
Contents

1 Introduction .................................................................................................... 1
1.1 Motivation ........................................................................................ 1
1.2 Contributions .................................................................................... 5
1.3 Thesis Outline .................................................................................. 7

2 Fundamentals & State of the Art ............................................................. 9
2.1 Light Transport ................................................................................ 10

2.1.1 Photometry & Radiometry .................................................. 11
2.1.2 Rendering Equation ............................................................. 11

2.2 Global Illumination ........................................................................ 14
2.2.1 Ray Tracing ........................................................................ 14
2.2.2 Rasterization ........................................................................ 15

2.3 Mixed Reality .................................................................................. 19
2.3.1 Object Detection ................................................................. 20
2.3.2 Light Estimation ................................................................. 21

2.4 Reconstruction.................................................................................. 22
2.4.1 Geometry.............................................................................. 23
2.4.2 Material ................................................................................ 24
2.4.3 Light...................................................................................... 25

2.5 Neural Networks & Deep Learning................................................ 29

3 Illumination in Mixed Reality ................................................................... 33
3.1 Scene Reconstruction ...................................................................... 34

3.1.1 Spatial Information ............................................................. 34
3.1.2 Materials .............................................................................. 38
3.1.3 Local Light Sources ........................................................... 41

3.2 Environment Light .......................................................................... 42

xiii

http://d-nb.info/1236644921


xiv Contents

3.2.1 Single Image Estimation...................................................... 43
3.2.2 Lookup Texture .................................................................... 45
3.2.3 Stitching ............................................................................... 46
3.2.4 Estimation with Neural Network ........................................ 52

3.3 Reflections .......................................................................................... 56

4 Realization .......................................................................................................... 61
4.1 Architecture ....................................................................................... 61
4.2 Physically Based Rendering ............................................................ 63
4.3 Light & Shadows ............................................................................. 65
4.4 Lookup Texture................................................................................. 66
4.5 Stitching ............................................................................................. 68
4.6 Neural Network................................................................................. 69
4.7 Filtering of Light Probes .................................................................. 71
4.8 Rendering in Mixed Reality ............................................................ 72
4.9 Post-Processing ................................................................................. 74

4.9.1 Ambient Occlusion ............................................................... 74
4.9.2 Screen Space Reflections .................................................... 75
4.9.3 Anti-Aliasing ....................................................................... 76

5 Results ................................................................................................................ 77
5.1 Scenarios ........................................................................................... 77

5.1.1 Punctual Lights .................................................................... 78
5.1.2 Directional Light .................................................................. 79
5.1.3 Area Lights ........................................................................... 81
5.1.4 Environment ......................................................................... 82
5.1.5 Manipulation......................................................................... 89

5.2 Rendering........................................................................................... 91
5.3 Performance....................................................................................... 92

6 Discussion & Limitations ............................................................................ 93

7 Conclusion & Outlook ................................................................................... 103

Glossary.................................................................................................................... 109

Bibliography............................................................................................................ 113


