
Contents

Part I Introductory Remarks and State of the Art

1 Introduction to Advances in Autonomic Nervous System Dynamics
for Mood and Emotional-State Recognition . . . . . . . . . . . . . 3

2 Emotions and Mood States: Modeling, Elicitation, and Classification 9
2.1 Modeling Emotions . . . . . . . . . . . . . . . . . . . . . . . . 9
2.2 Autonomic Nervous System Correlates of Emotions . . . . . . . 11

2.2.1 Heart Rate Variability . . . . . . . . . . . . . . . . . . . 12
2.2.2 The Electrodermal Response . . . . . . . . . . . . . . . 12
2.2.3 Information Coming from the Eyes: Pupil Size Variation

and Eye Tracking . . . . . . . . . . . . . . . . . . . . . 13
2.2.4 Cardio-Respiratory Coupling . . . . . . . . . . . . . . . 15

2.3 Emotion Elicitation . . . . . . . . . . . . . . . . . . . . . . . . 16
2.4 Affective Computing: From Theory to Emotion Recognition . . . 17
2.5 Emotions and Mood Disorders: The Bipolar Disorders . . . . . . 17
2.6 Autonomic Nervous System as a Nonlinear Physiological System 21

Part II Methodology

3 Data Acquisition: Experimental Procedures and Wearable
Monitoring Systems . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.1 Procedures on Healthy Subjects . . . . . . . . . . . . . . . . . . 25

3.1.1 Recruitment of Eligible Subjects . . . . . . . . . . . . . 26
3.1.2 Stimulus Elicitation . . . . . . . . . . . . . . . . . . . . 26

3.2 Procedures on Bipolar Patients . . . . . . . . . . . . . . . . . . 28
3.2.1 Recruitment of Eligible Subjects and Experimental

Protocols . . . . . . . . . . . . . . . . . . . . . . . . . . 30
3.2.2 The Mood Model . . . . . . . . . . . . . . . . . . . . . 32

3.3 Portable and Novel Wearable Systems for Autonomic Nervous
System Monitoring . . . . . . . . . . . . . . . . . . . . . . . . 33
3.3.1 The Glove System . . . . . . . . . . . . . . . . . . . . . 33

xiii



xiv Contents

3.3.2 The PSYCHE System . . . . . . . . . . . . . . . . . . . 38
3.3.3 HATCAM—Wearable Eye Gaze Tracking System . . . . 39
3.3.4 BIOPAC: Set of Physiological Signals and Instrumentation 43

4 Advanced Signal Processing and Modeling for ANS Data . . . . . . 45
4.1 Overall Methodology . . . . . . . . . . . . . . . . . . . . . . . 46
4.2 Preprocessing . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

4.2.1 Movement Artifact Removal . . . . . . . . . . . . . . . 48
4.2.2 Electrocardiogram and Heart Rate Variability . . . . . . . 48
4.2.3 Respiration . . . . . . . . . . . . . . . . . . . . . . . . . 49
4.2.4 Electrodermal Response . . . . . . . . . . . . . . . . . . 50

4.3 Feature Sets . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
4.3.1 Standard Feature Set . . . . . . . . . . . . . . . . . . . . 52
4.3.2 Features from Higher Order Spectra . . . . . . . . . . . . 54
4.3.3 Pupillometry and Gaze Point . . . . . . . . . . . . . . . 57
4.3.4 Nonlinear Methods for Feature Extraction . . . . . . . . 63
4.3.5 Cardio-Respiratory Synchronization Analysis . . . . . . 68

4.4 Feature Reduction Strategy . . . . . . . . . . . . . . . . . . . . 70
4.4.1 Principal Component Analysis . . . . . . . . . . . . . . 70

4.5 Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
4.5.1 Quadratic Discriminant Classifier . . . . . . . . . . . . . 71
4.5.2 k-Nearest Neighborhood . . . . . . . . . . . . . . . . . . 73
4.5.3 Multi-layer Perceptron . . . . . . . . . . . . . . . . . . . 73
4.5.4 Support Vector Machine . . . . . . . . . . . . . . . . . . 73

4.6 Point-Process Theory and the Instantaneous Nonlinear Dynamics 74
4.6.1 Point-Process Nonlinear Model of the Heartbeat . . . . . 77
4.6.2 Estimation of the Input–Output Volterra Kernels . . . . . 79
4.6.3 Quantitative Tools: High Order Spectral Analysis . . . . 80

Part III Results

5 Experimental Evidences on Healthy Subjects and Bipolar Patients 85
5.1 Results from the Healthy Subjects Study . . . . . . . . . . . . . 86

5.1.1 Effective Arousal and Valence Levels Recognition
Through Autonomic Nervous System Dynamics . . . . . 86

5.1.2 Approximate Entropy and Dominant Lyapunov Exponent
Analysis on Heart Rate Variability . . . . . . . . . . . . 88

5.1.3 Cardio-Respiratory Synchronization Analysis . . . . . . 90
5.1.4 Using Cardio-Respiratory Synchronization Information

for Emotion Recognition . . . . . . . . . . . . . . . . . 92
5.1.5 Instantaneous Bispectral Characterization

of the Autonomic Nervous System Through
Point-Process Nonlinear Models . . . . . . . . . . . . . 94

5.1.6 Instantaneous Emotional Assessment Through Nonlinear
Point-Process Models . . . . . . . . . . . . . . . . . . . 95

5.1.7 Electrodermal Response Analysis and Sensorized Glove
Assessment . . . . . . . . . . . . . . . . . . . . . . . . 99



Contents xv

5.1.8 Eye Tracking and Pupil Area Variation . . . . . . . . . . 101
5.2 Modeling the Cardio-Respiratory Coupling During Arousing

Elicitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
5.3 Results from the Study on Bipolar Patients . . . . . . . . . . . . 106

5.3.1 Long-Term Analysis . . . . . . . . . . . . . . . . . . . . 107
5.3.2 Long-Term Analysis: The Role of History-Dependence . 111
5.3.3 Long-Term Analysis: The Role of Nonlinear Heartbeat

Dynamics Through Multiscale Entropy Analysis . . . . . 115
5.3.4 Short-Term Analysis . . . . . . . . . . . . . . . . . . . . 116

Part IV Conclusions and Future Works

6 Conclusions and Discussion on Mood and Emotional-State
Recognition Using the Autonomic Nervous System Dynamics . . . 127

7 Book Summary and Perspectives for Future Research . . . . . . . 139

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161



http://www.springer.com/978-3-319-02638-1


