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Abstract: Currently, OCR (optical character recognition) classifiers are generally designed for one character set
(or language). On the other hand, multilingual document increases drastically due to the globalization. Therefore,
designing a document processing system with multilingual capability is very important. A general scheme is
presented in this paper: two OCR techniques, a system, and a language classification. For embodying the scheme, a
Chinese/English mixed document processing system is implemented. Three key problems are considered: the
control of the system flow, the classification of Chinese/English regions, and the segmentation of English characters.
Compared with old systems presented in other papers, the module of the classification of Chinese/English regions is
added in the system, and a novel approach based on the equidistance is applied to the module. To verify the
effectiveness of the system, another system is implemented according to the methods presented in other papers.
Experiment shows, the new system is more effective than the old system. The recognition rate increases from
98.48% to 99.13% on magazine samples and from 98.68% to 99.25% on book samples, respectively.

Key words:  systems design; language discrimination; character segmentation; multilingual OCR (optical character

recognition) system; document image processing
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R OCR#FEAR. —ANZGAEZT HIB A TR LB, ZRT AT ELREGXFRELZA LT IEY
AT 3 AR ARARES ., REEZRBSBEREIFHWS. 5EAENG R, ZZ G T XK
EE R BAER A T BB a9 3 5 ok A Tz AR A T iR R & a9 A B0k, S A A AR 9 7 ik SR L
THANEZAFRERENZLANBRVIRTIH ARG ELEFFPEHF Lag7 3 £ 5 7] 98.48%
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#= 98.68%4% 5 2 99.13%%= 99.25%.
KBIR:  RARIES PR F A 2B A FF AR A G A B R
R EESZES: TP391 XEEARIRED: A

J6 2 T4 1 (optical character recognition, fii #x OCR):: A i B WA 57 46 T BRI, % A\ Taushek F-7E 1929
EPURTG T % OCR LR T8RS 4TI SO b i 305 B 74 JF s — 22 R I v LA 35 R, BR
FHZK A 20 AL 50 FFAGEH TG THEHLIE I OCR BORWFFT AL BALIRAC, . H o sl 5075 B AR L
IR IR) B R 5 VB SO IR B,k e, FARTE 20 tH2d 70 AR K 2% S0 00, 36 T 20 4D 90 R4
JFRE T R OCR 9T LAE, H B S-SR B 9046 T 20 AL 70 44K 80 H:4RH..

e CEPE S OCR BNV AEAE 20 AL 90 AT I 1 e, Hh SC OCR B P ER A AT )5 8 T s A1 5%
L BB S B i st 0 1) 5 1, 5 16T P s DR 2 0 4 30y 23 12 (UNLV )5 B ABFABFFT I (ISRD T 20 22 90 4FEA4R
TS & R b R G D () OCR AZ Lo B AR EAT PRI, 3 A9 7 1R B L 122 Al g 7™ o 1) P 0. e ] 2 AR S i o xef o
S OCR LB ARBEAT I 2 VM. LA J 8 28 A0 ) = ZEVR I 45 2R

(1) UNLV 5 SCPFI: ph R TR R 22 AL 3 BERIE 9 DTS2 18 17 3C OCR A% B AR (K B T OCR, ‘& J >k LA [H
ExperVision A ] ()4 X HER AERTTIA)E 1992 FE~1994 4F[f) 530 OCR #Z 0o AR VFIN 3R A3 1 B VF Il 4> Tl
G UL UNLV PP P 258 A0 45 TR 36 | PRBE IE B b 36 LSRR THT B AP = KT, 20 /NI L b i T LA L8
B PR NVE L, JE T SO PR (document understanding) [ P9 25 13X BUAE 36 B — R AEBUACHERR BUA H it
SE G DR PR S AR BUK L AN A% B SORS RS IR, S R S T e ).

(2) UNLV H SCyFil: i b 5045 B TR Z BT S S0 OCR # LB R (i #k A6 A7 OCR)TEME— ¥ — K UNLV
130 OCR P AE PP i 3R A5 5 HE B 3 YV A 0 28— T30,

(3) FE 3L OCR VPN FRIH 55 4R Wi UL F5 (H) P 30 OCR #Z 0o AR 2 R IE R K Z T TR T e H 807
HrAIURIE T 1 T SC OCR BEA (TR OCR), A K H B R e 8 B AR ¢ 3 1) & Pt 9 5%y U 58 1) o 30 OCR
PR UG R IFAAC I L2 /T, A SRR £ OCR).H % OCR. JE OCR HIIEfF OCR 2 20 22 90 4
AR I F) 3 35 rh S0 OCR FA 1 HE 27 AR S R A DT o A 84 73 50l 3R A3 B £ e 5t

PLE 4 51 OCR #0373 )i G 9 S0l vh S0 AR — D3 R R TV AE b . DR ANE 5 S0 R I H 2 1T i
PR g Bl U, T I OCR A% Lr 4 AR R[] I [0 1R 50l V4 SCRN 2R U7 v 5 9 28 30 30 IR R AR
Ui Ai R

o FRFEITHGIE D SO SO LA R SCA A5 45 2R T S0 Rl g R S AN B 22 A B 2H B, VG S5 )
(B 1, LA BTV AT A8 8 145 0 745 2 AR S eI AR 53— 5 11, 2% 75 SC 7 HIAH &8 745 7 ARG B (504 SCAH AR 7~ 75
PR 322 ) 1R 3K i, A7 IR B 3 20 . DRIk, R SCR A U0 TR R AN R T HL 3 R AR R i AT [ — A R
B A I 1A ) R AR ey SRR T B L AR R A D S AT 23 D) R HE L R, A A A v T S R A
I3 F T A U R A5 R A AT REER A il R AR

o FARTRF R AR T SRR D AR B B AR AR LT R R SCE R B AT EA BT

JCP R RARR AR LA 2L TV L UL, PE 30 OCR UG 7 45 TR A0 744 1, R T 7 A A5 ROR 3 i 74 IR
734877 37 OCR (KRB AE T 75 IR, I 32 7 A T PZ BeAT VG SO A ™ .

o JEARIGIN ATy T AT R . B B2 EA b A ) AR 22 ) BN JEAR K 1 S 45 U 45 4
] By R A D AE P AR B AAROR A B 7 A L RS R <1 AR HE R 00 (1] 4 Old English 74k, N AT fiESE
CEE LR SCEAE IR AT 22 T0BE ), I 2T ST AL LR BRI AR AT AR K 2 5

H T DA J5U PR, 2 Sl ABIE TS A 9 S WU R A% O B AR e LA P 4 56 O 3 7 24 A 45 S A AN 4Bk —
PRI A R S SR HESCAT 1 3 Ak PR R, A6 20 BE K doe DL L 1975 3 OCR HAR A e At L (¥ 477 307 OCR 4%
AR BAE— N RGEZ B R S i (9630 OCR BRI I 1) S0 OCR BRGS0l oK Fay s d L B AR P 5
TRHESCATE OCR R G2 A SIS BT TR LU T R AT 10— R A k7 6

(1) PIIEA 3 H — I R 75 3C OCR 2 AR — AR K 1 45 77 3C 7 OCR 44K
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Q) MR MG M ATX UL O HOR K OCR R SE, 1% 5 e LA B 1 )2 0B BB 5 A TR AR,
LA AE U F IR~ OCR $E AR R AR 4 i ¥ Jo 3 30 7 3 5

(3) W F AT i E AR ST LB BRI F SGE R L R G A BEHOR SRR %0 5 A TR,
A5 28 28 R ORG DU P 6 o DA 3 A2 PO R ERL A DY S AR T SO TR SRS 1 25K

AR SCRE I IR 7 T A FL Ak R S 30 B DAy Hh S SCTRFE SRR

A5 PSSR A SCRE R T T, 2 BEAT T OR BRI ST AR SCHRIS TR RT3 (K 75 3208 SCARAT D) 00 R 4 B,
AR A v 5 AR A8 B 1) B AT DL€ 3. S 56 2 113,95 % LA L ARy 9% SCRIHR "7 1 Al M 7 5 SR 8 1) 9 5
OCR " HEAT IR, A 9 30 0 5 ZERR A 45 44 TR LAR P S OCR 4R IR A SCAAT R 23 B H K, 7P ST OCR R
F 2 93 A8 BOR LS AT S 1) 5 W 1 SCHR (6] R T3R8 10 7 K SCAAT U1 53 D0 "7 0 B O AR s 6 v B oK o e Wl
LEF T YA RE 225 0F 80 2, N A 18— FR A0 23 i, e R TR 45 SR 6 B R VD 0 B A%, E T Gabor 4
AAEHEAT H 5 SR, I BLEE Sl R A0 FBARS AE X PR 45 SREBEAT 56 UE. SRR (712 SCRR[6] A2t 20 5838, "E 0 T 3R 4h 3L
HR[OT " AN FIE AL BHUR 2 58 SC (AN AL RE 48 By R 5 50 X 11 Dy BE AR EAT DU IF BT 2L+ MCE 1) B il il 25 AT
Y ARVE T AT BB SCHER[S TR T 745 40 b 45 K 3047 1 5 10 0, O F AR U AT A5 BE LU SCo3 A oxl i) 45 sk 47 2
BRI SCHR[OT 1 S0 44 F BB AT (R 16, JF b D0k SCARAT, A% T R 4 32 B0 iy 8 65 78 DAL R T 3 A ] 1
RABEATIE T 22 I8, 020 3% BN (¥ 73 8% o EAT YU, Joe i MR U0 Wl A5 B2 ¥ SCo i L A4 e P AR LU
X ) 5 R AT I

R B SR SCRR[S—-91/E LI VI 23 (45 Hh SC IR 745 U1 23 A& ST 54500 30 AN DL 3 (1 35 T P 1) 4] 1)
7 125 R AR > R Tt e T ART ) SR HEAT U0 20 RS TG A U DA 8 S P 3 I PR S 15 DL A AT )R
PSR G5 KR PR AT T3 3K Al 753 TV 1 BIAR v A TR A A, DR, AT T DK 23 B U5 A 25 48 TR
)i PO AR SR T e SR R AT U 20 1 U0 23 SRR A AN [ 103 35 T R 38 HTAS [ A U 20 50, R 5 TR
(K L) SCEAAR T DU I 2 7 A i RV AR 5 3T DA G AR X 7 Ji  AEL IS S RS [0 gt R I i 2
BN F R R HAN T

RS I 38 A e ) — 35 S OCR BRI — I8 30 OCR A i v 55 S0 HE OCR A& 4, HH A1 R G 0 LT
BT O E RERR D 500 sl 3] Py IREAR 23 S A S PR E T Bk 2R BE I IRRIE FT K 3 S B 1) A -

o RIS

22 T T S PR TR () Rl A TR AN T o SR DR L, — A v R BE K AR A T e RUAREE — ARl
S, E AR & SR PR Gk« SRV AT LAY RE 1R B3 A48 1 A T 5 R AN AL R DRALE 2R 48 1) 2
P RE. ] B3 25 Aol S A FE R 3 ) s DLV R 2R 0 ) e DAy S B 11 T L.

o WL F X

BIRE STAAT Rl 93 1 22 A DI REAS DI (19 745 FAT A I O35 35 8 P O T R D SR HE SOARAT SR bt 5 2
o SCIX s, B R B S X AR, S ELAH &0 DX s H AT A TR AR 5 A AT AN TR A AR 1 3 S T SR AN R D)
93 T7 3 DA M AE Ak 20 b AN [ 5 ) o 5 VR R 1IN R AT AN ) 35 T A1 1 DR 0 8 2 170 20 i 11 4 00 3R,
XSO HE OCR AR GER i, I TE T 5 XU 73 3 2 B AN PO R A

o FILTFAFISr

i mp S DR U7) 2 AR TRT R PR, 29 S 3 DU DR DA 7 RS B v e 00 23 DR W SR ST A U 93 i R S
THE OCR R G¢H i 254 2% FE ) ) .

AT 1A~ 3 U BAE 3 A [ EUEEAT 3t B L A ek 525 4 TR R BATT T A Hode AR
KRS, I I ASAN T T8 73 B S 6 B, 00 U0E AR ST SRR 1k 7 G AR AT AR AN A

1 REREEH

SCHRL10]H 4 21, 2F B 2 FCy BEAE B ST, — DI 2R W) 2R G2 I 50 2R 40 DR W, A0 D e A SR AL B e ) A5
L,OCR RGN %MWL — NI BLR L. ISR A OCR RGUR LW 1 Jras, 70 AR RE . J5 b PEAIXLE OCR
OKAER Y, T AFEAT A 4.
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Fig.1 The flow of Chinese/English mixed OCR system
K1 hoeSCiHE OCR RLEVRE

(1) B4k

ARG N . AL WRIE AT BAT V) r RO 23 5 AR 3L rh a4 AP RN ik i OCR &
G

© BG4 EGNERAES R F AN IR & P A

@ Tk HE 0BG A4 MR IERR . U B0 ) AR 1F SR

@ R 53 1T A SCRS MR K 73 DA SCAIX sl P DX IR 36 A X 4k

@ BATY) I SCARRIRRN 53 0y AT SCAR B RSCARAT.

® HLIYI5r. b T 1 3E OCR AbHE BT A1 K5 R AE 4% T4

FHVI 2 E o X OCR A1 463 70 M T8 S48 AF B I AR B0 A5 (B 2 B S5 ) SO AT R T
SCARRIAT SEAFREA SCA AT

BN AT,

BN HE ARy,

BN HE A B,

B JUANEE S8 1) 98 SCF7

TR RATX BEEHERR T 2 DU S B0 AR FRBR T 3L A8 SC- FHIR A (1 003X 2 75 BE % A 3 e 2 H 2
DT W 2% ABCBE AL, SCA BEAT BTl A2 1) _E 3l 4 At 2w LUOR B 1

(a) MRIPIAAH AR DL ) 2 AR 1 5

(b) BB TE AL IR 5 SO 1 A REIE (1.

AT LUE 73 b 3R R (a) AR (D) 75 AT IR S22 SCHA BRI it o 08 2 J3 7 FR) AR S A 40 28 46 IR Atk 505 AN
IF V0 TR L6 A ik A M AL () BIARR 152 () PR B i 155 5. L BRI S A% i 75 Y90 140 MR 4 A /S 18 b 2R 48 v REAR G % ) 7 SRR
IREAT L5 T IR AHIALEDT 708 S0P i,
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() JEabm

BFEFIEREVE . MR R0 45 Rl 3 AP TR

@ TEBEVEA AR R SO 2R AR ) AT AR DR AR DU 45

@ WIHI P 52 AR D IR RSRT SC 7 TR 45 R 0 52 D s S R T

@ &5 Wit BT O SR R A R SR I SR VR P B R SRR L

w2l

P REVPAN T e oo 2 4 1 00 AR Al R DA &5 SRSkl s A5 232 00 OCR IR UL &5 L o SR AN 222
R A R G S H R XGE OCR, AT I AT A6 7F 5548 o X 35k 22 R s 52, LA v A R e 1) e AT I
AN DI TR R B VPN JCVE T R G nT g B ) — B S R M E R AT U1 4 -V 0 45 A, 4 T i A B A
2 JG HIRHAGE OCR.

(3) Wi OCR

RiE OCR & RS M A% L4, W 1 s, A dE LR JLAS D 3R

@ PLETE T DI 85 5E i A I [ 28 SCAKTAT B SCARAT K1) 3 A o SO R S X, LAAR 4 AN [F] (6 78
DX AN [R] 6 2 455 D 43 50

@ /PS4y A3 VA K v/ SO S R R S R U S B A B  SCARAT R A
Hok.

@ /53 OCR 1% .OCR 5% n] LLsE Sk s jifi— T 2 AR OCR #% OB AR MK 4.7 30 OCR 51 %% H Fr b
FAE B TR BT R 30 OCR A% Do AR, 9830 OCR 5148 % H i T K 24 WL 2 RE I 93 BT 92 19 76 3C OCR
Bt iR,

@ FESCYI 5y VEAR AR 1 St SR A R R A B VT A 9 S0 o 4 BT AN 1 D) oy R Ik AR
ESCF LTV -V -V 35 A A R 4l S X S B b AR S OCR 514 (1 —Fh A 345741

2 NRESXESE

H T DT PR A< B R (R AN DU T o 98 AR A5« A &0 7 5 DR 1 B8 ) >R o, SCSCAAT HoA 9 S
GRS — — AR R I AR ) EEAE (B 2 B 7). 3K SR RAS B2 7 MR XS S i, BRIT 24 [ — SORAT HR LA
[ P A s ANT) RS 507 I, A P S5 DB AT AR A F AN ) 7 5 IR DU AE ) — SOAAT 1 B AR A
SCASKS IR DLREAT 20 BT

B A TN A S BE EIL T E A

Fig.2 The equidistance between centers of Chinese characters
B2 U7 A A ) B
B A SO SO FAT U RIS S R BT RIS ST S 1) EEAN [R] T RROR A5 () B Cn B 3 A& 4 Bor). Bk
FRAT 5 I S T7 0 1) G 4 P /s 3 R AUt Tl 4 J R R TR A K Rl 4 R R AP 5 A DX IR 2
AE 50 e A T4 A B 1) Jrl e P R AT X8 35 1R 001,

Fig.3 The equidistance is destroyed by English characters
B3 e RO A5 ) B

FIEA  AECAEF RIS BNFH . LR

Fig.4 The equidistance is destroyed by punctuations
B4 bR AT 5 OS5 ) BRLE
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2.1 ZFFrMEHEY
TR W R SO ARAT B AT AR A0 A ) R X — A R R I R T DU e M s AR TS H SR .
FESCARAT BRI A Je AT 9S4 BT A U T AU 45 1) BE 3 ol JR0 S TR A T L St 28 2 e /s — 3
ysSi
2k dp /s ARk ] DU — R A EE sl d A — 2 HL46L 015 B 407 2218 Bl /N FRATT LN y=ax+b(a Al b K
AR IR ELER TT R n AR S IR N ey (i=1,2,...,m), AR H 28 1 g /s — Feydi T 45
Zn:2x[(axi +b-y,)=0

i=1

> 2(ax; +b-y,)=0

i=1

FRATHE ST AN AR bR 2RI AT rh D AT T R KL A O B AU x ARAR IR D S S T
FE A BRI ZKP B A D 5 m ¥ y ARAR. R T BRATTI H IR T 40 A R 0 T I 56 TR R PE, DR ke, 1 4 7
I3 AT LR y=b(Bl a=0),AA N (1)15:

()]

b :[j y,]/n )
i=1

TERAEHAN p i, T R B AEDUT 1 TH0, eA 148 F LA P9 A 000 5 500 a4 T 3 9k

(a) TS HHE 5 AR SR L AN Tl AL A O P ) B T (R i R O R S i — A O R R — R
Lo BE AR AN I ABUAH 45, U JE PR 1 B4 2

(b) JER F B R g 8 A AR/ B R AT (e, s 755 7 AR A A

K 5~ 7 23 il B 2~1&] 4 79 B0 T4 o0 A AT R R e (a) &I 3 FR IS “Mancon” & T4
HL BE AR K, R AT <n e fl e 5 <07 2 1) 1A Hp o B T BURH 258, TR b, El E Al 0 S0 S R 7 AR IR A0 S g
Bis(b) P4 rpfgee oI, 5 o R vy B 0 b /0N DLk, e A 2 P B i o .

Fig.5 The distribution of the centers of characters generated by Fig.2
K5 B2 SCPATIN AR R o A

¥
» ™ m - - - - -
L L
—a
x

Fig.6 The distribution of the centers of characters generated by Fig.3
6 3 SCTAT I AT R o A

T

Fig.7 The distribution of the centers of characters generated by Fig.4
K7 B4 SCEAT IR 0 oA

AR 1] 5~P 7 rp e sl D0 R BUR A0 BRIEAT FL 2k 015 B A
(1) A4 2R (2) i ot it B 2 T 7, MR X 3) T M il B LR V0% 22 o, BUE MU HLAY o<H
e (3), 15 WIHe (2);

x

0=[i(b—yi)2]/n 3)

i=1
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(2) LAEZ y=b My FURER s 0 PR AL, 993 AR s Q) AT HL 4 Ul & B 1,

(3) WUR P AR B rh O BE b S B I TR, 2% B 30— SO0 A U st T S SR T A3 0 TP O BE L SE PR IR B 2%
T SRS AT A A T BT DR R, R T AL G ) T T RS A, R AR X (4) A IR R A — R
R REAT — I H R P Ar R 1E.

bz(zn:coiyij/n 4)
i=1
P BUE o, 7 H R0 R
{@:L%w—%Y<Hﬁ )
o, =0, H(b —yi)2 > HIF}

et Bk B E AT LA A A s P A TR, I T 5~ 7 B R, AT AR AR U AR B, R S T AR IX
BRI RAE T AEE A AR
2.2 XExH

ALY B R A B BAES 2.1 TR G 5 vE SR — AN B A TR BR [ IR T AL 5 D) R 1 DX AR
HA SR T8 AN T 7 e A 70 9 SO o DABEAAS b PR A5 [ B AN BB X B 4R SR (BB 4 v ) eoE Ak e
FIC 2 A]) AL XF IX A A 00, FRAT TR FH T 10 PR S0 AT 07 1) A 4R R AR

BiEL

FRAE 55 2.3 715 19 DX B0 55 4000 Uy s, A 4 v S X

if (FFAE TR S X)) {

D= 2.1 T A 100 550 5 b S b R oo

=1;
n=SCAFAT IR HLG

L=3CA%AT x WA 1%,

R="SCARAT x WA %,

while (i<n){

J=
WO SCAEAT 4
while ((/<n) && (R~L<D)){
if  ((==D|((L#+R))/2-D/2>R~1))
&& ((i==n)||((L+R;)/2+DI2<R+1)){
G i B j 2 TR SCRREAT , AR 10 B A B SCAR AT S D X I

break;
}
g
}
i+t
}
}
else {
SR
}

AT A FEDUFBUR NG DL, EIRSCAKRIAT x MAECR)ILGIFA R — AR & WA a2 AR Lk
B 5 R K B2 17 DR I DA AN DX ) IR AN g DU X SR S SOA AT 15 9 O > DX
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2 bbb B A SOAAT N 53 A5 A DB RE A DX R 5 AT A TN 20 B T B SR EEAT DR
)R I R D0 o 1 55 R B, R 58 B T U I 0 R A BRATTUA B 4 o (1 SCARAT D 91, Je s X el
4l A, A 8 .

IR, ZECAEF TR BANFL B

(a) Original image

(@) Bk
FI AR ECAEFR LIE R BT i8R

(b) Results generated by the equidistance
(b) AR A5 i P4 2 i 45 R
o T
(c) Final results
(c) &R
Fig.8
Kl 8

R

2.3 XIEiEE 5
DX 5 00 LB T R 5 A R SRR BE 1 G v R B DA A S AT U S A A 04 I 2R B
i T LSRR Sk B IR R
FAVE A SCHR[ 1117 1) Fisher 432845 04T 577 OO0 AR B 0T AN IERZE R ¢, SN IEFIZE R e,
AR DR A8l R SCIR IR a(Chy 9 SCIX S I ME SR B 1—a), AR5 000 DX 0008 0 00 1) = 45 50k n 3T
R A DU IR R mCH 0 R TS - RF R0 A n—m).A2 CR 2 S X IR, ER S 930 X,
i/ TR/N S W
P(mA~" 3L | CR)- P(CR)

P(CR|mMH30) = P(mA~ 3C| CR)- P(CR) + P(mA~™h 3C| ER)- P(ER) (6)
Hrh,
P(mAH | CR)=C " - (1—¢)"™ o
P(m/ M| ER)=C" -(1—e)" -e"™ ©
KA (7 ERA(6), 115
P(CR|mNH30) = " (1-0)""a o

" (1=0)" a+(1-e)"-e" ™ (1-a)
M SCIR[11]7F Fisher 4328 #8045 H,c=0.971,6=0.966.F T~ A J11 I 4k, o 98 [ 8 PO B0 125,100 =0.5.
KB AR AN (9), 7T 45

1

0.034)" (0.966)\"™
1+ [t

0.971) 10.029

1

0.034Y" (0.971\"™
1+ i ——

0971) (0.017

1

(2m-n)
1+[0.034J e

P(CR|mAMH30) =

(10)

n-m<2m-n
él{ i,

2m-n=>3
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P(CR|m4\qﬂi)z;z99.96% (11)

0.068 %"
1+
0.971

EESEIECS
, 1
P(ER | m/Mh30) = = -
1. [0:029 (0971
0.966 0.034
1 1
= MAX T = = = (12)
1, [0-034 [0971)" | (0.029 (0.966
0.971 0.034 0.966 0.029
B 1
0.029 """
14—
0.966
Y —2m>2 W,
P(Ele/l\rF‘i)Z;zZ%.%% (13)
0.029
14| —==
0.966

HH 2 (L1)FN 2 (13) FT EAA T 270 ) R )
mﬂﬂMZM wmmm{%§+awﬂ%ﬁ¢igm

2m—-n=>3

@)%n_Mszmsg—wi%%ﬁ%igﬁ;

(3) BN AE (1) (2), 0130 590 Ay 41 4 I D B =5 2 5 0 30 8 S e
3 BNEFYR

IS HEFE LR AT LKA ) 40 B 2 X 3 AN,

o O 2 AT =740 PG ) TT LA FEY 10 2 HHEAT 4

o 1 25 1AL 770 BRUG IR)ASHE 1 AE 03 P 10 5 2 HE AT 4

o 2 L AT UG 16 A7 ARG 3

R 7 et A 73 25 30 1 A 2% PR AR I £ 1) 4902 9.

o 0 251 1 7 [ .

o | g 4R E A,

o 2 SR TR HIH SR TG 1T AR5 U2 AR 1 R AU 4 R A MR ST 4 VE A Bk i £ J )
AR

DA PR 25 S R0 ET) 4 7 T VIR 5 A 90 S e 5 AN 5 0 500 1 L) AR T 7 — T A A B8 ) SO PR rh 3
S K2 T I A7 R U, AT IR 3 24 D7) 43 S5 905 A6 2% 495 R A ) P 15 T 88 6 R0 1 2% 3 00 A 92 1 T
B, B 70 4 R HEA R ) A # A0  A TAR 10 5 e 0 1 A0 B i A 356 S AR e S ) 4 A ) % e

KRG W Fs IR O 7, 45 50 U143 PP LA 2R 3]y S Tt ML 30 S 5 2 28 R S0 T 45 R4 T
PR e S R 7 7 LA AT AN 0 T A M 2B R R D 4

© PEBREBALTU bt/ www. jos. org. cn



I P EITORALF AR R 795

Vertical
projection

operation = 0

Connected
components
searching

operation==0?

Segmentation operation=0

operatign==T17 " p01nt.s operation=1
searching

operation=2

segmentation
gvaluation

operation==2?

egmentation
results

Fig.9 The control flow of the segmentation of English characters
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Table 1 The result of Chinese/English region classification on magazine samples

R RGBS LD Xk B 4R

Language Character number Error [ Error 11 Accuracy (%)
Chinese 64 731 576 — 99.11
English 43508 — 782 98.20

Total 108 239 576 782 98.74

Table 2 The result of Chinese/English region classification on book samples

2 DR LB KA B

Language Character number Error I Error I1 Accuracy (%)
Chinese 75352 461 — 99.38
English 60 473 — 715 98.81

Total 135 825 461 715 99.13

S 4 SRR B, LA D8 A B R AT IO A S ik ) T ARG (R SR, D) T R B v T DA SRR B I
B, LA D) RIS (13) 45 HE 1A B 1 B, X T B2 RN
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o DT IGAG DY SCTRF, H HL TR DU R 1

o R HN DRI AEASE (1), (13)A AL R A& A, ) DA BRL“p 45 3040 210 Sl & SR S A T 5 7 D 128

o ULARTEA LEAE LT AR 55 5] FE 1 TE kA 8 DX 38 A, B 3 T, IR R M R A
P55 3 ) 00 7 A% O R AR 45, BT bt 6 DX 8810 e T T AT PR LS S AT T BB s g R A R
4.2 FHYVHEHELL

MRS RN 3 FIZR 430 R T s B R JESC I D7 i 11 3R 7R 122 40 2 HP ST I 95 S0 777 4
AR T R 7R BT VI AR B AR TV SRR IS5 U1 H R 2

Table 3 Character segmentation accuracy on magazine samples

F3 REFAE LTIV B GS

Language Character number System Error I Error 11 Error III Error IV Accuracy (%)
Chinese 64731 III 18749 : ;Z : 2221‘
English 43 508 111 B ;;? _ 1(3)(6) 3332

Total 108 239 III 18749 ;;? ;z }(3)2 gzg;

Table 4 Character segmentation accuracy on book samples

Fa PERALE LT Ef R R

Language Character number System Error [ Error 11 Error 111 Error IV Accuracy (%)
. I 61 > 0 - 99.91
Chinese 75352 I 110 > 56 — 99.78
English 60 473 III : égi : ii; gz:(z)
Total 135 825 III 1611() ég% 506 ii; gg?g
S 45 R WY
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AU 48R, 1K SO R 2 SR T LT RS SRS B AR ORI 5 R I SO (R ) Rk B TSRO A RUCR A
R B P ERE S SR Y 4

(2) WAL 1V FIRS 1,7 LG B TEE S AR T V)43 7 L, R 48 1 KR T 2 S LA 93014 5 1
RE N T RS K2t T:(a) PR SR AR R 0S5 U1 2 50 (b)) 18 5 A5 1) 7 47 80 H AN [,
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Table 5 Character recognition accuracy on magazine samples

System Character number Error I Error II Recognition accuracy (%)
I 108 239 534 402 99.13
11 108 239 677 962 98.48
Table 6 Character recognition accuracy on book samples
F6 BREFEALE LRGN FRLER
System Character number Error [ Error 11 Recognition accuracy (%)
I 135825 478 530 99.25%
11 135825 568 1215 98.68%

4.4

4
ity

5H8ZEOCRAZRELE

8 IR ERETRAE M PR AR IR AL LR SE 1. ARS8 1L AHLTE OCR WU 3 1 EL AL

Table 7 The comparison of the recognition accuracy of system I,
system II and single language OCR on magazine samples

R 3~ 6 HINER HERR th T 5 R A R T B0 UM B R, W] LU B FLE OCR R R 3R 7 AN

T ORSHEARSLE LRA L RGN AR OCR YU R L
Chinese English Chinese English
System character character | Character Recognition Character Recognition
number number number accuracy (%) number accuracy (%)
System I 64 731 43 508 534 99.18 402 99.08
System II 64 731 43 508 677 98.95 962 97.79
Chinese OCR 64 647 — 450 99.30 — —
English OCR — 43 335 — 229 99.47

Table 8 The comparison of the recognition accuracy of system I,
system II and single language OCR on book samples
£8 CIIFASLE LRL L RY I AIE OCR WA HK

Chinese English Chinese English
System character character Character Recognition Character Recognition
number number number accuracy (%) number accuracy (%)
System I 75352 60 473 478 99.37 530 99.12
System II 75352 60 473 568 99.25 1215 97.99
Chinese OCR 75291 — 417 99.45 - —
English OCR 60311 = 368 99.39
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e =T 5 R R IR R ST AT
AT BT S PR R R ST AT R

T BT 5 R R PR ST AT HL
o BTN TR E=A R G S SOOI R B8 5 F A R A 95

2 Sy
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g AREHOL T 9br b AT AT U R DR ) 0 I XU OCR R &8 1R %4 fig 5 B 1 OCR — 2L

AAS

5 45 it

AT A 20 3C OCR BERFNZE 93 OCR S i o9& SR HE OCR R GUHT EAE p 3 A LB 1) il : 1

SR REFE ] DUSEE 5 X BRSO A D) AR5 1

e A

T~

3 4L A TIX 3 A R A R T 5 SR BR

2k JLR B R SCRT e H I R 7 AT 2 A R, R G AR 5y M 98.48% 11 98.68% i =1 £ 99.13%F11 99.25%.
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