
Figure4: A 778x654meterareaimagedby theNuSARandprocessedwith theCSA.Notetheroadcrossingtheimageis properlystraightenedwhenusingtheproposedmotioncompensationwhile theprocessingtime is virtually identical.TheU.S.Naval
ResearchLaboratory(NRL) UAS SAR(NuSAR)is designedfor UAS �ight operatingatL-Bandor X-Bandwith a 500MHz bandwidthandreal-timeprocessing.It wasdevelopedaspartof theNRL DUSTERprogramin a teameffort with BrighamYoung

University(BYU), ARTEMIS Inc.,SpaceDynamicsLaboratory(SDL), andNRL. TheNuSARis onecomponentof anintegratedLongwave Infrared(LWIR), Visible Near-Infrared(VNIR), andSARImagingSystem.

Figure1: SimulatedSARdataof a singlepoint targetwith motion.The�rst columnshowsa collectionwithoutmotion,thetop row shows themotionand
theimagewithoutcompensation,themiddlecolumnshows theresultsof traditionalmotioncompensation,andtherightmostcolumnshows theproposed

motioncompensation.

Figure2: An arrayof point targetsimagedwith thesamemotionasin Figure1.

Figure3: Non-idealtranslationalmotiongreaterthanasinglerangebin clearlydemonstratestheutility of thenew motioncompensationalgorithm.

3. New Motion Compensation
To formulateanew motioncompensationschemewestartwith theexponentialterms
of thedemodulatedSAR signal,asde�ned in [8],
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where� is fast(range)time, � is slow (along-track)time, f 0 is thecenterfrequency,
R(� ) is the rangeto target, c is the speedof light, andK r is the chirp rate. With
translationalmotion, the rangeR(� ) becomesR(� ) + � R(� ). We split the motion
terminto range-dependent,� Rdi� (� ), andrange-independent,� Rref(� ), terms,

� R(� ) = � Rref(� ) + � Rdi� (� ); (5)

whichchangesthedemodulatedsignal,Eq. (4), to
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whichexpandsinto
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wherethe �rst two termsare the desiredsignal,Eq. (4), the next threetermsare
therange-independenterrors,andthelast� ve termsaretherange-dependenterrors.
The proposedmethodalso follows a two stepschemebut eliminatesthe needfor
interpolation.The�rst correctionis appliedto theraw data.
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It cancelsthe range-independenterrorsandshifts the targetsin range. The datais
thenrangecompressedwith a commonalgorithm(RDA or CSA). We simplify the
next stepby assumingthat the range-dependenterrorsdo not changeduring range
compression.This introducesadditionalphaseerrorsthat we ignore, with future
efforts plannedto track the phaseerrorsthroughthe processingsteps.The second
motion correctionis appliedto the rangecompresseddata,cancellingthe range-
dependenterrorterms,
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where� = 2R=c.
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2. TranslationalMotion Errors
SARprocessingassumesthattheplatformmovesin astraightline, but this is not thecase.Translationalmotionresultsin thetarget
scenechangingin rangeduringdatacollection. This rangeshift causesinconsistenciesin thetargetphasehistory [7]. A targetat
rangeR is measuredat rangeR + � R which introducesa phaseshift of

� m =
� 2� R � 2�

�
(1)

in the data. Fortunately, if the motion in known (usually from an on-boardINS/GPSsensor),then the motion errorscan be
corrected.Thecommonmethodfor compensatingfor thenon-idealmotioninvolvestwo steps.First, thecorrectionsarecalculated
for a referencerange,Rref, usuallyin thecenterof theswath.Thephasecorrection

Hmc1= exp
�

j
4� � Rref

�

�
(2)

is appliedto the raw data. TheSAR datais thenrangecompressed,anda second,range-dependent,correctionis applied,using
differentialcorrectionsfrom thereferencerange.For eachR, � R is calculatedwith thecorrection,
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�
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�

�
: (3)

Now, the motion-inducedrangeshift canbe removed througha computationallytaxing interpolationcommonlyusedfor range-
Doppler(RDA) andchirp-scaling(CSA)processing.

1. Summary
Motion compensationfor airbornesyntheticapertureradar(SAR) hasalwaysbeen
importantfor precisionimageformation. With high resolutionSAR systemsnow
operatingon smallaircraftandUnmannedAircraft Systems(UAS's) [1]-[2], which
aremoresusceptibleto atmosphericturbulence,motion compensationis receiving
renewed attention[3]-[5]. Conventionalmethodstreat motion compensationas a
phasecorrectionproblem,applyingabulk phasecorrectionto theraw datato correct
for a referencerangefollowedby a differentialphasecorrectionappliedafterrange
compressionto accountfor therangedependence.This methodfails to accountfor
thesourceof thephaseerrors,therangeshift dueto themotion.This is asigni�cant
problemwhenthetranslationalmotionis greaterthana rangebin [6]. Interpolation
is usedto addressthis issue;however, it addsa computationalburden. This is not
acceptablefor a real-timehigh resolutionUAS SAR system.Thenew motioncom-
pensationmethodpresentedhereuseschirp scalingprinciplesto ef�ciently correct
therangeshift andphasevariationscausedby translationalmotion.
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