Présentation de l’Equipe Associée SHAPES

1. Presentation du Coordinateur Etranger

Anuj Srivastava is an Full Professor in the Department of Statistics, Florida State University, USA. He obtained M.S. and Ph.D. degrees in electrical engineering from Washington University in St. Louis, in the years 1993 and 1996, both under Prof. M. Miller, and was a visiting research scientist at the Division of Applied Mathematics, Brown University in 1996-97, working with Prof. U. Grenander. Since 1997, he has been with the Department of Statistics at FSU, first as an Assistant Professor 1997-2003, and as an Associate Professor 2003-2007, and currently as a full Professor.

His research interests are in the area of statistical image understanding with a focus on fundamental issues. His broad approach is to develop representations for objects of interest, by studying their shapes, textures, appearances, and motions. Using probability models on these representations, learned from past data, one can use Bayesian strategies for deriving inferences from given image data. In particular, he has developed, along with his colleagues techniques from differential geometry and statistics for analyzing shapes of two- and three-dimensional objects in images.

In the year 2005, he was awarded FSU’s Developing Scholar Award. He is an Associate Editor of IEEE Transactions on Pattern Analysis and Machine Intelligence. In past he has been an Associate Editor of IEEE Transactions on Signal Processing and the Journal of Statistical Planning and Inference. He is coordinator of the computer vision group at FSU, and his research has been funded by the Army Research Office, the National Science Foundation, the Air Force Office of Scientific Research, and the National Geospatial Agency (formerly National Imagery and Mapping Agency). He has published over 90 journal papers, book chapters, and conference articles.

2. Historique de la Collaboration:

2.1 Entre les équipes: 

The two teams have a program of close collaboration facilitated by mutual visits, joint publications, and thesis committees. Josiane Zerubia and Anuj Srivastava interacted during ICIP, 2001, that resulted in a short visit by Anuj Srivastava to INRIA, Sophia Antipolis in July 2002 to present a seminar in the Ariana group. Anuj Srivatava received a visiting Professor grant from INRIA (U. R. Sophia Antipolis) to visit INRIA and work with the members of Ariana research group for four months from May to August, 2006. Anuj Srivastava was a “rapporteur” for the Ph.D. thesis of Mr. Guillaume Perrin, a Ph.D. student in Ariana group at INRIA. The thesis defense was held on October 2nd, 2006 at Ecole Centrale de Paris. Anuj Srivastava was co-advising a student Ms. Maria Kulikova of Ariana, who finished her Master’s degree (MVA, ENS Cachan) in September 2006. She continues for the Ph.D. degree with a MENSR grant from the Doctoral School of the University of Nice - Sophia Antipolis, since October 2006 in Ariana. Anuj Srivastava is as thesis committee member of Florent Lafarge, a PhD student in the Ariana group; the final defense was held on October 3rd, 2007 (Ecole Nationale Supérieure des Mines de Paris).

2.2 Entre l’INRIA et l’organisme partenaire :

As far as we know, there is no other cooperation between FSU and INRIA.

3. Impact:

The impact of collaboration between the FSU group and the Ariana group is multi-fold. The two groups have overlapping interests yet different expertise. The FSU group is acknowledged as amongst the leaders in the use of differential geometry, statistics, and computational solutions to problems in image analysis. In particular, it is known for development of statistical shape theory for analyzing infinite-dimensional representations of objects in 2D and 3D images. On the other hand, Ariana group has tremendous expertise in aerial and high-resolution satellite image analysis. In particular, it has developed and advanced techniques from stochastic geometry for use in detecting road networks, buildings and tree configurations.

An ultimate goal in image analysis is to detect, recognize, and perhaps track (in case a time series of images will be available) objects of interest from images of an observed scene. The most natural approach seems to be to model objects, or rather their appearances in images, as Marked (interacting) Point Process with features such as shapes, motions, classes, etc, associated with each object. The objects will interact not only in terms of their locations, but also in terms of shapes, motions and labels. Therefore, one needs to represent and analyze not only the geometries of the full scenes but also the geometries of individual objects present in these scenes. An emerging approach to analysis of shapes of objects, such as trees, buildings, roads, and lakes, is to utilize tools from infinite-dimensional differential geometry of shape manifolds formed by the boundaries of these objects. With the availability of such tools, interactions between shapes of neighboring objects can simply be treated as Markov random fields on these shape manifolds. Dynamic objects, changing both their locations and shapes in time, can be modeled as stochastic processes on the joint shape and location manifolds. The combination of tools from studies of scene geometry and shape geometry opens up possibilities for tackling more general problems, involving arbitrary objects in arbitrary configurations. To the best of our knowledge, such tools for analyzing configurations of shapes do not exist in the literature, except perhaps in the General Pattern Theory invented by Prof. U. Grenander of Brown University over the last three decades.

4. Divers

1. Thesis Defense: FSU team student Shantanu Joshi defended his PhD thesis in July 2007 on Inference in Shape Spaces with Applications to Computer Vision.

2. Two thesis Defenses: Ariana team students Florent Lafarge and Peter Horvath defended their PhD thesis respectively in October and December 2007 on 3D Building extraction using stochastic models for the first student (funded by INRIA/IGN/CNES) and Crown tree detection using High Order Active Contours and Phase fields for the second one (funded by INRIA/MAE/University of Szeged, Hungary).

2. Anuj Srivastava was on the thesis committee of Florent Lafarge, a PhD student with the ARIANA group.

BILAN 2007

Adrian Barbu: We will make a small change in the membership of Associated Team SHAPES. For the FSU component, we will have a new member, Prof. Adrian Barbu, who has joined FSU as a new assistant professor with joint appointment in Statistics and Computational Science. Prof. Barbu has a PhD in Computer Science from UCLA in 2005 on “Cluster sampling and its application to segmentation, stereo and motion”, and was a research scientist at Siemens Corporation in New Jersey, USA, from 2005-07. His research expertise is in medical imaging, computer vision, hierarchical computing, and learning based modeling and computing. He will contribute towards learning-based methods for analyzing shapes and geometries in images. 

Aymen El Ghoul: Another change in the membership of the Associate Team SHAPES will be the addition of a PhD student in Ariana Team, Aymen El Ghoul, who got his Mater degree from Sup’Com Tunis, Tunisia with highest honors. He will be funded by a PACA region/INRIA fellowship.

Rapport Scientifique pour l’année 2007

Our team has made a significant progress towards the goals stated in the original proposal. This progress has been a result of continuous discussion and collaboration between the team members. Since the award of Equipe Associe SHAPES, our teams have had several visits:

1. Senior researchers Ian Jermyn and Xavier Descombes, and PhD student Maria Kulikova visited Florida State University in Tallahassee, FL, USA, during April 1 – 10, 2007. During this visit, they also participated in a one-day SHAPE Workshop organized by the Dept of Statistics, Florida State University on April 6th, 2007.

2. FSU PhD student Shantanu Joshi visited INRIA, Sophia-Antipolis, during June 1 – 16, 2007.

3. FSU Prof. Vic Patrangenaru visited INRIA, Sophia-Antipolis for four days during Sept, 2007.

4. FSU Prof. Anuj Srivastava visited INRIA, Sophia-Antipolis during Sept 19-27, 2007.

The main area of joint research is statistical modeling of shapes in images. Imaged objects can be characterized in several ways, using their colors, textures, shapes, movements, and locations. The past decade has seen large efforts in modeling and analysis of pixel statistics in images to attain these goals albeit with limited success. An emerging opinion is that global features such as shapes be taken into account. Characterization of complex objects using their global shapes is fast becoming a major tool in computer vision and image understanding. Analysis of shapes, especially those of complex objects, is a challenging task and requires sophisticated mathematical tools. We are developing a theory for analyzing shapes of curves and surfaces that uses ideas from differential geometry of infinite-dimensional spaces to compare and analyze shapes in two dimensions and three-dimensions.

Through mutual visits and discussions, we have developed several topics of interest in shape-based inferences for applications in aerial and remotely sensed images.

a. Metrics for Information Geometry and Shape Analysis:

Applications in computer vision involve statistically analyzing an important class of constrained, nonnegative functions, including probability density functions (in texture analysis), dynamic time-warping functions (in activity analysis), and re-parametrization or non-rigid registration functions (in shape analysis of curves). For this one needs to impose a Riemannian structure on the spaces formed by these functions. We have proposed a “spherical” version of the Fisher-Rao metric that provides closed form expressions for geodesics and distances, and allows an efficient computation of statistics.  Currently, we are developing an application of this metric in classifying objects in aerial and remotely sensed images where only a set of primitives (points, lines, and arcs) associated with the objects are given.

b. Efficient Representations for Shape Analysis of Curves

We have proposed an efficient representation for studying shapes of closed curves in Rn. This work combines the strengths of two important ideas - elastic shape metric and path-straightening methods - and results in a very fast algorithm for finding geodesics in shape spaces. The elastic metric allows for optimal matching of features between the two curves while path-straightening ensures that the algorithm results in geodesic paths. For this novel representation proposed, the elastic metric becomes the simple L2 metric, in contrast to the past usage where more complex forms were used. We have developed the step-by-step algorithms for computing geodesics and have demonstrated them with 2-D as well as 3-D examples.

c. Graph-Based Inferences for Analyzing Configurations of Shapes:

We are working on extending the analysis of shapes of individual objects to the problem of analyzing shapes of multiple objects simultaneously in an image. Analogous to MRFs of pixels values, we assume that nearby objects interact in their shapes, orientations, scales, and locations. Our approach is to define a configuration of objects, each object having an extended feature set involving above-mentioned variables. The dynamics of a configuration is governed by internal and external energies. The internal energies dictate the interactions between the objects, while the external energies include data-likelihood term and any a-prior information about the objects. Shapes are represented as points on an infinite-dimensional shape manifold and geodesic paths on this manifold are used to model shape interactions. Energies have been illustrated using simple examples of low-energy configurations, highlighting the enormous potential of this framework.

Conference Publications:

1. An Efficient Representation for Computing Geodesics Between n-Dimensional Elastic Shapes, S. Joshi, E. Klassen, A. Srivastava, and I. Jermyn, in Proceedings of IEEE Computer Soc. Conf., CVPR, Minneapolis, Minnesota, USA, June 2007. 

2. Riemannian Analysis of Probability Density Functions with Applications in Vision, A. Srivastava, I. Jermyn, and S. Joshi, in Proceedings of IEEE Computer Soc. Conf., CVPR, Minneapolis, Minnesota, USA, June 2007.

3. Removing Shape-Preserving Transformations in Square-Root Elastic (SRE) Framework for Shape Analysis of Curves, S. Joshi, E. Klassen, A. Srivastava, and I. Jermyn, in Proceedings of EMMCVPR, Ezhou, China, August 2007. 

4. Tree Classification Using Radiometry, Texture and Shape Based Features, M. S. Kulikova, M. Mani, A. Srivastava, X. Descombes, and J. Zerubia, in Proceedings of EUSIPCO 2007, Poznan, Poland, September 2007.

Journal Publications:

1. Classification of Objects in Images From Primitives Using Joint Models on Shape and Sampling, A. Srivastava, I. H. Jermyn, and N. Balov. In Preparation, November 2007.

Rapport financier 2007: 

Expense from FSU Part of the Team

1. FSU organized a half-day workshop on SHAPE ANALYSIS in April 2007. The 
$5000

Plenary talk was given by Prof. Kanti Mardia, Univ of Leeds. Ariana 

members Drs. Ian Jermyn and Xavier Descombes gave invited talks at the workshop. 

Source: FSU Support for the workshop

2. Trip by Shantanu Joshi to INRIA, Sophia-Antipolis in June, 2007



$1000 (stay paid in part by ARIANA and International Relations of INRIA=665€)

Source: NSF-INRIA grant

3. Trip by Shantanu Joshi to Minnesota, Minneapolis, USA to present two papers

$2000

  at CVPR in June 2007.

  Source: Army Research Office Grant

4. Trip by Anuj Srivastava to attend SAMSI workshop on SHAPES (organized

$2000

  by Mumford, Younes, Miller, Trouve, and Ratnather) in July, 2007 held at 

Research Triangle Park, North Carolina, USA.

Source: Air Force Office of Scientific Research Grant

5. Trip by Anuj Srivastava to Ezhou, Wuhan, China to attend and present papers at
$3500

  EMMCVPR workshop held in August, 2007.

  Source: Northrop-Grumman INNOVATION ALLIANCE Grant

6. FSU team member Prof. Vic Patrangenaru visited INRIA in September, 2007 for 
$1500

four days. (paid in part by ARIANA=552€)

Source: National Security Agency Grant

7. Anuj Srivastava visited INRIA, Sophia-Antipolis to work with the ARIANA 
    $3000

team members in during Sept 19-27, 2007.

Source: Northrop-Grumman INNOVATION ALLIANCE Grant


Expense from Ariana/INRIA Part of the Team

INTITULE
DATES ou OBJET
LIEU/PAYS
INSCRIP.
SEJOUR
VOYAGE
TOTAL PREV/DEF

MONTANT ENV. 2
 
 
 
 
 
20 000,00

RESTE A CONSOMMER
 
 
 
 
 
-872,84

TOTAL DEPENSES (French part)
 
 
 
 
 
20 872,84

KULIKOVA Maria
7 au 8/3
Paris
 
69,21
148,16
217,37

Poster CAPS (Maria)
27/3
Sophia
 
 
 
66,05

DESCOMBES Xavier
1 au 13/4
Tallahassee (USA)
 
2 113,37
961,13
3 074,50

RCA taxi pour DESCOMBES
1 et 13/4 et 14/4
Ant-Aéro&Aéro-Ant
 
 
 
137,20

JERMYN Ian
1 au 9/4
Tallahassee (USA)
 
1 430,17
975,13
2 405,30

KULIKOVA Maria
1 au 23/4
Tallahassee (USA)
 
2 392,65
1 357,07
3 749,72

Poster N°2 CAPS (Maria)
27/3
Sophia
 
 
 
66,05

EGIDE JOSHI Shantanu
1 au 16/6
 
 
 
 
340,59

KULIKOVA Maria
26/6
Paris
 
57.05
332.52
389,57

1 logiciel/licence VStudio . NET Pro 2003
 
 
 
 
 
50,00

KULIKOVA Maria
3 au 7/9
Poznan (PL)
250,00
531,30
463,84
1 245,14

ZERUBIA Josiane
3 au 7/9
Poznan (PL)
500,00
544,71
494,84
1 539,55

PATRANGENARU
4 au 8/9
Sophia
 
301,00
250.87
551,87

2 Latitude D630 +…
14/9
Sophia
 
 
 
2 935,02

5 repas invités SRIVASTAVA
20/9
Sophia
 
 
 
31,40

SRIVASTAVA Anuj
1/10 au 2/10
Lille-Paris A/R
 
180,00
100,00
180,00

DESCOMBES Xavier
2/10
St Mandé
 
50,00
385,70
435,70

ZERUBIA Josiane
2 au 3/10
St Mandé
 
70,00
387,81
457,81

 
 
 
 
 
 
 

2 missions pour réunion SHAPES
 Avant fin déc 07
Paris
 
 
 
1 500,00

1 mission aux USA EL GHOUL
 Avant fin déc 07
USA
 
 
 
1 500,00

RAPPORT FINANCIER 2007

1. Dépenses EA (effectuées sur les crédits de l'équipe associée)

 
Budget EA alloué
Montant dépensé

Accueil
*7 000,00 €
*4 570,00 €

Missions
*26 931,00 €
*25 739,00 €

Total
(a) *33 931,00 €
(b) 30 309,00 €

Taux d'utilisation des crédits EA                    alloués (b/a %)
89,32%

* crédits INRIA en €+crédits FSU en $ convertis en € au taux de change du 17/10/07, la totalité des crédits INRIA alloués à l’EA SHAPES, sera dépensée fin 2007. Nos collègues de FSU ont dépensé un peu moins que les 20 000 $ qui étaient initialement prévus.

PREVISION 2008

We will continue to research along the lines proposed in the original proposal.

1. Stochastic Geometry with a Focus on Shape Analysis. We argue that a convenient approach is to extend ideas from classical stochastic geometry where one studies placements and interactions of simple objects as points, lines, and circles. In our approach, the placement of objects can be modeled using spatial point processes, more specifically area-interaction point processes such as the Strauss model, and the labels (classes) of objects can be modeled using Marked versions of these point processes. We are interested in situations where, in addition to having a discrete label such as a tree or a building, we associate more elaborate “features”, such as a shape, an orientation, and a scale, to each object. Furthermore, the model we seek shall allow interaction of these features, in addition to the locations, of neighboring objects. 

2. Higher-Order Active Contours with a Focus on Shape Analysis: The proposed effort will also compare this shape analysis with alternative approaches. Higher order active contours (HOACs) represent an alternative approach to the modeling of shapes, or more generally, regions in the image domain. The boundary of the region is again taken as its representation, but rather than place explicit probability distributions on a shape space with implicit long-range interactions between boundary points, an energy functional of the boundary is constructed that includes explicit long-range interactions between boundary points, while implicitly defining a probability distribution on the space of boundaries. The role of HOACs in the proposal will be as a point of comparison, in order to understand the advantages and disadvantages of the two approaches.

3. Detection of Objects in Hyperspectral Imagery: Detection and recognition of objects using data from hundreds of frequency bands is very challenging. Consider the following simple example. An object present in an imaged scene renders a distinct signature in each frequency band of the hyperspectral data. In case of shape-based characterization of objects, the shape associated with the object may be different in different frequencies. One would like to use this ensemble of shapes to jointly characterize the original object. The tools from statistical theory of shapes help us define and analyze statistics such as means, covariances, moments and stochastic processes on shape spaces, and therefore can be used in analyzing hyperspectral ensemble of shapes. Consider the problem of detecting lakes using aerial images collecting in multiple frequencies. It is possible that the boundaries of lakes may be hard to detect and classify in visible images, but are easier to analyze in thermal images, especially when the ground is at a higher temperature compared to the lake water. Thermal imagery is very useful in identifying bodies of water, roads, plantations, etc due to differences in their thermal profiles from the surroundings.

In terms of conferences, we propose to submit papers to the following conferences:

1. European Signal and Image Processing Conference (EUSIPCO), to be heed in Lausanne, Switzerland, during Aug 25 – 29th, 2008.

2. European Conference on Computer Vision (ECCV) to be held during October 12-18th, 2008, in Marseille, France. 

3. International Conference on Pattern Recognition (ICPR) to be held during December 8-11th, 2008, in Tampa, Florida, USA. 

BUDGET PREVISIONNEL 2008

1. Co-financement:

1.1 INRIA/Ariana Part of the Team

 
Number
Salary
Visits
Conferences
Total

Permanent researchers
3
INRIA
7 500 €
3 000 €
10 500 €

PhD students
2
MENSR-INRIA   PACA-INRIA
5 500 €
3 000 €
8 500 €

Master Interns
1
CNES
1 000 €
0 €
1 000 €

Total
6
 
14 000 €
6 000 €
20 000 €

1.2 FSU Part of the Team: 

See letter of Prof. Anuj Srivastava. He will provide 20 000 $ on his contracts to support the SHAPES team on the FSU side for visits at INRIA Sophia Antipolis and presentations at conferences in 2008.

2. Echanges:

French team: 

Senior

1. Xavier Descombes will spend two weeks in April, 2008 at FSU in Tallahassee.

2. Ian Jermyn will spend two weeks in April, 2008 at FSU in Tallahassee.

3. Josiane Zerubia will spend one week in December, 2008 at FSU in Tallahassee.

Junior

1. Aymen El Ghoul will visit FSU for two weeks in February, 2008.

2. Maria Kulikova will visit FSU for two weeks in December, 2008.

US Team:

Senior:

1. Anuj Srivastava will visit Sophia-Antipolis for two weeks in June, 2008.

2. Adrian Barbu will visit Sophia-Antipolis for one week in October, 2008.

Junior

1. Nikolay Balov will visit Sophia-Antipolis for two weeks in June, 2008.

Ariana and FSU will jointly organize a one-day workshop on Shape Analysis in June 2008 in INRIA Sophia-Méditerranée in Sophia Antipolis.

