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An Improved Fast Normalized Cross Correlation
Algorithm

XIE Weida , ZHOU Yuheng , KOU Ruolan
(Institute of Railway and Urban Rail Transit, Tongji University,
Shanghai 201804 , China)

Abstract: Some improvements were made for normalized
cross correlation based on two criterions according to the
characteristics of template and image and the interrelationship
between them. The auto-correlation of the template was
calculated at first.and the cross correlation between template
and image was gained based on fast Fourier transform. Then
the first criterion was used to shrink the range of the possible
solutions, which could shorten the matching time; and the
second criterion was applied to generating a more miniature
set,in which the solution with the maximal normalized cross
correlation was the global optimal solution. Experiments show
that the normalized cross correlation based on the given
criteria can speed the computing with an enhanced matching

precision.

Key words: normalized cross correlation; criterion; matching

speed; matching precision

Wk H . 2010 - 04 - 27
FLWH 7 E R S I (2009BAG11B02)

ST IR BEAE A EHRVC BC T k4% 1z v T2 8
AT QB 2 AR A3 B AT AL HR | S 4 o
S Hop g i B — R AR 2 0 — R EL A DG BR
(normalized cross correlation, NCC). NCC & yEm) =
B AR R ' R B 0 2 MR AR AR AN R BURR, BT T
PERRRAS s TH R R A BE mE [ - 1,1, 5%
ARG . {H2 - NCC S5 I8 — 17 5 1% 43 duf 35
R, J0 kA 28 ) bR s A B 25 48 (fast Fourier
transform, FFT) {7 645 B A 45 1. th T2 8%
R, S8 NCC LA &, #EE g, g
AR AL I B BOR AN S g A BTSSR 2
W NCC & 3k, 40} F sum tables f% i@ NCC &
P8, Bt T winner update strategy [ PR
w8 % 2 HE BR B 1 (successive  elimination
algorithm)™, J& F 43 ¥t ¥ i ) bounded partial
correlation " 45 . JG it 55 5 AN AN 7 B2 A 440 e Ve i
UL I D% T B I VE B e FR BE . KA FE A A
THAIVEFT o 18 VT T B4 14 B 26 X 3l 25T B UE i
HIX, SERRE 2 B IR VL. R, 36 F 3 S 5
P RE Y S 56 17 AN BB A e I 2B 1B
PR A R R

FHE T PR R, A SR AR AR R A5 D T R 119 R
R B — T Y H — AL B DG UL B B iR RA T
IR D e 1% R o A 50 e A AR iR A A 2.

1 BA—UEHEXTESRE
BERFICREIEIR T (R K/ K M X N0 T

AIRR KRN me X WEVE T AT B — B 1R
KRN Jgm xn 5B L., A EAERER T+

AR YRR (1947 ) 5 dR, Tk, T ROIGETT 1) O A 5 L il S A EOR LB R TR R LR Gigh Ty S R

E-mail:; tjxwd@163. com

IR T 1981 ), L A L BRSO 160 08 A AR 5| 45 ] S5 A I R . E-mail: yuhengzhou@QQ. com



1231 I ¥ K % 2 R A8 B2 D

AIABR N Coe s ) s AT HTARARIE L R O<<e <M — m,
O<<y=<N - n. 9. M,N 535 h 1 LA BB IR R
HIATEC AN B E me. o 43 0 D B AR R R B AT BN
GIEL

TB L., FBAR T A — L B A SCME R (e s )
FE SN

R(x,y) =
Ei[l(m +i,y+ -1, TG, - T]

i=0 j=0

ZZ[M + iy ) —TJ.,N]ZZZ[TQ,]') - TP
(1
b G AR R BP0 s bR L., =

1 m—1 n—-1

> >[I+ iy + DI ATE L., KGR

mn =y j=0
1 m-1 n—-1

BT = —— 2, >, TG ) JBHR T R

(B T 8 A — b T AH DB B IH — b R DG B
R.

EX 1T TEH—ALEACHERE R H, VO<aoe<<
M-m, VO<<y<<N - n, &5 (e, y) b1y
RCx, y) = max{R}, WFR e, y) Ry e gt % L 1) 5
Bl 1., it

XFRD L FHEUT 2 54

m-1 n—-1

(D {TFEMR TCHLR = >, > [T, —TF

A2 R A EL W T R 2
AR TR R Bk (D 1A A TS
i,

m-1 n-1

Rden(afyy) = ZZI:I(JC + Lay + j) 7?(,-,!/]2 (2)
i=0 j=0
(2) & T'Ciyj) =T, )~ T,MR(DHHF
PR AT E IR A
R, =

m-1 n-1
D>+ iy +p -1, TG ) - T] =

i=0 j=0

m-1 n-1

D>+ iy +p-1,,1T 6. =
i=0 j=0

m-1

n-1 m-1 n-1
DI e+ iy + PTGa) = 1o, >, > TG
i=0 j=0 i=0 j=0
m—1 n—1 m—1 n—1

BERHDID T gy = DT - T] =0,

i=0 j=0 i=0 j=0

FIrLA
m-1 n-1

Rum(a,y) = >, D> I+ iy + DTG 3

i=0 j=0

%39 %
Fi AR (D A AR =
m-1 n-1
ZZI(er iy + DT G
R (x,y) = i ’i‘i (4)
ZZEI(JC + lvy + ]) - IJ'.{/]Z
i=0 j=0

F (O R BAR 2R VSR I — {6 B AH Sk
(pixel-by—pixel NCC). P\ (4) AJ 1, VT g o fifp 7 4=
it EaE E S N Sy N2 IR RN
Cmn-DM-m+1D(N-n+DFINKkizE &
mn(M—-—m+1(N-n+DRFEZE LT
HEREH mn(M-m+1)(N-n+DKNEa®
Mmn—1DM-m+1D(N-n+DRFEkizHA.

TN (B) BT AR I, AT ) P AR L AR o 1
PR, B UG 2 0ok B A8 46 5, 70 23 5 9 B AH DG
i BRT DUAR SR ek b ) B2 e vk as L Y

Rum = F'[F(DF" (T")] (5)
K FCO) RN F ()R FCOBE
i FCe ) R A8 3, HL T R ANZ A0 SE 1K
FBZE RN KM X N . LG TR MN -
[6log, (MN) + 2 ]y iz 5. MN[9 log, (MN) +
4 R e iki8 5.

>k H pixel-by—pixel NCC Jy {2 I it Ffr 5 i [E] 4
PrE K100, HE AR SO TN RSN
M)~ A AR 3 BOAS 2, 75 5t B R TS 1 O 2 T
XA ] ST, A SR A Al A 4 SR B R A 1 e B
AHH. S 2 41 —Fopr iy NCC 89 . fefig A & v
PRI VG TS PR A 32 o I R4t v DG JC ) 2

2 ETF2A4HENPA—UERXER

2.1 &REMRFENII MHR

EX 2 Wi T 7FERFICECER I Ry Aebr
Caeo s Yo s IR Caco s yo ) SR 42 Jmy e MG A » %58 1 1) [
L., e EL

EX 3 #HEAES RN, PRz
it Ay Jmy S B A ik XoF L 1 e DL —F IR Sk Jeg B e A0
TH.

HR A 42 JRy e UL I 1R 52 S Y I i RGOl R DT
e G AR 2 4 Ry e L 1. T itk &2 R e
PoF RN HA T 3 R

(1 H=R G A AL LU IR EHRAE S 1 VT I B 5
B s 42 Ry e A+ B SRR 1 A SGME R (oo s yo) I 5E

m-1 n—-1

TEMRGEAMCE R = >, >, [T - TP 4

i=0 j=0



% 8

WHAEIS L 4 — T O A D — A AR G HE 1235

17 VT C 18 0 T e P15 ) 42 Jay die 0 5 I 55 A Al [
A—EMiRZE A ‘R(%o’yu) _R'I“<€19/H\ZEP €1
s E WBIE. T AREE 1 HE

HIE1 VO<a<M-m, YVOysKN - n, 4%
[ RCesy) = R | <Ter L W Caes ) Ay PTBESR . 5
WU Ay AN AT i e T 0 575

BT A B ] BEARZH N — 5B Srossibie -

(2) TVEHC B A S5 G BRI L 4 e de p 1 1

BRI 1, PS5 TRAR ISR IIME T 575

‘ T"’o'-‘/o B T ‘
@Eﬂf?ﬂﬂﬁﬂ”ﬁ[’iﬁ%ﬂﬂﬂﬁ Eza;H\:
[ Loy | T 1T
e Ayt B

(3) fop VB e 181 8 0 D e PSR IF » 2 Jey S 1G5
405 2%

m-1 n-1

1 : -1, T
722[1(@10 tlsYo t ]) - I"’(J’-L/U]z

mni=o j=o

IO 2 TR 34 75 2

1 Lo e

r= = TCi,j) - TP

o1 mn;;[ Lag) ]
—or|<ess

UL G R RGO A |01,
Soofr e s B BT L 50 2 A FUR AL R

014-0 U -

FI#E 2V (s y) € Srossmes £ 1) B 2
I.,-T .
%<ez %n‘gh,y —or| <<es M (x. Ny

[ 1., +1T|

7Sty N R IEWAE| 3V W AT TN

A e e L AR IR 5 S canmare » TR L SR
B A RO VA — AL EARSCARL, o 2 Ry i A i
HAT BRI — L AR A
2.2 HERRE

ARFEIET AL 2 A H3E FRizFE S CNCCL 57
IEAREANT - OB ATRFIC RIS T Rt T, 45 BIE
ersex Ml ess QI B A MR B A CH Ry =

m-1 n-1

SISTITGL) — TF @RI (5) 15 3 5 M 46 1

R s IETHUE LAV Srosuas s OIETHIE 2.7
SR Senoms s OIS Scvoms FHA L HIH
A (B A A 2 R .

3 X

XFSC A 4 ) CNCC 5 ik AT 56 30E, 20 il 5
pixel — by — pixel NCC F1y FNCC™ ¢ #t47 %t He. FH
FI A S5 s R B 1 BT AR R/ NER Ry 128 X

128, BIM AR 28 K/NEE R 30 % 30. SE 5 fY A 4 Tic B A
Xeon 2 GHz,4 GB N 171 DELL IR 45 #% . &k 44 {d
MATLAB2008b.

1 nES
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Tab.1 Average quantity of possible solutions
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CNCC val—hu—
1% pixelby FNCC
e1=1 e1=10 ¢1=20 pixel NCC
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B 1b  130.2 1133.3 2708.8 9 801 9 801
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Fig.2 Noise images
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Tab.2 Matching precision and average matching time

(R EEEA CNCC pixel- by%:P{f(el NCC FNCC
VERCHERRH/ % PIYVCHECAT ] /ms  DERCHERR/ % “FHYDCRCRT ] /ms  DURCHERR/ % “FIPEECAE /ms
€] 2a 100. 00 6.72 100. 00 159.76 100. 00 5.12
2b 97.30 6.74 95.52 159.74 95.49 5.14
2c 89.04 6.78 85.21 160. 25 86. 00 5.16
& 2d 99.90 6.11 96.00 160. 38 95.70 5.07
¥ 2e 96.70 6.08 93.31 159.48 93. 40 5.09
[ 2f 93.90 6.03 90.00 159.43 90. 20 5.12
3.3 X3 D/ PC P ify 25 11 DS T AR [7) D75 T80T #9532 ) ) 552 26 445 2R DL

EE la BB SRl vE BRI, S HUA 2¢ 1B 3R 3.
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Tab.3 Influence of three thresholds on matching

e2=5.00,e3=0.100 e1=20.00,e5=0.10 e1=20.00,e2=5.00
N DL T AITAL . i3 UL . VG i P UL
%/ % fif 1] /ms %/ % i [f] /ms 5/ % i1l /ms
5.00 69.78 5.436 0.50 83.24 6.632 0.02 66.98 6.533
10.00 87.97 5.767 1.00 88.50 6.647 0.05 86.11 6.582
20.00 88.50 6. 645 5.00 88.50 6. 645 0.10 88.50 6. 645
30.00 88.50 7.144 10.00 88.50 6. 654 0.50 85.68 6.747

40.00 88.50 7.401 15.00 88.50 6.653 1.00 85.68 6.740




WHAEIS L 4 — T O A D — A AR G HE

1237

3 R, Y DT EC [ B 0 BRI/ 1 2
JiL VERCHERR R BEH o0 BYIE R ETF IFAE o0 55
—E (AR E s P IE RIS ] 5 e AR AR A K,
VEECHERARBE e BORERTT_ETT 7 o0 B —5E (HIF A2
TS IEICHER RS o3 BMPL KR P UTHCIT [H]
B e B AHE N

4 gip

A AR SR FIEAE NI TP R T 2
Gy 72 HE AR VT E . A SCHR B A 4 Jey de (0 B A
MBI E SRR 2 A6 XL SR 0 — 46 1
ML AT T et s 38 1B A IH — L AR R Bk
CNCC. 52545 R W] » CNCC 593k RE I PRz 5958 12
HAEA B4R = R T FC R HER . 3 DU €1 v e
e CNCC VEFC 1 EA # 55 5 H 2L HY 52 Wi, A
IS E Y B (e 5 S A AT E A

Sk

[1] WuQ,Whitman G J,Fussell D S,et al. Registration of DCE MR
images for computer-aided diagnosis of breast cancer [ C] //
Fortieth Asilomar Conference on Signal, Systems and

Computers. Pacific Grove: IEEE Signal Processing Society,

2006:826 — 830.

(2]

(3]

(4]

(5]

[6]

[7]

(8]

[9]

[10]

Pan WH, Wei S D, Lai S H. A hybrid motion estimation
approach based on normalized cross correlation for video
compression[ C ]/ IEEE International Conference on Acoustics,
Speech and Signal Processing. Las Vegas: IEEE Signal
Processing Society, 2008:1037 — 1040.

Paclik P, Novovicova J, Duin R P W. Building Road-Sign
classifiers using a trainable similarity measure [ J ]. IEEE
Transactions on Intelligent Transportation Systems, 2006, 7
(3):309.

Lewis J P. Fast template matching[ ] ]. Vision Interface, 1995,
95.:120.

Tsai D M, Lin C. Fast normalized cross correlation for defect
detection[ J |. Pattern Recognition Letters,2003,24(15) :2625.
Hii AJ H.Hann C E. Chase J G. et al. Fast normalized cross
correlation for motion tracking using basis functions [ J J.
Computer Methods and Programs in Biomedicine, 2006, 82
(2):144.

Pan W H, Wei S D, Lai S H. Efficient NCC-based image
matching based on novel hierarchical bounds [ J]. Computer
Vision, 2008.,468.

Wei S D, Lai S H. Fast Template matching based on normalized
cross correlation with adaptive multilevel winner update[] ].
IEEE Transactions on Image Processing,2008,17(11):2227.
Li W, Salari E. Successive elimination algorithm for motion
estimation[ J |. IEEE Transactions on Image Processing,1995,4
(1):105.

Stefano L D, Mattoccia S, Tombari F. ZNCC-based template
matching using bounded partial correlation [ J ]. Pattern
Recognition Letters,2005,26(14 — 15) :2129.





