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Abstract

The auto-correlation peak is stronger and wider than the cross-correlation peak on the correla-
tion plane of the classical joint transform correlation (JTC), and the cross-correlation peak which
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is the signs for the judgment of image correlation recognition is weak and not sharp, and that the
Signal to Noise Ratio (SNR) of it is lower also. In order to improve the property of the joint trans-
form correlation, starting from the image frequency domain in the paper, the power spectrum
amplification is used to enhance the intensity of the cross-correlation peak and the high-pass filter
is used to enhance high-frequency signals of images to sharpen the cross-correlation peak. The
simulation computer results show that the processing method of the power spectrum that is am-
plified and then filtered by the high-pass filter is feasible. The method not only enhances the in-
tensity of the cross-correlation peak signals, but also improves the SNR of the cross-correlation
signals substantially, so the property of the joint transform correlation are optimized further.
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1. 3]

28 JLR I A AR 4 AH 9K (joint transform correlation, JTC)FEFH I H I _FA7F7E BAH AR T A 5 3 2 4555
AN S HAG MR LAY )@, h 74 JTC AT MERE, 0 MG AT Pl b B 2 — b i A 92 e RS R
AEETIWTTE . BRI AL E 25y “ 1A FORA “HR” HORPIRE,  “EE” fa BB
HE, XETERUNEBGR RN B H R, 1 e ” AEH A DUE S G A L AR 4
TEYEERR 1] Eetn, PAH 5GP e s i B S 1) BRMAR BE A AR B, agh A PR ) 2 1) e o 7 R i 4ok
SRR, 0T B o (R BV AN L T B B R o 0 B S e S I R I AL, IR T
AR R A, BEERR, WS EER SR RGE - DNARIE E[2] [3] [4]. 7 “HRIR” XF
PG AT AT AH LA AL 2], B AL AR 4 iR 3303 o3 B 5 IR K 2 TRV RRAE B AR G, IR 3 PR
IRFERAZNGEAG I DI, i B R B K 2 R AR AR I 73 o KA B LR A R MR Bt 7E 6 2 AH 56
PG I S AR B 7 P B 7RG iR D 280, $2 7 SR SUXS LU FE(S], MU TR P BIsk B8, T %
M N BT D) 2838 AR Jk S I TG T AT I BB G AR Al A8, R B BR ZF O & 1) T4 [6]. EUE H 7 H
AR B, Wil 2 R RAR IS 7 £ 2 5 S o A 0, SR FH e 1 i e A 34 At mT i 0 AR ) A A 2 2%
B, T HEVEA R, SERMELR[2] (7] ARSCEE BB R A A B D) R ST, R
DN RS RO =@ PE e Ab 3, FRR IR VESS G, DAk B S A 2R 3 Al DGR I R RE 1) H 1Y

2. IhEEEHIKALTE

FERRERBA RN R G, K ERER f(x,y) 5SFEE g(x,p) MOHHRCE, JHE =& O
¥ 2a, YENRIANBDERE S, MAK(D)FR[1] [8]:

][l

C(xlayl):f()ﬁ+an’1)+g(x1_aay1) (1
2l M EG ARG, W3R A
C(u,v) = F(u,v)exp(j2nau)+ G(u,v)exp(—jZnau) 3

Q)2 (u,v) NIRRT, u=x, [Af > v=y,/Af /0 RME G, DB, G (u,v) -
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F(u,v)« C(u,v) il g(x,y)« f(xy)Me(x,y) KE R,
HIR AR ZR 1Ly
I(u,v) = |C(u,v)|2 = [Fz (u,v) +G* (u,v)} +F (u,v) G(u,v) exp(—j4nau)
+F(u,v) G (u,v) exp(j4nau)
AT B AT — O AR R, A5 B S 3 -
C(x3,y3)=[f(x3,y3)®f(x3,y3)+g(x3,y3)®g(x3,y3ﬂ
+f(x3,y3)®g(x3,y3)*5(x3+2a,y3) “4)
+g(x3,y3)®f(x3,y3)*5(x3 _2‘1»)’3)
Kb @BRHKEH, «RABH, R TR BB £ (x,y) MB%EE(x, ) HEHE, HE
Y. B SIS R R B B I ELRIS, TR0 0 R T4 P T (~24,0) A1 (24,0)
Wb, SRR E, A RATHI, X IR TR BRI X EAHSAE T, XXHE T I RE A2 K H AR
K5 5 225 [R5 2 15 AL AR B 24K 3
HERG)IR D ZAE TR n 5, WDhZEA Ty
I'(u,v) :|G(u/n,v/n)|2

=F*(u/n,v/n)+G" (u/n,v/n)

G)

®)
+F" (u/n,v/n)G(u/n,v/n)exp(— j4nau/n)
+F (u/n,v/n)G" (u/n,v/n)exp( j4nau/n)
X Th vl AT — O B AR e, AR A T _EAS B AN
¢ (x3,33) = w2 [Lf (xs,ny;) ® f (mxvy,mys )+ g (s, my, ) @ g (s, myy) |
+n’ f(nxy,ny, ) ® g (nxy,ny; ) * 8 (nx, +2a,ny;) (6)

+n’g(nx,,ny,)® f(nx,,ny,)* 5 (nx, —2a,ny,)

b (AR (6) I edm A, ARG H B ATIEERN T n fl, (6)NFEE . 55 = I0X — X HAH G
A AL T P (= 2a/n,0) #1(2a/n,0) Ak, TEIREIR/N T 0 fif e ELAHOG S A V0 B AU, 40 1
SERCHR P RIB R, IXORE R B SEIL LA A5 5 AR I 5 1R 5

NT e s LI A DG H R, ASCEZER A LT AN S EET I AR AE: (1) M ORISR (.
FHIRAS 5 HIBCOR SR BEAR); (2) VERME Y 9 B (RE SR WA A KA T R 2 — I I B B, R SRR =50
(3) fEMELL SNR (HLAH U FE 5 ARG /N T- A SQ U FE 1/4 ({5 5 3458 2 2 EL) [2].

DL CCD 52 Fraf % (1 BG T1 3047 D 2R 0 O AR B, 38 1T F AR SR B30 4T« B8 T1 KR 360 x 480
%R, BEURAHEE 330 B3R (2a =330) AR OCES, W 1w, Bl 1(b)2&DhE ik oK ab B (10 AH 5 i
B, & 1(o)~(e)f& n 4 AIHL 1.2 1.6+ 2.0 fE DA HORAL IS (A G tH T I, HAH SRR S %
W 1 FiR.

PLETFE TR, DIERIEBOE R B — X EA G SRS OB, BT RG0S B
WM EM KRGS, FHRIEMEH 2.6074e+017 FEmEFIHOK 2.0 £51 1.6470e+018. {HZME 1(e)rT LA H,
THETETROR 2 f50F, BTG SHE T, MHRQEESEME LA Fritm, RN SCH A E
SHETINER T, I H B A U EE B A0 F AR DG I R R . R (] E AR DG RO AR AR 480,
2 HAHORUEAL bR H J5 oK 810 R8I &8 645, HAHICUEL i [A] I [¥[A] BF B 330 (2a)i/b 2 165 (a), IZRIETBOR
2%, HIAIFEHAAERE) 12, X5 AR B0 . (H2 2 BAH DG B a) 5 A CIgkiT, 52
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Figure 1. The JTC image of J1 by the power spectrum amplification
B 1. Efg ) IRERALIERRS THREXE

Table 1. The correlation parameters of J1 by the power spectrum amplification

=1L BRI ERERARLBERATHREXSHE

VRS ON It BRI 1 WA 2 5 2 fHMELL SNR AR AL bR
ENONS: ] 2.6074e+017 2731 5.0224 810
n=12 2.7495¢+017 2232 5.9122 755
n=16 7.3068¢+017 1184 7.7310 686
n=2.0 1.6470¢+018 853 8.6965 645

B BT AN SR 45 AR, X DA HOCE 4, W AR AR A i ot A L, AMURE
BERAORT F SR I 8 06 BB RS RO ESKR, RN RH  7 ELAR SRAR 5 OB L ANSE T, S 5 SEBUT AR AR
WARA . (HA, A A Y, DIRIEHONE, HARE S pTgeE, e, HeeEE L+
o) A R U AT 5 S SR U SE O TSR, At U LA A5 5 RS SR B S B BRI, I HL A DR 0[] B
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AR, IXEEHT H ARSI ARI K. Jyitl, FED)FREFORAC B IR, b, 357 ZHEAT Sl g B b B,
AR5 HH 1) L AH RS 5 B B2, JF i — D4R e ELAH QU5 5 (R EL

FESRIR R G, OIS CCD KGRI 13 RSN Leep, USRI _ERIME B 2L R TR,
RIEAKE), FTE Lo 24a+ L+ L, (E: H Liv Ly 3 WEoR BIsEGMSH RGN, — &%)
[9][10], CCD Jefi RS AN GEN T IR . X DR BORCE S48, ) DU A AH 5 i i B35 20 A e
Bl 2 A BRSO B8 B2 1A BB T, 3 Se 3 e B RO i/ A SC ZER K CCD B AT DA 31 58 4 (0 i D' 5
ARG TROGEIG 58 1 LA RAE S RIS AR, A 5 SEIU HARAIIRINR o B8, s Sk i mr
B, DIEFEEORNE, EMRESHEIEE, AR ORI i 5 ARSCIEE SR R AR, W
A U L AR SAE 5 FRORE R 98 P2 S B BRI A, I EL AR SQ U [A] B /), SR L6056 H AR SR 5l 2 A
ik, FEDDFEHORAL B R FEAL b, SO EHEAT mm g e B, DAESS 1) E A G R e, fE D
S v HAH RIS S HIE R LE .
3. hERENSBIRBEALIE

PG AT S I A 0 R AR 7 B v AR N PR PP R P2 R AR A G 1 R X3, v A 0 1 4 AR P2 AR A
BUREIER 2, s> ARy I, ARFEAR OGBS, K A G R e R S 4R b, Al
KIS AR R AR 1] [ 7] 75 8 BIAH SC U 3 Bty Th 3 8 v i) s A5 5t , T HR AR B A A )
WS SEsRm ROPE R, BRIE, FFR SO H (u,v) X T3S m il g A B, DA ) Th 24 vh 1ok
By, SESREAREAR AT DSBS SRR )

AR A I g A5 A G(u,v) = F(u,v)H(u,v) , Hor F(u,v) N B 40 LS H(u,v) FUEE
SHEBEREG G (u,v) NIEBUEHIH SR . m LRI D) 4R EOIER R BON -

H(u,v):exp{—( f)o 2] ] (7
u>+v

Hortts D(uyv)=(u-M/2) +(v=N/2) » el m B S RSB, BH B =2 . AR
AL F(u,v) PEARSCNT Dy )Gy, B E—ANE N T 1 H (u,v) E TR, 10w 50 7 2 4 T
PA—ANEGE T 1 H (u,v) (BITORE o TR W], F880mnd B a5 3 1 45 AL L)V B i B R 7
JEP BT NI, m =2 FRCA 2 eSO @R 2%, 2 BB i vk ik 38 2 3 F 1K @ e I 2%

SRR J1 ST PR SR B PR A S, FRARSGUUN, el BB LSRR Dy 104 154 20 (¥ 2 f4R
Hre A UG AT AL B, FLAR S 45 A1 2(a)~(0) iR, HASREARSH W% 2 FioR.

TR R, BRI R B BRI A A IR RO &R, BUEERER, BB RE 2
FUR o AT A DR AR 00, PTG 288 re R U > 9 P35 R M LR P, U (2 536 B2 p SR 1 2731 /N A
19, &ML SNR B K 5.0224 $2F+ 9 89.9783, X Afif3 HAHICUE T INANEL, JF H HAHSCIE L A (a] [ AH
Sl Sy B I, T 5 T R RR AIAR DS H ko HAE, BT 20 TG R, B L B A S IE (58
FE RBEMI S, HEORN 2.6074e+017 BEIK A 1.7286e+015, AHICUEAR 58 5 1 FEAK, 845 )5 SR I 5 iR
Sl 5 2 R T, SERREREG B TR SR TR O R TSR AR 0], IRILTE R R, LA A
REI I B, DA G FLAH DG 9 B R 55, 3T M DA B2 USRS CCD A5 280 5l o

4. ThERIBERSALTEAE KA

BT UAERI TR AL T IhRE FTBOCAEEE, AT DA Rt BRI S I S A 25 D6 i R i 22
R [FINIEHG R T ARSI AR, (ER VAR 98 L ANAE W L RS PE T AN S5 T XT3 1 4R 4L
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Figure 2. The JTC image of J1 by exponential high-pass filter
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Table 2. The correlation parameters of J1 by exponential high-pass filter

2. Eff ) REEESERRAEEKATHRIBXSHR

oAl HAHIRUEME 1 WEe > 58 B {5MELL SNR
ARDEE b 2.6074e+017 2731 5.0224
D, =10 6.6210¢+015 59 49.5221
D, =15 3.0364¢+015 27 68.1815
D, =20 1.7286¢+015 19 89.9783

B AT, A E ARG S BAR GG ALIX 4y, X LA SC IS 5 A WA 2 5 P8 R A e L (R RS P B T
SRR, EEMKESRE N EEEARINE. S8 L LN, AR SCIRBIGFR RS &k, Bk
AMEL, Se DR TBOR A SR IG 5 AR RAE 5 R EE, PR D33l AT Fia BB B AL B4R 5 5 WA - 5
FERVE R LLRR M, AT R0 S AR A DG IR A MR e, B R T AH U B2 USRI 8 s BT R~ K
87 [ R BHRE R

IR 5 LA R S0 FEAG  ATERAREAIE 5K 43 BT e 7 T 23 338 TR 119 35 250 2% v il i 5B e 2 A DG S 213 B,
ST B 11 ki, AT WA 2 58 FEAE 20~50 Z JAl(JEE: VR F 5 B HARRE AN, IR KN,
52 RS ST, WA GRARIE]), (5ME L SNR > 40, [7] (5 11F T AH S WA 5 J32 7 1R 00 2% i 0 7 (%)
BN SRR, BATRAMEE CCD NEE AVT 4771 Prosilica GT1910, 1&E&48 N 2/3
ek, RSFPRUN. Wit S, R E n=1.6 , 5 m@IER AT, EHESHAm=2,
#bgiZ Dy =15, WS RS CCD nl & AHCER . FHOCH &8 Rl 3 iR, HAHSEARSHON
PR WIEE 3 Frvm. 14 3 HAHRSHEOT LT LA ], S DhZRIEMOR e B b 3 5, AH LT alify
DRGSR, FLIG 00 Bl 1184 284 22, (SMebbi el i, 1 7.7310 #2500 95.9568; AHXT
TR gl (e B I AL TSR, FHOCIE SR T 3.0364e+015 $21504 1.3144e+016, 1ESZ i LA AN 5 22 i
IR EERA TR T, HE R ARG MR LRt — D . TH A R PRSI R . ThR
B ROR K I A BRI 45, RIVERIE T T AH G UG 1 58 5 SO SRR T T VA e 98 I (S M LU Mg, T
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Figure 3. The JTC image of J1 by the power spectrum 1.6 times am-
plification and exponential high-pass filter (m = 2;D, =15)
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Table 3. The correlation parameters of J1 by the power spectrum amplification and exponential high-pass filter

= 3. BRI hERER AR ALK S TIRBXSHR

ThE R A HE 7 i HAHRUEE 1 W {2 58 5L SNR
ARBEAT b3 2.6074¢+017 2731 5.0224
DIZEIEHOR 1.6 f5Ab 2 7.3068¢+017 1184 7.7310
BRI AL (m=2;D, =15) 3.0364¢+015 27 68.1815

TR K 1.6 1% 5 Fa e

(m=2;D, =154 & b0 1.3144e+016 22 85.9568

5. &hig

1T 28 AR A A A SRV TOFE A <A Hh T _EAFAE ELARSRAE 5 A B o AR5 . B A8 HLAE MR LA
e, FESEBR RGP IR B —E IR AE, D8 73R JTC AR IRAIPERE, # ZhFR W HEAT HOR A BE K 45
BRI BT, XM DRI A B TAR A, BORAME, 2T PR R A IS RN BOR 2L,
LA IR AP, — T TR 1 A SR R R B L AR~ 58 S A5 R U R, 1S S50 h RIS CCD
Lo THRMBIEARNRE S, @% 7 b T e AT IE M I E 5 fE R s 55— 71, 4ACPE9E
FXTBCR FI BRI, DhEETON A, Fellcds CCD ] DURINE] 58 4ot th, A 3K 1 Hlids CCD
JCROI R BER e TR R SRR W] Dy A BT SRS 38 o 10 RER IR B EEAE A, XX T
WK B A2 A R 1k BE PR D0 A 2 ST o N2 FH 40 LA B S8 p AR AN (AN ST B 3
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