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Influence of bistatic spaceborne InSAR time synchronization
error on phase synchronization

WANG Yiyuan, WANG Wanlin
(China Academy of Space Technology(Xi’an) ,Xi’an 710000, China)

Abstract; For the InSAR radar system of bistatic spaceborne formation, a system framework integrating
SAR and phase synchronization is proposed. Based on the bistatic time synchronization error, a bistatic
spaceborne phase synchronization design method considering the time synchronization error, SAR and
phase synchronization transmit and receive link delay is proposed. The slave satellite echo signal phase
and interference phase after phase synchronization compensation are given, and two time-varying phase
error power spectral densities are derived. Theoretical analysis and simulation experiments show that after
phase synchronization compensation, the time synchronization error does not affect the phase
synchronization accuracy, but only the target position of the slave satellite. The constant phase error of
the slave satellite echo is large, but it does not affect the imaging. The constant phase error of the
interference is a few thousandths of a degree, which has a negligible impact on the interferometric height
accuracy. The time-varying phase error of the slave satellite echo and the interference is similar to that of
the primary satellite.
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Fig.1 Timing diagram of bistatic SAR signal

P 1) [+] 215 22 [ 100 B 1) 22 e, FAS A 9
Sk e 2 A ) 2 25 AR, Jim A 33 b Bt ] £
AR BT R 1% 22 F B AL % 22 PR L, PR Ot S IR (]
A—E PR 2N

St =5ty + ot +1t,,,(1) (1)

(1) H, 8ty g P R I ] [R] 25 5 B0 800, au
R AR i 25 2 BRI LA I 1,0 (1) R AR
i 25 S BRI BEHLIR, 7] DL IR -
:Aprt]—Aprtzzfi_]i:Afz—Aﬁ (2)

prt hof fo

(2) L fy AFRFRIER, Af, F1Af, J300 3R P
BEIRIE M, BPLIUAN B R M, RATE
WA PRAEE FEARAR A BRI SR o bty P A 2 IS
(][] AP0 22 7 A, ot WU Py AR R [ 20 R 227
R TF] [] A5 S i A A2 [i) P 4 WA ] A [] A - A 12
FRAR S HEAT I A e, 90 256 (] 210 2 48 A B[] I 22 i
AR AN [ 9 S AT T 52 A 5 A Ml & 4R 9F 17 i
AT TS TR A A % N ) 0 G T
FasE , BRI BAS [ 5 i TL R A5 5 X BRI I DU
InSAR 753K, 0 1 73 M7 i, A SR S B I TR — 2L
PEIRZE 8t AR R Il iR 22

o

2 EEREERSIREEWNEALRS
2.1 WE InSAR R R[EE

XU InSAR R GE4H JAE K An & 2 iz, B SAR
REGFANLIR 2 RE AN, T 18 FARAL [F] 25 U & 3 1
BT g — it TR AR R | e Sk b A A A | 4
WO AR S B3 SR 42 35 Sy S 3 8, 75 35 R A 67 (7]
AT AR MR FE TROR A H ST, TR IR AR A7 [R] 25
W R SHE T 58—k, XA B T A A [F]
Ao AT BT 32 BN E A A 32 AR R S B A A IR
) A B N AE



" 24 Zs ) L P A

2023 4E55 2 1)

FRGEAT R A i AR P ARE 5 (linear
frequency modulation, LFM ) Ji7 JE 77 fif & A, B AR P&
3 RAE A B e R — 2 0 SR A M A A A 3 1
W SEAE LEM {5508 79 18 R Ge K oh it PR
AL DA [BIEL, X SO TE DA R 21, o 55— %
SIAR fo B B LEM (55 1A 9 ] 72 0 38 opit
Joro IEH,AXMEIE T A 1 RS AR f, 5mIRGE
T RFEIS P R AR £, AT Bt R AR R
T PR SR FE S5 A ATS SR 96 1 7 10 R A P
I FH B HEEIE T AR AR A R S LEM A 572
Bl LEM (55, X SO TE AD SRAEMS 21, th
S ISR fo, ¥ I £ BEAT LEM 55 1E A2 A 4

TNAREN LA AE S o S350, DA I Z B K K e
U2 A S AR R f, 2, AD B 202 [ A
SEUEE SRR AD SREEGREIS 2], A HE UK
IR ARINT 2, FE STk i B i 22 R Ak B4R T 46 K
AD SRAERIE TN AT AL BE AEAEIN 2], RIRAE BT
BRI 25, X AE RO 7 AD SRAEIS 2, h 55— K
AR for B fyy TEAT LEM {55 IEAZ A T A2 531 3]
FAHE S oI350, DA I 20 RIVA S5 Ik ofo e i fsf 220 e
R EASKRE fo, B2, AD B 22 1A s R A
SEIE AD SRALARPEI 2], AN 2 Ak S B
Z\, ko AR e 22 FUR AR BRAS TR AD SRAEHY
E T BUL A TAL B APt 21, BRAE B bR 2

N B Jmew | [ wem |, [ @
e e gy [Tt [ | A [ kg
7, X
1 5 t i
N P IR
TR WIERRL < W i1
A A T
i J s | mr | e |,
T i BIN R A
n: ﬂ; I
£ ¢
FAEL | Pl (e %ﬁ
s Tk Jmww | [wem | [ @
TR ) S i " g [0 A [C7] x4
T, 2
5 I 1
e e | mIAE
A2 HERR2 [ E;%fz
A A
‘ N G I
i)l HAT 2 a2
Y . f ¢ A
Rl e il | Eﬁ?

E2 WE InSAR RGHERIEE
Fig.2 Block diagram of bistatic spaceborne InSAR
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Fig.4 Phase noise analysis results after

phase synchronization
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