%35 & 9
2009 £ 9 H

H 2 % 4R
ACTA AUTOMATICA SINICA

Vol. 35, No. 9
September, 2009

— M E TSR 2 XM XA TR EMHL LR 7774

? %1,2,3

B

T # o

5PRFR0 R, AL A SIS B A SOR TG, A SCER Y 1 T RS D S Ry

+ B
AL R

TUE ¥ SCA TG I IR A28 % 390 iz, IS 138 B AR R SORR IR 8 32 1% V006 2B 00 v Je b AN Al 4 40 1) 1 5 AR Ak A A T HiEA,, IR
NS 185 J5€ Bk PR A T A AU JEE . A2 RSB T SO TE RN 22 SO 3 AR 4, ARSI DUT s JE3C kAN
Y /RSB EHEAT TR, SEIAEN, 1207 A R HE IR BRI 2B I S T .

KR BN, SCATOR, IR, TR, DU R

FESES TP3914

A Microstructure Feature Based Text-independent Method of
Writer Identification for Multilingual Handwritings
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Abstract As the same as character recognition, computer automatic writer identification is a research subject involving

different languages. This paper proposes a text-independent method of writer identification based on grid-window mi-

crostructure feature for different multilingual handwritings. The proposed method depicts the writing trend of local fine

structures in handwritings and uses weighted distance metrics to measure the similarity between handwritings. Based

on the proposed method, a text-independent handwriting retrieval system is implemented. The system is tested on the

real handwriting databases of Chinese handwriting, English handwriting, Tibetan handwriting, and Uighur handwriting.

The experimental results demonstrate that the proposed method is a general-purpose and weak-confined method of writer

identification with high efficiency.
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(d) BE# B WNTEL B2
(d) Chinese sample B2 of writer B
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Fig.2 Chinese handwriting samples of writers A and B
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(a) BEH C MHFLEL C1

(a) English sample C1 of writer C
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(c) English sample D1 of writer D
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(b) B5#H C MIELEL C2
(b) English sample C2 of writer C'
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(d) BEH D 5L D2
(d) English sample D2 of writer D
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Fig.3 English handwriting samples of writers C and D
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(a) Tibetan sample E1 of writer E
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(c) BE#H F M gL F1

(c) Tibetan sample F'1 of writer F’
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(b) BEH B WHCEE B2

(b) Tibetan sample E2 of writer E
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(d) BEH F MSCED F2
(d) Tibetan sample F'2 of writer F’

Fig.4 Tibetan handwriting samples of writers E and F'

w000, 7,0,

(a) PUFEEIE AL MREE RRFE

(a) Microstructure feature of Al

23
A() 70, | T

)

(c) WL Bl [KiREs kAT

(¢) Microstructure feature of Bl

K5

DT ML

(b) WFEEIL A2 MTEHRHE
(b) Microstructure feature of A2

00,70,

0,7, 0, T

(d) W2 B2 NS HRHE
(d) Microstructure feature of B2

SEIRN

Fig.5 Microstructure features of Chinese handwriting samples
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(a) Microstructure feature of C'1

7507 0.
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(b) WL C2 (WL HRHE
(b) Microstructure feature of C2

(¢) FLEHE D1 IBRE T

(¢) Microstructure feature of D1

0,0, 7,0,
(d) KR D2 AR
(d) Microstructure feature of D2

K6 S BT L )
Fig.6 Microstructure features of English handwriting samples

00,70, 150,

(a) HLEL E1 RESHRIL

(a) Microstructure feature of E1

() MICEETE F1 WIS MR

(¢) Microstructure feature of F'1

0,
(b) L B2 A HRHE
(b) Microstructure feature of E2

Y

(d) WD F2 (S /R
(d) Microstructure feature of F2

Bl 7 BB IS IR 7S ]

Fig.7 Microstructure features of Tibetan handwriting samples
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XHE A7 T P, PR R i ) 22 S AE AN TR 155
AHIF S35 A NI, K 8 WILAE H, [
SCRHAS [ -5 5 5 28 8 PR Il 8 e e A ) 4765 9 S 1)
ZESE, M0 [A)— 155 2 2B MR P Gl af A U A A B
Pk, FAfs e F—B5E 135 I RAES
FSRRGER, ANFE B E S A BT AN A
55 BB RS R M 1) 22 7 RE 0 L 0 Rl 4 A R AL S
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/ﬂ\:qj, V1, %l] Vo %%Uﬁﬂ? V4 %H Vo E"J%’éﬁfﬁﬁ, N
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RZ NS HFERERG TR B BT £
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(¢) M B1 5 F1 2% (RAHE%)

(a) Difference between Chinese samples (b) Difference between English samples (c) Difference between Tibetan samples

Al and B1 (different writers)

X107
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6 X 001
=4 = 0,005
b
2 0
0 31
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(d) thacsgk A1 5 A2 278 (MEB5#)

Al and A2 (the same writer)

C1 and D1 (different writers)

(e) ¥ C1 55 C2 27 (MFHEH)

C1 and C2 (the same writer)

FE1 and F1 (different writers)

(f) WX E1 5 B2 2% (MR B5#H)

(d) Difference between Chinese samples (e) Difference between English samples (f) Difference between Tibetan samples

E1 and E2 (the same writer)

B8 ANIR B[R] 455 5 28 3 () A 4 AR AL 22 5 ) s i

Fig.8 Differences of microstructure features between handwriting samples of different writers or the same writer
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3 EMLFFLIWER
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PA VI 6} P ) 2B R R T 2 2% 28 T8 (R AU R kAT
HeJw, &8 L8 55 7y i) 2 i S AR LI 2 5 2 T 1 15
G, FENEWEL T REN 5 E. FIHASCEE S
(R 2E T8 S ) D7 v, FReAT TS0 7 —ANadE T 2 RS kh
(15T Oracle $U3 R 2E IR R R4, Ji4F HIT-
MW W FFGREARZEM | TAM 330 T 5 R A ZENS]
DA% AL 45 P 52 s i SC RN 4 5 R SCEE R RE AR )
T Tk 45 R AIE T Y AE ZE TR S ) R R P REJEAT TS
3.1 ESHEKE

HIT-MW M FFECAREM IAM 9 CF5F
AP A HS L AT 5 AU A ). FAT]
XHEFIH T HIT-MW JFErh 240 A1 TAM i 93
ANFEXAR, REFELARANEELEAHF. BT
HIT-MW FE R 55 N AL T — 55 SOA, FRA1
N TR T SCAS J3 58] 1l K 5 22 1) 9 s 28 T FE AR
Ebinpe 2 R A1 R0 A2 8 R A kg T HIT-MW
FE [R5 SCAS, T B1 Al B2 J& T 5 AR,
SERR TAM JE B3 657 ANRITFS SOAR, FA1iX
HEE 93 N#ERAE T W T 5 30AR. BilFEA
N 4. S48, FATHE QKR T 400 0%
Y BRGNS FH LD, BT H AR TR
ARG P EWNEBEAR, &%, A2 T 266
NHIESCEE R 120 N W 4EE IR CEETE, B NAB
AP R AR SO 2R SR REAS . S0 2B 3B R AR

6 7. FATTIK A 0 4 55 S 6 i A 3K DY AN 22 3
BT
3.2 KWIREFMLWL

BATV AN NP RS BTG —RfE NS %%
I, kAR . RN T BRI
FHRWEILE 240 FIFSHED AT IR, 3K
A AT R) AR AR e i, BT B A 5 R R A
T 8 (A () 5. sk o B B (E AT HE Y, T DA RIS
W B AR U 2 5 2B, XGRS BRI
TG NN N R ZERED R TREN B EE.
— 2, W] DLSRA X A v 2B 7 B vl BEIR AT T
B NBEE 4 5, ARYE 240 B AT BT MO %
{34 44 2 75 I AR 2B R (M SE R 155 3, mT LA
THE 2 T MR IERGE. T M = 1 I, 5t
PR IEME. FRRE, X 93 NS L% . 266
NIIFESCEE R EFT 120 NI 4E B IR SCEE IR, 43
WA A IE R, T R ) LR
AR SE VR AR LA, BATIAE PR &5 F
FERH 0o =7, REIEHCE 2% 11 K/NA 15 x 15; T
PE\ PRCSCRIE T IR SCEEE, WL no= 10, & R/
21 x 21, K 1~4 53 T IR T S MR IR R
TTVFEAE DT TS0 JROSCRI4E B R SCEE S ) )
HIES BT 5 EAIET 10 IEIEFR, JELLER T AR S
557 R PR BE. B I I R T 0 1 I IE A R
K H) 94.6 %, M09S GRS RN 4EE IR SCEE 4 1K)
R IEREER D L 98.9 % 92.5% M 91.7%. T
AR R, PR — NS % £ A
WA JE T R — 8 SOAR, AR N HE ARG — €A

®1OWFBEENEHE (240 N)

Table 1  Identification accuracy rates of Chinese
handwritings (240 writers)
PRBS R FIEIEMAR (%) W7 5 WEIEHEE (%) 11 10 L IEF# (%)
LQENEERY 78.3 93.8 95.4
RITHE RS 87.5 95.4 96.7
AR EG R 2 92.5 97.1 97.9
I Iy B RS 94.6 97.5 98.8

R2 PECEALERNIEFHE (93 N)

Table 2 Identification accuracy rates of English
handwritings (93 writers)
BHBGRER  HRIEHIE (%) W7 5 WIERE (%) §F 10 EIEM#E (%)
OGN 93.6 96.8 98.9
RIS 95.7 98.9 98.9
I K G B 2 98.9 100 100
IR Uy B RS 97.9 100 100
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x 3 OICEILEAERE (266 N)
Table 3  Identification accuracy rates of Tibetan

handwritings (266 writers)

PRBS R HIBIEAE (%) 11 5 WEIERH (%) B 10 EIEA# (%)
DR PG 25 79.0 88.0 90.6
RITHERS 83.5 89.5 91.0
ALK PG 2 92.1 95.5 96.6
AR T7 BR RS 92.5 95.9 97.4

R4 YEEIRSCEL R IR (120 N)

Table 4  Identification accuracy rates of Uighur
handwritings (120 writers)
PRBS R HEIERERE (%) 175 EIERR (%) 17 10 LM% (%)
K G B 83.3 90.8 91.7
RITEE B 85.8 92.5 92.5
A RR EG 2 91.7 96.7 98.3
A 7 91.7 96.7 97.5

K5 HMEFIESE TAM SESCEREPE B S ER %
(B4 ik Fr B )

Table 5 Identification accuracy rates of different

features on IAM English handwriting database

(Leave-one-out, x> metric)

FEAE NHCHEIE (%) 75 & (%) /T 10 & (%)
Contour-Hingel'! 650 81 N/A 92
Grapheme Emission''] 650 80 N/A 94
TR RAAE 657 85.3 93.0 94.2

KL, M HBEEALER R XAPBEZER MM
PN FTEL, BRI 2B R A IR - R B 0
b AR AR DL 20 I TR S ) T R B SR 4
F IR AL vy 9 ST P rp S B NS
B, BAFEBENKSCANEH 2 EE R,
DAL P45 30 LE A A AR B R R DA dc i

T 5 ICHER [11) R AR BEAT BB, FRATTHE
TAM 4§ 657 ANH)T-530A EbAT T 280 %6 ) S
5, R Feh R 5 A BRSSO REAT fn H] HIT-
MW FE—FER 73 FIARPE, IR SCHR [11] AH R )
RITHE SRR “F 7k (Leave-one-out)” K563
W, 5 g YT A AR T B AL R I ) SR
BITERE S SCHR [11] P R . XA T 3C
BR [11] PRI A (HFAE, B Contour-Hinge
FEEAT Grapheme emission F#1iE. EARSCHA [11] H
T 650 MREE A, mEAMEH] 748 657 A, H

e ] LA, FRATIEE A0 A A e i A S i PE g
FLT 3 PIRPERFALE.

4 it

MG 25 BnT DU ) 55T IS 2 1 Ak 45 40
AIE B 28 708 55 00 7 4R T 2 RSO R 2R TR S ), I
HARBRINAR ) B IR A ARG T ARG () %)
PERE. X g5 RAUE ] 7 AT 404, Tl 45 A R Ak
AT DL AN [R) 15 5 25 28 8 UAS ) 22 S, R RE AR I
AN [7) SR 28 328 5 AN AH [F) 10 J=y 5 Al Al 46 4, 6 1
AR A, I SLEG 25 Bk v LU ) Al A I R A
F R A M R X0 T8 P D 4 R R ) e,
T L P RO AR A PE 8 52 5 )k e AR AH 2. X i
W, FH & 4E 5 BhRiE 220 T AT AL, REfS 4K
P BAT R B 0 R R REL DR AR A 3 T
SUHL ) B 100 28 108 55 301 5 3 e AL 1 SCAS S BN E
1T 2 W TE PSP AR VEDE, TRATTHE 19 28 T 1 &5 MR AIE
(1) 48 38 25 ) J v L 2 I AR AT AR ) O H
PSR BB LB R 2 AE, P DLEE Tk 45 A R Ak 1)
SR S TTAEAE L B N AT A T L S
B 4 AR AR (P 28 00 P BB UL T Contour-Hinge FFAE
FI Grapheme emission i, thANTF % Grapheme
emission FHEMIZRAEE B IR. T AP
JIE S — R SCARTC ORI 2 SOM A 08 %80 7 1%, AN e
BRI X ANFGE L, 850 TN F5 AR BT
DIy MSCA bR, AHN TIE PSS, B
ST P S B IR S0 T7 . T R R AT B st LA
S5 HABFAAE Rl Gr, & R — 2l Ber TAE.
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