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Experimental Research on the Measurement Method of Image Motion
of the Space Camera Based on Joint Transform Correlator

FAN Chao,LIANG Yi-tao, WANG Feng, LI Wei
(College of information Science and Engineering of Henan University of Technology ,Zhengzhou 450001 , China)

Abstract : To measure the sub-pixel image motion which were caused by satellite attitude instability or vibration, the
joint optical transform correlator (JTC) was used,which was based on using the auxiliary plane CCD to record of the
image motion in the focal plane of the satellite camera. The principle of this method was described,and the experimen-
tal platform was built. Based on which, the measurement performance of the JTC was researched. The results show
that,the JTC can measure the sub-pixel image motion of the space camera entirely, and the measurement error submits

the normal distribution , which mean is zero and the RMS is no more than 0. 12 pixel under the conspicuous level is e-

qual to 0. 05,this can meet the operating requirement of the space camera completely.
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o T IS AL FEPL RS , ZEAHBL AL
W% BA — & R W E BB RIS (CCD) |, ¥
HAHYE R AL B B AH SR R B EARAE A D25
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E(x,y) =r(x,y—a) +t(x +Ax,y +a + Ay)

(1)
TG — W B RS, 15 2 55 R 2
G(u,v):
G(u,v) =R(u,v)exp( —2imav) +
T(u,v)exp{2iw[ulAx + (a+Ay)v]} (2)

XL R(u,0) M T(u,0) 30508 r(x,y) 1 (x,y) BIfE
B, TG R IRIE S AR 2 T R I g e e
BRER G AR ) B S A

1G(u,w) 1> =IR(u,w) I + I T(u,w)|” +
R(u,v)T" (u,v)exp{ —2imw[ulx + (2a + Ay)v]} +
T(u,»)R" (u,v)exp{2im[ uAx + (2a + Ay)v]} (3)
A, Bbp « RonE I, T S5EH$EIT
MFEH T KA B R 1 G (u,v) I” EHHEA
SLM H, P& 5 — IR i B AR 5, 45 B AH G K -

c(x,y) =t(x,y) ®t(x,y) +r(x,y) @r(x,y) +
t(%,y) @r(x,y) *6(x - Ax,y —2a - Ay) +r(x,y)
®t(x,y) *8(x + Ax,y +2a + Ay) (4)
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RI, JE PR EARRI, A EXATLUE Y, BARR
FEHEETEBER Av, Ay, R H B AH K
FEXTHARNLE (0, £2a) W W &, BUFT LIS 3
BRI B AE

Digital processing&control unit
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AR5 B {5 e LU AR AR 22 T X A5 08, 25 P X
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b SNR =1,
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o B T R O 1588 T 47 2 T ik, W BT 3
9 3 1R B B R B ALK 558 e, I8
FIITC SEEese B XTI, AR REE 2
UL (JPS) AH K Hay H L I — P 5C iy i 0eg 4 BB
BRI 4(a) ~ B 4(c) Bim. Xkl
A LA O3 FA RS KA B S, ITC i 5
FARUWERT EAANFEZ B o X P — U SE I i A B2
HERA T 05 B R AR AT AT R R 20 ;s QFEE
A VG B R B 3 0, AR SR i ) rp AR SC I Y
RERZ WSS , JF HX PRI IEREME R R . €

MEIC. Xf T TDICCD FHHLR UL, A% XA 5 % i
fg MTF ] AR A
MTF(f) =sin(wfAb)/mfAb

X H,Ab NGRS s f AR TH B XS R 14 23 (6] 43
R, R ITC M E AV BB, fE2 2 5k
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(b) JTC AH 4

() JTC VA —AhAH Sk i Ve iy RE A4
B4 FRmABGEARGEETHKE
RSN PS TR R i PS - A v

IR, MG R 60 NMEITHT, k1 HARNGHNERZ
S L TR b R A L% A B R O U Y A %7
o WHMABBALE TR TR po i || e it || re |k | 5e | Wi || e | s
EREAR LI, RBOHECIHEIRBEE W 1 | —0.105 || 11 | 0.039 || 21 | —0.124 || 31 | 0.045 || 41 | —0.033
HEHLK 2 | 0.106 || 12 | -0.013 || 22 | 0.284 || 32 | -0.003 || 42 | 0.07
AT ERIRZE, M TER 3 | o102 || 13 | —0.108 || 23 | —0.098 || 33 | —0.01 || 43 | 0.155
R 10 TEEMS, A IRERFENL 4 | o0.03 || 14 | 0.081 || 24 | 0.076 || 34 | 0.045 || 44 | 0.087
FEESIESNR =1 KBRS, B8 5 | 0126 || 15| 0.043 || 25 | -0.164 || 35 | 0.062 || 45 | -0.114
TBEIZE 60 METTLIN, WA S50 6 | -0.053 | 16 | 0.067 || 26 | 0.006 || 36 | 0.093 || 46 | 0.138
AARFMERBER IR, fEFE JTC 7 | -0.067 || 17 | -0.179 || 27 | 0.086 || 37 | 0.039 || 47 | 0.105
SHEREA B R EAT I B, it 8 | 0.028 || 18 | 0.124 || 28 | -0.004 || 38 | 0.035 || 48 | 0.148
WE 1P, BN, EmEmee 9 | -0.15 || 19| -0.02 || 29 [ 0.134 || 39 | 0.029 || 49 | 0.039
AR 2B e =0. 023, 472z 10 | 0.071 || 20 | 0.188 || 30 | -0.055 || 40 | -0.082 || 50 | 0.059
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ZS [N SE R AR AR TR AR Bt T8 4 R R A LA
2%,

frequency

.2-0.15-0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25 0.3

measurement error/ pixel

BS  JERER ET B

S 3Lk :

[1] Lin Hong,Jian A, Pankanti S, et al. R. Fingerprint en-
hancement , applications of computer vision [ C]//Wacv
96, Proceedings 3rd IEEE Workshop on,1996.:202 —207.

[2] Kim B G,Kim H J,Park D J. New enhancement algorithm
for fingerprint images[ C]//Proc 16th International Con-
ference Pattern Recognition,2002,3.879 —882.

[3] Vultipong Areekul, Ukrit Watchareeruetal. Fast separable
gabor filter for finterprint enhancement[ C]//ICBA LNCS
3072,2004 ,403 -409.

[4] Weipeng Zhang, Yuan Yan Tang, Xing You. Fingerprint
enhancement using wavelet transform combined with Ga-
bor filter[ J]. Internaqtional Journal of Pattern Recognition
and Artificial Intelligence ,2004,18(8) ;1391 - 1406.

[5] XV, HRIE, Bthth, 5. BOEREET Gabor JEH A%
HMis U B [T]. IHE P TR, 2005,31 (15) .
146 — 147 ,164.

[6] ZuBHFF, AR, B T L7 m B I S A B IE B[ T].
Bok544h,2006,36(3) ;718 - 721.

0040040040040060040040040040040040040040040040040040040040040040080040

SE K

(1] 58,23, 5404 R M Xt TDICCD AHFLIR B
FmasrHr[T]. e T2 ,2007,34(9) :70 - 73.

(2] FEE, 2088, MAEM. =P TDI - CCD ERAH
PSRRI AT [T]. StH T2 ,2001,28(4) .64 - 67.

(3] XU, XN, 22—, &5 AL R PLE R B K AME
HriJ]. S TH%,2004,31 (3§ F)) .12 - 14.

[4] Sylvie R,Loic J, Bernard R,et al. Satellite attitude Insta-
bility effects on stereo images[J]. IEEE,2004,9(4) .
477 - 480.

[5] Bonshtdt B E, Eskov D N, Smirnov A J. Optoelectronic
sensing of image movement in focal plane of earth surveil-
lance optical system[ J]. Proceeding of SPIE,1994 2221,
128 —133.

[6] Leitmann M G,Gomes N M, Rebordao J M, et al. Modem
space guidance,control and tracking for small LEO satel-
lites[ J]. Proceeding of SPIE,1994,2221.79 - 86.

[7] Lee S,Alexander ] W, Jeganathan M. Pointing and track-
ing subsystem design for optical communications link be-
tween the international space station and ground[ J] , Pro-
ceeding of SPIE,2000,3932.150 - 157.

[8] Valerij T,Sergei D, Klaus J, et al. Smart-scan hardware
test results for smart optoelectronic image correction for
pushbroom cameras[ J]. Proceeding of SPIE,2002,4814 ;
264 -272.

[9] Wong H S,Yao Y L,Schlig E S. Tai charge-coupled De-
vices ; Design and Application [J]. IBM Journal of re-
search and development,1992,36(1) .83 - 105.





