
vii

Contents

Abstract i

Kurzfassung iii

Acknowledgements v

Contents vii

Acronyms xi

I Fundamentals 1

1 Introduction 3
1.1 Motivation ............................................................. 3
1.2 Research Questions................................................. 6
1.3 List of Publications................................................. 8
1.4 Structure of this Work........................................... 9

2 Background and Related Work 11
2.1 Antioxidants in the Human Body........................ 11
2.2 Measuring the Carotenoid Concentration in Hu­

mans ................................................................. 13
2.3 Multiple Spatially Resolved Reflection Spectroscopy 14
2.4 Available Datasets................................................. 20
2.5 Related Work in Machine Learning..................... 25

http://d-nb.info/1355244153


viii CONTENTS

II Methods 35

3 Processing Optical MSRRS Data with Ma­
chine Learning 37

3.1 MSRRS Data.......................................................... 37
3.2 Simple Models and Limitations........................... 38
3.3 Continuous Kernels................................................. 41
3.4 Continuous Feature Networks............................... 44
3.5 Experimental Setup .............................................. 48
3.6 Experimental Results.............................................. 50
3.7 Conclusion ............................................................. 62

4 Semi-Supervised Learning Strategies for 
MSRRS-based Data 63

4.1 The Need for Data................................................. 63
4.2 Denoising Autoencoders........................................ 66
4.3 Known-Equal End-to-End Learning..................... 67
4.4 Experimental Setup .............................................. 75
4.5 Experimental Results.............................................. 77
4.6 Conclusion ............................................................. 81

5 Explaining MSRRS-based Model Predictions 83
5.1 Uses and Motivation.............................................. 83
5.2 Interpretable CFN Kernels..................................... 84
5.3 Adaptive Shapley.................................................... 88
5.4 Applying Adaptive Shapley to MSRRS-based Data 93
5.5 Conclusion ............................................................. 100

III Applications 101

6 Improving the Calibration Process for 
MSRRS-based Sensors 103

6.1 Optimizing Calibration Criteria........................... 103
6.2 Dealing with Detector Defects.............................. 108
6.3 Conclusion ............................................................. 109



CONTENTS ix

7 Predicting Other Vitality Parameters 111
7.1 Body Composition Metrics .................................. Ill
7.2 Measuring the BMI using MSRRS-based sensors 113
7.3 Detecting Parameters Related to the BMI .... 115
7.4 Conclusion ................................................................ 118

IV Conclusion 119

8 Outlook and Future Work 121
8.1 Preventing CFN Overfitting.................................... 121
8.2 Investigating Interpretability of Continuous Ker­

nels in CFNs .................................................... 123
8.3 Efficient Calculation of Shapley Values.................. 124
8.4 Omission of Asymmetric Input Data for CFNs . 125
8.5 Isolating BMI-Related Parameters Through Ab­

lation .............................................................. 127

9 Conclusion 129

Bibliography 133


