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An Efficient Character Image Enhancement
and Region Segmentation Using Watershed Transformation

Young Kyoo Choi'- Sang Burm Rhee'*

ABSTRACT

Off-line handwritten character recognition is in difficulty of incomplete preprocessing because it has not dynamic information has various
handwriting, extreme overlap of the consonant and vowel and many error image of stroke. Consequently off-line handwritten character recognition
needs to study about preprocessing of various methods such as binarization and thinning. This paper considers running time of watershed algorithm
and the quality of resulting image as preprocessing for off-line handwritten Korean character recognition. So it proposes application of effective
watershed algorithm for segmentation of character region and background region in gray level character image and segmentation function for
binarization by extracted watershed image. Besides it proposes thinning methods that effectively extracts skeleton through conditional test mask
considering running time and quality of skeleton, estimates efficiency of existing methods and this paper’s methods as running time and quality.
Average execution time on the previous method was 2.16 second and on this paper method was 1.72 second. We prove that this paper’s method
removed noise effectively with overlap stroke as compared with the previous method.

IS : YEIME BB (Watershed Transtormation), Mx 2| 2™ (Preprocessing Process), EIIA| £t 21A|(Handwritten Character
Recognition), OlZl&H(Binarization), Ml (Thinning)

1. M

rhu

2 (Preprocessing) & 3 sjofdth ojgl&-& JMAlaL vk
o=l oA @2 B2 A2 WA @2 29 H
g gAe G, AR FA 0] Fot A4 o g
o] itk mebA 29 E4 U4 A9 dF HRA EA
54 ARE FF3] Y *F 245 FHsE Q(Stroke)

A48 FX2EE dojA dolEoM AE e
ARE oA He oxelql Ayl 32 Ex U
2 (Contour) & F23A E2d(Skeleton) &

_OJ
> r:ll
Tl

ol ‘{N'
kO
O I T

5 AXYE BLE Bk Bk 4y BAol ¥ & 223m, Y79 HUS BHGe AAsE Wl F
de B2 F9y fFo st ohdst FEo ArA £ o] 3 glch AL A% Fo F&& o)z ¥ xﬂ/‘iﬁ}
F A B AR &An gI& TUE E4dAT A ol Ao wiel 1 Edo] AA dEld) weld "r)H B
A A4e AL #Ae e FL AHA Pl met
15 3 4:uTuse gt Ax3sts QAE] o] dEOR o=l Hr)A) dF &4 <
H Z2a39 : gFgeta 47 - A4 - AFEBEE 25 o ox 5 o o
SRR 0000 3¢ 209, AR 120029 79 109 Ao glo) WA AT 2L FR A i BE AF =8




482 HEMEE2=2ZX B M9-BH M4=(2002.8)

o) BYglel EAT AW oHE ATl glo] Tk W
Hel g2el washtill

omael WolA B2 BA) glo] Y 42 Hs A
A% Be oldee AN ol B4 o3t w7 4o
& oot volEE 279 A4S dnEe I

AR Aeshe 54T A4 493 FA4e
P gy REY B4 AN Qo] B A 4 B
4 2ol Hgnh
SolME exalel WA Bah 4 Paw 94
22 99 2HH AL A=(Watershed) 44 Hst 2
d 9u4s Gae F2 993 WP 420z ose
A whaaE ol gd AN P
¥

BB =E e 79 N0

Lo =

N

i)

go o oy to rlr v po

&2

HEg U AT £9 SE A% BYe B ¢
Qol, ABAS FaeF 2 Ag BAol Yol BI1A

2 BAd 4YE AS pue Brse] TG 49
s

s

AZks B3 Qo) EAS welal 2ol A B G4
Aol B4 g9 W G99 B A B wRoly
AR 74 94 $ES AT AGAE FnFe T
Bes 2t WA ZAR 187 AAAE ol g 78]
P VL Y%7, -0l BF BAL Dejshel FA
Ar4e #290% 291 99 BY 9AE AR B
AE olg3te] 99 HHE Sk} WP A A= I
4 88 +4 :

o

0

E‘
N Mo o o
_>'~1_,
o of oo
R

ot
o
¥
e
o
a3
o
B
o
2
i
2
2
o
A
o

3 24 Q49 9o 2
st

22X Y 2EE 9IS HElHE dneFe 7Y

ABAE FaeAFE G Azl woklM AHE
agdoz A% e H4L B YUe pUIE
°2 AgHE el A84E $ne 5L Lantuejoul st
Beucherol os) g4 £89 2Hoz Ag 2AHYTHL
dedoz YHAE FmelF F12HA FHES Vincents)
Soillel3]ell o3 $87 Meyerfdlol 9% $goz grad),

oo
A=
2R
=

i

E 3l S4EA xR ARFgozH o] ATt
22 golxagd B8 B2 1% (Minima Altitude)o)
ARE E8 97} 22 1E(Maxima Altitude)7} A &o
b gol7he 9 E o83 7Y Be woldl MRy &
W Eols AXE F/MIIEAM, IEE Wik FPoz A
2 2 24 99(Catchment Basin)o] A& A3tA ° 7
S Pge] W ol ozt REe M2 2elsta, AT
dH9 FAEE ZALSH fALE 9
olti[5,6]. HEHA= dneFo ot
of EAlste oo dEZ FHE T
W& (Flooding)& A ZFstr B9 99¢ FAFoz IFA

2 9499 AANX GFAREA

B4 oL
g M
2

28X eldixt
maly At

HEHE Q4
(3% 2) YEeiHE HE e

LAV A G HET HE4
A 74 (23 2)8 2ol 4avAR TAF

= 9 34¢e 158 /M AA 9 HGradient Ima-
ge)o.2 Wgs b AAolA F8F H4xH
& #2394 3g8AE 3124
< TEZ HF A (Flooding)& 433t
o FAFE 99 & BE9Th wh AN 48A oA HARE ool

[N}
a0
X
v
it ox
>

o
o
tlo
A
i
b
=
=2}
i)
N
:kl‘__t"
o
s

at
2L
oft.
oz
to,
¢
>
o
18
e
me(-"

22
N
ol
B
=
)
S
>
=
w2
(@]
o
@,
2
=0
o]
3
o
-
[
9
™
>,
=
&
g
u
w

Operator), Z2$l 42K Prewitt Operator) 37}%] GAMRIE




A gste] gt 23 w2 Al 8Z e} A (Laplacian)
At Gl g ofF uast AAAEN FG Fi
Yol AFAl AHE 7 & Qo

Z Z2 Z3
Z4 Zs Zs
Z7 Zs Zy

(38 3) 3x3 Ooa=

Gy =125—23

Gy=1z5—12,

vi=[GZ+G2]V2 (n
Gy=(z7+zg+z9)—(2,+25+23)

Gy, = (23+zg+z9)—(2,+24+27)
vt=[Gi+G2]" @
G,= (214223t 29)—(21+ 22+ 23)

Gy= (234 225+ 29)— (2, +224+27)

vf=[Gi+ Gi1'2 3)

A9 Ziz (39 3)9) 3x3 vka3 o 7 shad) AEZE o
Bk 2H& ddbale o (D3 2] 7|7k A 5%
e 2 Bagse A 7}11 Aot A ehEe}
= daRket 2ol Fdell s Rdeta, Bdad 71¢7) g
€ HEhiZlE @tk £ 2z didAle 187 da &
= wav Be 2524 da4e FEdezy du4ds ga
gF9 ¢ $E fE ddAd vE ez w4
HEdTh 2 bk diz B3 g% g el o
ARRA BAjE] B2 A FHE Fu Ytk o] QikApe

ZHZ QiR vl 7187] 9 £xe ey HAdE 5
]_

QA thzh e mo $A, £ Y syl nuau o wza
THEL of A4tk 262 ddad M8 7187 dat 5%
e AAY 5o TRY H2He
2 BT} £ 49 vk 2R 23
22 32 EXNd 1A Hge Ao

FEaigon a4 da
87 e w8
2 ki £3 237

HarHe 471 WEFE JHAS G4 H8 £8 N3] 2
A Zddo 2ux dde gL 25y &IMH £ 71
U 7ler] A £t mang YE4E 94 8 58 A

o) F A wot med) AW g %94 239 2
2 99 ¥ 2 99 389 A4l Dol FEe

A%E 7Hd Fgo] dds o 2 AdAE 4 Q7 2

)

Watershed H2E 0|88 =X BX Q& =a 2 ¥ 23 483

of Wzt W el S AFE 7127 AN 23 5%
o ojRolAE B2 K4¢ 1AW B o Tay g
7HE wBIA ASY Y AYE 7127 BUAAE T 5
e,

22 AR HaH F&

73*} 7 WS DAl Dol HA} Gake] 7 HAdd o)
3 AR A g TAEIS Y AN e 2E
Y—Ll@ql ot FHA HAHE FE23 FAHot, FAME
Az ALE 13t vlA(Marker)E £AH 02 %7
313t} A4 el tis] g% o] T 4(Neighbor Pixel)
o] H9E nsld AAoR Ye ux RES nlAEA
27188 F °] % J4E At 9 YAy vpA 9 e
5]*4:‘“ Fol QAT wiFote} BAPE

e 2 9452 ARPoRH AT 2L
JPAE e JAEE Jo] 2Tt A Jedolq 2
3Hoe +gsin by e 12E 71 JdA A %
& IEE /1 99ozA e g5 door Raay

ped 9U5e Azd 999 fA4 wazd o
BT AAD 99 KA W AERE G Aol
A ol AgsE 7H gl da) A9e sdet] 45
& ke

if R(p) *#* R(r) p,reD

Rec (P) < T

then begin

R(p) U R(n)

end 4

714 DE AA 99, po} r& 49 B dAoA e =
2 44, R RS £38 AaHE o
™, Roc(p€ AZHE 99 pg g4 55 yehdoh

A A PEE F9 349 7187)(Gradient) 72 o] 83}
o FAME SASE 222 AFT F 49 Rp)S R(p)o)
MZ G231 Rp)d dd 99 A7 FYA(Te) B 2o
BT F9e S /L gida gdetn ¥ie 9

#} o] HA4ol Y@ LueASS 4 @] nyvh




484 BEHNL|SE=2X B M9-Br MA4Z(20028)

if R(p)#R(r) p,reD

(Rsy (P)/Rs(p)) — (Rsy (1) /Rs(r)) < Ty

then begin

R(p) U R(r)

end (5

oJ7)M RevE 94499l Foln Rst 49 7)ol
= wA oz A2 e Jd 999 dg F 394
H77e] #HMean Difference)® ©ol-&3lsith @l Ao
gz PYFFe JPFe] BHA g AF AHgLdn
43 £ 99 R R(Dol A2 th23 Rp)ell W 99
BRI R BT Aozt FEA(TwEHY zod
= gode gAML AT gttn wustn HEE s3I
t} o] FAo) digt duEL A (5ol BA
if R(p)*R(r) p,reD
Rem / (Rem XRem) < Te
then begin
R(p) UR(D)
end (6)
71 Rewe Z2¥d 999 Hg vehdoh
nprlgto 2 A2 e A 9 dis) F 99 23
el BA ZHCombined Variance)& ©)43t%ith. B4l
glo} WEe| Walde T oo FAM Hlid| AHgHETh 9
A3 T 99 Rp)% Rel A2 th&i R(p)¢ Rr)°l 2
3He dde] Bat ghe] BHA(TORT ol F 49 &
AHE AT doka wdstn WEE Sk o] HAe

g dangEFE 4 6 AT

25 Hotst 2X Ho BES 9I3 Y T4

(32! 4) 2X "4 282 S YRS FEE

2 R} B4 9% 32 A% A= duAF

F4E (239 O 23 B4 Gl B8 ol (29 5ol
Bt Qs enPEe FHHE 24 wAdN 4942
2 54 459 A% 99 TS nefsted WA B

_‘:",__

A 3 Bd b4 AYE e AHE dneFS
FABG, WA T 7127] ANAE ol gae] BAL
= 3 Ha

e

Baac

e 9o AEE A FgolAe wWg dEF} &
A Jee Bt oldsle slEez ARSSgt. HE4
= Qare) ZETt Ina 018 &E 7HAE Lna o139 B2
W) AR ghg drdch ety 94 BEIF Ina o8
WA ARe 1o Bdth QHS A4 ARk
sol7t 242 W AEY FEo) Bk P AT WA
HE #E a)e AP AESRASE YIA &2
72 dolgulolzd s BAH &F FAE T 2%
w73 AE8s Estn

M Watershed 8




I4e Btk (17 6NN ZFuol oF FAEIHA
e I} B TR AiAE AA BES B 4 A,
3 3Rl Iy = 1009 @ ZAZ YEE, 08y &3
Hel AAE T AN £ 948 4899 2
5 Rllae)® B7A B2 24 dolHe A4 2E
a&el Aelel o 2EAE o} aich

32 =7 Al ofA3E 0|8

AAsE A4 7o A e AL FE37) 43 2HHS
FEee Aotk ALY FEAL "UA A A4 A E
el FHQA FHE x¥els gof 57 A4 Av I
of & d%s #vh. el "rH d2 ERY F F5L
AAs Ao 2A g&sta Yt AAE FHe Ao 3
ZH2 ARE d& & v FHH(Skeleton) & FEdH=
HAHow AAzt R e Exld gojAMe e 9
o 54 F29 Aee AASA A9

A5t A odaddl tig 37t 7182 HEe) 924 (Connec-
tivity) 2] B3} 7153 Ao 2%,

@& <
@ <
X O] %

@ =432 OwAsAE X don't care

(38 7) = dAF3x3 023

X
@
X
X0 x
@ <
X |@| %
X | x
X |@| %
X |@| X
Ol x

2 srdAes Q7iA B4 3 A 9=
HEE o8¢ 94 B Ao wEHQ BRZgx
ol&ste AAstE Fste WEe At (¥ N
ol 27 A} 3x3 w2 1€ 94 B Aso] BrEHo
T 33 wAAE NEdE Fob YAS FAslo B
Ag T4 Hadol £ (End Point)e] ohHx 972 HA 47}
Clold AAY AT FAE gk 3X3 wpAaA 2] W
92 e wix wRHoz RE HAd ghs) Yo

rE a

Tohuom oo R

C,= kg Nk_(Nk'Nk+1‘Nk+z) )]

7|4 "IA A 949 43 HY $AF2 98 zaH
ojof & AlgoR dAZF A 4= 4 (77 go| A,
NgE 3 g4 yeha N 28% g4 vehic
S=1{1,3,5,719 AL 7MA T gHeF Ng < 255918 Ng =1
oli, 71X FOoW Ny=0°] "o}l

e 66N ee N e
@

Watershed #4212 0188 E8MQ 2R S A U 901 B3 485
LUK ® e
e 6N e N
90zH &H 90=M 3|H

3¢ 2224 ol TR BE Ao o3 (19 8)
3} 2e 274 A Plad 28 BEeE B4 9

of Aol Bt U4 49 FY FA Y@ 92
8 57 30 44 39 HAE
(29 98t B& 27 A4} whaa 3
A7 B4 57t 3olw FY R4l
2ol olst gy =

Ae 29,

tlo
ol

x
ok

tlo

I T
N g I
=2 =2
> x
2, 2,
X X
o o
o

e T

X B o oo ®

)
Y,
>~
-
d
-
w

tlo
Ao

A AN vhaag olgdte] AUNE S
# 238 nozd A48 $4e 59
A2 ¢4 2R e AFHA oA

@Jﬁu 2x} g%ﬁ(wmershed ‘?j%)(%‘é} %Q} (%215 §§>
T

o)

Feix HLE 2
(8-02 wey

w
[E=Fagde]

4l
Qaiershed %‘Q)i(—i-—@ Q-?—)

(38 1) 2 =29 MHFHel X2 AlAH THE

(37 1)L & =24 Ak A2 AAH THE

olct.

ARelAE AEAE FuZ 2 AANAY HE Pl
e +4 Ag M@ BT £ G 2ol 3o} 7]
£ WHET 2 ERoA XS PES B S AT 2

Ant gde F2L vn BIRAL, B wiel AHEE Al




486 HEXMEISSI=EX B M9-B H4=(20028)

sl gual 71Ee] W) 3 Azkat 3AA] F4E& WUt
gk A8 AHE 372 Intel Pentium(r) I Processer,
Microsoft Visual C++ 910]& AL&3tch Ade] AHEE A
Zo KAISTAA A&g di@vl=r o] AR o]2(Korea
National Language Information Base) CD-ROM¢| 58
srzo] =714 dlolg HolA AE 7 A 520 A 7HA]
o) 7| A £ diojg FollA T2 £AZ 1007149 &
Adstal 7 GAdA o &k MEL 100X1009) B
gaoz pAFo gk 53 AE 10089 1% @9=
Aok Yud= dneFe 2z aAM AL ¥R
g 53 A7+e Brleta, 94 B AA R AAdst FA
ol 7] T B =R Wy w2 43 A3t
ZA4g gt wigtez AxHQ HAZ HAA o]
7180 W B =2 URle) A9 5208 A7k B71A
T2z} dolEle F S8 A A & d 3o HE T Al
7He AXtste] g

A b1

41 el 22|F zH oA AE 2o
Sobel
85.472
855 1
85 H
Prewitt
84.422
845 M]
Roberts
83.938
a4 H
835 M
83

(38 12) 7187] QUx) g T s Al

CE 1) 7187) ARl o2 8 AlZE L Minima

C 0 M G W
Roberts 198 5.552 88.702
1 Prewitt 183 6.493 88.726
Sobel 202 6.728 89.532
Roberts 176 4527 86.359
2 Prewitt 189 6.350 89.487
Sobel 202 6.680 89.788
Roberts 129 4.399 80.728
100 Prewitt 121 6.362 81.867
Sobel 132 6.440 82.664
e C:4¥7|4 2 DB W3
e 0:7]&7 343
e M: Aix &4 #
o G:71&7 Q4 F9 Az
e W : Watershed ¥ 3 A
o Azt 1 1/100 &

<E >3 (28 120149 o] 71&7] AR H&
o wat 2 @A} 085%, 2= Akl 083%, M
AxA 08422 Ewlx AR Hi 3 AjZto] JH F
A BrrEdew ¢33 A AL 9o FHdo] FA FA
etk <E 1>olA 39 R o] ARk @Y 7t
BE4E £3 AR Lol AL & F Ao, Zgsl
Aakate]l AnE g 3 A7, AF G4 F4o AHE

@ e ¢ 5 Ak

i

96 95.084
94
92
Neighbor Pixel = 4
90
88
86 8712
84
82
Neighbor Pixel = 8
80
78
(2% 13) o] we miof w2 HT 5 Al
(E 2) 0|2 W& =Moo @2 8 Al
C Ne M w
4-o] % Wk 267 9399
1
8-o| % W 183 91.726
4-o]% W 27 102.329
2
8-ol% ¥ 189 89489
4-ol% 167 90.459
100
8-ol-% W3 121 81.829
e C:d7|A &% DB W%
e M:ALE G F
o W : Watershed W3 53 A|3H
o AIe] 1 1/100 %
o No:2e{® ol Wy Y4
o] -o] % Wk

(29 13)3} <FE 2>0|A 9} o] ZHA HAH
gojM e o] AL 4-0] %

H A 0BEZ 8-0l% WF 44 A HaY el FE A
e o

—_




574.192

Gradient

87.274

.ﬁ""‘”"e

(E 3) 9o RAIE S5 Wl ©E 8 Azt

(38 14) 7z &Y

Lo o= o

C L W
Gradient method 576.59
1 Mean difference 8.705
Combined Variance 91.726
Gradient method 579.318
2 Mean difference 87.068
Combined Variance 89.487
Gradient method 572.308
100 Mean difference 78.662
Combined Variance 84.867

C: 474 ¥4 DB ¥z

L: 99 A 24 94y

W : Watershed H& 3 AJzh
A1) 17100 &

it or 71&7ld 9% AR A PHe YHHA=
HE 3 Aro] Hatgke] A A¥d 999 2ARE
S ol s 433 ZojA= dHol JAR A3 F4
o oAM= FL ZHE Qo] Aoz Hol AHEET 3
ARt oA d2 £4 98 JoiMe 47 2d ge
el vl Al F29 740 dEAlE Atk 2y
T8 A7l QlolM= HTEHY Aolg of &g HhHo] mE
Aoz 49 2% AU (28 1499 <F 3>oA¢ 2
ol 49 I AN I HEHA= daF A
S5 Azl we ol 574%2 ofF =¥A dEhd
o Iy GikE]l GdelME RS HEEHE 49
T AL =P FL& 92 4HE L F U] Bl
qo HAR &2 @3l Slode g& 5 7t
E L e A8 A% HIFH A=
e 2 S olgate

o]

i,

OII.

>
>
o
2L’
rlr
OE
i
_\1
o

Watershed gigtg 018 EN ZA S gy 2 99 22 47

00
Al

< A7) 98 Mean HE AHgete e o2 94
o ol 9lo] Bl A8 = Wiolt) Unsharp masks
Y AE A3 g e FFHE uE FilE UEe] F
£ HoltHIO0L (29 15)9A RE upe} Zro| nla3 A
o PE AS £ A2 0922 wE Holu, e 7
o] AL 4% 213%E oF =gA FIHYU} B =
oA AHHAE dndEg o4 I BEL2 0862E
O A 7HA Wy w9 Aol JH st

20 BM filter + Unsharp mask
BM fifter
200 203.102
150
Unsharp mask Watershed segmentaion
100 *
90.744 86.176 I
50
0.

(29 16)lA BE
T 7]&e wHoz

A} gol A Fe FA YoM
ZA gH¥g Ag A g3 § Aol

Y&o WY T, vhaz A A3 e FA Aol
g E5ol BoiAE ATE nJezH AY AP K
Holx) Ralgirh et & R A4S YneE 48

Al A3 G2 Gl dE A= T3 g3t g oo A
g5 FA Yeigth £ o 949 s F FAHU

ey g %

BM filter BM+Unsharp

watershed
segmentation

Unsharp Mask

&
=
=
=

A

BM filter Unsharp Mask BM filter+ watershed
Unsharp Mask segmentation
(22 17) By B8 Y MME B Py
(2™ 1nelA B ZE¥ AYE stAe 4¢ 8 Abelg

HEol BAY FEo] ol AN A3 A & Abolg]




488 MEMRISS=2XI B MI-BT HM4z=(20028)

AN B A9E BAY 90 F 0 vhaa A2
& A3 A 9o 4L %—’F%}Xl 2o A4E 2l 4
Mgt A3 GaelA BAAA AR Aol Yehts dag u

At} BEY3 vja3 AYE P & A% 2 Fde BA
Hehde A £ A2l 29 Zele wge AT 9
o2 AT P A8 (29 1A wEvish 2ol 94
e e Py

43 MMst HE 23

AAst A6 Qo B =7 WF 7]E9 Zhang-Suen
W11), Zhang-Suen B FF 7HA AHE A W,
£BAE o] g3 uPi[12-13]0] dis) 3 AjzkE A Bt
3k (2 18)ol M B =8 A7kl lolA] Zhang-Suen
o] QMBI 00722 71 wEA FrrEA

contour
17.726

Zhang - Suen + Staircase remove
12.094

Zhang - Suen
779 8278

(38 18) M3t B & ARzt

el | =l | =

Contour Thinning ~ Zhang-Suen Thinning Zhang-Suen Thinning ~ Morphology Thinning
+ staircase remove

(38 19) MMt 2o g

Zhang-Suen®| AA3b= (Z¥ 19)9 15’3r 2ol 3 WA
dAe] 2AA s} fuygx Esha B Mg A
7t £ %‘E}——J B 4 glth B =5 1——] 27 AL vk
AE o] &3 WL 3 Ao oMY A A3 4
o] F4d glold & AnE AUh

44 2=2)0 HI|H BF 2
712 99 AAee) B =RolA AlbE A
s 3 Aty F2& Hridth ey 2E24 v
AE o 4% JA I AAA FEYAE o] &% 9
& 28l Zang-Suend) A3 W HAe F4F £
29 = dneFe 7Y 28 FFE o8 o1

ad

ot
tlo
g K

CE 4 TX2| o8 Al

ZA A Thaag olgd Adsh e AAY B
3§ AT FA2A AR

Morphology

A WA |001~100|101~200| 201 ~300| 301 ~400|401 ~520| B Azt

2 Zol; 218 | 220 | 218 | 219 | 208 | 216

i

@ | 10 ] 1B 1B | 1R 1B 172

[+ 72w = maws |

25
WW#.MW
2

15

1

05

1 9 17

25 33 41 49 47 65 73 81

89 97

(28 20) A2l 8 AlZE TH=Z(ME 1~1008%])

(a) 71&

B (b) 49 () AL
(38 21) ®x2| Ao

<E 4> (23 20)el AAE FF 2HE EA 100829

dolHE o) 4

ANZFe 2REY HF AL T

o AR A3 Gge U 9ael 71E T A Tue
488 2% 94 (38 2D B

B== tl]-tﬂo

¢

B

3 9
Fe) A7ro] 17228 B =§9 ol

o] Ma zoz Ay}t P} HAAY

A2

AAE 8 243 7
Azbol 2.16%, B =B At e
F4 Al 9

Se Aol U@ B4 9




Aol gl gel Eol Y A5 1E BuR B =2
Ak Y BF 2 A%E wAY dAY Yo A5 3
R E8 il B¢ B34S w2

%
2
R
o
g
ot
lo
i)
LBk
3
oé
.,:
38
mlo
on
‘{
N
i
o
o -
2~
rlo

R

P
i

oz M T ouE oSN e o

g
)

o

3}2=0] Zgo] FIHO R o]FolxA Tl TAH
3ol AUzl 24 295 B a8 BE 079 4
2 97]9 5422 niAY B7] REoM g& £do
sto] F HAe] HE xjo)7} YA Ho] ddel
BSE SASAT. 718 WHAME At 2 e
AetEx, olH T B9 71E9] WiolA Mean BEHE A
4812 ¥, Unsharp ot23 A2 Al 813 & & oy &
ol MAF EAPes X & ARE sHAY

d 4
o

5 4E % #% A7 T
ozl WA B2 BA A4

o gloiAel EYol Astel 4Y 4

Aol Aol BRAA Bol WSl A4 glof el

E7b BT & 4 otk £E 2948 AAAE Fselo}

st olee 2

A9 s 24

L.
)
2ol B EATT, @

AL

olid LAY ARl Wel B we BA 22 o
o) AR ARAE FTDEE FASel H5FORA F
o 4%E EHHOR FFRAL BY Y45 olgd] B
A gost WA e ERdez Reaut B¢ 24 4
A oha2E ol§F AMS BHOE ARY B Y &
25t 2% 949 $2) e $FHS B B =R
A e BEF £ 0] LREE 21629 71E9

2 244 %
A A7hol QoA E 9 shEe) REAT T ¢ JAY F
A, 249 AY 53 8 Aole] W% pgel Yo FE A

£ a9

I do|rt e eZae #rx #2 AR A
Slele Be AM Aol Fasith Agks Wy F YE4
= gael A ZHAE A4 2EL 98 2 55 A et
gom o ¥ s AdA HHe BEx Ay why
o dg Be 77 Wedth w8 JEH= dnyZd 9
o)q WA #F BAS EAL A mY TRA 4 A
4R A B 9o 9§F WA Be AT Bast
3, o] ATE WA B oL a9 B o]

He

[1] H. Chang and H. Yan, “Analysis of Stroke Structure of
Handwritten Chinese Character,” IEEE Transactions on
Systems, Man, and Cybernetics, Part B : Cybernetics, Vol.
29, No.l, pp47-61, Feb., 1999.

{21 C. Lantugjoul and S. Beucher, “Use of Watersheds in
Contour Detection,” International Workshop on Image Pro-
cessing, Real-Time Edge and Motion Detection/Estimation,
Rennes, France, Sept., 1979.

[3] L. Vincent and P. Soille, “Determining Watersheds in Digi-
tal Pictures via Flooding Simulations,” In M. Kunt, editor,
Visual Communications and Image Processing 90, Vol.1360,
Bellingham, pp.240-250, 1990

[4] F. Meyer and S. Beucher, “Morphological Segmentation,”
Journal of Visual Communication and Image representation,
Vol.l, pp.21-46, Sept., 1990.

{5] Michel Couprie and Gilles Bertrand, “Topological Grayscale
Watershed Transformation,” In SPIE Vision Geometry V
Proceedings, Vol.3168, pp.136-146, 1997.

[6] L. Vincent and P. Soille, “Watershed in Digital Spaces : An
Efiicient Algorithm Based on Immersion Simulations,”
IEEE Transaction on Pattern Analysis and Machine Intel-
ligence, Vol.13, No.6, June, 1991.

[7] Jos B. T. M Roerdink and Meijster, “The Watershed
Transform : Definitions, Algorithms, and Parallelization
Strategies,” Report IWI 99-9-06, Institute for Mathematics
and Computing Science, University of Groningen, July,
1999.

[8] Stefan Thurnhofer and Sanjit k. Mitra, “Quadratic Volterrra
Filters with Mean-Weighted Highpass Characteristics,”
IEEE Workshop on Nonlinear Signal and Image Processing,
June, 1995.

[9] J.N. Kapur, P. K. Sanhoo, and A. K. Wong, “A New Method
for Gray-Level Picture Thresholding Using the Entropy of
the Histogram,” Computer Vision, Graphics, and Image
Processing, Vol.29, pp.273-285, 1985.

[10] J. Serra and L. Vincent, “Lecture notes in mathematical
morphology,” Ecole Nationale Superieure des Mines de
Paris, France, 1989.

[11] T. Y. Zhang and C. Y. Suen, “A Fast Parallel Algorithm
for Thinning Digital Patterns,” Commun. ACM, Vol.27, No.3,
pp.236-239, Mar., 1934.

[12] Gonzalez and Woods, “Digital Image Processing,” 2nd ed.,
Wiley. 1991.

[13] Randy Crane, “Simplified Approach to Image Processing
(H/C),” Prentice-Hall, pp.107-110, 1994,




490 HEX2/ST|=2XI B M9I-BH M4=(20028)

2 g

e-mail : young@dankook.ac.kr

1994 woist AR o3 E4)
(F8Ah)

19973 SFO)SHL ekl Ao
(24D

19983 ~ @A) G hetw st A58}t

(FeLER)

of 4
e-mail : sbrhee@dankook.ac.kr
19749 QAITASt AR 8 HFHA
19789 AgThea skl AR e

_:_tswd /\].)
19861 A st ekl AAg et
(Fsherap)

J‘n‘

19849 W F IOWAH S AFE T34 Adus

19793 ~19909 e distn Az - AFEHITSH 2

19973 ~1999d @ oist W& - A7

1997'3 ~2000 g=roistn e W dol g rledr+a%

2000 ~ & A d=uigtn FHYE A7) - AR - AFEH TS
i

B ARHTE, AP, AL VA

O




