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Abstract: Wepresentaversatilesimulatorfor marineradars
that can, in particular, be usedin multistatic con�gurations.
Today, mostsimulatorsmodelizethe seaclutter by a random
noise; however no obvious relation exists betweenphysical
parameters(e.g. wind speedor salinity) and the shapeof the
probabilistic law of noise.On the contrary, we modelizethe
whole acquisitionchain: antennasand their polarization,the
shapeof the emitted signal, etc. Realistic sea surfacesare
generatedusingthe two-scalesmodelon a semi-deterministic
basis,so as to be able to incorporatethe presenceof ship
wakes. We present pseudo-raw signals obtained with our
simulator. These signals can be further processedand fed
to a ship detection and tracking chain. We aim at using
this simulation as a tool to benchmark these algorithms
and improve them by adding knowledge on the physical
uncertaintiesand the sensorimprecisions.

Keywords: Marine surveillance systems, bistatic radar,
bistaticscattering,radarsimulation.

I . INTRODUCTION

On an averageday, more than a hundredand �fty ships
transitthroughtheEnglishChannel.Amongthem,abouteight
shipscarry dangerousgoodsandcould potentiallybe respon-
sible for ecologicaldisasterssimilar asthe sinking of Amoco
Cádiz (1978) or more recently, Erika (1999) and Prestige
(2002). Drug smuggling, illegal immigration, or piracy are
yet other rampantproblemsthat marine authoritieshave to
face.To improvesafetyalongcoasts,especiallyin zoneswhere
intenseship traf�c occurs,detectionand tracking algorithms
for radar-basedsurveillance systemsmust be continuously
improved. Doing so requires an important insight in the
physical phenomenathat occur during the acquisitionof the
data. The problem is that real data with extensive ground
truth are barely available today, especiallywith uncommon,
yet promising,con�gurationssuchasbistatic radar.

In this paper, we presenta simulationtool for marineradars
that can be usedin multistatic con�gurations and in various
working situations:real apertureor syntheticapertureradars,
shore-basedor airborneradar. This simulator is intendedto
help the benchmarkof current or future ship detectionand
tracking algorithms.Today, most radarsimulatorsmodel the
seaclutter by a randomnoise, such as the Rayleigh or the
K-compoundlaw [1]. Knowing that the signal coming from

the seacan be modeledas a known noise is a divine gift,
becauseit justi�es the use of the much-celebratedConstant
FalseAlarm Rate(CFAR) schemesto distinguishshipsfrom
waves when thresholdingthe return signal [2]. However no
obviousrelationexistsbetweenphysicalparameters(e.g.wind
speed,salinity, etc) and the shapeof the probabilistic law of
noise.Also, the in�uence of uncertaintieson the motion of
the radar vector is seldommodeled.Finally, to the best of
our knowledge,all the simulatorson the market aredesigned
for monostaticcon�gurations where the transceiver and the
transmitterare the same.

To go pasttheseshortcomings,we on the contraryoptedto
model the whole acquisitionchain.We consideramongother
things the antennasand their polarization,the shapeand the
frequency of theemittedsignal,thein�uence of theweatheron
thesea,etc.To determinetheseaclutter, realisticseasurfaces
aregeneratedusinga two-scalesmodelonasemi-deterministic
basis. On the largest scale, gravity waves are obtainedby
synthesizinga randomseaaccordingto usualheight spectra.
Using a ray-tracing technique, the local incidence angles
can be determined.Then, the scatteringcoef�cients due to
smallerwaves(capillarywaves),areobtainedusingastatistical
descriptionof the seaon small scales[3]. Thesecoef�cients
account for the diffusion of the electromagneticwave due
to the roughnessof the sea surface. This mixed approach
betweendeterminismandstatisticaldescription,introducedby
[4], allows the userto incorporatethe presenceof ship wakes
on the deterministicpart of the sea.Simulatingship wakes is
essentialas it is a prominentfeaturein SAR images[5]. The
signatureof theship itself couldbeaddedby usinga database
of radarcrosssections(RCS)for varioustypical shipsacquired
in our anechoicchamber.

Our paperis structuredasfollows. In sectionII, we present
the simulated bistatic con�guration and the bistatic radar
equationwhich is thebasisof oursimulation.In sectionIII, the
physical modelof the seais explained,andthreeapproximate
methodsare reviewed to computethe scatteringmatrix from
themodelof thesea.SectionIV explainsthemainstepsof the
simulationalgorithm.Finally, some�rst resultsarepresented
andcommentedin the last section.

II . SIMULATED CONFIGURATION

The simulated con�guration is presentedin Fig. 1. It
consistsof a transmitterX and a receiver R, placedat the



Fig. 1. Simulatedcon�guration. The red arrows indicatethe dependencies
(someof them are omitted for the sake of brevity). (1): partially simulated;
(2) not simulated.

samespatialposition (monostaticcon�guration) or separated
(bistatic con�guration). The antennascan either belong to
a coastal radar, an airborne radar, or a spaceborneradar.
Indeed,thosewill only bea specializationof themoregeneric
radarsystemthat we model here.Suchspecializationcan be
achieved either by i) tuning variablessuch as the antenna
shape,the carrier frequency or the transmittedsignal shape,
ii ) moving theantennasasif they werecarriedaboarda plane
or a satelliteandiii ) usingspeci�c post-processingalgorithms,
suchas(eventuallybistatic)SyntheticAperturereconstruction.
The target is the sea, which characteristicsvary with the
wind speed,the salinity, the temperature,and the presence
(or absence)of a wake systemcreatedby a ship.

We consider the casewhere the target is located in the
far-�eld of the antenna.Since we are in the far zone, the
electric �eld lives on a plane orthogonalto the direction of
propagation. At the vicinity of the target, the incident wave
travels in the direction n̂ i and the incident electric �eld E i

can be describedas a 2D vector (E i
v ; E i

h ) in the incident
frame (v̂ i ; ĥ i ), such that ĥ i / ẑ � n̂ i (as shown in �gure
2). Similarly, the electric �eld Es scatteredby the target in
a given direction n̂s can also be describedas a 2D vector
(E s

v ; E s
h ) in frame (v̂ s; ĥs), with ĥs / ẑ � n̂s. The relation

betweenEs andE i is describedby:

Es = S:E i (1)

whereS = [Smn ] is the2-D scatteringmatrix.Sincethetarget
is, in our case,thesea,only anaverageof thescatteringmatrix
is known:

hSmn :S?
mn i =

hE s
mn :E s?

mn i
E i

n :E i?
n

,
A0

4�
� mn (2)

whereA0 is the surfaceof the target and indicesm; n stand
eitherfor the horizontalor the vertical channel.S dependson
the time; techniquesfor its computationwhen the target is a
rough surfacesuchas seaare presentedbelow. When taking
into accountthe transmittingand the receiving antennas,as
well as the travel losses,we canwrite:

r (t) =
e� j :k :( r X + r R )

2� :rX :rR
:p̂ t

R G R
t :S:G X :p̂X :s(t) (3)

Fig. 2. Bistatic geometriccon�guration andour notations.

s(t) is the transmittedsignal,r (t) is the received signal,p̂X ,
p̂R are the polarization vectors of the transmitterand the
receiver, k is the electromagneticwave numberandG X , G R

are the antennagain matrices(in amplitude).r X and r R are
respectively thedistancetraveledby theelectromagneticwave
from the transmitterto the target, and from the target to the
receiver. This equationis known as the bistatic polarimetric
radarequationand is the basisof our simulation.

Whenonly free-spacewavesareconsidered,aswe do, the
distancerX + r R traveled by the wave dependsonly on the
position of the transmitter, the target and the receiver at the
timewhenthesignalis emitted,andalsoon theirspeed.This is
responsiblefor the well-known Dopplereffect. The complete
expressionof r X + rR in the bistatic casemay be found in
[6]. However, for a moreadvancedsimulation,oneshouldalso
take into accountthe fact that the propagation path may not
alwaysbe linear and that small particlesin suspensionin the
atmospheremay further dampenthe signal [7].

III . OBTAINING THE SCATTERING MATRIX

Obviously, the most important parameterto know when
simulating radar images is the scatteringmatrix S. In our
case,the target is a roughsurface,which is usuallydescribed
usinga statisticalmodel.Many methodsexist to carry out the
computation.This sectiondetails threeapproximatemethods
to computethis matrix in our case.Note that thereare more
rigorousmethodsthat exist to carry out sucha computation
such as the Integral Equation Method, or the Method of
Momentsbut theseareunsuitablefor fastcalculation[8].

A. Physicalmodelof the surface

The scatteringpropertiesof the sea dependboth on its
electromagneticcharacteristicsandits shape.Seais generally
modelledas a randomheight �eld consideredas a function
of the position (x; y) and the time t. A �rst-order approxi-
mation of the seasurfacecan be obtainedby describingthe
seaas a linear superpositionof individual sinusoidalwaves,
eachhaving a certainamplitude,pulsation,initial phase,and
direction. The shapeof the power spectraldensity (PSD) of
the wave heighth(x; y) at a �x ed time t hasbeendetermined



empirically during numerousoceanographictrials. It is a 2D
function S, productof two components:

S(K ; :::) =
1
K

S1d(K ; :::):Sdir( ; :::) (4)

In this equationK = [K x ; K y ] is the (ocean)wave vector,
K is its norm, S1d is the (1D) omnidirectionalwave height
spectrumandSdir is theso-calledspreadfunction.The role of
thespreadfunction is to describethe fact thatwaveswill tend
to be higheras the difference betweenthe direction of the
wavesandthedirectionof thewind getssmaller. For example,
the Pierson-Moskowitz omnidirectionalspectrumcanbe used
[9]:

S1d(jjK jj ; U19.5) =
a0

K 3 exp
�

� b0
g2

K 2:U4
19.5

�
(5)

where U19.5 is the wind speedat an altitude of 19.5 m, g
is the accelerationof gravity, a0 = 0:0081 and b0 = 0:74.
A great deal of other sea spectraexist, but are generally
slight variationson Pierson-Moskowitz, suchas the Fung &
Lee spectrum[3]. As for the spreadfunction, we followed
Longuet-Higginset al. [10] who proposed:

Sdir( ; s) =
�

22s� 1

�

� �
� 2(s + 1)
�(2 s + 1)

�
: cos2( =2) (6)

wheres is thewind-spreadparameter, a functionof wind speed
and frequency. To simplify, and becausethe choiceof s has
alwaysbeenvery empirical in the literature,we took s = 1 in
this paperso that the normalizationfactoramounts to 4=� . It
is interestingto note that many groundstructures(�elds, etc)
canalsobe modeledusing this approach;the computationof
the diffusion matrix will be exactly thesameexcept for the
fact that the dielectricconstantsand the spectrawill change.

B. Derivating the scatteringmatrix from the seaspectra

Commonapproachesinclude the Kirchoff Approximation
(KA) andtheSmall-Perturbationsmodel(SP).Anothermethod
is the Two Scales(TS) methodwhich is a good compromise
betweenthe previous two methods,and has been recently
extendedto the bistaticcaseby KhenchafandAiriau [11].

a) The Kirchhoff Approximation: In the KA model, the
assumptionis madethat the curvatureof the waves is large
enough in front of the electromagneticwavelength so that
they may be locally approximatedby a tangentplane; the
geometricopticapproximationwill thenbeused.Thisamounts
to consideringthat only specularpoints on a lighted surface
will actually contribute to the received signal. In a far-�eld
con�guration, the scatteringcoef�cients will thus be propor-
tional to the probability of �nding suchspecularpoints,given
the con�guration of the transmitterand the receiver:

� mn =
� :k2jjqjj2

q4
z

jUmn j2Pr(Zx ; Zy ) (7)

whereq = k:(ns� n i ) = [qx ; qy ; qz ], Umn is apolarimetricpa-
rameterdependingon the con�guration angles(� i ; � i ; � s; � s)
and on Fresnelcoef�cients [12]; and Pr(Zx ; Zy ) is the prob-
ability of �nding a slope Zx = � qx =qz and Zy = � qy =qz

on the seasurface.The slope probability function has been
determinedempirically and �tted to an analytical curve by
e.g. Cox and Munk [13]. The KA model is adequateto
computethe averagespecularcomponentfor gravity waves,
which satisfy to the large curvature condition. It should be
noted that the Kirchhoff approximationis only valid when
closeto the speculardirection (� 20� ); when other directions
arechosen,the componentsof S will be underratedsincethe
diffusecomponentis not taken into account.

b) The Small Perturbations Model: The derivation of
the Small Perturbationsmodelbegins by statingthat the total
electric�eld E canbewritten asthesum of the incident�eld,
the re�ected �eld (specularand diffuse) and the transmitted
�eld. Then, a boundarycondition is introduced;in the case
wherethe surfaceis a perfectconductor, the condition is that
the tangential�eld is null on the surface.The tangential�eld
can be written as: E t = E � (E:n):n where n is the local
normal. n is then expressedas an expansionin powers of a
small quantity � , like the height of the surface or its slope.
This allows to write the re�ected and transmitted�eld as an
expansionof individual electromagneticwaves in powers of
� . At the order zero, the re�ected wave is just the specular
componentover a �at surface.TheSmallPerturbationsmodel
is usually the developmentto the �rst order of the re�ected
�eld, thus introducingsomediffusion. As � mustbe small, it
is supposedthat thetypical seawave heightis smallcompared
to the electromagneticwavelength. It is also assumed that
no multiple re�ections occur. The mathematicalderivation of
the model allows to introducethe spectraldescriptionof the
surfaceheight,which we do know. Finally, in thebistaticcase,
thecomponentsof thediffusionmatrix andtheintercorrelation
coef�cients aregiven by:

� mn = 8k4: cos2(� i ) cos2(� s)j� mn j2:S(jjk0jj ; \ (k0; u)) (8)

where � mn is a polarimetriccoef�cient that dependson the
bistaticanglesandthe seapermittivity [14]; andu the vector
de�ning the wind direction.k0 is de�ned by:

k0 =
�

k: sin(� s): cos(� s � � i ) � k: sin(� i )
k: sin(� s): sin(� s � � i )

�
(9)

c) The Two-Scalesmodel: This model has been intro-
duceda long time ago (see,for instance,[15]) to combine
the validity domainsof both the Kirchhoff Approximation
andthe Small Perturbationsmodel,andhasbeenextendedto
the bistaticcaseby KhenchafandAiriau [11]. The TS model
postulatesthat the oceancan be seenas the superpositionof
two categoriesof waves: gravity waves with large curvature,
andcapillarywaves,whicharesmaller. In reality, thetransition
betweenlargewavesandsmallwavesis continuousandthis is
only a good-enoughapproximation.The diffusion coef�cients
are given by computingthe averageon the slopesof the SP
diffusion coef�cients, for anglesexpressedin a local frame.

C. Semi-physicalsimulation of the sea scattering matrix,
usinga two-scalesdeterministic/stochasticseamodel

The particularity of both the Kirchhoff Approximation,
the Small Perturbation methodand the Two Scalesmethod,





Fig. 4. Scatteringcoef�cients (interpolationbetweenKirchhoff and Small
Perturbations),� i = 39� , � i = 0� , U19:5 = 4:53 m=s,  = 0� ,
f=10 GHz.

Fig. 5. Pierson-Moskowitz spectrum(a0 = 0:0081), for variouswind speeds
(at an altitudeof 19.5 m).

This method is well known, however the sampling step
ksampleof the spectrummustbe carefully chosen,becausethe
spectrumenergy is mostly located in a thin spike located
at low spatial frequencies(gravity waves). In order to do
this, we noticedthat all commonlyusedseaspectrahadtheir
low frequency componentfollowing a versionof the Pierson-
Moskowitz spectrum;and hadthe form:

f (K ; U) =
a0

K 3 exp
�

�
b0

K 2:U4

�
(13)

Thesefunctionspresentthe following invariant:

8a;K ; U > 0; f (K :a2; U) = f (K ; a:U)=a6 (14)

which meansthat if the wind changes,the logarithmic band-
width of the spectrum does not change; if the wind U
is multiplied by a the logarithmic curve of the spectrum
is merely translatedalong its + 1 asymptoteby a vector
[� 2 loga; 6 loga]. We empirically choseksampleasthe quarter
of the width of the � 3 dB bandwidth;a referencebandwidth
hasbeencomputednumerically for a given wind speedand
all othersare deducedusing the invariant. The upper wave
numberwas computedusing an asymptoticdevelopmentof
the logarithmic spectrum,and taken such as to �nd a good
compromisebetweenthesizeof thetile to simulate(in pixels),
and the typical height of the capillary waves on the pixel.
A seriesof samplePierson-Moskowitz spectraare plottedon
Fig. 5. Notice that when winds becomehigher, the lower
frequency waves augment.Also, we took wind speedsin a
geometricalprogressionof factora = 2; noticethat thecurves
aremerely regularly translated,thus illustrating invariant14.

The seamap at a given date t, can be deducedfrom the
initial seamapby multiplying the Fourier Transformof zt =0

by a phasefactorexp(� j :! :t). Assumingthat theseadepthis
d, the temporalpulsation! of an individual wave is linked to
the modulusK of the spatialwave vectorby the well-known
relation:

! 2 = g:K : tanh(d:K ) (15)



B. Generating the wake

We use a very simple wake model, establishedby Lord
Kelvin to model the perturbationscreated by a punctual
singularityat the surfaceof a perfect�uid volume,of in�nite
depth,moving at an uniform speed.This modelapproximates
well the largestwaves createdby shipswhen navigating far
from thecoast.Thewavecrestsandtroughs'positionaregiven
by the following equation:

�
x = A: cos(� ):

�
1 � 1

2 : cos2(� )
�

y = A
2 : sin(� ): cos(� )

(16)

The wake lives in a cone of aperture38:54� , where two
types of waves can be seen.The transversewaves travel at
the samespeedV and mostly in the samedirection than the
ship;they have awavelengthL t = 2� :V 2=g. Divergentwaves,
which form the cone, have a speedVd = V: cos(� ) and a
wavelengthL d = 2� :V 2=g: cos2(� ). The actualheight of the
waves is linked to the shapeof the hull and the speedof
the ship. It should be noted that other phenomenain�uence
the shapeof the wake, suchas short surfacewaves induced
by the free- surfacestrain inducedby ship-generatedinternal
waves,or turbulent eddies;yet thesefeaturesareusuallybest
visible in L-band (whereasour applicationis X-band radar),
and thereforehave not yet beentaken into account.

C. Generating the radar signal

For a given date t, we compute the received signal by
performinga seriesof operationsthat follow closelythe radar
equation.First, the position, attitudeand speedof the trans-
mitter andthe receiver aredeterminedor computedaccording
to the dynamics equation of the carrier. During this step,
noisecaneventuallybeintroducedin thecarrier's dynamicsto
accountfor randomperturbationsof thecarrierpath.Secondly,
we updatethe seamap, as explained above. Then, for each
point at the surface of the sea,we computei) the antenna
gains,ii ) thelocalbistaticangles,iii ) thescatteringcoef�cients
and�nally iv) the gain on the horizontalandvertical channel.
Also, thetime of �ight � tX T from thetransmitterto thetarget,
and from the target to the receiver (� tT R ), is computedwith
respectto the objects' position and speedat the time when
the signalhasbeenemitted, so as to accountfor the Doppler
effect. This allows to add the received signal, written as a
delayedversionof theemittedsignal,in anarrayrepresenting
thereceivedsignalasafunctionof thetimeandof thedistance.
To accountfor the coherentformation of the signal (which
yields speckle),the phaseof the received signalwill be taken
as a uniformly random numberbetween0 and 2� . On the
contrary to Cochin et al., we do not work with imagesat
the �nal SAR resolution,but truly on the raw signal, which
enablesusto takeall phenomenainto account(suchasantenna
gains).

D. Postprocessing

Oncethe signal is acquired,the signal is fed to a postpro-
cessingstage,which containsthe following stages:i) adapted
range �ltering (if the transmitted signal is chirped on a

bandwidth� f ; this brings down the rangeresolutionto the
theoreticalc0=(2� f ), ii ) beamsharpening(if working on a
SAR mode) and iii ) other miscellaneousprocessingstages,
suchasdespeckelization.

V. NUMERICAL RESULTS

A. Returnsin a simplebistatic con�guration

In our �rst simulation(Fig. 6), we generateda seasurface
of 64 � 64 m with the exact sameconditionsas in Fig. 3.
We add a ship cruising with a headingof 35� , having the
characteristicsof a small motor boat (length of 10 m, beam
of 4 m, draft of 1.5 m andspeedof 10 kt). The transmitteris
locatedat coordinates[x = 0; y = 0; z = 256:65] (in meters)
andthereceiver is locatedat [x = 32:0; y = 0; z = 87:91]. The
antennasaim at the centerof the tile, which yields � i = 20� ,
� s = 30� relatively to the meanseasurface, at the center.
Theantennasarebothrectangular, uniformly illuminated,with
a width of 18 cm and a breadthof 14 cm. We plotted in
�gure 6.a the elevation map and in �gure 6.b the modulus
of the received signal (when the transmittedsignal is of unit
amplitude).Figures6.c to 6.f show the scattering coef�cients
� mn (in dB) for each individual scattererof the sea.This
toy example nonethelessshows the clear in�uence of the
bistaticanglessincetheantennasarecloseto thesurface:each
individual point of the surfacewill be lighted differently and
will contribute in a distinct way. Also, notice how the sea
scattersthe energy even outside of the main antennalobe,
especiallyfor the co-polarizedchannels.

B. SyntheticAperture Radar images

We generatedvarious SAR images, with the following
setting:we useda canonicalrectangularaperture,illuminated
uniformly, carried aboard a plane �ying at 3,000 m at a
distanceof 3,000 m from the centerof the simulatedtile of
sea.Theantennaaimsat thecenterof thetile. Theplanespeed
is 222 m.s� 1 (800 km.h� 1), the pulserepetitionfrequency is
equal to 222 Hz, hencea pulse is transmitted every meter.
The carrier is set to 10 GHz, and the signal is chirped on
75 MHz so as to obtain a range resolution of 2 m (pulse
duration:333 ns); the antennawidth is chosenso asto obtain
a comparableresolutionin azimuth after beamforming.The
con�guration is here monostatic,so as to be able to reuse
existing SAR software; however, bistatic SAR [17] may be
readily usedaswell.

In theseexperiments,for each transmittedpulse, the re-
�ected signal for eachelementaryscatterer(“pixel”) is com-
puted and the correspondingsignal is added to an array
representingthetemporalraw signalthatwouldbereceivedfor
the transmittedping. Betweeneachping, the seaheight map
is not recomputed;althoughit would be very possible,this
is a time-consumingprocessnot really justi�ed herebecause
the illumination time is very short, typically below 0.25 s,
which meansthat movementof the waves is negligible. The
total computationtime for eachpulseis of about12 s (for a
512� 512 mesh,with a 3 GHz PentiumIV, the simulation
codebeingwritten in C). Surprisinglyenough,thebulk of the



a) b)

c) d)

e) f)

Fig. 6. Simulation1

computationtime is taken by the 10-lines-longloop writing
the pulse in the received signal array (despite aggressive
optimization),and not that part of the codewhich computes
the radarcrosssectionof a seaelement.

In simulation 2 (Fig. 7), we simulate a sea of state 2
(signi�cant wave height:0.5 m), with a wind directionof 55� .
We add the sameship as in simulation1. We usea meshof
512 � 512 pixels to simulatea seapatch of length 128 m.
The armsof the wake areclearly visible andarevery bright,
ascomparedto the level of the sea.Cross-polarizedchannels
HV andVH offer a bettercontrastthanco-polarizedchannels,
which is usualwhenobservingthesea.Thespurioussecondary
spikes are at least-27 dB below the answerof the wake and
are likely due to secondarylobes after rangeand amplitude
compression;in particular, sincewe took a constantantenna
illumination patternin our example,the secondary(physical)
antennalobesarenot taperedoff.

In simulation 3 (Fig. 8), we use the samesetting, except
that the wind direction is 0� (thus blowing in the orthogonal
directionto the plane)andthe ship hasa headingof 45� . The
signal to noiseratio betweenthe wake and the seais lower,
which makessensein the monostaticcon�guration: whensea
wavestravel in the look direction,the probability of �nding a
small elementof water re�ecting raystowardsthe transmitter
is maximized,which meansthat the contribution of the seais
more important.Also, we note that the VV channelgives the

strongestreturns,which is usualwhen the incidenceangleis
greaterthan about 20� . Experiments2 and 3 show that the
visibility of ship wakes is strongly in�uenced by both the
wind direction, the headingof the ship, and the direction of
observation; this shows that the observability of ship wakesis
by no meansguaranteed.

Simulation4 (Fig. 9) exhibits resultsthatwould beobtained
whenlooking at a seaof state5-6 (thewind speedat 19.5m is
10 m.s� 1 i.e. about19.43kt, with a directionof 30� ). The tile
hasa width of 500 m (512� 512 scatterers).The signi�cant
wave heightof the waves is now of 2.95 m. In thoseimages,
theshapeof thewavesis clearlyvisible; hereagain, thecross-
polarized channelsyield the best contrastwhereasthe VV
channelgives the highestreturns.

Fig. 7. Simulation2

VI. CONCLUSION

We presenteda simulatorcapableof producingpseudo-raw
radar signals which can be injected into existing or future
post-processingalgorithms. This simulator will be used as
a tool to generatevirtual scenes,so as to test various ship
detectionand tracking scenarios,using monostatic or bistatic
radars.Also, this tool canbe usedto investigate the in�uence
of naturalparameterssuchas the wind, the orientationof the
sensors,on the �nal images.Indeed,imagescanbe simulated
without sensornoise,or, on theotherhand,any parametercan
be perturbedat will so as to observe the effect on the �nal
image.



Fig. 8. Simulation3

Fig. 9. Simulation4
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