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1. Summary

Motion compensatiotior airbornesyntheticapertureradar(SAR) hasalwaysbeen
Importantfor precisionimageformation. With high resolutionSAR systemsnow
operatingon smallaircraftandUnmannedAircraft SystemqUAS's) [1]-[2], which
aremore susceptiblégo atmospheridgurbulence,motion compensatiomns receving
renaved attention[3]-[5]. Cornventionalmethodstreat motion compensatioras a
phasecorrectionproblem,applyingabulk phasecorrectionto theraw datato correct
for areferencaangefollowed by a differentialphasecorrectionappliedafterrange
compressiorio accountfor the rangedependenceTl his methodfalls to accountfor
the sourceof the phaseerrors,therangeshift dueto themotion. Thisis asigni cant
problemwhenthetranslationalmotionis greaterthanarangebin [6]. Interpolation
IS usedto addresshis issue;however, it addsa computationaburden. This is not
acceptabldor areal-timehigh resolutionUAS SAR system.The nev motioncom-
pensatiommethodpresentedereuseschirp scalingprinciplesto ef ciently correct
therangeshift andphasevariationscausedy translationamotion.

3. New Motion Compensation

To formulateanew motioncompensatioschemave startwith theexponentiakerms
of thedemodulate®AR signal,asde nedin [8],
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where s fast(range)time, Is slow (along-track}time,f g is the centerfrequeng,
R( ) Is the rangeto tamget, c is the speedof light, andK is the chirp rate. With
translationaimotion, therangeR( ) become®R( ) + R( ). We split the motion
terminto range-dependent,R4i ( ), andrange-independent,Rq¢( ), terms,

2. TranslationaMotion Errors

SAR processingissumethatthe platformmaovesin astraightline, but thisis notthecase.Translationamotionresultsin thetamget
scenechangingin rangeduring datacollection. This rangeshift causesnconsistencies thetargetphasehistory[7]. A tamgetat

rangeR is measurectrangeR + R whichintroducesa phaseshift of
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In the data. Fortunately if the motion in known (usually from an on-boardINS/GPSsensor),then the motion errorscan be

corrected.Thecommonmethodfor compensatindor the non-idealmotioninvolvestwo steps.First,the correctionsarecalculated

for areferenceaange R,qf, Usuallyin the centerof the swath. The phasecorrection
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IS appliedto theraw data. The SAR datais thenrangecompressedanda secondfange-dependentorrectionis applied,using

differentialcorrectiondrom thereferencaange.For eachR, R is calculatedwith thecorrection,
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Now, the motion-inducedangeshift canbe removed througha computationallytaxing interpolationcommonlyusedfor range-
Doppler(RDA) andchirp-scaling(CSA) processing.

m:
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which changeshedemodulatedignal,Eqg. (4), to
j4 fo(RO)*+ Rpef( )+ Ry () K oRO* Rpef()* Rgi () 2
c J r c
sm(; )=¢e e (6)
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wherethe rst two termsarethe desiredsignal, Eq. (4), the next threetermsare
therange-independemfrrors,andthelast vetermsaretherange-dependertrors.
The proposedmethodalso follows a two stepschemebut eliminatesthe needfor
Interpolation.The rst correctionis appliedto theraw data.
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It cancelsthe range-independemrrorsandshifts the targetsin range. The datais
thenrangecompresseavith a commonalgorithm (RDA or CSA). We simplify the

next stepby assuminghat the range-dependemrrorsdo not changeduring range

compression.This introducesadditional phaseerrorsthat we ignore, with future

efforts plannedto track the phaseerrorsthroughthe processingteps. The second
motion correctionis appliedto the rangecompressedlata, cancellingthe range-

dependengrrorterms, .8 Kr Ryef( )( Rgi ( *R0)) Ry ()
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MZ(R, ) — e C e J r c
.4 Kr Rg ()% :8KrR() Rgj () . Ry ()
] 5 ] 4 fo—di 2/
e C 7 e (9)
where = 2R=c
References

[1] PA. RosenS. Henslg, K. WheelerG. Sadavy, T. Miller, S. Shafer, R. Muellerschoen(.
JonesH. Zebker, S. Madsen: UAVSAR:A New NASAAirborne SARSystenfor Scienceand
Tednolagy Reseath, 20061EEE RadarConf., pp.24-27,April 2006.

[2] E.C. Zaugg,D.L. Hudson,D.G. Long: TheBYU SAR:A Small,Student-BuilSARfor UAV
Opeilation, Proc.Int. Geosci.Rem.Sen.Symp.,Denver Coloradopp.411-414Aug. 2006.

[3] Madsen,S.N. Motion Compensatiotior Ultra Wide Band SAR Proc.Int. Geosci.Rem.Sen.
Symp.,Sydng, NSW, pp.1436-1438July 2001.

[4] A. Meta, J.EM. Lorga, J.J.M. de Wit, P Hoogeboom: Motion compensatiorior a high
resolutionKa-bandairborne FM-CW SAR EURAD 2005,pp. 391-394,0Oct. 2005.

[5] E.C. Zaugg,D.G. Long: Full Motion Compensatiofior LFM-CW SyntheticApertue Radar;
Proc.Int. Geosci.Rem.Sen.Symp.,BarcelonaSpain,Jul. 2007.

[6] A. Moreira,Y. Huang: Airborne SARprocessingf highly squinteddatausinga chirp scaling
approad with integratedmotioncompensationTGRS,vol. 32, pp.1029-1040Sept.1994.

[7] Giorgio FranceschettRiccardoLanari: SynthetidAperture RadarProcessingCRCPressNew
York, 1999.

[8] I.G. Cumming, F.H. Wong: Digital Processingof SyntheticApertue Radar Data, Artech
House,2005.

Figurel: SimulatedSAR dataof a singlepointtargetwith motion. The rst columnshaws a collectionwithout motion,thetop row shovs the motionand
theimagewithout compensatiorthe middle columnshaws the resultsof traditionalmotioncompensatiomandtherightmostcolumnshavs the proposed
motioncompensation.

Figure2: An arrayof pointtargetsimageadwith thesamemotionasin Figurel.

Figure3: Non-idealtranslationamotiongreaterthana singlerangebin clearlydemonstratethe utility of the nev motioncompensatiomlgorithm.

Figured: A 778x654meterareaimagedby the NuSAR andprocesseavith the CSA. Notetheroadcrossingheimageis properlystraighteneavhenusingthe proposednotioncompensatiomvhile the processindime is virtually identical. The U.S. Naval
Researcliaboratory(NRL) UAS SAR (NUSAR)is designedor UAS ight operatingat L-Bandor X-Bandwith a500MHz bandwidthandreal-timeprocessinglt wasdevelopedaspartof the NRL DUSTERprogramin ateameffort with BrighamYoung
University (BYU), ARTEMIS Inc., SpaceDynamicsLaboratory(SDL), andNRL. TheNuSARIis onecomponenbdf anintegratedLongwave Infrared(LWIR), Visible NearInfrared(VNIR), andSAR ImagingSystem.



