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ABSTRACT

A millimeterwave(MMW) radar clutter imagesynthesizer
thatwill createfaithful polarimetricclutterimagess being
developedasa suiteof PCI softwae applicationsknownas
SPRI,the Simulatorof Polarimetric Radar Images. SPRI
will enablethe userto createnew clutter imagesfrom ex-
isting images sud as aerial photogmaphyor radarimages
froma sensorat a differentfrequencyhanthatdesied. The
usercanalsocreatesynthesizednagedromscratch. Since
the techniquesto implant hard targetsare well developed,
SPRIis expectedto have application in automatictarget
recognition(ATR)developmentsensorevaluation,andpos-
siblyin soldiertraining.

SPRIrandomlygeneatesa comple scatteringmatrix for

ead pixel in an imageregion which statistically satisfies
a measued or derivedMueller matrix describingthe clut-

ter in that region. Fromthe scatteringmatrix, radar cross
sectionsper unit area of every pixel can be obtainedfor

anytransmit-eceivepolarizationpair, aswell asany other
polarimetric quantity. Theresultsof a fidelity testwill be
shownwhele 35-GHzsynthesizedlutteris compaedto the

actualLincoln Lab 35-GHzsyntheticaperture radar (SAR)
sceneon which it is based. Examplesare presentedf a

simulatecclutterimageat 35-GHzcreatedfromaerial pho-

tography anda 95-GHzclutterimagecreatedfrom35-GHz
imagery

INTRODUCTION

Radarimageshave provento beinvaluabletoolsin there-
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mote sensingcommunity with regardto both civilian and
military applicationsWith theadwentof SyntheticAperture
Radar(SAR), very high resolutionimagescan be readily
generatecht both centimeterand millimeter wavelengths.
For mary tasks,suchas testing Automatic Tamget Recog-
nition (ATR) algorithms,it is desirableto have a particular
radarimagetakenwith a particularsensomunderparticular
conditions. Suchradarimagesare often unavailable, due
to the fact thata radarobsenationlike the onedesirednas
never beenperformedor becausean existing imagecannot
bereleasedTo makethe obsenationwould bevery expen-
sive,andevenmoresoif thesensohasyetto bebuilt.

Not all applicationsrequirerealimages. Training of per

sonnelto read radarimages,for example, do not require
realimages.TheaforementionedTR testingis anotherex-

amplewherereal imagesare not required. Evaluation of

proposedsensorgrior to prototypingis anothempplication
of synthesizedmagery

The majority of ary radarimageconsistsof clutter. Clutter
behaesaccordingo a particularstatisticaldistribution,and
this behaior is usedto modelthe clutter. Remainingob-
jectsin animageconsistof man-madeargetswhichmayor
may notbehae like clutterdoes.In SPRI,the Simulatorof
PolarimetricRadarimages,polarimetricclutter simulation
will becombinedwith existing targetinjectiontechniques.

Thecluttergeneratiorin SPRIdepend®ntwo parts:aclut-
ter databas@nda simulationalgorithm. Thesimulational-
gorithm corvertsrandomnumbersinto comple scattering
matrices,S, which arestatisticallyappropriateor the clut-
terbeingmodeled.Thescatteringmatrix S isa2 x 2 matrix

givenby
S= [

whichrelateghe magnitudeandphaseof the scatteredlec-

S’U’U

Svh
Shv

Shh

(1)



Figurel: Singlelook Ka-bandSAR imageusedfor verify-
ing the homogeneousimulationalgorithmof SPRI.HH is
in red, VV is in greenandVH is in blue. The depression
angleis 3.8 andilluminationis from theleft. Treesin the
upperleft of theimagearecastinglong shadavs acrosshe
image.

tric field of eitherv or A polarizationto thatof theincident
field atv or h polarization.But the corversionrequiresin-
formationon the covarianceof the S matrix elementghat
is unigueto the particularclutter beingmodeled.A clutter
databasef measuredMueller matricesfor varioustypesof
clutter underdifferentconditionsprovides the information
requiredfor the simulatoralgorithm.

EXAMPLESOF SIMULATED IMAGES

Theimageryusedwasobtainedy thelLincoln Lab33.6GHz
SAR [1] on behalfof the Army Researchaboratory The
imageis oneframe of mary acquirednearHillsboro, MD,
on the EasternShore,about50 km Eastof Annapolis,MD,
in the Springof 1992. Theparticularimageconsideredhere
is from mission335, passb, level 4, frame216. It has2048
pixelsin the rangedirectionand512 pixelsin the azimuth
direction; pixel resolutionis 22.87 cm in both directions.
The dataare single look comple< and fully polarimetric.
Thisimageis shavn in Figure 1, andan aerialphotograph
of the sameareatakenat aboutthe sametime is shavn in
Figure2. ThePClprogramDILL wasusedto readthe8-8-4
dataandsave theimageto a PClimagedatabase.

A Fidelity Test: Simulation asa L ossy Compression

Thefirst imagesimulatedwill demonstratéwo featuresof
themostbasicpartsof SPRI:first, it will shov how thealgo-
rithm is implementedn PCI,andsecondijt will shonv how
faithful the simulationalgorithmis in re-creatingrealdata.

The first stepis to segmentthe imageinto regions of rea-
sonablehomogeneity This wasachiesed by corvertingthe
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Figure2: Aerial photoof regionin the previousfigure. This
photograplandtheimagein thepreviousFigurearenot co-
registered.Theverticalbandsacrosghe photoareartifacts.

Figure3: Regionsextractedfrom the original radarimage.

VV, HH, andVH amplitudechannelgo decibelssothatthe
fadingvariationwould be constanaicrosgheimage[2](PCI
programLLOG), and successiely applying an enhanced
Leeadaptive despecklingilter [3](PCIl programFELEE)on
eachof thesechannels.Theresultingdespeckleadthannels
wereusedasthe input to an unsupervisealusteringalgo-
rithm [4](PCI programlSOCLUS),the outputof which was
sieved (PCI programSIEVE) to blendregionssmallerthan
32 pixelsinto their mostappropriateneighbors. This pro-
cessfound 11 regionsin the image, of which 4 are used
in characterizinghe intensity roll-off at eachedgeof the
imagein the rangedirection. For eachregion, the average
Mueller matrix wascalculatedrom the original singlelook
data(PClprogramMMMSLC). Theseregionsareshowvnin
Figure3.

For a testof the simulation,theseregions andthe Mueller
matricesextractedfrom themwere usedto reconstructhe
radarimageusingthe algorithmof Leeetal. [5] (PCI pro-
gramSIMSLC). Threecomple« numberof white Gaussian
noise are generatedor eachpixel, asrepresentedn Fig-
ure4. TheseGaussiamoisenumbersaremultiplied by the
appropriatesigervaluesandeigervectorsof the covariance
matricedfor theregionsshowvn in Figure3 to createthesim-
ulatedimage. The covariancematrix is a rearrangemeruf
theinformationin the Mueller matrix. The resultingsimu-
lationis showvn in Figure5.

Thematchbetweerthesimulatedmageandtheoriginalim-



age.

Figure5: Thesimulatedimagegeneratedrom the noisein
Figure4 andthe averageMueller matricesassociatedvith
eachregionin Figure3.

ageis very goodoverall, but the simulationis not an exact
re-creatiorof theimagein Figurel. On apixel by pixel ba-
sis,theoriginalimageandthesimulatedmagearevery dif-

ferent.But on a statisticalbasis thetwo agreevery closely

evenfor polarimetricquantitiedike co-polarizedphasedif-

ferencesOneotherwayin whichtheoriginalimageandthe
simulatedmagediffer is in the sensom@rtifacts:in the orig-

inalimageseveralstreaksist in rangedueto avery large
scattereratthe sameazimuthpositionbut just off to theleft

of theimage.Thesestreaksapparentlydonotobey Rayleigh
statisticeandthusarenotsimulatedraithfully. Sensodegra-
dation post-processings requiredto properly createthese
imageartifacts.

In a sensethis exerciseresultsin a lossy compressiorof
the full polarimetricimage down to a simple bitmap and
110realnumberq11 Mueller matriceswith 10independent
numberseach).While the original andthe simulatedmage
matchcloselyin their amplitudedistributions, thereis no
guaranteghateitherimagehasthe correctimageintensity.
Thatis, if therewereary calibrationerrorsin the original
imagegivenby Figurel, the errorshave beensimulatedin
Figure5 aswell.

Simulation from Aerial Photography

As an additionalexample of the simulationalgorithm,the
aerialphotograptof Figure2 wasusedasthe basisfor gen-

Figure7: SimulatedKa-bandimageusingthe aerialphoto-
graphto determinethe regionsandthe actualradarimage
to determingheMueller matrices Becauseheaerialphoto
wasfrom directly overheadthelayoutof thefieldsarecor
rect,but thetreesdo not castlong shadavs.

eratingthe regionsto be filled with clutter The segmen-
tation of the photographinto regionsis shawn in Figure6.

Usingtheseregions,andthe sameaveragedMueller matri-

cesasusedn theprevioussimulation theimagein Figure7

is simulated. A striking differencebetweenthe actualim-

ageof Figure 1 andthis simulationis obsened: the trees
do not castshadavsin this simulation. This is becausehe
aerialphotograptwasfrom overheadwhile theoriginalim-

agewastakenfrom neargrazing. Shadevs mustbe added
in this caseshadavswill beincorporatedn futureversions
of SPRI.

Simulation from Ka-band to W-band

A third exampleof a simulatedimageaddressethe prob-
lem of translatinga SAR sceneobsened at onefrequeng
to a SAR sceneat a differentfrequeng. For this simula-
tion, theregionsaredeterminedrom the original SAR im-
ageasdepictedin Figure 3, but the Mueller matriceswere
extractedfrom the University of Michigan millimeterwave
phenomenologyprogram[6], which includesdatafrom the
U.S. Departmenbf Defenses SmartWeaponsOperability
Enhancemenprogram([7]. For the shadev regions, the
Mueller matricesfor thetreesweresimply scaleddown by
afactorrangingbetweer? and10. Theresultingsimulation
appearsn Figure8.



Figure 8: SimulatedW-bandimage using the actual Ka-
bandradarimageto determingheregionsandMueller ma-
trices from the University of Michigan’s phenomenology
program.

CONCLUSIONS

The University of Michigan hasmadethe first component
of SPRI:the Simulatorof PolarimetricRadarimages.This
first componenbf SPRIis aradarsimulatorwhich cancre-
atehigh-resolutiorpolarimetricsingle-lookclutterimages.
The simulatordravs on a userspecifiedgeometryand a
databasef Mueller matricesfor theregionswithin thatge-
ometry to createradar clutter images. The userspecified
geometrymay be from an existing SAR image at a dif-
ferentradarfrequeny from that desired,an existing aerial
photographor the users imagination. The Mueller matrix
databasés beingdevelopedby the University of Michigan
at 35 GHz and 95 GHz, but existing data(ARL, Lincoln
Lab) mayalsobe used.

Futureenhancement® SPRIlincludesthe incorporationof
shadavs,texture,hardtargetimplantation andsensodegra-
dation. A numberof internalverificationsare ongoing,to
assurahatthesimulatorproduceslutterwith theappropri-
atestatistics Externalttestscanfall undertwo cateyories:an
absolutdest,in which asimulatedmageis checkedagainst
a real image, and a functional test, in which a simulated
imageis comparedo a real imagefor its intendeduseas
an Automatic Target Recognitionalgorithmtestbed.In the
absolutetest, sufficient groundtruth must be collectedin
conjunctionwith theacquisitionof arealimage.Suchatest
would bedifficult to perform,asfew realimageshave suffi-
cientgroundtruth dataassociatedvith them.Thefunctional
testcould be performedin the absencef sufficient ground
truth by evaluatingATR approachesvith known probabil-
ity of detectionandknown false alarm rateson the simu-
lation. The MIMEX dataseprovidesa unigueopportunity
to simulatemillimeterwave imagedrom aerialphotography
andfrom centimeterwae imagesandto crosscheckthese
simulationsagainstrealmillimeterware imagesof thesame
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scene.
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