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Segmentation of banknote serial number with predicting priori knowledge

ZHANG Hui-lin, ZHANG Jie-wu", LI Lun-qing
( Shanghai Key Laboratory of Modern Optical System, College of Optical & Electron Information Engineering, University of Shanghai for Science
& Technology, Shanghai 200093, China)

Abstract: As the banknote character segmentation results are seriously influenced by all kinds of noise and pollution, this pa-
per proposed a character segmentation algorithm based on predicting priori knowledge. For some kinds of banknotes, it used
the unique number arrangement to define the state of Markov chains, and then calculated the set of Markov transitions to get its
priori knowledge. Combined with connected-component-based and projection-based algorithms, it obtained the optimized seg-
mentation result. Tests in both various denominations of RMB and parts of the foreign currency data set show that this method
is feasible, the results comparisons with the traditional connected-component-based and projection-based algorithms display
that this method is more accurate. For those images like dirty, folding-traces, character-adhesion etc, this method can get an
optimal segmentation result and has better performance than the traditional algorithms.

Key words: banknote serial number; segmentation; noise and pollution; Markov chains; priori knowledge

M FH SN RMME— R SO0 IE” , B SRR RN TR 510715 o SRR TR 28BS AN TR] T 9 4R

TR ORI S XSS AT U, SRR AT
A FURGA 807 30T LA N S T RO ML T %58
ARERIBOE WS o AR Sy B A e, 25 B 7 0 43 3
GERTAEAR KIS . AR AT S EHR AT, AT RE 5 A
TR a) AT R G R T b) AR S G
S BTIR TR s o) KOGIRIE IR, i 15 B a5 ab 1
XFECBEANT] . dnfar 4k B 28 e 7 B T7 ik A AR 2, IR 48
BP9 e L D T A R T S5k S YR A Y B R
A TR, 2068 PR A AR M, 55K 1 45 IO 20 1 e ik ST
(6 JEHE T A5 I ST 0 R RER L, X DXIs P i 32 i X A
i 1 , PR IR AT & 25 PR A0 A 107 1A REAE 4% T I 7 v 0 31 7
PRI RLE I AR ok . FSUER T ST A AR A
TP T B 2 B ARG 19 73 TIOR3 P ik, 72 H
B ERBIT . 7380, i TR A AR MR 5 2 1
FPA S AR RN REAEZE E R . AT AR X 2L 48 3 119 55
R, DATATE 3 44 SR A [ 15 P 4R B 4 07 B, H RIS B 0
SERMTT %

ARSCHR T RIS R AT e B 4K R 55 S A

i BEHEE: 2013-04-15; {&EIHH: 2013-06-07

M, R 5 504 1 HES 7 2R S R T R BE R 11
AR 38 3 SRAT By 2R R B i 1) SR o A, ol mT L FURI 466 T3 )
SEl AR, FRE5 5 i DR R BB TR RE R 2 T4 1
IO B R o AT LSO T 40T 7815 RS A s 007, E
TERELAE (L9 DX IR R L L HARARAR AP 1 20 BIROR , A R4
PUFItE. BN, 7R3 HI4E UG8 AT LIAAT— N5 B 50 1t
YO RIHEAT VY, nT LS AR 0 B A5 BE AR 4G &, AR5 Bl
FEMRBIRCR o

1 FISXEmLE

FE A DI A BT 23S B X B 4 | B T e Fn —
AL =AER, KR WA 1 iR,
X BEG HP 1) 5 p IK EAELEA TR B 4, — Mk
T=Cxlog(1+$) (1)
Hrr . C R REELBIH %L S IR IR EEAE ; T 78 ¥ J5 1 H bR K
FE(H o AR, A UK B T LAG R = AN 4 T
P X 55, b F 5 (IR B2 AR RHAE , T Ak F PR 22 R Y 2
— LT BRAEE R TR R o F K (R X 5 e W DA B B —

HEETH: BXARAFELXA A (60777045) ; ki % = F &5 F0 B (S30502)

EEBT R (1971-) 57, 8l 3%, T F WL, TR e 07 B A TR RAK(1986-), 5 (BAE1EH) MR L, 2%
R 6 A R BRI LB AR (4w0T46@ sina. com) ; 4674 (1988-) , F , ML A0 A&, LR 77 @ A 3 F BAR AL ALEALIE.



%2 M

KA, S —F TN KT A5 F sty FH 52 75 ik - 609 -

i PEL A5 R B S O AR, R AR R S LR A RO IR o ik A
50 DL X5 PRI 4 K BE 22l s T, T A
PR BAE T 52 rp i 1(b) PR fE— e R bk )
TEBRIR S HBOR o
1 T2 MRS , AT RHIE RS AR BE N T, FAF
FHIE AT AW | PRI 0 0 BEA T w85 4 TH I 5, 3 58 5 A5 A B
AL , LLOR B A A9 2071
X R BT — i Ak, W 3R TR B B ) MR T E S
g(i,j) =Axf(i,j) +sharpen(f(i,j)) (2)
Horbo (i) IR s sharpen () Sy BEALH T 54 i TH R 40, A
ANTF 1o (2) ATt — B H R
g(i,j) = (A=1) xf(i,j) +£,(i,)) (3)
Forpeof, (i) D S vl U e 2 58 o AT UL e 4 T D e e 55
ARSI, AL TSRS S S IS BRI,
XFHEBE SR, AN 1 (e) PR
TR UG HEAT B AL, AN 1(d) B7R, BISERC T 38145 X
SR TAL BT AR

Clp2sTadT0

(182974470 (152974470

(0 @
Bl TALEECRE

2 WMKHAEEAMIAEE

2.1 HKWFISFHHEEBLHEX
YLMF 0543 B R AT DL S
V' =arg r(n:): P(V,S) (4)

K V=t 0,00, | HACTF IS 40 B R AL B V" iR
DE )ik s AR GRS 550G S g asal; P(V,S) 4%
LSRG B AF R, R 43 BN 25 SRl S8 PRI, T SCRR
HJE A

AR BT A Y 91545 0 IX SR AT, FEFE R w, @0 A,
A R 0 DI TR AT 40 50 DX O 4 = (1) Ay

S={left:[0,w) ,top:[0,h) ,right:[0,w) ,bottom[0,h) }
AR TS HEA T 4381, TUIXH I 14 1 25 ) Sy
S={left:[0,w) ,right[0,w) |

(&1 2 J3 SR 1 43050 TR 3l IX Sl xeh o 1) 01 46 2R, H:
PP R AR B 0 4 B AL R E AR AR, 4 Xk R B 4y
FALE T AEAR L, A R] AR B LD 5 AT AR s A )

ffieE Vo )
Pagoszrnin |

OIARITT7
o w
F2 EEERAEE KRR

2.2 ETFHRASINDRARKERLEBLE

TEFF A5 128 DX P 45 b, X R 3 A me 4> 3 38 X7 7
PRC L, = {0y, 0, b SR K FRRA K (4) 7E X

=
PAB

MR R L 2 By S AR — RIS R V =
foy 0,0, b A 0 R R85 AN KE0 AR A R T2 R
I (LA AR T 3 51 5 [ A e 5 5 HES D7 3O, rT AR 3 e
ZNLEVNIPS (> ISk S r i buy N CEp T RN Ol N
i+ TP O TS TR TSRS
R, B HBH T A IR S T (LR AR
=10 S fil,10 JC.20 JCHY & W5 BERE R, 807 R/ — 24, i
HAETF Al — K2R | 550 JT 100 JCAHY 745 HEF 5 302 v ] 45
5 FE 6 AUE B PR, LI TR FRAZ/N) o 1.2
T FE AR MAST F AR S RO S

FREG i-1 i i+l
s 000000000 O0000000000 00000000000
000 000000 pop0Ud 0oy 000 00000000

TREHE e W -

A\s./v

B3 DR SR TR 20
*1 EHAARTFESSHFPRES B

TR 6 7 8 10
HEFRA KO 1 1 1 4

*2  ESMUTIFIIS TR S Sk

TG 5 6 7 8 9 10 11 12 13 14

HEFRASR G 14 25 31 35 32 42 38 29 14 14

R —RARM AL n ANFFIS, B R G LRSI Br
ZIIFERERER I A = {A Ay A, | BZORER

P=LPWiei) = ZAGOPWiioneion) =

élp(w,s*m);t[:Ajuj) (5)
HebP(W,, o)) A M HTEE ) XU 0T P95 74 22—
B, W] DU A T A RS SR FE A B W ) SR IX
BN E DI S AL T RHRSPRS ST (0) AR 4
(v;) g 25 i 00 IR 25 R P 328 B X0 0 IR 2 8
W ityss oy BT ROEEREMERR W] L il 20(6) 7531
v; = arg me(P( Wiisgen)) =
arg mf"‘(Aw</>s*<j'>w'<j+l)s(i+1> () P(Weey)) =

arg max(Ay(), « j)owansgen () (6)

HAAygyee oo (0) FARES Wy oe ) FFRESEFAFIX
o J& , TREA IHEFPRZS W00 BOXT LI R RSB REE 5
FaC(6) T, TR 56 B ot i o, A AT 16 5 1T LA 24 i UL
FPA R o R PR I X ), 4T P81 20 B ) B R s

n i-1
P=ZPWie ) max(Ayg)es owgangen ) =

n i-1
i;P(Wu*(l))l_lz_[lA,'(U/) (7)

3 FHFISHE

T (T) BRI T AL 5 S 4R T R A S AR
S AT A S5t Ak F P 81 DSR4 0 49 T A A R 1
(3 HITIRE . ARIBUT 915 (1 doe 0 20 0 (OB 1 A BRAN P 4 s o
Bl 4, v = AP 35k e W e S RS B, &



- 610 - AN NI S L R

531 %

NHE— LR BIE , n AR M S P S AR
EPARERIFIAER PTG EDRITE] V= {o] 0,
v b w RSN S T LA R OR B AT e RS
SRRV HARE e K5 B PR IEAY . th TR P A)
DI AAFAETG 0, P APR IE I D, BT AR G838 1 05 O A e 1
BFRIC S BRI AT, A SRR RO AL 751 1
R SE R TORE R AT o AR YT B R AR A, /D
F—MERBE o, WZFR ] LIHEZ TIPS 2 22 ik
B AR TFAPRAE T — S 0 B2 ok A B, 5005 h 2 56 P
& RS FE R R IS C

BT P K A

LA{vy,v,,}
v
Gpiia
V=(fIP'=0

I
v

é\Vx:{V}vazp(Wlx'(l))#JLv
FE— AT X I AT 8
LI 73 FJ5 IAER

l<

W5y, RIER (OB RK
BB, LB R
IRV B EHP,

A, <e8%
v AT XA =n

PRVEIN{P,P,,P,)
H B R AR P AL BL Y,

B4 ERFREOERE

TESEBRIE b, B e 2% 2R AR T 7 47 5 BT AL A T 7 X 3k
PEATHLRE (0L, 7551 ¥ 515 1A 00k 2 DX IR, 4 L DX 3OM R o A 4 |
R BT IE AL B LA K AR , iz b SO Sk AR A e L
SEIFFI VT = 1o oy e o) TR A 81 BEAT 58 B 4
FUT, TR SE T — 2 A AE B U 2R At I B A R E n A7
B WL e LN P ) s AR T 405 X3k B R B i v
RIFEHN S (I T8 A5 A5 B, , PRl R e L B R 74 Y o
FLARE  E5 5 74T 00 8 BEAAE H 78105 B R B X 4k o

5 () S 1 ALE (i AR T 91 5 XIS ) BS54 03
FI AR, B R SR — AR T R TR U Ak
B AR, & 8 AN 4F IS 51 A SR L I 51 o
TEME LR _Fd A7 R iS5 AR X S A B S (b) B, f e 8 7
F XA T IR — A T T R B P AR A

4 KLIGLERMSH

2T T PO R RN X R A SR A BT X
TR S BANRM JET0 S LA [ 58 Bt 1438 73 4%
M, AT 905 2 RIS B SEPRPERERS Lo BT M LR ARR 1 T
15 T B L [ CCD BHZRHIL, 20 B30 940 x 600, S,
A oy BIAE RIGAE P S U AR 45 R T b1,

FEXSFRE A AR, 20 0 E B R4 T 10 98.20 6,50 JT,
100 ST fELA R T AL 1000 5K o FESEATHLE (75 14 21 751 5
R DX A FAPRE G DL 143 5K, A 15 s Ly 137 5K, A
YOI OLIY 155 5K, A 15 5 EI 510 168 5K, A1 58 Ay 157
Ko AERATHNTFINS 0 FIMHLh, h FAAMAREZ O T

XFEETT A, L R R 35E v R T A5 T (LAY 56 0T 313 5K 4%
1A {EL A DT 347 gk HA E 24K 368 5K (3L 1 028 5k, ¥
SHPRFAELY R EBE AR T 90% ) o [RIAE FEFEATHUE
BRI E G A FAPRGE S LU 194 5K, 475 mUE DL
183 5, AHTIRIGOLIY 197 5K, A 1 SIS 179 5K, A 5E A
iy 153 5k

6 S5l 2e th 7B (55 1.4 1) (XS % (55 2.5
) LA BASCR (55 3.6 91) e AR (ZE=51) Fidh i (F5 =
A1) Loy IR R R RR A5 0. T =R AR T R R
AL B, AR AT RGP0 IAIE Rl DU X
T GG BT AR WA 00, 8507 1 e i DXk B RE IE
B AR B 0 5 TS T8 5 T el P EE A I B0, 13 X
kI FIVERE L BUR L o ARSCRIEANMBAR IR R
925 A YA, T ELBREXT A 15 5 K 58 5 AF [RDR 1 55 1 DU A T
WER 23 o AL GE RIS A i 3 DIk Hh B BB R, Sl T
FPH 5 K IAT AR B 22 15 A A5 A HTIR 5 2 1Y« B A 2R AE
15 PR I U (D 44 F80 7 A REAE 5 3800 1 2 A A% 1) (8 R 1 7
ARFIBT 2R L™ TN A 21 58 B8 10 A S T IX, 2 31 2K U5 T A
SCRREAE RS AR T P AT RRAE BRI A 1 S5 R, 5 RS S8
RO N DK IO T %, MER AR B AT IR AL . AIET 6 ]
VA AR SO iR W) S B v 1 0 1 ) TR

HEN B [REEH. iR S
R g e SR ——
013137088, 0013137088

v
[ SRAEBATITS || RS IR E | AR 7R

oo —

() B35 RIRAE
H

/4

I
i 123 RE'MFIFIV TN
0 w

(b) 2R BEBRH(E)MBWEEBIL(T)
5 FCERNFHSETRRE

e T L AL s 118092411
| coppers TP AT

e oo g sanunn) Rl ose621 AT0361621

Y coisioaa appanonnn  ERSERERGED 7 hc TS 7306475

REEERES 7coososhyooustsn  EEECTRAT FOTOBELZER 1473660

Ee =MERIEREARTZE)URIMN ()L H—2rHHR
23 BT RO IEN A B RT eS . R TP XA TR
BTG MRS AT T 4028, T =FEE R S0t T [RAE R T
AP AR BT AR B X TC A S 15 B b, = A AR RE AR
UF M AT 438 A YRR B IR O, B i M L PR R L
ARSCEPA 2 o IS Y S, =R R T A&
B R o) W T EAF AR BT AUA 15 QL 18 00, 5% 15 Lo IX 3k
B REZE R A, 30O T 3 B L AT DAL SR L0 A A 2
7 1 8 BRI R L (L M 3 B A S,
R LA L AT ARE ZREENELT, A
SCREWI AR T A BUER AR ) AR S A A B B R Y
Y EHGR T, 5 I LU A0 )™ B A 43 BB R IR OO, 3 R 58 J



%2 M

KA, F: — T TR KT 55 F S dm by FH 227 %

- 611 -

AP G, TR RS 35 5 22 0] 19 0K BE 25 K/ FE Ak
PR e DX HL 54 00 B JC I 58 R B, NI S 807 A5G
B RIRGI ARG, B ATETERE b S BOEIE XA Y o X
el OUTE A R AR O W], RO T R AR 1R
I AR ERIFER A R, LABRAS XS LU RER &) B IR o

3 R RIS B AU TS B LR AL B BEXT LE

AR B R XA

[ ,

PR B T e TR0 g TR sk e
HITIE 352 324 92.05 327 92.90 341 96. 88
RS 320 279 87.19 264 82.50 308 96.25
Peg ipea 337 285 88.93 277 82.20 329 96. 56

SEEERYY 310 275 88.71 277 89.35 282 90.96
A HEE 347 283 81.56 295 87.58 274 94.12
Tei5 362 359 99.17 357 98.61 360 99.45

5 HFRiE

AT T — ] B 2R ] S 6 B 4K T R 45 S Y
TR ETT . MARARTI R A R A A, S E S A G HE
GRS AT AR 2381 5l BEARAS, I 5 (L G 36 T 8 0%
N X Ik A, SR BN AT IR o o T A
TS IR A e, BE B AERUE (2 A9 5 91 5 DX
PEATAL B BUTHLRE DR . 2R R A SRR AE R RN, X T AR
FUGAE RSB P 5 ARTS S TR B ARE R GRS A
5 BUIER R IR T 0 B B0 1 A0 DX , A IREF Y
Pordithe (XA R ER AR h TIGE RS )Y
GG PR SR, B 73 B RS B E I A Y . A
SCRE T — R S AR R B 4 — AN e iR,
HKAEN AU B e PR RE , AT LS 7 AR IR 0 A9 15 BE AR &5
o AR E P IR B R X T AR AR, i T
R A B AT HEST AL, UG SR A R B e R A3, i ml A it
AP AL A, T AT LA 32 0 3 ) T b R 515 3001 3
o, B SR A N R

B2k

[1] LI Wen-hong, TIAN Wen-juan, CAO Xi-yan, et al. Application of
support vector machine ( SVM) on serial number identification of
RMB[ C]//Proc of the 8th World Congress on Intelligent Control and
Automation. [ S.1. ] :IEEE Press, 2010 :6262-6266.

[2] GAI Shan, LIU Peng, LIU Jia-feng,et al. The design of HMM-based
banknote recognition system[ C]//Proc of IEEE International Confe-
rence on Intelligent Computing and Intelligent Systems. [ S. 1. | . IEEE
Press, 2009 :106-110.

[3] seshs,fk 2. 400 5 BHigins & 4[1]. #H5h 24,2005,31
(24) :153-155.

[4] HASSANPOUR H, PAYAM M F. Using hidden Markov models for
paper currency recognition original[ J]. Expert Systems with Appli-
cations ,2009,36(6) :10105-10111.

[5] HE Ke-xue, PENG Shu-rong, LI Shu-tao. A classification method for
the dirty factor of banknotes based on neural network with sine basis
functions[ C]//Proc of International Conference on Intelligent Compu-
tation Technology and Automation. [ S. l. | : IEEE Press, 2008 ; 159-
162.

[6] GAO Qian, WANG Xin-nian, XIE Gong-fu. License plate recognition
based on prior knowledge[ C ]//Proc of IEEE International Conference
on Automation and Logistics. [ S. 1. ]: IEEE Press, 2007 2964-
2968.

[7] FhL, k&5 BRsETaLRT XN 5 RER[T]. P
B % B $3R,2007,12(5) : 789-798.

[8] JIA Wen-jing, HE Xiang-jian, WU Qiang. Segmenting characters
from license plate images with little prior knowledge[ C]//Proc of In-
ternational Conference on Digital Image Computing: Techniques and
Applications. [ S. 1. ]:IEEE Press,2010:220-226.

[9] SUN Bai-qing, LI Ji-lu. The recognition of new and old banknotes

based on SVM [ J]. Intelligent Information Technology Applica-

tion,2008 ,157(7) : 95-98.

FRANC V, HLAVAC V. License plate character segmentation using

hidden Markov chains[ C]//Lecture Notes in Computer Science, vol

3663. Berlin: Springer-Verlag,2005 :385-392.

[10

[

(E42% 599 1) BREAT S0, IEW] T A SO AR, R

TEAS S R X0 W P ok SR IR, IR S ROCRA I B, o

HE— 25T

S &k

[1] R, 2L A, ko ATE o hmosr 2 EABRILRER
[M]. 467 Jb 8 K 5 th A, 2008.

(2] ®%8, kit BRAEE 54 Ko PDE KA MALS &
[M]. BRSO, A28, 3. Jb TR A4 AL 2011,

[3] TIKHONOV A N, ARSENIN V Y, JOHN F. Solutions of ill-posed
problems[ M]. Washington DC:V H Winston & Sons,1977.

[4] RUDIN L, OSHER S, FATEMI E. Nonlinear total variation based
noise removal algorithms[ J]. Physica D,1992,60(1-4) :259-268.

[5] FERGUS R,SINGH B, HERTZMANN A, et al. Removing camera
shake from a single photograph[ J]. ACM Trans on Graphics,2006,
25(3) :787-794.

[6] KRISHNAN D, FERGUS R. Fast image deconvolution using hyper-
Laplacian priors[ C]//Proc of NIPS.2009.

[7] CHAN T F, WONG C K. Total variation blind deconvolution[ J].
IEEE Trans on Image Processing,1988,7(3) :370-375.

[8] CAI Jian-feng,JI Hui,LIU Chao-qiang,et al. Blind motion deblurring

from a single image using sparse approximation [ C ]//Proc of IEEE

Conference on Computer Vision and Pattern Recognition. 2009 ; 104-
111.
[9] CHOS,CHO H,TAI'Y W, et al. Registration based non-uniform mo-
tion deblurring [ J]. Computer Graphics Forum,2012,31 (7):
2183-2192.
KRISHNAN D, TAY T,FERGUS R. Blind deconvolution using a nor-
malized sparsity measure[ C]//Proc of IEEE Conference on Computer
Vision and Pattern Recognition. 2011 :233-240.
[11] BECK A,TEBOULLE M. A fast iterative shrinkage thresholding algo-
rithm for linear inverse problem [ J]. SIAM Journal on Imaging
Sciences,2009,2(1) :183-202.
WANG Yi-lun, YANG Jun-feng, YIN Wo-tao,et al. A new alternating
minimization algorithm for total variation image reconstruction[ J]. Sl-
AM Journal on Imaging Sciences,2008,1(3) ;248-272.
[13] TOMASI C, MANDUCHI R. Bilateral filtering for gray and color ima-
ges[ C]//Proc of International Conference on Computer Vision. [ S.
1. ]:1IEEE Press, 1998.
[14] LEVIN A,FERGUS R,DURAND F, et al. Image and depth from a
conventional camera with a coded aperture [ J ]. ACM Trans on
Grophics,2007,26(3) :70-72.
SHAN Qi, JIA Jia-ya, AGARWALA A. High-quality motion deblur-
ring from a single image [ J]. ACM Trans on Graphics, 2008 ,27
(3):73.

(10

—

[12

(R

[15

[



