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INTRODUCTION

The Informatics Research Center of ESIEE-Paris has beatecr& 2009, together with two other centers: the Microsys-
tems, Electronics and Telecommunication Center and thevltion Management Center. It hosts the research actvitie
of the Computer Science Department and the Embedded SyBtepastment of ESIEE-Engineering, and some research
activities held in the Telecommunication Department of HESEngineering and in ESIEE-Management.

It is composed of 31 academic staff members and 24 PhD stdAntnajor part of the staff (17 permanent members)
is also associated to the Laboratoire d'Informatique Gabpbonge (LIGM), which is a joint research unit UPEMLV-
ESIEE-ENPC-CNRS (UMR 8049) of Université Paris-Est. Twawmhers are associated to the Laboratoire d'Ingénierie
des Systémes de Versailles (LISV) and one member to the PRiBdfatory of Université de Versailles Saint Quentin.

During the period of two years covered by this report, theteehas produced: three books, one special issue, thirteen
book chapters, three patents, 59 journal articles and 1ttelesrin conference proceedings. Sixteen journal adicle

in submission. Fourteen contracts and funded projects wemgpleted or are still ongoing, and ten PhD theses were
defended.

The research activities of the Informatics Center fall iBiothemes, which can be grouped into six main topics:

Architecture and parallel computing for imagery and virtua | reality : real-time computing, parallelism, recon-
gurable architectures, design methodology

Discrete Geometry computational geometry, discrete topology, simpli catj pattern matching:

Mathematical morphology and image processing theoretical advances in morphology, optimization in imag
analysis, segmentation, watersheds, applications

Modelling and optimization: machine learning, system design, modelling for enginee@mputational
intelligence::

Real-time systems and networksreal-time control, scheduling, real-time embedded sysiesign, energy man-
agement, wireless multiservice netwarks

Signal processing information measures, source separation, multipleitmpuitiple-input radar systems
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Advanced architectures and algorithms for embedded vision systems

Lead: E. Dokladalova. Permanent memberdd. Akil, E. Dokladalova, T. Grandpierre, L. Najman, L. Perro ton.
Associated researchd?. Dokladal. PhD. studentsd. Bartovsky, P. Matas, N. Ngan

In our research, we focus on the design of adaptive and repoable architectures for embedded vision systems.
We study the mechanisms allowing to adapt the system res®pcocessing units, interconnections, memory) to satisf
the application requirements. In parallel, we are intex@éh conception of new algorithms for embedded vision syste
to reduce computing latency, memory usage and stream iogesf input data, three key characteristics for real-time
processing of high resolution images.

In this framework, we study the tools from the computatiogedmetry (connectivity, data adjacency and proximity,
graph transformation etc) that allows to overcome the dlgordisparity problem. Thus we can to bridge the gap between
low-level and high-level processing implementations. \Af @ttention to the image processing operators using Coethec
Components Tree (CCT) playing a key role in new algorithnfeteel to the image processing.

With P. Matas and L. Najman, we study a new parallel ConneCmthponent-Tree construction algorithms based on
line-independent building and progressive merging ofipbttD trees. Two parallelization strategies were devetbghe
parallelism maximization strategy, which balances thekhoad of the processes, and the communication minimization
strategy, which minimizes communication between the mses. A speedup of 3.57 compared to the sequential algorithm
was obtained on Opteron 4-core shared memory ccNUMA arcthite.

With N. Ngan et F. Contou-Carrére, we propose the rst efrtidnardware accelerator for CCT based applications.
This original implementation relays on the three main dbotions: CCT representing data structure adaptationéo th
FPGA implementation, corresponding memory organizatiwh@riginal generic architecture (Fig. 1).

In parallel, with P. Dokladal, we present an ef cient linedgorithm for 1-D grey-scale dilations/erosions with spa-
tially variant (SV) structuring elements. The algorithmngaexity is O(N). Its complexity is constant w.r.t. the size
of structuring element. In addition, it allows stream asctsinput/output data. We extended this approach to the 2-D
(extensible to 3-D) functional dilations/erosions with $8¢ttangles. The proposed algorithm allows to obtain a gtron

Itering and preserve details in less iterations then otiasting algorithms (Fig. 2).

Also, it can be seen as an ef cient stream-like algorithnefukalso for translation-invariant morphological openast
running in place, and completing in one raster scan, allgwdrimplement openings, closings, or even multistagersdter
sequential Itersin one image scan. We also show its usefigiin other applications. For instance a license platetiete
where SV rectangles adapt to the apparent size of the vdluelese place, changing under perspective effect (Fig. 3)
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FiG. 1 Hardware accelerator dedicated to CCT-based FIG. 2 Locally Adaptable FiG. 3 License plate
algorithms. Alternate Sequential Filters detection application:
(ASF): a) original, b) SE map, a) translation invariant SE,
c) translation invariant ASF, b) spatially variant SE.
d) spatially variant ASF.

Publications: conference articles [117, 94, 115, 84, 189].




Design methodology of real-time appplications onto heterogeneous

architectures

|

Lead: T. Grandpierre. Permanent memberdd. Akil, E. Dokladalova, T. Grandpierre, L. Perroton . PhD. students:

O. Feki.

In order to solve the implementation problem of real-timgnsil and images processing application onto parallel
heterogeneous architectures, we contribute to extendnaalanethodology named AAA (Algorithm Architecture Ade-
guacy), in collaboration with AOSTE project from INRIA Thigaph based methodology proposes graph transformations
rules in order to transform a couple (architecture grapgo@hm graph) into an optimised implementation graph Jwhic
is then used to generate automaticaly a distributed execWiAA is implemented in the software CAD tool SynDEX.

We propose an extension of the formal methodology in ordsufiport recon gurable circuits such as FPGA. In this
extension, AAA computes an optimized implementation whighimize the number of logical cells but also satisfy the
real-time constraint. For this purpose we develop deditgteedy list heuristics and simulated annealing heusistic

We have implemented this work into SynDEXx-IC (http://wwsiee.fr~-grandpit/web-ca/recherche/index.htm) which
is based on SynDEx. This software has been validated on bynthkementation of a fuzzy logic image processing
application onto a FPGA and by the implementation of an LV@raknetwork on a FPGA.

Now we are coupling SynDEx and SynDEXx-IC in order to suppdreth architectures : architectures made of pro-
grammable components (general purpose processors, D3P, & recon gurable components (FPGA). This work
will be covered by the PhD. thesis of O. Feki (in collaboratigith Sfax Engineering school - Tunisia) which aims to
implement an H264 compression algorithm onto a mixed achite based on a couple DSP-FPGA.
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Publications: journal article [20].




Parallel and dedicated architectures for real-time image processing

Lead: M. Akil . Permanent memberM. Akil, E. Dokladalova, T. Grandpierre, L. Najman, L. Perro ton, H. Talbot.
Associated researcherS: Bara, M. Hédi Bedoui, M. Boubaker. PhD. studentsY. Elloumi, R. Mahmoudi, P. Matas,
D. Menotti-Gomes, N. Ngan, H. Phelippeau

Our research is real-time implementation of image proogsapplication in different domains on parallel and ded-
icated architectures. We are interested in the extensiadgheo®AA design methodology (formal methodology called
Algorithm Architecture Adequacy) for recon gurable cintun order to introduce a new optimization heuristics. An
important part of our work is also focused on parallel prognsing model of topological operators for 2D/3D image
processing for parallel shared memory machines.

AAA methodology for recon gurable circuit and application s. based on the AAA methodology and its associated
software tool SynDex-IC, we explore and generate variougsrdleNetwork implementations while minimizing FPGA
resources and the design time. We also study optimizatiéfP@A circuit implementation of 3D medical image recon-
struction based upon marching cubes algorithm.

Demosaicing and denoising algorithmswe propose a new demosaicing algorithm based on the dit@aterpola-
tion principle. It allows producing a good image quality Vehkeeping a low computational complexity. We propose its
ef cient hardware architecture and its FPGA implementatim Xilinx Virtex 5 and Altera Stratix targets. In additiong
propose a new adaptative bilateral Iter for sensor colanasing and its software implementation on TM3270 Trimedia
processor from NxP Semi-condutors.We show that it is ptessibprocess 5 megapixels images in less than 0.5 seconds
and more than 25 VGA resolution images per second.

Contrast Enhancement in Digital Imaging: Targetting real-time applications, we propose two methogies for
contrast enhancement in digital imaging using histogranabzation.

Parallel programming model of topological operators we focus on the parallelization of topological operatans f
image analysis and image processing. Our main researattiditgs the de nition of a common parallelization strategy
for different topological operators developed by our teafarget architectures are parallel shared memory machines
moving from Intel Core 2 Duo E8400 and Intel Quad-Core Xeo8FHhto Intel Octo-Core double Xeon X5355 processor.

In the framework of SDM-strategy (Split Distribute and Mej@pplication, we proposed a concurrentimplementation
of a powerful topological 2D thinning operator. In this pFof we proposed an adapted parallelization methodologgtwhi
combines SDM-strategy and mixed parallelism techniquesa(dnd thread parallelism). Test on 2D greyscale image
(512*512) using 8 CPU cores (2xXeon E5405 running at a fraquef 2 GHz) showed an enhancement of 6.2 using
8 Threads. We also proposed a concurrent implementatioopoidgical watershed. This operator is able to assign in
parallel a label to each vertex of a weighted graph représgtite input image. Test on 2D greyscale image (512*512)
using 8 CPU cores (2xXeon E5405 running at a frequency of 24)Ghowed an enhancement of 6.4 using 8 Threads.
Another application of the strategy addresses 3D skelettie. gure below illustrates this application. Input image i
divided into blocks. Thereafter blocks are loaded into mgnamd threads take the relay. Once skeletons for each block
are computed, we proceed to a rst fusion. To get rid of boupddfects, we apply again the algorithm in a single pass.
Test on 3D greyscale image (40x40x40) using 8 CPU cores (@w&5405 running at a frequency of 2.4 GHz) showed

an enhancement of 5,94 using 8 Threads.
g =4
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Illustration of SDM parallelization strategy, applicatito 3D skeleton.

Publications: special issue of JRTIP [1], journal articles [87, 86, 77]nfavence articles [189, 187, 197, 198, 195,
192, 196, 116, 122, 124, 123, 248, 240, 113], patents [250), 2211 ].
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Parallel image processing

Lead:L. Perroton. Permanent memberb. Akil , E. Dokladalova, T. Grandpierre, L. Perroton

Our last major contribution was on the parallelization obag mapping operator on a GPU to be used in a real time
driving simulator.

Conventional images (jpeg, tiff...) produced by digitaineaas can only reproduce a reduced dynamic of the possible
luminances. The High Dynamic Range (HDR) format encodegitteds with 3x32 bits (3 oats) instead of the 3x8 bits
(3 bytes integers) used by the classical formats. Then ib$siple to reproduce luminance between 0 and 10000 cd/m2
instead of the 256 possible values with the usual Low Dyndraicge (LDR) formats.

The current screens display LDR images only as HDR screensdaryet available on the market. If the internal
representation is HDR, it is necessary to convert the im&ges this format to LDR, trying to keep as mush as possible
the apparent contrast of the HDR images. This conversioreifopned by an operator callétbne Mapping This
operator provides the mapping between the luminances afrigaal scene to the output device's display values. The
computations involved to perform this transformation istigely high, possibly several seconds. However, our go#d
use this operator in the graphics rendering of a car drivingikator, therefore, we studied its real time implemeiotati

Numerous tone mapping operators have been designed thetseepes. Among them can be mentioned the operators
of Ward (1997), Pattanaik (2000) and Irawan (2005). Warghpses an algorithm which reduces the luminance range of
an HDR image to the one of an LDR image by adjusting the hiatogsf the image. The aim of this method is to guaranty
the reproduction of the visibility of the scene. Howeverstimethod is static because it considers only one singleémag
The algorithm of Pattanaik proposes an adaptation modéleoéye from a ow of images, therefore it is dynamic. This
operator has a tendency to compress the dynamic of the inh@gean proposes a merge of the two previous approaches
into a perceptual algorithm. This algorithm has both thesatlvges of reproducing the visibility contrast and it is ayric,
working on a ow of images. The Irawan operator is composedvixy main components depicted on the left gure : the
Pattanaik adaptation stage and the Ward visibility presgroperator. The TVIAThreshold Versus Intensity Adaptatjon
function is a dynamic threshold model used instead of thedVWati-based threshold.

We propose a perceptual operator adapted from the one oéirdstter suited to the speci ¢ needs of our driving
simulator application.

ADAPTATION ‘ HDR -> RGB H RGB -> XYZ ‘
algr%pt % as(ggt%t ] TVIA Foveal image
Computation

Histogram

foveal | TONE MAPPING

Threshold

image
Interpolation
color/
glare . Create TIFF ]
acuity image XYZ -> RGB

IN f f ouT

CPU GPU

Algorithmic optimizations have been performed and we hawelisd the different strategies of repartition of the
computation among the CPU and the GPU by pro ling the code.h@lee chosen to implement on the GPU the changes
between the color spaces and the interpolation of the lumsmaistogram which are the most expensive computations of
the operator (see the right gure).

This operator has been implemented on a RISC processomuRehtiat 3.6GHz and a GPU Nvidia 8800 (728 Mo,
518 GFLOPS). The execution speed has been multiplied byterfat15 compared to the naive implementation of the
algorithm. The display rate reaches 30 images per secoridhvithl lIs our goal for real time video rate of 25 images per
second.

Publications: submitted journal article [90]
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Digital geometry and its applications to computer vision

Lead: Y. Kenmochi. Permanent memberk: Buzer, Y. Kenmochi. Associated researcheis:Shimizu, A. Sugimoto.
PhD. studentY. Thibault .

Digital geometry is the study of geometric properties otdite point sets that are considered to be digitized objects
in digital images. Since any images treated by computersligigzed, we cannot avoid in uences of such digitization
upon the geometric properties. For digitized objects,dlexist particular properties caused by the discretenesshen

niteness of digital images, and they often provide ef ctealgorithms for computing geometric operations on digitiz
objects. Another positive aspect of digital geometry ig ihamplies the exact computation in the integer domain, so
that the obtained results are guaranteed against computiors; no digitization error exist neither since themetric
models are directly designed for discrete point sets whosedinates are only integers.

On the other hand, computer vision, which is a conceivabfieation of digital geometry, is the study of extracting
scene information from digital images. Conventionallytgshniques use geometric models de ned in the continuous
framework while computations are digitally performed, battthe obtained results always involve digitization esrand
computation errors. Accordingly these errors violate getia properties that the object originally has and the inletz
results are not reliable. In order to overcome such a sepooislem, we study digital-geometrical models that allow us
reliable geometric computing for discrete point sets.

The main results of our work on digital geometry for compuitision applications between 2008-2009 are as follows:
Discrete epipolar geometry: In order to directly deal with pixels considered as squarisuinstead of points, in
images, we established, with A. Sugimoto, the discreteatpigeometry, a discrete version of the epipolar geometry,
which gives geometric relationships between pixels in tiffeent views. In this framework, we proposed a method for
determining the discrete epipolar line, which is de ned hyaar of inequalities, together with a method for identifyitihe
corresponding region in a third view. Differing from the eemtional approach, our proposed methods exactly identify
how digitization errors propagate into the epipolar linel @amto the corresponding region in a third image.

Discrete rotations: Rotations of digital images are required in many applicg&ioGiven a 2D digital image and its
rotated image, there exist many angles giving the rotatewéen them. With Y. Thibault and A. Sugimoto, we proposed
a method for obtaining the set of such admissible rotatiajiieanby using hinge angles, introduced by B. Nouvel and E.
Rémila, whose principal operation, comparison, is madg with integer computations. We also succeeded in extending
their notion for 3D digital images so that all rotations of 8igital images can be realized by using only integers.

Digital planar surface segmentation: For segmenting a digitized surface into digital planaracek, geometric features
such as normal vectors, which are generally estimated frenmeéighboring points, are used. The obtained results ase th
sensitive to digitization errors. With L. Buzer, I. Shimiand A. Sugimoto, we proposed a method for the segmentation
by using the nite number of local geometric patterns thgtegr on digital planes, without estimating normal vectors.

() (b)

(a) Discrete rotations: upper and lower bounds of rotatiogies between two sets of corresponding pixels. (b) Digital
planar surface segmentation: each color corresponds mnappart except for green whose points have non-lineat loca
geometric patterns.

Publications: journal article [21], conference articles [103, 100, 1026]L
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Discrete topology

|

Lead: G. Bertrand. Permanent member€. Bertrand, M. Couprie, J. Cousty, L. Najman. Associated researcher:
N. Passat PhD. students]. Chaussard, L. Maza

This theme is focused on the study of discrete/combindtmimlogy. Our theoretical framework is mainly based on
complexes. In this context, an object is a setaafesof different dimensions.

Our main results are the following:

We propose newharacterizations of simple poinis 2D, 3D, and 4D discrete spaces, a simple point of an object
is a point which can be removed from the object without atigits topology. Thus, these characterizations may be
used for improving the ef ciency of all algorithms which m@rves the topology of objects (homotopic transforms).

We also characterize 3D minimal simple pairs.

We investigate the notion afitical kernels critical kernels provide a sound basis for the study of afms which
remove a whole subset of an object (and not only a simple pwaihnile preserving its topology. From this notion,
we proposed a wide variety of 2D and 3D parallel thinning dthms which allow to extract different kinds of
skeletons of an object. We also show that critical kernedsaanon-trivial generalization of all previous related
notions, in particular the notions of minimal non-simpléssend P-simple points.

We propose a characterization lobps in n-dimensional discrete toric spaceshis characterization leads to a
linear time algorithm which detects the very loops in a giedject (inside a torus) which cannot be continuously
deformed to a point. Some applications, such as the simulafi uid ows in porous materials, rely on 3D toric
spaces and require the detection of such loops.

We establish a deep link between the notion efatershedand discrete homotopic transforms. For that purpose
we introduced a de nition of a watershed of a map de ned on eugk-manifold. We showed that any watershed
of such a map may be extracted from a homotopic thinning sfrtfap.

Two objects and two skeletons relative to these objectsgtbkeletons are obtained by a parallel thinning algorithm
based on critical kernels.

Publications: journal articles [53, 45, 44, 46, 22, 18], conference agdlL78, 108, 97, 101, 98].
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Geometric pattern matching

Lead:Dror Aiger . Permanent memberBror Aiger . Associated researcheid: Cohen-Or, K. Kedem, N. J. Mitra .

This work was done while D. Aiger was wilBen-Gurion University, Israel.

The problem ofGeometric Pattern MatchingGPM) is that of searching for a given geometric pattern ircens
composed of geometric objects. There are many variantsofémeral problem depending on the nature of the geometric
objects in the pattern and the scene, the nature of the réaeoeb(similarity) measure, and the rules of the search.
Geometric objects may be points, lines, or polygons, in fviloree-, ord-dimensional space. Resemblance between
patterns is a qualitative measure determined by the nafuhegroblem. Once the nature of resemblance is decided, an
appropriate resemblance measure has to be proposed. Rulessearch determine what class of transformations the
pattern is allowed to undergo during the search for a match.

| present ef cient algorithms to match sets of points in tieng and in high dimensions. The problem appears in a
large number of applications in many elds such as computgox, computational biology, computer graphics and more.
| investigate the problem from the theoretical point of viewproviding upper bounds on the runtime of the proposed
algorithms in the worst case, and also give practical smhstithat can be effectively applied in real problems. Thekwor
is a collection of ve articles which have appeared in jousnduring the study.

In the theoretical part, | present new ef cient algorithmsnatch sets of points in the plain under similarity transfor
mations (rotation, translation and scale), a problem ttes l&ft almost untreated previously. Previous solutiongmlig
require long runtimes and are not practical. My algorithmeke extensive use of powerful tools, randomization and
approximation, to provide runtime which is nearly quadrati the size of the input. In another work | present new
algorithms where the runtime depends on the con guratiothefinput and not only on its size (input/output sensitive
algorithms) and which achieve excellent performance intreases. For a problem in Computer Graphics | illustrate
the idea of using geometric invariants on registration af pointsets in 3D (Figure 1). This allows improving existing
algorithms by an order of magnitude. | expand the idea furdinel present new algorithms for points in high dimensions
that work under every transformation.

The ideas presented in the thesis are realized for a numtagipditations. | show effective implementations of these
ideas using parallelization which is provided by standaapgics processors (GPU). These implementations are asty f
for practical data (Figure 2).

Figure 1. Reconstruction from raw scans using 4-points congruest deeconstruction results from nine input scans
of a shinny water jug. Neighboring scans have 40% overlass,|land required an average of 16 seconds for fully
automatic alignment starting fromrbitrary initial poses Pairwise alignment results are robust even with low oyerla
Typical results are shown in (a) and (b), where for visugiarawe roughly mark the overlap regions in blue. The nal
alignment result, (c) and (d), is obtained without any dataathing, outliers removal, local ICP re nement, globaiasr
distribution, or any assumption about starting alignment.

Figure 2. Model based object recognition problem for rigid transfations: (a) input image (499 oriented points), (b)

model (30 oriented points, magni ed in the drawing), (c) edgap, (d) detection results where the polygonal model
is marked. The runtime of the whole recognition, edge d&tect matching, was done in 25 milliseconds while the

matching alone took 10 milliseconds.

Publications: journal articles [25, 26, 58, 59].
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Geometric simpli cation

Lead: L. Buzer. Permanent memberd:. Buzer, Associated researcheE. Feschet PhD. studentsE. Charrier,
A. Faure.

We study the conversion between Euclidian curves and desgeometric objects. Our approaches link problems
from different elds like computational geometry, disoeegeometry, pattern recognition and digital geometry. Qur a
is to propose new algorithms designed to reach a linear widjuaar time complexity. Fundamental algorithmic noson
from optimization, data structure, graph theory are useattoeve such ef ciency.

Our main results in 2008-2009 are related to the simplicatof simple polygonal chain (see Figure). The problem
of approximating such an object arises in many applicatinolsiding geographic information systems (GIS), cartegra
phy, computer graphics, data compression or medicine. iaih@ the quality of conversion has been recognized as an
important factor in advancing the research in this eld.

As an application, we propose the rst approximation cidarwhich entails to control the quality of the rendering
of the simpli ed chains. Our main contribution consists etting up the rst near-linear time algorithm that ensures
optimality in the number of segments and that retains th@estwd the input polygonal chain at the same time. Thus,
our approximation criterion guarantees that the origifi@io lies at most half a pixel away from the rendering of the
simpli ed chain.

With Emilie Charrier, we consider the problem of nding th@eéger points on a regular grid whose associated polygo-
nal chain best approximates a given Euclidian straight Mie combine existing results from number theory based on the
Klein's sails with tools from computational geometry basedhe computation of convex hulls to obtain a new generation
of algorithm. In fact, the overall worst case time complgx equivalent to previous algorithms but, our approacinés t
rst being output sensitive. Moreover, the resulting aligfum is very simple and so is suitable for implementation.

With F. Feschet and A. Faure, we study the simpli cation afseld polygonal chains. Previous problems were linked

obtained by considering the optimal simpli cation of an opghain starting ap; where 1 i n. We would obtain the
global solution by selecting among thesimpli cations the one with a minimum number of points. St approach
would increase the time complexity by a factorThus, by carefully analyzing the results built during thégroblems,
we succeed in proving that we can ef ciently use the caléotat operated from the" point to build the simpli cation
of the chain starting gbx+ 1. Such a way, we can achieve a quasi linear time complexity.

lllustration of the simpli cation of simple polygonal chai

Publications: journal articles [41, 19, 40].

17



Topological operators for image processing

|

Lead: M. Couprie. Permanent member. Bertrand, M. Couprie, J. Cousty, L. Najman, H. Talbot. Associated
researchersv. Biri, M. Janaszewskj N. Passat PhD. studentsy. Chaussard B. Raynal, A. V. Saude

We follow an approach based on discrete structures (graptestopologies and orders: :) to de ne new operators for
image analysis and image processing. More precisely, vay $typological and morphological notions in order to design
new algorithms that prove useful in image processing. Foradal topological notions such as adjacency, connegtivit
frontier, which are central to this approach, contitutegied a basis for the processing of spatial data.

A major part of our work is dedicated to the study of binary gearansformations that preserve the topological
characteristics of an image. These transformations aredbeisher on the notion of simple point, well-known in didita
topology, or on the collapse operation, from the eld of ddgac topology.

Our main results in 2008-2009 are related to parallel hopiotthinning procedures, and to skeletons based on the
Euclidean distance.

In the framework of critical kernels introduced by G. Bertdawe have proposed new parallel homotopic skeletoniza-
tion algorithms in 2D and 3D spaces, which are signi cantatbes with respect to the state of the art. Thanks to the main
property of critical kernels, and to the huge exibility inded by this property, we were able to design many different
algorithms that meet particular geometric constraintshim2D and 3D: curvilinear or surface skeletons, preséovenf
the medial axis, invariance w.r.t. some rotations, etc.

With Nicolas Passat, we have studied the notion of mininmapg pair and proposed a thinning algorithm that detects
and removes such pairs. This algorithm is less likely thasgsital ones to get blocked in pathological con gurations.

With A. V. Saulde, J. Chaussard and H. Talbot, we proposed soetbods to produce different kinds of skeletons
which are centered in the original object with respect toEuelidean distance. In particular, we introduced a digital
version of thd -medial axis, a Itered “continuous” skeleton which exhbgood stability w.r.t. noise. We also proposed
new thinning procedures in cubical complexes, which allewaiproduce skeletons having desired dimensionnality,(e.g
purely 2D or 1D skeletons of 3D objects).

We participated to several projects in different appliatiiomains (medical image analysis, material image arslysi
virtual reality), which allowed us to apply and validate skenew operators.

(@) (b) (©

(a): A 3D objectX. (b): Values ofl (the lItering criterion) at all points inX, displayed using a “heat” color code. (c): A
| -medial axis oiX (threshold of b for a giveh).

Publications: journal articles [18, 22, 43], conference articles [1013,1780, 181, 182, 169].
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Image retrieval, document analysis

Lead: X. Hilaire . Permanent memberX. Hilaire . PhD. studentsO. Bonakdar Sakhi.

Our work in content-based image retrieval aims to improvecgion by using evidence from regions of images.
Accurate methods in CBIR generally require learning a isoaabulary extracted over a whole image database. Visual
words can be located and de ned using robust and scalabtzigiss, such as SIFT, SURF, or the saliency detector of
Kadir and Brady, to quote a few. Methods based on bag of wardsonstellation models, can then achieve very good
accuracy provided the visual dictionary has been propdrbsen.

There are, however, some cases in which they fail. Highlturexi images, for instance, may produce hundreds, if not
thousands of keypoints, most of them may neither belongeaadtevant object, nor be really discriminant. On the other
hand, homogeneous regions may carry useful informatiohewtat being de ned by any such descriptor, or very poorly,
as shown below.

The method we propose works on general image databases)avittior categorization. It assumes that the object(s)
hidden in a query can be distinguished pairwise using onliyngdd number of subsets of regions, and their features
(hue, luminance, color moments, etc.). Determination eséhdiscriminant groups is performed dynamically using
evidential relaxation, and Shafer's combination law ofdevice. Doing this pairwise for all positive and negativeges
results in two evidential maps, from which beliefs and pibilites can be directly derived. We show a faster and more
accurate convergence of evidential relaxation over caiweal Bayesian relaxation in our problem, both theordiyjca
and experimentally.

(@)

(b)
Figure 1. (a) An example of unusable SIFT@) First few region matches with our method on 2 images fromecaltl 01.

We also began a work on document page segmentation basedtoretanalysis, in the framework of a project
labelised by Cap Digital. The early task of distinguishirgiveeen printed and handwritten texts in a page led us to
propose two algorithms. One works at very low resolutiord astimates curvature by directly nding the circle which
best explains the observed greylevel pattern given assongin blur, and reading noise. Pixelisation effect is iexely
modelled, and a connection with results on Cramer-Rao bduedo Worring and Smeulders on discrete circles is also
established in case of uniform reading noise. The seconidades the histogram itself, by deciding which subsets of
pixels are localy relevant to make the curvature measureateagiven, and ensures consistency of curvature along the
edges of characters.

Figure 2. A source text, its curvegram, and a portion of page segnientat

Publications: journal articles in submission [83, 82, 81].
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Morphology, topology and optimisation: applications

Lead:J. Cousty. Permanent member®. Couprie, J. Cousty, Y. Hamam, L. Najman, F. Rocaries, J. Sea, H. Tal-
bot. Associated researcher®. Acosta, D. Bernard, M. Janaszewski, G. Lobo-PappaPhD. studentsV. Bismuth,
L. Marak, M. Postolki, O. Tankyevych.

Nowadays image analysis is used in many scienti ¢ and emging domains. Due to new image acquisition tech-
nigues, and based on on the operators developped in our teamproposed solutions to several practical problems
encountered in the elds dkeledetection materials scienceandmedicine For each application, the results produced
by image analysis techniques were assessed in collabonaith specialists of each particular scienti c domain. As
illustrations, we brie y present below six of these apptioas.

Through an approach based on a hierarchical decompositimsignal (see Segmentation, Hierarchies and Water-
shed), a method was proposed to automatically detect shgeellite images (see Fig. 1)

Fig. 2 (left part) shows two levels of burnt area predictipneduced by a random spread model (see Theoretical
Advances in Mathematical Morphology), whereas Fig. 2 (rigdrt) depicts the actual burnt zones in the state of
Selangor during the period 1995-2004: all areas are predliby theory except area F, because it is now fully
urbanized.

Through continuous max- ows, automated segmentation@obparticles from 3D tomographic images were pro-
duced (see Fig. 3), and it was shown that these segmentaiédmé describing some chemical reactions, such as
the attraction of the nanoparticles to the reagents.

Fig. 4 illustrates the 3D visualization and segmentatiothefcortex from 3D MR brain images, obtained by the
use of discrete topological operators.

Based on a discrete hole closing algorithm, we were abledduare reliable airway tree segmentation in bronchial
walls from 3D medical images (see Fig. 5).

A new automated and fast procedure, relying on spatio-teahpeatersheds, was proposed to segment the left
ventricular myocardium in 3D+t MR image sequences. A sghehof the associated software is shown in Fig. 6.

Fic. 1 FG. 2 FG. 3

FiG. 4 FG.5 FG. 6

lllustration of morphology and topology applied to telestgtton, materials science, and medicine.

Publications: book [4], journal articles [49, 52, 57, 78, 56, 42, 35], capfece articles [179, 193, 191, 183, 181, 106,
110, 145, 144, 220, 217].
Other results: Grant from Association Nationale de la Recherche (ANR): ABIRnc “MicroFiss”.
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Optimisation

Lead: H. Talbot. Permanent member®. Aiger, L. Buzer, Y. Hamam, Y. Kenmochi, L. Najman, H. Talbot. As-
sociated researcher€. Chaux, L. Grady, J.C. Pesquet l. Shimizu, A. Sugimoto. Postdoctoral and PhD. students:
C. Couprie, A. Jezerskig L. Marék , R. Zrour .

In recent years, mathematical optimisation techniqueg lacome increasingly prevalent in the signal and image
communities. We have moved away from earlier dedicatedaggbres involving active contours and local techniques, to
increasingly focus on globally optimal and convex methdtlst can be used not only forimage Itering and segmentation
but also in discrete geometry problems.

Some recent contributions to this area of research include :

Digital line and plane tting: Line and plane tting is one of essential tasks in computesion. Even if several
signi cant optimal methods have been proposed, they arsuiatiently robust if the majority of given points are ouglis.
With R. Zrour, L. Zrour, Y. Hamam, Y. Kenmochi, |. Shimizu aAd Sugimoto, we presented a globally optimal method
of line (resp. plane) tting for a given cloud of points, suttat the tted line (resp. plane) minimizes the number of
outliers, by using digital geometrical models of lines atahgs. We have proposed globally optimal method with odtima
or near-optimal polynomial complexities for the exact pesh, and we are researching linear approximation with know
error rates [176, 177, 185, 54].

Power WatershedsWatersheds have been the dominant segmentation methadading from morphology for at least
the last two decades. We have shown that the Watershed istaéise in a wide range of graph-based, combinatorial
optimisation methods. Within this framework we have bede tduse the watershed method for marker-less and lItering
problems [175, 184, 85].

Combinatorial and Continuous Maximum Flows Continuous maximum ows (CMF) were proposed recently to eom
pute continuous-domain minimal surfaces in the contexteghsentation. We were able to show that the CMFs are a
quadratic optimisation problem and propose a formulati@i ts guaranteed to converge. This has raised new questions
regarding the Total Variation (TV) dual interpretation ofMEs. We have also developed CMFs in various applications,
particularly when contour information is weak or absent, [585].

Image Segmentation with priorsWe suggest a new geodesic active contour model that incatgsa coupled shape and
appearance priors, which are both allowed to transform usidalarity transformation [119}

General optimisation techniqueswWe contributed to the development of optimisation techegjin various application
elds [67, 68, 168, 224, 228, 229, 215, 148, 149, 146, 147,154, 155, 219].

Liver segmentation using Combinatorial Continuous Maximfelows.

Publications: journal articles [56, 85, 67, 68], conference articles [1120, 105, 175, 184, 176, 177, 185, 54, 168,
224,228, 229, 215, 148, 149, 146, 147, 151, 154, 155, 219].

Other results: Two grants from Association Nationale de la Recherche (ANM®JR BLANC 2005-2009 “SURF”
and ANR DEFIS 2009-2012 “DIAMOND".

1This work was done while D. Aiger was wifithotech LTD. ISRAEL .
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Segmentation, hierarchies and watershed

Lead: L. Najman. Permanent memberss. Bertrand, M. Couprie, J. Cousty, L. Najman, H. Talbot. J. Serra,
PhD. studentsY. Bismuth, C. Couprie, F. Dias, R. Levillain, L. Marak , D. Menotti, O. Sakhi.

The common objective of this theme is to understand from artitecal/morphological point of view what is image
segmentation and what rules can possibly be used to comiffersdt segmentations. Keeping in mind the applications,
we also aim at developing ef cient algorithms implementthg notion we propose.

The main morphological tool forimage segmentation is theevgned. Through a systematic study of this operator for
different discrete representations of the space (pixelges or complexes), we propose several de nitions of whatals
and prove numerous properties. In particular, we introduatershed cutfollowing the intuitive idea of drops of water
owing on a topographic surface, that leads us to a conststéineorem (in term of catchment basins) and an optimality
theorem (in term of minimum spanning forets). We also prepm$inear-time algorithm to compute them. To the best of
our knowledge, similar properties are not veri ed in othesirheworks and the proposed algorithm is the most ef cient
existing algorithm, both in theory and practice.

Such studies lead us to study region merging methods in grdpading in particular to the introduction fifsion
graphsandperfect fusion grapfthe latter being a regular graph in which merging two negfriy regions can always be
performed by removing from the frontier set all the point§aaént to both regions. We prove in particular that the class
of fusion graphs is in bijection with the class of graphs ohtivatersheds, and that there exists a unique perfect fusion
grid.

To go further, we look for structuring theorems. We identifyage segmentation with connection through a bijection
theorem. Another bijection theorem leads to identify hielnécal segmentations and a particular class of watersheds
called ultrametric watershedsWe also propose a lattice structure for watershed cutsjingehe door for combining
hierarchies.

We participated to several projects in different imagelaption domains (medical, material, remote sensing),
which allowed us to apply and validate these new notions.

Original image Wl(logarithmic grey-scale)

w2 Area- Itering ultrametric watershed

Soille's (a;w)-constrained connectivity hierarchy. (a) Original imagégb) Ultrametric watershedV?! for the a-
connectivity. (c) Ultrametric watershatl? for the constrained connectivity. (d) Ultrametric watezdl corresponding to
one of the possible hierarchies of area- IteringswA.

] Publications: journal articles [51, 23, 24, 79, 47, 48], book chapters [, tonf. papers [107, 99, 114, 172]. \
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Theoretical advances in mathematical morphology

|

Lead:J. Serra. Permanent member&. Bertrand, M. Couprie, J. Cousty, L. Najman, H. Talbot. J. Serra, Associated
researchersJ. Chanussof N. Passat PhD. studentsdV. Bismuth, C. Couprie, F. Dias, R. Levillain, L. Marak ,
D. Menotti, O. Sakhi, O. Tankyevych.

The tree of theoretical problems in mathematical morphglegn be symbolized by a major trunk, which extends
into a few rami cations. The trunk is the concern of the foliration of the various problems of image processing by
means of lattice theory, and of random sets theory. The hidd references deals with this general formalism.

Another theme is that of a strictly digital approach for wos such as convexity, or thinning/thickening operations,
also raisings, ooding, etc. that are associated with coritay objects in digital spaces.

The third topic concerns merging, or combination of spafiala coming from several sources. The most popular
case is that of colour images, which is generalized for Hagahore complex multivariate data. In such approaches, the
modalities of the image processing vary from place to platese adaptive operations are studied in two particul@&s;as
the rst for reducing the number of dimensions, and the selamme for taking local directions into account.

The fourth topic concerns the Itering and segmentation lohtobjects in images. This is a dif cult topic since
these objects are easily Itered out and dif cult to detesing classical approaches. Novel operators were proposgd a
implemented, with applications to road detection (in 2DJ &ascular systems segmentation (in 3D).

Two other themes deal with the dissemination of our results:

rst of all, we edit a treatise in French on recent developtsein Mathematical Morphology, intended to both
researchers and graduate students; this treatise is tyrobemng translated in english;

secondly we participate in the development of a versatifevsme package for generic morphology, in particular
allowing end-users to apply morphology on any kind of disespaces with arbitrary data.

We also contributed to several projects in different imaggetication domains (medical, material, remote sensing,
::1), which allowed us to apply and validate these new notions.

Original noisy image Classical alternating Iter

Vertex-edge alternating lter

Illustration of classical versus vertex-edge alternatite.

Publications: books [3, 2], journal article [57], book chapters [9, 11]nEopapers [118, 188, 193, 190, 170, 171].‘
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Computational intelligence in bioinformatics

Lead: R. Natowicz Permanent memberg#. Cela, R. Natowicz Associated researche®oberto Incitti, INSERM-
Université Paris Val-de-Marne; Carmen Dea Moraes Pataro, FMG; Antdnio de Padua Braga, Universidade
Federal de Minas Gerais, Brazil - UFMG; Roman Rouzier, INSERV-Université Pierre & Marie Curie; Patrick
Siarry, Université Paris Val-de-Marne; Marcelo Azevedo Csta, UFMG; Thiago Souza, UFMG. PhD. students:
Frederico Coelho, Vincent Gardeux, Cristiano Leite de Casb, Fernanda Wanderley.

Since the advent of high throughput genomic technologiesssime information is available at the genomic level
that can be exploited in medical studies. For instanceydissicroarrays allow the simultaneous measurement of the
expression levels of a large fraction of all known genesdiiag from 5 000 to more than 20 000). From these data, early
and accurate diagnosis of diseases has become possiltlegiogéh ef cient predictions of the patients' responseshe
treatments. Our research is concerned with chemotherapintents in breast cancer.

The main issues in designing predictors of the outcomesaidtherapy treatments are that of identifying the genes
actually involved in the response to the treatments; coimgitheir expression levels for predicting the patients' re
sponses; and assessing the robustness of the prediatorte. statistical independence of the method — gene smlecti
and computational model — with respect to the set of patiasts from which the predictors were infered.

In its essence, the design of a predictor is a two classes\dspe learning process. The speci city comes from the
number of patient cases under study which is far lesser titrof the variables: less than 200 patient cases are emthedde
in the clinical trials and for each of them, more than 20 00preszsion levels are measured. Furthermore, the data are
blurred by noise because of their biological nature and bezaf the technology of DNA microarrays. In this context,
the identi cation of very small subsets of relevant gened #re de nition of computational model that can avoid the
over tting of the learning data, are central issues for dagig predictors robust enough for their use in clinicaltioe.

We have de ned new methods of probes selection and desigmelicpors of the patients' responses to preoperative
chemotherapy treatments in breast cancer that signi ganitperformed the ones that had been previously proposed fo
the same problem and data.

This research is supported by the french brazilian coojmergirogram CAPES-COFECUB (four years program,
2008-2011).

Publications: book chapters [16, 17], journal articles [36, 73, 37, 74hfevence articles [161, 138, 140, 141, 208ﬂ.
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Design, adaptation, implementation and evaluation of communication
technologies and information systems used in health and disability eld

Lead:A. Lacombe. Permanent memberé. Lacombe.

During the years 2008 and 2009, my R&D activitivies wheredwarted as part of two projects under contract (ANR
funding).

The rst one, entitled TANDEM, ended in December 2009. It ieaded by the Broca geriatric hospital (APHP) and
involved 6 french partners: ESIEE Paris, GET-INT, CHU Taude, INSERM Toulouse, TIMC/MAG Grenoble and CGX-
Systems. Its main aims were to deliver and to test a demaosbased on computerized accompaniment of Alzheimer's
patients and their caregivers.

Several components have been studied within the scopesgbithject:

Conception and development of stimulation and cognitivebditation tools available online (evaluation and stim-
ulation of patient's memory capabilities, learning andatkititation of daily life activities based on simulated pess
execution); provision of tools that contribute to the irase the social ties and reinforces relationship betwedantat
and caregivers (web-conferencing tools, IP telephonyeshealendar and task reminders); design and development of
geolocation application of patients out of home and paldityi suitable for the management of wandering situatiaies;
sign and development of a mobile system carried by the patedetect falls and monitor some physiological parameters
(pulse for example).

My personal contribution to this project was as follows:

Study and proposal of an implementation model for the déonitand storage of pro les and contexts of use based on
a LDAP directory and a relational database. The objectivhisfmodel is to allow the dynamic adaptation of the GUI and
application functionality for different use cases (patigrcaregivers, doctors, operatorstAA c vigilence); design and
construction of the experimental geolocation applicapoototype and implementation of the solution on a test serve
inside the collaborative framework HORDE, chosen as irtiégn platform for the projet. This application is based on
the open-source environment Apache / PHP / MySql. It enghkesetrieval and continuous display of alarms sent by a
GPS device worn by the patient through various communinat@nnels (SMS, SMTP, TCP / IP sockets), depending on
the context and the objective of televigilance processe@aers and tele-vigilance operators can receive alersages
generated automatically (in case of security perimetessimy for example) or voluntarily (emergency alarm sent by a
patient in a situation of homelessness). They can quickdgtiwand reassure the person and see the routes of access and
movement on a map constructed dynamically into "Google Mapspping environment; design, in collaboration with
the team of the Broca hospital, of test scenarii to be implasteby patients and caregivers.

The second project, entitled QuoVadis is under constrogtimmpletion planned for December 2010). It involves
9 partners (GET-INT, INSERM-Toulouse, ESIGETEL, ESIEEi®adBISC-FRE2873 Univesité d'Evry, Broca geriatric
Hospital, SAMU 92, Robosoft, ASICA) and leaded by IBISC. dideesses the need to compensate communication dif-
culties due to loss of cognitive abilities that generatecisd isolation, depression, insecurity and discomfort ailyl
life.

My contribution is mainly located in the phase of testing @wadluation purposes, in connection with the Broca
hospital and SAMU 92 teams. The corresponding tasks ar¢igusd in the period April to December 2010.

Publications: journal article [71], conference article [159].
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Enabled Environment and assistance to handicap

Lead: Y. Hamam. Permanent memberst. Al Ani, Y. Hamam, F. Rocaries Associated researcher&. Djouani
(LISSI, UPEC), E. Monacelli (LISV, UVSQ).

The notion of assistance technology for handicapped psrisoan important world challenge that concerns all the
society. Itis related to the development of devices intiéiggesensors and actuators to help persons in handicapisitaa
The objective concerns the aid for the evaluation of de cien, the aid to the re-education and the compensation using
technical means for mobility. This mobility is essential floe proper insertion within the society of persons with sibgl
handicap.

The notion of handicap situation integrates most classleatiencies related to physical sensorial or cerebral. A
major domain is that related to mobility. A need thereforesi for the development of various technologies to cater for
this need and to adapt the technology to each individual. cBlse major dif culty in this domain is the de nition of a
generic device, suitable to a large category of users whiié@table to each individual case.

This research is proposed in collaboration with the enabladronment groups at F'SATI in South Africa and the
University de Versailles Saint Quentin en Yvelines in Figren of course ESIEE. A major project in this domain is being
developed. This is the Wheelchair Driving Simulation Platio

The “Wheelchair Driving Simulation Platform” project comos the study of a platform for the simulation and evalu-
ation of main driving tasks of handicapped persons. It iswgairiented towards the driving of electrical wheelchairsl
cars. The access to the mobility is essential for the autgrafrpersons from the social and psychological point of view.
However, this access necessitated the capacity of copitingtié various constraints related to the aptitudes andseed
each person. This goes from the de nition of the driving didlshe training phase. This project has as an objective the
elaboration of a methodology based on robotised simulattegrating virtual reality to place persons in a situatibose
to everyday operation.

Prototype 1 of the platform at F'SATI.

Publications: journal article [34], conference articles [222, 223, 22872228, 229, 216, 142, 143, 230, 218]. ‘
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Modelling for engineers

Lead: F. Rocaries Permanent member¥. Hamam, F. Rocaries Associated researcherst. Bouchoucha, M. Del-
gado, R. Lamanna, F. Pecker, R. RochePhD. studentsD. Samoita

Modelling has always been large parts of the engineer's ok the development of Computer in the late twentieth
century correlated with the development of Applied Math&osaand related Software haven dramatically transform thi
approach. It is now of great importance from an engineerioigtpof view to be familiar with both the Mathematical
techniques involved in Modelling as well as the Softwardg@vailable in order to implement these techniques.

Amongst the numerous mathematical tools available in a@describe the real complex systems we will focused
on these using mostly Ordinary Differential Equations eifesome representation can use Partial Differential
Equation.

Regarding the Software tools a particular attention willdeelicated to the ones able to be used in order to solve
such type of Mathematical representation.

The actual research topics we used to developp will coverge I&ld of systems, such as communications systems,
and systems deriving from Life Sciences, like musculareaystor cell systems.

For example the work developed with D. Samoita and the psofeé Hamam is widely dedicated to the modelling of
communication network in order to nd an algorithm able teaognize and locate a speci ed cell phone in order to assist
disabled people. The model developed under MatLab/Sitkylérmit the evaluation of the positioning error just using
GSM network data.

The work developed with our Venezuelan colleagues Dr. RaclieProf. Delgado and Lamanna is radically different.
In this case we are dealing with a model for heart's cells@sentation. This model based on non-linear differential
equations is mostly used in order to test the pharmacolbgftects of drugs at cellular level. This work was launched
for an INSERM team of biologist leaded by Dr. Pecker.
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Publications: book chapter [4], journal article [69], conference art&[@65, 223].
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Signal analysis and machine learning

Lead: T. Al-ani. Permanent member3. Al-ani, Y. Hamam. Associated researcherX. Drouot, A. H. Khandoker,
Y. Monacelli, D. Novak. PhD. studentsS. Helmy, D. Trad.

Our research involve elds of signal processing, lineandimear signal analysis, applied probability, patteroagni-
tion, information theory, machine learning and arti ciatélligence. These elds are all of relevance to many agpitns.
Probabilistic and statistical methods suchHidden Markov model§HMMs), in particular, are central to our research,
providing both a sound theoretical basis and a practicaléwork for developing useful data analysis algorithms.

In dynamic process modelling, many applications requifdaing only the data delivered by the process. This ndeess
tate convergence of approaches based on signal proceksowgedge and Machine learning.
Our main results in 2008-2009 are related to three sub-tekeme

1. Linear/non-linear signal analysis in modeling and idleation of biomedical processes.
With Dr. X. Drouot (APHP, Hépital Henri Mondor-France), weeadeveloping a new non-linear processing and
analysis approaches usiignpirical Mode DecompositiofEMD) and Detrended Fluctuation Analys(®FA) for
automatic diagnosis of Idiopathic Hypersomnia based octrelencephalogram (EEG) records.

2. Machine learning in modelling of dynamic processes.
With A. H. Khandoker (University of Melbourne), we have siedithe automatic recognition of obstructive sleep
apnea syndrome using power spectral analysis of electtimggaam and hidden Markov models.
With D. Novak (Czech Technical University in Prague), we éaatudied the automatic sleep scoring using non-
linear methods such d3FA andHeart Rate Variability(HRV) analysis. All these methods are based on analysis
of a Tachogram of a given electrocardiogram (ECG) signahtiie-spaces formed using these two methods were
used as input to Arti cial Neural Network (ANN) for automatic scoring.
With E. Monacelli (LISV-UVSQ) we develop a machine learnigygproach in the eld of handicap.
With Y. Hamam, we developed a new algorithm for training iddVarkov models usingimulated annealing
approach.

3. Brain-computer interface for assistance to persons wititor disabilities. We currently developing a new ac-
tivity that enhances collaboration between LISV-UVSQ amd Department. This activity relates to the eld of
Brain-Computeinterface BCI) for assistance to persons with motor disabilities. In tdatext, and with the col-
laboration of our Department, S. Helmy prepare a PhD thegisly with the University of Minou ya - Egypt and
Dalila Trad (Tunisia-Sfax) prepare a PhD thesis jointlyhit SV-UVSQ.
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Publications: conference papers [135, 136, 133, 134, 204].
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Aspect-based methodology and model-driven tool for real-time embedded
system design

Lead:R. Hamouche Permanent memberk. Hamouche, R. Kocik Associated researchdf. Perko.

Real-time embedded control system (RTECS) design follosusally a V-process composed of three major steps:
system control analysis (control law design), system spatodn (software design) and real-time implementatiossis
and scheduling). Each step produces speci ¢ model desthielomain-oriented actors (control, software, real-time
with their proper methods, languages, models of computatial tools. The produced models along the design process
are consequently heteregeneous, which introduces laak@nsistency in this process and disconnected design steps.
this context, our contribution is a design methodology farrhonization of these heterogeneous models. This design
methodology allows us to handle model transformation cexipes, improve consistency between control design and
its implementation, and reduce the design cost. This melbgg de nes a multi-facets design approach, each facet
corresponds to the process design step. The methodologgéslimainly on :

the model-driven approachwhich evolutes the RTECS development process from a cklsside-oriented devel-
opment to a model-driven development(MDD) where the codetismatically generated. This approach introduces
the metamodel concept which is a description pattern thatuocas concepts used in system models. The proposed
metamodel de nes an uni ed terminology and semantics faefadescriptions, and enables to share information
without having to duplicate it. It also guarantees modelsistency in the earlier stages of design: each change in
facet description updates another one.

the aspect-based approackvhich addresses the separation of functional and extretitumal parts in an applica-
tion development, in order to avoid the usual interweaviatyeen those parts. At design level, aspects are de ned
as extra-functional entities which can be applied to thet&m a transversal way. Designers are encouraged to
describe system facets in a functional way and then to apgha-€unctional updates to the design in a global
and consistent manner. An aspect may then crosscut muléipéts of the system in order to affect the system
behaviour, change its semantic or its performance.

We implement this methodology in a tool called MoDEST (MeBeiven Embedded System design Tool). It allows
designers to perform automatic model transformations ade generation, and to choose the best scheduling polity tha
preserves the control performance and the quality of thegyded RTECS.

Model Driven Embedded System Design methodology, the MoD©8sI

Publications: conference article [231].
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Bandwidth management and control in next generation networks

Lead:L. Zitoune. Permanent memberk: Zitoune. Associated researche¥: Véque. PhD. studentsA. Hamdi.

The integration of critical applications, like multimediad grid computing applications, within IP-based networks
has stressed the need for both Quality of Service architestand effective traf ¢ control mechanisms. Performance
guarantee in terms of loss, delay and jitter is a criticalyem of the next generation networks. It involves a reactive
control policy which adapts the traf ¢ ows to the networkage variations.

The objective of our work is to propose solutions for reseuatiocation and service guarantees in future networks.
Our main contribution is the reactive control and the dyrmaragulation using purely control theoretic approachestvhi
stabilize the network and avoid undesirable oscillatiangtie transmission of critical ows.

Our main results in 2008 2009 are :

the validation of the approaches on an MPLS (Multi-Protdcabel Switching) framework to perform both an
end-to-end control and an ingress nodes control.

the application of dynamic bandwidth monitoring with ow ool functionality, to enforce services of intensive
data-passing grid applications described using Dynami#sSiver IP networks. In grid computing, the application
services are described using SLAs (Service level Agreembmthis context, most of the SLA management systems
focus on static SLAs, where the guarantee terms are de nedrastants or bounds. None of them support dynamic
SLAs based on analytical expressions.

the participation to CARRIOCAS project (Calcul Réparti Réseau Internet Optique a Capacité Surmultipliée) of
the SYSTEM@TIC PARIS-REGION Cluster (last year of the pectje

lllustration of the ef ciency of our controller to track theervice description of critical ows. This controller is
implemented as a new Active Queue Management, and is basedamlinear approach of theoretical control named
atness based trajectory tracking.

Publications: journal article [76], conference articles [237, 238, 16671
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Camera assisted measurement and control

|

Lead:A. Finkelstein. Permanent membersi. Couprie, A. Finkelstein, Y. Hamam, H. Talbot. Associated researchers:
Y. Benmebarak, T. Cynober, A. Fakri, L. Garcon, R. Kokode, F.Kuypers, S. Topcu Students:B. Babakwanza,
F. Bessy, E. Desjardins, M. Pellegrin, O. Tankyevych

In the framework of a research contract with Bicétre hospita produced an Ektacytometer based on existing me-
chanics of a thirty years old apparatus. In order to meagdaelood cell deformability, we used a transparent viscesim
with a helium-neon laser source and measured the diffragti@ge. The original optical sensors were replaced by a cam-
era connected to a PC. This last carries out the image piiagesisthe diffraction image. The original electronic boasd
replaced by an ARM microcontroller board measuring the danityg and the temperature and controlling the peristaltic
pump, the mixing motor, the two electromagnetic valves al agethe number of revolutions of the viscosimeter. The
original keyboard and the digital display panel are replbg a PC equipped with a User interface and the tracer is
replaced by a printer. The PC is connected to the camera ytaE 1394b interface and to the control board by the serial
port. The program also takes care of the treatment and thege®f results.

We proposed and set up a device allowing the simultaneousureraent of the old method (optical sensors) and the
new method (camera with image processing). We used a sepppsism which breaks up the image of diffraction into
two. This device allowed us to compare the precision of outhod The PC was connected on the one hand to the
camera and on the other hand to the quadrant detector viattieotcard carrying out acquisitions. The deformability
determined by the image processing (green graph) was cehpath that measured by the quadrant detector (red graph)
of the original machine. We obtained both curves on one graph

Contrary to our expectations the results with the camera&wet satisfactory. The main problem was bad repeatability.
We tried several image processing algorithms but all of tigawe inferior results to those obtained by the four quadrant
detector. There are several possible reasons: The cansetadhaany variables: gain, iris size, exposure time, selecf
points on the image, sensitivity to saturation etc. Theasitun was even worse for some pathology with non homogenous
blood cell populations. We decided to go ahead with valadetésts Using the quadrant detector. We conducted valiuati
tests in parallel on two machines: the new setup and the tfedrs old machine. We used several dozens of blood samples
of both healthy and sick subjects. The new machine is nowériughe Bicétre hospital.

Outcome: research contract with Hopital Bicétre, Paris.
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Energy management algorithms for hybrid electric vehicle system

Lead: A. Reama Permanent memberg. Cela, Y. Hamam, A. Reama Post-Doc. studentsyang Bin, Fateh Me-
hazzem, Prasid Syam

During the last decades, the systems of electric tractamsfort are becoming an attractive solution for envirorimen
friendly transportation, and suitable for commercial adnéstic use. Nevertheless, pure electric vehicles sti# et
achieved ranges as good as gas powered vehicles, due tomtenéogy density and speci ¢ energy contained in most
electric batteries compared to that of gasoline. The appearof some new technologies, such as Super Capacitors (SC)
has become an attractive alternative storage device farakespplications. It is an electrical energy device witghi
power density, high expected reliability and expressesrtemperature stability than other energy storage devidass,
it looks as the most appropriate source in combination witteloenergy supplies like batteries, fuel cells, etc. Hybri
Electric Vehicle (HEV) system is based on combining commbsevith high energy density (batteries) as a primary
energy source and others with high power density (SC) asnsecy energy/power source. On the other hand, by the
rapid development of GPS, GIS and INTERNET, there is a nevogén the development of HEV system, which extends
the connection between the HEV system and the informatidrabt and route surrounds it. The information will be
obtained actively, and fed back to control system.

Therefore, the essential technology in hybrid power systento develop a power management algorithm to control
the power distribution of multiple sources in consideratad look ahead information. Generally, the control aldamit
will be divided into: the instantaneous optimization aifun and the global optimization algorithm. Since uncoaisted
by speci ¢ driving cycle and easy to realize, the instantarseoptimal control strategy has been widely used in hybrid
power systems.

Ef ciency optimization in electrical machine and assoettnverter is also concerned with the minimization of lesse
in motor operation. Therefore, a method providing an optimmatio of torque and current for maximum ef ciency has
been proposed.

Moreover, the improvement of such system requires implaimgmobust algorithms regarding the parametric vari-
ations. In this context, several algorithms based on the&k&apping Control approach as well as algorithms for the
identi cation and observation have been developed, bygisgchnics of Sliding Mode Control, and Model Reference
Adaptive System.

Publications: journal articles [38, 75], conference articles [162, 16841235, 236, 213].
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Model-driven methodology for control and real-time software co-design

Lead:R. Kocik. Permanent member¥: Abdeddaim, R. Hamouche, R. Kocik Associated researchdf. Perko.

Designing real-time embedded control systems (RTECS)stémtbe more and more dif cult due to the strong cost
constraints and the growing complexity of the used softveaue hardware components. Designing these systems follows
usually a V-process. Several actors belonging to diffedembains (control theory, signal processing, real-timéveare,

...) are involved. They use domain-oriented methods, laggs and tools. Therefore, produced models at the different
steps are heterogeneous. This heterogeneity introduck®faonsistency in the system design and leads usually to a
disconnected design process where translations betweesteths are needed. These translations are error-pronedeeca
they are usually performed manually by engineers. Thusecting these errors needs numerous backtracks (redagati

of V-cycle) in the design process, which lengthens the adffigrcycle and time to market. Furthermore, the incoresisy

of models may affect the implementation of the control syshs disturbing its stability and reducing its performance.

In order to reduce backtracking and obtain a real-time imgletation with good control performances we propose
two complementary design approach.

The rst is based on the extension of control simulation medéhe goal is to allow control engineer to validate
the control laws with more accurate simulations taking extoount jitter and delays produced by the real-time exenuti
(scheduling, communications,...). This implies to be d@bleonsistency transform graphs and modelize real-timedch
ules and communications. The second consist in de ning neveduling policy taking into account latency and jitter
constraints which can be given by control engineers. Seweags can be exploited to de ne these algorithms; Transla-
tions of the control real-time constraints to relevant +t@le execution constraints in order to in uence the scHiedu
made by classical algorithms. Time constraints can alsadesiated into time intervals and then treated with timed
automata theory. New algorithms taking into account therobtime constraints as a scheduling criterion can also be
de ned.

The results of these research topics are exploited in awleséghodology based on a common metamodel that uni es
the design steps and ensures the consistency of modelstadgsign cycle. It uses an approach based, in one side, on
the software components that increase models reusaluilface the increasing complexity of RTECS; in the other side,
on the aspect-oriented paradigm that allows to model rea@ fproperties to support models analysis and validation in
the earliest steps of the design cycle. A tool called MoDESpléements this methodology and provides real-time code
generation. It should help designers to choose the bestigtihg that preserves the control performance and quafity o
the designed RTECS.

Control and Real-time Co-design in the MoDEST tool

Publications: conference articles [158, 232].
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Optimal real-time control and scheduling of networked embedded conbl
system

|

Lead: A. Cela. Permanent member#A. Cela, A. Reama Associated researcher§.-l. Niculescu, M. Ben Gaid,
X.-G. Li. PhD. studentsP. Roy.

One of the main challenges in the control of Networked Embédddontrol System (NECS) is their modelling and
design of their control laws. Consider the dynamics doulslieire, continuous and discrete and modelled by a Hybrid
Dynamic Systems becomes necessary. Choosing the righbfayenularity of modelling is of paramount importance to
make the design and validation of control laws more realestid achievable. It is necessary to stress that the assimapti
of an ideal control, with periodic sampling and in nite regaes, is no longer valid. Thus, we need to design and
synthesize new control laws under the constraints of lidhigsources such as computation time and/or the limitations
of network bandwidth. An extremely important aspect of ttisdy is the model of computation and communication
between the various subsystems (nodes) constituting tt@S\NEhe calculation model is related to the scheduling of
tasks in each node, while the communication model repreghatmechanism for information exchange between nodes.
In this context, | drive two parallel research activities.

The design of NECS constrained in computing power and conration capabilities led us to propose new algo-
rithms for scheduling periodic tasks and communicationgages between tasks. This phase is extremely important, but
it is based on off-line NECS models, and therefore does noespond completely to reality applications. Delays in
communication between nodes, as well as variations in ctatipa time of tasks in each node, may dramatically change
the performance of these systems and, moreover, make thstablen We have identi ed three generic problems which
include different con gurations. At rst we analyse theitability with respect to the delay induced by scheduling of
control tasks or node communications (sensors and actusigmals). The results obtained show that it is possible to
relax the temporal constraints on stability of these systemhich provides scheduling algorithms with better uétian
of computing resources and communication bandwidth.

The rate of communications can drastically affect systeabibty. Hence, there is a strong need for understanding
and merging the Control Theory with Communication or Infation Theory. The data rate constraint introduces quan-
tization into the feedback loop whereas the Communicatiocomputational model induces discrete events which are
no more periodic. These two phenomena give the NECS a twafaldre: continuous and discrete, and render them
speci c. In this study we analyze the stability and perfono@ of NECS from information theoretic point of view. For
linear systems, we show how fundamental are the tradeofigdes the communication-rate and control goals, such as
stability, controllability /observability and performees. An integrated approach of control and communicatioiefims
of Shannon Information Rate) of NECS or distributed embddnmtrol systems is studied.

Publications: journal articles [67, 33], conference articles [139, 2086,2207, 206, 210, 211, 212].
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Quiality of service and mobility handling in wireless multiservice 4Gnetworks

Lead: R. Naja. Permanent memberf. Naja. Associated researcherdean-Pierre Claude, Samir Tohmé PRiSM-
University of VersaillesB. Hassan Lebanese University.

The 4G concept support wideband data and services for mob#des roaming across multiple, wireless and wired,
integrated access networks. Basically, the purpose isrobating all the existing heterogeneous wireless netwarnks i
a single, interoperable system, being IP the common protoetwveen the set of underlying radio access and physical
layers. Network selection and ef cient load balancing amgalifferent types of networks would be required to achieve
high-speed connectivity with seamless mobility.

To this end, we orient our efforts towards the area of mabiilandling and resource allocation in wireless 4G networks
and propose a resource allocation mechanism for new anidaldttandover calls based on game theory. The solution of
the games is obtained to maximize the network service pessigro t while satisfying the mobile users.

Our research elds deal as well with the wireless access hicegar networks. We are investigating the issue of
providing a quality of service (QoS) mechanism in the IEER.8Qp networks that is expected to cover the vehicular
networks. In fact, the IEEE standard developed two mechanisr the Hybrid Coordination Function (HCF), besides
the Polling mechanism (PCF): The HCF Contention Access (ED#hd the HCF Controlled Access (HCCA). We are
investigating both mechanisms on the MAC layer in order toagrce the QoS of users having different access categories
(AC).

My research papers are with collaboration of Samir Tohmén<Rierre-Claude, PRiSM-University of Versailles.
| have also a common work with B. Hassan at the Lebanese Uitiyer

Access Categories Contention on the IEEE 802.11p MAC Layer.

Publications: journal article [72], conference articles [160, 234].
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Real-time algorithmic for temporal hardiness

|

Lead: D. Masson Permanent membeD. Masson Associated researcherk: George, S. Midonnet. PhD. student:
F. Fauberteau

Our research interests are in the area of real-time alguoiitiand real-time programming languages.

Real-time algorithmic relies on systems temporal propsréinalysis. Our goal is to provide scheduling algorithms
which grant tasks temporal requirements. The work concutct the LIGM AlgoTR group are about temporal faults
allowance and the gesture of soft real-time aperiodic eveath in mono processor and multiprocessor environments.

One of our main goal is to reduce the complexity of these dlyms in order to use them in speci ¢ contexts such
as the Real-Time Speci cation for Java (RTSJ). We have spétierest with all solutions to improve hardiness and
temporal fault allowance of real-time systems.

The multiprocessor aspects are the topic of the under pgdeeB Thesis of F. Fauberteau, RTSJ concerns and ape-
riodic event handling within this speci cation was the seittj of the PhD Thesis of D. Masson defended on December 8
2008. This thesis studies the algorithmic solutions totjpischeduled soft aperiodic events with hard periodic-teae
tasks, namely the task servers and the slack stealerstalgsri The existing algorithms are adapted in order to aigor
their implementation at a user land level within the RTSd amew algorithm is proposed. This permits the use of these
techniques without need to modify an RTOS nor an RTIJVM.

Our future work concern the generalization of these sohgitm multiprocessor systems and their adaptation and use
in embedded systems with rechargeable energy storage.

Task duplication to limit user land scheduling side effects

Publications: conference articles [126, 127, 125, 242].
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Scheduling algorithms using reachability analysis

Lead:Y. Abdeddaim. Permanent member¥: Abdeddaim. Associated researchefs: Asarin, M. Sighireanu.

This work concerns mainly a real time scheduling approasieté@n model checking techniques. One part of the work
is dedicated to the development of models for real time systeased on the timed automaton model and its extensions,
these models are used to solve scheduling problems anditp teanporal properties of the system. An other part of the
research concerns the development of reachability algostfor timed systems and timed games.

During 2008-2009, we mostly concentrate on solving reaitihagames on timed game automata (TGA). As usual in
the game theory, the main problem for timed games is to sdaretinning strategies that allow the protagonist player (o
the controller) to reach a goal whatever the opponent pléyethe environment) does. Timed game automata are timed
automata in which transitions are decoupled into contitdland uncontrollable transitions. The gure below shows a
example of TGA, uncontrollable transitions are represgnitgng red arrows and the goal is to ensure that the state BAD
is unreachable. To win the timed game, the controller mue the transition from gl to g2 before the clockeaches
the value 3.

In collaboration with E. Asarin and M. Sighireanu, we corsigames played on a special kind of TGA we called task
timed game automata (TTGA), such an automaton is a paralheposition of several communicating TGA called tasks,
where the controller can choose when to start a task and thi@ement can choose the duration of the task. We propose
a fully forward algorithm to solve a nite horizon reachabjl game on TTGA. We represent the produced winning
strategies by a compact data structure called STNU, ouryzexd strategies have the advantage of being very succinct
due to the partial order reduction of independent tasks. NMdavghat the existence of such strategies is an NP-complete
problem. Potential applications of this work are plannind acheduling under temporal uncertainty.

qo <= 4 gl X >3 BAD

g2

Example of TGA represented using the tool Tiga

Publications: conference article [203].
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Information measures

Lead:J.-F. Bercher. Permanent member3:-F. Bercher.

We study some characterizations and interactions betwdemiation measures, with applications. More precisely,
we try to understand the role, and properties of the RényiEsallis entropies, beginning by their importance in the
so-called nonextensive thermostatistics. We have exdulseveral possible rationales for these entropies irsstati
physics. So doing, we have studied more precisely somestitati distributions. We also investigate properties @& th
Fisher information, viewed as an information measure, atehid to consider extented versions of the Fisher infoionati
in a near future. Some applications of this work include armaaed source coding theorem and applications of copulas
to image reconstruction in tomography. Most of the resuksdescribed in [247].

Generalized source codingWe studied escort distributions and Rényi entropy in theedrof source coding [63].
The Campbell source coding theorem relates a generalizedure of length to the Rényi-Tsallis entropy. We showed
that the associated optimal codes can be easily, and @tygtimbtained using considerations on escort-distrdmgi We
also proposed a new family of measure of length involvingodsdistributions, characterized the associated codds an
bounds and pointed out the interplay between standard aodt elstributions.

Entropies derived from Rényi divergence. We studied the solutions of the minimum Rényi divergenceiem,
subject to mean constraints [28]. The Rényi entropy of thénapm distributions can be viewed as a function of the
constraint. This de nes families of entropy functionalstive space of possible expected values. General propefties o
these functionals, including nonnegativity, minimum, eexity, are documented. Their relationships as well as nigale
aspects are documented. Finally, we worked out some speases for the reference meas@e) and recovered in a
limit case some well-known entropies.

Rationales for Tsallis distributions and entropies. Distributions derived from the maximization of Rényi-Tigal
entropy are often called Tsallis' distributions. we shovtledt such distributions can be derived in a standard maximum
entropy setting, for systems with displaced or uctuatirggigibriums [30, 200]. In this setting, the Rényi entropysass
as the underlying entropy. Along the same lines, we undsdlithe case of the K-distributions as a maximum entropy
solution with uctating constraints [27].

Another interest of Tsallis distributions, in many physisgstems, is that they can exhibit heavy-tails and model
power-law phenomena. We noticed that these distributioastable by a statistical normalization operation, and tha
this suggests that they can arise in many contexts if theesystt hand or the measurement device introduces some
threshold [29]. We draw a possible asymptotic connectiath wie solution of maximum entropy: Pickands' extreme
values theorem plays the role of a CLT-like theorem in thistest [131]. These views give possible interpretationslier
ubiquity of Tsallis'distributions in applications and argament in support to the use of Rényi-Tsallis entropie®]12

Fisher information measure. Fisher information is of key importance in estimation thedtralso serves in inference
problems as well as in the interpretation of many physicatpsses. The mean-squared estimation error for the locatio
parameter of a distribution is bounded by the inverse of tishd¥ information associated with this distribution. We
studied minimum Fisher information distributions with atrécted support [65]. More precisely, we studied the peob!
of minimizing the Fisher information in the set of distrilmrts with xed variance de ned on a bounded sub&eof R
or on the positive real line. In this context, we showed thatdolutions of the underlying differential equation can be
expressed in terms of Whittaker functions. Then, we deritedeiplicit expressions of the solutions and investigag# th
behavior. We also characterize the behavior of the minimighdf information as a function of the imposed variance and
re ned the Cramér-Rao inequality.

Image reconstruction with copulas.An important problem in statistics is to determine a joirdglpability distribution
from its marginals and an important problem in Computed Tgraphy (CT) is to reconstruct an image from its projec-
tions. In the bivariate case, the marginal probability dgrfeinctions f1(x) and fo(y) are related to their joint distribution
f(x;y) via horizontal and vertical line integrals. Interestinglljis is also the case of a very limited angle X ray CT
problem wheref (X;y) is an image representing the distribution of the materiabitg andfi(x); f2(y) are the horizontal
and vertical line integrals. The problem of determinif(g;y) from f1(x) and fo(y) is an ill-posed undetermined inverse
problem. In statistics the notion abpulais exactly introduced to characterize all the possibletsmhs to the problem
of reconstructing a bivariate density from its marginats[201, 199], we elaborated on the possible link between opu
and CT.

Publications: journal articles [65, 63, 29, 30, 27, 28], conference a8dR01, 199, 200, 131, 129, 247]. ‘
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Multiple-input and multiple-output radar systems

Lead:P. Jardin. Permanent memberB: Jardin. Associated researches. Middleton, F. Nadal

Multiple-input and multiple-output (MIMO) radar systemseuarrays of transmitting and receiving antennas like
phased array radars but while a phased array transmitsyhégitelated signals which form a beam, MIMO antennas
transmit signals from a diverse set and independence bettheesignals is exploited. These systems can increase the
radar resolution, the number of targets that can be idedtiand the exibility in beampattern design in comparison
with standard phased array radars. In particular they dfferpossibility of sending the transmitted power towards th
directions of multiple targets (Figure 1). To date, mosth# tvork on MIMO radar has been performed assuming the
signals are narrowband. We started our study in septemb@8 B@der this narrowband con guration to familiarize
ourselves with this subject.

However, wideband signals can improve radar resolutiomranother bene ts, and are sometimes unavoidable when
stringent range resolution speci cations must be met. &fme we have proposed a method for extending the MIMO
narrowband model to a wideband model. This method implesrentideband beamformer which includes a Iter on each
channel of the receive array. The new model we derived altbesdaptation of well-known adaptive techniques (Capon,
GLRT) for the target parameter identi cation (DirectionAfrival and re exion coef cientb) (Figure 2). Furthermore we
designed a suboptimal transmit beampattern synthesigitged which can be used in the context of wideband signals
(Figure 1). This technique is derived from the exact expogssf the spatial power distribution involving the CSDM
(Cross-Spectral power Density Matrix).
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Figure 2. Capon and GLRT spectra with an omnidirectional transmitteampattern with narrowband (dashed line) and
wideband (solid line) processing.

Publications: conference article [233].

43



Source separation with applications to telecommunications

|

Lead: A. Chevreuil. Permanent memberg. Chevreuil. Associated researchelP. Chevalier (Thales Communica-
tion), P. Jallon (CEA, Grenoble), P. Loubaton (LabInfo Univ. Paris-Est Marne-la-Vallée).

For almost twenty years, Blind Source Separation (BSS) éafrthe leading topics in statistical signal processing.
Thanks to strong theoretical developments, BSS algorithmmsany situations in various contexts such as biomedical,
acoustics, astronomwgtc. Associated with telecommunication applications, BSS shande potentialities such as the
capability to increase the rates in MIMO systems, deal wiars having differents rates or, in non-cooperative frame-
works, to be a key of spectrum surveillance (passive lisig@niAs a matter of fact, the historical improvements in B8S a
assume strong statistical properties on the sources. ayypithese latter should be jointly independent, non-Geusand
stationary. If the two rst assumptions are quite reasoaabltelecommunication environments, the stationarityags
tion is too far from real contexts. Indeed, the statisticeetdcommunication sources vary, in general, almost parédigt
with time: they are cyclo-stationary. We have hence maiobuted our attention on BSS of independent, non-Gaussian
and cyclo-stationrysources. The ultimate aime was to solve a certain number & @8blems in telecommunication
systems.

A classical, and perhaps naive or inef cient way of achigvthe BSS of cyclo-stationary sources is to estimate the
non-stationary components of the second-order momentseodbserved signals. In the jargon, this is to estimate the
cyclic-frequencies. Indeed, these cyclic frequenciesvnalbne to recast quite directly the well-known BSS algorishm
(designed for stationary data) to algorithms that achie8& B the cyclo-stationary case. The estimation of the cycli
frequencies is standard and has been a subject of a greabfdeahtributions. The estimators in question are general
and apply to all cyclo-stationary contexts. However, a keypprty of signals steming from digital communication -
namely the narrow support of a so-called cyclo-spectrumd-rever been exploited. This consideration proved crucial
in the performance of the estimator we have found out. BesBI8S considerations, our estimator is useful for the
symbol-synchronisation problem.

As a preliminary remark to introduce an other direction afearch, we have noticed that, quite often, the beloved
Constant Modulus Algorithm (CMA) - originaly conceived fstationary data - when fed with cyclo-stationary telecom-
munication data shows remarkably good performance as theaseparation is concerned. This caralgiori surprising
(imposing a constant modulus at the output of a linear systatntries to isolate one source) is not very intuitive, sinc
in general none of the transmitted sources has the propédgrstant modulus). We endeavored to give a theoretical
foundation for the ability of the CMA to be a good candidateB&S of cyclo-stationary data. If the proof of convergence
of the CMA to a proper separator is quite easy when the datatatmnary, it is remarkable that the proof for cyclo-
stationary sources is more demanding. [déetly succeededh showing the separability result. Even after industrious
research, some cases remain unclear and are still opereprsblperhaps never to be solved (we hope not).

The BSS problems are usually weighted with the adjeciivemntaneousr convolutivein the rst case, this means
that the mixing system is linear withtout memory (this tsrrav-band signals) while the second-case is concerned with
mixing systems that are lters (this ts high-rate systenwrtipted by multi-path propagation). Our research on theACM
applied to convolutive systems (and hence to instantane®asparticular case). Relatively often, systems corrupyed
multi-paths show the speci city that the channels have stipdar a structurei.e. the impulse responses are specular.
It is uneasy to take advantage of thigriori in the CMA. On the other hand, the specularity can be entiiahgn into
account by considering any of the paths as sources. This givénstantaneous structure to the separation problem, in
which the sources are approximatly independent. With P&3oevalier, we wrote a chapter of a book devoted to this
question that had not been addressed before : when shouldlative methods be used rather than instantaneous ones?
No de nitive answer can be given, since we show that the perémce of the algorithms highly depend on the parameters
of the transmission.

Publications: journal articles [32, 93], book chapters [13, 14], conferarticle [132].
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PhD SUPERVISION

Completed theses:

Cédric Allene, “Paradigmes de segmentation de graphe : amigons et applications en traitement d'images”,
February 2009. Jury: L. Cohen, F. Meyer, N. Paragios, Prailer, R. Keriven (advisor), M. Couprie (co-advisor).

Mohamed Boubaker, “Implantation matérielle d'architeegidédiées au traitement des signaux physiologiques en
temps réel et adaptables a la variation de I'environnemeidactionnement (Dans le cadre d'AAA/SynDEXx-IC)”,
October 2009. Jury: S. Weber, N. Masmoudi, K. Besbes, M. @&kitadvisor), H. Bedoui (advisor).

Patrice Bouvier, “La présence en réalité virtuelle, unerappe centrée utilisateur’, December 2009. Jury:
D. Mestre, J. Tisseau, C. Jacquemin, |. Viaud-Delmon, GtrBed (advisor), V. Biri (co-advisor).

Emilie Charrier, “Simpli cation polyédrique optimale poie rendu”, December 2009. Jury: G. Bertrand, V. Berthé,
R. Malgouyres, J.-O. Lachaud, D. Coeurjolly, L. Buzer (adv).

David Menotti-Gomes, “Amélioration du contraste des immgamériques par égalisation d'histogrammes”, June
2008. Jury: S. Philipp-Foliguet, J. Facon, A. De Albuquexdu Najman (advisor).

Harold Phelipeau, “Méthodes et Algorithmes de Dématricagele Filtrage du Bruit pour la Photographie
Numérique”, April 2009. Jury: J.P. Cocquerez, M. PaindaeoiM. Van Droogenbroeck, S. Bara, T. Bernard,
M. Akil (advisor), H. Talbot (co-advisor).

Prateep Roy, “Analyse et Conception de la Commande desr8gstEmbarqués Distribués sous Contraintes de
Communication”, December 2009. Jury: M. Staroswiecki, kmlrov, G. Blanchet, C. lonete, Y. Hamam (advi-
sor), A. Cela (co-advisor).

Rachida Saouli, “Equilibrage de charge et heuristiquesl@eement/ordonnancement dans les systémes distribués
hétérogenes (dans le cadre de la méthodologie AAA et SynDEigrch 2008. Jury: M. Bettaz, M.T. Laskri,
N. Badache, N. Djedi, F. Cherif, M. Akil (co-advisor), A. Heir(advisor).

Francois De Sorbier De Pougnadoresse, “Approches visugiteir I'amélioration de la présence en réalité
virtuelle”, November 2008. Jury: Y. Remion, J.P. JesselM@reau, A. Lecuyer, G. Bertrand (advisor), V. Biri
(co-advisor).

Fadi Yaacoub, “Développement d'outils de réalité virtagbour I'enseignement de la chirurgie arthroscopique”,
November 2008. Jury: F. Ben Ouezdou, K. Djouani, G. BertrahdColle, A. Gilbert, A. Abche, Y. Hamam
(advisor).

Ongoing theses:

Salah Helmy Abd Alla, since February 2007. “Dynamic Systeanitol Based on Brain Computer Interface”.
Advisor Y. Hamam. Co-advisor: T. Al-ani. Source of fundiriggyptian government.

Jan Bartovsky, since October 2009. “Architecture des systeembarqués pour vision”. Advisor: M. Akil. Co-
advisors: E. Dokladalova, V. Georgiev. International joifh.D with West Bohemia University, Pilsen, Czech
Republic.

Moad Benikinouar, since September 2006. “Méthodologieateeption et d'implantation d'applications de dé-
tection de visages sur architecture paralléle et recorable mono puce”. Advisors: M. Akil, M. Benmohamed.
International joint Ph.D with Université de Constantindgé, Algeria.

Omid Bonakdar Sakhi, since April 2009. “Contextual segragah of document images using greylevel texture
analysis”. Advisor: L. Najman. Co-advisor: X. Hilaire. Soe of funding: Council of Seine-Saint-Denis.

Fabrice Boutarel, since October 2008. “Outils de visiongrdinateur appliqués a la vision orthostéréoscopique en
réalité virtuelle”. Advisor: M. Couprie. Co-advisor: V. Bi French research ministry grant.

John Chaussard, since October 2006. “Analyse de forme lmsédes squelettes 3D”. Advisor: M. Couprie.
Co-advisor: G. Bertrand. French research ministry grant.
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Nicolas Combaret, since October 2006. “Méthodes topotogieur l'initialisation de codes de calculs
d'écoulements en milieux poreux”. Advisor: D. Bernard. &dvisor: H. Talbot. Grant of Région Aquitaine
and CNRS.

Camille Couprie, since October 2008. “Analyse de démarcheomtexte forensique”. Advisor: L. Najman. Co-
advisors: H. Talbot, L. Grady. DGA-CNRS grant.

Nadine Dommanget, since October 2009. “Simulation et repolur I'enrichissement de paysages”. Advisor:
M. Couprie. Co-advisor: V. Biri. French research ministraigt.

Yareeb Elloumi, since October 2008. “Estimation de la comsation a haut niveau de conception : proposition
d'une méthodologie et intégration dans AAA/SynDEx-IC”.Vsbr: M. Akil. Co-advisor H. Bédoui. International
joint Ph.D. with Monastir University, Tunisia.

Cyril Faure, since October 2008. “Etude et exploitation'iedact des perturbations temps réel sur des applications
de contréle moteur pour la conception d'une plate forme @é&rion de modeéles en temps-réel sur des architectures
multi-core en vue d'approches Model In the Loop”. Advisor: @ela. Co-advisor: N. Pernet. CIFRE grant with
IFP.

Oussama Feki, since December 2009. “Contribution a I'imfalfion optimisée d'estimateurs de mouvements de la
norme H264 sur plate forme multi composants par extensida dethodologie AAA’". Advisors: N. Masmoudi,
M. Akil. Co-advisor: T. Grandpierre. International joinb®. with ENI Sfax, Tunisia.

Amel Hamdi, since September 2007. “Network Resources Gpdition in Grid Computing”. Advisor: V. Veque.
Co-advisor: L. Zitoune. French research ministry grant.

Anna Jezierska, since October 2009. “Traitement d'imagélderoscopie Confocale par méthodes convexes”.
Advisor: J.-C. Pesquet. Co-advisors: C. Chaux, H. Talbotr& of funding: ANR project DIAMOND.

Ramzi Mahmoudi, since September 2008. “Imagerie temps:r@alallélisation d'algorithmes sur Plate-forme
multi-processeurs”. Advisor: M. Akil. French research ratry grant.

Laszlo Marak, since October 2008. “Méthodes continuesal@hent optimales pour I'analyse d'image”. Advisor:
L. Najman. Co-advisor: H. Talbot. French research minigtgnt.

Petr Matas, since October 2007. “Architecture of adaptasiensor”. Advisor: M. Akil. Co-advisors: E. Dok-
ladalova, M. Poupa. International joint Ph.D with Univéysif West Bohemia University, Pilsen, Czech Republic.
Source of funding: French government.

Loic Mazo, since October 2008. “Topologie discréte dansneges de labels”. Advisor: C. Ronse. Co-advisors:
M. Couprie, N. Passat.

Nicolas Ngan, since January 2008. “Vision embarquée et $er@pl : étude et conception d'une architecture
recon gurable multitraitement avec contrainte de scdiaji Advisor: M. Akil. Co-advisors: E. Dokladalova,
F. Contou-Carrére. CIFRE grant with Sagem Défense.

Michal Postolski, since October 2009. “Airway tree segmaéioh from CT scans”. Advisor: M. Couprie. Co-
advisors: D. Sankowski, M. Janaszewski. Internationaitjéih.D with Technical University of Lodz, Poland.
Source of funding: French government.

Benjamin Raynal, since October 2007. “Applications de [aotogie discrete et de la morphologie mathématique
aux environnements virtuels”. Advisor: M. Couprie. Co-avs: V. Biri, V. Nozick. French research ministry
grant.

Olena Tankyevych, since November 2006. “Filtrage et segatiem des objets ns. Applications en imagerie
médicale”. Advisor: G. Bertrand. Co-advisors: H. TalbatD@kladal. Sources of funding: CNRS-DGI grant,
CMM-Armines.

Yohan Thibault, since November 2006. “Géométrie discretar e vision par ordinateur”. Advisor: M. Couprie.
Co-advisor: Y. Kenmochi. Grant of Région lle de France.

Dalila Trad, since May 2008. “Brain-computer interface -pAipation to handicapped persons”. Advisor: S. De-
laplace. Co-advisor: T. Al-ani. International joint Ph\lith Sfax University.
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SCIENTIFIC COMMUNITY INVOLVMENT

(Co-)Organization of conferences or workshops

1st Conference on 3D-Imaging of Materials and Systems. edaptr 8-12, 2008, Carcans-Maubuisson, France
(H. Talbot)

17th International Conference on Real-Time and Networke3ys. October 26-27, 2009, Paris, France (D. Masson)

4th Workshop AMINA, Session: “Parallélisme et architeetur November 13-15, 2008, Monastir, Tunisia
(M. Akil)

Summer school STIC'2008. July 14-20, 2008, Sousse, Tu(lisigAkil)
Second workshop sur la cohérence des données en univers.répae 23, 2008, Lyon, France (D. Masson)

Troisieme workshop sur la cohérence des données en uniépestic September 11, 2009, Toulouse, France
(D. Masson)

Editorial management

M. AKkil is associate editor fodournal of Real-time Image Processing
M. Couprie is associate editor f@attern Recognition Letters

F. Rocaries is associate editor f8imulation Practice and Theory

H. Talbot is associate editor ftmage Analysis and Stereology

Participation to committees of scienti ¢ conferences

3DIMS: Conference on 3D-Imaging of Materials and SystemsQiuprie, H. Talbot)
ACIVS: Advanced Concepts for Intelligent Vision Systems TllIbot)

AH-ICI: Asian Himalayas International Conference on In&tr(R. Naja)

CTIC: Workshop on Computational Topology in Image Conté&tBertrand, M. Couprie)
DGCI: Discrete Geometry for Computer Imagery (M. CouprieK¥nmochi)

EIC: IS&T and SPIE Electronic Imaging Conference (M. Akil)

ICPR: International Conference on Pattern RecognitiorK@hmochi)

IFAC WORKSHOP PdeS (A. Cela)

ISMM: International Symposium on Mathematical Morphold@ Bertrand, M. Couprie, J. Cousty, L. Najman, J.
Serra, H. Talbot)

ISSNIP-HRC: Symposium on Pervasive Sensing and Computingléalthcare in Remote Communities (T. Al-
Ani)

IVCNZ: International Conference on Image and Vision Conmmy{Y. Kenmochi)

IWCIA: Int. Workshop on Combinatorial Image Analysis (G. Band, M. Couprie, Y. Kenmochi)
JRWRTC: Junior Researcher Workshop on Real-Time Compubn{lasson)

MIRU: Meeting on Image Recognition and Understanding (Yhikechi)

PSIVT: Paci c-Rim Symposium on Image and Video Technologyi{enmochi)

RTIVPC: Real-Time Image and Video Processing ConferenceA()

VTP: International Workshop on Vehicular Technologies &ndtocols (R. Naja)

WOCN: International Conference on Wireless and Optical @amications Networks (R. Naja)

47



Evaluation of articles for journals

ASME Journal of Dynamic Systems, Measurement and Contrd\IcAni)
Computer Graphics (Y. Kenmochi)

Computer Vision and Image Understanding (D. Aiger, H. Tglbo
Computers & Graphics (D. Aiger)

Control and Intelligent Systems (T. Al-Ani)

Electronics Letter (J.-F. Bercher)

Entropy (J.-F. Bercher)

EURASIP Journal on Embedded Systems (M. Akil)

European Journal of Control (A. Cela)

European Journal of Operational Research (T. Al-Ani)

IEEE transactions on Automatic Control (A. Cela)

IEEE transactions on Computers (A. Cela)

IEEE transactions on Control System Technologie (A. Cela)
IEEE transactions on Image Processing (L. Najman, H. Talbot

IEEE transactions on Pattern Analysis and Machine Intigg (G. Bertrand, M. Couprie, Y. Kenmochi, L. Naj-
man, H. Talbot)

IEEE transactions on Systems, Man and Cybernetics (T. AJ-An

IEEE transactions on Signal Processing (J.-F. Bercher)

Information Processing Letters (D. Aiger)

International Journal of Systems Science (T. Al-Ani)

Journal of Electronic Imaging (M. Couprie)

Journal of Logic and Algebraic Programming (Y. Abdeddaim)

Journal of Mathematical Imaging and Vision (G. Bertrand,@duprie, L. Najman, H. Talbot)
Journal of Medical & Biological Engineering & Computing @&l-Ani)

Journal of Microscopy (H. Talbot)

Journal of the Institute of Electronics, Information andn@ounication Engineers (Y. Kenmochi)
Order (H. Talbot)

Pattern Recognition (X. Hilaire, Y. Kenmochi)

Pattern Recognition Letters (T. Al-Ani, G. Bertrand, M. Qoie, J. Cousty, X. Hilaire, H. Talbot)
Physica A (J.-F. Bercher)

Physics Letters A (J.-F. Bercher)

SIAM Journal on Imaging Sciences (H. Talbot)

Signal Processing (J.-F. Bercher)

Simulation Practice and Theory (T. Al-Ani)

Technique et Science Informatiques (L. Zitoune)
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Awards

Jean Serra received in 2008 the “Technical Achievement éizafrthe European Association for Signal Processing
(EURASIP), “in recognition of his fundamental contribut®to the fundation of mathematical morphology and its
applications in signal and image processing”

John Chaussard received the “Best student paper awardé aithference IWCIA2009

Jean Cousty was awarded by the “Mention spéciale AFRIF 268 8iis PhD thesis

Rola Naja was elected Young Af liate “Excellent Young Sciisti’ by the TWAS academy in 2008
Yohan Thibault received the “Best student paper award” efabnference IWCIA2008

Invited conferences

J.-F. Bercher, “Possible rationales for Rényi-Tsallisr@my maximization”, International Workshop on Applied
Probabilities, Université de Technologie de Compiegnanée, July 2008

R. Naja, “Towards Fourth Generation of Networks”, TWAS niegt- Academy of science, Mexico, November
2008

H. Talbot, “Graph Cuts and Related Discrete or Continuousrpation Problems”, Institute of Pure and Applied
Mathematics, UCLA, USA, February 2008

Other activities

M. Akil participates to the BRAFITEC corporation prograntudents exchanging between UFMG, Brazil and
ESIEE Engineering)

M. Akil was the head of the “GIS Aménagement Virtuel” (200363)

M. Akil is the dean of ESIEE-Engineering

G. Bertrand is the head of the A3SI group of Laboratoire dimiatique Gaspard-Monge (Université Paris-Est)
G. Bertrand is the head of the Computer Science DepartmdbbiEE-Paris

A. Cela is the head of the Embedded Systems Department oft=BéEis

M. Couprie is an elected member of the council of Laboratdileformatique Gaspard-Monge

M. Couprie is adjunct director of the doctoral school ED-MSTUniversité Paris-Est)

Y. Hamam is the scienti c director the French South Africaistitute of Technology (F'SATI)

R. Naja is consultant/expert at the Chambre de Commerasdabitrie et d'Agriculture de Tripoli-Liban (CCIAT)
F. Rocaries is the director the French South African Institf Technology (F'SATI)
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COOPERATIONS

International

Australia; Commonwealth Scienti ¢ and Industrial Reséa@rganisation, Pascal Vallotton, medical image analy-
sis (H. Talbot)

Australia: Commonwealth Scienti ¢ and Industrial Resdm@rganisation, Oscar Acosta and Olivier Salvado, 3D
brain image analysis (M. Couprie)

Australia: University of Melbourne (Department of Electl and Electronic Engineering), A. H. Khandoker, auto-
matic sleep apnea analysis (T. Al-Ani)

Australia: Charles Sturt University in Albury (School of @munity Health), H. Jelinek, ECG analysis (T. Al-Ani)
Belgium: Université de Liege, Marc Van Droogenbroeck, naatlatical morphology (H. Talbot)
Brazil: Campinas University, Roberto Lotufo, mathemdtimarphology and image analysis (M. Couprie)

Czech Republic: University of West Bohemia in Pilsen, V. @@y and M. Poupa, embedded systems for vision
(E. Dokladalova)

Czech Republic: Brno university of technology, A. Heroutlak Meduna, embedded systems for vision (E. Dok-
ladalova)

Czech Republic: Czech Technical University in Prague (tBerdaboratory), D. Novak, automatic sleep and sleep
apnea analysis (T. Al-Ani)

Egypt: Menou a University (Department of Industrial Eleshics and control), E. El-madbouly, brain-computer
interface for assistance to disabeled personnes (T. AJ-Ani

Israel: Tel-Aviv University, Daniel Cohen-Or, applicati® of geometric matching in computer graphics (D. Aiger)

Japan: Chiba University, Atsushi Imiya, description oftsgdanformations by digital geometry approach (Y. Ken-
mochi)

Japan: National Institute of Informatics, Akihiro Sugiraptligital geometry for computer vision (Y. Kenmochi)

Japan: Tokyo University of Agriculture and Technology, kkuShimizu, digital geometry for computer vision
(Y. Kenmochi)

Japan: Japan Institute of Science and Technology, Kaz#mtaini and Junko Izawa, tree structure extraction and
analysis of vascular images (Y. Kenmochi)

Lebanon: Balamand University, Antoine Abche, virtual astopy (Y. Hamam)

Poland: Lodz Technical University, Marcin Janaszewski Bruaninik Sankowski, 3D materials image analysis
(M. Couprie)

Slovenia: University of Ljubljana, Andrej Zemva, designtimadology for recon gurable and dedicated architec-
tures (M. Akil)

South Africa: F'SATI and Tschwane University of Technolody.J. Van Wyk, modelling and optimisation
(Y. Hamam, F. Rocaries)

Tunisia: Faculty of medicine of Monastir, Mohamed Hédi Béiddesign of dedicated system for medical applica-
tions (M. Akil)

Tunisia: Tunis University (UTIC), M. Jemni, brain-compuieterface for assistance to disabeled personnes (T. Al-
Ani)

United Kingdom: University College London, Sebastien @linrs medical image analysis (H. Talbot)
USA: University of Texas at Dallas, Nasser Kehtarnavad,tieee image processing and dedicated implementation
(M. Akil)
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USA: University of California (The Henry Samueli School ofiineering), Jean-Luc Gaudiot, parallel program-
ming and multi-core/ multi thread architectures (M. Akil)

USA: Children's Hospital Oakland Research Institute, Fypers, biomedical aspects of ektacytometry (A. Finkel-
stein)

USA: Siemens Corporate Research Princeton, Leo Gradynagatiion (L. Najman, H. Talbot)
USA: Google Inc, Luc Vincent, mathematical morphology (llbot)

In France

Ecole des Mines-Paritech (CMM), P. Dokladal, morpholobadgorithms (E. Dokladalova, H. Talbot)
General Electric Healthcare, Regis Vaillant, medical imagalysis (L. Najman, H. Talbot)

Hépital Bicétre - Paris, M. Raphaél, T. Cynober, L. GarconKBkodé, Y. Benmebarek, medical aspects of ekta-
cytometry (A. Finkelstein)

Hopital Henri Mondor (Laboratoire du Sommeil, Service deg/$tblogie - Explorations Fonctionnelles), X. Drout,
J-P. Lefaucheur, EEG analysis (T. Al-Ani)

INPG Grenoble, Jocelyn Chanussot, mathematical morpldldgTalbot)
INRIA-Rocquencourt (Scilab group), R. Nikoukhah, F. Dedeque, Scilab toolboxes development. (T. Al-Ani)

Institut de Chimie de la Matiere Condensée de Bordeaux, Digmé Bernard, materials science (M. Couprie,
H. Talbot)

Sano Toulouse, Keith Neil, biological image analysis (Hhldot)
Université de Lille, Nicolas Burlion, Djimedo Kondo, JianBhao, materials science (H. Talbot, M. Couprie)

Université Paris Diderot (LIAFA), M. Sighireanu and E. Asarreachability games on timed game automata
(Y. Abdeddaim)

Université Paris-Sud (LSS), Christophe Vignat, inforraattheory (J.-F. Bercher)

Université de Poitiers (SIC-XLIM), Laurent Fuchs and Erindkes, discrete rotations by using geometric algebras
(Y. Kenmochi)

Université de Strasbourg, Ovidiu Ersen, microscopy andateinology (H. Talbot)

Université de Strasbourg (LSIIT), Christian Ronse and NisdPassat, discrete topology and mathematical mor-
phology (G. Bertrand, M. Couprie, H. Talbot)

Université de Versailles Saint Quentin (LISV), E. Monaetiodeling for assistance to disabeled personnes (T. Al-
Ani)

Université de Versailles Saint Quentin (LISV), S. Topcuticgd and Laser aspects of ektacytometry (A. Finkelstein)

Université de Versailles Saint Quentin (PRiSM), Jean+Bi€@aude and Samir Tohme, wireless multiservice 4G
networks (R. Naja)
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CONTRACTS AND FUNDED PROJECTS

|

ANR DIAMOND (2009-2012): “Déconvolution d'Images Augméms en Microscopie Optique N Dimensions”,
with INRIA, INRA, Univ. Haute Alsace (Mulhouse) and InstitBasteur (H. Talbot)

ANR MICROFISS (2006-2010): “Etude expérimentale et mailon MICROmécanique de la FISSuration des
matériaux cimentaires”, with CNRS Bordeaux and Univerdid.ille (H. Talbot, M. Couprie)

ANR SURF (2005-2009): “Etude des surfaces minimales”, @&PC, EPC and CEREMADE (H. Talbot, M. Cou-
prie)

CAPES-COFECUB (2008-2011): “Prédicteurs multigéniques iéponses aux chimiothérapies é-opératoires pour
le cancer du sein”, with UFMG, INSERM, Paris12 (A. Cela, Rid\écz)

DEMAT-FACTORY (2008-2011): “Image document analysis”"tmCNAM, LIP6, A2IA, Banctec, Temis, SAFIG
(leader), and Syllabs (coordinator). (X. Hilaire, L. Najma

DOUBLE DEGREE (2009-2011): “Student exchanges and préiparaf a double diploma”, with University of
West Bohemia, Pilsen Czech republic (E. Dokladalova)

EKTA (2006-2011): “Improvements of an Ektacytometer”,m@HU Bicétre (A. Finkelstein)

FRANCE-COREE (2009-2011): “Physically-Based CollabemSimulations under Various Network Con gura-
tions”, with CNRS, LSS, SUPELEC, INRIA (A. Cela)

ITS project “DREAMM” (2007-2011): “aide au Diagnostic Rdpi Et Automatisé de la Maladie de Meniére”, with
Clermont Ferrand hospital (L. Buzer)

NXP (2006-2009): “Improving the quality of digital phot@aphy, Design and Implementation of Algorithmic on
Mobile Architecture” (M. Akil, H. Talbot, H. Phelippeau)

NXP (2008): “Demosaicing Algorithm, Hardware implemeidatfor mobile devices” (M. Akil, H. Phelippeau,
D. Oliveira)

SAGEM (2008-present): “Embedded vision and real-timedygtand design of recon gurable architecture with
multiprocessing scalability constraint” (M. Akil, E. Daddlalova)

SANOFI Toulouse (2008): “Biological image analysis” (H.Idat, M. Couprie)
VHE-Cinematics (2007-2009): “Cinematic of Hybrid Electl Vehicle”, with BATSCAP, PVI (A. Cela, A. Réama)
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SCIENTIFIC PRODUCTION

Books and special issues

[1] M. Akil. Recon gurable architecture for real-time image procesgigpecial issue of Journal of Real-Time Image
Processing Springer-Verlag, 2008.

[2] L. Najman and H. TalbotMorphologie Mathématique : approches déterministéesrmeés, 2008. (255 pp.).

[3] H. Talbot and L. NajmanMorphologie Mathématique : approches non-déterministase en ceuvre et applica-
tions 2009. To appear.

[4] J. Agbinya, E. Biermann, Y. Hamam, F. Rocaries and S. LBlomedical and environmental sensingriver
Publishers Series in Information Science and Technolegy,Novembre 2009. 978-87-92329-28-8.

Book Chapters

[5] J. Cousty, L. Najman and M. Coupriélorphologie mathématique : approches non-déterministeése en ceuvre
et applications Hermes Sciences, 2008. Chapter title : Segmentationazprdispatio-temporelle To appear.

[6] G. Bertrand, M. Couprie, J. Cousty and L. NajmaimMorphologie mathématique : approches déterministes
chapitre 4, pages 123-149. Hermes Sciences Publicatiof8, Zhapter title : Ligne de partage des eaux dans les
espaces discrets.

[7] J. Serra, C. Vachier-Mammar and F. Meyavlorphologie mathématique : approches déterministdgpitre 6,
pages 175-202. Hermes Sciences publications, 2008. Chidlpte Nivellements.

[8] C. Ronse and J. Serrdorphologie mathématique : approches déterministbspitre 2, pages 49-94. Hermes
Science Publications, 2008. Chapter title : Fondementbaigues de la morphologie mathématique.

[9] L. Najman and H. TalbotMorphologie mathématique : approches déterministeapitre 1, pages 19-44. Hermes
Science Publications, 2008. Chapter title : Introductida dorphologie mathématique.

[10] J. Serra. Advances in mathematical morphology : Segatiem. volume 150 oAdvances in Imaging and Electron
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