System ....................................................................20
1.5.3 Needle and Surface EMG ............................................................. 21
1.5.4 Stress ECG ......................................................................................23

References ........................................................................................................... 26

2 Amplification and Analog Filtering in Medical Measurement
Technology........................................................................................................... 27
2.1 Properties of Biosignals and Disturbances................................................ 28

2.1.1 Properties of Biosignals and Disturbances Over Time ............... 28
2.1.2 Properties of Biosignals and Interference

in the Spectrum ..............................................................................33
2.1.3 Coupling of Disturbances into the Measuring Order......35

2.2 Medical Measuring Amplifiers ..................................................................46
2.2.1 Specifics of the Medical Measurement Technology..............47
2.2.2 Differential Amplifier ................................................................... 61
2.2.3 Operational Amplifier, Instrumentation Amplifier ...................... 70
2.2.4 Isolation Amplifier ........................................................................79
2.2.5 Guarding Technology ................................................................... 81
2.2.6 Active Electrodes ..........................................................................84

https://d-nb.info/1296840654


2.3 Analog Filters ..............................................................................................86
2.3.1 Basics .............................................................................................. 87
2.3.2 Active Filters with Operational Amplifiers .................................92
2.3.3 Phase Frequency Response .............................................................97

2.4 Exercises .....................................................................................................100
2.4.1 Tasks .............................................................................................. 100
2.4.2 Solutions.........................................................................................103

3 Acquisition, Sampling, and Digitization of Biosignals ............................... 111
3.1 Biosignal Acquisition................................................................................111

3.1.1 Derivation Technology .................................................................111
3.1.2 References in Biosignal Acquisition .......................................... 117

3.2 Biosignal Sampling...................................................................................121
3.2.1 Spectral Characteristics of the Scan ............................................121
3.2.2 A Sampling of Bandlimited Signals............................................126
3.2.3 Scanning in Multichannel Systems..............................................129

3.3 Digitization of Biosignals........................................................................ 132
3.3.1 Integrating Transducers .................................................................133
3.3.2 Successive Approximation ............................................................136
3.3.3 Delta-Sigma Conversion ............................................................... 136

3.4 Exercises .....................................................................................................143
3.4.1 Tasks ...............................................................................................143
3.4.2 Solutions......................................................................................... 146

Reference ............................................................................................................ 156

Part II Time and Frequency Analysis, Digital Filtering

4 Time, Frequency, and Compound Domain...................................................159
4.1 Signal Analysis in the Time Domain .......................................................160

4.1.1 Feature Identification ..................................................................... 160
4.1.2 Determination of Curve Parameters .............................................171

4.2 Signal Analysis in the Frequency Domain..............................................186
4.2.1 Fourier Transform .......................................................................... 186
4.2.2 Discrete Fourier Transform ...........................................................195

4.3 Signal Analysis in the Time-Frequency Composite Range............. 209
4.3.1 Introduction to Time-Frequency Distributions...........................210
4.3.2 Fourier-Based Time-Frequency Distributions ...........................214
4.3.3 Wavelets ..........................................................................................234

4.4 Exercises .....................................................................................................261
4.4.1 Tasks ...............................................................................................261
4.4.2 Solutions..........................................................................................265

References ..........................................................................................................285



5 Digital Filtering.................................................................................................287
5.1 Introduction to Digital Filtering ..............................................................287
5.2 LTI-Systems: FIR and IIR ....................................................................... 289

5.2.1 Introduction to Impulse Response and Filter Structure........289
5.2.2 Infinite Impulse Response Filter, IIR........................................ 290
5.2.3 Finite Impulse Response Filter, FIR ............................................296

5.3 LTV Systems: Time-Variable and Adaptive Filters ...............................303
5.3.1 Basics of Time-Variable Filtering .............................................303
5.3.2 Time Variable Filters ...................................................................304
5.3.3 Adaptive Filters ........................................................................... 307

5.4 Spatiotemporal Filtering ........................................................................... 319
5.4.1 Fundamentals of Spatiotemporal Filtering ................................319
5.4.2 Beamforming ...............................................................................321
5.4.3 Spatial Filter .................................................................................323
5.4.4 Average Reference ...................................................................... 332

5.5 Exercises ..................................................................................................... 340
5.5.1 Tasks .............................................................................................340
5.5.2 Solutions ........................................................................................344

References ..........................................................................................................351

Part III Biostatistics and Stochastic Processes

6 Biostatistics ........................................................................................................ 355
6.1 Introduction ................................................................................................355
6.2 Fundamentals of Analytical Statistics......................................................356

6.2.1 Distributions of Random Variables............................................356
6.2.2 Statistical Correlation .................................................................372
6.2.3 Estimation Procedure.................................................................. 385

6.3 Statistical Tests ...........................................................................................397
6.3.1 Basics ...........................................................................................397
6.3.2 Hypotheses for Statistical Tests ................................................. 398
6.3.3 The Goodness of Statistical Tests, ROC ................................... 399
6.3.4 Parametric Tests........................................................................... 402
6.3.5 Nonparametric Tests .................................................................. 411

6.4 Statistics and Higher-Order Spectra ........................................................417
6.4.1 Moments and Cumulants ........................................................... 417
6.4.2 Higher Order Spectra.................................................................. 420
6.4.3 Linear and Quadratic Phase Coupling ...................................... 424

6.5 Exercises .....................................................................................................430
6.5.1 Tasks ............................................................................................ 430
6.5.2 Solutions....................................................................................... 433

References ......................................................................................................... 440



7 Stochastic Processes ........................................................................................ 441
7.1 Statistical Analysis of Time-Series ........................................................ 441

7.1.1 From Static Data to Processes ...................................................441
7.1.2 Estimation of the Power Density Spectrum ............................448
7.1.3 Cross-Power Spectral Density and Coherence ........................ 458

7.2 Signal Detection........................................................................................465
7.2.1 Signal Detection Using Statistics .............................................. 466
7.2.2 Signal Detection with Energy Detector ..................................... 469
7.2.3 Signal Detection with Correlation Detector ............................472
7.2.4 Signal Detection with Combined Detectors ............................474
7.2.5 SNR Improvement ...................................................................... 477
7.2.6 Signal Pre-processing .................................................................482

7.3 Signal Decomposition .............................................................................489
7.3.1 Singular Value Decomposition, SVD .......................................489
7.3.2 Independent Component Analysis ............................................496
7.3.3 Higher Order Singular Value Decomposition, HOSVD .... 501

7.4 Exercises ....................................................................................................511
7.4.1 Tasks .............................................................................................511
7.4.2 Solutions........................................................................................512

References ..........................................................................................................516

Index ..........................................................................................................................517


