DOI;10.13878/].cnki. jnuist.2020.02.012

W mEky e

A X GEO SAR . gAY s i e Pl RE 50 Br

HE

KR Huid & R 3L 12 F X (GEO
SAR) B A4 E5 A4 KB LEB ML
W EGRBR T AL TR AL
3o 6L AR AR S TA 89 4 ' & A X GEO
SAR % %, f£ % 2 GEO SAR A ah t i@
it 3 A A AR M AT T A9 N E AR AT, TS
REAMEF S B AR FE R
BB 1B R B 2 Ak 3 2 TR 8 A 1) A 2R
T RRE A AT 3T I AM AL 4R 4
AT AR A 45 0 AR 3t B ) 7 AR A4S OE
H,THRIFHRKR A TR R ALR
itHg ki — SR EA T RKG
EEMR TR LREF T E TERT
SAR EAMAL G- AT *TiZ JE 4 BN, % 8 A
TG R T D BALAEE R HOER T
SHLE A R AEAL A LA 3R 9B 4 TA IR
RGN E R RES. RS A
H oM T AR 5 A X GEO SAR % FA &
A A A AKX E TR &
JE @ o R A AL R IR = &

BURAR A
KA

27 X, GEO SAR; 4 A 3% 3t 3b
KB 5,08 T RIRSAR BAT

HESES V443, TN95S
XHERPRRES A

Wi BHEE 2019-10-22
BHTHE EZKAREEIS (61960206009,
61971039) ; [ ¢ F K B IF AL #% F 41 30 H
(31727901)
EE BN

[ L E I e o A L o o T 1
77 154 75 3515 5 AL B cchehb@ 163.com

1 bR TR FRESREFHARFAEA
5T, 4k 5t , 100081

2 DESHMBTFFERHERAFTHESLRE
(demr3 T R2E) b st, 100081

0 5§

HER [F] A U A LA TR 3 ( Geosynchronous Synthetic Aperture
Radar, GEO SAR) /&84 77EZ 36 000 km HbER [F] A8 8 & B - Y A 3%
SAR 245" | 5E 5K %L SAR (Low Earth Orbit SAR, LEO SAR) # It
A U7 R (CBUNBT 2] 1K) 8 w5 R (R IR e
2 000 km) S5 A, BIMCTE B T U8 O A5k 7 9 | o 9 A T L
A E R

1983 4, 3¢ [F [ KA 25 it K sl (NASA) 1) Tomiyasu %5 B K2 H
GEO SAR &5 K5 , % B2y B IF T % GEO SAR M 7R L %
G 2 G A A L2 O R g b A B R PP R
AR AT S A A 5 B0 5 30 20 ) 2210 i DA 56 [ 0 o SR AR
FHBFIE A BAER S T BB GEO SAR J7 & MIAFSE 3T 10 483k,
T EFEMUARHNGE GEO SAR RGN M5BT | (g Ak B 533 45y Tl
TR T REMFIE, B TR kT A k™ NCS
SR SAR A AT, GEO SAR BV A A 5 R FH 2 0] FE Al 15 it
TR ], R 2 1A 2 SAR R ATF S AR

2003 4, NASA #2H} T 2Bk TR R4 /7 % (Global Earthquake
Satellite System,GESS) """ SR FH 10 i T2 20 5 AR I IR |, SN
SRR FEIE AR (W LL UL . 2006 4F, JE [ Cranfield K24/ Hobbs 2 H
A 3 0t 12 TR A B AR, 43 I A Bk 3 B 2 R AT W
I ST AR G B 16 X S B JRE 4% ALY TR, AN I 2
[ S A1 22,2012 4F ) B RRK 22 B TR 24— T 1 30 M5
BR W I 2K [7) 25 38 & s fLA2 T5 357 ( Geosynchronous SAR for Earth
Monitoring by Interferometry and Imaging, GEMINI) £ 48! F Fj — %t
ol 2%t TR I B3 4 B, S0 b 36 T A8 ¢ 3 40 B RN LB . 2015 4T
RORFPK LB TR AR T —Fh I T 24 A 240 1 B8 GEO
SAR J7% ARGOS, | JHZ i GEO SAR L& [Al i} & 5 fnde i A2 5
5B RO 2 S ML E, AT RS T RSB, SEELSAR A Ab
RO SRTK AN R Ge A TR IR E , TR R TG SR, TR 2
B LA 5E s o v B A AT

ALAEHLE GEO SAR Bl -, 48t —Fh £ Ffi 73 /i 2 GEO SAR,
TG IS 5 0 DR, A8 B P B 20 e T R 2 A AR G
HATHREE R AR AP 5 AEAS TR B 6 X5 4 BA 4 2 R R[] AR



71 R 24 22 W (RBIEID) ,2020,12(2) :236-245

Journal of Nanjing University of Information Science and Technology ( Natural Science Edition) ,2020,12(2) :236-245

SCEF XT3 5 24 A 1 30C B 20 A JR8 T ) Y 5 3 | 1 B 0
BT FR R 25 AR BRI . B 0T 30 B 2 BA G AR 44 i 2 T
AL e AR N 3z B 5 BB 1E D7 ik, AT SE B ek B

SR R AT A I — R R T B IR
i [EOES e 82 417 Wy Rv I B M B 25 e s R ]
RS BA, S5 3 SAR 247 (SAR Tomography , Tomo-
SAR) AT 55 BT X 22 FF 2 BA, 4t 42 Jm) vl I 249 3T 1Y
I/ NENIKE FE R EL(PDOP , Position Dilution of Preci-
sion ) YEDU W] 3R A5 HAT S AE L A 20 5 10 22 BE 2 BA
S AR SEAT 55 B, D BOR AT T ikt
FEREMi 30 GEO SAR [ R GEMERE , ELAF HLA A H AL
A e BE 1) 43 3 R0 LAY S H AR Y — 4RI A8 SR
JE4E.

1 £7%3 GEO SAR HEEI&IT

1.1 %% GEO SAR JL{g#y3!

734z GEO SAR W RS RIUNE] 1 FroR, lH—
Wik BR SRS 2 BN R AR AT . R 2
R BE ST, T BAX B sh# W5 5 4% IR S = R iR
BRI 4 R R (R 1 R R 1)
FEEEE MR (AN 1 AR 2~ N) SRR 5
I 2 B 4 A 7Y, 5] 40 TanDEM-X A9 Helix

L
ASCUEBE R ISR T SAR ST
TR TR 1455 514 4 B 1

SRR AHE T4 F&*Hw%?ﬁ 7 328 5 D22 ]

TIE 2 ff BN, S0 = 4 A% S i
HAMAMAM GEO SAR # WA T f#l & —4

“8TFIE HE 87 IR I KN, FRATT T K Bl 2 A
A3 R 87 F /N 87 4 il Ei e A A G A A SR
PIFPEUE SR A B E AR S AN | s, B R sl
UL 1b B9 GEO_Large8 ¢ GEO-1. 48 SCHF5YT A9 4341
3 GEO SAR /8" A R FLERE L 1, 2

a

,/’.,.»-"““ ;;é\_; & M2
LS I ag!:‘-‘ "“"""-
\:y)‘ “,:)‘:\\\\
MET T i WU
e \
e R
R N
HiEk

K1 434z GEO SAR 7~ 32

237

T AN 1b BR 8 GEO-1,GEO-2(JLF 5
GEO-1 H4) \GEO-3, HH GEO-1 HF A ,GE0-2 5
GEO-1 i AT, M i H T SAR ZHr i 4sBN. 1 T
“UIN 87 R RUAE 2RV 1) e LATE B2 LS IR R
T30 3 5 I FE R GEO-3, LA i 08 I £71 132 4 A
FRL Y B B2 T GEO-2 #il GEO-3 1Y 6 4
BUEMREC(PUEE R ) A SO DL SAR JZHT AT =4EE
AR 23 AT 55 R 43 SR 30 B R 32 B 2 A 78

R1 “K8F“/N8HIEREL
Table 1  Orbital elements of GEO SAR nadir-point tracks

HUB AL /8 K8

2 KBt/ km 42 164 42 164
i ffi/ deg 16 53

IHL AR A/ deg 0 270

B LA 0 0.07
T A/ (°F) 88 113
HT A/ deg 0 0

1.2 SAR Efr4mHENE T
1.2.1 EFEHIAM AL %

SAR JZHTT 45 ZoRk £ MR IT I ©AT, fliid i
it BN 3= MR AR X2 Bl Y MUY 7 R A NHE B8 B2
HRE CFRRARXHE S e ) 1% Rt i (9 ST
AT 20 N AR Bz AL S, X-Y-Z =AM
RN, AT LI Ry 23 (Rl FE LR AR X-Y-Z =07 18] (4%
R X-Y-Z = A7 1) R BB A A 2R R A O R A LA
ABR AR (CRAR BB ARPR R ), WA 2a JIF7R. i AL B
FR UL R R AT, X il b B TR B HE 2R X-Y O
T R LA 1T L Y S 1 R R — . Z o AR P
BT, H X-Y-Z A FA AR .

FXHEF R, X-Y-Z = A4y b TR 1T
BFIE) ¢ IR AR A, FA I 5 00 SR — B = Ao
Al PARIR N

a MR ;b BB R 87 A Y F) R L

Fig. 1 Sketch map of distributed GEO SAR, (a) configuration, (b) nadir-point tracks of the formation and configuration
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Fig. 2 Orbital coordinate system (a) and perpendicular baseline calculation (b)
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Fig. 3 Effects of earth rotation on perpendicular baseline in GEO SAR, (a) satellite velocity above the equator,
(b) perpendicular baseline of LEO SAR ,and (c¢) perpendicular baseline of GEO SAR
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Abstract

wide coverage,and has great potential in disaster prevention and mitigation.In this paper,a distributed GEO SAR

Geosynchronous Synthetic Aperture Radar ( GEO SAR) has the advantages of short revisit period and

system containing both close and sparse formation is proposed.On the basis of monostatic GEO SAR multiple phase
centers are formed by adding companion satellites only receiving signals, which has the advantages of rich tasks and
low cost.However, different tasks require different spatial baselines for formation. Aiming at the configuration of close
formation , this paper proposes a method of correcting the relative motion equation based on coordinate rotation,
through which the analytical expression of spatial baseline under the influence of earth rotation can be obtained ; fur-
thermore ,a method of linear time-varying baseline design based on semi-major axis correction is proposed, which
can be applied to SAR tomography.For sparse formation,the minimum Position Dilution of Precision criterion under
the measurable constraints of global scene is proposed , which can realize the design of sparse formation with the best
combination of line of sight (LOS) thus can achieve the best three-dimensional (3D) deformation retrieval perform-
ance.Finally,the system performances of the designed distributed GEO SAR formation are simulated and analyzed,
including the diurnal variation of baseline , the resolution in altitude direction and the 3D deformation retrieval accu-
racy in typical observation areas.

Key words distributed GEO SAR ;formation design;earth rotation ; deformation retrieval ; SAR tomography



