
Contents

Vorwort i

Kurzfassung ix

Abstract xi

1 Introduction 1
1.1 M o tiva tio n ........................................................................................  1

1.2 Outline and Contributions.............................................................. 3

2 Human Visual System 5

2.1 Physiology and Oculomotor Functions of the Human Eye . . .  5

2.2 Perception of D e p th ........................................................................ 7

2.2.1 Binocular Pictorial Depth Cue: Retinal Disparity . . .  8

2.2.1.1 Limits of Fusion................................................. 11

2.2.2 Monocular Pictorial Depth C u e s .................................... 12

2.2.3 Oculomotor Depth Cues ................................................. 14

2.2.4 Depth Cue Combination and V eto ing.............................  14

2.3 Conclusion........................................................................................  16

3 Stereoscopy and Visual Fatigue 19
3.1 S tereoscopy..................................................................................... 19

3.1.1 Basic Processing.................................................................  19

3.1.2 Fundamentals of Stereo 3D Presentation....................... 23

3.1.3 Perception of 2D vs. Stereo 3 D .......................................  25

3.2 Visual Discomfort and Visual Fatigue in Stereo 3D ................... 25

3.2.1 D e f in it io n ...........................................................................  25

3.2.2 Properties and M easurem ent..........................................  26

http://d-nb.info/1135418047


3.2.3 Causes and S o lu tio n s ........................................................ 27

3.2.3.1 Accommodation Vergence Discrepancy . . .  27

3.2.3.1.1 Stereoscopic Fusion R ange ..............  29

3.2.3.1.2 Zone of C o m fo r t .............................  29

3.2.3.2 Oculomotor S tre s s ..........................................  32

3.2.3.2.1 Dynamic Horizontal Image Translation 32
3.2.3.3 C ro s s ta lk ........................................................... 33

3.2.3.4 Retinal R iv a lr y .................................................  34

3.2.3.5 Window V io la tio n ..............................................  35

3.2.3.5.1 Floating W in d o w ...............................  36

3.2.3.6 Notes on Vertical D isparity ...............................  37

3.3 Conclusion.........................................................................................  38

4 Eye Tracking 41
4.1 Types of Eye T rackers..................................................................... 41

4.2 Principles and Properties of Remote Eye T ra ck in g .....................  42

4.3 2D Gaze Filtering and Event D etection.......................................  43

4.3.1 Kalman F i l t e r ..................................................................... 44

4.3.1.1 General Filter approach..................................... 44

4.3.1.1.1 M o d e l................................................... 44

4.3.1.1.2 C oncept...............................................  45

4.3.1.1.3 A lg o r ith m ............................................ 46

4.3.1.1.4 Parametrization and Initialization 47

4.3.1.2 Application Specific Filter Design .................  48

4.3.1.2.1 M o d e l................................................... 48

4.3.1.2.2 Parametrization..................................  50

4.3.1.2.3 Event Detection and Processing . . 50

4.4 3D Visual Focus Estim ation...........................................................  52

4.4.1 Probabilistic Visual Focus Disparity Estimation . . . .  57

4.4.1.1 Gaze Data M o d e l............................................... 57

4.4.1.2 Region of Interest Disparity Map Estimation 58

4.4.1.3 Candidate Collection and Rejection .............. 60

4.4.1.4 Candidate W e ig h ts ...........................................  63

4.4.1.5 Weighted Histogram F i l te r ..............................  65

4.4.1.6 Parametrization.................................................. 67



4.4.1.7 Pre- and Post-Processing.................................  68

4.4.1.8 Results ............................................................... 69

4.5 Conclusion......................................................................................... 71

5 Dynamic Horizontal Image Translation 73

5.1 Review and M o t iv a t io n .................................................................  73

5.2 Enhancements of D H IT ................................................................... 75

5.2.1 Distortion-Free D H I T .......................................................  76

5.2.1.1 Active Depth Cuts using D H IT + .........................  78

5.2.1.2 Controlling Speed in D H IT + ........................... 80

5.2.1.3 Further Properties of D H IT+ ......................... 80

5.2.2 Gaze Adaptive D H I T .......................................................  83

5.2.2.1 Visual Focus E s tim a tio n .................................  83

5.2.2.2 Disparity Estimation ........................................  84

5.2.2.3 Disparity Smoothing and Shift Speed Limiting 85

5.2.2.4 Horizontal Image Translation and Floating
Window R endering ..........................................  86

5.2.2.5 Prototype Benchmark R e s u lts ........................ 87

5.2.2.6 Distinction from Similar Approaches..............  88

5.3 E va lua tion ........................................................................................  88

5.3.1 Commonalities....................................................................  89

5.3.1.1 Rendering............................................................ 89

5.3.1.2 Experimental S e tu p ...........................................  89

5.3.1.3 Subject Screening and Rejection Criteria . . 90

5.3.1.4 Statistical A n a ly s is ...........................................  91

5.3.2 Experiment (I): Determination o f Perception and An­

noyance Thresho lds........................................................... 92

5.3.2.1 Experimental S e tup ...........................................  92

5.3.2.2 Stimuli ............................................................... 93

5.3.2.3 P rocedure............................................................ 94

5.3.2.4 Subjects............................................................... 95

5.3.2.5 Results ...............................................................  95

5.3.2.6 Discussion............................................................ 98



5.3.3 Experiment (II): Comparison of DHIT and D H IT+ . . 99

5.3.3.1 Stimuli ............................................................... 99

5.3.3.1.1 DHIT S t im u li.......................................100

5.3.3.1.2 DHIT-f- S t im u li..................................... 101

5.3.3.2 Subjects..................................................................103

5.3.3.3 Results ..................................................................103
5.3.3.4 Discussion.............................................................. 108

5.3.4 Experiment (III): Effect of Gaze A daptiv ity .........................109

5.3.4.1 Experimental S e tu p .............................................. 109
5.3.4.2 Stimuli ..................................................................109

5.3.4.3 Procedure.............................................................. I l l

5.3.4.4 Subjects..................................................................I l l

5.3.4.5 Results ..................................................................112
5.3.4.6 Discussion.............................................................. 114

5.3.5 Experiment (IV): Evaluation of the Full GACS3D Pro­

totype ...............................................................................115
5.3.5.1 Experimental S e tu p .............................................. 116

5.3.5.2 Stimuli ..................................................................116

5.3.5.3 Procedure.............................................................. 118

5.3.5.4 Subjects..................................................................119

5.3.5.5 Results ..................................................................119

5.3.5.6 Discussion.............................................................. 120

5.4 Conclusion............................................................................................125

6 Conclusion 127
6.1 Summary.............................................................................................. 127

6.2 O u t lo o k .............................................................................................. 130

List of Abbreviations 133

List of Symbols 135

List of Figures 143

List of Tables 147

Glossary 149



Bibliography 155

Publications by the Author 169

Student Works Supervised by the Author 171

Additional Tables for the Experiments 173

Curriculum Vitae 177


