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ABSTRACT

In this paper, we propose a block adaptive binarization (BAB) using a modified quadratic filter (MQF) to
binarize business card images acquired by personal digital assistant (PDA) cameras effectively. In the proposed
method, a business card image is first partitioned into blocks of 8x8 and the blocks are then classified into
character blocks (CBs) and background blocks (BBs). Each classified CB is windowed with a 24x24 rectangular
window centering around the CB and the windowed blocks are improved by the pre-processing filter MQF, in
which the scheme of threshold selection in QF is modified. The 8x8 center block of the improved block is
binarized with the threshold selected in the MQF. A binary image is obtained tiling each binarized block in its
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original position. Experimental results show that the MQF and the BAB have much better effects on the

performance of binarization compared to the QF and the global binarization (GB), respectively, for the test

business card images acquired in a PDA. Also the proposed BAB using MQF gives binary images of much

better quality, in which the characters appear much better clearly, over the conventional GB using QF. In

addition, the binary images by the proposed BAB using MQF yields about 87.7% of character recognition rate

so that about 32.0% performance improvement over those by the GB using QF yielding about 55.7% of

character recognition rate using a commercial character recognition software.

I.ME

el ARlela] SRR, AbIrh e ek el
Aok A7) AL BlelAl 2AE Bart gle
AgEe HEE A7) Fu F8 FHoR A
gk ol wet olefdt AlRFEel A wike u
AU A2 sutich o] Wl At Sltk
eh o5E o] BES A o wol hsh
A S, 7 A £pe S WRE T

= 53 Y Base] Fosz ek A
olelt ARES] ol WEE BYH Pl
BelabAd, WEel ARE e s, w
AFEe] 1 ANE A4 YHsle] Ak
o2 ng geisle] Yk IR olsh e A
of g el Wehe Asle] Wikl Wi 2
o, Wgel Ang dole] wmsly Ziw, mt
Hyel Jug ddel YHsa Aushed we
bt e 8F57) ol vl ulEEAolek

w3l W Bl Fue shim sl 2
Ao gl E olgalel WY B4 ASSA 1 o)

1r+

J:r

gol F& QU BAS IS 4F AA
BB ARE Qstel Agsiel Relske

ek 2ol o] FA Foid, e A
EQ=E o]&¥ + e 5o HF Wi o
Aol IR Z718kal 9= PDA(personal digital
assistant) = AHA Fhe2}E AEbsle] W gAkS
S5l wele] 8 AHHel FAE Wi odAke

2¥E 2Ee] 3% At 4 ARE A
Aol A Bejat 5 Aok oleld W vl
e We, wE we ARHE oled W B

2w} o fgdelw Hejsjch =y 87
1} 718 Abs} Sjelld] PDAR W] Hug ¥
A vEN=E Falo] e $Alskn W 4X
Ao} AW ARE Pk A= sFesA dk
Sellel7t A" PDAS olgslel Wkl Ang
ez A% ] fside W9 Gl

Copyright (C) 2003 NuriMedia Co., Ltd.

T8 Ar]l EXE FEsdof il

oAl B FAE M A <l F=
ALl 221 59 3 WeRA A F=F
o] AMgElE WHE FolA 7P de] AME= v
Wolrh1]. thEAH]] o]=I3} whfez A <Ak
7t shae] W] ke Folxl 1709] 9 A (threshold)
o} nlaste] 2} spael Wi i RSk W
ol sl o] w2 AA dAtel whisle] 174 o
g ARgslER o] o]xlsk(global binarization:
GB)zta 3} A oxlsk= 7hdsA FHE 4
A 1 sl HA|of ®IZkRE BAE 7k #]
27k ol2idk Ao o)xsE 93t IAE FI=
olg] 7}x] whyo] Alt=E|qdek Owsul2]= dH <34
o] FrEaHE o]83le] oxlsE f’ HAE
TFshs WS Aleksldclk 22]al Cheriet[3]+ ®
EAQl Otsu?| WS o83t Jx5 8= W
HE Al Linfdls €24 5A4E o]83}o]
AAE Pk WS Ak
olE WHOE oAstE I3t 171e] IAE 3t
of A ofzlss Fahd =Tt Fa EAke}
uj73e] wbr] Frel Aol wdstx 1 i 9
el Aelrt FEF A Wkﬂl 2 L R o
AaiA vehdis shde] 93k o]l dAks ¢
< & vk e B4 dade] Al E3F A%
ol =3t o]zls} AAs 7|7} gk Ay o]
Aske] S wskelr] flste] A (pre-
processing) BE|E o]-&3t] IS JHAAA ok
a2 Ax}p Gl disle] A olxskE: s W
H[5], (613 kA w2 o)xlEE $d IAE
slo] olzlskE sk HPH[7]-[10] ol Al
Slch

71Ee] A dARE NAE] SR AAe] gE
2 quadratic filter(QF)[5]2} QF9| ¥ A%
b4 wk$lZ 7§A18k= AQF(adaptive QF)[6] <]
ek 3 A9 oRSE 7 JAE T 7]

zo| wpgozy e FASH A, WA gl

— =

m

www.dbpia.co.kr



=/ MY E Quadraic E}E o] 43 PDAR 53 wg Ate] B2 AS o)x1s}

271 ddez BRI oS g9z & 9=x
7% WAlE 288k Sauvola®] WRH[713 34
H2E] 270gEEA 9] dAke] eReAlel 4t
zZke] Ak Az gre] #3571 v o viop 922
7§418= Rodtook?] WH[8]e] olc} w3k Sr-Ael
7] ael AARE ol8dle] 34 djE g9AE
&= Parker®] WPH[917} % H¥¥ ZFEH 7"l—a—'
ol-gslo] 3} whe]® x| =S 3H= Niblack?] Y
H1o0] sl slck
g, PDAC A2 shflele dofz)= W3t
< wEdEe] 2y oRE 34 E5 A
Talo] A dul A Al nvlsle] sAtE}
Hojzlck w3k £og = Algela] JAkS FEs)
7] witel] Zo] EdsiAY APt e A
7} vk azzE At AAled AAA FAbe} 6
739] ¥ H3r) dAIA fgx FRHoez Al
Wsks HolwA Fxle} wi7de] wlr] o] Feist
A TFEEA S 471 ek wlebx PDAR 35
g 3 bl Ay o)AstE Hgshd 957 o]
213} A 4717} 13k a2]3 PDAR E!Efﬂ
Wi d dul A AR dE] oifie] &
Ake) R Wrrt w72} Elele] A5t Z—mﬂé
AR Z71= AAEA] )k webd s d9lE
Ax5 T3] olxlskE 3P 3Heo] oo
o] kel FA} kAt ¢l w7 s w3k
stag AR A= A9o) wAlsle] o)xlst A
ol "o = gl w3 mE o) disle] o
25 FIleg g 74]*&%*——; g2 3o nlwH
WA 2Rl #AF 3k E3eA] e v o
Aol & x5 %Ls}i H] #§§Holc} a2|Eg
A H9E GXE Fihe A Hrke % G
A AxE Fhs 2ol o &8Holtt. 223 QF,
AQFe} 7 Az FejEd Ak Al EAde|
wet AxelE 3] el 9] Wil Al
Bl deiM= ¥ 497} o Fg 9 B4
o] M& cfz7] wiiol] A4S 7HAlshs e &
7} gl m=gE dub A datel wls FAke] B
Werh e w3 Aol tiaix= ¥] Lot
] odak AAe disle] HAe]E sl Rt
= S R 999 w7 ddez FeF o
wAF 3] We] gly] wsb) w|sgt IR odode)
allx] A g Fashe o] Hgsl.

B =ollM= PDAR F53F w3 odAbellA
s mapdow  FEslr] ¢lslel wWEE QF
(modified QF: MQF)E ©]83 52 A3 o|zl3}

mlo

%
L

NI

44

L of

m[m o

Copyright (C) 2003 NuriMedia Co., Ltd.

(block adaptive binarization: BAB) Hh2 ks’
ok A weld e 1A W3 9AkS 8x8 =]
o £Eo® Wy 7t £E5 ¥ B35 wiA
507 1R3kch BRE 7 8x8 =79 Al &
5 FALE 24x24 =719 A ‘L(rectangular
window) S 2|¢] P& HZ2o) disle] ]S
ool 28 Ak AUE B8 gxg 2]
o 34 23 osto] olAISHE Sach ofnf A
2= QFellA °lzIsks I3t o A4 S
W3 MQFE AH83H). mix|2to 2 o]x1shel 8x8
)] HEe e Al AAA oAk o
AE dett

. 7I& QFE& 0|88 MY 0I5t

a3 12 7189 QFE °|43 AY oxlg)e] &
E55 BojFErt o] e A 4 94
x(m,m) ol B B5E A% 92 & A
27 wherm ZAAR oGS JY A
x(m,n) 2l 7 FAoF A T, & 7IE2E sl
g3} 7o) A} 3}Ax(character pixel: CP)3} u)7
3}4x(background pixel: BP)& H-3ic)

Qcp={(m, n) |x(m, n) < Th,} (1)

Qup=8,—8 @

o] 7]A Qp 9,]. B s 74-4 AA 3,
2} 3k, 13157_ H}Vé‘ 3}4x9] <1z} #l3Kindex set)
< vehich o]ofx] <Ak x(m n) oA A} 3}
250 B Wl @ ou ot e s 3 9

71 & u, & FE olE p ot & ol 8sld
B x(m, n) = HI} 32o) 74*?{'3i](nonnallzanon)
stod BpaEe] W] & A sk 0ol Ak
oz WA 3w 10 7R ghoE WA

x(m, n) — 1, 3)

xn(m, n) = T

A7 xp(m, n) & AsR GAe Yehdic
thoR A <A xy(m, ») © W3k o]
z}4] ed4Kquadratic operation)[5] Salale] 7|4l
g At A yy(m, n) T QETh o3 A4k
< 3x3 =719 A Wellxe] FA shaet 1 o)

803

www.dbpia.co.kr



0
)
Hl
of
22
)
ﬁ
r<1:
.
=
&
<
=)
[35)
O
Z
=]

QF
Threshold |—2"1 Threshold Th,
Selection Selection
Pixel
Classification
Mean
Computation
Ilr::g;te % Normalization |— 8;::::2; —>{ Denormalization Binarization [~ Ior::;:
x(m,n) 5 x, (m,n) vy(m,n) v(m,n) E Vy(m,n)
27 1. 7189 QFE ol§3 Ao o|uste] HEw
Fig. 1. Block diagram of a conventional GB using QF.
shase] WA WAL T3 29 B A9l ok mo={; i 3om < T, "
3} o] FHcH YBILWZB,  otherwise
= (h[)x”"r h le71—1+h leZl) x4 .x3 Xz
+(h3x3+h x5+ hs x-‘-)
( 3 (DJ 4; 2i—1 1 a; 2i x5 xo xl
+ (hﬁ leox25~ 1+ A leoxzi)
= 1=
4 X X, X,
+ (hx IR @)
4 2 o] zlAl o ALS- o]3) = 3 ) 6]L- FAES
+ hg) legi— 1(1-7;‘+x ),“‘)), 28 2 H}]];%-—‘Eh;j e AR T St 2 olx Sk
=(i+1) mod 4, Fig. 2. Configuration of a center pixel and its neighbor
™ =(i+3) mod 4 pixels for quadratic operation.
AN p,, i=0,1,-,9E 13 Qi 90

A7V yp(m, n) & o1FBH dAHE ehla,
a®t B 77t olzlstEl FAtellxe] FAF A}
vj7d 3}4e] dlE ke vieRdch

%8 3a)9t 18 3(b)= Z7t PDAR 353 9

e AlE b‘rﬁh‘ic}. @Al xy(m, n) ©] F
A i X 7} =4 &9 vo yn(m, n) o] ¥Ick
QFell 2]k HA2je] wix|2} dA = JHAdE A

F3b A yyu(m, n) = AF3}E o)) ¥ 3kl 3 Al Owsue] 92 A wples AA=E
WeE Z2EZ ] fsd gy (m,n) & R AX 5 AHgsle] Ao ojxlE’ A} YAE HH
7ro] o] #]4t3Kdenormalization) e} ok 23 30)eld 2Rl e 9F o ¥R
Z Base ulwA H!ﬂa}ﬂ] vepdrh= 7S

y(m, n) = yy(Om, n) (1, — 1) +1 ) T ok At AF ol FE] A2 A
A ez ton], Es| Epeldt xHow

I yOn,ny = o AR S M ggg) el yb) ghol % ddeld AlsHAl W
W A x(m, )& QFR AT etk g SEF reel At EAE AASl dehi
MR 3 y(m, n) S2HE olAskE 917 o therhs 2 o ¢ Atk 29 30 a9 3@
2 Th, & JA AA wer AAEE, 94 19, = °é“¢}°ll 7} a2 x| E 7§418h= Rodtook2]
2 71Zo= sl AAE A y(m, n) & T W8] 43l oxE’t A} A4S BAFErt
7o) o]x1s}gic}. 2% 3(c)elld] RH Rodiook®] Hpe B#Ud =

Copyright (C) 2003 NuriMedia Co., Ltd.

www.dbpla.co.kr



=i/ W3 % Quadratic E]E ©]4-3F PDAR 3|53+ W dAle] B2 Ag o]xls)

IU’G 1 lhl;w
. LG Elcctronics Inc. T

Kyoung - Hyun Cho
Recarch Engineat =
OIvDDT Ogita! Netword Display Feeant L&,

613 npvung dong Eumichy Eyoung o TR 360 K
642, Jinpyung-dong Kumi-city, EyoungFu o
Flone: 462.54-470.4566 © FAX ~-#62. 34 €10 %,
Mobile Phonc: +82-16-€12-6356
e Mail: 3215 1ge.com

(c)

, LG Electronics Inc.
Kyoung - Hyun Cho

Research Engineer
DTV DEIT Digital Network Display u--tl.‘

Kumi 'V Plant
542 Jinpyung-dong, Kumi-aty, KyoungBek,
Phone : +82-54-470-4566 FAX :

Mobile Phone: +82-16-812-6356
e-Mad : ckh2] 51 ge.com

) LG Electronics Inc.

Kyoung - Hyun Cho
Research Enpineer
DTV DEPT Digital Network Display Research l.ab

Kumi TV Plant 5
642, Jinpyung-dong, Kumi-aty, KyoungBuk. 73(&36(1.v
Phone : +82-54-470-4566 FAX : 98234470

Mobile Phone: +82-16-812-6356 ¥

e-Mail ;: ckh215@1ge.com

3% 3. PDA 7eilzke 3531 w3 44} o|xlst At s @) ¥ 94, (b) Otsu®l Hx] A wbfel] ©Jgk A9 o)),
(¢) Rodtook®] el *j3t 32 4% o413k (d) QF S owlﬁl Ao o)zls}

Fig. 3. A business card image obtained by a PDA camera and its binarization result images: (a) Original image, (b) GB using
Otsu’s threshold selection method, (c) pixel adaptive binarization by Rodtook’s method, and (d) GB using QF.

Heoll fAgle] EAE A FEIIRs AL o ¢
ek ey 29 3(a)e] PDAE 353 W3 94
o] s|AtErt ra ofzke] EelE)(blurring)e] 97
w28 3(c)9] 313} Az} GAtollA] w2
wAREe] AWEHl vehr] btk s o+
ark 23 3 d= 2™ 3@l el i’k QFE
o]-§gF A o]zxIs} A} ArS HoiFEr) olu o
2| Thy 3 Thy= Otsu®] WHez AAsgct 1

o 3(d)2] dAFE 27 3(b)e] A o)xl3} Az} o

>

gs} ulasle] wRl e ¥A7h o A
ehdehs 12 ok 4 oleh Teh) 28 ol

g |
AN EAbEe] ofx AldslAl ehix shechs

A& ¢ 5 Uk

. Hete MQFE 0188 £ XE 0/ZIs

T3 4 AYE MQFE o83 #% A o)1l
sjo] BEEE noEch ALE W B
49l Helg glato] WA Y P 8x8 =
719 BEo@ wPra, threll 2 $88 ¥ &

E{character block: CB)¥} w7 “-Z=(background
block: BB)E«E’: ek ol 5 Eie o
9] A} H-S{character block: CB)o] uj7 L-=
(background block: BB)Hr} 413°] 3FAdo] &r}
= ARell 171 tod Aol &gl FoiAl Or'"~|

Hrl & $EL B} $2o2 RFshn 234 @

= = rroral L
& HIE W BBow RRI B roldn
et BE A15e] HELS (1149} o] 3]

5el4 HoFE= 8x8 EFe] AFIt oo
DCT Al2] A 3Habsolute sum)l-2 A3}k
u2ba]  pHA BEo] xlge] e vfey 7k

ETEE

805

Copyright (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



541845 =72 "04-6 Vol.29 No.6C

MQF
4
Threshold | Th Threshold Thy'
Selection Normalization
Pixel
Classification
Mean
Computation
Input Block Block Quadratic g2 Block Output
Image Partitioning Classificati = Operation Bi Tiling Image

32 4. AQEE MQFE o443 45 3 o7ls}e] £5x
Fig. 4. Block diagram of the proposed BAB using MQF.

9

Ef= ;mé’l (7
9714 pre kﬂwﬂ Hgo Rk
(i=1,2,--9)DCT A5 velich 28]

A B2 B ot ﬂo] Fck,
QCB={/€|Ek2 ThB} ®)
Qpp= 25— R ©
AN Q, Q% Qut A WA BE, ¥
2 B2 g2)a e B2 gzl #3HE vehd
3, Thye BE RS I 9AE Jehid £

Rl X 7, s o AAdde] gl
Fagoz 248drk 19 6@ 19 3@l 3
3 el iR BE B ARE welEch a3

6@ollAl 1elol(gray) FH-E EA} HEES e}
LH:!I 7|j° HHE BH?Q g_‘EE ‘4‘5}‘4]1;}‘ la]
6@elr w chie] $go] A ¥REUH: A

L

S ok 4 gleh IRAR A $EEER T
i 2 Ak aEed add i 4%

gl ¥4 £ ojofo] Ay gk oleldt
4 el 298 W S A
SREg AAE Al s sl 2%
25 A5 3] ol ] Wmap) W 52

m
PH

g
a4

e al4 el ©3l(morphological closing) $14H12]S
e - lg = i & 6(b)+= o 6(a)—9] ojA}e] o]zl <
o g el Sl AeiEtAl WY ke Al
Ash dabol olgt B w5 A3 e welFrh

a8 6(b)e] Ao mNE FAF EE odo YolA
T g w7 350 Al AAHAAT F

Copyfight (C) 2003 NuriMedia Co., Ltd.

sREad AP} ok Hgdcke Ae ¢

E2 257 Azt Ao A 2 BE x(m, n)
2 P02 2004 el A AE A9 9L
B2 yldm,n) = A AA2] Dejdl MQFE
o1glel AL olu) Azt HE HSE ol
8x8 =72 7t Al £=25 A3 A 5
Telsb ek ARATE ARE el o)
T2 BE23 Q3 A FAF £5 2l Edl
| vhAE 5= gl7] diteltk MQFellA+= WA
lm, n) o 3 BFE A% 9A =
A uoLhH o7 ZAAZ} e EE
lm, ) Ml ZEE A TH)
alo] gt o] WAl e} vl FHAER EH

_x}it', TE:J .lg ofl mlo e

2

L?Jm

< 7=
JE

i

(10
(11)

o7l4 @b, eL.¢ oL+ I E£F
flm, m) & AA a2 sha, 2| wiA
shae]  Qzk AZE dehdch oA £F
xlm, ) NN 2L skase] B w] @ ouf
w7 spaEe] e Wl # S TRk ols

MESTESE LS
o] ArskRic,

xhlm, n) < o5

www.dbpia.co.kr



1=/ W8 %l Quadratic

Qe o] 83 PDAR 357 ¥ G4e) HE M o)alst

o ] 176

6|

1)I|/);_D |

D, D,| D,
D, D,
D,

J7 5. 8x8 HEolx HE Alse] BFE Akl AguE
DCT A52] §14

Fig. 5. Locations of the DCT coefficients in 8x8 block
used in the computation of block activity.

l !
xylm, n) — 1,

S (12)
S

xh(m, n)=

A7 xh(m, n) = 5 xilm, n) & A3t
¥ 55 dERick d8e® e EE
xy(m, n) o T3l o]2A] QArke st R4
g A3t 5 yl(m, n) & vl 23-k0S A

A= A3t 5 yl(m, n) & 8x8 Z7]e] T4

7

B5 yl(m, n) = thet 2ol o] Thiy < 7|&

o2 3o] o]},

a, if yh(m,n) < Thi

. (13
B, otherwise :

ve(m, n)= {
A7IM yh(m, n) &= FEHE EE5S Jehyy
/A A BE ylm, n) o] o)AshE B-Eolr
olw ZRAE A3t = yiv(m, n) & QFeh= &
o o Ak} A ANA Sk A3 ulE

o Aqtshel e NE oAstE % 9x|E

Tehs QFehs =2 a3t 3] 1S Aatslst
o d=oh
i) = B (14)
© Hp—Hg

Copyright (C) 2003 NuriMedia Co., Ltd.

) LG Electronics Inc.

Kyoung - Hyun Cho
Research Engineer
DTV DEPY. Digiwl Network Display Research Lab.

Kumi TV Plant

642 finpyung-deng, Kumi-aty, KyoungBuk, 730-360, Korea
Phone : +82-54-470-4566 FAX : #82-54-470-2405
Mobile Phone: +82-16-812-6356

e-Mail : kh215@ge.com

(c)

a8 6. 118 3(a)9] @Al o] ARk whye] 7t 3}
Jol| 4] Aozl dabs: (a) BF 5 b) el ¥
ef3bxal =3l (o) olx3l, ¥ 6(a)2} 6(b)ollA

o] $EL PA HEE e Huo yy u

%8 217} vepin}

]

Fig. 6. Images obtained at each procedure of the proposed
method for the image of Fig. 3(a): (a) Block
classification, (b) morphological closing, and (c)
binarization, where gray parts in Figs. 6(a) and
6(b) represent CBs and black ones BBs.

807

www.dbpia.co.kr



241813 =4] "04-6 Vol.29 No.6C

A iAo AHA FFHoR o)xIsk <A
Al 23 6(c)= ¥ 3@ <GS At
MQFE °|-43F £5 A$ oxls}& o83l o]zl
3RE Azt e HAFEch old dA Tyl
Otsu®] HieZ ZAA3sIck I3 6(c)olx] 2=
AT 2o oJsle] Exle} wi7e] ¥ kel
AlsHA Wl Ao 8% R4 e A=
o] QFE °o|83t AY o)xls} Ax JAl 23
3(c)8] 2AER " o] A Yepdrhl=s 7
< & 5 3k

F— o

I

V. &8 2}

IF

=l MQFE o83 £5 A5 oxls}; whye
AA5S H71sl7] $151¢] NevicomAl2] PDAE 7}
2}l NexicamS CompaqAte] PDAG! iPAQ h3590
off AAsle] tiefgt FH 47 lellA] o7 FHe
WS AR 640x480 =7]°] 34 8H|EZQ
PAES Zde AF 9k otk £ =Felde
AgkE MQFE ol43t £F A§ o)zl3} uhye]
AxE A o]zls} HPY, Rodtooke] HPH, QFE
o] 83t MY ojxls} why, 1=]3 QFE °| &’ £
= A& o]} wpHel AEI w7
Al QFE o|43t 85 g o]xl3} uhE AA e
e 71E9] QFE AMEslaL o)AlstR e AR
BE AS o|3sE AMShes etk

O 7= wARF wiAe] g9br] gre] oiy-i-e]
AAellA] o Ax FAsR|E BFUF =9
qegoT AX 9| FiEI LEF ol mAJE] &
oA AlstA Wsh=s 3 °§*—§— wolFrh 19
7(b)-7(e)= 11 7(@)°] 4L Rodtooke] ",
QFE o|43l AY ¢|x18} v, QFF |43t &5
g olxls} Wi, 2]ar AlekEl Wl MQFE
o] 843t £= AHg o33} wpeR oxlslgt A}
AAES 7t mojFErh a3 7(b)°] Rodtook?
uhilol] ©J3t o)x13} Az} odAdella] mml Bitedgh
Zre] HeFs ke °4°ﬂ°l TAbEe] A FEE9
o, gl e el ExlEe] 4 “36}71] L’r
ERbA] @dar w7 °$7H Aol sdrks A
4 olek. ¥ 7(c)%] QFE ]84’ A 01115} Hl
Wol gt A} °M°M B A% 9] yia o
E% ol AfE] R e AEe] AWEH
»PBMZI @AV A2 vehA] Sdethe e o
4= olrk t8o] 3hge] dgoR ¥} Al 2

o f

HEo] vehdrl. 28y 28 7(d)2] QFE o83t
E Ag olzlsle) 23t Az} At 23 7(e)9
[ l olgt A} atolld Bl Tz} A
o 22 A l L}EMXI 2oy Expt Awst
|

*‘0—4- odtook?] HPH
s}, QF& |83 &5 "—1% o|z18}, 1=]ar A|
ol 2Jgt o]z1s} A} JAES HolFh
8(a)°] A dAtelld] MW agA}e] g
°§*o‘94 LBE NFoxe] izl wlFe] 4 9
7] 9] A7t =ZA] dvks AL 4 Utk 2
o 8(b)2] Rodtooke] HPHloll 2]gt o]x13} odAkel|+]
2y a3z s vk Y] ERFE<]
A FEEGo, Ak e diRe] ExlEe]
AvdatA] vhepdA] odar iAol <frke] Akge] 9l
= e 4 5 stk 2™ 8(0)f] QFE o843t
] o]x15} wlel| o]k Az} dAtol|a] B A}
o] LBF N ol WAFEe] AlWsA ekt
A Qa x wiAFe] o] Aok AS & &
ek zelv 29 8(d)et 1% 8(e)] QFE ©]83t
5 AS olzst uhat Ak whyol o’ A
GAfollA Bl ofAke] QEFE Hlo| ol WAE
o] AlW3A Jehtud wiAdFe] FEE Fches
AE o4 F gk ol ¥ 73 1¥ 89 A=
Z4E] Rodtook®] HPH-2 H=feldt ol 7
Ape] ofgkel] IAIgle] A A FEsIA|RE PDA
2 353 W3 dAke] sier) 2 IR o)Al
3} dAdellA] ool EAbEe] AWEHAl vehA|
oL wiAel 7te] Ahge] Slvk= AE & A
t}. I8]3 QFE o83t 53 A$ o|xls} vhyx
MQFE o]83t &5 A& o|xl3s} uhd 9]y <f
A BE Hexom sRMAT SARE EAL
WAl = ol olxlFE SIjt dAE T8t

L QFE oheat Ao

e do X
L2

ol o rlo
o 2

r
2

(A 1]
£

N, 0,
rﬁ

3
=t Rodtook"l 1, QFE °]83’t Y o)zl3},
QF & o|43%t & 4

el eJgk °l"‘l§} A3 2
9(b)2] Rodtooke] Hhilell 2JgF o]x13} <dAteflr] ®

CdPyright (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



i
Sl
3

ot
)

! Quadratic

HE| & 0|43 PDAR 53 Y At HF A ¢ o]xls)

* WaTER QUALTTY ENGINLERING LABORATORY

,, Qf' OLFARTIZRT OF ENVIRONVINTAL ENGEERING
1T - COLEGE OF EnoneEANG EONEUE UNIVERSITY.

Re-z27ch Assistant
Gradiae Swudept™ §. Coursc)

SUNGOUN CHANG

t HWVEVANG-DONG. KWANGJIN-GU, BEQUL 143-701. KONTA
TEL 2 2 2201 €392 FAX : 482 2 2201 €332

HP i Q17-243-5703
E-mattcssdil4J hanmail nat

WATER QUALITY ENGINEERING LABORATORY
Q Ei DEPARTMENT OF ENVIRONMENTAL ENGINEERING
= COULEGE OF ENGINEERING KONKUK UNTVERSTTY

Rescarch Assistant
Graduate Studenty(M.S. Course)

SUNGOUN CHANG

HWAYANG-DONG. KWANGUJIN-GU, SEOUL 143-701. KOREA
TEL :+82 2 2201 6382 FAX +82 2 2201 6392

HP : 017-243-5703

E-mail:cssd | 14@banmail net

{

(d)

28 7. $FUY £9E 2

B A4 13} olxls) A }
() QF% o83 1] o|2l3}, ) QFF o} 3% 45

TR QUALITY ENGINEERING LABORATORY
B DEPARTMENT OF ENVIRONMENTAL ENGINEERING
£ COULEGE OF ENGINEERING KONKUK UNTVERSITY &
owearch Assistant

rraduate Student(M.S, Course)

SUNGOUN CHANG

1 HWAYANG-DONG, KWANGJIN-GU, SEOUL:143-701 “_
TEL +5222201 6392 FAX:: &" S

WATER QUALITY ENGINEERING LABORATORY
Er DEPARTMENT OF ENVIRONMENTAL ENGINEERING
COLLEGE OF ENGINEERING KONKUK UNTVERSTTY

Rescarch Assistant
Graduate Student(M.S. Course)

SUNGOUN CHANG

HWAYANG-DONG, KWANGJIN~GU, SEOQUL 143-701, KOREA
TEL :+82 2 2201 6382 FAX +82 2 2201 6392

HP : 017-243-5703

E-mail:essd ] 14@banmail.net

(e)

=1 () % <974, (b) Rodiooke] ]
o]}, (e) Aokel Wy
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adaptive binarization by Rodtook’s method, (¢) GB using QF, (d) BAB using QF, and (e) proposed method.
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