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Analysis of Frequency Synchronization Error in Spaceborne
Parasitic SAR System

ZHANG Yong-sheng LIANG Dian-nong DONG Zhen
College of Electronic Science and Engineering  National Univ. of Defense Technology Changsha 410073 China
Abstract Based on the spaceborne parasitic SAR earth observation application the author aimed to analyse the influence of the
frequency synchronization error to the bistatic SAR imaging. Thé interferometric cartwheel” configuration was employed as an example
to make computer simulation of the synchronization error. Therefore a novel frequency synchronization method was presented. This
method acquires the frequency synchronization error by the correlation processing to the’ direct signal” which leaked from the SAR
antenna side lobe. The simulation results indicate this new synchronization method is accurate and effective.

Key words spaceborne SAR  parasitic SAR  bistatic  frequency synchronization

SAR -3
SAR
SAR SAR InSAR
GMTI CNES “ " interferometric cartwheel
4 SAR
Cartwheel
SAR
1 SAR
SAR SAR
SAR
tr—1
Spr by = rect(TTm) exp jib ty—tpr > exp 2nfitpr 1
0
% 2005-11-24
41307020203

1977—



86

2006 2

STR tp = rect(

IR — tnR) ox
T, P

b tg—tpr > exp —2nfripg exp 27 fr—fx ig 2
12 T R fr T b
2R Ry + R
14 TO tp tpr = =t tpr = L c K R c
fT :f() 1+ ar 1t 3
Jr=fo L+ag t 4
fo ar t ar t
to 1 >
t o+t t o+t
$, = j[‘zn fo—fr dt + J[l "onfpdt - jt” "o fpdt 5
0 1 0
Cartwheel SAR ESA
Envisat 800km 100km 5.6cm
16MHz 2000Hz 10m
1 Af/f=1.7%x10""¢
2 a=9x19""cos 100¢
0 SR TR i 0 T 0 St Pt A AR IR R A Y
I N Cag G
A0t : ;
8 g
= =
2 z
) E:
45 of
-50 N 1 L N 1 _5? ) f L " ' i L L "
-60 =40 -20 0 20 40 60 -100 -80 60 -40 20 O 20 40 60 30 100
WREEA /m REAKEX /m
1 2
Fig.1 Effect of linear time-variant frequency error Fig.2 Effect of sinusoidal frequency error
SAR
SAR 5-7
SAR
n
X, t =5 L exp 2nfr t+nT exp jo 6

st



SAR 87
L 7.2
s & =rect| | exp jrcbt 7
0
Yo b =x, t—7 exp 2nf; t+nT exp —2nfg t+ nT
=s -7 exp —J2nfir exp j2nAfi exp 2nAMmT exp jo 8
t=AR/c AR Afzf’['—f]g-l-ﬁl f;l
Ja Af Jr
Jr
Yn 1t
f— . — 1 = 2 .
Y, f =rect(bLT§f) exp —2n f-Af t exp(#m b A exp jO, 9
0, =2nAMmT - 2nfrt + @
z, t = bTyg—Af sinc bTy—-Af t—-7t+Af/b exp jrAf t - +Af/b exp jB, 10
A f*
Pu=2mAT +21 fy=fr ="+ ¢ 10 T - Af/b
b 8 = 2RAT
n Af
Ja
3
& B | [ 0 x "
L |- . o3
# f m[ &' [ R &
& FFT IFFT B ¥ #
M 3%
i ks
I
iR
3

Fig.3 Theory of the frequency synchronization
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Tab.1 Precision of the synchronization method

/Hz 150 300 600 900
B,/ rad 0.4712 0.9425 1.885 —3.4558
Af/Hz 149.998 300.007 600.014 899.985
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