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The Defence Science & Technology

Onera (The French Aerospace Lab)

X MISSION : Researching in Electromagnetism and Signal Processing for developing future radars.
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Thematics and Research Works = \
Synthes:s of Research Activities E d u catl o n B ac kg ro

Perspectives //

7

1981 1984 1986 1987 1988 1992

1981 Baccalauréat of Science
1981-1984 Schools preparing to «Gandes Ecoles» - Math option
1984-1987 ESIEA Electrical Engineering School
1986-1987 M. Sc. in Automatic and Signal Processing in Paris 11
1987-1988 Military Education and Training

Ph.D. Thesis in Physic ONERA/Paris 6
1988-1992 (Signal Processing) :
The Mellin Transform : A Tool for Broad-Band Signal Analysis

1992 Research Engineer in TONERA
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Thematics and Research Works

Synthesis of Research Activities
Perspectives

S— — -

1992 1997 08 10 11

1992-1997 Research Engineer in the Future Radars Unit of the Radar Systems
Division in the Direction of the Synthesis Studies in ONERA
1997-2011 Research Engineer in the Signal Processing Unit in the
Electromagnetism and Radar Department (DEMR) in ONERA
. Attached Scientist (40%) in SONDRA Lab in Supelec :
since 2008 ) i . s
Responsible of Signal Processing activities
One Year Attached Scientist (DGA grant)
2010 in DSO National Laboratories in Singapore
Robust Estimation Methods in Compound Gaussian Processes.
Application to Radar
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Thematics and Research Works M ai n Axes of Co nt .

Synthesis of Resean;::r::;ziitjzz Stu d ie S i n O N E RA

Contractual Activities

N

\ Test beds ry

B Radar Imaging, SAR and ISAR

B New Radar Concepts (ex : ROMULUS)
B Analysis and Clutter Modelling
B Detection and Estimation (ex : MODEM)

Bl Radar and SAR Simulators

Jean-Philippe Ovarlez, HDR, Orsay, 14/02/2011

Researches Experimental Data
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Personal Background

Synthesis of Research Activities Res e a rC h C h rO n 0 I

/

Perspectives
B SAR Images Analysis: Interferometry, Polarimetry, Multi Passes, Multi Band, Multi-Looks,
® Radar Detection : STAP, MIMO, SAR Détection, Hyperspectral Detection
2011 :[:]: 2 < 2011
f
( N
ﬁ Robustness of M-estimates
DOGG Statistical Analysis & } in the Radar Context ..2009
and Classification | '
B 10 0 ¥ - S in Polarimetric B L MIMO and SIRV ..2008
SAR Images 3 Structured Covariance Matrix
Estimation in Adaptive
OO L ) Detection --2007
4 N
Time-Frequency
. P % Analysis for . .
2004 Polarimetric SAR <2 : Polarimetric ;3> E<timation in the SIRV ﬂ
,. i . . stimation in the &
A Imaging Classification context RS
2003
Time-Frequency of SAR Images
Analysis for SAR
2003 Q Imaging C
il
\\ J 4 > 4 > Detection in the SIRV l
Time-Frequency Analysis context ~1998
and Radar Imaging
MODEM
<> \ 1985
1992 Ph.D. thesis WOrks s Detection - Estimation -
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Personal Background DetGCtion and ESti m ,“\

Synthesis of Research Activities
Perspectives Ra d a r

1992 : MODEM Study: Simulator evaluating the grazing-
angle moving targets detection performance
(sensitivity) of a radar and taking into account:

m the terrain
m the target,
m the radar and the propagation.

MODEM Simulator

At the beginning

B Model mainly based on Gaussian assumptions,
m Only few clutter measurements available [Ulaby 1989],
m First publications [Billingsley 1993] rejecting the Gaussian behavior of the clutter.

Problem under study to improve MODEM reliability:

m Realistic clutter data and clutter models support for radar simulators,
B Conventional radar performance quantification against realistic clutter ?
m Derivation of optimal detectors.
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Personal Background EXiSti n g P ro b I e ms 1 \:f:';
Synthesis of Research Activities

Perspectives DEte Cti o n

B «High Resolution» Radars: small number of
scatterers per cell. Random number from cell to cell,

B Masking phenomena due to relief and above ground.

B Clutter Non-Gaussianity (Limit

» Central Theorem not valid),

B Heterogeneity of clutter areas.

» Classical Radar Performance Decreasing.

Weibull Scale
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Personal Background S I RV fo r Radar C I ut 1\
AN

Synthesis of Research Activities

Perspectives M Od e I I I n g

SIRV Clutter Modelling

Spherically Invariant Random Vector : Compound Gaussian Process

c=+TX

¢ x is a complex circular Gaussian m-vector (speckle) with covariance matrix M,
¢ T is a positive random variable (texture) well defined by its pdf p(7).

Powerful Modelling that allows :

= to extend the Gaussian model (K pdf, Weibull, Alpha-Stable, ...),

= to take into account the heterogeneity of the clutter power with the texture,

m to take into account possible correlation existing on the m-channels of observation,
m to derive optimal or suitable detectors
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Personal Background

Synthesis of Research Activities S I RV D ete CtO rS

Perspectives

Detectors developed in the SIRV context

m SIRV texture p(7) modelling with Padé Approximants [E. Jay Ph.D Thesis 2002],

B Normalized Matched Filter [Picinbono 1970, Scharf 1991], GLRT-LQ [Gini-Conte 1995],}
m Bayesian estimation of the SIRV texture p(7) (BORD) [E. Jay Ph.D Thesis 2002].

o CFAR pro‘perty of Asympt?tic BORD for difterent SIRVs \ /

Normalized Matched Filter
o }”ﬁé‘;ﬂéﬁ:“““ o112 Hy
Ay) = pTM "y S
(yEM~1ly) (p M~1p) o,
N | A(y) is SIRV CFAR
R e but needs to know the true
Texture-CFAR property for the GLRT-LQO covariance M

©®NERA
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Personal Background Ad a ptive Dete Cto

Synthesis of Research Activities

Perspectives N O i s e

New detectors called Adaptive Detectors can be derived by replacing in the NMF
a «good estimate» of the covariance matrix.

ACE : Adaptive Cosine Estimator
ANMF : Adaptive Normalized Matched Filter

. 2
‘pH M—ly‘ Iio
- - > A
(yH M1 y) (pH M1 p) H,

These detectors are SIRV-CFAR only for some particular estimates of M !

Ay) =

Gaussian MLE

1 K
MSC’M = — CL CH
K
k=1

K H

Mnysom = I7a H o

. . —1 "k “k
[Gini-Conte] k=1

SR ONERA
Jean-Philippe Ovarlez, HDR, Orsay, 14/02/2011 8 © PARISSUDYT ——




Personal Background

Synthesis of Research Activities ESti m ati 0 n i n S I RV )

Perspectives

For an unknown but deterministic texture parameter, the Maximum Likelihood Fixed Point
estimate Mrp (FP) of the Covariance M is found [Conte-Gini 2002] to be the solution of the
following implicit equation:

Fixed Point (FP)

This estimate is an approached MLE in the general SIRV context,

[F. Pascal Ph.D. Thesis 2006]

B Consistent, unbiaised, robust, asymptotically Gaussian estimate and supposed
to be, at a fixed number K, Wishart distributed with mK/m+1) degrees of
freedom,

B Existence and unicity of the solution are proven. The solution can be reached
by recurrence My=f(Mk-1) whatever the starting point Mo (ex: Mo=I, M1=Mnscm),

B Closed-form relationship between PFA and detection threshold.

NN ONERA

Jean-Philippe Ovarlez, HDR, Orsay, 14/02/2011 §\\\\\ = P —————
LRI




Personal Background

Perspectives

Synthesis of Research Activities S I RV a n d Expe ri m e

B ANMF-FP Texture-CFAR property
B ANMF-FP Matrix-CFAR property

Clutter map Curves "PFA-threshold" — CFAR property
L T T R T T N\ ‘ ‘ ‘ ‘ ‘ . NSCME
i K il Nu \ ~ rre ]
| [ — M hat 1
ol \I‘\ | I||I I | I ‘ “ \ —— Mknown |4
| | A\
Uy (k 0 \
20 il \ FP
N\
107 \
\
30 II [ \
: \ .
3 < . Theoretical
< i} A\
40} \
\ NSCM
10°F \ E
50| \\\
True M \ ]
i \ -~ 4
60| AN ]
\\
70 10‘3 ! ! ! ! ! L

100 200 300 400 500 600 700 800 10’ 10° 10° 10* 10° 10° 107
Range bins threshold A

Radar azimuth-range bins map from . .
THALES AIR DEFENCE Pra-threshold relationship

Very good fit between theory and experimentation
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Personal Background

Synthesis of Research Activities

Extension to
Detection in
Hyperspectral
Images

Extension to

MIMO radar
[C.Y. Chong
Ph.D.Thesis 2008]

., I O O I O O O O O = g

Jean-

\\\

NS
N

R

T=3

Research around S
Point Methodology

Q@

Perspectives

SIRV - FP

B Regulation of the false alarm
heterogeneous and non-Gaussian areas,

in spatially

u Detector Performance Improvement

Robustness of

Estimates
[M. Mahot Ph.D. Thesis
2009]

- E N NN EEE . o = =m m

--mm --EmEEEDEEDSDEES .S S S S S S S S S e .

Extension

Statistical to Space Time
Analysis of SAR pace
: Adaptive
images P )
[G. Vasile Post-doc 2008, P, rocessing STAP CLUB

[G. Pailloux Ph.D.
Thesis 2007, G.

Ginolhac 2009]

Formont Ph.D. Thesis
2009]

E E E = E =N = =N = === m
Il I I = N =N =N = N N =N E Ny
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Personal Background

Synthesis of Research Activities STAP C L U B

Perspectives

Organizer and leader since February 2007

Goals: Open collaborative project

B To propose STAP data (synthetic and
experimental) for STAP algorithms evaluation,

B To gather existing experimental STAP databases if‘ﬂi?ﬂ"{.:.'Jffﬁ'"’;-v--..

a n d S i m u Iato rs 50 100 150 I 200 I 20 . - 30 40 I 5

Range bins

DGA/CELAR data

B To develop fruitful exchanges between
researchers and Ph.D. students.

BILAN
B 4 meeting / year, 1 Web site: http://clubstap.free.fr, %

B Special Issue «Traitement du Signal » in preparation, .

Viesse (ms)

B Extension to Europe, ONERA Data

DR ONERA
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Personal Background

Synthesis of Research Activities STAP C L U B

Perspectives

Main Participants

B ONERA, THALES (F. Le Chevalier, L. Savy, M. Montécot), DGA (J. Samson CELAR)
B ENS Cachan (P. Forster, G. Ginolhac)

B LSS (S. Marcos)

B SONDRA (F. Pascal)

B ENSEIRB (Y. Berthoumieu, E. Grivel)

B ISAE (O. Besson, S. Bidon)

H IETR (L. Ferro-Famil)

STAP Club is a catalyzer for «<STAP» Ph.D. students:
G. Pailloux (ONERA), S. Beau (LSS), S. Bidon (ISAE), J. Petitjean (ENSEIRB)

THE FRENCH AEROSPACE LAB
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Personal Background

Synthesis of Research Activities SI RV fO r STAP

Perspectives ( ///
[/ Lt

Fit of SIRV + FP to STAP : detectors + estimators

SIRV - FP

Reduction of number of secondary data (K >> 2m):

B Exploiting persymmetric structure of the Covariance [G. Pailloux
Ph.D. Thesis 2009],

B Sub-spaces techniques [Ginolhac et al 2009].

Extension

to Space Time X L
Adaptive Robustness of i to secondary data contamination:
Processing B Robustness of the NSCM and FP estimates [M. Mahot Ph.D. Thesis

2009] : Robust Statistics [Huber 1972] - M-Estimateurs

o
esse (M/s)

ANMF + NSCM

0
eeeeee (m/s)

AMF + SCM Low Rank
Example : Secondary Data contaminated by a target with velocity -4m/s (K = 410 << N=512, r = 46)

ONERA
g PARIS-SUD11 —___ " "




Outline

B Personal Background
B Education Background
B Professional Background
B Main axes of Contractual Studies

B Thematics and Research Works

B Chronology
B Radar Detection and Estimation
B Radar/SAR Imaging

B Synthesis of Research Activities
B Teaching Activities
B Publications and Reports
B Supervisions
B Scientific and Administrative Responsibilities

B Perspectives

Jean-Philippe Ovarlez, HDR, Orsay, 14/02/2011 > DIVERSITE

EEEEEEEEEEEEEEEEEEEEE




Personal Background

Synthesis of Research Activities
Perspectives

ONERA RAMSES Image {?}Q

v .‘;‘O\ P
P IS ‘-“3’.6.(‘9‘&

Radar Imaging allows to build more and more precise images :

B Need to use very high bandwidth and long integration time (high

azimuth bandwidth)
B Spectral, Angular, Polarimetric Non-stationarity of scatterers

B Complexity of Scene Analysis - Classification becomes difficult

ONERA
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Personal Background P hys i cal C h a raCte ri

Synthesis of Reseag::lr::;z’tiiﬂgz S A R S Catte rers

Conventional Fourier Imaging (laboratory, image 2D
SAR, ISAR) : .
> { A
B Assumptions of white and isotropic 5 - ’37’* #77 Ty
bright points - 17 M Transformée de Fourker i
B does not exploit the potential non- = | o
stationarity of the scatterers

Nevertheless :

B Imaging in laboratory : Highlighting
of Coloration and Anisotropy of
reflectors [J.P. Ovarlez Ph.D. Thesis
1992],

B Same ascertainments on Very High
Resolution SAR images ! - Sy ¢
Sous-bande1  Sous-bande 2 Sous-bande 3

N ONERA
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Personal Background Ti me _F req uen cy A \

Synthesis of Research Activities

; \
Perspectives S A R I m ag 11 g %

Z

Time-Frequency Analysis allows to highlight the coloration and
anisotropy properties of SAR reflectors.

Coefficient de réflexion Hyperimage

R A RS

ATF Applications on SAR images [M.Tria Ph.D.
Thesis 2004] :

RN Transformée en
d ondelettes
continues

frequency

B RCS Analysis

B EM Phenomena Analysis,

B Signatures Extraction,

Hm Classification,

B Maximization of interferometric entropy by
wavelets [M. Tria - E. Colin].

Position radiale x (m)
Position radiale x (m)

Classical Entropy Entropy and Wavelets

10 0 10 10 10
Position transverse y (m) Position transverse y (m)

Position radiale = + 4.55 m

Position transverse = - 10.40 m Seuil 4 0.9 dB du maximum
= = X
Distribution I(x ,y ;f,0) Distribution I(x ,y ;f,0)
x10" oo o’’o
. 240 . : 240
3 .
- 220 G 220
@ 142
o
5 1.43 200 200
3 :
o 1.44 180 Y 180
W 145
160 160
g 1.44
1

Fréquence f(Hz) ¢ ' Angle 6 (°)

-0.5 0 05
Angle 6 (°)

3 . ONERA
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Personal Background Ti me _F req uen cy A

Synthesis of Research Activities . .
rerspectives — POlarimetric SAR Ims

(7777

Natural Extension of Time Frequency Analysis for SAR imaging to
coherent (Pauli, Krogager, Cameron) and non-coherent (H/alpha,
Freeman Durden) polarimetric decompositions [M. Duquenoy Ph.D. Sphere, Hel, Diplane Decompositon

Thesis 2009] - e -
: /f 31}

Angle Theta (°))/
m Moreover, Time-Frequency Analysis allows to highlight the /
polarimetric (coherent) non-stationarity of SAR scatterers.

Frequency (Hz)

m TFA application to non-coherent polarimetric decompositions !.'
(Best Student Paper Award Eusipco 09 - M. Duquenoy)

Parking Champ3 Building2

m

‘EUSEP@@ 2@@9 e gpnga S000- cia gﬁ Scoltand
-

Legend (RGB)

Il oivlane

B Helix

Il sohere o

Krogager Coherent

Decomposition with
Wavelets

Texas Instruments Student Paper Award
The Organising Committee of the 17th European Signal Processing Conference (EUSTPCO) has the pleasure
of avmrding this prize to

Michaél Duquenoy Tried
ricdre

Incoherent Polarimetric
‘amil and Eric Pottier.
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S
\

esnasaaens SRV and Classificatiol
: 7 NN
e reeenes  Polarimetric SAR Imag

Natural Extension of SAR Images statistical to
non-cohérente polarimetric classification (H/a,
Freeman Durden) [G. Vasile Post-doc 2008, P.
Formont Ph.D. Thesis 2009, L. Bombrun Post-doc
2009]

Extension to
SAR
Polarimetric
Classification

B Polarimetric Covariance Matrix and texture estimation on
spatially non Gaussian or heterogeneous areas,

m Extension of Polarimetric Whitening Filter used in image
«unspeckeling» to SIRV context (related in fact to the SIRV
texture estimate).

B Extension to SIRV context of Polarimetric SAR image
classifications (unsupervised H/a, Freeman Durden, ...),

B Analysis of new Riemannian distances for deriving the Classification Wishart H/a
covariance matrix of the H/a centers of class (Geometry of avee SCM
Information)

NN INTVERCITE ONERA
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Personal Background

Synthesis of Research Activities
Perspectives

g0 100 180

Mscu Wishart
distance - Euclidean
Mean

200 280 300 350 400 450 500

Information
highly correlated to the
texture

Jean-Philippe Ovarlez, HDR, Orsay, 14/02/2011

50 100 150 200 250 300 350 400 450 50 100 150 200 250 300 350 400 450

MEerp Wishart Mep Wishart
distance - Euclidean distance - Riemannian
Mean Mean

More informative, «less visual»
but
totally independent on the texture
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Personal Background

Synthesis of Research Activities

Perspectives

Synthesis

B Behavior analysis of SAR image scatterers
B Target classification (coherent polarimetry) - Recognition
m Clutter classification (texture, non-coherent polarimetry)
B Coherency analysis for interferometry

Potential Applications
B Change detection (multi temporal)

B Target detection (stationary or moving) in SAR images

NN ©®NERA
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Personal Background
Thematics and Research Works

Perspectives

Teaching Activities

50

45

40

35

30

25

20

15

10

' Supervision Stat. ENSAE

I Courses Wavelet/Imaging ENSEA
I Courses SAE Reco/Radar

i Courses SAE Wavelet/TF

...Courses.SP.at ECP

i Courses Wavelet at ENST
.................... .Courses SP-at ESIEA -

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

2004 2005 2006 2007 2008 2009

Jean-Philippe Ovarlez, HDR, Orsay, 14/02/2011
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Personal Background
Thematics and Research Works

Perspectives

Publications Total
ONERA Technical Reports 42
Journals 16
International Conferences 52
National Conferences 11
Invited Conferences 4
Patent 1
Thesis 1
Journals in review 4
Invited Seminar(GDR, IEEE, SEE, CNES, ...) 15
Book Chapters 5
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Personal Background

Thematics and Research Works S u pe rv i S i O n S

Perspectives

Ph.D. Students

m 1998 - Emmanuelle Jay (ONERA/MNRT 50%)

m 2001 - Mohamed Tria (ONERA 70% )

m 2003 - Frédéric Pascal (ONERA 50%)

m 2004 - Mickaéel Duquenoy (ONERA 50%)

B 2007 - Guilhem Pailloux (ONERA 50%)

m 2007 - Julien Totems (ONERA 20%)

®m 2008 - Chin Yuan Chong (SONDRA, participation)
m 2009 - Mélanie Mahot (DGA 20%)

2009 - Pierre Formont (DGA/ONERA 20%)

Post-doc

m 2007 - Gabriel Vasile (CNES 100%)
m 2009 - Lionel Bombrun (GipsaLab, participation)

University Supervisions - Coopérations

m Patrick Duvaut - David Declercq (ENSEA)

m Messaoud Benidir (LSS), Frédéric Pascal (SONDRA)
m Philippe Forster, Pascal Larzabal (ENS Cachan)

m Eric Pottier, Laurent Ferro-Famil (IETR)

m Nadine Martin, Gabriel Vasile (GipsaLab)
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Personal Background

Thematics and Research Works Wh e re a re th ey n O

Perspectives

Ny
N,
/

B Emmanuelle Jay : Researcher in quantitative finance in QuantValley, Paris
B Mohamed Tria : Research Engineer in Noveltis, Toulouse

B Frédéric Pascal : Assistant Professor in Supelec/SONDRA, Paris

B Mickaél Duquenoy : Thales, DGA, unemployed

B Guilhem Pailloux : Engineer in DGA, Paris

H Julien Totems : Ph.D., to be defended 15/02/2011, ONERA Chatillon

B Chin Yuan Chong : Ph.D. in SONDRA - DSO National Laboratories

B Mélanie Mahot : Ph.D., SONDRA/ONERA, Paris

M Pierre Formont : Ph.D.,, SONDRA/ONERA, Paris

B Gabriel Vasile : Researcher CNRS, GipsalLab, Grenoble

B Lionel Bombrun : Post-doc in ENSEIRB, Bordeaux
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Personal Background Scientific and Adm \

Thematics and Research Works

respecives - R@SpPONSIDIlItIes
ONERA/SONDRA Responsibilities

2003 Principle Scientist

Member of the Scientific Committee of the ONERA Physic
2004 - 2009 Branch

2009 - 2014 Ph.D. students and Ph.D proposal evaluation in the ONERA Physic
Branch, seminars, ...

Elected Scientific Council President of the DEMR Department

2006 - 2007

2007 - 2008 Seminars proposals et organizations, Ph.D. students and Ph.D
proposal evaluation in the DEMR department

since 2007 Organizer and Leader of the STAP Club

since 2008 Responsible of Signal Processing Activities in SONDRA
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Jean-Philippe Ovarlez, HDR, Orsay, 14/02/2011 NN = P —————




\\’
N

| |

Personal Background S 1 'f' d d :
Thematics and Research Works c I e ntl Ic a n A m

resecives ~ R@SpPONSIDIlItIES

Other Scientific Activities

B Reviewer for Traitement du Signal (french), Signal Processing, IEEE
Transactions on Signal Processing, IEEE Transactions on Image Processing,
IEEE Transactions on Geoscience and Remote Sensing, IEEE-ICASSP, GRETSI,
EUSIPCO,

B Member of the Scientific Committee of the IEEE-Radar 2004 conference,
B Member of the Scientific Committee of the IEEE-Radar 2009 conference,

B Member of the Scientific Committee of the CIP2010 conference, Second IAPR
International Workshop on Cognitive Information Processing (Elba, Italy),

B Chairman for the IEEE-RadarCon 2008 (Rome) conference,

B Chairman for the IEEE-Radar 2009 (Bordeaux) conference.
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Outline

B Personal Background
B Education Background
B Professional Background
B Main axes of Contractual Studies

B Thematics and Research Works
B Radar/SAR Imaging
B Detection and Estimation for Radar
B Applications : STAP, SAR Classification, Hyperspectral

B Synthesis of Research Activities
B Teaching Activities
B Publications and Reports
B Supervisions
B Scientific and Administrative Responsibilities

B Perspectives
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Personal Background
Thematics and Research Works

Synthesis of Research Activities P e rs p e Ct i VeS

Understanding

Mahot

GipsalLab and DSO)

NN
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New Thematics of Research

B Target Detection (stationary or moving) in the mono or multi-channels SAR
images (with joint use of Time-Frequency Analysis and SIRV)

B Fixed Point extension to Interferometry, Coherency
B Change Detection (multi temporal)

B Waiting FP7 decision: GipsaLab - ONERA - DLR - EDF - IREA : Non-Linear, Non-

Stationary, Non-Gaussian Multidimensional SAR Processing For Complex Scene

Ph.D. Supervisions and Projects

B Robust Statistic - Study of the M-Estimators, Non-stationarity of the clutter : M.

B Clutter Classification (texture, non-coherent polarimetry) : P. Formont

B Ph.D. Thesis scheduled for 2011 on Hyperspectral Detection (jointly with

©®NERA
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Small Wink on my Ph.D. Works 1992

The Mellin Transform: a Tool for Broadband Signal Analysis

+00
MIZB) = [ ()

H Invariant Transformation to any scale change a
U

2(f) % Uz(f)=a Z(af)
| !
M[Z)(B) — MUZ)(B) = a 2" M[Z](B)

B Allows to compute easyly and ingeniously broad-band radar ambiguity functions,

affine Time-Frequency distributions (wavelet), Cramer Rao bound for scale
estimator, ...

B |[ts multiplicative convolution property allows to factorize the SIRV PDF !!!!

U du’

(prep2)(w) = | T () pou) s My xwpal(8) = MIp(8) MIp)(5)

See J.M. Nicolas’s works on the use of Mellin Transform for computing and deriving
in a closed form the SIRV texture PDFin SAR images !!!
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——— QUESTIONS 227?

Alpha (in degrees)
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Jean-Philippe Ovarlez, HDR, Orsay, 14/02/2011 §\\‘\:\ - A,
AN

1

2 0
Vitesse (mfs)

# 4 6
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