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INTRODUCTION

The Informatics Research Center of ESIEE-Paris has been created in 2009, together with two other centers: the Microsys-
tems, Electronics and Telecommunication Center and the Innovation Management Center. It hosts the research activities
of the Computer Science Department and the Embedded SystemsDepartment of ESIEE-Engineering, and some research
activities held in the Telecommunication Department of ESIEE-Engineering and in ESIEE-Management.

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

During the period of two years covered by this report, the center has produced: three books, one special issue, thirteen
book chapters, three patents, 59 journal articles and 154 articles in conference proceedings. Sixteen journal articles are
in submission. Fourteen contracts and funded projects werecompleted or are still ongoing, and ten PhD theses were
defended.

The research activities of the Informatics Center fall into31 themes, which can be grouped into six main topics:

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

� Discrete Geometry: computational geometry, discrete topology, simpli�cation, pattern matching: : :

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

� Modelling and optimization: machine learning, system design, modelling for engineers, computational
intelligence: : :

� Real-time systems and networks: real-time control, scheduling, real-time embedded system design, energy man-
agement, wireless multiservice networks: : :

� Signal processing: information measures, source separation, multiple-input/multiple-input radar systems: : :

3



4



PEOPLE

Faculty

� Yasmina Abdeddaïm, assistant professor

� Dror Aiger , associate professor

� Mohamed Akil , professor

� Tarik Al Ani , associate professor

� Jean-François Bercher, associate professor

� Gilles Bertrand, professor

� Lilian Buzer , associate professor

� Arben Cela, associate professor

� Antoine Chevreuil, professor

� Michel Couprie, professor

� Jean Cousty, assistant professor

� Eva Dokladalova, assistant professor

� Arie Finkelstein, developer

� Thierry Grandpierre , associate professor

� Yskandar Hamam, professor emeritus

� Rédha Hamouche, assistant professor

� Xavier Hilaire , assistant professor
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Ph.D Students
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� Cédric Allène, until February 2009

� Mohamed Boubaker, until October 2009
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� Émilie Charrier , until December 2009

� David Menotti-Gomes, until June 2008
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� Harold Phelipeau, until April 2009

� Prateep Roy, until December 2009

� Rachida Saouli, until March 2008

� François De Sorbier De Pougnadoresse, until November 2008

� Fadi Yaacoub, until November 2008
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� Nicolas Ngan, since January 2008

� Michal Postolski, since October 2009

� Benjamin Raynal, since October 2007

� Olena Tankyevych, since November 2006

� Yohan Thibault , since November 2006

� Dalila Trad , since May 2008

Post-docs

� Gisele Lobo Pappa, from September 2007 to March 2008

� Rita Zrour , from September 2008 to July 2009
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Advanced architectures and algorithms for embedded vision systems

Lead: E. Dokladalova. Permanent members:M. Akil, E. Dokladalova, T. Grandpierre, L. Najman, L. Perro ton.
Associated researcher:P. Dokladal. PhD. students:J. Bartovsky, P. Matas, N. Ngan.

In our research, we focus on the design of adaptive and recon�gurable architectures for embedded vision systems.
We study the mechanisms allowing to adapt the system resources (processing units, interconnections, memory) to satisfy
the application requirements. In parallel, we are interested in conception of new algorithms for embedded vision systems
to reduce computing latency, memory usage and stream processing of input data, three key characteristics for real-time
processing of high resolution images.

In this framework, we study the tools from the computationalgeometry (connectivity, data adjacency and proximity,
graph transformation etc) that allows to overcome the algorithm disparity problem. Thus we can to bridge the gap between
low-level and high-level processing implementations. We pay attention to the image processing operators using Connected
Components Tree (CCT) playing a key role in new algorithms related to the image processing.

With P. Matas and L. Najman, we study a new parallel Connected-Component-Tree construction algorithms based on
line-independent building and progressive merging of partial 1-D trees. Two parallelization strategies were developed: the
parallelism maximization strategy, which balances the workload of the processes, and the communication minimization
strategy, which minimizes communication between the processes. A speedup of 3.57 compared to the sequential algorithm
was obtained on Opteron 4-core shared memory ccNUMA architecture.

With N. Ngan et F. Contou-Carrère, we propose the �rst ef�cient hardware accelerator for CCT based applications.
This original implementation relays on the three main contributions: CCT representing data structure adaptation to the
FPGA implementation, corresponding memory organization and original generic architecture (Fig. 1).

In parallel, with P. Dokladal, we present an ef�cient linearalgorithm for 1-D grey-scale dilations/erosions with spa-
tially variant (SV) structuring elements. The algorithm complexity is O(N). Its complexity is constant w.r.t. the size
of structuring element. In addition, it allows stream access to input/output data. We extended this approach to the 2-D
(extensible to 3-D) functional dilations/erosions with SVrectangles. The proposed algorithm allows to obtain a strong
�ltering and preserve details in less iterations then otherexisting algorithms (Fig. 2).

Also, it can be seen as an ef�cient stream-like algorithm, useful also for translation-invariant morphological operators
running in place, and completing in one raster scan, allowing to implement openings, closings, or even multistage alternate
sequential �lters in one image scan. We also show its usefulness in other applications. For instance a license plate detection
where SV rectangles adapt to the apparent size of the vehiclelicense place, changing under perspective effect (Fig. 3)

a) b)

c) d)

a)

b)

FIG. 1 Hardware accelerator dedicated to CCT-based
algorithms.

FIG. 2 Locally Adaptable
Alternate Sequential Filters

(ASF): a) original, b) SE map,
c) translation invariant ASF,

d) spatially variant ASF.

FIG. 3 License plate
detection application:

a) translation invariant SE,
b) spatially variant SE.

Publications: conference articles [117, 94, 115, 84, 189].
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Design methodology of real-time appplications onto heterogeneous
architectures

Lead: T. Grandpierre . Permanent members:M. Akil, E. Dokladalova, T. Grandpierre, L. Perroton . PhD. students:
O. Feki.

In order to solve the implementation problem of real-time signal and images processing application onto parallel
heterogeneous architectures, we contribute to extend a formal methodology named AAA (Algorithm Architecture Ade-
quacy), in collaboration with AOSTE project from INRIA Thisgraph based methodology proposes graph transformations
rules in order to transform a couple (architecture graph, algorithm graph) into an optimised implementation graph which
is then used to generate automaticaly a distributed executive. AAA is implemented in the software CAD tool SynDEx.

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

We have implemented this work into SynDEx-IC (http://www.esiee.fr/~grandpit/web-ca/recherche/index.htm) which
is based on SynDEx. This software has been validated on by theimplementation of a fuzzy logic image processing
application onto a FPGA and by the implementation of an LVQ neural network on a FPGA.

Now we are coupling SynDEx and SynDEx-IC in order to support mixed architectures : architectures made of pro-
grammable components (general purpose processors, DSP, GPU) and recon�gurable components (FPGA). This work
will be covered by the PhD. thesis of O. Feki (in collaboration with Sfax Engineering school - Tunisia) which aims to
implement an H264 compression algorithm onto a mixed architecture based on a couple DSP-FPGA.

(programmable & dedicated ASIC) mono circuit multi-circuit

(mono circuit
heuristic)

(multi-circuit
heuristic)

automatic generationAutomatic generation of 

(heuristic
for programmable)

ADEQUATION

(Dataflow graph)

reconfigurable

VHDL
dedicated distributed executives

ALGORITHM

ADEQUATION ADEQUATION

ESIEEINRIA
SynDEx

multicomponents
ARCHITECTURE ARCHITECTURE

SynDEx-IC (SynDEx extension)

Mixing AAA design �ows.

Publications: journal article [20].
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Parallel and dedicated architectures for real-time image processing

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

Our research is real-time implementation of image processing application in different domains on parallel and ded-
icated architectures. We are interested in the extension ofthe AAA design methodology (formal methodology called
Algorithm Architecture Adequacy) for recon�gurable circuit in order to introduce a new optimization heuristics. An
important part of our work is also focused on parallel programming 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 various Neural Network implementations while minimizing FPGA
resources and the design time. We also study optimization ofFPGA circuit implementation of 3D medical image recon-
struction based upon marching cubes algorithm.

Demosaicing and denoising algorithms: we propose a new demosaicing algorithm based on the directed interpola-
tion principle. It allows producing a good image quality while keeping a low computational complexity. We propose its
ef�cient hardware architecture and its FPGA implementation on Xilinx Virtex 5 and Altera Stratix targets. In addition,we
propose a new adaptative bilateral �lter for sensor color denoising and its software implementation on TM3270 Trimedia
processor from NxP Semi-condutors.We show that it is possible to process 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 methodologies for
contrast enhancement in digital imaging using histogram equalization.

Parallel programming model of topological operators: we focus on the parallelization of topological operators for
image analysis and image processing. Our main research direction is the de�nition of a common parallelization strategy
for different topological operators developed by our team.Target architectures are parallel shared memory machines
moving from Intel Core 2 Duo E8400 and Intel Quad-Core Xeon E5335 to Intel Octo-Core double Xeon X5355 processor.

In the framework of SDM-strategy (Split Distribute and Merge) application, we proposed a concurrent implementation
of a powerful topological 2D thinning operator. In this project we proposed an adapted parallelization methodology which
combines SDM-strategy and mixed parallelism techniques (data and thread parallelism). Test on 2D greyscale image
(512*512) using 8 CPU cores (2xXeon E5405 running at a frequency of 2 GHz) showed an enhancement of 6.2 using
8 Threads. We also proposed a concurrent implementation of topological watershed. This operator is able to assign in
parallel a label to each vertex of a weighted graph representing the input image. Test on 2D greyscale image (512*512)
using 8 CPU cores (2xXeon E5405 running at a frequency of 2.4 GHz) showed an enhancement of 6.4 using 8 Threads.
Another application of the strategy addresses 3D skeleton.The �gure below illustrates this application. Input image is
divided into blocks. Thereafter blocks are loaded into memory and threads take the relay. Once skeletons for each block
are computed, we proceed to a �rst fusion. To get rid of boundary effects, we apply again the algorithm in a single pass.
Test on 3D greyscale image (40x40x40) using 8 CPU cores (2xXeon E5405 running at a frequency of 2.4 GHz) showed
an enhancement of 5,94 using 8 Threads.

Illustration of SDM parallelization strategy, application to 3D skeleton.

Publications: special issue of JRTIP [1], journal articles [87, 86, 77], conference articles [189, 187, 197, 198, 195,
192, 196, 116, 122, 124, 123, 248, 240, 113], patents [250, 249, 121].
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Parallel image processing

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

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

Conventional images (jpeg, tiff...) produced by digital cameras can only reproduce a reduced dynamic of the possible
luminances. The High Dynamic Range (HDR) format encodes thepixels with 3x32 bits (3 �oats) instead of the 3x8 bits
(3 bytes integers) used by the classical formats. Then it is possible to reproduce luminance between 0 and 10000 cd/m2
instead of the 256 possible values with the usual Low DynamicRange (LDR) formats.

The current screens display LDR images only as HDR screens are not yet available on the market. If the internal
representation is HDR, it is necessary to convert the imagesfrom this format to LDR, trying to keep as mush as possible
the apparent contrast of the HDR images. This conversion is performed by an operator calledTone Mapping. This
operator provides the mapping between the luminances of theoriginal scene to the output device's display values. The
computations involved to perform this transformation is relatively high, possibly several seconds. However, our goalis to
use this operator in the graphics rendering of a car driving simulator, therefore, we studied its real time implementation.

Numerous tone mapping operators have been designed these past years. Among them can be mentioned the operators
of Ward (1997), Pattanaik (2000) and Irawan (2005). Ward proposes an algorithm which reduces the luminance range of
an HDR image to the one of an LDR image by adjusting the histogram of the image. The aim of this method is to guaranty
the reproduction of the visibility of the scene. However, this method is static because it considers only one single image.
The algorithm of Pattanaik proposes an adaptation model of the eye from a �ow of images, therefore it is dynamic. This
operator has a tendency to compress the dynamic of the image.Irawan proposes a merge of the two previous approaches
into a perceptual algorithm. This algorithm has both the advantages of reproducing the visibility contrast and it is dynamic,
working on a �ow of images. The Irawan operator is composed bytwo main components depicted on the left �gure : the
Pattanaik adaptation stage and the Ward visibility preserving operator. The TVIA (Threshold Versus Intensity Adaptation)
function is a dynamic threshold model used instead of the Ward TVI-based threshold.

We propose a perceptual operator adapted from the one of Irawan better suited to the speci�c needs of our driving
simulator application.

TVIAadapt.
lum. course

time adapt.
state

hist.
adj.

color/
acuity

foveal
image

IN

TONE MAPPING

ADAPTATION

glare

OUT

Foveal image
Computation

Create TIFF
image

CPU GPU

HDR -> RGB

Histogram

Threshold

XYZ -> RGB

Interpolation

RGB -> XYZ

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

This operator has been implemented on a RISC processor Pentium IV at 3.6GHz and a GPU Nvidia 8800 (728 Mo,
518 GFLOPS). The execution speed has been multiplied by a factor of 15 compared to the naive implementation of the
algorithm. The display rate reaches 30 images per second, which ful�lls 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 members:L. Buzer, Y. Kenmochi. Associated researchers:I. Shimizu, A. Sugimoto.
PhD. student:Y. Thibault .

Digital geometry is the study of geometric properties of discrete point sets that are considered to be digitized objects
in digital images. Since any images treated by computers aredigitized, we cannot avoid in�uences of such digitization
upon the geometric properties. For digitized objects, there exist particular properties caused by the discreteness and the
�niteness of digital images, and they often provide ef�cient algorithms for computing geometric operations on digitized
objects. Another positive aspect of digital geometry is that it implies the exact computation in the integer domain, so
that the obtained results are guaranteed against computation errors; no digitization error exist neither since the geometric
models are directly designed for discrete point sets whose coordinates are only integers.

On the other hand, computer vision, which is a conceivable application of digital geometry, is the study of extracting
scene information from digital images. Conventionally itstechniques use geometric models de�ned in the continuous
framework while computations are digitally performed, so that the obtained results always involve digitization errors and
computation errors. Accordingly these errors violate geometric properties that the object originally has and the obtained
results are not reliable. In order to overcome such a seriousproblem, 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 computervision applications between 2008-2009 are as follows:
Discrete epipolar geometry: In order to directly deal with pixels considered as square units, instead of points, in
images, we established, with A. Sugimoto, the discrete epipolar geometry, a discrete version of the epipolar geometry,
which gives geometric relationships between pixels in two different views. In this framework, we proposed a method for
determining the discrete epipolar line, which is de�ned by apair of inequalities, together with a method for identifying the
corresponding region in a third view. Differing from the conventional approach, our proposed methods exactly identify
how digitization errors propagate into the epipolar line and into the corresponding region in a third image.
Discrete rotations: Rotations of digital images are required in many applications. Given a 2D digital image and its
rotated image, there exist many angles giving the rotation between them. With Y. Thibault and A. Sugimoto, we proposed
a method for obtaining the set of such admissible rotation angles by using hinge angles, introduced by B. Nouvel and E.
Rémila, whose principal operation, comparison, is made only with integer computations. We also succeeded in extending
their notion for 3D digital images so that all rotations of 3Ddigital images can be realized by using only integers.
Digital planar surface segmentation: For segmenting a digitized surface into digital planar surfaces, geometric features
such as normal vectors, which are generally estimated from the neighboring points, are used. The obtained results are thus
sensitive to digitization errors. With L. Buzer, I. Shimizuand A. Sugimoto, we proposed a method for the segmentation
by using the �nite number of local geometric patterns that appear on digital planes, without estimating normal vectors.

(a) (b)

(a) Discrete rotations: upper and lower bounds of rotation angles between two sets of corresponding pixels. (b) Digital
planar surface segmentation: each color corresponds to a planar part except for green whose points have non-linear local

geometric patterns.

Publications: journal article [21], conference articles [103, 100, 102, 186].
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Discrete topology

Lead: G. Bertrand. Permanent members:G. Bertrand, M. Couprie, J. Cousty, L. Najman. Associated researcher:
N. Passat. PhD. students:J. Chaussard, L. Mazo.

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

Our main results are the following:

� We propose newcharacterizations of simple pointsin 2D, 3D, and 4D discrete spaces, a simple point of an object
is a point which can be removed from the object without altering its topology. Thus, these characterizations may be
used for improving the ef�ciency of all algorithms which preserves the topology of objects (homotopic transforms).
We also characterize 3D minimal simple pairs.

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

� We propose a characterization ofloops in n-dimensional discrete toric spaces. This characterization leads to a
linear time algorithm which detects the very loops in a givenobject (inside a torus) which cannot be continuously
deformed to a point. Some applications, such as the simulation of �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 of awatershedand discrete homotopic transforms. For that purpose
we introduced a de�nition of a watershed of a map de�ned on a pseudo-manifold. We showed that any watershed
of such a map may be extracted from a homotopic thinning of this map.

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

Publications: journal articles [53, 45, 44, 46, 22, 18], conference articles [178, 108, 97, 101, 98].
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Geometric pattern matching

Lead:Dror Aiger . Permanent members:Dror Aiger . Associated researchers:D. Cohen-Or, K. Kedem, N. J. Mitra .

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

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

I present ef�cient algorithms to match sets of points in the plane and in high dimensions. The problem appears in a
large number of applications in many �elds such as computer vision, computational biology, computer graphics and more.
I investigate the problem from the theoretical point of viewby providing upper bounds on the runtime of the proposed
algorithms in the worst case, and also give practical solutions that can be effectively applied in real problems. The work
is a collection of �ve articles which have appeared in journals during the study.

In the theoretical part, I present new ef�cient algorithms to match sets of points in the plain under similarity transfor-
mations (rotation, translation and scale), a problem that was left almost untreated previously. Previous solutions usually
require long runtimes and are not practical. My algorithms make extensive use of powerful tools, randomization and
approximation, to provide runtime which is nearly quadratic in the size of the input. In another work I present new
algorithms where the runtime depends on the con�guration ofthe input and not only on its size (input/output sensitive
algorithms) and which achieve excellent performance in most cases. For a problem in Computer Graphics I illustrate
the idea of using geometric invariants on registration of two pointsets in 3D (Figure 1). This allows improving existing
algorithms by an order of magnitude. I expand the idea further and present new algorithms for points in high dimensions
that work under every transformation.

The ideas presented in the thesis are realized for a number ofapplications. I show effective implementations of these
ideas using parallelization which is provided by standard graphics processors (GPU). These implementations are very fast
for practical data (Figure 2).

Figure 1. Reconstruction from raw scans using 4-points congruent sets. Reconstruction results from nine input scans
of a shinny water jug. Neighboring scans have 40% overlap or less, and required an average of 16 seconds for fully
automatic alignment starting fromarbitrary initial poses. Pairwise alignment results are robust even with low overlap.
Typical results are shown in (a) and (b), where for visualization we roughly mark the overlap regions in blue. The �nal
alignment result, (c) and (d), is obtained without any data smoothing, outliers removal, local ICP re�nement, global error
distribution, or any assumption about starting alignment.

Figure 2. Model based object recognition problem for rigid transformations: (a) input image (499 oriented points), (b)
model (30 oriented points, magni�ed in the drawing), (c) edge map, (d) detection results where the polygonal model
is marked. The runtime of the whole recognition, edge detection + 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 members:L. Buzer, Associated researcher:F. Feschet. PhD. students:E. Charrier ,
A. Faure.

We study the conversion between Euclidian curves and discrete geometric objects. Our approaches link problems
from different �elds like computational geometry, discrete geometry, pattern recognition and digital geometry. Our aim
is to propose new algorithms designed to reach a linear or quasi linear time complexity. Fundamental algorithmic notions
from optimization, data structure, graph theory are used toachieve such ef�ciency.

Our main results in 2008-2009 are related to the simpli�cation of simple polygonal chain (see Figure). The problem
of approximating such an object arises in many applicationsincluding geographic information systems (GIS), cartogra-
phy, computer graphics, data compression or medicine. Enhancing 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 criterion which entails to control the quality of the rendering
of the simpli�ed chains. Our main contribution consists of setting up the �rst near-linear time algorithm that ensures
optimality in the number of segments and that retains the shape of the input polygonal chain at the same time. Thus,
our approximation criterion guarantees that the original chain lies at most half a pixel away from the rendering of the
simpli�ed chain.

With Emilie Charrier, we consider the problem of �nding the integer points on a regular grid whose associated polygo-
nal chain best approximates a given Euclidian straight line. We combine existing results from number theory based on the
Klein's sails with tools from computational geometry basedon the computation of convex hulls to obtain a new generation
of algorithm. In fact, the overall worst case time complexity is equivalent to previous algorithms but, our approach is the
�rst being output sensitive. Moreover, the resulting algorithm is very simple and so is suitable for implementation.

With F. Feschet and A. Faure, we study the simpli�cation of closed polygonal chains. Previous problems were linked
to an open chain connectingn points(p1; : : : ; pn). By applying previous methods, we would solve then subproblems
obtained by considering the optimal simpli�cation of an open chain starting atpi where 1� i � n. We would obtain the
global solution by selecting among then simpli�cations the one with a minimum number of points. Suchan approach
would increase the time complexity by a factorn. Thus, by carefully analyzing the results built during the subproblems,
we succeed in proving that we can ef�ciently use the calculations operated from thekth point to build the simpli�cation
of the chain starting atpk+ 1. Such a way, we can achieve a quasi linear time complexity.

Illustration of the simpli�cation of simple polygonal chain.

Publications: journal articles [41, 19, 40].
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Topological operators for image processing

Lead: M. Couprie. Permanent members:G. Bertrand, M. Couprie, J. Cousty, L. Najman, H. Talbot. Associated
researchers:V. Biri , M. Janaszewski, N. Passat. PhD. students:J. Chaussard, B. Raynal, A. V. Saúde.

We follow an approach based on discrete structures (graphs,�nite topologies and orders: : :) to de�ne new operators for
image analysis and image processing. More precisely, we study topological and morphological notions in order to design
new algorithms that prove useful in image processing. Fundamental topological notions such as adjacency, connectivity,
frontier, which are central to this approach, contitute indeed a basis for the processing of spatial data.

A major part of our work is dedicated to the study of binary image transformations that preserve the topological
characteristics of an image. These transformations are based either on the notion of simple point, well-known in digital
topology, or on the collapse operation, from the �eld of algebraic topology.

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

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

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

With A. V. Saúde, J. Chaussard and H. Talbot, we proposed somemethods to produce different kinds of skeletons
which are centered in the original object with respect to theEuclidean distance. In particular, we introduced a digital
version of thel -medial axis, a �ltered “continuous” skeleton which exhibits good stability w.r.t. noise. We also proposed
new thinning procedures in cubical complexes, which allow us to produce skeletons having desired dimensionnality (e.g.,
purely 2D or 1D skeletons of 3D objects).

We participated to several projects in different application domains (medical image analysis, material image analysis,
virtual reality), which allowed us to apply and validate these new operators.

(a) (b) (c)

(a): A 3D objectX. (b): Values ofl (the �ltering criterion) at all points inX, displayed using a “heat” color code. (c): A
l -medial axis ofX (threshold of b for a givenl ).

Publications: journal articles [18, 22, 43], conference articles [101, 173, 180, 181, 182, 169].
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Image retrieval, document analysis

Lead:X. Hilaire . Permanent members:X. Hilaire . PhD. students:O. Bonakdar Sakhi.

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

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

The method we propose works on general image databases, withno prior categorization. It assumes that the object(s)
hidden in a query can be distinguished pairwise using only a limited number of subsets of regions, and their features
(hue, luminance, color moments, etc.). Determination of these discriminant groups is performed dynamically using
evidential relaxation, and Shafer's combination law of evidence. Doing this pairwise for all positive and negative images
results in two evidential maps, from which beliefs and plausibilities can be directly derived. We show a faster and more
accurate convergence of evidential relaxation over conventional Bayesian relaxation in our problem, both theoretically
and experimentally.

(a)
(b)

Figure 1. (a) An example of unusable SIFTs,(b) First few region matches with our method on 2 images from Caltech'101.

We also began a work on document page segmentation based on texture analysis, in the framework of a project
labelised by Cap Digital. The early task of distinguishing between printed and handwritten texts in a page led us to
propose two algorithms. One works at very low resolution, and estimates curvature by directly �nding the circle which
best explains the observed greylevel pattern given assumptions on blur, and reading noise. Pixelisation effect is explicitely
modelled, and a connection with results on Cramer-Rao bounddue to Worring and Smeulders on discrete circles is also
established in case of uniform reading noise. The second derivates the histogram itself, by deciding which subsets of
pixels are localy relevant to make the curvature measurement at a given, and ensures consistency of curvature along the
edges of characters.

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

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

Lead:J. Cousty. Permanent members:M. Couprie, J. Cousty, Y. Hamam, L. Najman, F. Rocaries, J. Serra, H. Tal-
bot. Associated researchers:O. Acosta, D. Bernard, M. Janaszewski, G. Lobo-Pappa. PhD. students:V. Bismuth,
L. Marak, M. Postolki, O. Tankyevych.

Nowadays image analysis is used in many scienti�c and engineering domains. Due to new image acquisition tech-
niques, and based on on the operators developped in our team,we proposed solutions to several practical problems
encountered in the �elds ofteledetection, materials scienceandmedicine. For each application, the results produced
by image analysis techniques were assessed in collaboration with specialists of each particular scienti�c domain. As
illustrations, we brie�y present below six of these applications.

� Through an approach based on a hierarchical decomposition of a signal (see Segmentation, Hierarchies and Water-
shed), a method was proposed to automatically detect ships in satellite images (see Fig. 1)

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

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

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

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

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

FIG. 1 FIG. 2 FIG. 3

FIG. 4 FIG. 5 FIG. 6

Illustration of morphology and topology applied to teledetection, materials science, and medicine.

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

Lead: H. Talbot. Permanent members:D. Aiger, L. Buzer, Y. Hamam, Y. Kenmochi, L. Najman, H. Talbot. As-
sociated researchers:C. Chaux, L. Grady , J.C. Pesquet, I. Shimizu, A. Sugimoto. Postdoctoral and PhD. students:
C. Couprie, A. Jezerskia, L. Márák , R. Zrour .

In recent years, mathematical optimisation techniques have become increasingly prevalent in the signal and image
communities. We have moved away from earlier dedicated approaches involving active contours and local techniques, to
increasingly focus on globally optimal and convex methods,that can be used not only for image �ltering 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 computer vision. Even if several
signi�cant optimal methods have been proposed, they are notsuf�ciently robust if the majority of given points are outliers.
With R. Zrour, L. Zrour, Y. Hamam, Y. Kenmochi, I. Shimizu andA. Sugimoto, we presented a globally optimal method
of line (resp. plane) �tting for a given cloud of points, suchthat the �tted line (resp. plane) minimizes the number of
outliers, by using digital geometrical models of lines and planes. We have proposed globally optimal method with optimal
or near-optimal polynomial complexities for the exact problem, and we are researching linear approximation with know
error rates [176, 177, 185, 54].
Power WatershedsWatersheds have been the dominant segmentation method originating from morphology for at least
the last two decades. We have shown that the Watershed is a limit case in a wide range of graph-based, combinatorial
optimisation methods. Within this framework we have been able to use the watershed method for marker-less and �ltering
problems [175, 184, 85].
Combinatorial and Continuous Maximum Flows Continuous maximum �ows (CMF) were proposed recently to com-
pute continuous-domain minimal surfaces in the context of segmentation. We were able to show that the CMFs are a
quadratic optimisation problem and propose a formulation that is guaranteed to converge. This has raised new questions
regarding the Total Variation (TV) dual interpretation of CMFs. We have also developed CMFs in various applications,
particularly when contour information is weak or absent [56, 105].
Image Segmentation with priorsWe suggest a new geodesic active contour model that incorporates a coupled shape and
appearance priors, which are both allowed to transform under similarity transformation [119]1.
General optimisation techniquesWe contributed to the development of optimisation techniques in various application
�elds [67, 68, 168, 224, 228, 229, 215, 148, 149, 146, 147, 151, 154, 155, 219].

Liver segmentation using Combinatorial Continuous Maximum Flows.

Publications: journal articles [56, 85, 67, 68], conference articles [119, 120, 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 (ANR): ANR BLANC 2005-2009 “SURF”
and ANR DEFIS 2009-2012 “DIAMOND”.

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

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

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

The main morphological tool for image segmentation is the watershed. Through a systematic study of this operator for
different discrete representations of the space (pixels, edges or complexes), we propose several de�nitions of watersheds
and prove numerous properties. In particular, we introducewatershed cutsfollowing the intuitive idea of drops of water
�owing on a topographic surface, that leads us to a consistency theorem (in term of catchment basins) and an optimality
theorem (in term of minimum spanning forets). We also propose a linear-time algorithm to compute them. To the best of
our knowledge, similar properties are not veri�ed in other frameworks 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 graphs, leading in particular to the introduction offusion
graphsandperfect fusion graph, the latter being a regular graph in which merging two neighboring regions can always be
performed by removing from the frontier set all the points adjacent to both regions. We prove in particular that the class
of fusion graphs is in bijection with the class of graphs of thin watersheds, and that there exists a unique perfect fusion
grid.

To go further, we look for structuring theorems. We identifyimage segmentation with connection through a bijection
theorem. Another bijection theorem leads to identify hierarchical segmentations and a particular class of watersheds
calledultrametric watersheds. We also propose a lattice structure for watershed cuts, opening the door for combining
hierarchies.

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

Original image W1(logarithmic grey-scale)

W2 Area-�ltering ultrametric watershed

Soille's (a;w)-constrained connectivity hierarchy. (a) Original image. (b) Ultrametric watershedW1 for the a-
connectivity. (c) Ultrametric watershedW2 for the constrained connectivity. (d) Ultrametric watersheds corresponding to
one of the possible hierarchies of area-�lterings onW2.

Publications: journal articles [51, 23, 24, 79, 47, 48], book chapters [6, 12], conf. papers [107, 99, 114, 172].
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Theoretical advances in mathematical morphology

Lead:J. Serra. Permanent members:G. Bertrand, M. Couprie, J. Cousty, L. Najman, H. Talbot. J. Serra, Associated
researchers:J. Chanussot, N. Passat. PhD. students:V. Bismuth, C. Couprie, F. Dias, R. Levillain , L. Marak ,
D. Menotti, O. Sakhi, O. Tankyevych.

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

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

The third topic concerns merging, or combination of spatialdata coming from several sources. The most popular
case is that of colour images, which is generalized for handling more complex multivariate data. In such approaches, the
modalities of the image processing vary from place to place.These adaptive operations are studied in two particular cases,
the �rst for reducing the number of dimensions, and the second one for taking local directions into account.

The fourth topic concerns the �ltering and segmentation of thin objects in images. This is a dif�cult topic since
these objects are easily �ltered out and dif�cult to detect using classical approaches. Novel operators were proposed and
implemented, with applications to road detection (in 2D) and vascular 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 developments in Mathematical Morphology, intended to both
researchers and graduate students; this treatise is currently being translated in english;

� secondly we participate in the development of a versatile software package for generic morphology, in particular
allowing end-users to apply morphology on any kind of discrete spaces with arbitrary data.

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

Original noisy image Classical alternating �lter

Vertex-edge alternating �lter

Illustration of classical versus vertex-edge alternating�lter.

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

Lead: R. Natowicz. Permanent members:A. Cela, R. Natowicz. Associated researchers:Roberto Incitti, INSERM-
Universitè Paris Val-de-Marne; Carmen Dèa Moraes Pataro, UFMG; Antônio de Pádua Braga, Universidade
Federal de Minas Gerais, Brazil – UFMG; Roman Rouzier, INSERM-Universitè Pierre & Marie Curie; Patrick
Siarry, Universitè Paris Val-de-Marne; Marcelo Azevedo Costa, UFMG; Thiago Souza, UFMG. PhD. students:
Frederico Coelho, Vincent Gardeux, Cristiano Leite de Castro, Fernanda Wanderley.

Since the advent of high throughput genomic technologies, massive information is available at the genomic level
that can be exploited in medical studies. For instance, tissue microarrays allow the simultaneous measurement of the
expression levels of a large fraction of all known genes (ranging from 5 000 to more than 20 000). From these data, early
and accurate diagnosis of diseases has become possible together with ef�cient predictions of the patients' responses to the
treatments. Our research is concerned with chemotherapy treatments in breast cancer.

The main issues in designing predictors of the outcomes of chemotherapy treatments are that of identifying the genes
actually involved in the response to the treatments; combining their expression levels for predicting the patients' re-
sponses; and assessing the robustness of the predictors, i.e. the statistical independence of the method – gene selection
and computational model – with respect to the set of patient cases from which the predictors were infered.

In its essence, the design of a predictor is a two classes supervised learning process. The speci�city comes from the
number of patient cases under study which is far lesser than that of the variables: less than 200 patient cases are embedded
in the clinical trials and for each of them, more than 20 000 expression levels are measured. Furthermore, the data are
blurred by noise because of their biological nature and because of the technology of DNA microarrays. In this context,
the identi�cation of very small subsets of relevant genes and the de�nition of computational model that can avoid the
over�tting of the learning data, are central issues for designing predictors robust enough for their use in clinical routine.

We have de�ned new methods of probes selection and designed predictors of the patients' responses to preoperative
chemotherapy treatments in breast cancer that signi�cantly outperformed the ones that had been previously proposed for
the same problem and data.

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

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

Lead:A. Lacombe. Permanent members:A. Lacombe.

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

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

Several components have been studied within the scope of this project:
Conception and development of stimulation and cognitive rehabilitation tools available online (evaluation and stim-

ulation of patient's memory capabilities, learning and rehabilitation of daily life activities based on simulated process
execution); provision of tools that contribute to the increase the social ties and reinforces relationship between patients
and caregivers (web-conferencing tools, IP telephony, shared calendar and task reminders); design and development ofa
geolocation application of patients out of home and particularly suitable for the management of wandering situations;de-
sign and development of a mobile system carried by the patient to detect 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 de�nition and storage of pro�les and contexts of use based on

a LDAP directory and a relational database. The objective ofthis model is to allow the dynamic adaptation of the GUI and
application functionality for different use cases (patients, caregivers, doctors, operators tÃc
 lÃ c
 vigilence); design and
construction of the experimental geolocation applicationprototype and implementation of the solution on a test server,
inside the collaborative framework HORDE, chosen as integration platform for the projet. This application is based on
the open-source environment Apache / PHP / MySql. It enablesthe retrieval and continuous display of alarms sent by a
GPS device worn by the patient through various communication channels (SMS, SMTP, TCP / IP sockets), depending on
the context and the objective of televigilance process. Caregivers and tele-vigilance operators can receive alert messages
generated automatically (in case of security perimeter crossing for example) or voluntarily (emergency alarm sent by a
patient in a situation of homelessness). They can quickly locate and reassure the person and see the routes of access and
movement on a map constructed dynamically into "Google Maps" mapping environment; design, in collaboration with
the team of the Broca hospital, of test scenarii to be implemented by patients and caregivers.

The second project, entitled QuoVadis is under construction (completion planned for December 2010). It involves
9 partners (GET-INT, INSERM-Toulouse, ESIGETEL, ESIEE Paris, IBISC-FRE2873 Univesité d'Évry, Broca geriatric
Hospital, SAMU 92, Robosoft, ASICA) and leaded by IBISC. It addresses the need to compensate communication dif-
�culties due to loss of cognitive abilities that generate social isolation, depression, insecurity and discomfort in daily
life.

My contribution is mainly located in the phase of testing andevaluation purposes, in connection with the Broca
hospital and SAMU 92 teams. The corresponding tasks are positioned 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 members:T. Al Ani , Y. Hamam, F. Rocaries. Associated researchers:K. Djouani
(LISSI, UPEC), E. Monacelli (LISV, UVSQ).

The notion of assistance technology for handicapped persons is an important world challenge that concerns all the
society. It is related to the development of devices integrating sensors and actuators to help persons in handicap situations.
The objective concerns the aid for the evaluation of de�ciencies, the aid to the re-education and the compensation using
technical means for mobility. This mobility is essential for the proper insertion within the society of persons with physical
handicap.

The notion of handicap situation integrates most classicalde�ciencies related to physical sensorial or cerebral. A
major domain is that related to mobility. A need therefore rises for the development of various technologies to cater for
this need and to adapt the technology to each individual case. The major dif�culty in this domain is the de�nition of a
generic device, suitable to a large category of users while adaptable to each individual case.

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

The “Wheelchair Driving Simulation Platform” project concerns the study of a platform for the simulation and evalu-
ation of main driving tasks of handicapped persons. It is mainly oriented towards the driving of electrical wheelchairsand
cars. The access to the mobility is essential for the autonomy of persons from the social and psychological point of view.
However, this access necessitated the capacity of coping with the various constraints related to the aptitudes and needs of
each person. This goes from the de�nition of the driving aidsto the training phase. This project has as an objective the
elaboration of a methodology based on robotised simulatorsintegrating virtual reality to place persons in a situationclose
to everyday operation.

Prototype 1 of the platform at F'SATI.

Publications: journal article [34], conference articles [222, 223, 226, 227, 228, 229, 216, 142, 143, 230, 218].
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Modelling for engineers

Lead: F. Rocaries. Permanent members:Y. Hamam, F. Rocaries. Associated researchers:M. Bouchoucha, M. Del-
gado, R. Lamanna, F. Pecker, R. Roche. PhD. students:D. Samoïta.

Modelling has always been large parts of the engineer's workand the development of Computer in the late twentieth
century correlated with the development of Applied Mathematics and related Software haven dramatically transform this
approach. It is now of great importance from an engineering point of view to be familiar with both the Mathematical
techniques involved in Modelling as well as the Software tools available in order to implement these techniques.

� Amongst the numerous mathematical tools available in orderto describe the real complex systems we will focused
on these using mostly Ordinary Differential Equations evenif some representation can use Partial Differential
Equation.

� Regarding the Software tools a particular attention will bededicated 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 cover a large �eld of systems, such as communications systems,
and systems deriving from Life Sciences, like muscular systems or cell systems.

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

The work developed with our Venezuelan colleagues Dr. Rocheand Prof. Delgado and Lamanna is radically different.
In this case we are dealing with a model for heart's cells representation. This model based on non-linear differential
equations is mostly used in order to test the pharmacological effects 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 articles [165, 223].
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Signal analysis and machine learning

Lead: T. Al-ani . Permanent members:T. Al-ani , Y. Hamam. Associated researchers:X. Drouot, A. H. Khandoker,
Y. Monacelli, D. Novák. PhD. students:S. Helmy, D. Trad.

Our research involve �elds of signal processing, linear/non-linear signal analysis, applied probability, pattern recogni-
tion, information theory, machine learning and arti�cial intelligence. These �elds are all of relevance to many applications.
Probabilistic and statistical methods such asHidden Markov models(HMMs), in particular, are central to our research,
providing both a sound theoretical basis and a practical framework for developing useful data analysis algorithms.
In dynamic process modelling, many applications require exploiting only the data delivered by the process. This necessi-
tate convergence of approaches based on signal processing,knowledge and Machine learning.
Our main results in 2008-2009 are related to three sub-themes:

1. Linear/non-linear signal analysis in modeling and identi�cation of biomedical processes.
With Dr. X. Drouot (APHP, Hôpital Henri Mondor-France), we are developing a new non-linear processing and
analysis approaches usingEmpirical Mode Decomposition(EMD) andDetrended Fluctuation Analysis(DFA) for
automatic diagnosis of Idiopathic Hypersomnia based on electroencephalogram (EEG) records.

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

3. Brain-computer interface for assistance to persons withmotor disabilities. We currently developing a new ac-
tivity that enhances collaboration between LISV-UVSQ and our Department. This activity relates to the �eld of
Brain-ComputerInterface (BCI) for assistance to persons with motor disabilities. In thiscontext, and with the col-
laboration of our Department, S. Helmy prepare a PhD thesis jointly with the University of Minou�ya - Egypt and
Dalila Trad (Tunisia-Sfax) prepare a PhD thesis jointly with LISV-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 members:R. Hamouche, R. Kocik. Associated researcher:K. Perko.

Real-time embedded control system (RTECS) design follows usually a V-process composed of three major steps:
system control analysis (control law design), system speci�cation (software design) and real-time implementation (tasks
and scheduling). Each step produces speci�c model described by domain-oriented actors (control, software, real-time,...)
with their proper methods, languages, models of computation and tools. The produced models along the design process
are consequently heteregeneous, which introduces lacks ofconsistency in this process and disconnected design steps.In
this context, our contribution is a design methodology for harmonization of these heterogeneous models. This design
methodology allows us to handle model transformation complexities, improve consistency between control design and
its implementation, and reduce the design cost. This methodology de�nes a multi-facets design approach, each facet
corresponds to the process design step. The methodology is based mainly on :

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

� the aspect-based approachwhich addresses the separation of functional and extra-functional parts in an applica-
tion development, in order to avoid the usual interweaving between those parts. At design level, aspects are de�ned
as extra-functional entities which can be applied to the facets in a transversal way. Designers are encouraged to
describe system facets in a functional way and then to apply extra-functional updates to the design in a global
and consistent manner. An aspect may then crosscut multiplefacets 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 (Model-Driven Embedded System design Tool). It allows
designers to perform automatic model transformations and code generation, and to choose the best scheduling policy that
preserves the control performance and the quality of the designed RTECS.

Model Driven Embedded System Design methodology, the MoDEST tool

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

Lead:L. Zitoune. Permanent members:L. Zitoune. Associated researcher:V. Vèque. PhD. students:A. Hamdi.

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

The objective of our work is to propose solutions for resource allocation and service guarantees in future networks.
Our main contribution is the reactive control and the dynamic regulation using purely control theoretic approaches which
stabilize the network and avoid undesirable oscillations for the transmission of critical �ows.

Our main results in 2008� 2009 are :

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

� the application of dynamic bandwidth monitoring with �ow control functionality, to enforce services of intensive
data-passing grid applications described using Dynamic SLAs over IP networks. In grid computing, the application
services are described using SLAs (Service level Agreement). In this context, most of the SLA management systems
focus on static SLAs, where the guarantee terms are de�ned asconstants or bounds. None of them support dynamic
SLAs based on analytical expressions.

� the participation to CARRIOCAS project (Calcul Réparti surRéseau Internet Optique à Capacité Surmultipliée) of
the SYSTEM@TIC PARIS-REGION Cluster (last year of the project).

Illustration of the ef�ciency of our controller to track theservice description of critical �ows. This controller is
implemented as a new Active Queue Management, and is based ona nonlinear approach of theoretical control named

�atness based trajectory tracking.

Publications: journal article [76], conference articles [237, 238, 166, 167].
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Camera assisted measurement and control

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

In the framework of a research contract with Bicêtre hospital we produced an Ektacytometer based on existing me-
chanics of a thirty years old apparatus. In order to measure red blood cell deformability, we used a transparent viscosimeter
with a helium-neon laser source and measured the diffraction image. The original optical sensors were replaced by a cam-
era connected to a PC. This last carries out the image processing of the diffraction image. The original electronic boardis
replaced by an ARM microcontroller board measuring the osmolarity and the temperature and controlling the peristaltic
pump, the mixing motor, the two electromagnetic valves as well as the number of revolutions of the viscosimeter. The
original keyboard and the digital display panel are replaced by a PC equipped with a User interface and the tracer is
replaced by a printer. The PC is connected to the camera by an IEEE 1394b interface and to the control board by the serial
port. The program also takes care of the treatment and the storage of results.

We proposed and set up a device allowing the simultaneous measurement of the old method (optical sensors) and the
new method (camera with image processing). We used a separating prism which breaks up the image of diffraction into
two. This device allowed us to compare the precision of our method. The PC was connected on the one hand to the
camera and on the other hand to the quadrant detector via the control card carrying out acquisitions. The deformability
determined by the image processing (green graph) was compared with 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 were not satisfactory. The main problem was bad repeatability.
We tried several image processing algorithms but all of themgave inferior results to those obtained by the four quadrant
detector. There are several possible reasons: The camera has too many variables: gain, iris size, exposure time, selection of
points on the image, sensitivity to saturation etc. The situation was even worse for some pathology with non homogenous
blood cell populations. We decided to go ahead with validation tests Using the quadrant detector. We conducted validation
tests in parallel on two machines: the new setup and the thirty years old machine. We used several dozens of blood samples
of both healthy and sick subjects. The new machine is now in use in the Bicêtre hospital.

Outcome: research contract with Hôpital Bicêtre, Paris.

34



Energy management algorithms for hybrid electric vehicle system

Lead: A. Reama. Permanent members:A. Çela, Y. Hamam, A. Reama. Post-Doc. students:Yang Bin, Fateh Me-
hazzem, Prasid Syam

During the last decades, the systems of electric traction transport are becoming an attractive solution for environment
friendly transportation, and suitable for commercial and domestic use. Nevertheless, pure electric vehicles still have not
achieved ranges as good as gas powered vehicles, due to the low energy density and speci�c energy contained in most
electric batteries compared to that of gasoline. The appearance of some new technologies, such as Super Capacitors (SC),
has become an attractive alternative storage device for several applications. It is an electrical energy device with high
power density, high expected reliability and expresses more temperature stability than other energy storage devices.Thus,
it looks as the most appropriate source in combination with other energy supplies like batteries, fuel cells, etc. Hybrid
Electric Vehicle (HEV) system is based on combining components with high energy density (batteries) as a primary
energy source and others with high power density (SC) as secondary energy/power source. On the other hand, by the
rapid development of GPS, GIS and INTERNET, there is a new period in the development of HEV system, which extends
the connection between the HEV system and the information oftraf�c and route surrounds it. The information will be
obtained actively, and fed back to control system.

Therefore, the essential technology in hybrid power systems is to develop a power management algorithm to control
the power distribution of multiple sources in consideration of look ahead information. Generally, the control algorithm
will be divided into: the instantaneous optimization algorithm and the global optimization algorithm. Since unconstrained
by speci�c driving cycle and easy to realize, the instantaneous optimal control strategy has been widely used in hybrid
power systems.

Ef�ciency optimization in electrical machine and associated inverter is also concerned with the minimization of losses
in motor operation. Therefore, a method providing an optimum ratio of torque and current for maximum ef�ciency has
been proposed.

Moreover, the improvement of such system requires implementing robust algorithms regarding the parametric vari-
ations. In this context, several algorithms based on the Backstepping Control approach as well as algorithms for the
identi�cation and observation have been developed, by using technics of Sliding Mode Control, and Model Reference
Adaptive System.

Publications: journal articles [38, 75], conference articles [162, 163, 164, 235, 236, 213].
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Model-driven methodology for control and real-time software co-design

Lead:R. Kocik. Permanent members:Y. Abdeddaïm, R. Hamouche, R. Kocik. Associated researcher:K. Perko.

Designing real-time embedded control systems (RTECS) tends to be more and more dif�cult due to the strong cost
constraints and the growing complexity of the used softwareand hardware components. Designing these systems follows
usually a V-process. Several actors belonging to differentdomains (control theory, signal processing, real-time software,
...) are involved. They use domain-oriented methods, languages and tools. Therefore, produced models at the different
steps are heterogeneous. This heterogeneity introduces lack of consistency in the system design and leads usually to a
disconnected design process where translations between the steps are needed. These translations are error-prone because
they are usually performed manually by engineers. Thus, correcting these errors needs numerous backtracks (reiterations
of V-cycle) in the design process, which lengthens the design life-cycle and time to market. Furthermore, the inconsistency
of models may affect the implementation of the control system by disturbing its stability and reducing its performance.

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

The �rst is based on the extension of control simulation models. The goal is to allow control engineer to validate
the control laws with more accurate simulations taking intoaccount jitter and delays produced by the real-time execution
(scheduling, communications,...). This implies to be ableto consistency transform graphs and modelize real-time sched-
ules and communications. The second consist in de�ning new scheduling policy taking into account latency and jitter
constraints which can be given by control engineers. Several ways can be exploited to de�ne these algorithms; Transla-
tions of the control real-time constraints to relevant real-time execution constraints in order to in�uence the scheduling
made by classical algorithms. Time constraints can also be translated into time intervals and then treated with timed
automata theory. New algorithms taking into account the control time constraints as a scheduling criterion can also be
de�ned.

The results of these research topics are exploited in a design methodology based on a common metamodel that uni�es
the design steps and ensures the consistency of models alongthe design cycle. It uses an approach based, in one side, on
the software components that increase models reusability to face the increasing complexity of RTECS; in the other side,
on the aspect-oriented paradigm that allows to model real time properties to support models analysis and validation in
the earliest steps of the design cycle. A tool called MoDEST implements this methodology and provides real-time code
generation. It should help designers to choose the best scheduling that preserves the control performance and quality of
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 control
system

Lead: A. Çela. Permanent members:A. Çela, A. Reama. Associated researchers:S.-I. Niculescu, M. Ben Gaid,
X.-G. Li . PhD. students:P. Roy.

One of the main challenges in the control of Networked Embedded Control System (NECS) is their modelling and
design of their control laws. Consider the dynamics double nature, continuous and discrete and modelled by a Hybrid
Dynamic Systems becomes necessary. Choosing the right level of granularity of modelling is of paramount importance to
make the design and validation of control laws more realistic and achievable. It is necessary to stress that the assumptions
of an ideal control, with periodic sampling and in�nite resources, is no longer valid. Thus, we need to design and
synthesize new control laws under the constraints of limited resources such as computation time and/or the limitations
of network bandwidth. An extremely important aspect of thisstudy is the model of computation and communication
between the various subsystems (nodes) constituting the NECS. The calculation model is related to the scheduling of
tasks in each node, while the communication model represents the mechanism for information exchange between nodes.
In this context, I drive two parallel research activities.

The design of NECS constrained in computing power and communication capabilities led us to propose new algo-
rithms for scheduling periodic tasks and communication messages between tasks. This phase is extremely important, but
it is based on off-line NECS models, and therefore does not correspond completely to reality applications. Delays in
communication between nodes, as well as variations in computation time of tasks in each node, may dramatically change
the performance of these systems and, moreover, make them unstable. We have identi�ed three generic problems which
include different con�gurations. At �rst we analyse their stability with respect to the delay induced by scheduling of
control tasks or node communications (sensors and actuators signals). The results obtained show that it is possible to
relax the temporal constraints on stability of these systems, which provides scheduling algorithms with better utilization
of computing resources and communication bandwidth.

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

Publications: journal articles [67, 33], conference articles [139, 209, 205, 207, 206, 210, 211, 212].
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Quality of service and mobility handling in wireless multiservice 4Gnetworks

Lead: R. Naja. Permanent members:R. Naja. Associated researchers:Jean-Pierre Claude, Samir Tohmé, PRiSM-
University of Versailles,B. Hassan, Lebanese University.

The 4G concept support wideband data and services for mobileusers roaming across multiple, wireless and wired,
integrated access networks. Basically, the purpose is of combining all the existing heterogeneous wireless networks into
a single, interoperable system, being IP the common protocol between the set of underlying radio access and physical
layers. Network selection and ef�cient load balancing among different 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 mobility handling and resource allocation in wireless 4G networks
and propose a resource allocation mechanism for new and vertical Handover calls based on game theory. The solution of
the games is obtained to maximize the network service providers' pro�t while satisfying the mobile users.

Our research �elds deal as well with the wireless access in vehicular networks. We are investigating the issue of
providing a quality of service (QoS) mechanism in the IEEE 802.11p networks that is expected to cover the vehicular
networks. In fact, the IEEE standard developed two mechanisms for the Hybrid Coordination Function (HCF), besides
the Polling mechanism (PCF): The HCF Contention Access (EDCA) and the HCF Controlled Access (HCCA). We are
investigating both mechanisms on the MAC layer in order to enhance the QoS of users having different access categories
(AC).

My research papers are with collaboration of Samir Tohmé, Jean-Pierre-Claude, PRiSM-University of Versailles.
I have also a common work with B. Hassan at the Lebanese University.

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 member:D. Masson. Associated researchers:L. George, S. Midonnet. PhD. student:
F. Fauberteau.

Our research interests are in the area of real-time algorithmic and real-time programming languages.
Real-time algorithmic relies on systems temporal properties analysis. Our goal is to provide scheduling algorithms

which grant tasks temporal requirements. The work conduct into the LIGM AlgoTR group are about temporal faults
allowance and the gesture of soft real-time aperiodic events both in mono processor and multiprocessor environments.

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

The multiprocessor aspects are the topic of the under process PhD Thesis of F. Fauberteau, RTSJ concerns and ape-
riodic event handling within this speci�cation was the subject of the PhD Thesis of D. Masson defended on December 8
2008. This thesis studies the algorithmic solutions to jointly scheduled soft aperiodic events with hard periodic real-time
tasks, namely the task servers and the slack stealers algorithms. The existing algorithms are adapted in order to authorize
their implementation at a user land level within the RTSJ, and a new algorithm is proposed. This permits the use of these
techniques without need to modify an RTOS nor an RTJVM.

Our future work concern the generalization of these solutions to multiprocessor systems and their adaptation and use
in embedded systems with rechargeable energy storage.
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Publications: conference articles [126, 127, 125, 242].
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Scheduling algorithms using reachability analysis

Lead:Y. Abdeddaïm. Permanent members:Y. Abdeddaïm. Associated researchers:E. Asarin, M. Sighireanu.

This work concerns mainly a real time scheduling approach based on model checking techniques. One part of the work
is dedicated to the development of models for real time systems based on the timed automaton model and its extensions,
these models are used to solve scheduling problems and to verify temporal properties of the system. An other part of the
research concerns the development of reachability algorithms for timed systems and timed games.

During 2008-2009, we mostly concentrate on solving reachability games on timed game automata (TGA). As usual in
the game theory, the main problem for timed games is to searchfor winning strategies that allow the protagonist player (or
the controller) to reach a goal whatever the opponent player(or the environment) does. Timed game automata are timed
automata in which transitions are decoupled into controllable and uncontrollable transitions. The �gure below shows an
example of TGA, uncontrollable transitions are represented using red arrows and the goal is to ensure that the state BAD
is unreachable. To win the timed game, the controller must take the transition from q1 to q2 before the clockx reaches
the value 3.

In collaboration with E. Asarin and M. Sighireanu, we consider games played on a special kind of TGA we called task
timed game automata (TTGA), such an automaton is a parallel composition of several communicating TGA called tasks,
where the controller can choose when to start a task and the environment can choose the duration of the task. We propose
a fully forward algorithm to solve a �nite horizon reachability game on TTGA. We represent the produced winning
strategies by a compact data structure called STNU, our produced strategies have the advantage of being very succinct
due to the partial order reduction of independent tasks. We show that the existence of such strategies is an NP-complete
problem. Potential applications of this work are planning and scheduling under temporal uncertainty.
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Example of TGA represented using the tool Tiga

Publications: conference article [203].
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Information measures

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

We study some characterizations and interactions between information measures, with applications. More precisely,
we try to understand the role, and properties of the Rényi andTsallis entropies, beginning by their importance in the
so-called nonextensive thermostatistics. We have exhibited several possible rationales for these entropies in statistical
physics. So doing, we have studied more precisely some statistical distributions. We also investigate properties of the
Fisher information, viewed as an information measure, and intend to consider extented versions of the Fisher information
in a near future. Some applications of this work include an amended source coding theorem and applications of copulas
to image reconstruction in tomography. Most of the results are described in [247].

Generalized source coding.We studied escort distributions and Rényi entropy in the context of source coding [63].
The Campbell source coding theorem relates a generalized measure of length to the Rényi-Tsallis entropy. We showed
that the associated optimal codes can be easily, and practically, obtained using considerations on escort-distributions. We
also proposed a new family of measure of length involving escort-distributions, characterized the associated codes and
bounds and pointed out the interplay between standard and escort distributions.

Entropies derived from Rényi divergence. We studied the solutions of the minimum Rényi divergence problem,
subject to mean constraints [28]. The Rényi entropy of the optimum distributions can be viewed as a function of the
constraint. This de�nes families of entropy functionals inthe space of possible expected values. General properties of
these functionals, including nonnegativity, minimum, convexity, are documented. Their relationships as well as numerical
aspects are documented. Finally, we worked out some speci�ccases for the reference measureQ(x) and recovered in a
limit case some well-known entropies.

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

Another interest of Tsallis distributions, in many physical systems, is that they can exhibit heavy-tails and model
power-law phenomena. We noticed that these distributions are stable by a statistical normalization operation, and that
this suggests that they can arise in many contexts if the system at hand or the measurement device introduces some
threshold [29]. We draw a possible asymptotic connection with the solution of maximum entropy: Pickands' extreme
values theorem plays the role of a CLT-like theorem in this context [131].These views give possible interpretations forthe
ubiquity of Tsallis'distributions in applications and an argument in support to the use of Rényi-Tsallis entropies [129].

Fisher information measure. Fisher information is of key importance in estimation theory. It also serves in inference
problems as well as in the interpretation of many physical processes. The mean-squared estimation error for the location
parameter of a distribution is bounded by the inverse of the Fisher information associated with this distribution. We
studied minimum Fisher information distributions with a restricted support [65]. More precisely, we studied the problem
of minimizing the Fisher information in the set of distributions with �xed variance de�ned on a bounded subsetS of R
or on the positive real line. In this context, we showed that the solutions of the underlying differential equation can be
expressed in terms of Whittaker functions. Then, we derived the explicit expressions of the solutions and investigate their
behavior. We also characterize the behavior of the minimum Fisher 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 joint probability distribution
from its marginals and an important problem in Computed Tomography (CT) is to reconstruct an image from its projec-
tions. In the bivariate case, the marginal probability density functions f1(x) and f2(y) are related to their joint distribution
f (x;y) via horizontal and vertical line integrals. Interestingly, this is also the case of a very limited angle X ray CT
problem wheref (x;y) is an image representing the distribution of the material density andf1(x); f2(y) are the horizontal
and vertical line integrals. The problem of determiningf (x;y) from f1(x) and f2(y) is an ill-posed undetermined inverse
problem. In statistics the notion ofcopulais exactly introduced to characterize all the possible solutions to the problem
of reconstructing a bivariate density from its marginals. In [201, 199], we elaborated on the possible link between Copula
and CT.

Publications: journal articles [65, 63, 29, 30, 27, 28], conference articles [201, 199, 200, 131, 129, 247].
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Multiple-input and multiple-output radar systems

Lead:P. Jardin. Permanent members:P. Jardin. Associated researcher:S. Middleton, F. Nadal.

Multiple-input and multiple-output (MIMO) radar systems use arrays of transmitting and receiving antennas like
phased array radars but while a phased array transmits highly correlated signals which form a beam, MIMO antennas
transmit signals from a diverse set and independence between the signals is exploited. These systems can increase the
radar resolution, the number of targets that can be identi�ed, and the �exibility in beampattern design in comparison
with standard phased array radars. In particular they offerthe possibility of sending the transmitted power towards the
directions of multiple targets (Figure 1). To date, most of the work on MIMO radar has been performed assuming the
signals are narrowband. We started our study in september 2008 under this narrowband con�guration to familiarize
ourselves with this subject.

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

Publications: conference article [233].
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Source separation with applications to telecommunications

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

For almost twenty years, Blind Source Separation (BSS) is one of the leading topics in statistical signal processing.
Thanks to strong theoretical developments, BSS algorithms�t many situations in various contexts such as biomedical,
acoustics, astronomy,etc. Associated with telecommunication applications, BSS shows wide potentialities such as the
capability to increase the rates in MIMO systems, deal with users having differents rates or, in non-cooperative frame-
works, to be a key of spectrum surveillance (passive listening). As a matter of fact, the historical improvements in BSS all
assume strong statistical properties on the sources. Typically, these latter should be jointly independent, non-Gaussian and
stationary. If the two �rst assumptions are quite reasonable in telecommunication environments, the stationarity assump-
tion is too far from real contexts. Indeed, the statistics oftelecommunication sources vary, in general, almost periodically
with time: they are cyclo-stationary. We have hence mainly focused our attention on BSS of independent, non-Gaussian
andcyclo-stationrysources. The ultimate aime was to solve a certain number of BSS problems in telecommunication
systems.

A classical, and perhaps naive or inef�cient way of achieving the BSS of cyclo-stationary sources is to estimate the
non-stationary components of the second-order moments of the observed signals. In the jargon, this is to estimate the
cyclic-frequencies. Indeed, these cyclic frequencies allow one to recast quite directly the well-known BSS algorithms
(designed for stationary data) to algorithms that achieve BSS in the cyclo-stationary case. The estimation of the cyclic-
frequencies is standard and has been a subject of a great dealof contributions. The estimators in question are general
and apply to all cyclo-stationary contexts. However, a key property of signals steming from digital communication -
namely the narrow support of a so-called cyclo-spectrum - had never been exploited. This consideration proved crucial
in the performance of the estimator we have found out. Besides BSS considerations, our estimator is useful for the
symbol-synchronisation problem.

As a preliminary remark to introduce an other direction of research, we have noticed that, quite often, the beloved
Constant Modulus Algorithm (CMA) - originaly conceived forstationary data - when fed with cyclo-stationary telecom-
munication data shows remarkably good performance as far asthe separation is concerned. This can bea priori surprising
(imposing a constant modulus at the output of a linear systemthat tries to isolate one source) is not very intuitive, since
in general none of the transmitted sources has the property of constant modulus). We endeavored to give a theoretical
foundation for the ability of the CMA to be a good candidate for BSS of cyclo-stationary data. If the proof of convergence
of the CMA to a proper separator is quite easy when the data arestationary, it is remarkable that the proof for cyclo-
stationary sources is more demanding. Wepartly succeededin showing the separability result. Even after industrious
research, some cases remain unclear and are still open problems - perhaps never to be solved (we hope not).

The BSS problems are usually weighted with the adjectivesinstantaneousor convolutive; in the �rst case, this means
that the mixing system is linear withtout memory (this �ts narrow-band signals) while the second-case is concerned with
mixing systems that are �lters (this �ts high-rate systems corrupted by multi-path propagation). Our research on the CMA
applied to convolutive systems (and hence to instantaneousas a particular case). Relatively often, systems corruptedby
multi-paths show the speci�city that the channels have so particular a structure,i.e. the impulse responses are specular.
It is uneasy to take advantage of thisa priori in the CMA. On the other hand, the specularity can be entirelytaken into
account by considering any of the paths as sources. This gives an instantaneous structure to the separation problem, in
which the sources are approximatly independent. With Pascal Chevalier, we wrote a chapter of a book devoted to this
question that had not been addressed before : when should convolutive methods be used rather than instantaneous ones?
No de�nitive answer can be given, since we show that the performance of the algorithms highly depend on the parameters
of the transmission.

Publications: journal articles [32, 93], book chapters [13, 14], conference article [132].

44



PhD SUPERVISION

Completed theses:

� Cédric Allène, “Paradigmes de segmentation de graphe : comparaisons et applications en traitement d'images”,
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(H. Talbot)

� 17th International Conference on Real-Time and Network Systems. October 26-27, 2009, Paris, France (D. Masson)
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� École des Mines-Paritech (CMM), P. Dokladal, morphological algorithms (E. Dokladalova, H. Talbot)

� General Electric Healthcare, Regis Vaillant, medical image analysis (L. Najman, H. Talbot)

� Hôpital Bicêtre - Paris, M. Raphaël, T. Cynober, L. Garçon, R. Kokodé, Y. Benmebarek, medical aspects of ekta-
cytometry (A. Finkelstein)
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� Université de Strasbourg (LSIIT), Christian Ronse and Nicolas Passat, discrete topology and mathematical mor-
phology (G. Bertrand, M. Couprie, H. Talbot)
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