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Top-level parameters optimization design for space-borne spotlight SAR system

DENG Haitao, DONG Youtong, WANG Jinfeng
(38 Institute of CETC, Hefei Anhui 230088, China)

Abstract: Spotlight mode is a special mode of Synthetic Aperture Radar(SAR), which can achieve
higher resolution image than the ordinary strip-mode SAR. Starting from the top-level parameters design of
high resolution space-borne spotlight SAR system, combining with the detailed analysis of system design
and simulation process, many influence factors including long migration distance, Pulse Repetition
Frequency(PRF), antenna pattern on spotlight SAR system design are analyzed. This work can provide a
reference for space-borne spotlight SAR top-level parameters design.

Key words: Synthetic Aperture Radar; high resolution; spotlight mode; top-level parameters design

1A WALAR T I (SAR) R GE A% A xR R R & AL AR T IR 19 2 Fif b T A AR AR 7 2K 2R AR
BB AT 3 S T BUSASR , (532 T2 39 4 55 07 T A BR W), 28 S8 9 D7 02 11 23 Bk 30 BB B 4 R & RS ) s A0 T AT
PR O T I T SRR R A ER R R AR T R, AR R s s ) T A R LR Ry R, R —
S /N DX 3 1 SR B TR L BT S S 4% AR o DA 3k 8 (0 8 7 S R LR Y, T 0 AR b A R R I
78 A s Ak PR A

DURZRBOHE SAR RGBT PSR, ERE TENRENTAETT X, REHEn . REN)Y . R
o Wk, fERGEBIZ WA T MR W5 H o R AL BT . RSO B R R R SAR TiZ S5
witik, 4G RGOS E, ToBIEZTTH N TURS MBI RN R, EEAERR SAR 15235 |
B B9 B B X 2R G0 I R A M L A S L ik b A2 4 256 (PRIF) Y 6 5 1 5 SR 4 T i P M A R R AR JE A R

1 EHBEERSARTMESHIZTERE

REER SAR TR M EEMAFHE AR RGN | BRESIM . BRANM . PRE, (5545 bkih 5
B OBUER . R AMEN . BB . RE Dy MBS, BT RAILOCKRAE N, &ESEMEERIT. TR S
RGO Had e, BB RSEBOTR EER MR, 40RO SAR TiZ S BT .

1.1 B3 SAR RS

RABA G AL AR TR KR — PR R Y 75 38 TR, mT LR Z i B SAR X L3k 31 1) i w5 43 B R 18115
B 3E o A T A R A T ), S e S — R /N DX, DT RT3 AR S A TR SR ) R S B Y
YRR EHE: 2014-03-15; fEEIHHA: 2014-04-28
HETH: EREHEALIEIRI863 341 Bh1 H (2011AA120404)




1 X35 %% : BB IR SAR RGETAE S MMM &3 a

T Ly B 5 A 4 e R S R PR S A O, S IR 1 v o R, DT R AT DB i LA 23 B R A R
REIEEE,
BN TARRIA R B R 0 B R 5 20 sUBE B 2 PR ) . Bg b, BRI BN ¢/ (2B, sing) , Hh ¢ ok,
n FoRAMASHA B Fn TR IR RN GE . 0 25 DR 0 R B 43T SR SR TR AT S B v O o RO
B SAR ST H AR [E] B RHIE R(o) TR R AIFE] ¢ (R E, AT A AT 1 R B9 R M RHE AL R R R, |

R(#;R) :\/R2 +(vt)” + 2Rvt cos (1) A,
K RB =00 RHE; v I DEZEINMNERHEE; o HERFN '
o BXFREEES AR SE R AT IE LR R R ¢ 0 R R A, R

C

i

A 1
R(t;R) = R+—(fdt+§f,t2) (2)
2
. 2v NP - 2V’ 2 e
L f =—jcos¢ﬁya%qﬂlb/}ﬁ$; f, =Esm e
A A %’; o observation width
RO Fig.1 2-D imaging geometry for spotlight SAR
TEA AL 8] 7, = — PN % 2230 Bl 5 0 B 1 IR SAR 4k LA For A
v
2v0
B, = [T, - i’ e (3)
A
A 0 W RAE T SAR REANL PO RIS S M . BLe b SRR TARRBE R T5 60 73 HE 5y
vsin A
po= e (4)
B, 20sin @

LR T AERE U J5 70 B B SAR KREAHAL O R s BE DR GE ,  BORE sh f BEBOKR, O (2 43 F
R A

1.2 BEEMENN RGN F R R ER 0T

P T 2R RO 35 A 5 O 1 A AR DAL b AR 0 T2 8 T e 20 5 B A1 1 1 A 114 B 0 1 s 3 R G B 1 5
Wi, AT RGBT

K2 MR SAR RGP EFERE DL 1A, R IR XU R g kb T 0 S BT T3, b 7 AL T,
) 225 17 (] v 5 2 ) X 7 14 [ X o 20 9% A BRE 1 P ] 3 1y P9 0 S5 (X R

NITESH o 55, 2l 18] 3 s SR W SAR = 4E 1 by JUM G R 8. WK 7R« R RoR il R % g i 2
TR/ NMERIFE R, R4 RN PR AL Sl B b A e RAE IR RS, 0 O RLml sl TR /o T UL . 78 RS
SR N FE 23 25 R B B8 B R, A 0RE T S S K b T A AR TR

Fig.2 Zebra map Fig.3 3-D imaging geometry for spotlight SAR
2 BESE F 3 FHR SAR =4 JLIE 5K

T B R AR S R R IR, R D EESEE 530 km; KITEE 7600 m/s; K
0.04 m; W A8FM 21°~50°; M RERT 5m; 20HES 0.3 m; XLMAE T8 % . 15 km(J7 1) x 15 km(#E ).



42 AHZMFERFREERFR #13%

B WAL T AR %0 102 A #E #5 4E 3h A PRE e HUCS SL A&l 4. [ 5 s .

6.6+ T T 6.0
; ; ; —— take account of range migration
—+— take no account of range migration
T s5 Vo i
g
Tz 62 BT e E PR |
5 s s s : s 50
z : : : i : =
S 6.0 Beooooonanae feeeeennd o Bemcooooooe - T
s [
£ s \\\ 58
5 58L e U S JUT R SO _
sel. P P \\ 4.0
5.4 \ 35
20 25 30 35 40 45 50 20 25 30 35 40 45 50
central angle of incidence/(°) central angle of incidence/(°)
Fig.4 Migration distance under different beam positions Fig.5 PRF under different beam positions
[ 4 BB PESIE RS € 5 &fii PRF #EiT

MG EEE R T LLE H, R4 T RIEBMESI MG, MR R IS 0 4 B 0 O i kA7 i P i 11,
NLFEAT AN L . BEAl, RIEESPESh T SAR R G0 RAKE oy K — 2 M5E i o ZR 40 R A5 3l LS5 i g s R
I # 5 R B NEo, )RR, SAR MR (5 Mt Bk M, NEo, BEoRBAE . IR SAR R4 R 8% PR 8 0ri:, #
RG RO E N £9°, ARG RBUEH K 0.161 4 dB; & R G5 K7 A 138 8 8l = 39°, At &R
4t R AUE PR I8 #) 3.28 dB.

13 P ESHERERT RSEEMER N

IR A AR I A LR T R Y R G R, A — el R G MR A TR A R AR RO 45 R, R A R A R AE O B AR
Fo FERER SAR RES UL, PRF MRS B B P 0] @, PRF 19k £ R 22388 7 & 5 ik ob AL R 55
Wl R TP, OB SRR FE B RO A7 (RO B A R PR R o BRI PRE 2 R B A0 R RR a1 I 422 iy 9
B, Ik PRERREERAS & 5 BXARAY PRE SO (5 J7 (00 RSO B2 38 i, 1 2 =2 (B R A A 2% 18 . 76 e 2225 PRF X

ﬁ{ﬁfﬁ?@jﬁﬁ@ 2 H[EJ °© ambiguity area  observation width  ambiguity area
B 6 BT R NS At SAR J7 (i B R AL R ) ) )
B SAR 5 {545 44 B SAR 1 5 K X 9 46 F e T 45 1h) -« < » |
(09735 Ak AL G5 MBI 2 U o9 1) SE AR %% 7 e 2 <Py
T T B SRR T 2 BT S o 9 ) L P e U :
8 B A AL AR IF T P 6 0 D ok o 1 ] G 15 X Bk e / am%;#a'fy \
L, BB R 5 5 AR )RR 22 60 KX 52 B R R 2k K2R |
77 1) 615 A% F A =2 W 032 3 ol T F AR R 220 1) 1 22 ,,Lf\ N :\r"‘lm
W ARAEEAXTIZ 3, P TR KR b i 5 B AR o % i T i
T, HCAE R4 37 1 7 1 L L AR RN AL AR [ PRF e PRF—pya—PRF—
[G] PR, T LA e B S S 0, B 2% 0 [ 1 o Fig 6 Spotlight mode SAR azimuth ambiguity

LK 5, (A 5 LT X I 28 7 1o 4 35 A7 O 116 AW SAR B m

[FIRE, b Hoid 7 AL BRI 9 A5 5, (k= + 1, + 2, 3, ) A9 [0 358 50 32t (AN 5 G T 6 7 ) 8 32K R T 1) 161 9 8 4 A 5
TEA5 ALAR I ] Y, 3k 88 Y [l 35 4545 5 52 A m] B R 5 80

PG, XoF T B8 DX sl 8 5 — [ R, R AR5 7 i) 38 4 R 7 S AR AL o fl T 4% s R 2007 1) BT 08 45
), 3 A 0 [l £35S 3 BE AN [R] i LA R AGR DX 38 h 50 1) 45 5 9 O (o7 AR B2 2 22 S PR [R) , 45 52 310 H A 0 1z )
T L ) H O SR A S Y TR AR A S SR AR A LR T 1) PR S S AL 8 ) — B, AR X O L 1)
£ R T AL ASOREE 1 35 AT LA el =X (5) B E

D> G, +mf)
AASR(g) = 2220 (5)
G (f£,)
Arfe £ MK E R m WA, —BH-10~10, DR FEBEIK A LSRG m X 7 (AR Y S I D




1 X35 %% : BB IR SAR RGETAE S MMM &3 »

G BRI I K s f R EER o XFRCEY T 67 18] Fo 3R . UL, X T S D AN TR A R, 5 AR
JESEARAR R, X F 05 L F 2k b — R BV i, e AT T REAS R AT LA 5 SR R A AASR (o) R
A 7 EAPESY PRE SR O AL AR R . e DR BB R L . 530 km;y RATEESE . 7600 m/s; %

£: 0.04m; FHimKLRF: 5m; H.0 A 33°; 10 I

Jr LA B SE By: 3040 HZ,  peende R R T EEE%:??E%‘
WEE 7 AL S, BB R L X T [ ) PRF, A4 bt 22 BPRFELSE) |

SR A A1 GO R R R PR Bixbiz P '

B T o7 AR R il 2t R R —RE Y . e A R I A% 0 Y 2

J7 i BEM A Bl A AL B K, L T A T R i S »

U, hH-27dB A7, MR HN S T LB M RE R 25, h

~10dB Zify . AR ML £ Xt B i PRF {8, #F R AERIE B

WL — /N BRI 1L, 1 X A5 % ik WIS

FE T O o7 AR 7 2F A 3 v e e T R s AR AL . Hi 4k B,C,D 19 20 15 10 05 0 05 10 15 20

25 00 6 R, A 0 PR 0 P TR e R T — aaimuih frequency/itz

0, B B S T 2 7 (R /N TF—20 dB [ Bk Fig.7 Azimuth ambiguity curves under different PRF

N ‘ /7 AT PRE A7 (o0 2
T DU AR B 5 L R R R S, & 8~ 1A

10 45 THE LR i BB HUF 248 PRE MACFRAF S B, 1Y 1.2 4% . 1.3 4% . 1.4 £ 1 Hiu 1A 5 B4 15 1 B 45 51

BRI, 2230 SR GO B B, A 300 o A ) 5 T BT 38 A 5 7 e 350 1R PG LG R DA, PRF O 1.2B B, 7
)0 IR B W (5 5 50 29 -25 dB; PRF & 1.3B, 1}, J7{v[i] i1 24 IR B (U BOWI {5 5 58 5 2 0 -40 dB; PRF A
1.4B, B, J5 v ) i) G5 IR B (AR {5 5 5 8 29 R —44 dB. IIL7E 23k SAR R4k itad#d, nl 7 PRF 220051 (1
ST, MRYE T LA R R A AR AE B, SRR A IS ) PRI KT 2 T T 3k B EUS M RE 4R AT .

the result of imaging the result of azimuth
20 -
6.222 8

om
£ 622148 Z
S E
T 6226 =
2 3
6.228 g
'

= ;

6.230 ;

1 1 1 i 1 1 1
-1500 -1000 -500 0 500 1000 1500 -1500 -1000 -500 0 500 1000 1500
frequency of azimuth/Hz frequency of azimuth/Hz
Fig.8 Imaging results(PRF=1.2B,)
& 8 PRF g 1.2 B, B8 4 4%
the result of imaging the result of azimuth
10) R — | — e . SR ]
6.222 | '

R Jus}
c 62248 2
= 3
=3 2
D 6.226 =
2 £
S @
6.228 g
=
=

6.230

-1500 -1000 -500 0 500 1000 1500

frequency of azimuth/Hz -1500  -1000 -501 0 500 1001 1500

frequency of azimuth/Hz

Fig.9 Imaging results(PRF=1.3B,)
[#] 9 PRF & 1.3B, I By A4 45 S



44 AHZMFERFREERFR #13%

the result of imaging the result of azimuth
20 5
6.222 ol
o 1 | \ \
6.224 z 2 : : : :
=l ' ' ' '
A oVl R e B e e e e o e sl e EEE (L B
5 6.226 & g 60
S >
S 622808 s -8
=
=]
6.230 |8 -100 /4
. 120} . .
6.232 ! ! ! ! ! ; ;
-1500 -1000 -500 0 500 1000 1500 -1500 -1000 -500 0 500 1000 1500
frequency of azimuth/Hz frequency of azimuth/Hz

Fig.10 Imaging results(PRF=1.4B;)
[€] 10 PRF 3 1.4B, I8 1545

1.4 REFMEEIT N REEMENT N

T FR) 7 AR R 7 T P E 018 IR T 1) P AR P S A% R KO BT 9 ELIA O R R AR AR S A R 2
T7 1 R E AR o RSP R R G rp, RETr 1 252 BIRERGE . A BRZESET7 MY &2 0 Al 2
RET7 1) PR e A ks, DA R AR 2 3 18 T AR R A2 e o B AR O 67 D R A O R/ kg T 2R IR SAR A
BT Aoy B, (HIRI It BR 15 LB B R R o I, TERWR SAR RSB R, X T I5 AL B
AT L R TS ) B = W 2 56 R AT T R B R, MR A A O BC B, AT S AR LA PERE AR B
MK B AL BT 0 H A, BR TR R A A

2 #Hig

ASCLLRFERHK SAR RGTUZ SR i ki, 46 WM RGBT L r Bl e, wa%E T 207
T A BTS2 e D 3R, e rh A 45 i R AR A S IR | R R B Sl ok R G M AR g RAUE YR bk v R 5 A
R LA By KDy ) [RT A BT X R GERR B2 B 52 ), (A T &R G U2 S 800 R 0B 5 M, BERS O R R
W SAR RS HBOHe A MS % .

S & Uk

(1] FEE, A CIKKAE. WERR SAR UGB FET]. BT 515 8244, 2007,29(1):26-29. (TANG Yu,WANG Yanfei,
ZHANG Bingchen. A study of sliding spotlight SAR imaging mode[J]. Journal of Electronics & Information Technology,
2007,29(1):26-29.)

(2] FRBUEm TR A AL T AR ] TARRET B PRE LA IOATSE )] B 4R, 2012,35(5):25-28.
(CHEN Yingying,GAO Yang,HE Yonghua. Optimal selection of PRF for spaceborne synthetic aperture radar in different
working mode[J]. Modern Electronics Technique, 2012,35(5):25-28.)

[3] WEREHRALE. BRAGEARETILRGEERI P PRF LR BACUEH X, 2006,28(5):1-4. (XU Chunlei, SONG
Hongjun. Optimal of PRF selection in spotlight SAR system design[J]. Modern Radar, 2006,28(5):1-4.)

[4] BEXN/NF. SAR RS0 R B R B 152w )]. #5004, 2013,1(9):82-85. (SHENG Lei,LIU Xiaoping. Effects
of SAR system sensitivity on imaging quality[J]. Electronic Test, 2013,1(9):82-85.)

[5]1 MM 5. BREIEshRHK SAR BIRIE 8 505 5 J]. LMK, 2011,28(1):1-5. (XI Longmei,SHENG
Lei,GE Jialong. Analysis and simulation of ambiguities on spaceborne sliding spotlight SAR[J]. Aerospace Shanghai, 2011,
28(1):1-5.)

(6] SRAEIT. HTWR MDA R A SAR HEAUUAR S IR 1], Kbk 25 Bho 5 L 74/ B %4412, 2013,11(3):420-423. (ZHANG
Fudan. Virtual radiation source of a spotlight SAR based on frequency diverse array[J]. Journal of Terahertz Science and
Electronic Information Technology, 2013,11(3):420-423.)

(71 EXZEJGIRA. TS E AR RN TR SAR BB LB IE[]. i), 2006,27(6):1373~
1377. (WANG Lingjun,ZHOU Yinqing, CHEN Jie. Beam position design for distributed satellite SAR based on multiplex
coverage diagram[]J]. Journal of Astronautics, 2006,27(6):1373-1377.)



510 X% BB R SAR RATAE S H IR s

[81]

KK R AR, A AL T RO AT 1], T 5 F B2, 2004,26(9):1455-1456. (ZHANG Yongjun,LI Caiping.
Analysis of Synthetic Aperture Radar ambiguities[J]. Journal of Electronics & Information Technology, 2004,26(9):1455-1456.

(E=REPIE

WiEiF1979-), B, WltEFILE A, BER1989-), B, WELEZLEA, T
R T REIW , EEAFSE J5 18 4 SARIGMTI 55 R, FEWFR TN SARES RS TE.

Qb T 2R 4545 B .email:denht@126.com.
E&U1£(1979-), B, WAAESEEA, T
TR, FBBFFE 710 SARIGMTI {5 S4B R 4
i &.

(4556 39 D)

SEH

[1]

[2]

[31]

[4]

[5]

[6]

JE SCHy AR . B IE B IR R M. db R H T Tk H AR, 2008. (ZHOU Wenyu,JIAO Peinan. Technology of Over-
the-Horizon Radar[M]. Beijing:Publishing House of Electronics Industry, 2008.)

] 2 AG B 0R 5K i 5. B IR BCE AL B K N FH M. 2 B, db gt F ol R AL, 2009, (HE You,XIU Jian-juan, ZHANG
Jingwei,et al. Radar Data Processing with Applications[M]. 2nd ed. Beijing:Publishing House of Electronics Industry, 2009.)
Yaakov Bar Shalom. Negative correlation and optimal tracking with Doppler measurements[J]. IEEE Transactions on
Aerospace and Electronic Systems, 2001,37(3):1117-1120.

B TR AR A v 0 8 LB 7R A R e B I FSE )], BRAR R 3K, 2009.,31(3):7-10. (MAO Tao,XIA Wei

min,QU Cuiping,et al. A study on characteristics and applications of HF ground wave OTH radar[J]. Modern Radar,
2009,31(3):7-10.)

EHAA T SO TR TR AL U TR AT 1Y 2 B AR IR ER AR A FRL)]. DR AE 2 M AR ML, 2003,49(3):391-395.
(HU Song,KE Hengyu,WEN Biyang,et al. Multiple targets tracking data processing for HF ground wave radar[J]. Journal
of Wuhan University Natural:Science Edition, 2003,49(3):391-395.)

Kameda H,Tsujimichi S,Kosuge Y. Target tracking under dense environments using range rate measurements|[C]// Proceedings
of the 37th SICE Annual Conference SICE '98. Chiba,Japan:[s.n.], 1998:927-932.

WANG Xuezhi,Darko Musicki,Richard Ellem,et al. Enhanced multi-target tracking with Doppler measurements[C]// Information,
Decision and Control. Adelaide, Australia:[s.n.], 2007:53-58.

Samuels Blackman. Multiple hypothesis tracking for multiple target tracking[J]. IEEE A&E Systems Magazine, 2004,19(1):
5-18.

Gorji A A,Tharmarasa R,Kirubarajan T. Performance measures for multiple target tracking problems[C]// 2011 Proceedings
of the 14th International Conference on Information Fusion(FUSION). Chicago,IL:[s.n.], 2011:1-8.

EE® I

F A(1990-), Z, WALEHIMTTA, & BR#(1962-), 5, KA, W44 S0,
e Rl e SO S 0 DB R4 BN € BBz, BT 1 S PSR AR Ak B85 7y A 45
Qb email:luoyal 1 @mails.tsinghua.edu.cn. W BRI . RGE U N .

FEA(1946-), B, b A, AT,
B, EEFI T MO E A S AL B A R



