Contents

1 Graph theory concepts and definitions used in image processing and
analysis

Olivier Lézoray and Leo Grady

1.1 Introduction . . . . . . .. .. ... ...
1.2 Basicgraphtheory . . ... ... ... ... ... ... ... ..
1.3 Graphrepresentation . . . . . . . ... ... ... ...
1.4 Paths, trees and connectivity . . . . . . ... ...
1.5 Graph models in Image Processing and Analysis . . . .. ... ..
1.6 Conclusion . . . ... .. ... ... e

Bibliography . . . . . .. ..

2 Graph Cuts — Combinatorial Optimization in Vision

Hiroshi Ishikawa

2.1 Introduction . . . . . .. . ... ...
2.2 Markov Random Field . . ... ... ... ......... . ...
2.3 Basic Graph Cuts: Binary Labels . . . ... ... ... ... ...
2.4 Multi-Label Minimization . . . . .. .. ... ... ........
25 Examples . . . .. ...
2.6 Conclusion . . . ... ... ... e

Bibliography . . . . . . ...

3 Higher-order models in Computer Vision
Pushmeet Kohli and Carsten Rother
3.1 Introduction . . . . . . . . . . .. . ..

3.2 Higher-order Random Fields . . . . .. ... ... .........

N DN

15
21
21

25

26
27
35
45
55
56
57

65

65
67

Xiii



Xiv

3.3 Patch and Region based potentials . . . . . .. ... ... .. ... 69
3.4 Relating appearance models and region-based potentials . . . . . . 77
3.5 GlobalPotentials . . . . ... ... ... ... . . ... ... ... 79
3.6 Maximum a Posteriori Inference . . . . .. ... ... ... ... . 84
3.7 Conclusions and Discussion . . . . ... ... ........... 89
Bibliography . . . . . . ... 90

A Parametric Maximum Flow Approach for Discrete Total Variation
Regularization 93

Antonin Chambolle and Jéréme Darbon

4.1 Introduction . . . . . ... . . ... 93
42 Ideaoftheapproach . ... ... ... ... .. .......... 95
4.3 Numerical Computations . . . . . . ... ... ........... 97
44 Applications . . . ... 104
Bibliography . . . . . . ... L 108
Targeted image segmentation using graph methods 111
Leo Grady

5.1 The Regularization of Targeted Image Segmentation . . ... . .. 113
5.2 Targetspecification . . . . . ... ... ... ... 118
53 Conclusion . . . . .. ... 134
Bibliography . . . . . . ... 135

A short tour of mathematical morphology on edge and vertex weighted

graphs 141
Laurent Najman and Fernand Meyer

6.1 Introduction . . . . . . . . . ... ... 142
6.2 Graphsandlattices . . . ... ... ... ... ... ... ... 143
6.3 Neighborhood operationson graphs . . . . . . ... ... .. ... 145
6.4 Filters . . . . . . .. 149
6.5 Connected operators and filtering with the component tree . . . . . 152
6.6 Watershedcuts . . . ... ... ... ... 154

6.7 MSF cut hierarchy and saliency maps . . . . . . ... ....... 161



6.8 Optimization and the Power Watershed . . . . . . ... ... ... 164
6.9 Conclusion . .. ... ... ... 169
Bibliography . . . . . . ... oL 169

Partial difference equations on graphs for local and nonlocal image pro-
cessing 175

Abderrahim Elmoataz, Olivier Lézoray, Vinh-Thong Ta, and Sébastien Bougleux

7.1 Introduction . . . . . . . . . ... .. 176
7.2 Difference operators on weighted graphs . . . . . ... ... ... 177
7.3 Construction of weighted graphs . . . . . . ... ... ... .... 182
7.4 p-Laplacian regularization on graphs . . . . . . . ... ... ... 185
7.5 Examples . . .. ... o 192
7.6 Concluding remarks . . . . .. ... ... .. 202
Bibliography . . . . . . . ... 202
Image denoising with non-local spectral graph wavelets 207

David K. Hammond, Laurent Jacques, and Pierre Vandergheynst

8.1 Introduction . . ... ... ... ... ... ... 208
8.2 Spectral Graph Wavelet Transform . . . . . . ... ... ... ... 210
8.3 Non-Local Image Graph . . . ... ... ... ... ........ 216
8.4 Hybrid local/non-local image graph . . . . . . ... ... .. ... 220
8.5 Scaled Laplacian Model . . . ... ... ... ... . ....... 225
8.6 Applications to Image Denoising . . . . ... ... ... .. ... 227
87 Conclusions . . . . . ... ... 233
8.8 Acknowledgements . . . . . ... ... oL 234
Bibliography . . . . . . ... 234
Image and Video Matting 237
Jue Wang

9.1 Introduction . . . . . . ... .. ... 237
9.2 Graph Construction for Image Matting . . . . ... ... ..... 241

9.3 Solving Image Matting Graphs . . . . . . . ... ... ... .... 250



Xvi

10

11

12

94 DataSet . . ... .. .. ... 253
9.5 VideoMatting . . . ... ... ... 254
9.6 Conclusion . .. ... ... ... .. ... .. .. 260
Bibliography . . . . . . ... 260
Optimal Simultaneous Multi-Surface and Multi-Object Image Segmen-

tation 265
Xiaodong Wu, Mona K. Garvin, and Milan Sonka

10.1 Introduction . . . . . . . . . . L 266
10.2 Motivation and Problem Description . . . . . . . ... ... .... 267
10.3 Methods for Graph-Based Image Segmentation . . . .. ... ... 268
10.4 Case Studies . . . . . . . . ... 290
10.5 Conclusion . . . . . . ... 299
10.6 Acknowledgments . . . .. ... ... ... ... ..., 299
Bibliography . . . . . . ... L 299
Hierarchical Graph Encodings 305

Luc Brun and Walter Kropatsch

11.1 Introduction . . . . . . . . . . ... 306
11.2 Regular Pyramids . . . . . . ... .. ... ... .. ... ..... 307
11.3 Irregular Pyramids Parallel construction schemes . . . . ... ... 310
11.4 TIrregular Pyramids and Image properties . . . . . ... . ... .. 323
115 Conclusion . . . ... ... L 345
Bibliography . . . . . . ... 347
Graph-based dimensionality reduction 351

John A. Lee and Michel Verleysen

12.1 Summary . . . . . .. 352
12.2 Introduction . . . . . . . . .. L 352
12.3 Classicalmethods . . . . . . ... ... ... ... ... ..., 353
12.4 Nonlinearity through graphs . . . . . ... ... ... ... .... 357

12.5 Graph-based distances . . . . . . . ... ... ... ... ..., 358



13

14

15

Xvii

12.6 Graph-based similarities . . . . ... .. ... ... .. ...... 361
12.7 Graphembedding . . . . . . . .. .. ... 365
12.8 Examples and comparisons . . . . . . . ... ... ... 369
129 Conclusions . . . . . . . .. .. 373
Bibliography . . . . . . ... 374
Graph Edit Distance — Theory, Algorithms and Applications 383

Miquel Ferrer and Horst Bunke

13.1 Introduction . . . . . . . . . . . e 384
13.2 Definitions and Graph Matching . . . . . . ... ... ... .... 386
13.3 Theoretical Aspectsof GED . . . ... ... ... ... ...... 396
13.4 GED Computation . . . . . . . . . . v v v v e i 401
13.5 Applicationsof GED . . . . ... ... ... ... ... ..., 407
13.6 Conclusions . . . . . . ... ... ... 417
Bibliography . . . . . . . ... 417
The Role of Graphs in Matching Shapes and in Categorization 423

Benjamin Kimia

14.1 Introduction . . . . . . . . . . .. e 423
14.2 Using Shock Graphs for shape matching . . . . . . ... ... ... 426
14.3 Using Proximity Graphs for Categorization . . . . ... ... ... 429
144 Conclusion . . . . .. ... e 437
14.5 Acknowledgement . . .. . ... ... ... ... ... ... 437
Bibliography . . . . . . ... 437
3D Shape Registration Using Spectral Graph Embedding and Proba-

bilistic Matching 441

Avinash Sharma, Radu Horaud, and Diana Mateus

15.1 Introduction . . . . . . .. .. L 442
15.2 Graph Matrices . . . . . . . . ... 444
15.3 Spectral Graph [somorphism . . . . . .. ... ... .. ...... 446

15.4 Graph Embedding and Dimensionality Reduction . . . . . . .. .. 452



Xviil

15.5 Spectral Shape Matching . . . . . . ... ... ... .. ......
15.6 Experimentsand Results . . . . . ... ... ... ... ......
15.7 Discussion . . . . . . ...
15.8 Appendix: Permutation and Doubly-stochastic Matrices . . . . . .
15.9 Appendix: The Frobenius Norm . . . . . ... ... ... .. ...
15.10Appendix: Spectral Properties of the Normalized Laplacian

Bibliography . . . . . . . ...

16 Modeling Images with Undirected Graphical Models

Marshall F. Tappen

16.1 Introduction . . . . . . . . . . .. e
16.2 Background . . . . . . ...
16.3 Graphical Models for Modeling Image Patches . . . . .. ... ..
16.4 Pixel-based Graphical Models . . . . ... ... ... .. .....
16.5 Inference in Graphical Models . . . . . .. ... ... ... ....
16.6 Learning in Undirected Graphical Models . . . . . . ... ... ..
16.7 Conclusion . . . . ... ... ... ... o

Bibliography . . . . . ... L

17 Tree-walk kernels for computer vision

Zaid Harchaoui and Francis Bach

17.1 Introduction . . . . . . . . . . ...
17.2 Tree-walk kernels as graph kernels . . . . . . ... ... ... ...
17.3 The region adjacency graph kernel as a tree-walk kernel . . . . . .
17.4 The point cloud kernel as a tree-walk kernel . . . . ... ... ...
17.5 Experimental results . . . . . ... ... ... ... ... ...
17.6 Conlusion . . . . . . . ... ... ...
177 Acknowledgements . . . . . .. ... ... ... ... ... ...
Bibliography . . . . . . . ...

Index

475

476
476
481
483
490
492
496
496

499

500
502
506
510
518
524
525
525

529



