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Online Handwriting Matching Algorithm Based on Stroke Features

ZOU Jiel'? SUN Bao-Lin? YU Jun?

Abstract To solve the robustness problem of online handwriting matching, a novel method is proposed in which the
jumping and merging rules are introduced to the iterative step of dynamic programming. Specifically, jumping rules are
used to deal with the superfluous and loss strokes while merging rules are used to deal with inconsistent handwriting
segmentation caused by jerk, hesitating, compound-strokes, etc. In calculation of the cumulative difference matrix, a new
measurement is proposed in which stroke shape information is applied to measuring stroke differences. The matching results
calculated by the proposed method are compared to those of the existing main methods on SVC2004 and SUSIG public
signatures databases. It is shown that the new method can obtain better accuracy and more robust stroke correspondence
with respect to various local writings and segmentation inconsistency.
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Fig.1 Examples of handwriting segmented by

perceptually important points
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Fig.2 Inconsistent segmentation caused by over and

less curving strokes
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Fig.3 Inconsistent segmentation caused by superfluous

and loss strokes
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Fig.4 Jumping the jth stroke of testing handwriting
(left) and jumping the ith stroke of template (right)

handwriting
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Chinese character “nine”
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Fig.7 Two normalized compound strokes in Chinese

character “nine”
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Table 3  Average matching error rate (%) for various

values of «

a P VEBLAR IR
-0.5 12.13
0 11.26
0.5 10.54
1 9.56
1.5 8.33
2 7.06
2.5 7.31
3 7.91
3.5 8.42
4 8.79
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T2 AN, — SRR I g bR IR
Tl 28 0 1) 14 22 S5 R AE T A A8 0 v A R d /N, U

PR LA R
2.4 AFHHMEEEE

AFTREXT (1) IR 10 AR T
it RTPLERZEUL, h T2 ERZ 2
FZ2 A BRI Y B oAb 2, PRt A R R
A (1) HEy (K] (1) PIASBRERRLI R AT

WKIEaTR LI A2 1 3 A MBI, FEA R 55
B2 E T, ARUHE I R, IR E AN A M
LG 75 AL SVC2004 [ 40 4154 EAGH P-4 It
BedtiRAanZ 4 Fis.

F4 ARG PR R (%) B2
Table 4  Average matching error rate (%) for different

merging rule combination schemes

HEH R G TS Y DT R, %
VES! [a] 11.21
I 2 fa] ~ [d 8.33
I3 fa] ~ [e] 712
I la] ~ 1] 6.04
%5 fa] ~ [A] 6.52
Jr% 6 la] ~ 1] 7.31
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K, PAZ TR 4815 VT e 48 1 ) 22 S s, RF & 2B DT
Bets . Frulas | AG IR Ao 2, &4 Bk
R REE RO, Ak, I Z & IR AR
Bt

SLIREE RN, MR TR 4 B, AR SCOTERT
I VC LA R IR B AR,

2.5 EBEREENRIE

FoT R SIS B 25 A e A B AR AR 5 F1
M), K525 1.2 TR EmEREE T ESHA
(05 1203 HEAT g, AE SVC2004 i 40 412544
IS VLA RR AR 5 P,

MR 5 ATPAE Y, SO Re A S AR VL FL A
B TR S AR SO A AT T T A 1 [A]
A2 S, (A5 A A T XM SR, /] 13 45
THEARR =248 Eoy R B 22 S5 A e
HIERBIMICECES R, Horb, 55 1 RS 2 22
AICTTERI VSRS R, 55 3 BEREE 4 B2 TA
M. 55 1 REFIEE 3 R AR B, 55 2 AEAIEE 4
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%o B B E YA RPE. 5 SVC2004 1 SUSIG %
P PEREA TP B0 2 4 2 7 e — Bk, s Ak
Moy 4 4l AEBIEINER 6 MER T FioR. AT
TR, fEF— %G L (Windows 7.0, Mat-
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Table 5 Comparison of the proposed stroke difference measurement method and the existing method
fir (20301 i fy 1521 AT
SEHPLRL A IRR (%) 12.42 16.05 17.42 6.04

& 5
60 80 100

4 SWI 5 SV 5
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4% g W1 ; 1
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55 3 SIS 4 R4 i TR 2B TE CA IR B PR RCES SRR )

Fig. 13 Comparison of matching results based on stroke difference measurement between the proposed

(the 1 and 2 columns) and existing methods (the 3 and 4 columns)
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Table 6  SV(C2004 signature group table
ik BRMTS
1 3, 4, 6, 13, 15, 16, 27, 29, 31, 40
2 2,5,9,11, 12, 14, 17, 18, 28, 30
3 1, 8, 19, 20, 22, 24, 25, 32, 36, 38
4 7, 10, 21, 23, 26, 33, 34, 35, 37, 39

A ER LRSS R, K 14 filE 15 th & A s
o 5 E 12 FiE 13 AR B 14 FE 15 o AR
T IR TR B VC LA R PR 1) R
— B, FERIAFEENHE) (A, T).
SRy A BT A 1S L R R SR (B, D, J, R, U,
W), BB RESRE (1), BI85 Y o<
IR (G, P). Phoes mai (K); 2) & FhR—3L
Wis%E, FEAA—HWEN (B). 2%, L% (C,
F, L, Q,S). —8MERZEN/IMEE (H, M, N). fi
2 (0, V). #EEIT, FRBERIRGHIn,
IX 2537 o DT L ) 5 g R AR T

Nk 8 S 14 A 15 e 1 RIS 2 A0
R, 16 SVC2004 F1 SUSIG AN 1254 $idi e |,
SR TR EE AR, AR SO ¥R A D E A A A
PE ESABRRTE. XRET: 1) AR T R
FHALE RS+ BT 2 RAE R B ) 2 AR (L
JER” BYBOARTT R, (e R AT T, $2 T
—MERAEREF W ERETTE. BRAIARE
SRAEAT B, HRZ A X MY SRl ME
X2 A7 AT 4312 2029800 gy iy |
R PR 2 R AR AEL O B K R s, P — 4l
B4 A5 5 A S m XY 6 R P2 BRI
MU oA a7 B EL UL (U U L A XAy ), (H2
HTRE S HEERA R (A R/, A2E), A
A VEPCIEEA R /BB AN BOA ] 19 4L R 7455 5
ey = A A R VEE. (KA DL AE 3 SCRE 48 I o
WL, BlanE 15 sk P U FR). 3 FRTEHES
iR A POYVA SN i i 524N WL B S ] DN ST i)
B{ES R, HIMAEAL BRI 2R A B 5 A — S il
I, ARMEBCE S — I E AR SR S 4. BT Lk
1P = £ I W = AT 18 B A R R AN S Sl
TR . BN 4 BRI IF D2 RURAED > 23,

F 7 SUSIG W44 43

Table 7 SUSIG signature group table
HE BT
1 9, 11, 13, 14, 16, 18, 19, 20, 23, 24, 25, 28, 36, 37, 46, 53, 54, 65, 69, 88, 105, 106, 113
2 1, 2, 4, 8, 10, 22, 39, 44, 55, 56, 67, 70, 71, 73, 80, 82, 84, 85, 90, 92, 93, 108, 109, 114
3 3, 21, 26, 38, 40, 53, 59, 61, 64, 66, 74, 76, 77, 83, 86, 89, 91, 94, 97, 99, 100, 101, 103, 111
4 15, 29, 32, 34, 42, 57, 58, 60, 62, 63, 64, 72, 75, 78, 79, 81, 87, 95, 96, 98, 107, 110, 115
* 8 FESVC2004 1 SUSIG b, Ak S CA AL 4 A28 FTF YL IRE (%) i
Table 8  Average matching error rate (%) comparison on four group signatures between
our method and existing methods on SVC2004 and SUSIG
H14 $24 3N FHA4H

SVC2004 SUSIG SVC2004 SUSIG SVC2004  SUSIG SVC2004 SUSIG
Cpatka et al.[3] 8.96 10.17 15.76 16.56 18.85 20.96 23.42 26.85
Barkoula et al.[25] 10.12 11.85 15.73 16.98 19.31 21.21 23.27 26.23
Mohammadi et al.[2!] 9.54 10.32 16.53 17.34 20.14 24.44 25.21 29.45
Wang et al.[*?] 8.72 9.97 16.23 17.85 20.81 20.64 24.83 23.80
Lee et al.[23] 8.14 9.07 15.13 17.57 19.62 25.17 27.04 28.12
Quan et al.[20] 19.14 20.18 26.31 26.21 31.25 30.47 35.21 34.19
Li et al.[2?] 12.34 13.97 20.14 19.39 18.93 25.32 25.31 29.93
Hao et al.[24] 9.31 13.83 17.01 17.63 17.48 20.85 23.18 26.21
SRS 4.56 5.48 5.14 6.52 5.57 7.41 8.89 10.32
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Fig. 14 Examples of matching result obtained by the proposed and the existing methods on SVC2004
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Fig.15 Examples of matching result obtained by the proposed and the existing methods on SUSIG
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