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Preface

Image processing, computational vision, robot and machine vision are terms
that refer to automatic visual perception through intelligent processing of image
content. Such a demand requires the development of appropriate mathematical
models which reformulate the answer to the perception problem as the lowest
potential of a specifically designed objective function. The development of such
models capable of reproducing human vision is a long-shot objective in the do-
main. Variational methods are a very popular selection for addressing a number
of components of visual perception, while scale space methods introduce the no-
tion of hierarchical representation of image content or property often present in
biological autonomous perception organisms. This development has been made
possible by two factors: first, the advent of computers powerful enough to cope
with the large dimensionality of the image data and the complexity of the al-
gorithms that operate on them (Teraflop, Terabyte); second, the availability of
new models, methods and algorithms, thanks to many excellent mathematicians,
computing scientists and engineers from all over the world.

The 1st International Conference on Scale Space and Variational Methods in
Computer Vision (SSVM 2007) was an attempt to bring together two different
communities with adjacent research interests, the one of scale-space analysis and
the one of variational, geometric and level sets (VLSM). This conference was the
joint edition of the 4th VLSM and 6th Scale Space with the aim of bringing
together various disciplines working in the area of visual perception (mathe-
maticians, physicists, computing scientists, etc.). It gathered the attention of an
important international scientific crowd with submissions and presentations from
approximately 26 countries (Austria, Australia, Belgium, Canada, Switzerland,
China, Germany, Denmark, Spain, France, Greece, Honk Kong, Israel, India, Ire-
land, Italy, Japan, Korea, Mexico, The Netherlands, Norway, Poland, Sweden,
Turkey, England, USA) from leading scientists in the field

We received 133 high-quality full-paper double-blind submissions. Each pa-
per was reviewed by at least three members of the Program Committee. These
reviews were considered from the Area Chairs, who finally proposed 79 to be
accepted. We selected 24 manuscripts for oral presentation and 55 for poster
presentation. Both oral and poster papers were attributed the same length of
pages in the conference proceedings.

Furthermore, we invited keynote speakers who could provide valuable ad-
ditional inspiration beyond the mainstream topics in scale-space analysis and
variational methods. It was our pleasure to welcome Franco Brezzi of the Uni-
versity of Pavia, Institute for Advanced Study and IMATI-CNR (Italy), Em-
manuel Candes of California Institute of Technology (USA), and Peter Schréder
of California Institute of Technology (USA), as keynote speakers.



VI Preface

We would like to thank the authors for their contributions and the members of
the Program Committee for their time and valuable comments during the review
process. We would also like to acknowledge the support of Christian Trocchi for
his help with the Website and Daniela Casaburi and Livia Marcellino for their
help with the organization. Last but not least, special thanks to Francesca Incensi
for handling the submission/review/decisions and proceedings aspects of the
conference. Finally, we are grateful to the University of Bologna, the University
of Naples Federico II, GNCS-INDAM, CINECA Bologna and CIRAM (Research
Centre of Applied Mathematics) Bologna for their sponsorship.

It is our belief that this conference will become a reference in the domain, and
will contribute on the development of new ideas in the area of visual perception
through processing images with mathematical models.

May-June 2007 Fiorella Sgallari
Almerico Murli
Nikos Paragios



Organization

General Co-chairs and Organizers

(University of Bologna, Italy)
(University of Naples Federico II, Italy)
(MAS, Ecole Centrale de Paris, France)

Fiorella Sgallari
Almerico Murli
Nikos Paragios

Conference Chairs

Alfred Bruckstein (Technion IIT, Israel)

Bart ter Haar Romeny (Eindhoven University of Technology, The Netherlands)
Guillermo Sapiro (University of Minnesota, Minneapolis, MN, USA)
Joachim Weickert (Saarland University, Germany)

Program Committee

Luis Alvarez
Jonas August
Benedicte Bascle
Bernhard Burgeth
Vicent Caselles
Tony F. Chan
Yunmei Chen
Laurent Cohen
Daniel Cremers
Francoise Dibos
Remco Duits
Maurizio Falcone
Michael Felsberg
Luc Florack
Nicola Fusco
Lewis D. Griffin
Anders Heyden

Other Reviewers

Luc Brun
Andrés Bruhn
Lorina Dascal

Atsushi Imiya
Marie-Pierre Jolly
Renaud Keriven
Ron Kimmel
Arjan Kuijper
Petros Maragos
Etienne Mémin
Fernand Meyer
Karol Mikula
Farzin Mokhtarian
Mads Nielsen
Mila Nikolova

Ole Fogh Olsen
Stanley Osher
Emmanuel Prados
Martin Rumpf
Otmar Scherzer

Stephan Didas
Irena Galic
Jalal Fadili

Christoph Schnorr
Stefano Soatto

Nir Sochen
Xue-Cheng Tai
Hugues Talbot
Demetri Terzopoulos
Jean-Philippe Thiran
David Tschumperlé
Michael Unser

Baba C. Vemuri
Martin Welk

James Williams
Anthony Yezzi
Hong-Kai Zhao

Lilla Zollei

Steven W. Zucker

Gabriel Peyré
Luis Pizarro
Christian Schmaltz



VIII Organization

Invited Speakers

Franco Brezzi (University of Pavia, Italy)
Emmanuel Candes (California Institute of Technology, USA)
Peter Schroder (California Institute of Technology, USA)

Sponsoring Institutions

University of Bologna, Italy

University of Naples Federico II, Italy

GNCS-INDAM, Italy

CINECA, Bologna, Italy

CIRAM-Research Centre in Applied Mathematics, Bologna, Italy



Table of Contents

Oral Presentations

1. Scale Space and Features Extraction

Full Affine Wavelets Are Scale-Space with a Twist ...................

Yossi Ferdman, Chen Sagiv, and Nir Sochen

Iterated Nonlocal Means for Texture Restoration.....................

Thomas Broxz and Daniel Cremers

The Jet MetTiC . .vvv v e e e e e et e e e ettt e e e e

Marco Loog

Scale Selection for Compact Scale-Space Representation of

Vector-Valued Images . ...

Cosmin Mihai, Iris Vanhamel, Hichem Sahli,
Antonis Katartzis, and Ioannis Pratikakis

2. Image Enhancement and Reconstruction

An High Order Finite Co-volume Scheme for Denoising Using Radial

Basis FUnCtions . ... ..ottt

Serena Morigi and Fiorella Sgallari

Linear Image Reconstruction by Sobolev Norms on the Bounded

DOmain . . .

Bart Janssen, Remco Duits, and Bart ter Haar Romeny

A Nonconvex Model to Remove Multiplicative Noise..................

Gilles Aubert and Jean-Francgois Aujol

Best Basis Compressed Sensing . ... ........c.ouiuineinenneennnnnn...

Gabriel Peyré

Efficient Beltrami Filtering of Color Images Via Vector

Extrapolation ........ ...

Lorina Dascal, Guy Rosman, and Ron Kimmel

Vector-Valued Image Interpolation by an Anisotropic

Diffusion-Projection PDE .. ... ... ... .. .. ... .

Anastasios Roussos and Petros Maragos

Faithful Recovery of Vector Valued Functions from Incomplete Data. . ..

Massimo Fornasier

13

25

32

43

35

68

80

92



X Table of Contents

Discrete Regularization on Weighted Graphs for Image and Mesh

ey 1= R S
Sébastien Bougleuz, Abderrahim Elmoataz, and Mahmoud Melkems

Counter-Examples for Bayesian MAP Restoration....................
Mila Nikolova

3. Image Segmentation and Visual Grouping

New Possibilities with Sobolev Active Contours......................
Ganesh Sundaramoorthi, Anthony Yezzi, Andrea C. Mennucci, and
Guillermo Sapiro

A Geometric-Functional-Based Image Segmentation and Inpainting. .. ..
Viadimir Kluzner, Gershon Wolansky, and Yehoshua Y. Zeeuvt

Level Set Methods for Watershed Image Segmentation ................
Xue-Cheng Tai, Erlend Hodneland, Joachim Weickert,
Nickolay V. Bukoreshtliev, Arvid Lundervold, and
Hans-Hermann Gerdes

Segmentation Under Occlusions Using Selective Shape Prior...........
Sheshadri R. Thiruvenkadam, Tony F. Chan, and Byung- Woo Hong

On the Statistical Interpretation of the Piecewise Smooth
Mumford-Shah Functional ........... ... ... . i,
Thomas Broz and Daniel Cremers

Fuzzy Region Competition: A Convex Two-Phase Segmentation
FramneWork . : oo cus amsms viot s ims saises $58 85 65505805 i s s 6msdniiih o
Benoit Mory and Roberto Ardon

4. Motion Analysis, Optical Flow, Registration and
Tracking

A Variational Approach for Multi-valued Velocity Field Estimation in
Transparent SeqUENCES. . . .. oottt e
Alonso Ramirez-Manzanares, Mariano Rivera,
Pierre Kornprobst, and Frangois Lauze

Dense Optical Flow Estimation from the Monogenic Curvature
OISO . oottt e

Di Zang, Lennart Wietzke, Christian Schmaltz, and Gerald Sommer

A Consistent Spatio-temporal Motion Estimator for Atmospheric
Layers . .o
Patrick Héas, Etienne Mémin, and Nicolas Papadakis



Table of Contents

Paretian Similarity for Partial Comparison of Non-rigid Objects .......
Alezander M. Bronstein, Michael M. Bronstein,
Alfred M. Bruckstein, and Ron Kimmel

5. 3D from Images

Some Remarks on Perspective Shape-from-Shading Models . ...........
Emiliano Cristiani, Maurizio Falcone, and Alessandra Seghini

Poster Presentations

1. Scale Space and Feature Extraction

Scale-Space Clustering with Recursive Validation ....................
Tomoya Sakai, Takuto Komazaki, and Atsushi Imiya

Scale Spaces on Lie GTOUDPS . ...ttt it
Remco Duits and Bernhard Burgeth

Convex Inverse Scale SPaces . . ... vvv it
Klaus Frick and Otmar Scherzer

Spatio-temporal Scale-Spaces . .......... i
Daniel Fagerstrom

A Scale-Space Reeb-Graph of Topological Invariants of Images and Its
Applications to Content Identification ..............................
Jinhui Chao and Shintaro Suzuki

Salient Regions from Scale-Space Trees ......... ... ...,
Jose Roberto Perez Torres, Yuzuan Lan, and Richard Harvey

Generic Maximum Likely Scale Selection ............................
Kim Steenstrup Pedersen, Marco Loog, and Bo Markussen

Combining Different Types of Scale Space Interest Points Using
Canonical Sets. ... ...t
Frans Kanters, Trip Denton, Ali Shokoufandeh, Luc Florack, and

Bart ter Haar Romeny

Feature Vector Similarity Based on Local Structure ..................
Evgeniya Balmachnova, Luc Florack, and Bart ter Haar Romeny

Maximum Likelihood Metameres for Local 2"¢ Order Image Structure
of Natural Images ...................... R P S S
Martin Lillholm and Lewis D Griffin



XII Table of Contents

Fast and Accurate Gaussian Derivatives Based on B-Splines .. ......... 406
Henri Bouma, Anna Vilanova, Javier Olivin Bescds,
Bart M. ter Haar Romeny, and Frans A. Gerritsen

2. Image Enhancement, Reconstruction and Texture
Synthesis

Uniform and Textured Regions Separation in Natural Images Towards
MPM Adaptive Denoising . . . . .. covvuiinnein et 418
Noura Azzabou, Nikos Paragios, and Frédéric Guichard

The Variational Origin of Motion by Gaussian Curvature ............. 430
Niels Chr. Overgaard and Jan Erik Solem

A Variational Method with a Noise Detector for Impulse Noise
Removal . ... e 442
Shoushui Chen and Xin Yang

Detection and Completion of Filaments: A Vector Field and PDE
APProach . ... ... 451
Alexis Baudour, Gilles Aubert, and Laure Blanc-Féraud

Nonlinear Diffusion on the 2D Euclidean Motion Group............... 461
Erik Franken, Remco Duits, and Bart ter Haar Romeny

A TV-Stokes Denoising Algorithm ........... ... ... ... i, 473
Talal Rahman, Xue-Cheng Tai, and Stanley Osher

Anisotropic a-Kernels and Associated Flows......................... 484
Micha Feigin, Nir Sochen, and Baba C. Vemuri

Bounds on the Minimizers of (nonconvex) Regularized Least-Squares ... 496
Mila Nikolova

Numerical Invariantization for Morphological PDE Schemes ........... 508
Martin Welk, Pilwon Kim, and Peter J. Olver

Bayesian Non-local Means Filter, Image Redundancy and Adaptive
Dictionaries for Noise Removal .............. ... ... ... ............. 520
Charles Kervrann, Jérome Boulanger, and Pierrick Coupé

Restoration of Images with Piecewise Space-Variant Blur ............. 533
Leah Bar, Nir Sochen, and Nahum Kiryati

Mumford-Shah Regularizer with Spatial Coherence ................... 545
Erkut Erdem, Aysun Sancar-Yilmaz, and Sibel Tari



Table of Contents XIII

A Generic Approach to the Filtering of Matrix Fields with Singular

PIIES: & s 5a e s 50 005 6o ow s w s o mimm w5 oS 515 666 616 B8 ¢33 8 008 w45 e e 556
Bernhard Burgeth, Stephan Didas, Luc Florack, and
Joachim Weickert

Combining Curvature Motion and Edge-Preserving Denoising.......... 568
Stephan Didas and Joachim Weickert

Coordinate-Free Diffusion over Compact Lie-Groups.................. 580
Yaniv Gur and Nir Sochen

Riemannian Curvature-Driven Flows for Tensor-Valued Data .......... 592
Mourad Zérai and Maher Moakher

A Variational Framework for Spatio-temporal Smoothing of Fluid
Motions ................ P R R 603
Nicolas Papadakis and Etienne Mémin

Super-Resolution Using Sub-band Constrained Total Variation......... 616
Priyam Chatterjee, Vinay P. Namboodiri, and Subhasis Chaudhuri

Non-negative Sparse Modeling of Textures ............. ... ... ....... 628
Gabriel Peyré

Texture Synthesis and Modification with a Patch-Valued Wavelet
TEADSIOIIL s smsqmeme s@ems 50 amas hews s @s o505 585 Mals A FEESwe e o2 640
Gabriel Peyré

3. Image Segmentation and Visual Grouping

A Variational Framework for the Simultaneous Segmentation and
Object Behavior Classification of Image Sequences ................... 652
Laura Gui, Jean-Philippe Thiran, and Nikos Paragios

Blur Invariant Image Priors .......... oo 665
Marco Loog and Frangois Lauze

A Variational Framework for Adaptive Satellite Images Segmentation... 675
Olfa Besbes, Ziad Belhadj, and Nozha Boujemaa

Piecewise Constant Level Set Method for 3D Image Segmentation . . .. .. 687
Are Losnegard, Oddvar Christiansen, and Xue-Cheng Tai

Histogram Based Segmentation Using Wasserstein Distances........... 697
Tony Chan, Selim Esedoglu, and Kangyu Ni

Efficient Segmentation of Piecewise Smooth Images .................. 709
Jérome Piovano, Mikaél Rousson, and Théodore Papadopoulo



X1V Table of Contents

Space-Time Segmentation Based on a Joint Entropy with Estimation

of Nonparametric Distributions ...
Ariane Herbulot, Sylvain Boltz, Eric Debreuve, Michel Barlaud, and
Gilles Aubert

Region Based Image Segmentation Using a Modified Mumford-Shah
T 17101 1 P R
Jung-ha An and Yunmei Chen

Total Variation Minimization and Graph Cuts for Moving Objects
Segmentation . . ... ...ttt
Florent Ranchin, Antonin Chambolle, and Francoise Dibos

Curve Evolution in Subspaces . ..........c..oiiiiiiiiiiiiiiii...
Aditya Tatu, Frangois Lauze, Mads Nielsen, and Ole Fogh Olsen

Identification of Grain Boundary Contours at Atomic Scale............
Benjamin Berkels, Andreas Rdtz, Martin Rumpf, and Azel Voigt

Solving the Chan-Vese Model by a Multiphase Level Set Algorithm
Based on the Topological Derivative ... ....... ... .. . it
Lin He and Stanley Osher

4. Motion Analysis, Optical Flow, Registration and
Tracking

A Geometric Variational Framework for Simultaneous Registration and
Parcellation of Homologous Surfaces............ ... . oo,
Nicholas A. Lord, Jeffrey Ho, Baba C. Vemuri, and
Stephan FEisenschenk

Motion Compensated Video Super Resolution .......................
Sune Hggild Keller, Francois Lauze, and Mads Nielsen

Kullback Leibler Divergence Based Curve Matching Method . ..........
Pengwen Chen, Yunmei Chen, and Murali Rao

Beauty with Variational Methods: An Optic Flow Approach to
Hairstyle Simulation. ............ i
Oliver Demetz, Joachim Weickert, Andrés Bruhn, and Martin Welk

A Variational Approach for 3D Motion Estimation of Incompressible
PIV FlowWS ..ot e e e e
Luis Alvarez, Carlos Castano, Miguel Garcia, Karl Krissian,
Luis Mazorra, Agustin Salgado, and Javier Sdnchez

Detecting Regions of Dynamic Texture .............................
Tomer Amiaz, Sdndor Fazekas, Dmitry Chetverikov, and
Nahum Kiryati



Table of Contents XV

A Method for the Transport and Registration of Images on Implicit
QU ACES v ottt e e e 860
Christophe Chefd’hotel

5. 3D from Images

Direct Shape-from-Shading with Adaptive Higher Order

Regularisation «:c:us cnsausossmins sasesemsssasmains iaiemnissonins 871
Oliver Vogel, Andrés Bruhn, Joachim Weickert, and Stephan Didas

3D Object Recognition by Eigen-Scale-Space of Contours ............. 883
Tim K. Lee and Mark S. Drew

Towards Segmentation Based on a Shape Prior Manifold . ............. 895
Patrick Etyngier, Renaud Keriven, and Jean-Philippe Pons

Geometric Sampling of Manifolds for Image Representation and

Processing . ...... .. 907
Emil Saucan, Eli Appleboim, and Yehoshua Y. Zeevi

6. Biological Relevance

Modeling Foveal Vision ...............ouiiiiiiiiiinn .. 919
Luc Florack

Author Index . ... .. ... . . 929



