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Abstract; This paper proposed a new approach for signature verification of off-line signatures based on relative distances be-
tween centroids. Distances between centroids of off-line signatures were used to form an interval valued symbolic feature vector
for representing signatures. It investigated the feasibility of the proposed representation scheme for signature verification on a
public data set,and clustered similar signatures in each class and also investigated the cluster based symbolic representation for
signature verification. Unlike other signature verification methods,the proposed method is simple and efficient. Several experi-

ments are conducted to demonstrate the efficacy of the proposed scheme.

Key words: off-line signature; verification; centroid; pattern recognition

FE B RS 2 3 A A S 2% 1y SRR B
FEFTSE Y B OrATEAR S . FERMERIBFTE X 524 ik
REMETHETHEARRBIFNE, NASET5E &
PR T RESRAEAE 2 A USSR B, I RER LA 4 5 A5 5 i AR A ]
MEE SR B EE B A, A TR FATESR B 1
BRI T, R TR 240 00, T R RA 2 1 E R
JUARTE R PRI ue B JBAT 200 14 28 44~ AR Dk DX AR [ ) 25
Ak, UHIETEA T LI B OL T #S24 FRAU
R —HER

X TSR A TGN W BT R R Z T AR L]
FRPSRIEIURAAE, T 52824 W 2 SERE R W LE SRBERA
B A A R R AR 7 15 B SRR B
AN TR FEEA R . A% 2 A ARRHES
LR SCIRAE B, L THIAR AORAIE USSR 45

TERFS T HE LV TE R, — Bk Bl a) 284 5 ks
SRR RO 28 B C R T 5 2 A4 R LT, LUHAR IR 2
KNI T 5 22 TR B N AL LR E B ENES,
BRI FIA AR 2 R 4k B IR ] A (HMM) (325
BRI R LR (SVMD)

ULAEAR AT SARICRIE AR 2R ) G A5 2 F AR
JEHRZ I VA 2 AE R A AL FRANYU P A2 2 v an T
BRI, £ bniC i kil T — 4 DR Z 6 A

Wi EHT. 2011-07-24; fEEIHHE. 2011-09-16

X7 B PR X B o AR o 2 PR 2 (] ) T LT S 2R, MRS 2]
DX AP F A, ASSCREA X — B AT # S T 5 284
AU AL

B ATERS T 5840 A RS OGS T B JCk e
IR ARG A SCRR I T — Bl T2 UG LA O
KA G SR 38 1o T 28/ INFR ) A R PR A R 25 24 AR Y
FRIESRIBOT 5 o 207 W ARXE T RITE RS0, A0 T M A% i) 4
iE, REFE IR 252 AR 23 8] 0 A R PR S ST A, A I R4
H DX I3 AR 4 A DO AR T RATE 26 4% USR5
SVM B3k, A S R bRl AU 2% il Zhad A, P9 e
AR BRCR 5 TR e S B s AR 1

1 ARSTR H B RHIER BT &

1.1 EFLadOopiisriiE

— DB U o o] DU R HAS R oA feE . A
B, AT DU 3 AR S T 15 2 40 AR I AN [] DX 1 L Ar] s 4
B IR AR 2 AR B AT, FEAS SO 1R R B RS
UG T —AEIRAR ] T 5 245 UR I A 5 M S
SAH— SRR R T RS O E AR B4 E) s, i O
su ik,

1 HALE I M EE (R RENELER) 5k
T 22 ARG LT Hor 555 SR 5 DAL H G 3 R Hons K 1]

HEE&WB. o 5HAHT 8 XA4F A8 85 B (20106QS159)

TEER . £41(1978-), B , MdERAA, 7, M& 2T LR 4L, TRHTF 6 H 12 8 %A (newangjianl978 @ qq. com) ; & F5 A
(1979-) 4, T 3 L JE A HHIF AR 4 | 2 25F 5 77 @) 7 R A5 8% 4



« 1150

AN S A I

%29 %

BTN 4 x4 BN SR GRS/ DB rp FRUCR I 4 71
(BARZ) WU rhut 21, O HLRAHG o SR R 425>/ B
D193 4 x4 g/, X — AU B2 T 25, BB E B
FerERIEUEH

LS TSR 4 VRGBS TR R 1) AN 1w B U0 2 1 A/
e A NG AL S 3 — A LT G  XRE R — L3
n=[2" 1] Al Herp r SR B0E IO fE, AR R, T
B RO BRRIC R 1,2, 0,

B R T — 4 B U1 F HoRBULT G 7R
B, Herpr @ fOo A UaE A R SRR B R LT R i, B
OEZ NI, REORFN S TR (UL T .
1.2 BSERFEHNHFSRTR

B B RO sOR IO TR AT T 2 B RO

®1 HELMSLRE
YAEETE

R 11 5T i SRS /N Sl g S L] v I
F AL S5, 7T LA FS 4 bl s 2 R e 14k, anl&l 3
FiR o FEEH SR T HA 0 8, IF B B A B
H— Tt SORFRAA HL MK .

S:[dIZ’dIS9'"’dln’d23""7d2n,"'] (1)

o d Rt Bl R E 1 <sisn - 1,2<j<n
IH i <),

MF—LE n AP 2 BUE, TTLAS 2] m=n(n -
1)/2 S35k R o S SN m,

AT LA 224 BEG  JLAR Hhos o5 2 [ f) 28 St i ik — 2
BAER (R —228) SN T 25,

XFR—244 j T B 5 n NEES 24 EG i 2k
I C; AT DR G B BERRE S, LS, Lo, S, (=1,2, -, N)
TR NABZE . XTI S, EH AL
iﬁi?ﬂ:ﬁﬂgﬂ =Sr, = [dn ’diZ st ,dim J )

FFHAZER ¢, P n AR EMG, HA | Ef5iE
B IE AT LIERR

[T =#éldm (2)
U, T LA €, A b AEREEAE A A 2%
0 0.5
Tk =[ %El(dzk—m)} (3)

A T2 ¢ 5 b AERRAEAE, HEBUE ) 77 sh v Rl
7"7:[(1,-; ,dj; J ,/E\:EP d/; = Mg — T ,dﬂ: =M+ Tio T,kﬁU*E*E k
YERAEE bR EZE TR 1) = a0y K[ 4y, dy T4 T
X € 2R s 44 BAG , HE ke AR AE (R Y B SR AR RE AR 1y
(EJE L, AR 7 BRI — A0 . X T ¢ 2800 T A
A i 2 A BB 91 L2

RF; =1 [dy ,df 1,[dy dg ], [dy, df]7F (4)

WRARLA L, o LB I R85 vh (0 2 45 R AT 55 3k
7, T TCAER A HABAE 24 PR3 7 vk e R B SR 2D ok i 25
2 EURIER

2 BMEEEFEEIRS

X MR E (925 2 U UG MR 2R 1 BT 5

% ARG UG s B SRECS P s Z (] 1 R, R
B IR RIE ) i, TEICERS b KR DN 44 UM R S %
PP ARG C; BRSO A5 U LA T X

B F, = [dy,do - dy ] ATFINEE S EUR BT B m 2
AR, TEURE R v, i 26 44 T 1 ) sk — R (AR
SR RE, BRI EAT XS L, B 02 75 78 SV B9 RUE X 1]
o GETHRN UGN T275 IR, S AE Fu VR U IX o] A
EEAN KL ARl

A= X C(dy,[di 1 1) (5)
1 dy=d; &dy<dj
Hp, r:<d,[rtf,(tf1>:{ s ! (6)
H th Jk Jk 0 :H:’ﬂl_]

QRPN R B — MR A T S B ERI ARV,
TR 1, ARG, WRREH C(dy, [dy ,di 1)K
THRABUE T, WA iZ 5N %4 g0k B TZ20, Rk
MEG S ZAZHLBICRREER T T, WA Fee s AR A2
BINEN TGN, AR SO T A R Al SR B IR Rk
GNP 4 B 7R AR

BiS TR S
H4 E2£RIFRAEE

s

B3 thLsRHES

3 SLIGIEEMER

FEASCH 2 I IR _E R i — ST 5 R4 4]
BUAT SN, LS4 EIGRAE A 960 LIk,
Hr AN ETE—RZ N AR 55 24 64, KRG
LA A AAE RS 30 M rsES . B S P ios T —1iR
LSS 24 UG A Phis ) 2544 1115

A

Es e E fithis i Bl

SRR e R B Y 24 S BB SE 4 EE
A3 R, A3 FINERARI S, I 2Rl 43 S 10
15 18 i ECSEEG IR A0 7 ) iy ST S MG ORI R 15 19 30
2545 A

FEFEUAG A FRAE AR B, X254 ol i Z [B] Y R B R
FHIA—LLL G i DR AR NS 2 [ i — 350
XFFIREE S PR IR A (AER) B (FAR) FEE
F(FRR) SRR PUINEE A A R

XU B R T A B T, Bn) A A A — 2, BD
T=m/2 FFEERIFEF S o= 1, DULAHIE AER F/ME.

FEFR 13 R TR AR B e S AR E U EE

#1 RHIS AP, T=52

LER € AER FRR FAR
10 37.23% 35.94% 13.40%
15 28.18% 25.01% 15.43%
18 25.40% 20.63% 20.54%

#2 RH3LATL A, T =233



%3 I 4 F ATIUTPCHETFBELLGRANEERR « 1151

ER ¢ AER FRR FAR
10 35.30% 32.48% 12.50%
15 26.78% 21.15% 17.78%
18 22.74% 18.73% 19.34%

F3 RH 127 At L, T = 4000

eS¢ AER FRR FAR
10 20.56% 21.78% 10.38%
15 18.38% 18.92% 12.42%
18 16.56% 17.21% 13.04%

AT 13 AT AR, BEE R T o s A B TR 1
IESINPSES HlN N
PERxet L, 38 228 SR B2 3] 1 0 £, 2R 26 (K-means ) (1
T3 B A AW GRREA TS SRRIE A ] o SR e R IO AS
AN S R A MARE AR I T B I i i 2844 25501
F 45 PR T RARE T IETAFI LI AR,
4 SR127 AL R, T =4000

FHRHA AER FRR FAR
2 24.56% 25.87% 15.88%
4 17.34% 21.52% 19.32%
6 26.16% 29.11% 17.76%

TEF 5 1 M H T ARSI R ITTIE AT %4
PUIIEEAR , FA5 5l AER,

S5 ARXFEEREF RIS L %
Ji ik 15 4 5 31 A0 R 127 A o5
E GRS 20. 56 21.78 10. 38
Rk 27.37 25.11 17.34

M 4.5 Ha] LR B, SRAS SO AR BURRE IS A
SCHT BT AR 5 1, el A 2w TR ISR 2607 ik iR
Ik

4 ZERIE

ARSCHE T — RS RS2 UG LT O R RIE $2
WO JFEMEERY FE T —Fh a4 R R Bk, e
SRR B SR ICTC s R B RO R B BT
I ELASSTHY TR 7 A T HoAt R ) SRk BAT S sy AR 32
1 TA SO R T 2 21 04 b R iy U 8 B A 36 LU X
PUBERCRE R, B0E S TR ah i s TR il
SE k.

[1] DIMAURO G,IMPEDOVO S, LUCCHESE M G,et al. Recent ad-
vancement in automatic signature verification [ C]//Proc of the 9th
International Workshop on Frontiers in Handwriting Recognition.
Washingten DC:IEEE Computer Society 2004 :179-184.

[2] BAJAJ R,CHAUDHARY S. Signature verification using multiple neu-
ral classifiers [ J]. Pattern Recognition,1997,30(1) :1-7.

[3] HAFT,EZAHM KM BT EHRELRANG DKL RTX
AEA[J]. AU A ,2010,30(2) :445-448.

(4] R, 2w, RE, F ATENFERIERELNHEL LR
A A5 508, 2005,41(18) :57-60.

[5] #&Mk, AR, ATHRABRFOBEXELFEAN[]]. H AT
#2155 4, 2010,53(1) :190-193.

[6] GURU D S,PRAKASH H N. On-line signature verification and recog-
nition: an approach based on symbolic representation [ J |. IEEE
Trans on Pattern Analysis and Machine Intelligence, 2009, 31
(6) :1059-1073.

[7] F7F &, FFR, —H LT DWT 3JUAT 8 & 3 F R P -S4 50 %
[J]. 3+ HAutr A, 2007,24(3) :303-307.

(E3:% 1148 W)
5 DT-SVM J5 3543 2 A4 1 I 48 4

g Cl 2 3 C4 cs5 C6  KIEWR/%
Cl1 1928 0 0 0 145 0 93.01
2 5 333 0 0 7 0 96.52
C3 77 0 429 0 0 0 84.78
c4 0 0 0 86 19 0 81.90
[0 0 0 0 17 16 0 48.48
C6 0 0 0 0 14 23 62.16

r“:;z; 3 099 Igi% 2816 BER R 90. 866 7
6 AT S IR

ES Cl 2 c3 C4 Cs C6  KIEWR/%
Cl 1975 0 0 3 95 0 95.27
2 0 345 0 0 0 0 100. 00
c3 8 0 498 0 0 0 98.42
C4 0 0 0 105 0 0 100. 00
[0 0 0 0 19 14 0 42.42
C6 0 0 0 12 0 25 67.57

iﬁsﬁ 3 099 ﬂc;ﬁfyg 2962 ;g 95.579 2
T SVM 225 J L 0N B FURE RS e it
Gt 1-a-1 l-a-r DT-SVM A SRk
SRR % 94.449 8 94.127 1 90. 866 7 95.579 2
Kappa 7 4 0.897 0 0.8915 0.873 9 0.916 8
BT /s 18.90 16.48 2.74 8.73
4 HEWRIE

AR XHEGEE EE Br A T FR T T —FhEE T A

SEVHN K ATABAY SVM RS I3 ik, SEBRaf SRR A 732805
ERARE 2R R OF BB AT ] B v AT, 51648
IIGETHRREA T vk PR 45 T 1 2 ML) SVM 2283 2807 1k
AHLLRAT —E MIEEY, J&— A R R 2K 05 vk

SE Lk

[1] XA ATRHEOTIGELRAR ;LT E[)]. kA FER
¥5 5 4Rk ,2006,8(2) :93-95.

[2] &% #¥FEIHIRELLE SPSS Clementine & A [M]. b7 . & F
Ik B B AR 2009 :247.

[3] RFL £ T4t FIRBE X HEaTH[]]. AHLFR,
2000,26(1) :32-42.

4] LNOUE T,ABE S. Fuzzy support vector machines for pattern classifi-
cation| C]//Proc of International Joint Conference on Neural Net-
works. 2001 :1449-1454.

[5] KRESSEL U. Pairwise classification and support vector machines
[M]//Advances in Kernel Methods:Support Vector Learning. Cam-
bridge : MIT Press, 1999 255-268.

[6] YAN Zhi-gang. Research on ECOC SVMs|[ C]//Proc of World Congress
on Intelligent Control and Automation (WCICA).2010,2838-2842.

[7] PLATT J C, CRISTIANINI N, SHAWE T J. Large margin DAGs for
multiclass classification [ C]//Proc of Neural Information Processing
Systems. Cambridge ; MIT Press, 2000 547-553.

[8] ARUN K M,GOPAL M. Fast multiclass SVM classification using deci-
sion tree based one-against-all method [ J]. Neural Processing Let-
ters,2010,32(3) :311-323.

[9] TAKAHASH F,ABE S. Decision-tree-based multi-class support vector
machines [ C]//Proc of ICONIP’ 02. [ S. 1. ]: IEEE Press, 2002
1419-1422.



