B2E F4H B F B2 % T Vol.22 No.4
2000 -’1?5 7H JOURNAL OF ELECTRONICS July 2000

E TR BT SAR Er) B irmi&k |

s HmiE HER
(FEREROTFEHRF x 100080)

W OE RO ER AR TR R B AR R, RS ERBE S8 SAR 2308
FEEESHEMERSEENTFENRE RSN RS TE. K TWARTLIR G &4EH
FUFSHRME, AER AR TR TREIEE - FHE KA SAR 23 BIF UK,
HHAUWHSRRIET FE W17,

XA SAILEEE (SAR), Z3HE AR, EMRL, TEER

$ S TN957.71

15 &

BRAREL (SAR) B—HME 0 BRN MG RE. FHH SAR BRI R B
AR UGB L AL 8 S S AT RE R M7 (L[ e R4, HEF KPR ENEE
EREM KT FESHTRE. SHEMHEEX THLEBIRTUARRRERE, E400
X ANFEEZ3) Binnt, Bireizsha SRR S0 L R, WM&z sl B ARE R
BB RARA BT, H Hozsh B4R H B E o RESEA &R IBTER L B 4R E R
Aarst. B, WREME R L B AT B 4 il 4z ) B AR H 3T ARy — TR E
RE, HEZHEAIHE.

AR T BE B o RO R R BOR R BUE B B AR S RO SRR O k. X7
B 230 B irs Bl FESE, A[LUAB S BARME ST AR X L #m, 3
RARRHTHE. NEHBARRE, ZrsitEa/), 5TFEaihE,

2 M R R

2.1 R HEIE XL

B RHBYREFRELTEN S HREAEEHE W —FES D . EHEELSEIT
MR T, e EEMEHN I ARER. AREE B 2¥ES. —t, X THE
BES u(t) FADHIR BT E

A(r,€) = ~ ut+ ~yu (-2 exp{—j2nft}dt, (1)
—oo 2 2

Hef o 57 BARERART B EE, € P HIREI N ZE BB, B, RIVK ALK
WBIREL, TR |A(7, &) BB RS YRR BT EENE A RAES FHEURT, R
MR L P E R E A S AT R (AT O M—RE. A BK, HrERS, BB

PRELRRXES) HF .
2.2 R AR
TEBANR RSB — T A0 B S B 8980 o 80 — Sk R
E 1 XTRAMHFE A(7,6)] = |A(-7,-)] .
ME 2 XTHRBERE AL OP WEKE, B AP <]A(0,0)]* =2E .

! 1999-03-05 Y F|, 1999-06-17 Eh




608 2 F OB % % A 22 %

MH 3 BHEMBE BN & v(t) = w(t—to) exp{j2n&o(t —to) }, WA 14, (7, &) =
|Au(, )17 . BAEBUR B RIFT R A R A2 % BB E B AR
R 4 SECFITAMIER B v(t) = u(t) exp{yrkt®}, MH A, (1,€) = Au(r, k7).
Xt B B 38T AR o ] S OB B TE AR T T _E e — D A EE, M k> O B, BEFE M RET
§HeY; M k< 0B, BEFMERIMESR, H b WEXMERK, EEMAELL.
2.3 MR AR
() ABR—IERFER. M TERES, BINERRE—ARGSREH#ITEHR, H#35l
AE LW E R (0 Hamming &) DRSS, XTotEER ¢ .« MMETE ¢ 45
BEAT KA, RA1BE]
(N=1)/2
Ay(mT,nAf) = Z 9(iT)u (iT + %T) u* (iT - %T) exp{—72r(nAf)(iT)}, (2)
i=—(N—1)/2

K g(T) FPTIERHIEEHRE, T HESKERM, CUAMERENEREEHE.

fs = (UT) 2 2fmax . ATEER, FREFM T 12—, FHBAS = 1/N, BEBEHRL
3w

(N-1)/2 m _
Ag(m,n) = Z g(Du (z + %) ut (z - 5) Wi, (3)

i=—(N-1)/2

Kbm, nfli AN FESZTRE . Mt WEBTR; g(0) BKEN N WIES
HERE; NAIFH H-(W-1)<m<(N-1); Wy =exp{-j2n/N}.

H AT 0, BROBORT R BT e A — B A H RE 9() I E & 51 E B2,
A FE—BEER, REEMA K FFT B kg,

3SAR E HARrEI K2 5 9 B %K
FAVEGE, SAR (FRAR B & 4707 B0 i S B MRS B

Sr(t) = exp {j27r [fo (t_ Z;_) +%k (t_ %)2

XH fo FHOHER, kAZEEBFE, T, hemflR2nE. KEBEM R
Alr,6) = /_ se (t+ o (t- =) exp{—j2metyat

}, 0<t<Ts. (4)

sin[r (€ — k7)(Ts — |71)]

(€ — kr)(Ts ~ |7)) (Ts =17, |71 <Ts. (3)

= exp{j2r for} exp{—jmET,}

s (t) BB R B

sin[m (& — km)(Ts — |7])]
(& — k7)(Ts — |7()

mmaﬁ=[ yn—mﬂ 7| < .. (6)
TR, SAR FEASE S R ER S (AR D) RNTE ¢ - AA AR
e, HHMEENAEE— - EWYE LR sinc M, TIFE sinc &AW EAERN
BTE LRI Y BB . R SR k WES: € kr |



4 34 RS ETHEMRN -FUEHRE SAR Z31HIRREK 609

HEEZ A BIRE, & SAR HRES (F%5) X

N
se(®) =) si(t)+n(t), 0<t<T. (7)

1=1

BN ASEFHEE n(t) HRE. S0 IR EEE SN RAEES L EREE

g
5i(t) = exp{ji(t)} = exp {j27r [fm- (t - %) + %k,- <t - —Z—') 2] } )

0<t; <t<t; +T, <T. (8)
154
gs(t,7) = s, (t + g) s (t - 72—-)
N T
:Zexp{j?ﬂ (foi+ki (t—?l) T>}+6N(t,T). 9)
i=1

XEY0<t<T/2R, -2t<7<2; ¥BFT/2<t<T, 2t-T)<r<-2t-T).
en(t,7) BEZMESY: — I AR S ERMEEESZEWHARER, ZAHETHY 58S
RIS, =AM B CRYTRIA.

3t (9) RPRAR ¢ HHTHEMNER, NE s () MERMEBEYR. EESAAXEESBLK,
BT o0, #ATi—= o0, (1<i<N), WAREBHE RN

N
|A(T, OF = 8(¢ - kim) + En(7,6). (10)

i=1

Ho En(r, &) MY TERBNES ¢:(t,7), EREBEZIWDY: FSEAATLIZEHE
MR FS5WRAM A RE, R BN R AT

SRR 3 . R 4 B0 W RABUR B R TS 5 A 5 AR R B o X
I, TS O AR O 0B 15 UM B ZE B T T L B — 1 5 AR TR R ALIE Y A
. XH, & SAR FIEFESERZMAFAARZEHRAMERN EGRENESES, WTEE
BT EH LRI —ARFAMBAL RS EL, WA 1R,

¢ L
L
A
[ 3
0 T
B 1 WA RESEEBURE SAR . S,
BRI 15 5 ) = 2B KO B2 PRRAEIRAE S CRBTN.L

RIEL LS, BATTLURL T RA: BT SAR miEg) BirEHEE S LUy &
HIRRES, WSFELSEE) H R, RIEEREESHRBETRA MR R AR 6



610 HOF OB ¥ ¥ A 2%

BEYMPELSNBIR, WE 2 PR, BERIMGTEELX LML AWA 6 . 62, MR
k= tgo, MATLAEBIEE 1 MER 2 WERESHEEHAMEK, MhH SAR BAFE
A5, BREHEESHSE AR ERR T HIFS SAR ayAEXEE, B MG H Rl
BB, FEMERITOLNS% B, LIXZES) B A&,
4 FYR %
BiZ f(z,y) BFH z-y (9EBRER, Bl f(z,y) MY TEHE—ERA (z,y) WKEHE. #
p BVE ry LRE-HLFFAWER, ¢ AELS c Bifik M, WH
R, o{f(z.y)} = /_w /_Oo f(z,y)é(z sin @ + y cos ¢ — p)dzdy,
~o<p<oo, -~T/2<p< /2 (11)
Rpol - } FERTWER 23 | SiEH LG LR EETE oy EE—RELUE T p-¢ TH L
F— &, MV p-¢ L8 — & (0o, ¢o) FME—HBEE T z-y LW —FREL zsingo+ycosdp =

po, MER——IMNK. MREGTFELE-FKEEGTHERKEL, ML23FMW
BEHETERETE ¢ LHFEIGE, HARIEFHN T RELNMLES .

5 BRE R E KA F P L B L IHEH B AT KK

RAARRBERNLERAFGESHRMEREE - A3 FA0WEL, WFp=0. X
(10) 2K E WA

Ro(0) = Rp.o {47, )1 }o=0

AT
= Zalé(d)—arctanki) + Ry o {EN(T.6)} =0, (12)
i=1
XEB -n/2<¢<n/2, EEHTHLEEIRSWELRR S, HETHERESR, ATUAK

MUK s & HRA « By Je M, W& AN EVIREUER A& A BIREHRE S 2 T 8
. B T DR R B A A S SUITURT R 7S XY 53 A TR T I L RN ALY, B, SEW
HEIHARRETE R E, XBRIET RN RARA EERmAEREL.

SZEprd, BeABNIREME IR TH SAR 123 BIRRUE R AR BB RN
T Xt SAR Jrfimiz 3h B iR BN E SRR R A, R RS TE R, %
B Ro(o) BEFFX B LIRA ¢:(i =1, -, N), R ¢, KHE BIRH S EHIFRE £,
ki T & BT ALARE, ERE BINS R, WMERBEGESHEA, HRERER. A
TRIERE R E, —RERSBMETHH ZRAEMREN DT 7/4.

6 TENGFTEERRE I
BEEREN=ZSZHHTEEESY
sr(n) = s,1(n) + sr2(n) + sp3(n) + no, (13)

Kb, su(n) = exp(jhin?} , (=No/2 <1 < NJ2) 5 spal(n) = exp{jks(n — 100)°}
(=Ns/2+100 < n < Ng/2+100) ; s,3(n) = exp{jks(n — 250)?} , (=Ng/2+250 <n <



4 3 BHMHS ETHEMEY - EPRERL SAR Z3) BIFRR 611

N, /2 +250); no KHIABEN 0 WEHE R, FWRHY 3dB ; MBI FA & = 0.001,
ko = 0.002, k3 = 0.0007 ; BFRAHIETF n =0, n =100, n = 250 H4b.

B SRR ME 3 TR, TUEN, ERAMEERENHEE, LT TERE
SZ RE LMK RS, BIRNH, TESHEMBHA FIUATRARE. hTE%R
FHREEE TN, BRESHTELEVZRESSE, MARRLEREPE. B4
HEBESEME B RE. RITRSHLMAL, S8R TR X IEEH T T
R, ERMEHSENTRBFREMEE. 8 5 2R AMGTSEREE BIR5 51815 & m S
FMGE BRGER, 1IN TELEFTRRM TS HEES L SR .

ERERFY, BESEMBEMETRRENLESHERNETS MESETHNEE
BRE, MHEH RIFNRIER, ToUH TIZ0NETE SAR 231 B it il 5 sy /A
FHERIEM T, XS RE R B E NGNS B AR, FATRB RS
BE B, MAFERZXGRTH. & TE3hBRERE SRR oreE, Bt
FMH T E S F—REA TS KBRS, HWARERR WVD SHHEREHR 1 X
I T HEE.

¥ (H2)

sl e
20 .15 10 -5 0 § 10 15 20

"B ()

B3 AFFARESEN=AZ3)ETERESH ZZ80HE

&1 EnBESEEMAITSMIEE

AL aEiE it it R ZRAfLIRE
Hir 1 0 0.001 0.315506 0.001001411 0.3699
85 2 100 0.002 0.577127 0.001997457 —0.6649
B#5 3 250 0.0007 0.224363 0.000700124 0.0325




612 w OF B % % 7 22 %

1200
1000
800
B 0
F 400
SRR 1 U2 SRR & 200 £ nidd-
o TS dllul
0 01 02 03 04 05 06 07 08 200 100 0 100 200 300 400
1 & (rad) P A=Y=t
B4 HEESEMEMEHERE M5 =EshEBMENESBRER
£ £ X K

1] %W EEE EXESHEE. b3 EF T4, 1981, 87-104.

[2] Ristic B, Boashash B. Kernel design for time-frequency signal analysis using the Radon transform.
IEEE Trans. on Signal Processing, 1993, SP-41(5): 1996-2008.

[3] Ristic B, Boashash B. Adaptive time-frequency representions based on Radon transform, in Proc.
Int. Symp. Signal Processing Its Appl,, Gold Coast, Australia: Aug., 1992, 41-44.

{4] Barbarossa S, Zanalda A. A combined Wigner-Ville and Hough transform for cross-term su-
pression and optimal detection and parameter estimation. Proceeding of IEEE ICASSP’92, San
Francisco: Mar., 1992, 173-176.

SAR MOVING TARGETS IMAGING BASED ON
COMBINED AMBIGUITY FUNCTION AND RADON TRANSFORM

Dai Bowei Du Xiangfeng Yang Ruliang
(Institute of Ecletronics, Chinese Academy of Sciences, Beijing 100080)

Abstract A new application of the ambiguity function is given in this paper to resolve the
problem of moving targets imaging of SAR. It is well known that the SAR echo can be considered
as a linear FM signal, so does the echo of moving targets. The square modulus of linear FM
signal has high energy centrality in the ambiguity domain. Its peaks represent straight lines
whose slopes equal to the Doppler rates of the moving targets echo signals. The parameters of
moving targets can be estimated by applying the Radon transform to the ambiguity function.
In this way, the moving targets can be easily detected and imaged. The simulation results prove
the effectiveness and feasibility of this new method.

Key words SAR (Synthetic Aperture Radar), MTI (Moving Target Imaging), Ambiguity
function, Radon transforin
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