
  
    
  

    
    
      
      
      

      
      
        
        Section: 
      Overall Objectives

        Highlights of the Year

        
          	
             Laure Blanc Féraud has obtained the "prix Montbonnot Inria” from the Academy of Science.

          

        

      

      
      

      
    

  
    
    
      
      
      

      
      
        
        Section: 
      New Results

        Application of the Continuous Exact ℓ0 relaxation to Channel and DOA sparse estimation problems

        Participants :
	Emmanuel Soubies, Laure Blanc-Féraud.

        
          This work is made in collaboration with Adilson Chinatto, Cynthia Junqueira, João M. T. Romano (University of Campinas, Brazil) and Pascal Larzabal, Jean-Pierre Barbot (ENS Cachan, SATIE Lab).
        

        This work is devoted to two classical sparse problems in array
processing: Channel estimation and DOA (Direction Of Arrivals)
estimation. We show how our results on ℓ0 optimization
[1] , [14] , [17] 
can be used, at the same computational cost, in order to obtain improvement in comparison with ℓ1 optimization (usually used) for sparse estimation.
Moreover, for the DOA case, we show that our analysis conducted in
the Single Measurement Vector (SMV) case [1]  can be generalized to the Multiple Measurement Vectors (MMV) case. In that case, the variable x is not a vector of ℝN but a matrix of ℝN×K where N is the signal length and K the number of snapshots. Hence, one wants to apply sparsity to the rows of x, i.e. x must have a small number of nonzero rows, instead of applying the sparsity on all the components of x. This results in a row-structured sparsity penalty which is modelled using a mixed ℓ2-ℓ0 norm.

        Finally, numerical experiments demonstrate the efficiency of the proposed approach compared to classical methods as ℓ1 relaxation, Iterative Hard Thresholding or MUSIC algorithms and that it can reach the Cramer Rao Bound in some cases [4] .
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        Section: 
      Partnerships and Cooperations

        Regional Initiatives

        
          	
             We started a collaboration with the team TIRO (Transporteurs en Imagerie et Radiothérapie en Oncologie), CEA/UNS/Centre Antoine Lacassagne, Nice, concerning the detection of tumorous cells in kidney histopathology (see Fig. 17 ). Although the images have a very high resolution, the problem is extremely difficult due to the similarity between different type of cells.

             A coarse-to-fine approach seems perfectly adapted since the acquisitions are performed at several resolutions. Typically, six resolutions are available (see Table 1 ). However, contrarily to what is usually done, we do not plan to develop a unique approach, to apply it to the coarser resolution, and to use the corresponding result projected onto the following resolution as the initialization of the next step. Our idea is to think of which approach to take at each resolution level, and to gradually improve the detection confidence from “this broad area might contain tumorous cells” to “with high confidence, this small, finely delineated region is a tumorous cell”. For example, we might start with histogram analysis or simple thresholding methods on the coarser resolution. Then, texture analysis could be performed in intermediate resolutions. Finally, fine radiometric and shape analyses could be done on the full resolution image to achieve object-level detection.

          

          	
             We have a collaboration with the Laboratoire d'Océanographie de Villefranche (LOV), CNRS/Université Pierre et Marie Curie, concerning automatic classification of zooplankton organisms for an embedded system called UVP for Underwater Vision Profiler (see Section 
	6.12 ).

          

          	
             We have a collaboration with IPMC (H. Barelli) on vesicules tracking for characterizing cell membrane properties (see Section 
	6.7 ).

          

        

        
          
            
          
          
            Figure
	17. An example of image acquired for kidney histopathology. Left: low resolution; Right: intermediate resolution.
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            Table 
	1. Typical resolutions of the acquisitions in kidney histopathology.
            
              
              Full res.
              Res. 1
              Res. 2
              Res. 3
              Res. 4
              Low res.
            

            
              Width (rounded)
              95000
              25000
              6000
              1500
              370
              90
            

            
              Height (rounded)
              70000
              18000
              4500
              1100
              275
              70
            

            
              1-D downsampling factor
              1
              4
              16
              64
              256
              1024
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        Section: 
      Dissemination

        Teaching - Supervision - Juries

        
        Teaching

        
          	
             Master : Emmanuel Soubies, Traitement Numérique des Images, 10h Eq. TD, Niveau M2, Université de
Nice Sophia Antipolis, France.

          

          	
             Master : Florence Besse, Contrôle génétique de la morphologie neuronale, 3h Eq. TD, Niveau M2, Université de
Nice Sophia Antipolis, France.

          

          	
             Master : Florence Besee, Réseaux neuronaux : de la structure à la fonction, 3h Eq. TD, Niveau M2, Université de
Nice Sophia Antipolis, France.

          

          	
             License : Alejandro Mottini, Introduction au Web, 24h Eq. TD, Niveau L1, Université de Nice Sophia Antipolis, France.

          

          	
             License : Alejandro Mottini, Systèmes Informatiques, 20h Eq. TD, Niveau L1, Université de Nice Sophia Antipolis, France.

          

          	
             Master : Alejandro Mottini, Outils Mathématiques pour l'Image, 8h Eq. TD, Niveau M2, Université de Nice Sophia Antipolis, France.

          

          	
             Master : Alejandro Mottini, Traitement d'images, 8h Eq. TD, Niveau M2, Université de Nice Sophia Antipolis, France.

          

          	
             Master : Xavier Descombes, Traitement d'images, Analyse de données, Techniques avancées de traitement d'images, 30h Eq. TD, Niveau M2, ISAE, France.

          

          	
             Master : Xavier Descombes, Traitement d'images, master ISAB, 12h Eq. TD, Niveau M2, Université de Nice Sophia Antipolis, France.

          

          	
             Master : Xavier Descombes, Traitement d'images, master VIM, 12h Eq. TD, Niveau M2, Université de Nice Sophia Antipolis, France.

          

          	
             Master : Xavier Descombes, Bio-imagerie, master IRIV, 6h Eq. TD, Niveau M2, Université de Strasbourg, France.

          

          	
             Master : Eric Debreuve, Introduction to inverse problems in image processing, 29 h Eq. TD, Master 2 in Computational Biology and Biomedicine/5th year Polytech'Nice-Sophia, Université Nice Sophia Antipolis.

          

          	
             Master : Eric Debreuve, Basics of image processing, 13h Eq. TD, Master 2 “Génie Biomédical”, Université Nice Sophia Antipolis.

          

          	
             Licence : Alexis Zubiolo, Informatique Générale, 36 heures en équivalent TD, niveau L1, Département Informatique de l'Université de Nice Sophia Antipolis, France

          

          	
             Licence : Alexis Zubiolo, Programmation Web (HTML & CSS), 12 heures en équivalent TD, niveau L1, Département Informatique de l'Université de Nice Sophia Antipolis, France

          

          	
             Licence : Alexis Zubiolo, Algorithmique et Programmation Objet, 18 heures en équivalent TD, niveau L2, Département Informatique de l'Université de Nice Sophia Antipolis, France

          

          	
             Master : Laure Blanc-Féraud, Fluorescence image restoration, 18h, M2 Computational Biology , University Nice Sophia Antipolis, France

          

          	
             Master : Laure Blanc-Féraud, Image restoration, 12h, M2 ISAB, University Nice Sophia Antipolis, France

          

          	
             Master : Laure Blanc-Féraud, Traitement numérique des images, 12h Eq. TD, M2 VIM , EPU University Nice Sophia Antipolis, France

          

          	
             Licence : Caroline Medioni. microscopie optique pratiques et théoriques, 15h Eq. TD, L3, University Nice Sophia Antipolis, France

          

        

        
        Supervision

        
          	
             PhD in progress : Gaël Michelin, Quantitative tools for
morphogenesis study, 1st
october 2011, Grégoire Malandain (advisor).

          

          	
             PhD in progress : Alejandro Mottini, Métriques de graphes pour la caractérisation des axones, 1st
october 2011, Xavier Descombes (advisor), Florence Besse (co-supervisor).

          

          	
             PhD in progress, Alexis Zubiolo, Statistical Machine Learning for Automatic Cell Classification,
Eric Debreuve (advisor).

          

          	
             PhD : Saima Ben Hadj, Blind restoration of space variant 3D confocal microscopic images, University Nice Sophia Antipolis, 17 April 2013, Laure Blanc-Féraud

          

          	
             PhD : Mikael Carlavan, Optimization of the compression-restoration chain for satellite images, University Nice Sophia Antipolis, 10 June 2013, Laure Blanc-Féraud and Marc Antonini.

          

          	
             PhD in progress : Emmanuel Soubies, MA-TIRF reconstruction, 1st october 2013, Laure Blanc-Féraud and Sébastien Schaub.

          

          	
             PhD in progress : Lola Baustista, Fluorescence confocal microscopy image restoration, 1st november 2013, Laure Blanc-Féraud.

          

        

        
        Juries

        
          	
             Florence Besse was in one HDR jury at University of Montpellier and one PhD jury at UPMC Paris and Université Paris Sud.

          

          	
             Eric Debreuve was examiner in the PhD jury of Thomas Peel, Université d'Aix-Marseille, Laboratoire d'Analyse, Topologie, Probabilités (LATP)/Laboratoire d'Informatique Fondamentale de Marseille (LIF). Title: “Algorithmes de poursuite stochastiques et inégalités de concentration empiriques pour l'apprentissage statistique”, november 2013.

          

          	
             PhD : Laure Blanc-Féraud, referee of the PhD committee of Moncef Hidane, University of Caen

          

          	
             HDR : Laure Blanc-Féraud, referee of the HDR committee of David Mary, University Nice Sophia Antipolis

          

          	
             PhD : Laure Blanc-Féraud was examiner for 1 HDR and 4 PhD.

          

          	
             Grégoire Malandain
participated as supervisor to the PhD thesis committee of Marine
Breuilly (Nice-Sophia Antipolis University), as reviewer to the
PhD thesis committee of C. Hughes (INSA Lyon), as chair to the
PhD thesis committee of B. Xiang (Ecole Centrale Paris) and
V. Delmon (INSA Lyon), as reviewer to the
HDR thesis committee of C. Fetita (UPMC) and as referee to the
HDR thesis committee of H. Talbot (Paris Est Univ.)

          

        

      

      
      

      
    

  
    
    
      
      
      

      
      
        
        Section: 
      New Results

        Morphological Analysis and Feature Extraction of Neurons from Mouse Cortices Multiscale 3D Microscopic Images

        Participants :
	Alexis Zubiolo, Xavier Descombes, Eric Debreuve.

        
          This work is jointly conducted with
Kawssar Harb and
Michèle Studer (iBV).
        

        We propose a framework to analyze the morphology of mouse neurons in the layer V of the cortex from 3D microscopic images. We are given 8 sets of images, each of which is composed of a 10x image showing the whole neurons, and a few (2 to 5) 40x images focusing on the somas. The framework consists in segmenting the neurons on both types of images to compute a set of specific morphological features, and in establishing the correspondence between the neurons to combine the features we obtained, in a fully automatic fashion. On the 10x images, we use a multiple birth and cut algorithm to segment the sections of the apical dendrites. Merging these intersections provides the localization of the first branching of the apical dendrite (see Fig. 11  (left)). On the 40x images, we compute an hysteresis threshold to obtain a first segmentation (somas and dendrites starts) and apply iterative morphological operators to reconstruct the full dendrites (see Fig. 11  (middle)). The correspondence map between the two types of images is done using a bipartite graph matching model that associates each neuron configuration of a 40x image – a constellation – to a subset of neurons in the 10 image – the galaxy – (see Fig. 11  (right)).

        
          
            
          
          
            Figure
	11. Left: neuron segmentation on the 10x image.
Middle: full neuron reconstruction from the 40x image.
Right: 10x-40x image maching.
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      2015 Project-Team Activity Report
	

      
          Research centre: 
          Sophia Antipolis -  Méditerranée
        

      Field: Digital Health, Biology and Earth
Theme: Computational Biology

      
          
            Computer Science and Digital Science: 
          
          
            	3.4. - Machine learning and statistics

            	3.4.1. - Supervised learning

            	3.4.2. - Unsupervised learning

            	3.4.4. - Optimization and learning

            	3.4.6. - Neural networks

            	3.4.7. - Kernel methods

            	3.4.8. - Deep learning

            	5.3. - Image processing and analysis

            	5.3.4. - Registration

            	5.4.1. - Object recognition

            	5.4.3. - Content retrieval

            	5.4.4. - 3D and spatio-temporal reconstruction

            	5.4.5. - Object tracking and motion analysis

            	5.4.6. - Object localization

            	5.9. - Signal processing

            	5.9.3. - Reconstruction, enhancement

            	5.9.6. - Optimization tools

            	6.1. - Mathematical Modeling

            	6.1.2. - Stochastic Modeling (SPDE, SDE)

            	6.3.1. - Inverse problems

          

        

      
          
            Other Research Topics and Application Domains: 
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            	1.1.3. - Cellular biology

            	1.1.4. - Developmental biology
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        Section: 
      New Results

        Whole-Slide Image Analysis of Renal Cell Carcinoma

        Participants :
	Ana Rita Lopes Simoes, Eric Debreuve, Alexis Zubiolo, Xavier Descombes.

        
          This work is jointly conducted with
Thierry Pourcher,
and
Philippe Pognonec
(TIRO, CEA-CAL-UNSA), and Damien Ambrosetti (CHU, Nice).
        

        We study histology images of kidney cancer that present different
subpopulations of cells (tumor, healthy tissue, stroma, fat, blood,
...). The goal is to analyze the images to help determine the
cancer type and stage. Given the resolution of the images (0.25μm) that leads to very large images (around 100k×100k pixels),
a multiscale approach has been considered. At a larger scale, we focus
on the cellular architecture and the vascular networks. Regions of
interest (ROIs) have been detected with a pixelwise clustering based
on neighborhood features (see Fig. 12 
(left)). At a smaller scale, we extract more precise information from
the cells (nucleus and cytoplasm sizes, shapes and colors,
...). The nuclei of the cells have been segmented using an Hessian
determinant-based method (see Fig. 12  (middle))
which enables us to establish statistics about their
size. Information on the vascular arborization has been extracted
with a Frangi vesselness followed by a cleaning and gap filling
post-processing (see Fig. 12  (right)).

        
          
            
          
          
            Figure
	12. ROI detection (left), Nuclei segmentation in blue (middle) and
Vascular arborization extraction in red (right)
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        Section: 
      New Results

        Genome-wide search for factors that control the assembly of RNA granules

        Participants :
	Wei Shen, Nicolas Cedilnik, Florence Besse, Xavier Descombes.

        
          This work has been done in collaboration with Fabienne De Graeve from iBV
        

        In vivo, mRNAs are packaged together with regulatory proteins into ribonucleoprotein particles (RNP) that control their fate and undergo extensive remodeling in response to developmental cues or environmental stresses. Cytoplasmic RNPs of different sizes, composition and regulatory properties have been described, including large macromolecular complexes such as P-bodies, stress granules, or germ cell granules.
We aim at studying the different RNA granules distribution within the cytoplasm depending on genomic factors.

        Before considering a spatial statistics analysis of the granules, it is necessary to detect them on confocal microscopy images of the cells.
Therefore, we have studied a first pipeline for detecting these granules in confocal microscopy images. We have marked cells wih DAPI for detecting nuclei. These nuclei are then classified into "dead" or "alive" by a support vector machine (SVM) using intensity and shape criteria. In the second step we consider GFP marked images to segment the cytoplasm and detect the granules within the cytoplasm. The cytoplasm segmentation is performed using an active contour whereas the granule detection is based on a marked point process model optimized by the multiple births and cut algorithm.

        The full pipeline has been validated on a few samples from a pilot study. The next step will consists of a validation on the full study before considering a genome-wide screening.

        
          
            
          
          
            Figure
	7. GFP-IMP particles are distinct from P-bodies. S2R+ cells expressing GFP-IMP fusions (left: green in the overlay) and stained with α-GW182 antibodies (middle: red in the overlay). GW182 is a well-described marker of P-bodies. Experiment performed in F. Besse lab at iBV (unpublished).
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