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A Formation Design Approach of the Distributed Spaceborne InSAR
Based on Height-measure Optimal Accuracy Value

HUANG Hai-feng, DENG Yong, LIANG Dian-long
(College of Electronic Science and Engineering, National Univ. of Defense Technology, Changsha 410073, China)

Abstract: The formation configuration design of the distributed spacebome interferometric SAR (DSInSAR) is the key issue of the
system design. The system performance optimization and formation flying orbit dynamic characteristic are its two basic restrictions. The
DSInSAR has the characteristic of bistatic, squint and spatial baseline. As an example, a master transmitter satellite and multi receiver
satellite system is analysized. The relation of height-measure accuracy and baseline vector is established. The relation between the
differences of the two satellite orbit roots and baseline vector is set up too. So the baseline vector can be expressed by root difference. A
formation designing rule that optimal height-measure accuracy can be acquired in the middle time of the system working is presented.
Base on this rule, a design method of the two satellite and multi-satellite formation is presented. Simulation shows that the height-
measure accuracy value of the optimal formation configuration is prior to that of interferometric cartwheel and pendulum.
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Fig.1 DSInSAR geometry Fig.2 Relation of height precision and baseline attitude

1 NERESERZRENXER

T EEFHEHS AR hSAR FTHURIANERZESELRENRR, XR71CH M IRAS
ROUEREGERA, €8 13, EVEE SYELGR, ZHHEB0HAEES, Y MEEIENE
W, X WESEENEET Z B EnNEs AN E, ZHFAATEN RETREYHE S, WHLE
AR Ro Ho N S, MLHE, ry HEWR T 5 S, FIMEER, B ABRKE, o« ABETUMA, X NELR
BE XY, PEANRES X, Bl , p hBRBRA, EXAEEKRES X, Y, FEHORA, ¥\ A
BRMRT LA, EXHRRRETE X, ¥, FARKELZS X, kM. BTEEHRENTY SAR
R R B B, B BR SRR, B HIROE h(EXER) 5t M8 Hy o r ERRE (B a.
B) ¥, , URTHARLL A ZEHERERR:

X459 ] W

h /H o -2Hor1cos[ v(a,B, %) ~min(zﬂms
JF anl (e, 8,0,)] = 2

Ala,B,¥,) = sin’ B + cos’ Beos’ (a + ¥ ) o
B LB TR RRESESHRENX R, BT THHARE A4 SN HESHIREY
BFIUTHERE, RITESHERGERE, X[71RE A% HEE, X5EFEAR, KELE, THHE
(IR AS, SEEEMXAX, B SEEREA XY, UTRAHBREMEAR:

B B
Y.,.M=7u'7,z(1-§1r—llcos61)'(l—%r—fsm%) (2)

K, B = B(sinfsind, + cosfeost, cos(a + W) ) A7 [AIFER LM B FE RS w5 BV 1L MR AE LR
BRI LR, FRAERRAREERELR, B = BeosPsin(a + V) WE ALKV H LHRE
FAFREELR T A EMSE ERRAFTLAAREEER . B 7o = 0 B, MU RSB AYBERS R F0
TrALEEREL o, o, HFIRIIE SAR(EE S TS, ) F AFhBES PR

ZEFR, TUEIINERENERERTY, BRA TSRO, TTAE 4% B 5 R
RENXR, IEAFE, NEREKE  SHAE 2 RN EEELESATHGERL, B R
FE JBR DX L B IR ZE AR KB B , e A X0 R R iR 22 AR/ DB L, R SGE R O &R XA BT, =0, BRI
RESAMRRER tanftanf = - cos(a + V), WABMLEXIRL B MHBKE B, Bl a= - T HMB=08
. BIRELRE B, (R ERAE)FAEREMR B ITERE.

Bmia',,(Bop,)=min( min o,(B,a,B)) (3)

B<B_ a,8€(0.21)
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2 EZXBSIERNERBENXE

2.1 BMEEXXBEHES ROVEAGRPHNERLIERT
BERKBESHE S, ROHELGRPAERLIFHRRUT
x(t) = B(t)cosB(t)cosa(t)
y(t) = B(t)cosf(t)sina(t)
z(t) = B(¢t)sinB(t) (4)
B(t) =2 (1) + y* (1) + 2 (¢)

a(t)=arctan%,ﬂ(t)=arcsin;((tt))

2.2 BEELZHALGEIERMEREENXR
BRTE S, Sl root, = [a,,¢,,i,, Q0 0,,f,]1CHFHILE S, ¥2ETE,TE S, AKX
TE., MESEALIR (), y(s),2(:) ] 5 TR RSEREE] e, 8,80, ,0r ] HXRRRY

x(t) = —%n,'t'8a+2a'sinf,(t)'8e+ a,*cosi, 00 + a,* 6w + n,*a,*Or

y(t) = - a,*cosf,(t)*di - a,*sinf,(¢) *sini,* 2 (5)

z(t) = - Sa + a, " cosf,(t)" e
He o, RIES, WPAEE, B TESM 5S8R « ——SF5, BT R 222 o
AUE—-REERAZE O
FEHGESHRIET , DR CITHRR A RERK AL o. =0, = o, B 6o =0,HIE

[x(t),y(t),z(t)]T=A(t)'[6¢:,6i,&Q,&u,8r]T (6)
2a, -sinf, (t) 0 a, " cosi, a, n,a,
Hef A(r) = 0 —a,vcosf,(t) - a,-sinf,(¢)*sini;, 0 0 |,
a, *cosf,(t) 0 0 0 0

B (@) FR(6)TURIEL LB SHEREENRXR,
3 DEHRBEITHE
3.1 WEHRMEIT

T RREME GESER S EMNSHRAZANMER, TERNERRBTHRESEETR, Hit
MBSt R ES SN, NENSRILBRERRSEET BN TN BRE(ESHER),
BRI AR TR ] A A0 A B BT, PR AR SO AT A M U R 7 1B 2k TR A o [B] B 2035 2

RSB R A
BT ¥ SAR 7e— B Py LAERT R 6 R B 20K 5, , B3R (3) 79 2000 B0 BE B AR R0 B M S AR

RE B, , R () HEXIBLAY 1, A ERAEAR 2 (t0), y(t0),2(2) ", E TR ()R] 1 HAEAL
FHILEPUERBENRR:

[x(to),y(to),z(to)]T=A(t0)'[8e,8i,&0,8a),6r]T 7
ER BB RA , %R RR/INER R ZRE N
[Se,8,80,0w,0t 1" =A% (1) [x(te),y(2o),2(25)]" (8)

He A () RERE A(¢,)H Moore-Penrose |~ X,
E i, T AR B K T EMNPERE roor, = [a,,e.,i., Q. 0.,f. 1o
3.2 SEHKIT
X TENESNER FERIZ RS, RAETH A BIRRAIRE SER
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x(t) = aA€ +2aesin[ nt - (8, + )]

y(t) = - gjsin(nt - 6,) 9)

z(t) = aecos[ ns - (8, + £.)]
Hip e EREKIEMROR. REFIEMNNBERA A RECIEIZEHANESSETE
WGEIBAE,E A =0, USETELATHCIEL T PL; 8, BRECIEET KRR TH
ARERE, ¢ REKIEENT SARFATHENSEA, E25LEHERKCHNIET, x&
BY 5L DENTERER—— A, BHHRE 3.1 THNNERNPERETUREXES

%o
B 3.1 WREIMNERIATERE A =0, RAUTHFETLUFASNM R CTEHARTT

Ho FRERFHITS KT EMIEXEE]:

Ax(t) = %,(2) — 2,(2) =2a(2esin 5 Ysin( nz’ —

w1 + ch)

Ay(t) = y,(t) = y,(t) = - a(2jsin O ; acz)sin( nt' - 6\“—;6:”—2) (10)

Wy = Wy wq + wcz)

Az(t) = 2,(t) - 2,(t) = a(2esin 7 )eos(nt’ - 5

HoF g = 80 + Lo’ = nt + /2, T WD EA WERRATEMBE L = Lo = 1 Bl 52 =
6cl - 8:2

2 [+
HEXFEANECERE RN ER R BEANE SRR, &

. 0q—0
2esin 12 2 = e,

(11)
2jsin O ; 2 = Jjo

HBRIEE , BR ) e.j 5 e jo Bilo

B R RIS 4H T R—S BN E BRI PR

(1) 'H‘%: Ccl\Ccz(gcl =8, = Ec);

(2) 04 FTLMER, RIE T EEE NitHE 0, =06, - i*2n/N;

(3) HRODIHE e #j;

(4) BETREYGEREN 6,.C e Fj HHEE  MER T ERSERE™ .

KA ERTEBINEERA, HFEEASHENERRBEUABRENERAHELREN
], B e ke AR L A ] o

4 HRSH

REFE1FHESR FIENBERRANSE TEERANR 100kn, U 6, ~35.31°, ¢, ~95.15,
¥, =98.9%, RXSZTERAE, BWA UEES % TEMRERE, % 2 Fim, BN SAR
{EM Y, SNR = 6dB, BEMIMEIEER H,, =Im.ry, =3m.B, =0.1m.a, =5'. 8, =5 ¥, = 5,1 A, 1}
FBELR AR R B SAR f50 L&, o1 IS B0 Boks B BE R B A AT LA, I 3(a)
Fimo BIR(3)IHEBE B, ~2.2km,a, ~100°, 8, ~ - 34°, RN HRIERKIRAL XS R AR BOHB , AR B
22T EHPERE, TUHETETERTREZ ¢ =0, B1(4)F(8)XA UGB EMMHARISE
KTESEBRE, % 2 Fim. #1502 MBS T8 F 48 ( Cartwheel) 71 T3 41142 (Pendulum)
AT I, S S A AMERTALET R AL BT (BIA B 8 B S BE BRI A B HERD) , =R 4R BARYEL
RS, HREAM U R IR a2 2, B 3(a) 1B 3(b) IR , P S R HT, NI BE B LA L
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R T Aers ] A A R M RE R UL, AL RN R R R R T T E RS BRI BHNSFHTEEN
ATFLRRBHFOAE, B AL ~0, ATURMASZ BRI T EBBMUN S BRA(R 25HT =
ERAMHUERY) , URBRAREIRER, B4(a)RHETHIFMHN=ZERNIERNEASTE
B BERBUERER , B T5EAEE 1200, FRAEBAMEET T 345, HuA=EH
B RFALIRE KB E 4(b)F7R,
£1 FERAERSAR RREIESH
Tab.1 Main parameters of master satellite and SAR

RETESR RAERSH
DESEEKH 7159.4927km RHHESHK 5.6cm
TRy 0.0004262 b2 Uik o 16MHz
HE A 97.889° RETKATE 25ps
AR KL 280° Bk ER SRR 2000Hz
LA (1 THA 35°
80 . + Cartwheel
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g 60 +a T ++a,
- = A +t A + +
1\, ?ﬁ. 50 :;:- :-{ :‘ :: §
I~ ;‘E A o a4t
E 0f 4 5 gy
] E
30 E
e Mj .
0 50 100 150 200 _1250—;(;0—‘ 350 100 10.00 20b() 3600 4(;00 5000 6000 7000
/(%) — R/
E3(a) BEEBADHHE 3(b) —RANERE LS
Fig.3(a) Formation baseline attitude angle Fig.3(b) Comparison of height precision in one cycle

F2 ORERLEE
Tab.2 Comparison of simulation result

HUIBRE root = (a,e,i,0,02,f) WERER/ME
X DE [7.1594927¢ + 6;0; 1.70848535148473 ;4 . 88692190558412;0;0] 14.8m

VEHGATE  |[7159492; 1.718312e - 4; 1.7084854; 4.886669; 9.47352¢ - 6; 1.0289% - 11]

=EHRNITE1 [7159492; 9.92068¢ ~ 5; 1.7086301; 4.886922; 1.5708058; - 1.5708058]

ZEHNATE?2 [7159492; 9.92068¢ ~ 5; 1.7084129; 4.886795; - 0.5235803; 0.5235893] 14.8m
ZERNTE3 [7159492; 9.92068e ~ 5; 1.7084129; 4.887048; 3.665201; —3.665201]
Cartwheel [7159492;8.520157e — 4;1.7084853;4.886922; - 1.5707963; 1.57079632] 16.2m

Pendulum (7159492; O 1.7084853;4.887604; 0 ; 0.00023327] 19.7m
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