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B2, ATHEEGHLOREE, ERIMNXBESRFHHTERN, MiZ5EEETE
FEMEERE, SEMT BT,

5 Z % FFT a9 ATE 3

TR RGO HEARERD 4 REEEN R (2D FFT), S5HAMM 408+
2D FFT WA AFEMFHITHE, B8 THTEE. RN ZEN 2% BBEEEHER, MEF
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M-1
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y(n,) = > z(n,m)WiF, 1=0,1,---,M -1, (27)
m=0
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X(k,1) =Yy, DWEE, k=0,1,---,N-1. (28)
n=0

RHRTVEE, HRARTUMBAREN 4 FFT Hk, HE—m, I —%FFT Z
BRZME IR, WUEFITFE LRIT MER TSR E, FEgAEREZE. A
= 1 PRATTLUE, BT RIEREEROEE, S-RESHEIERMAN T S EHRE
MZRBR, AR/IMERIEEERT. B MRYEEIE 4 AT AT R T A0 A0 1T LA H R
ERARHEETOMUE, RATRMRSEIH, BEZMEENEFREERGEN 48
F WHIMEBRBEOX B BTN T BLEFEE, HENEECREIANTZRAS®RE, X
BT BB BA AT, RAREMMELAERE.
H—REANERRARERE, BES o(n,m) BEERE BT KL HEH EL
BB, JARENERR S, SRR RG], BRI Mo SR8 N F M
Wa@ETEA P=N/r, Q=M/ry, WA LLMTHHES:
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(] e 5 SR A B A
k=i+jP, i=0,1,---,P-1;7=0,1,---,r; — 1,
l=s+1tQ, s=01,---,~-1;t=0,1,---,r — 1. (30)
UERAHRE
r1—1T2—1 . .
X(i+jPs+tQ) = 3 Xpgli,s;u,v)Wy P Wit
u=0 v=0
ri—1rz—1 ) )
=33 Xpoli, siu, )WANWR Wi W/ (31)
u=0 v=0
He
P-1Q-1
Xpo(k,l;u,v) = Z Z z(rip +u,raq + U)W,’ipW’Q",
p=0 ¢=0
k=0,1,---,N-1; Il=0,1,---,M—-1; u=0,1,---,r1 —1; v=0,1,---,75 — 1,(32)

ERXMOTEFES M, HATURZHE, SFANERTRATER. BE, MEERKEH
PR THRBEN, IEGESIBIERT IR E. thm, »n M r BHES
2, MABHH N FT M, THERFTLHENT LEH 4 HEBKRE.

B LAl WA ATAA R, [THIRSEMERFAS AN, AR L, 2D DFT 2
BRM R, mEERRRRS X HER, FABIERZ MRAEE, BRI
¥ BROTUERFEEREE, BEWREFEZ T EaaEFnR e 4 —
AT LR B, IR T U ERIERECHERNITE TRAFEWREE. RETS
¥, WEEHOE AT ITRS, EEMEEEMRFMBBE AT R L, NTE—
MR, TLCRAE—FE5EH 2D FFT H REIEEN TR LSBEMERE TR 1D
FFT #R#— A, BRHBAMSER, BREERNTFXMEE I —EROGBHE. m
R 1D FFT #iBURE 2 1y, AL KAF/NRRE R 2 (BEOKT, TR 4 #BERRE.

HEW R AN LS LEREF, X

LATESCAR B SR AT SE . FeA150E, 2 2 FFT S

1, AR R E NSRS o
BMEGERA L, B 3 HR T 2 2 MR, _I_Qt £(-010)
B AR o K, TARAREF x| .
BHME « “HBIR BTN, Jo, RIVEE R
e E T, E—4 by 1D FFT 1 ;

B, ST WIS & KBy 54 FFT 2

—H. ERTXWAE, ITMREEERRR
FEREERE E6TEMBKFTL
HAH.

B3 &2FFT M8 5

6 — # SEASAT jk 18 40 3

RFRATLAER SAR SEASAT B, ELHER SAR W37 _EURH L. LHFENIE
R R AT X —RE AR, TG R 25 8192 S 4096 5. SEASAT
HSPUnE 2 fron.
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#F 2 SEASAT WEXEY

REEHFE:  45.53MHz dEARE.  11.38MHz
ZEEFOIRE:  —940Hz EEGFEEAIE: —504Hz/s

77 5L [e] B S0 BT LA SRS R IR SR MR A T AL e AR EERAR . (HE, ERERITAR
B H (25) ARAWERERERENRSE, HEHEREKACBERRENRERTERT
REMB/ NS H RBUTIREE Nf, . TE ZHEQCH AR, X 0] LA X D o 0408 7 BE 0 o B T L 48
SEAK.

BERETERTULTENHRAT2H, 5 RD 85—, XWEREFRIAT
BORARE ., 7E8 TRy "B, BRI EEEEN ME. £ gLmP, I
BERFAIM 2D FFT S E, HATMERE M PSRRI BUEZE5E0, mHE S0
WU L AR EE T TRITRE——W Y. RE—NMET f(t-7), EXNEMEIER
F(jw)exp(—jwr) , HFSTERBLLIER A #HITRERIERES f(i-7/4) , HERKL]
FERBX N E RS SHIME F(k) . AR DFT WE X, RATHIE DFT ALt Xt T #E 5k
B W EMAER R BT U B R HBUEM R, FFUMRERESHREAECA N, Bax
WEHAZ FRIERA 1/(NA) , BB SHSERN Y

F(k) = Flj2nk/(NA) exp{—j2rkr/(NA)}. (33)

XX BEEREEMASE, LR ERERANFSHRRER S /A R ETERER
AR R L AUE LSRR E T, A LA R IR BRSO R A F SR,
AT LA SE BB SOE (B T4 DA Se s 3. (R, B ) 2 0 Ab BB T LA 52 4 TH BRI B 1]
.

ESCHATIE R M B HE, oA T 20R HRRIGE M, X BRI R e £ R4 77
%, FEBSEA T/Q IEXCHEE. EEERTIESANS SR KER

Ny =T f, ~ 1543,

B 1/Q IEXHE, FERAHES SRR A TR Oy (4096 — Ny )/2 ~ 1276,
AP R I BERERE R R RS RO 1276, AR ey 1024 R,
LM EE R KE N
Njo =T, - Prf ~ 4096,

X8 T, REFEERILEETE. WRBARE RHET 4 MAE, R RImEENEREE
(8192 ~ Nyqo)/4 = 1024 . FEIMLHARAIZEF A —B 1024 x 1024 B 5 X ER.

WAL, INEBNTFEGTE B HERN 25 x 25m ¢ SAR [F{R, BIHF p, =25 m, BIFEE 2
FREEM 32) AMUEHEREMPBRERELA N 5319m , £EF [/Q EXEANHEE,
BERERBERE LR N, = (5319/c) f, ~ 807 . WAV, MARETE = A f kL
FE A 807 M.

HNEE T RELEMEIESR A /NE S 8192 x 807 . SEASAT M4lEgEM H T EH PO
R fo MEEHMIEME b, TR, KK 2 THES, RIOTUEIE TR _GLES
R 0

h(s.t) = exp{j2m[fucs + kas” /2] }rect (Ti> ) {r - ZAMees Ak“SQ/Q} , (34)

s C



4 3 Eas% BERGINARTEFT 4R e N 605

XE s Mt ARIREFCMMERMREER, ANREFEHER, cRFBLH. BE
HESEERTTUA RSN EIEMSH REL h(s,t) B Z4EMG 2], W 4/ EH
B 374787 2D FFT E3LH.

AR DR AKANK 8 PR, WEERIEBEF AN 8 NTFEIES, 2D
FFT KA —4eb b I 1, IR ATE AP R — 1 FEAI /N 1024 x 807, RISHCE
Fo AR BAREPFEAKIE A 2 BRIk,

IR PR E SRR SR, IR RE SRR E, WIFHN RN

i-th row in id Node : 8 -7 + inverse(id Node) 0 <1< 1024, 0 <id Node < K

f—AH _L# 2D FFT ATk scil. @ eMai)s, EWEa SEASAT HikE
RINE 4 Bk, XE— 1024 x 1024 &89 4 ¥ SAR ER, MRl ey B A2 REEE L
BIARTEERERS . 7EUEOG 1000 £, A0y ALIRETRIZ) ) 350s , TMAEEEDE 1000A L —4 w0
B4 150 ~ 160s ,

4 SEASAT TFiEE1{R (1024x1024)

TN &

SHTRY], SAR RYRRAEIEA T LR — b 4R, WA R T ER ARy, T4ELL
BE|EEGEENITT TS, TTHES TITARE, ERAGC IR PR SR & —4E 40
B RARCR, i, E o TR R A A TR A AT, S L B4 (B ] 4 AT LA S A A
SR MR, TEAFRAY T RN, EEER EHR R AR ER M, ACET MPP
M NOW #ifed, BWITMSEBLT 4 FFT M — 4 bR, IR ALX —SIE I 5e il
T SEASAT #) " ZER R AL B,

2 £ X W

[1]  Curlander J C, McDough R N. Synthetic Aperture Radar. Systems and Signal Processing, New
York: Wiley, 1991, Chapter, 3—4.
[2] Fitch J P. Systhetic Aperture Radar. New York: Springer-Verlag, Chapter 1, 1988.

[3] Cecnzo A D. A new look at nouseparable synthetic aperture radar processing. IEEE Trans. on
AES, 1988, 24(3): 218-223.



606 HOF OB F F A 2%

[4] Franceschetti G, Schirinzi G. A SAR processor based on two-dimensional FFT codes. IEEE
Trans. on AES, 1990, 26(2): 356-365.

[5] Franceschetti G, Lanari R. Efficient and high precision space-variant processing of SAR data.
IEEE Trans. on AES, 1995, 31(1): 227-237.

(6] R, %. W 1000 KRBGHTIHH AL REK M. THAHER, 1997, 20(3): 259-268.

{71 Rix, % NOW mFH#THHPaEEN EME. HHHME, 1997, 20(3): 259-268.

[8] Bergland, G D. Fast Fourier transform hardware implementations— An overview. IEEE Trans.
on Audio Electroacoust, 1969, 17:(6) 104-108.

[9] Corinthios M J. The design of a class of fast Fourier transform computers. IEEE Trans. on
Comput., 1971, 20(6): 617-623.

[10] Gottlieb, P, et al. Parallel data streams and serial arithmetic for fast Fourier transform processors.
IEEE Trans. on Acoust. Speech Signal Process., 1974, ASSP-22(4): 111-117.

{11] Bergland G D. A parallel implementation of the fast Fourier transform algorithm. IEEE Trans.
Comput., 1972, 21(4): 366-370.

[12] Jamieson L H, Mueller P T, et al. FFT Algorithms for SIMD parallel processing system. J.
Parallel and Distributed Computer, 1986, 3(1): 48-71.

[13) #Msk, @kE., KA. RERE KY. EEEREAEHEL, 1993 £,

{(14] Oppenheim A V. Digital Signal Processing. Englewood Cliffs, N.J.: Prentice-Hall, 1975, Chapter
6.

THE PARALLEL IMAGE PROCESSING OF
THE SPACE-BORNE SAR DATA

Wang Yanting Wang Zhensong

(Institute of Ecletronics, Academia of Sciences, Beijing 100080)

Abstract Principally the raw data of the space-borne synthetic aperture radar is two-dimensional
Two- dimensional filters must be used to fulfill the transformation from the raw radar data to
the focused image. A large memory space will be needed in the two-dimensional processing,
and much computing time will be consumed. As a result, its implementation is very tedious

in traditional computers. In this paper, the two-dimensional imaging processing is analyzed

in detail based on parallel processing systems and the result shows that the processing time is
short.

Key words Space-borne Synthetic Aperture Radar (SAR), Imaging processing, Two-dimension
FFT, Parallel processing
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