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Relative height accuracy analysis of TanDEM-_X systan
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Abstract  According © TarDEM-X satllite Program  this Paper studies interfermetric capabilities o f TanDEV-X
m jssion during an orhit Perpd and tries t0 Let the change of refative height error jn a gloha] scope FirstLy based on
HII, equation of e helix fom atior,l effective baselin’e ncluding the range and azinuth effective base[in’e which has a
great inpact on interferometry is analyzed n detail during an orhit Perod Then he nfluence of haseline decorrelation
mposing on nterferometric Phase error is d iscussed detai]edb’/ Wwhich © themost inporfant infjuence on relatve height
error At jast relative hehtmode] is established and relative heght error or TatDEM X systan s Presented furher The

computer sinujatng resut shows the vald iy of analysis
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1  NIRODUCTION

TanDEM_X 1S a mssjon {for Pacehormne radar
nterferom eter which 1s studied bY both EADS A strium
team and DI.R  Thismssion Which is Planned © bhe
completed n 2009 1S based on wo TerrasarX radar
sate]lies flyin€ in a close fomatpn © consttue a
timely and glopal scale hi8h  resolutpn  radar
nterferom etric systm TanDREM-X is the sister sate]]ie
of TerraSAR-X It not on]y operates independently of
TenaSAR_X but algo works with it synchronous}y
TanDFEM-X &stam Phnned t0 acquire surface
characteristic of earth nq50 milpon square kilbm eters
Gemany wi]| acheve hgh resojution di€ita]
ekvation mode] n 8gbbhal scale by 2010 This is
completely new height modql which can not pe
restrcted bY he difference of re€ion and country and
algo can not hring ncoherence due © differentways of
measuman ent Ormosajc surface

TanDEVI-X m sspn s based on TerraSAR-X m jssion
by khunching a second TermaSAR X [ke sate]litt Both

scale

nterfeometry HEL IX fomation effective haseline correfaton coefficient Phase error rejatjive

sate]lites {IV in a close fomaton © acheve a flexible
baselne 1o satisfy different applications TanDEM-X
system has no restr tion on ntrinsic reo juton caused hy
tine deccorelation and amosphere nterference The
main goa] of themission s the generatpn of Ephal hi€h
resotion DEM correspond ng © DTED,/HRT 13,

Domestc perfomance analysis on TanDEV-X sYstan
18 few and Huang 1 1ang ( 2006 ) and He
et a’l (2005) stressed on sgnalmode,l which has no
a]l amund analysy K rieger et a’l (2005) andMore jra
et a.’l (2004) compared he TanDEM-X systan he Bht
resojution at different mcident angle w jhout Presentng
interferometric capahility model This Paper studies
interferometric capapilities of TanDEM-X m sspn during
an oth it Period and Presents a whole pr( Fig 1) of
perfomance analysis of distrjputd sPacehome SAR
Based on sate]ljte fomation and paseline interferom etric
Phase eror can he acquijred hY studyir;g the corre ption
coefficient of systan Then he relative heght eror
mode] can he established At lastcomputer sinujatpn is
used © valgate the analysis ‘This flow is applied to
genera] distrputed SAR Perfom ance ana [ysis

Correlation coefficient

Baseline Interferometric Relative height
Formation [——>| Baseline [——> g;eirs?al —> phase error —> accurace
Fig 1 D istrbuted spacehome MSAR Perform ance analysis flow
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Table1 HRTIL3 standard
Requjrement Spbeci fica tion HRTI3

Relative %% linear point 1© 2m( sjope 2(% );
Vertjca| Accuracy point error 4m( slope~ 20% )
Abolte ,

Vertica] A ccuracy 0% lincar emor 1om
Horizonta | .

Accuracy oY, circu lar error om
Patia] Resouton Independent p xels 12m

2 PERFORMANCE ANALY SIS RATDNALE

Relative heBht accuracy s decided bY mterferometric
Phase erorwh ch is related © he correption of ystem As
follows TanDEVI-X &stan pPerfornance analys;s can he
conducted fran six aspects which are sate]lite fomaton
effecyve baselin’e NR anabfsi§ correlagon coefficien:t
interferometric Phase eror and relative height accuracy

2 1 Sate]lite form atjon

Distrbuted sna]] sate]]ite fomaton decdes e possple
base lines combinatiop which has a &reat mpact on
systm’s Perfomance (On one hand fomatpn opserves
ket mLe on the other hand orhit can he contolld to
mprove the Perfornance (Currently Popular {om ations
incude mterferometric carwhee] which is Presentd bY
CNES wihout o1hit contro] and nterferam etric Pendujun
which is Presented bY DLR W ith othitconto] TermSAR-X
and TaDEM-X {lV 1 a cose fom ation Which needs fue] ©
keep the fomaton seady n order © achieve hemisspn
there are some requests as {olpws

- Durmng nterferametrc 'm'ag ng the wo Pacecraft
should be sebarata] by an effective baselie of sop— 4000m

o The apng track sparatpn Juripng dat taking
should be less han pppom Idea]ly the along track
separatpn should vanis,

- Proxin ity operatons of TermaSAR-X and TaDEM-X
should be conducted ©m nin ze the rik of a collision

Vertical Baseline

F& 2 HELK satellie fomatpn

Accordng to severa] points abovg HELIX satellite
fomation has fpaly been selected ( Fig 2). This

fomaton acquijres along track haseline LY different
eccentricity vecors and acquires across track haselne by
different ascend n€ nodes The relative movem ent Jooks
like a helix for the satellites along the oth it
According © HIL-eduaton which describes the
relative moven ent of Sateﬂite§ hoth sate]lites’ rejatjve
movan ent can he computed by
X= AUu}9 ag sin( nth @)
Y—— ag cos( nt}() (D
Z—— ajsin( Nify — @)
w1t the vepceity direc tton X the relatjve positpn ajong he
radjus vector y peendijcupr © the othit P ane d jrection z
senimajor axis a eccentricity diP pcement € mital
phase@ sat|ljtemean vepciy n argumentof latudeA u
bot otit Planes Wit an ncluded angle j aument of
perigee of sate]]ite w, and ¢ = w, — 0 Unknown
paraneters in( 1) can be deduced bY equation(z) and(3)
COS = cos@ COSAQ)+ sin@ sinA() cos } (2)
. . sinjsinAQ
= A () (3)
W here i s inclpationof siellie § AQ is disPlacan ent
of right ascenspn of the ascending node A ccording to
&lemission( K rieger et a’l 2005 Morejra et aﬁl 2004),
using SAQZSOOH} A U= Q a§=150m So we can
canpute he relatve movanent of poth sate]lites Fig 3
shows the relatve movement and it Projection on
coordnate phne From Fig 3 we canmake a conclusion
that fe relatjive movan ent’s P1ojection on the othit Plane
is an e]]Pse and Proportion of major axjs 10 m jnor axis is
23 the projection on the horizont] Plane is a [hewhile
n z ax;s 18 a haimmonjc oscillation w ith an anplijude of
aj Both satellites have different disPlacanent of rght
ascenspn of the ascending node pecause of different orhit
inclinatpn Therefore fue] should be consumed to keep
the fomatpn steady

Perpendicular to orbit plane/m

000

Radius direction/m 2000 4000 -2 Alongtrack ()

Fig€ 3 Relativemovement

2 2 Effective haslne

Set up satel]ite S orbit coordpate systan )g is
ve pcity direct'pr} Z points © radus vecor Y S
pPeendcular 0 the othitPne Next wew i]| introduce
WO very importnt effective baseline’:s



WANG B ngnan etal,

Reltive heghtaccuracy analysis o { TarDHEM-_X <Y stan 51

NFig4 3 B & baslnevecorg andg are ot used
10 describe bhaseline attiude ang 1’e WhEYEB 1S tlt angle of
baseline vector B 10 he horzonta] Plane X S 7 and o © tilt
angle of Poectpn of B i horizon@a] Phne 0 fe X axjs
Radar pok angle is shown bYf and radar Jook aznuth angle
¢ is tilt angle of Jook directon S © the horzonta] plane

Fi€ 4 (® shows te azinuth vertica] effective
base}in’e which descripes component
perpendicular © he OS TPlne MFE 4( 3 drav lhe
TS' which i Peendicur © the 5 (O and move
coord nate systan S—XYZ © the 5 X Y’z’
then Projection of§ n S?XY and§ X! Y are§ and
S” Asgain drav lne $"O'( Over<tr11<ng) which is
perpendicular 0 TS | well hen $"0O" & pepend cular

baseline

©0 heOS T Phne and $'0" & azinuth vertica] effective
baseline by(4)

Earth core O

Fig€ 4 Effective baseline
( a)A zinuth vertica] effective basc]ing
( b) Range vertjca] effective hase line

Earth core O

B = $01=|8'$" sinca+4)
=Beosg siaf ¢) (4)
Range vertica] effective base]'n:e canponent which
base Jine vector progcts © $()T Plane progects along the
direction pemendijcujar 0 radar pok directon Draw |ine
$ /s which © Para]le] © he base]ne vecor B and Project
B © he SOT then we can et vertica] |ine § 'O Then
poject S0’ © he line S"C’ which is Perpendicubr © the
look direction § T FB 4 b)).
=| $"Cl+| g
=1 $'3] s, 4] § 0] sy
=DBsing sin@l +B cosg cos( a+¢1) cos g
=DB( sinp Sin@l - COSB cOSp, COS( g+ 4” ) (5)
E ffective bas]ine $ a very important Parameter in
interferometty (On one hand baseline component in
range affect the height accuracy hecause he longer e

baseline i,s the hBher the accuracy 8 (On the other

hand the correlatpn heween image pPajs decreases
whe’n te baseline mncreases Then nterferom etric Phase
erorw i]| 80 ug) SO designing approprijate haselme © of
great importance {or the nterferom etry

2 3 Signa]nojse ratjo

Before com putng SNR  we should fi€ure out the
nojse equivalent hackscatter coefficient Krieger et a]
(2003) has given its formula

’ PYIVKLFL
NE°® — _C :2(47T) T vk 6)

SN A*Ge,PcPRF
NI reflects the Jeast value of back scatter coe fficjent of

Shsnp VihB SERalbadwidy ¢ the

1i8ht Vepcity 0 ncident angLe and (3 antenna power

resoutpnp,—

gan G_‘?‘é with A antenna area Then fomuh

(6) ums int)( 7)
o_ o' _4(4m) PR B shORL
N N G @ PRF
Besides paran efers n tablez there are ofer constnts
incpding Bolzmann constant k= 1 38054 X 10 >, 1Bht
velocity ¢c= 3 % 10 my s backscatter coefficient 50 —
—15dB and roma] tanperature T'—290 K
accordng © Tablez we can get
[ NE°] =10 BN =—21. 22 dB
then QNR of 1he system can he given hy
[ SN = —[NEB°] =622 dB
TableZ TanDFM_X param eters

Ped Txpover P, 2260W
ChiP Bﬂndwidlh( Bg) 150MHz
Wave]engﬂq( A ) 0 0312m
PRF 3800H 2

Pulse Durarion( T) 47us
Figure Noise( I 4, 3dB

Losy Iy 4. 1dB

Ieident Angle 9 ) 45°
Antenna sjze 4 §Mmx (), 7Mm

Average Sate|lite velocity( vy 7580Mm/ S

2 4 Interferam etric Phase error

RodrBuez Martin( 1992) present the formula of
interferome tric pPhase error

1
A, =—— [(1—7) /7 8
8 N ( ) (8)
Where N

is the tines of mutjpoks Fmam (8),
mnerferometric phase error $ rehtd © decorre ptpn
nterferometry There are many sources Of decorrelat'pp of
which baseline and nojse aremap facors

Correlation coe ffrcient of systam can he computed by

T = ybqse]ine ° VQNR (9)
Y iaseline 8 correlation coeff ent component caused by
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base]mne andymR 1S com ponent caused hY thema] no is’e
which can he gven hY
YSVR:—l
1+ S\R'
NR can he computed by( 7) SO we ony need ©
compute the base]ine orrelatpn coefficent Huang [ jang
(2006) and He et 3.1(2(05) have given the pmula
1 5 X )
Vi = (1= ) X (1= ) (D)
Where B | s range critica] base[ne B | ® azinuth
critical basel'p@ B s the mange vertica] effective
baseline and q
baseline  Critcal baselne is the
correlation coefficent 8 zero
H — L where o
¢ 0, COS( 0— S)’ y
resolut’pp r s the distance from the ta€et © the
antenna pPhase center g is the radar pok angle and s 1S
the slope angle

(10)

8 the azimuth vertica]l effective
baselhe when

1S 8mund rmange

—— 1 where 8 azinuth resojutpn s
=g . P

the radar Jook azinut, angle
2 5 Relative height accuracy

Ernor pass coefficient of mterferometrc Phase is
deduced by He et a.1 (2005)

b —AH s

AL

Where]—‘tg and ]f} are distances from sate]]ite and @aiget

o the earfy’s core As the sma]] Pece of reg'pr,l except

Phase ermorA¢ . the other erors are common ones S0

refative hei@ht eror can he camputed hy

Jh
b:mﬁ‘#e (13)

(12)

3 TaDEM-X PERFORMANCE SMUIATION

Sate]]ite orhit elam ents and $acehome SAR Paraneters
are shown in Tabley
Table3 TerraSAR-X Parameters

Sate]lite othit € lanents Radar pamm eters
San i 6883 51km | Wavelength | q 0312m
majpr axis

. ChirP

centriciy Z
Eccentrici 0. 0011 bandw idth 150MH z
e inatjon 97 4438° Antnna Size | 4 gmy(, 7m
Right ., Incident N
Ascenson 88 617 Angle +
Arg€ument . oD
perigee 90 Sbpe Angle 20%

According © tablep and3 aswe]] as fornu]a(4) and
(5), varjation of effecyve haseline durin€ a perpd is
shown in F 5§ we can see from FR 5 that range

e ffective base}'n,e which affects heBht accuracy directl}’
coul reach 1000™ atisfng  te requmament of
nerferometty Range and azinuf, baselines vary a hit
great which 1 not good for the interferometric capah ilities

As hemeasurament of hei8ht range effective haselne
concems heght accuracy d irectl}_; It influences not on]y hHe
Phase error but also the eror pass coefficient of he 8ht
error © the Phase In order © gapn steady interferametric
capah ﬂitie,s we oftnmake it ahitshort Azinuth baselne
has a impact on the correlation of systam

3000

i/ — Azimuth vertical effective baseline
------ Range vertical effective baseline

2500 |

2000 | \ \ /
1500 \ / \ /
1000 : \ x / ; \ /
500 / \ /

0
0 1000 2000 3000 4000 5000 6000
Time/s

Baseline/m

Fig€ 5 Effective baseline

From fqnula(g) we can gajn correlation coefficient
of systan durmg8 a Pperiod and (8) can com pute the
Phase ermor In Fig q due to unsteady of haseline
during a period corre ation coefficient changes w ith
baseline TanDEM-X systm adoPtsg looks process
which reduce the Phase eror jn some degree We can
see from the figure that Phase emor s less than 1()
degrese which satisfies the requijren ent Ofm easurement

() 1000 2000 3000 4000 5000 6000

Time/s
16 : ' : ' .
SR U NV NN . WA T
] H H g H :
E 12 Cosmsannes SoennoNeEae sErEEE e e SEen
[
810 peemmmmmcb oo N N I ARt
= : h : :
8 : ! ! !
0 1000 2000 3000 4000 5000 6000
Time/s

FB ¢ Comelaton coefficient and Phase error

Phase error pass coeffic gnt can he computed by fanuja
(12). FB 7 shows he varation of relative heBht eror
durng a period( assgning the slope ange 35200). There
are wo peaks in he fBure which s n the hBh htiude
That's pecause the rang€e effective haseline reaches he
lowest apove the polar region RBeween the Peaks here are



WANG Bingnan eta], Reltive heghtaccuracy analysis of TarDHMV-X &Y stm 33

flat areas which have hetter heght accurac}’ satsfying the
requirement ofm ssion and HRTI3 standar]

Relative height accuracy/m

1000 2000 300 400( 5000 6000

Time/s

Fig. 7

Relative height accuracy

T

incident angle 20,
gle 30/°
le 40

e (cident angle S0,

— — incident an

===—incident a

: 1 . — .
'y : ]
z \ )
ELWN ] e\ L
5 : yf\ : r/
o {e W /
2 \ N Y &)
N T 5./ SRR SRR N e g L
5 N
0 | i i I \
0 1000 2000 3000 4000 5000 6000

lime/s

Fig.8 Variation of height accuracy at
different incident angle

F8 g makes a canparjon {or the welative accuracy at
different incident angle The lager he ncident angle ’ﬁ he
smaller he height accuray heawmes This Proves he resuft
ofKrieger eta] (p005), One of he mporant facors s that
the signal nose ratjo hecomes Jow er when he jncident angle

TanDEM -X

ncreases Specian}’ when the incident angle equajs 45:’ the
sma]lest reso ution gven hy K reger et a (2005) i8] 3m
The snallest heBht accuracy given in his Paer reaches(
5m considering the haseline and hema] noise decorrelaton

4 CONCLUSDN

This Paper ana]yzed the Perfomance of sate]fie TarDEM-
X and TemSAR-X s/stenatica]ly Through he analyss of
effective basel'pg correjatpn Coefficiel}t Phase eror and
relative height accuray durpg an orh it period the result of
sgna] smuftpn validates the analysis In addition this Paper
hasn’t consgered Phase synchrongzatpn tine synchron za
tiop beam sYnchIonizat'pp baselinerﬁeawnmentand 0 on
which have influence on hejght accuracy
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