Imaging of targetsbeneathfoliagewith SAR tomography
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Abstract

SARtomography(SARTom) is animagingtechniquethatallows multiple phasecentreseparatiorin thevertical (height)
direction,leadingto a 3-dimensiona(3D) reconstructiorof theimagedscene.lt is usuallyperformedafter standard2D

SAR repeat-pasprocessing@ndoperate®n a stackof coregisteredSAR images.Retrieval of volumestructureinforma-

tion (e.g. for forestclassi cation) andthe solution of the layover problemaretwo of the mostpromisingapplications.
In this paperthe applicationof SARTom to imagetargetshiddenbeneathfoliage is presented.This methodis applied
to L-bandairbornedataacquiredduring a tomographiccampaignthattook placein SeptembeR006 on the testsite of

Dornstetter{Germauy) involving the E-SAR systemof the GermanAerospaceCenter(DLR).

1 Intr oduction

SARTom makesit possibleto obtaina complete3D repre-
sentatiorof thesceneln [1] the rst demonstratiomf air-

borneSAR tomographywascarriedoutandthe maincon-
straintsin termsof resolutionandambiguityrejectionhave
beenanalysed. Whenthe focusingstepis performedby

meansof the Fourier beamformerrealistic working con-
ditions, like non-uniformtrack distribution, could hear-

ily impacton the nal results. Thatis why in the re-
cent years modern beamformingtechniqueslike Capon
andMUSIC have beenusedallowing higherambiguityre-

jection andthe possibility to outperformthe Fourier res-
olution [2, 3]. Despitethesedravbacks,the advantageof

theFourierbeamformers thatit maintainghesignalphase
(whichis importantfor further polarimetricandinterfero-
metric evaluation)andit is usedasa referencen orderto

planthe acquisitiongeometry Throughit the relationbe-
tweentheheightresolution andthetomographi@perture
dimensionL omo iS:
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whererg is the masterslant rangedistance. In orderto
avoid ambiguitieswithin amaximumvolumeheightV, the
averagedaselined mustundego:
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Now joining (1) and (2) the requirednumberof tracksis

1 . .
N = =9 4+ 1. Theserelationswere usedin order

to plan a tomographiccampaigrnthat took placein Dorn-
stetten(Germaury). Its goal wasto analysethe potential
of SARTom for extractinginformationconcerningargets
hiddenbeneathhefoliage.

The objective of this paperis twofold: to presenthe rst

tomographiaesultsconcerningargetshiddenbeneattfo-
liageandto performacomparisorbetweertomogram®b-
tainedin differentpolarizationbasis(lexicographic,Pauli)
in orderto analysehow polarimetrycanenhancéhetarget
contributionin comparisorto the canoypy.

2 SARTom Processing

StandardD SAR processings the rst stepfor perform-
ing SARTomandit is carriedoutby meansf the Extended
Chirp Scaling algorithm [4]. Then, as shavn in [5]
a Height dependenMotion Compensation-Coggstration
approach(HMCC) hasto be performedin orderto com-
pensatefor the SAR processingdravbacksrelatedto a
simplemotion compensation-coggstrationandto referto
nominaltracks.At this pointbeamformingechniquesan
be applied;we will referto the Caponbeamformer The
so-calledsteeringvectora (h) is de ned as:

a i =exp j4—Rﬁ 3)
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with Ry = Rl(ﬁ); RN (ﬁ) representinghe dis-
tancessensors-tayetfor aheightﬁ. After thesamplecom-
plex covariancematrix computation:
X
st(k) se(k)™; (4)
k= N=2

the Caponbeamformercanbeapplied:
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By scanningheimagestackin the azimuthdirectiona 3D
densityreconstructiorasa function of heightandazimuth
canbepresentedh atomogram.

Selectingdifferent polarizationchannelsand basis, it is
now possibleto producetomogramsas a function of the
polarization([6, 3]). In this way the physicalcharacter
istics of the mediawith which the electromagnetievave
interactscanbe understood.

3 The experiment

Thedatasethasbeenacquiredn SeptembeR006closeto
Dornstetter{Germaty) in L-band.

Sometargetsof interest(vehicles,containers,cornerre-
ectors) have beenlocatedinside and outsidethe forest
in orderto evaluatethe impactof the canoy on the tar-
getresponse.The areawherethe experimenttook place
is relatively at andhalf of the region is coveredby non-

homogeneoudorest standsrelated to different species.

Thetreeheightis rangingbetweenl 0-30m.
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Figure 1: Dornstetterexperiment:acquisitiongeometry

Theacquisitiongeometryis aregularhorizontalgrid of 21
trackswith anaveragebaselineof 20m. As it is possibleto
obsene from Figure 1, the actualacquisitiongeometryis
very closeto the plannedone,with a maximumdeviation
of around4m betweemominalandrealtrack. The choice
of alargetomographi@aperturgesultsin anaverageomo-
graphicresolutionof 2m.

Figure 2: Full polarimetricSLC image(400mx 400m).
Coding: RGB (HH, HV, VV). The two cutsalongwhich
the tomographicprocessingis carried out are depicted
(dashedines).

In Figure 2 therelevantsubsebdf thefull polarimetricSLC
imagein theRGB coding(HH,HV,VV) isreported.Theto-

mographicprocessingesultspresentedext were carried
outalongthetwo cutsdepictedn theazimuthdirection.

4 Tomographicresults

This sectionpresentshetomographicSAR processinge-
sults. The rst pro le includestwo trucks (recallingthat
oneis outsidethe forestandthe otheris locatedinsideit)
andthe seconda container In the next sectiontomograms
obtainedby meansof the Caponbeamformemvill be pre-
sentedin the HH polarization. Then, the impact of po-
larizationwill be examinedby changingthe polarization
channeland the polarimetricbasis. Resultsobtainedby
meanf a coherenbeamformewill alsobe presented.

4.1 HH polarization

Figure 3 representshe tomogranrelatedto thetrucks. It
is possibleto seethatthe two trucksarevisible alongthe
azimuthcoordinate The rst spotrepresentthetruck out-
sidethe forestand secondthe oneinsideit. The canogy
overthesecondruckis alsoclearlyvisible.
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Figure 3: Tomogramin the HH polarizationrepresenting
two trucks: oneoutsideandthe otherinsidethe canoyy.

It is worth notingthatthetruckinsidetheforestis notvisi-
blein thesingleSARimagebut throughthehelpof several
acquisitionsSARTom can detectit. A few obsenations
concerninghe tomogramitself canbe made:the absence
of the groundunderthe canoyy is dueto the factthatthe
ground-trunkdoublebouncere ection is missingbecause
thetruck hasbeenplacedon a smalltrackinsidetheforest
onwhich notreeswerepresentWithoutthesere ections,
thebackscatteregower relatedto a terraincontributionis
muchlessthanthe onefrom the canogy or the hiddentar-
get.

In Figure 4 the tomogramrelatedto the containeris re-
ported.Thecontaineraswell asthe canoyy is visible.
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Figure 4: Tomogramin the HH polarizationrepresenting
the containerinsidetheforest.

The forest height corresponddo the actualone and also
for this targetthe sameconsideratiorcanbe donefor the
absencef thegroundcomponent.

4.2 Polarimetric comparison

In this sectionthe impactof polarizationon SARTom will
beanalysedDueto the heterogeneityf the sceneandthe
presencef differentkind of scatteringnechanismgnatu-
ral, man-madescatterers)polarimetryis usefulto extract
the target contribution. First the tomographicresultswill
be presentedn thelexicographicbasis.
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Figure 5: Tomogramof the pro le relatedto the two
trucks. (top) VV polarization(bottom) HV polarization.

Figure 5 representshe pro le of the azimuthcut related
to the trucks. ComparingFigure 3 with Figure 5(top),
it is possibleto obsene that the HH and the VV polar
ization provide similar results. Examiningnow the cross-
polarizedchannel(Figure 5(bottom)), one can obsene
that the target contribution disappearedprobablydue to
the higher sensitvity of the HV channelto volumetric
structuresthat doesnot allow to receve a backscattered
signalfrom thetargetwith signi cant power.

The sameanalysiscanbe carriedout for the azimuthcut
relatedto the container In this casethe backscatteredig-
nal relatedto the targetin the cross-polarizedhannelis

not negligible asfor the previous case.In fact, the tomo-
gramsrelatedto the threechannelgpresenino differences
in aqualitatve analysisfor this reasorandbecaus®f the
lack of spaceherelatedtomogramswill notbereported.
Let usnow considerthe Pauli decompositiorthatallows a
rst directinterpretationof the scatteringmechanismsin
orderto generatdomogramsn the Pauli basis,the SLC
imagesrelatedto differentchannelshave been rst com-
binedandthenthe tomographicprocessinghasbeencar
ried out. The well known form of the scatteringvector
relatedto this basisis (for the monostaticcase)

! p-
Kap = [Shh + SwiShh  Swi2Sw] = 2

(6)
= [P1;P2; P3]" ;

whereS; correspondo theSLCimagein theij polariza-
tion. The peculiarity of this basisis thatthe rst element
emphasizeshe odd bouncecontritutions, while the sec-
ondelementthe even ones. Concerninghe third element
it is, asfor the lexicographicbasis,relatedto volumetric
contributions.

Consideringthe pro le relatedto the trucks,the rst and
the secondelementof the Pauli basis are reportedin

Figure6. It is possibleto obsene thatfor this target, the
useof this basisallows to identify somefeaturesthatare
not representeéh thelexicographicone. For thetruck un-

derfoliagethe P; responsas strongerfor the frontal part
of thetruck itself while, the P, componenthasa stronger
answeiffor therearpartof it. Forthe Pz contribution refer
to Figure 5(bottom).
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Figure6: Tomogranofthepro le relatedo thetwo trucks
in the Pauli basis.(top) P1 (bottom)P5.

Concerningthe container alsofor the Pauli basis,the P

responsés verysimilarto theP; andP; contributions(for

this reasonit will not be shavn). It shouldbe expected
thatthe doublebounceresponseelatedto this target(em-
phasizedy the P, componentpresentdigheramplitude
whencomparedo otherscatteringnechanisms.



4.3 Coherent Beamforming

In orderto exploit completelythe polarimetricinforma-
tion, the Caponbeamformercannotbe usedbecausehe
amplitudeof its responsés moreanindicationof the scat-
terer position ratherthan a measureof its backscattered
power. For thisreasonit is necessaryo make useof a co-
herentbeamformef7], thatdespiteits reducedresolution
andambiguitiegejectioncharacteristicallowsto combine
directly thetomogramsandreferthemto their total power.
For the coherentbeamformerthe tomogramscanbe pre-
sentedn an RGB codedimagethatwill allow to identify
themainscatteringnechanisms.
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Figure 7: Full polarizationtomogramsn the Pauli basis
by meansof the coherentbeamformemwith a Hamming
apodization. Coding: RGB (Pq; P2; P3). (top) Trucks
(bottom)container

The Pauli tomograms related to the two scenarios
(trucks, container)are reportedin Figure 7. Observing
Figure7(top) it is possibleto notethatthe doublebounce
contribution is the main one concerningthe target out-

side the forest. For the hiddentruck, the power of the

P3; componentis much lessthan the one relatedto the

othertwo componentgthe truck correspondgo the yel-

low spot). If now the polarimetrictomogramrelatedto

the containeris examined(Figure 7(bottom)), it is pos-

sible to obsene that, asexpectedthe P, contribution re-

lated to doublebouncere ections is the one with higher

powerwhencomparedvith theothertwo. It hasto becom-

mentedthatthe reducedazimuthdimensionof thetargets,
when comparedo the tomogramsobtainedby meansof

the Caponbeamformerdepend®nthefactthatfor theco-

herentbeamformethereis no needto computethe sample
covariancematrix. Thereforethe typical spreadingeffect

of the Caponbeamformelis not present. The imagesat-

urationdependson the strongbackscatteregower of the

maintargetpresenin thescene.

5 Conclusionand futur e work

In this paper rst experimental results concerning3D
imaging of targetsbeneathfoliage have beenpresented.
A stableresponseof the tomographictechniquemalkesit
possibleto represenboth the target and the canogy with
heightinformation comparableto the groundtruth mea-
suredatthetestsite.

Theuseof the coherenbeamformeanllows, especiallyfor
the caseof the containerto exploit completelythe polari-
metric informationand associate signatureto the target
that can be exploited in orderto detectit. Anyhow, con-
cerningthe trucks, due to the reducedcross-polarization
poweralsotheCaponbeamformeallowstheidenti cation
of thetargetbeneattoliage.
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