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Abstract

SARtomography(SARTom) is animagingtechniquethatallowsmultiple phasecentreseparationin thevertical(height)
direction,leadingto a 3-dimensional(3D) reconstructionof theimagedscene.It is usuallyperformedafterstandard2D
SAR repeat-passprocessingandoperatesona stackof coregisteredSAR images.Retrieval of volumestructureinforma-
tion (e.g. for forestclassi�cation)andthe solutionof the layover problemaretwo of the mostpromisingapplications.
In this paperthe applicationof SARTom to imagetargetshiddenbeneathfoliage is presented.This methodis applied
to L-bandairbornedataacquiredduring a tomographiccampaignthat took placein September2006on the testsite of
Dornstetten(Germany) involving theE-SARsystemof theGermanAerospaceCenter(DLR).

1 Intr oduction

SARTommakesit possibleto obtaina complete3D repre-
sentationof thescene.In [1] the�rst demonstrationof air-
borneSARtomographywascarriedoutandthemaincon-
straintsin termsof resolutionandambiguityrejectionhave
beenanalysed.When the focusingstepis performedby
meansof the Fourier beamformer, realisticworking con-
ditions, like non-uniformtrack distribution, could heav-
ily impact on the �nal results. That is why in the re-
cent yearsmodernbeamformingtechniqueslike Capon
andMUSIC havebeenusedallowing higherambiguityre-
jection and the possibility to outperformthe Fourier res-
olution [2, 3]. Despitethesedrawbacks,theadvantageof
theFourierbeamformeris thatit maintainsthesignalphase
(which is importantfor furtherpolarimetricandinterfero-
metricevaluation)andit is usedasa referencein orderto
plan theacquisitiongeometry. Throughit the relationbe-
tweentheheightresolution� andthetomographicaperture
dimensionL tomo is:

� =
� r0

2L tomo
; (1)

wherer0 is the masterslant rangedistance. In order to
avoid ambiguitieswithin amaximumvolumeheightV , the
averagedbaselined mustundergo:
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2V
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Now joining (1) and(2) the requirednumberof tracksis

N =
L tomo

d
+ 1. Theserelationswere usedin order

to plan a tomographiccampaignthat took placein Dorn-
stetten(Germany). Its goal was to analysethe potential
of SARTom for extractinginformationconcerningtargets
hiddenbeneaththefoliage.

Theobjective of this paperis twofold: to presentthe �rst
tomographicresultsconcerningtargetshiddenbeneathfo-
liageandto performacomparisonbetweentomogramsob-
tainedin differentpolarizationbasis(lexicographic,Pauli)
in orderto analysehow polarimetrycanenhancethetarget
contribution in comparisonto thecanopy.

2 SARTom Processing

Standard2D SAR processingis the �rst stepfor perform-
ing SARTomandit is carriedoutby meansof theExtended
Chirp Scaling algorithm [4]. Then, as shown in [5]
a Height dependentMotion Compensation-Coregistration
approach(HMCC) hasto be performedin order to com-
pensatefor the SAR processingdrawbacksrelatedto a
simplemotioncompensation-coregistrationandto referto
nominaltracks.At this point beamformingtechniquescan
be applied;we will refer to the Caponbeamformer. The
so-calledsteeringvectora (h) is de�ned as:
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with R ĥ =
h
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i
representingthe dis-

tancessensors-targetfor aheightĥ. After thesamplecom-
plex covariancematrix computation:

R =
1
N

N =2X
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st (k) st (k)H ; (4)

theCaponbeamformercanbeapplied:

C (h) =
1

aH (h) R � 1 a (h)
: (5)



By scanningtheimagestackin theazimuthdirectiona3D
densityreconstructionasa functionof heightandazimuth
canbepresentedin a tomogram.
Selectingdifferent polarizationchannelsand basis, it is
now possibleto producetomogramsasa function of the
polarization([6, 3]). In this way the physicalcharacter-
istics of the mediawith which the electromagneticwave
interactscanbeunderstood.

3 The experiment

Thedatasethasbeenacquiredin September2006closeto
Dornstetten(Germany) in L-band.
Sometargetsof interest(vehicles,containers,cornerre-
�ectors) have beenlocatedinside and outsidethe forest
in order to evaluatethe impactof the canopy on the tar-
get response.The areawherethe experimenttook place
is relatively �at andhalf of the region is coveredby non-
homogeneousforest standsrelated to different species.
Thetreeheightis rangingbetween10-30m.

Figure1: Dornstettenexperiment:acquisitiongeometry.

Theacquisitiongeometryis a regularhorizontalgrid of 21
trackswith anaveragebaselineof 20m.As it is possibleto
observe from Figure 1, theactualacquisitiongeometryis
very closeto theplannedone,with a maximumdeviation
of around4m betweennominalandreal track. Thechoice
of a largetomographicapertureresultsin anaveragetomo-
graphicresolutionof 2m.

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

In Figure2 therelevantsubsetof thefull polarimetricSLC
imagein theRGBcoding(HH,HV,VV) is reported.Theto-

mographicprocessingresultspresentednext werecarried
outalongthetwo cutsdepictedin theazimuthdirection.

4 Tomographic results

This sectionpresentsthetomographicSAR processingre-
sults. The �rst pro�le includestwo trucks(recallingthat
oneis outsidethe forestandtheotheris locatedinsideit)
andtheseconda container. In thenext sectiontomograms
obtainedby meansof theCaponbeamformerwill bepre-
sentedin the HH polarization. Then, the impact of po-
larizationwill be examinedby changingthe polarization
channeland the polarimetricbasis. Resultsobtainedby
meansof a coherentbeamformerwill alsobepresented.

4.1 HH polarization

Figure 3 representsthetomogramrelatedto thetrucks. It
is possibleto seethat the two trucksarevisible alongthe
azimuthcoordinate.The�rst spotrepresentsthetruckout-
sidethe forestandsecondthe oneinside it. The canopy
over thesecondtruck is alsoclearlyvisible.

Figure 3: Tomogramin theHH polarizationrepresenting
two trucks:oneoutsideandtheotherinsidethecanopy.

It is worthnotingthatthetruck insidetheforestis notvisi-
blein thesingleSARimagebut throughthehelpof several
acquisitionsSARTom can detectit. A few observations
concerningthe tomogramitself canbemade:theabsence
of thegroundunderthecanopy is dueto the fact that the
ground-trunkdoublebouncere�ection is missingbecause
thetruckhasbeenplacedona smalltrackinsidetheforest
on which no treeswerepresent.Without thesere�ections,
thebackscatteredpower relatedto a terraincontribution is
muchlessthantheonefrom thecanopy or thehiddentar-
get.

In Figure 4 the tomogramrelatedto the containeris re-
ported.Thecontaineraswell asthecanopy is visible.



Figure 4: Tomogramin theHH polarizationrepresenting
thecontainerinsidetheforest.

The forest heightcorrespondsto the actualoneandalso
for this target the sameconsiderationcanbe donefor the
absenceof thegroundcomponent.

4.2 Polarimetric comparison

In this sectiontheimpactof polarizationon SARTom will
beanalysed.Dueto theheterogeneityof thesceneandthe
presenceof differentkind of scatteringmechanisms(natu-
ral, man-madescatterers),polarimetryis usefulto extract
the target contribution. First the tomographicresultswill
bepresentedin thelexicographicbasis.

Figure 5: Tomogramof the pro�le related to the two
trucks. (top) VV polarization(bottom) HV polarization.

Figure 5 representsthe pro�le of the azimuthcut related
to the trucks. ComparingFigure 3 with Figure 5(top),
it is possibleto observe that the HH and the VV polar-
izationprovide similar results.Examiningnow thecross-
polarizedchannel(Figure 5(bottom)), one can observe
that the target contribution disappeared,probablydue to
the higher sensitivity of the HV channelto volumetric
structures,that doesnot allow to receive a backscattered
signalfrom thetargetwith signi�cant power.
The sameanalysiscanbe carriedout for the azimuthcut
relatedto thecontainer. In this casethebackscatteredsig-
nal relatedto the target in the cross-polarizedchannelis

not negligible asfor thepreviouscase.In fact, the tomo-
gramsrelatedto the threechannelspresentno differences
in a qualitativeanalysis;for this reasonandbecauseof the
lackof spacetherelatedtomogramswill notbereported.
Let usnow considerthePauli decompositionthatallows a
�rst direct interpretationof thescatteringmechanisms.In
order to generatetomogramsin the Pauli basis,the SLC
imagesrelatedto differentchannelshave been�rst com-
binedandthenthe tomographicprocessinghasbeencar-
ried out. The well known form of the scatteringvector
relatedto thisbasisis (for themonostaticcase)

�!
k 3P = [Shh + Svv ; Shh � Svv ; 2Shv ]T =

p
2

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

whereSij correspondsto theSLCimagein theij polariza-
tion. The peculiarityof this basisis that the �rst element
emphasizesthe odd bouncecontributions,while the sec-
ondelementtheevenones.Concerningthe third element
it is, as for the lexicographicbasis,relatedto volumetric
contributions.
Consideringthe pro�le relatedto the trucks,the �rst and
the secondelementof the Pauli basis are reported in
Figure6. It is possibleto observe that for this target, the
useof this basisallows to identify somefeaturesthat are
not representedin thelexicographicone.For thetruck un-
der foliage theP1 responseis strongerfor the frontal part
of thetruck itself while, theP2 component,hasa stronger
answerfor therearpartof it. For theP3 contribution refer
to Figure5(bottom).

Figure6: Tomogramof thepro�le relatedto thetwo trucks
in thePauli basis.(top)P1 (bottom)P2.

Concerningthe container, alsofor the Pauli basis,the P3

responseis verysimilar to theP1 andP2 contributions(for
this reasonit will not be shown). It shouldbe expected
thatthedoublebounceresponserelatedto this target(em-
phasizedby theP2 component)presentshigheramplitude
whencomparedto otherscatteringmechanisms.



4.3 Coherent Beamforming

In order to exploit completelythe polarimetric informa-
tion, the Caponbeamformercannotbe usedbecausethe
amplitudeof its responseis moreanindicationof thescat-
terer position rather than a measureof its backscattered
power. For this reason,it is necessaryto makeuseof a co-
herentbeamformer[7], thatdespiteits reducedresolution
andambiguitiesrejectioncharacteristicsallowsto combine
directly thetomogramsandreferthemto their totalpower.
For the coherentbeamformer, the tomogramscanbe pre-
sentedin anRGB codedimagethatwill allow to identify
themainscatteringmechanisms.

truck

Figure 7: Full polarizationtomogramsin the Pauli basis
by meansof the coherentbeamformerwith a Hamming
apodization. Coding: RGB (P1; 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 notethat thedoublebounce
contribution is the main one concerningthe target out-
side the forest. For the hidden truck, the power of the
P3 componentis much less than the one relatedto the
other two components(the truck correspondsto the yel-
low spot). If now the polarimetric tomogramrelatedto
the containeris examined(Figure7(bottom)), it is pos-
sible to observe that, asexpected,the P2 contribution re-
lated to doublebouncere�ections is the onewith higher
powerwhencomparedwith theothertwo. It hasto becom-
mentedthatthereducedazimuthdimensionof thetargets,
whencomparedto the tomogramsobtainedby meansof
theCaponbeamformer, dependsonthefactthatfor theco-
herentbeamformerthereis noneedto computethesample
covariancematrix. Thereforethe typical spreadingeffect
of the Caponbeamformeris not present.The imagesat-
urationdependson the strongbackscatteredpower of the
maintargetpresentin thescene.

5 Conclusionand futur ework

In this paper �rst experimental results concerning3D
imaging of targetsbeneathfoliage have beenpresented.
A stableresponseof the tomographictechniquemakesit
possibleto representboth the target andthe canopy with
height information comparableto the groundtruth mea-
suredat thetestsite.
Theuseof thecoherentbeamformerallows,especiallyfor
thecaseof thecontainer, to exploit completelythepolari-
metric informationandassociatea signatureto the target
that canbe exploited in order to detectit. Anyhow, con-
cerningthe trucks, due to the reducedcross-polarization
poweralsotheCaponbeamformerallowstheidenti�cation
of thetargetbeneathfoliage.
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