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Abstract:　AccordingtoTanDEM-Xsatelliteprogram, thispaperstudiesinterferometriccapabilitiesofTanDEM-X
missionduringanorbitperiodandtriestogetthechangeofrelativeheighterrorinaglobalscope.Firstly, basedon
HILL-equationofthehelixformation, effectivebaseline, includingtherangeandazimutheffectivebaseline, whichhasa
greatimpactoninterferometryisanalyzedindetailduringanorbitperiod.Thentheinfluenceofbaselinedecorrelation
imposingoninterferometricphaseerrorisdiscusseddetailedly, whichisthemostimportantinfluenceonrelativeheight
error.AtlastrelativeheightmodelisestablishedandrelativeheighterrororTanDEM-Xsystemispresentedfurther.The
computersimulatingresultshowsthevalidityofanalysis.
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1　INTRODUCTION

TanDEM-X isamission forspaceborneradar
interferometerwhichisstudiedbybothEADSAstrium
teamandDLR.Thismission, whichisplannedtobe
completedin2009, isbasedontwoTerrasar-Xradar
satellitesflyinginacloseformationtoconstitutea
timely and global-scale high resolution radar
interferometricsystem.TanDEM-Xisthesistersatellite
ofTerraSAR-X.Itnotonlyoperatesindependentlyof
TerraSAR-X, butalsoworkswithitsynchronously.
TanDEM-X system is planned to acquire surface
characteristicofearthin150 millionsquarekilometers
scale.Germanywillachievehighresolutiondigital
elevationmodelin globalscaleby 2010.Thisis
completelynew heightmodel, which can notbe
restrictedbythedifferenceofregionandcountryand
alsocannotbringincoherenceduetodifferentwaysof
measurementormosaicsurface.
TanDEM-XmissionisbasedonTerraSAR-Xmission

bylaunchingasecondTerraSAR-Xlikesatellite.Both

satellitesflyinacloseformationtoachieveaflexible
baselinetosatisfydifferentapplications.TanDEM-X
systemhasnorestrictiononintrinsicresolutioncausedby
timedeccorelationandatmosphereinterference.The
maingoalofthemissionisthegenerationofglobalhigh
resolutionDEMcorrespondingtoDTED/HRTI-3.
DomesticperformanceanalysisonTanDEM-Xsystem

is few and Huang ＆ Liang ( 2006 ) and He
etal., ( 2005 )stressedonsignalmodel, whichhasno
all-aroundanalysis.Kriegeretal., ( 2005 )andMoreira
etal., ( 2004 ) comparedtheTanDEM-Xsystem height
resolutionatdifferentincidentanglewithoutpresenting
interferometriccapability model. Thispaperstudies
interferometriccapabilitiesofTanDEM-Xmissionduring
anorbitperiodandpresentsawholeflow (Fig.1 ) of
performanceanalysisofdistributedspaceborneSAR.
Basedonsatelliteformationandbaseline, interferometric
phaseerrorcanbeacquiredbystudyingthecorrelation
coefficientofsystem.Thentherelativeheighterror
modelcanbeestablished.Atlastcomputersimulationis
usedtovalidatetheanalysis.Thisflowisappliedto
generaldistributedSARperformanceanalysis.

Fig.1　DistributedspaceborneInSARperformanceanalysisflow
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Table1　HRTI-3 standard

Requirement Specification HRTI-3

Relative

VerticalAccuracy

90%linearpointto

pointerror

2m(slope<20% );

4m(slope>20% )

Absolute

VerticalAccuracy
90%linearerror 10m

Horizontal
Accuracy

90%circularerror 10m

SpatialResolution Independentpixels 12m

2　PERFORMANCEANALYSISRATIONALE

Relativeheightaccuracyisdecidedbyinterferometric
phaseerrorwhichisrelatedtothecorrelationofsystem.As
followsTanDEM-Xsystem performanceanalysiscanbe
conductedfromsixaspectswhicharesatelliteformation,
effectivebaseline, SNRanalysis, correlationcoefficient,
interferometricphaseerrorandrelativeheightaccuracy.

2.1　Satelliteformation

Distributedsmallsatelliteformationdecidesthepossible
baselinescombination, whichhasagreatimpacton
systemsperformance.Ononehandformationobserves
kineticrule, ontheotherhandorbitcanbecontrolledto
improvetheperformance.Currentlypopularformations
includeinterferometriccartwheelwhichispresentedby
CNESwithoutorbitcontrolandinterferometricpendulum
whichispresentedbyDLRwithorbitcontrol.TerraSAR-X
andTanDEM-Xflyinacloseformationwhichneedsfuelto
keeptheformationsteady.Inordertoachievethemission
therearesomerequestsasfollows:
· Duringinterferometricimagingthetwospacecraft

shouldbeseparatedbyaneffectivebaselineof500— 4000m.
· Thealong-track separation during datataking

shouldbelessthan 2000m.Ideally, thealong-track
separationshouldvanish.
· ProximityoperationsofTerraSAR-XandTanDEM-X

shouldbeconductedtominimizetheriskofacollision.

Fig.2　HELIXsatelliteformation

Accordingtoseveralpointsabove, HELIX satellite
formationhasfinallybeenselected ( Fig.2 ).This

formationacquiresalongtrack baselineby different
eccentricityvectorsandacquiresacrosstrackbaselineby
differentascendingnodes.Therelativemovementlooks
likeahelixforthesatellitesalongtheorbit.
Accordingto HILL-equationwhich describesthe

relativemovementofsatellites, bothsatellitesrelative
movementcanbecomputedby

x=aΔu+2aeAsin(nt+θ)

y=-aeAcos(nt+θ)

z=-ajsin(nt+ω1 -φ)

( 1 )

withthevelocitydirectionx, therelativepositionalongthe
radiusvectory, perpendiculartotheorbitplanedirectionz,
semimajoraxisa, eccentricitydisplacementeA, initial
phaseθ, satellitemeanvelocityn, argumentoflatitudeΔu,
bothorbitplaneswithanincludedanglej, argumentof
perigeeofsatelliteω1, and φ=ω1 -θ.Unknown
parametersin( 1) canbededucedbyequation(2) and( 3)

cosk=cosφcosΔΨ+sinφsinΔΨcosi1 ( 2 )

j=arcsin(
sini1sinΔΨ
sink

) ( 3 )

Wherei1 isinclinationofsatelliteS1, ΔΨisdisplacement
ofrightascensionoftheascendingnode.Accordingto
themission(Kriegeretal., 2005;Moreiraetal., 2004 ),

usingaΔΨ=500m, Δu=0, aeA =1500m.Sowecan
computetherelativemovementofbothsatellites.Fig.3
showstherelativemovementand itsprojectionon
coordinateplane.FromFig.3 wecanmakeaconclusion
thattherelativemovementsprojectionontheorbitplane
isanellipseandproportionofmajoraxistominoraxisis
2∶1;theprojectiononthehorizontalplaneisalinewhile
inzaxisisaharmonicoscillationwithanamplitudeof
aj.Bothsatelliteshavedifferentdisplacementofright
ascensionoftheascendingnodebecauseofdifferentorbit
inclination.Thereforefuelshouldbeconsumedtokeep
theformationsteady.

Fig.3　Relativemovement

2.2　Effectivebasline

SetupsatelliteS1 orbitcoordinatesystem, X1 is

velocitydirection, Z1 pointstoradiusvector, Y1 is
perpendiculartotheorbitplane.Next, wewillintroduce
twoveryimportanteffectivebaselines.
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InFig.4(a), Bisbaselinevector.αandβ arebothused
todescribebaselineattitudeangle, whereβ istiltangleof
baselinevectorBtothehorizontalplaneX1S1Z1 andαistilt
angleofprojectionofBinhorizontalplanetotheXaxis.
Radarlookangleisshownbyθ1andradarlookazimuthangle
ψ1istiltangleoflookdirectionSTtothehorizontalplane.
Fig.4 ( a) showstheazimuthverticaleffective

baseline, which describes baseline component
perpendiculartotheOS1Tplane.InFig.4 (a) drawline
TS1′whichisperpendiculartotheS1 O andmove
coordinatesystem S1 -X1Y1Z1 totheS′1 -X1′Y1′Z1′,
thenprojectionofS2 inS1X1Y1 andS1′X′1Y1′areS2′and
S2″.Againdraw lineS2″O′(overstriking) whichis
perpendiculartoTS1′, wellthenS2″O′isperpendicular
totheOS1 TplaneandS2″O′isazimuthverticaleffective
baselineby( 4 )

Fig.4　Effectivebaseline
(a)Azimuthverticaleffectivebaseline;

(b)Rangeverticaleffectivebaseline

　　　　Bx⊥ = S2″O′= S1′S2″sin(α+ψ1 )

=Bcosβ sin(α+ψ1 ) ( 4)

Rangeverticaleffectivebaseline:componentwhich
baselinevectorprojectstoS1OTplaneprojectsalongthe
directionperpendiculartoradarlookdirection.Drawline
S1″S2 whichisparalleltothebaselinevectorBandproject
BtotheS1OT, thenwecangetverticallineS1″O′.Then
projectS1″O′tothelineS1″C′whichisperpendiculartothe
lookdirectionS1T(Fig.4(b) ).

Br⊥ = S1″C″+ C″C
= S1′S1″sinθ1 + S1′O′cosθ1
=Bsinβsinθ1 +Bcosβ cos(α+ψ1 )cosθ1
=B(sinβsinθ1 +cosβcosθ1cos(α+ψ1 ) ) ( 5)

Effectivebaselineisaveryimportantparameterin
interferometry.Ononehand, baselinecomponentin
rangeaffecttheheightaccuracybecausethelongerthe
baselineis, thehighertheaccuracyis.Ontheother

hand, thecorrelationbetweenimagepairsdecreases
whenthebaselineincreases.Theninterferometricphase
errorwillgoup, sodesigningappropriatebaselineisof
greatimportancefortheinterferometry.

2.3　Signalnoiseratio

BeforecomputingSNR, weshouldfigureoutthe
noiseequivalentbackscattercoefficient.Kriegeretal.
( 2003) hasgivenitsformula.

NEσ0 = σ
0

S/N
=

2 ( 4π)
3r31vskT0FL

λ3G2ρrPtτPRF
( 6 )

NEσreflectstheleastvalueofbackscattercoefficientof
image(S/N=1).Informula( 6) ρrisgroundrange

resolutionρr=
c

2Bsinθ
, withBsignalbandwidth, cthe

lightvelocity, θincidentangle, andGantennapower

gain.G=
4πA
λ

2 , withAantennaarea.Thenformula

( 6) turnsinto( 7)

NEσ
0
=
σ

0

S/N
=
4 ( 4 π)

3
r
3
1vskT0BrgsinθFL

λ
3
G

2
cPtτPRF

( 7)

Besidesparametersintable2, thereareotherconstants
includingBoltzmannconstantk=1.38054 ×10

-23
, light

velocityc=3 ×10
8 m/s, backscattercoefficientσ0 =

-15dB, andnormaltemperatureT0 =290K.
accordingtoTable2, wecanget
[ NEσ0 ] =10lgNEσ0 =-21.22 dB
thenSNRofthesystemcanbegivenby
[ S/N] =[ σ0 ] -[ NEσ0 ] =6.22 dB

Table2　TanDEM-Xparameters

PeakTxPower(Pt) 2260W

ChirpBandwidth(Brg) 150MHz

Wavelength( λ) 0.0312m

PRF 3800Hz

PulseDuration( τ) 47us

FigureNoise(F) 4.3dB

Loss(L) 4.1dB

IncidentAngle( θ) 45o

Antennasize 4.8m×0.7m

AverageSatellitevelocity(vs) 7580m/s

2.4　Interferometricphaseerror

Rodriguez＆Martin( 1992 ) presenttheformulaof
interferometricphaseerror

Δφξ =
1

2NL
( 1 -γ2 ) /γ2 ( 8 )

WhereNL isthetimesofmutilooks.From ( 8 ),

interferometricphaseerrorisrelatedtodecorrelationin
interferometry.Therearemanysourcesofdecorrelation, of
whichbaselineandnoisearemainfactors.

Correlationcoefficientofsystemcanbecomputedby
γ=γbaseline·γSNR ( 9 )

γbaselineiscorrelationcoefficientcomponentcausedby
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baselineandγSNRiscomponentcausedbythermalnoise,
whichcanbegivenby

γSNR=
1

1+SNR-1
( 10)

SNRcanbecomputedby( 7 ), soweonlyneedto
computethebaselinecorrelationcoefficient.Huang＆Liang
(2006) andHeetal.(2005) havegiventheformula.

γbaseline = ( 1 -
Br⊥
Br⊥c

) ×( 1 -
Bx⊥
Bx⊥c

) ( 11)

WhereBr⊥cisrangecriticalbaseline, B
x
⊥cisazimuth

criticalbaseline, Br⊥ istherangeverticaleffective

baselineand Bx⊥ is the azimuth verticaleffective
baseline. Critical baseline is the baseline when
correlationcoefficientiszero.

Br⊥c =
λr1

ρycos(θ-s)
, whereρy isgroundrange

resolution, r1 isthedistancefrom thetargettothe
antennaphasecenter, θistheradarlookangleandsis
theslopeangle.

Bx⊥c=
λr1
ρxsinψ

, whereρxisazimuthresolution, ψis

theradarlookazimuthangle.

2.5　Relativeheightaccuracy

Errorpasscoefficientofinterferometricphaseis
deducedbyHeetal.( 2005 )

 h
 Δ 

=
-λH0r1sinθ1

2πh0B
r
⊥

( 12)

WhereH0andh0 aredistancesfromsatelliteandtarget
totheearthscore.Asthesmallpieceofregion, except
phaseerrorΔ ξ, theothererrorsarecommonones, so
relativeheighterrorcanbecomputedby

hξ =
 h
 Δ 
Δ ξ ( 13)

3　TanDEM-XPERFORMANCESIMULATION

SatelliteorbitelementsandspaceborneSARparameters
areshowninTable3.

Table3　TerraSAR-Xparameters

Satelliteorbitelements Radarparameters

Semi
majoraxis

6883.51km Wavelength 0.0312m

Eccentricity 0.0011
Chirp
bandwidth

150MHz

Inclination 97.4438° AntennaSize 4.8m×0.7m
Right

Ascension
88.617°

Incident

Angle
45°

Argument

perigee
90° SlopeAngle 20%

Accordingtotable2and3, aswellasformula( 4) and
( 5 ), variationofeffectivebaselineduringaperiodis
showninFig.5.wecanseefrom Fig.5 thatrange

effectivebaseline, whichaffectsheightaccuracydirectly,
could reach 1000m, satisfying the requirement of
interferometry.Rangeandazimuthbaselinesvaryabit
great, whichisnotgoodfortheinterferometriccapabilities.
Asthemeasurementofheight, rangeeffectivebaseline

concernsheightaccuracydirectly.Itinfluencesnotonlythe
phaseerror, butalsotheerrorpasscoefficientofheight
errortothephase.Inordertogainsteadyinterferometric
capabilities, weoftenmakeitabitshort.Azimuthbaseline
hasaimpactonthecorrelationofsystem.

Fig.5　Effectivebaseline

Fromfomula( 9 ) wecangaincorrelationcoefficient
ofsystem duringaperiodand ( 8 ) cancomputethe
phaseerror.InFig.6, duetounsteadyofbaseline
duringaperiod, correlationcoefficientchangeswith
baseline.TanDEM-Xsystemadopts16 looksprocess,
whichreducethephaseerrorinsomedegree.Wecan
seefrom thefigurethatphaseerrorislessthan10

degree, whichsatisfiestherequirementofmeasurement.

Fig.6　Correlationcoefficientandphaseerror

Phaseerrorpasscoefficientcanbecomputedbyfomula
( 12 ).Fig.7 showsthevariationofrelativeheighterror
duringaperiod(assigningtheslopeangleas20°).There
aretwopeaksinthefigure, whichisinthehighlatitude.
Thatsbecausetherangeeffectivebaselinereachesthe
lowestabovethepolarregion.Betweenthepeaksthereare
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flatareas, whichhavebetterheightaccuracy, satisfyingthe
requirementofmissionandHRTI-3 standard.

　　Fig.8 makesacomparisonfortherelativeaccuracyat
differentincidentangle.Thelargertheincidentangleis, the
smallertheheightaccuracybecomes.Thisprovestheresult
ofKriegeretal.(2005).Oneoftheimportantfactorsisthat
thesignalnoiseratiobecomeslowerwhentheincidentangle

increases.Specially, whentheincidentangleequals45°, the
smallestresolutiongivenbyKriegeretal.( 2005) is1.3m.
Thesmallestheightaccuracygiveninthispaperreaches0.
5m, consideringthebaselineandthermalnoisedecorrelation.

4　CONCLUSION

ThispaperanalyzedtheperformanceofsatelliteTanDEM-
XandTerraSAR-Xsystematically.Throughtheanalysisof
effectivebaseline, correlationcoefficient, phaseerrorand
relativeheightaccuracyduringanorbitperiod, theresultof
signalsimulationvalidatestheanalysis.Inadditionthispaper
hasntconsideredphasesynchronization, timesynchroniza-
tion, beamsynchronization, baselinemeasurementandsoon,
whichhaveinfluenceonheightaccuracy.
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摘　要:　针对 TanDEM-X卫星计划,重点分析其在一个轨道周期内的测高性能的变化情况。首先从建立双星 HELIX构形的 HILL

方程出发,分析了一个轨道周期内直接影响干涉测高的有效基线,包括顺轨和交轨基线的影响,然后讨论了系统相关系数及其对干涉

相位误差的影响,通过建立相对高程误差模型,进一步分析了系统相对高程精度。最后计算机仿真结果验证了分析的正确性。

关键词:　干涉, HELIX构形, 有效基线,相关系数, 相位误差,相对高程精度


