
Contents 

Part I Discrete Shape Analysis 

1 Modeling Three-Dimensional Morse and Morse-Smale 
Complexes 3 
Lidija Comic, Leila De Floriani, and Federico Iuricich 
1.1 Introduction 3 
1.2 Background Notions 5 
1.3 Related Work 9 
1.4 Representing Three-Dimensional Morse and Morse-

Smale Complexes 10 
1.4.1 A Dimension-Independent Compact 

Representation for Morse Complexes 10 
1.4.2 A Dimension-Specific Representation for 3D 

Morse-Smale Complexes 13 
1.4.3 Comparison 14 

1.5 Algorithms for Building 3D Morse and Morse-Smale 
Complexes 15 
1.5.1 A Watershed-Based Approach for Building 

the Morse Incidence Graph 15 
1.5.2 A Boundary-Based Algorithm 18 
1.5.3 A Watershed-Based Labeling Algorithm 19 
1.5.4 A Region-Growing Algorithm 20 
1.5.5 An Algorithm Based on Forman Theory 21 
1.5.6 A Forman-Based Approach for Cubical Complexes 22 
1.5.7 A Forman-Based Approach for Simplicial Complexes ...  24 
1.5.8 Analysis and Comparison 25 

1.6 Simplification of  3D Morse and Morse-Smale Complexes 26 
1.6.1 Cancellation in 3D 27 
1.6.2 Removal and Contraction Operators 29 

1.7 Concluding Remarks 31 
References 32 

http://d-nb.info/1025944739

http://d-nb.info/1025944739


x j j  Contents  

2 Geodesic Regression and Its Application to Shape Analysis 35 
P. Thomas Fletcher 
2.1 Introduction 35 
2.2 Multiple Linear Regression 36 
2.3 Geodesic Regression 37 

2.3.1 Least Squares Estimation 38 
2.3.2 R 2  Statistics and Hypothesis Testing 40 

2.4 Testing the Geodesic Fit 41 
2.4.1 Review of  Univariate Kernel Regression 43 
2.4.2 Nonparametric Kernel Regression on Manifolds 44 
2.4.3 Bandwidth Selection 44 

2.5 Results: Regression of  3D Rotations 45 
2.5.1 Overview of  Unit Quaternions 45 
2.5.2 Geodesic Regression of  Simulated Rotation Data 45 

2.6 Results: Regression in Shape Spaces 46 
2.6.1 Overview o f  Kendall's Shape Space 47 
2.6.2 Application to Corpus Callosum Aging 48 

2.7 Conclusion 51 
References 51 

3 Segmentation and Skeletonization on Arbitrary Graphs 
Using Multiscale Morphology and Active Contours 53 
Petros Maragos and Kimon Drakopoulos 
3.1 Introduction 53 
3.2 Multiscale Morphology on Graphs 55 

3.2.1 Background on Lattice and Multiscale Morphology 55 
3.2.2 Background on Graph Morphology 57 
3.2.3 Multiscale Morphology on Graphs 60 

3.3 Geodesic Active Contours on Graphs 61 
3.3.1 Constant-Velocity Active Contours on Graphs 63 
3.3.2 Direction o f  the Gradient on Graphs 64 
3.3.3 Curvature Calculation on Graphs 67 
3.3.4 Convolution on Graphs 68 
3.3.5 Active Contours on Graphs: The Algorithm 69 

3.4 Multiscale Skeletonization on Graphs 70 
3.5 Conclusions 72 
References 74 

4 Refined Homotopic Thinning Algorithms and Quality 
Measures for Skeletonisation Methods 77 
Pascal Peter and Michael Breuß 
4.1 Introduction 77 
4.2 Algorithms 79 

4.2.1 New Algorithm: Flux-Ordered Adaptive 
Thinning (FOAT) 80 

4.2.2 New Algorithm: Maximal Disc Thinning (MDT) 81 



Contents  xiii 

4.3 Analysis o f  MAT Algorithms 82 
4.3.1 Quality Criteria 83 
4.3.2 Graph Matching for Invariance Validation 84 

4.4 Experiments 85 
4.5 Conclusions 90 
References 90 

5 Nested Sphere Statistics o f  Skeletal Models 93 
Stephen M. Pizer, Sungkyu Jung, Dibyendusekhar 
Goswami, Jared Vicory, Xiaojie Zhao, Ritwik Chaudhuri, 
James N. Dämon, Stephan Huckemann, and J.S. Marron 
5.1 Object Models Suitable for Statistics 94 
5.2 Skeletal Models o f  Non-branching Objects 95 
5.3 Obtaining s-Reps Suitable for Probabilistic Analysis 98 

5.3.1 Fitting Unbranched s-Reps to Object 
Description Data 99 

5.3.2 Achieving Correspondence o f  Spoke Vectors 102 
5.4 The Abstract Space o f  s-Reps and Common 

Configurations o f  s-Rep Families in that Space 103 
5.4.1 The Abstract Space o f  s-Reps 103 
5.4.2 Families of  s-Rep Components on Their Spheres 104 

5.5 Training Probability Distributions in Populations 
of  Discrete s-Reps 104 
5.5.1 Previous Methods for Analyzing Data on a Sphere 104 
5.5.2 Training Probability Distributions on s-Rep 

Components Living on Spheres: Principal 
Nested Spheres 107 

5.5.3 Compositing Component Distributions into an 
Overall Probability Distribution 108 

5.6 Analyses o f  Populations o f  Training Objects 110 
5.7 Extensions and Discussion 112 
References 113 

6 3D Curve Skeleton Computation and Use for Discrete 
Shape Analysis 117 
Gabriella Sanniti di Baja, Luca Serino, and Carlo Arcelli 
6.1 Introduction 117 
6.2 Notions and Definitions 121 

6.2.1 Distance Transform 122 
6.2.2 Centers o f  Maximal Balls and Anchor Points 124 

6.3 The Curve Skeleton 125 
6.3.1 Final Thinning and Pruning 126 

6.4 Object Decomposition 128 
6.4.1 Skeleton Partition 129 
6.4.2 Simple Regions, Bumps and Kernels 129 
6.4.3 Merging 131 



x | v  Contents 

6.5 Discussion and Conclusion 132 
References 134 

7 Orientation and Anisotropy o f  Multi-component Shapes 137 
Jovisa Zunic and Paul L. Rosin 
7.1 Introduction 138 
7.2 Shape Orientation 138 
7.3 Orientation o f  Multi-component Shapes 142 

7.3.1 Experiments 146 
7.4 Boundary-Based Orientation 149 

7.4.1 Experiments 151 
7.5 Anisotropy o f  Multi-component Shapes 152 
7.6 Conclusion 156 
References 156 

Part II Partial Differential Equations for Shape Analysis 

8 Stahle Semi-local Features for Non-rigid Shapes 161 
Roee Litman, Alexander M. Bronstein, 
and Michael M. Bronstein 
8.1 Introduction 162 

8.1.1 Related Work 162 
8.1.2 Main Contribution 163 

8.2 Diffusion Geometry 163 
8.2.1 Diffusion on Surfaces 164 
8.2.2 Volumetrie Diffusion 165 
8.2.3 Computational Aspects 166 

8.3 Maximally Stable Components 167 
8.3.1 Component Trees 168 
8.3.2 Maximally Stable Components 168 
8.3.3 Computational Aspects 169 

8.4 Weighting Functions 169 
8.4.1 Scale Invariance 170 

8.5 Descriptors 171 
8.5.1 Point Descriptors 171 
8.5.2 Region Descriptors 172 

8.6 Results 173 
8.6.1 Datasets 173 
8.6.2 Detector Repeatability 176 
8.6.3 Descriptor Informativity 182 

8.7 Conclusions 187 
References 187 



Contents xv  

9 A Brief Survey on Semi-Lagrangian Schemes 
for Image Processing 191 
Elisabetta Carlini, Maurizio Falcone, and Adriano Festa 
9.1 Introduction 191 
9.2 An Introduction to Semi-Lagrangian Schemes 

for Nonlinear PDEs 192 
9.3 Shape from Shading 198 
9.4 Nonlinear Filtering via MCM 204 

9.4.1 SL Approximation for the Nonlinear Filtering 
Problem via MCM 205 

9.5 Segmentation via the LS Method 209 
9.5.1 SL Scheme for Segmentation via the LS 

Method 210 
9.6 The Motion Segmentation Problem 212 

9.6.1 SL Scheme for the Motion Segmentation Problem 214 
9.7 Conclusions 215 
References 216 

10 Shape Reconstruction o f  Symmetrie Surfaces Using 
Photometrie Stereo 219 
Roberto Mecca and Silvia Tozza 
10.1 Introduction to the Shape from Shading: Photometrie 

Stereo Model and Symmetrie Surfaces 219 
10.2 Condition o f  Linear Independent Images for the 

SfS-PS Reconstruction 221 
10.2.1 Normal Vector Approach 221 
10.2.2 PDE Approach 222 

10.3 Linear Dependent Image Reconstruction 227 
10.4 Reduction o f  the Number of  the Images Using Symmetries 230 

10.4.1 Symmetrie Surfaces 230 
10.4.2 Uniqueness Theorem for the Symmetrie Surfaces 232 
10.4.3 Surfaces with Four Symmetry Straight Lines 236 

10.5 Numerical Tests 237 
10.5.1 Numerical Computation of Linear Dependent Images 237 
10.5.2 Shape Reconstruction for Symmetrie Surfaces 238 

10.6 Conclusion and Perspectives 241 
References 242 

11 Remeshing by Curvature Driven Diffusion 245 
Serena Morigi and Marco Rucci 
11.1 Introduction 245 
11.2 Adaptive Mesh Regularization 247 
11.3 Adaptive Remeshing (AR) Algorithm 251 

11.3.1 Calculating Gradient and Divergence Operators 253 
11.4 Remeshing Results 254 
11.5 Conclusions 260 
References 261 



x v j  Contents  

12 Group-Valued Regularization for Motion Segmentation 
o f  Articulated Shapes 263 
Guy Rosman, Michael M. Bronstein, 
Alexander M. Bronstein, Alon Wolf, and Ron Kimmel 
12.1 Introduction 264 

12.1.1 Main Contribution 264 
12.1.2 Relation to Prior Work 265 

12.2 Problem Formulation 266 
12.2.1 Articulation Model 266 
12.2.2 Motion Segmentation 266 
12.2.3 Lie-Groups 268 

12.3 Regularization o f  Group-Valued Functions on Surfaces 270 
12.3.1 Ambrosio-Tortorelli Scheme 270 
12.3.2 Diffusion o f  Lie-Group Elements 271 

12.4 Numerical Considerations 272 
12.4.1 Initial Correspondence Estimation 272 
12.4.2 Diffusion o f  Lie-Group Elements 273 
12.4.3 Visualizing Lie-Group Clustering on Surfaces 274 

12.5 Results 275 
12.6 Conclusion 277 
References 278 

13 Point Cloud Segmentation and Denoising via Constrained 
Nonlinear Least Squares Normal Estimates 283 
Edward Castillo, Jian Liang, and Hongkai Zhao 
13.1 Introduction 283 
13.2 PCA as Constrained Linear Least Squares 285 
13.3 Normal Estimation via Constrained Nonlinear Least Squares 287 
13.4 fncorporating Point Cloud Denoising into the NLSQ 

Normal Estimate 288 
13.5 Generalized Point Cloud Denoising and NLSQ 

Normal Estimation 291 
13.6 Combined Point Cloud Declustering, Denoising, 

and NLSQ Normal Estimation 292 
13.7 Segmentation Based on Point Connectivity 292 
13.8 Conclusions 297 
References 297 

14 Distance Images and the Enclosure Field: Applications 
in Intermediate-Level Computer and Biological Vision 301 
Steven W. Zucker 
14.1 Introduction 301 

14.1.1 Figure, Ground, and Border Ownership 302 
14.1.2 Soft Closure in Visual Psychophysics 304 
14.1.3 Intermediate-Level Computer Vision 304 

14.2 Global Distance Information Signaled Locally 305 



Contents xvii 

14.3 Mathematical Formulation 308 
14.4 Edge Producing Model 309 

14.4.1 Density Scale Space 312 
14.5 Distance Images Support Airport Recognition 312 
14.6 The Enclosure Field Conjecture 315 

14.6.1 Inferring Coherent Borders 317 
14.6.2 Feedback Projections via Specialized Interneurons 317 
14.6.3 Local Field Potentials Carry the Enclosure Field 319 

14.7 Summary and Conclusions 321 
References 321 

Part III Optimization Methods for Shape Analysis 

15 Non-rigid Shape Correspondence Using Pointwise Surface 
Descriptors and Metrie Structures 327 
Anastasia Dubrovina, Dan Raviv, and Ron Kimmel 
15.1 Introduction 327 
15.2 Related Work 328 
15.3 Matching Problem Formulation 329 

15.3.1 Quadratic Programming Formulation 331 
15.3.2 Hierarchical Matching 331 

15.4 On the Choice o f  Metrie and Descriptors 332 
15.4.1 Laplace-Beltrami Operator 333 
15.4.2 Choice o f  Metrie 334 
15.4.3 Choice of  Descriptors 335 

15.5 Matching Ambiguity Problem 335 
15.6 Results 337 
15.7 Conclusions 339 
References 340 

16 A Review o f  Geometry Recovery from a Single Image 
Focusing on Curved Object Reconstruction 343 
Martin R. Oswald, Eno Töppe, Claudia Nieuwenhuis, 
and Daniel Cremers 
16.1 Introduction 343 
16.2 Single View Reconstruction 344 

16.2.1 Image Cues 344 
16.2.2 Priors 346 

16.3 Classification o f  High-Level Approaches 348 
16.3.1 Curved Objects 349 
16.3.2 Piecewise Planar Objects and Scenes 353 
16.3.3 Learning Specific Objects 355 
16.3.4 3D Impression from Scenes 358 

16.4 General Comparison o f  High-Level Approaches 360 



x v i ü  Contents  

16.5 Comparison of  Approaches for Curved Surface 
Reconstruction 363 
16.5.1 Theoretical Comparison 363 
16.5.2 Experimental Comparison 364 

16.6 Conclusion 375 
References 375 

17 On Globally Optimal Local Modeling: From Moving 
Least Squares to Over-parametrization 379 
Shachar Shem-Tov, Guy Rosman, Gilad Adiv, Ron Kimmel, 
and Alfred M. Bruckstein 
17.1 Introduction 379 
17.2 The Local Modeling o f  Data 381 
17.3 Global Priors on Local Model Parameter Variations 382 
17.4 The Over-parameterized Functional 383 

17.4.1 The Over-parameterized Functional 
Weaknesses 384 

17.5 The Non-local Over-parameterized Functional 385 
17.5.1 The Modified Data Term: A Non-local 

Functional Implementing MLS 385 
17.5.2 The Modified Regularization Term 387 
17.5.3 Effects o f  the Proposed Functional Modifications 388 
17.5.4 Euler-Lagrange Equations 392 

17.6 Implementation 393 
17.6.1 Initialization 393 

17.7 Experiments and Results 394 
17.7.1 1D Experiments 394 
17.7.2 1D Results 396 
17.7.3 2D Example 401 

17.8 Conclusion 403 
References 404 

18 Incremental Level Set Tracking 407 
Shay Dekel, Nir Sochen, and Shai Avidan 
18.1 Introduction 407 
18.2 Background 408 

18.2.1 Integrated Active Contours 409 
18.2.2 Building the PCA Eigenbase 411 
18.2.3 Dynamical Statistical Shape Model 413 

18.3 PCA Representation Model 414 
18.4 Motion Estimation 415 
18.5 Results 416 
18.6 Conclusions 419 
References 419 



Contents xix 

19 Simultaneous Convex Optimization o f  Regions and Region 
Parameters in Image Segmentation Models 421 
Egil Bae, Jing Yuan, and Xue-Cheng Tai 
19.1 Introduction 421 
19.2 Convex Relaxation Models 425 

19.2.1 Convex Relaxation for Potts Model 425 
19.2.2 Convex Relaxation for Piecewise-Constant 

Mumford-Shah Model 426 
19.2.3 Jointly Convex Relaxation over Regions and 

Region Parameters 428 
19.3 Some Optimality Results 430 

19.3.1 Data I'idelity 430 
19.3.2 Optimality of  Relaxation for n — 2 431 

19.4 Algorithms 432 
19.5 Numerical Experiments 433 
19.6 Conclusions and Future Work 434 

19.6.1 Conclusions 436 
19.7 Proofs 436 
References 437 

20 Fluctuating Distance Fields, Parts, Three-Partite Skeletons 439 
Sibel Tari 
20.1 Shapes Are Continuous 439 
20.2 Fluctuating Distance Field w 442 

20.2.1 Formulation 442 
20.2.2 Illustrative Results 448 
20.2.3 co and the AT/TSP Field 451 

20.3 Three Partite Skeletons 455 
20.3.1 Why Three Partite Skeletons? 459 

20.4 Summary and Concluding Remarks 463 
References 464 

21 Integrated DEM Construction and Calibration 
of  Hyperspectral Imagery: A Remote Sensing Perspective 467 
Christian Wöhler and Arne Grumpe 
21.1 Introduction 468 
21.2 Reflectance Modelling 469 
21.3 DEM Construction 471 

21.3.1 The Error Functional 471 
21.3.2 Variational Optimisation Scheme 472 
21.3.3 Initialisation by an Extended 

Photoclinometry Scheme 474 
21.4 Results of  DEM Construction 475 
21.5 Calibration of  Hyperspectral Imagery 477 

21.5.1 Preprocessing and Normalisation of 
Reflectance Spectra 478 



xx Contents 

21.5.2 Extraction o f  Spectral Parameters 480 
21.5.3 Topography Dependence o f  Spectral Parameters 483 
21.5.4 Empirical Topography Correction 484 

21.6 Results o f  Topography Correction 
and Final DEM Construction 485 

21.7 Summary and Conclusion 489 
References 489 

Index 493 


