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ABSTRACT

On-line handwritten character recognition be achieved successful results since effectively neural networks
divided the letter which is the time ordering of strokes and stroke position. But off-line handwritten character
recognition is in difficulty of incomplete preprocessing because has not information of motion or time and has
frequently overlap of the letter and many noise occurrence. consequently off-line handwritten character
recognition needs study of various methods.

This paper apply watershed algorithm to preprocessing for off-line handwritten hangul character recognition.
This paper presents effective method in four steps in watershed algorithm as consider execution time of
watershed algorithm and quality of result image. As apply watershed algorithm with effective structure to
preprocessing, can get to the good result of image enhancement and binarization. In this experiment, this paper
is estimate the previous method with this paper method for execution time and quality in image. Average
execution time on the previous method is 2.16 second and Average execution time on this paper method is
1.72 second. While this paper method is remove noise effectively with overlap stroke, the previous method
does not seem to be remove noise effectively with overlap stroke.

* 459 eRgeE g A4 shrE =B 1 2002 3. 21
~ 434 vRgety AR AFEHIHAT 2F AALDE 1 2002 4. 15



576 SEERATEIELHERE HCEE 2002 5, Vol 3., No. 5, May

1. A/ &

T

22 449 B} ATE F&ET AY9 g
AR FVIE &% HR #e € Ay A
7 ulg 7o) BoAow ANFHUL = 4
e APAuke] 28 A7} Wl & Holojh.
AFHAY] dg B2 ¢4 AT e "o
B4 94 £o) QlojMe 44 AlzHo] T3
T B2 298 HAAW, ez #)A £4 Q)
A Bolllbe Ir|ze] tkdn 54 AR &4
2 dol" A oggol glo] 4& AxFe] F
F7A BE A7E H8E dx Ju1-2] R
=Rl F7)A £3 AYoME dHoje 5 A ¥
&2 5 e J9n Gy A 2se F9E X
e AXE FFe dew ok AW B W
s AS g, AL wHg HIFo=
BERAQ HAE wye 97F ¥AE {3 o
B3] ¥9rdoz 72 949 e S8 PEHI A
g9t BEZ2A ik ALgh M Bol A H
oAE B "eE Ade EA ¥ AWt 2
7l Be 3 dig "eg 34 "o 2 R
Z2x Qire Ga AA el o] Hol vEZ<Q] X
22 3 AZo] 748 gtk a8la A 94
o JoA AH3] A9 HE BE9 wNF FY
g7} 2AE.

B =EoAE Watershed ¢1E]Ze ALy
Watershed 2} 9402 wgsigdo;. 2 94
AESIA Watershed ¢nTEE FFFoz A3}
o, 7Y NS 438 F2 5 AT Watershed
duEEe] T4 dACA £ Az fAb™
Minima®} & W3 28 ¢ g WY 34
AL, 4 AN Watershed B2} G4 A9 4l
A4 58 Ake 1 PHER Y 2
AFAE A& & I B =Folr9 Watershed
B2 938 AR 49 2899 99 Wy 2
#Z, oux] B4 2@ A} LolsA FAEG.
Watershed 7 442 73t @ Hel9 3280
Yhistogram) FX T FAEo], o] G 7| B
X & HEato 2ho HE 2R nAd FI&
9oz A3yt

2. Watershed €383

Watershed ¥12]EL Xay 94, T2 ¥4 9
2 BF AR Y A 2T A7l ARHY A
2 Yok =3 HE Watershed ¥4 £4<S E3
OFd A7 olFoA tHe-5]. EAF Al
Aol Aazte] & AR HAEF Watershed
gdaeEe 8ol oYa, YA Watershed &
1EF FHE A FH Aol o= vye /A
o714 38 A7+ Watershed 272]29] Minima
9] 49} BAAAA =6, Minimas] 71 HA3}A
FEHA R34 da g0l o] FA e A
€ 7MHed. ¥bE Minimad) $7b UE god 3
3o 2 I 3 £x5 Zojzn. wey
Minima®) g F&2 Watershed dnZ] Q)
o] $83F 8fioln £ &mo} FAAs oA
Watershed €38]&2 G4 g Holdx <IHF
F9e EHFes T e RS B dde
ke EFHoE  ARgHORAE siyeldh
Watershed €118]Z Lantuejoul ¢} Beucher o <]
3 dF £¥Y EFHoz AL AINEUHeL
Watershed €#]EL 4042 FAEh 194
4 FdoERE I=E 71 HAF %9/H(gradient
image)2 2 WL 2eAle AA Ao zRE
A9H e T%(local minima)E 7} JAES
3. 3We AdFer Yo nrERE ¥
152 W H(flooding) & st FAR 3
& B8 v 4Al0lA fARE 999 o)
39 W (region merging)S FIYHTHY).

Ut o2 Watershed L3E]E 71EZQ 7R
Vincent 9} Soilleoll 9J%F i3} Mayero] €13 uby
o2 giFdrk 94 BHxE shie] sty x
=2 AAgoaH o 4y qHd ¢ o=
Zgd B e 1k (minima altitude)o|NEE &
Eo7} ¥& IE(maxima altitude)7}x] Bo] 2 E
o7k deElE o83tk 7Y e oo R
FH Folg FAAR IMIIEAM, AR YIe
HHoE XZ & catchment basine] X2 F3}A
2 B 7 @E golx] Bo] 3 REL A=

18 o e

R, QFE 999 #AME 2ASe AR

9L A FAE FHotHT-8).



7A EA 929 oldste] B A7 577

-, watersheds

SIpeeis

o catchment
“** basins

Gradient 1mage

[J8] 1] Watershed®} Catchment basin
[Fig. 1] Watershed and Catchment basin

2.1 Catchment basin

Catchment basin& A|9Z¢] minimaEs FAE
Fe259 A2 uisitH9]. Catchment basine
4 (DI Zo] ZE 99 D oA minima m,; 7} ¢
AR minma 22 m ) A WA 2

CECHE L

Y

i‘lrll

¢B(m;) =% x€ D|V ;€ \.}1% T f{m;)

+ Tf(x,mi) < f(mj) + Tf(xlmj)%

M

Catchment basing [1@ 1]olA ¢k o] x|HF 2l
ST e FezA FF Y 7IEE olEH

2.2 Watershed

Watershed( f ,, )i Catchment basin G %0) o}
d 2EL onlgith Watershed( [, )& 4 Q%

2ol Jare] AA 9y D oA Catchment basino]
FE T o2 A9

=D CB(m,
=Py =cson) | o
Watershed= [13 1]} o] 9% £8< 7]
Zo] E& Catchment basinE¢] ZAHEE o] FHA
Catchment basinE¢] 4% 3&9] 7150] "ok

Watershed ¢+a1e]

A 1gA4= 3A = é?‘?}“ 47ﬁ°]J-, 2%

AR we 15 FEHE FHol7, 3¢

Ae Hg 4L 538 49¢ 2dsie 4@"]%
4HAE FAEEYE =2 OF 99ES ¥

Zolth4.

=
fr

3

22,1 BAL Y F3

>
2,

S 787 sk EA2F Al
Agsta] dojxict, tiEAQl 7]
27] LLX}E ZH= HAlxHRoberts operator), A
W dXk2KSobel operator), ZE]§l FARRKPrewitt
operator) 37} AXAE g3l a8t} 23}
o2 AARlel e}E et (Laplacian) QAE ol
W& ol w7 ‘ﬂ“ﬂi‘/ﬂ Fd FE el &

HH g VI ¢ fdNATHI0l 2= A4k
= A7 AR 2% @ FES # A A
HE 7KL Aok AT epEeke AdbAel 2o

Fgol el s, 8% 71&7) %E ue
Wiz g 2z daxe 71er) it &5
Wy WS Minima  FEg FEFOEN
Watershed 231829 3= Agdoezs =7
A dERRth ol ke did i d% 9%
g 7127 ddAEA 2AY RE AP 8L

T3 QUi o] dikxl= iﬁii AxkAe] n)
7187 ¢ &x= gt AAE Minimag =
Cis®H

e 2k



578 BERATFHEEHEERE HIGE °2002. 5, Vol. 3, No. 5, May

<H 1> J12)| RE X&Bt -8 A2t A Minima =
<Table 1> The running time and minima number
applied gradient operator

C 0 M G w
Roberts 198 5.552 $8.702
1 Prewitt 183 6.493 88.726
Sobel 202 6.728 $9.532
Roberts 176 4527 86.359
2 Prewitt 189 6.350 $9.487
Sobel 202 6.680 89.788
Roberts 181 4434 83.966
3 Prewit 175 6.321 $7.69%4
Sobel 189 7.175 89.378
Roberts 167 4519 86.379
98 Prewitt 147 6.316 86.072
Sobel 166 6.568 87.175
Roberts 151 437 $2.985
9 Prewitt 121 6.572 81.829
Sobel 135 6.649 $3.533
Roberts 129 4.399 80.728
100 | Prewitt 121 6.362 81.867
Sobel 132 6.440 $2.664
C : Handwritten Character Dataset Number
O : Operator
M : Minima Detection Counter
G : J|27| A 8 AR
W : Watershed Transform 3A]2}
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<Table 2> The running time by N¢

C Ng M w
: 4 267 98.994
8 183 91.726
5 4 277 102.329
8 189 89.489
3 4 241 98.143
8 175 87.694
a8 4 217 98.026
8 147 86.072
99 4 182 93.647
8 121 84.867
4 167 90.459
100 8 121 81.829
C : Handwritten Character Dataset Number
M : Minima Detection Counter
W . Watershed Transform <ZA[2¢
A2 1/100 =
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then begin
R(PYVR() pr qag = 99¢ wgan v

end
p.r = segment region pixel T =treshold
R, = mean of combined region @
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<H 3> A [AT X B0l DS =3 A2t
<Table 3> The running time by region similarity
measurement method

C L W
Gradient method 576.595
1 Mean difference 85.705
Combined Variance 91.726
Gradient method 579.318
2 Mean difference 87.068
Combined Variance 89.487
Gradient method 574.797
3 Mean difference 83.033
Combined Variance 87.694
Gradient method 576.933
98 Mean difference 82.226
Combined Variance 86.072
Gradient method 572.195

99 Mean difference 78.861

Combined Variance 81.829
Gradient method 572.308

100 Mean difference 78.662
Combined Variance 84.867
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[Fig. 2] Image enhancement method
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