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A new algorithm for paper currency defect detection

based on wavelet decomposition

GAI Shan, LIU Peng, LIU Jia-feng, TANG Xiang-long

(School of Computer Science and Technology, Harbin Institute of Technology, 150001 Harbin, China, gaishan@ hit. edu. cn)

Abstract; To improve the accuracy of defect detection in bank note sorting and decrease the effects of cracks

and scratches of bank note on detecting, a new algorithm based on wavelet decomposition is proposed, in

which affine transform and wavelet transform are applied to bank note image registration and the edge informa-

tion is extracted by Kirsch operator, while the defect feature is extracted from edge intensity differential. The

bank note image is divided into several fixed size subzones, in each of which the defect feature is calculated to

judge the degree of contamination. The experimental results reveal that the proposed feature extraction method

is robust to the gray intensity change in each subbone, and obtains high recognition rate and high stability.

This method has already been used in practical bank note sorting system.

Key words: bank note sorting; defect detection; wavelet transform; image registration; edge detection

AR 43 435 248 T 0 T T 1) $L091)  ECER )
o] BADUFIRT TH R R 1) 4 1| S LA . 24 [ 1N
SR ZHER T 237 S AR R B G IR ) 2
AL A R B AT R B 28 A/ D e fE AR I
ACTT EIG , SR 5 IO P 807 TR A5 Ak BT ASE =X U3 Y
FHSCE AR E 2% T F) T8 8L T8 1) TH A 46 1
. Takeda, Frosini 251" ' 5B X 48 MG 4> R 4
HEATHIESE , I H I 46 HE Bl 22 1 2% 1 J7 vk 1o 21 4K
N 2 . SCHRE3 ] 42 H Y — T bl A &% i 4K

YR EHA: 2009 - 11 -20.

E&WH: FHEKARFAREG TN H (60702032) ; BIETLA B
SRR EE 4 BT (QC2009C06) .

EER: & 2(1980—) 53, W LAFE A 5
JERE T (1960—) , 55, B4R, T+ A 5.

T TR T ] U3 7 9, LUl 38 A — 1 00 T 4R
REHEIT 100% , [w] I X 348 1T b i B R T AR A 75
B A DN 25 Rt LA Y. T R
BRARAGIN AR B - 1) S U 1545 i SC R AL
(BRI 2) B R MR VG R AR 1 254
BRGNSk 2 A2 295 Y PR BB A T 1
FH LG, 40 T 7 3 3 o A, A AT Gl 23 A2 B
PR TS QS R AOSER, SEARAR T A [
Y ERRI P 28, (HZAE LSRRI/ b AP 7245 4
ety 22 51.

AT P AN 2l /N ik i O L P
NG Z T BAAMINE,, N BEASCER T —Fpe T
YNy TR EITREE L Rl K RENE I E N S ibE ]



53

WikZ, A T/ AR T TS ARG I .55

LTS PR W I GAE, BT Lk
JE PRI SR Kivsch 555 HOCAR T3 145 1 1 AR AL
Xt BEGHEA T PCHE =22 i i T A P AR A v ]
15 2 5] 14 300 25 58 B2 22 K A W R A 4 T F AR ) 15 4
FEIE.

1 KT EABRERE

PG BCHE AL X A 12 1A 1) 2 i el 2 iR
AR ER AT B0 DEECAY L AR LAY R BC
T TR IR o 7 R T R A
WD T I G e J7 3 T RO 5 R
JIVASURR 0 58 1 - T 6 6 T o 0 ) R T/ D
AR B A e T AR I 40 AR G A
PRI EER Z5 G AU IR A B e sl A SCR
MBI IR ACTAE N S H ER. X 2% E R
HATBURMIE S , I NS 2 BRS04 4%
Z AP GR AP A2 A e, R ) S 2 A 7Y
I ZHERBR R f(x,y) FERI E R &
R I(x',y") ZIEXH R R A

!

R IR (W P A

A ca,, o 7350 R KPR B 46 0S80 A, Ay
G B Z A IREESTIRE 10 ] 753 21 s P 5 141
Bt R 28 a:d /NP O3 i )5 3 AU Y- 3% B Y
245, RNEIREBFRS 0 (Ax, Ay) , /NBI i)
PN (A", Ay") , B IR RN Ax = 2Ax7,
Ay =2Ay" JFURIER RN ZAd /N0 e Bl 73
O 1F1 46 28 AU FH S ).

S AR EGAN R DN 4% T R 28— )2/
PR BRI AL 553 3N cA(mn) ,cA(u,v).
A RI 2 i AR B O S5 RIS L 1
PR 05 5 8 e X 3K 2 AN ik AR B oA AR 4
(2g55a) (g, 7g) 0 R 3G I 446 770 FT 45 14 Jo
RAIALS G AR, (o575 s () 2351
N2 2% BB I O AU L i AR AR

x,a xa 0 1 O ax

! 0 0 1
Yo |_ Ya o | (2)
X %, 0 1 0 Ax

¥, 0 y, 0 1\ay

WA (2) ATRUR B ER B HES L o, o, ,
Ax, Ay. A8 5 G 5 /N i 28 45 /5 3 ) (BT 45 A
i Z 1] 14 9 25 RV 546 PG 1Y) ~F- 7% 2 50 (K1 F 2
B SEUEALEIR A 2 45 , 485 S RO A UG 1) 4
TS EARTE] B ZEUEARA (1) RIAT L5285
I R B BCE.

2 KT EGRT USRI

AR A BRI AN S SR 2 A A L] 2
%, A SCH Kirsch 571 8 4~ 3 x 3 BEA AR
AR BGAEA [R) 5 1) B A BE R AR (R JRUBR 4R
BUG f(,y) G2 M (i = 0,1,---,7) DAL
HUSAFENE | J7 1) R G

w,(x,y) = %| Mf(xy) |, (i =0,1,+.7).

(3)
A SCHL8 AT T i 25 JE i e RAEAE R R
R (x,y) A GGRIE R
w(w,y) = max fw,(x,y)]. (4)
2 (4) BEUSAR Ly b Sz W48 T MR AF A 4 1
ATRETE. S T SN AT A A 32 WL AR SR
S T eR B 1] AT AT A8 R AR 320 ki 3 (L R
SE0~1H
0, w(x,y) < A;;
w(x,y) =\,
A = A ’
1, A, < w(x,y).

Elw(x,y)] = A <w(x,y) < Ay

(5)
R A, A, SPBUDBBIE IA(S) 7T thih e
REGAXE T T 5 K 8 T R,
T FLX T BRI A2 LA Bl AR
LR 2 % 2 P 43
ORI T PR S, A S B
fx.y) WEDEIIEE N Bl (x.0) ] R
I(x.y) HEERIERN L, (x.0) ] SRR 2
B S, y) SRR 1Cx+ Ary + Ay) HiIH
B 2 W ) BRI 25 3L
Sy(x,y) = Elw,(x + Av,y + Ay) | = E[w,(x,y) ].
(6)
YT R AT A 50 516
5 EIE RS, 55 A bl T B
I LA S B WA, S 14T
TEER) F WA T BB S
S KRR P LA SCA R 2 S, (x,y) <0
i HRIER r + vy + Ay) AR RG]
D" (vy) = 18,(x) 1 S,(x.p) > 0] R
B SRR BRI 5 Kt T ARG I, 1 8
S | AR A SC X R B
AT STy
= [y 30 Gnr @

,¥) €d

e @, Ny KRR HEIIE ;N O Xk 34 9 1%




- 56 - MR

S

T

N4

NI 43 %

BB 2 DTG A AL (R e — B
YOI T 1530

3 4T EGT SR

A% T G 5 A5 R I ) 3 AT L3 ol R
HE TPV SR b 20 B 25 0 5 15 URHE
St AE 0 BR. AR SO R AR T BSR4 A A
R DX S8, 3 4o 335 B A FE T DB ¥ 4 R AR 34
RHEZ XU B A T k. AR LA
AT

1) XZHEG f(x,y) FEFRNE SR 1(x,y)
3 590 IS T /0N BB 3 ik SR T S Y O AL TR AR
cA/-(m,n) HlcA,(p,q).

2) W Kirsch 53773 5] & BT o) 181 45 1) 340
Zefm B, IF HAr SR H 2 e A5 B0 3 s R INAR
SO s AR OB O s R INAS O X 05 S5
A HA ARV A 8 2 AR BRI (1)
A (2) Fr SRIBCHESEL o, o, , Ax, Ay BIMH.

3) dE g (1) GBI R 0 225 ER 4%
BERIRLRR A

I(x +x",y +y") = f(x,y).

4) MAE(S) T A I AR ) 20
JEME ELw, (x,y) ], R HRIER(6) mT IR 2750
FRIE Sy (x,y) #EMIAGE] DT (x,y).

5) K5 Fr RN BEAR o3 i 1 1 R/
DI 8, , M (7) 53R B I 5 450 e
MESSMH @, AR @, KT BOE M BIE 7, %X I
Fric 546 X, AR5 Gt bR ac 19 75 49 X 8k
T

4 ZER

A AT BT SR ED OR 4 T 2005 4R AR
100 ST A R T2 SR AR A, H e B 100 5K B
MRS EG, BEHLIEE 1 400 5K 48T IR 1
DI AN TE /N B R AR SE T /N R R
MBCRFIRCR , 4 48 & A B R AR G
I A2 3R, A S8 BORZ R B FE AT B Haar /)y
. 1B 1 AR IR I —)Z Haar /NBMR. 1812(a)
WEH R AR (S) TR BRI SRR,
2 ABEST AN, = 15,8, =30 F AR B 1]
BINZRaR N 0 ~ 1 BLGFE] 0 ~ 255, 4 2(b) iy
. PRI E BN 2 (c) B, NEL 2 (e) Fral LI
FULELR TR R A2 45 36 T NSk A IS A7 A 28 508
T5 A0 TR R A G BE N 1&] 2 (d) From. SR H]
(6) 132N 4R T IR A o B2 22 IR, Akl 2 (e )
JR. JAR T PG o o [ E R/ AN A IE

DX, AR SCHEAR T P& 45320 23 B 60 AR/ IMHTR] 4 R
IR SR T 58 T 40 R AR 2 R T e i Ak
T5 I skt AR, Al 2 (F) BroR. A5 SR i
AR MG ZE B T A M ENA AR 5, th T
AFERAETRA AR 15105, X 25 BB
G PEFE T fE 2GR BRI W oA T 45 X35, Br
PAZAS SCHE ARSI AR A FR AT 2 A DX AN

(b)Haar /N — 250 fa %
E1 KMEGNES R

(e)ihZimE 22 %

CEE YRR S
g EGIT RGN

&2

XEFBUE 7 BORNRBE RS B0 T, 2 1 51
TAESER U IE A AR A A R B R I REAR A
B IERR AR LA 1R, il i S B el LA A A
2N n X FARLE A W] 5 R B A
ISR AN K AHIE R TR 2 AU 2 35 33 R ik
ARG AT B0 B R EVE. 2 m = 0.3 I, 28045
RAEG ARG P H5 U3 R G IR PR Z MY T )
L = 0.4 W, L REWSAR Ly oA I ) 25k ]
TS BRI MG T4 R TS 1. 3R 1 s
OIS AR B AR o, RIS T A A v



53

WikZ, A T/ AR T TS ARG I 57

(ELFRIEEHIn T BRIRR. T AESEBRR T, B
Xt 80% VAL A AR T REA T ¥ 4R N, i ELAS N )
XA KR 2 BA W 5 15 B 48T, R A S
SV AT LU R SEPR 7 oK.

F1 AMNER

HARY  EMNEY RN IEmER AR5/

[F{E 7 ~ ~ I % %
0.1 1 500 680 820 45.3 97.8
0.2 1 300 758 542 58.3 83.6
0.3 1 000 820 180 82.0 73.5
0.4 800 790 10 98.7 58.6
0.5 700 695 5 99.2 52.7
0.6 600 596 4 99.3 51.9

5 % %

D) RABIFE T 48T G545 I i B, 42 1
—FRRE TN R A AR TR {5 BRI k. %Ak
iz ] Kirsch 57 S feaR m B IL 205 8, T RA %
SRR ZEAFEN AR T UGS IR AL, 38 G i 44> X
TR AL A W AR T B GE AAFAE TS .

20) SR JHIAT 558 72 40 0 /NI o e o 46 T T £
AP, AR A 1 PR BRI HE i 22 I T) 8 1
THRMIE D RGN L REZOR.

3) AR SCER H A SE BB A RO R 4R T 5
SR AR T PR S ARG A, Ty ELX TR i
MR HA R AR, IS T8 m R,

5 W
[1] TAKEDA F, OMATU S. High speed paper currency rec-

ognition by neural network [ J]. IEEE Transactions on

Neural Networks, 1995, 6(1) .73 -77.

[2] FROSINI A, GORI M, PRIAMI P. A neural network
based model for paper currency recognition and verifica-
tion [ J]. IEEE Transactions on Neural Networks,
1996, 7(6) ;1482 —1490.

(3] RIZEE, BRI, KRN . —Fh S 48 TR 5 05 i 19
WL ] I FALWE ST 5 & R, 2003,40 (7) : 1057 -
1061.

[4] LATIF-AMET A, ERTUZUN A, ERCIL A. An efficient

method for texture defect detection: Sub-band domain

co-occurrence matrices [ J ]. Image and Vision Compu-

ting, 2000, 18(5) . 543 —553.

ONISHI H, TATSUMI S. A pattern defeat inspection

method by parallel grayscale image comparison without

—
9]
[

precise image alignment [ C ]//Proceedings of the 2002
IEEE Annual Conference of the Industrial Electronics
Society, Seville. Spain: IEEE, 2002 . 2208 —2213.

[6] ZITOV B, FLUSSER J. Image registration methods: A
survey[J]. Image and Vision Computing, 2003, 21(11);
977 - 1000.

(7] FACEE, SRR, 2N SC, 55 AL A8 Bl il & Y
BCER AR LT ]. 2050 53O T, 1998,27 (1) :38 -
41.

[8] MITICHE A, AGGARWAL J K. Contour registration by
shape specific points for shape matching[ J]. Computer
Vision, Graphics and Image Processing, 1983, 22(3) .
396 —408.

[9] STONE H S, MOIGNE L, McGUIRE M. The translation
sensitivity of wavlete-based registration [ J ]. IEEE
Transactions on Pattern Analysis and Machine Intelli-
gence, 1999, 21(10) .1074 - 1081.

[ 10Xk, 322 52 Ak PR ICHE /NS M 5 ik LT ] i H 5L
BT B 224 41,2003, 15(9) :1070 - 1073.

(g K )



