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Refined Frequency Scaling Algorithm for Spaceborne Spotlight SAR Imaging

WANG Quo-dong ,ZHOU Yin-ging LI Chun-sheng
(Dept. d Hetronic Enginesring, Beijing University d Aeronautics and Astronautics, Beijing 100083, China)

Abgtract : A refined frequency scaling agorithm for gpaceborne spotlight synthetic aperture radar (SAR) imaging is presented.
The dgprithm can process dechirped raw data directly. Based on the squinted range equivaent nodd thet isfitter for gpaceborne geo-
metrica relation than the broadd de range modd ,the conmplete derivation of the dgorithm is presented and the refined frequency scaing
factors of each dgnd domain are gven. The rdined factors can process the secondary range conpresson nore accurately and avoid
that range bandwicth is diased or shifted outdde the processed bandwidth for squinted mode. The refined a@muth scaing factor can
decease azimuth time expandon and improve dficiency of amuth processng. Besdes ,in order to decrease very high puse repetition
frequency (PRF) and data rate of spaceborne spotlight SAR and dleviate the dedgn difficuties of paceborne sysem ,a subgperture
gpproach is introduced. The necesdty and implementation of the subgperture gpproach are andyzed. Findly ,the computer smulation
shows the vaidity of the refined dgorithm.

Key words: SAR;radar imagng;frequency scaing agorithm ; subgperture processng ,

AR : $AR : FR
Chimp Scaling W . , AR
, (PRF) , : ,
,CS ,
al & 2 Fs
, , AR
(dechim) ’ ) 2.1
J Mittermayer Frequency Scaling @ " 1 :
) dechimp ,
AR . [2] FS R(t;1) = PP+ V- 2ntcosp
) ; (D
AR , AR,
, FS .
FS , FS , . 1

:2002-02-01; :2002-10-12



382 2003
. 2 2
E ol s ot C O K]
(D) r (t=0) Y )
® *ep(- j-T- bT") (6)
4 f, (6)
: rsnph 2r
v= J A D2 +A 1/ 2 ®) ST ,fn) ={0-W 2v2[3(f)] at - =%
@ =arcoos( - M4/ 2v) (3 lso Jmn\?zsaﬂ _@@[_jélﬂ_-)l;-_siﬂpﬁ(f)}
2.2
dectip € /O [ Ch J '[T' D
S, 171) =0 Wa(D): a[r Zﬂ%ﬁj -exp[- jﬂR(t;r)] 5q T -%,f;r} rep(- T bTY  (7)
2
e -jg%b(‘r-f)-(R(t;r)- rc)j B(f) = J1- (A/2v)? (8
_4nb 2 (7) sre( )
. (R(t;1) - o) 4
e r r] @ € f:1) =eq mnp_him_m_ll
c A b o set o = & B(f)3
Tt . r.  dechimp ZELEI.IILD_ 1&(1)_11 9
, ¢ B(f)°
JR(t; 1) . @ kS Hes
Hes(@ ,f) =ep(j-T- bT2 (1-B () dnpe)) (10
dechrp , (OF% It .
. (4 (2 , (O ' e
.CS cS
s ,t;r) ={0- W, (t) - a[r z—j @@[ - jé}]\ER(t; r)J
e - jﬂ%b-T-(R(t;r) - 1)
- eXp) Jsfz-b ree (R(t;r) - I'c)] FSY FS
*eop(- |- bT?) (5) ' ;
« . (5) up(f) 2
| riﬂh
(Bep(- |1 bT? o , (IRF)
- (10) , FS

2.3 FS

2.3.1 Fequency Sding

S fi0 = R —
s\t )

G'W{ 27 J1- (AfIZV)J

a( Z_JC) @@[JZMSQSQJ 2 Fs

FS

H ,
B ] _ad B 2
ﬁ[r sirtpré'f’ﬁ —EG-WA[ j ) T'sirtprd_ CJ
f

op - | DR op -jﬂf‘“"s(fﬂ
Pelpm . 10 (S
= T-—B— &Cf-

s.r{\()rd- c’ !
2 B() | B
R - r[b Srmrd [S ref J]}
* - il bT 2
ep j'T- b-T g
(11) ,FS

exp[_ j.n.b.Tz.m.[m-ﬂ] |

S (1)

P g | 9P g



3 AR Frequency Scding 383
FS :
L3 11PN R S R -1, S 4 AT f ey Zﬂmsa_
B (1) fJ ‘{“ Wﬂ[ 2vB fJ @“"[' (f>J [ ﬂ A ‘3(”]
_ ToS1 ¢ 20| _smp . . Sl [\ | T Sndy
Tor SN T 767 '[“c' S srnp] = B(f)J HIRUB () H} @“’[’ b'B(f)J (12
HIFS (12) kg
Heure ﬁ[ B() f] - [ ] [ ‘”J
, Hrvpe i -dn . B() ~[f[+2(':b[ NP rJJ] (19)
_ T SnP g
Hevee (k1) —exp[ -1 B (f)] (13) 2.3.3
, FS  Hes, FS Sding - Hhs
(12, Hies HAS(f;r,rsd)=e@[jm—V“oosde -e@[j-%‘-@(f)-snpm-lﬂ
) B(f)
Hes(T ,f) =eqp| j-TT- b-T 2_%&.[§WEJJ (14) 9@[ - j.ifﬂ cep(- 2T ty(r,rg) - ) (20
; A A
=@ W) = @
2.3.2 O
FS , [2,4]
B _ s f B 2 Has ; FFT
’S{T'srﬂ)r ’f’J 'G'Wa[' \PB(f)J T J
-exp[ jmﬂ -@@E-jﬂ% (1)
b | rnd 4 B(H) 2r
9@['1 c '[B(f) ' rJ '[T S cH 4 e
FS : , FS Sding -t
= rg - .
Seding Scaling
S &c Il
O Wl TR
Hsre
Zsz)\zrﬁng@ B(£)2- 1)
Hore (T ,f; 1g) = 02 . B(f)3 (20)
B 20 A rgdmpy B (f)%- 1) Tea
apg ) ) ¢ B(N® Toe =MAX (2 t,(1, rar)) 22)
3
T S—r(&z—c“ } (17 !
T (deramp
s«ér Saling drap  Hom
y (17 . Hom (t; fa) =€ (- T fra- (t- (1, 1)) (29
= r Ly (24)
a FS
= rg Fs
$AR
Hree | (12)
3
) _ [~ 1o SN 3.1
Hrec (5 1) —exp[ c B(f) frJ (18) AR



384 2003

PRF > By . PRF , fr. ,
AR ) PRF , _ FFT
’ im , FFT FFT ,
, PRF > 10000Hz
PR 4
4.1
2W,sn¢ . : . : 35
2W,sn¢ +2T 4 TSP<ERLF (25) :0. 03m; - 600km; :35°;
¢ :280MHz; 33 s; :200MHz; PRF:
W P + To 4500 1. 75s: -3km x 3km:
Te ' :Am; :0. 65m.
4.2
(25) PRF ,
: : AR , 4 6, 1.
pn (- 1500m) e (0m) o
3.2 (1500m)
f 1 P Pa ISR
3 A - PR , r a
B
————— . |
: N~z AR , ,
Fs AN \E\ PRF
, Jaea \
A
N ,
Tob T2 {.

) € 3%-5%. 4 5
1 A !
Ba.ow = (1.8 +e Bemm * fr 7, (26)
, p.(m ]IS R (dB) | PER(dB) [Pa(m)[ISR.(dB) | PR R.(dB)
By, max e RA P.{ 0.64 - 18.5 - 26.2 0.96 - 16.4 - 24.7
PRE (PRF > dewb) P.| 0.63 -19.1 - 29.3 0.95 - 18.2 -27.1
PRE 26) Ploes| -18.6 -26.8 |0.97| -16.1 - 23.4
B » .
Ag,
wa:%m @7 . | s,
Ag , FS , FS
(27) , ,
' ,dechip ;
) FFT , , PRF ,
2 , AR ,

fa,



Frequency Sding

385

SAR

[1]

[2]

[3]

[4]

,

W G Carrara,R S Godman ,R M Mgewski . Sotlight Synthetic Aper-
ture Radar [M] . Bogton :Artech House ,1995.
J Mittermayer ,A Moreira,O Ldfeld. Sotlight SAR data processing us
ing the frequency scaling dgorithm [J] . IEEE Transon Gosti Renote
Sensng ,1999 ,37(5) :2198 - 2214.

) ) , . SAR Chirp Sding

[3]. ,2000,28(3) :35- 38.

A Moreira J Mittermayer ,R Scheiber. BExtended chirp scding agorithm
for air-and gpaceborne SAR data processing in gripmep and scanSAR
imegng nodes [J]. IEEE Transon Goti Renpte Sendng,1996 ,34
(5) :1123 - 1136.

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net

,1971

,1937



