FIFAAA B = A AP AdE (99.12)

Fuzzy C-MeansE o]&3 A=
dAdEFA Al&" At
(System Development of Precision Vision

Measurement Using Fuzzy C-Means
Algorithm)

Ty

(Seok-Hyun Kim)

8 o AT £Fe FA Alagle A wte AUl ciRRolr B =RME Azie Au|E
TESHL A AR FFL AL Qe o] FelM dal FoH Zgo) ojelee Axn
SIE ool 29N e 7Y ¢3S WdoR Btk B8 24 gyl 2w g skas
7H 0% ol B¢, 5 FaF IAEE Spafolr] WEe o]& HYS) Yo} ulul, FCM(Fuzzy
C-means) ¢2|Eo] $& A3 FA% &4 I FAMITE: asjsly, FRddol ke 2
HEA 7] "WEe] FCM2 “equal evidence'9d “ignorance”® R34 Rtk olB AMsly] HaiAl
FCME 48l WA FCME AHeldha sin o}& mgo2 PCM(Possibilistic C-means)® A3t
Aolg 28] AsiMe HiEol He WYY AL YasAw AR YSa|rt fo] dR] %) WE
of olnl gl FAdse de ¥4 AFe HaFEY PFANE FFZOD 1 ol FF Aol
silct. dEE RuEo} RT3, RSC-232 £EE 6ol N3 E vlojazza M Adsie AEe
FE(good), EHbad)S R MEE LAYslA st

Abstract The measwring systerns of auto-parts are most of greater part very expensive. This paper
tries to study to make  a low-cost measuring equipment. There's several kinds of parts in
autormobile. In this study, we take aircon-switch called magnet coil-housing as the object of
measwrernents.  The measurements of this product is currently in difficult situations at factory. In the
case of the mesuring objects being big sizes and camera sensor having under 410000 pixels, the key
point is the number of pixels not to be changed whenever the same object is measured under the same
position. ~ We modified and used fuzzy c-means algorithm to get mostly without the change of the
numbers of pixels exactly. Also, the standardized ruler is necessary to measure the length of the object
but it is not easy to get the precised ruler. Therefore, the standard length has been taken as the mean
value of the pixels in the previous passed objects manually obtained at factory. The results are
displayed on monitor and transferred these signals to the microprocessor through RSC-232 port  to
determine a good or bad of products.

. M4 & Hae R 54 ThsstAlRt A2e 8 7dkn 7] wgel
ate] AHl7h diRgely, M He Rg sixm

ASR REEL W7 Ao BRE B2 %3t BT TAVUEL o] R AT oA B

7} ol2olA] glen}, B REel AYXEL HEE BE g Qo= 1 e AAol}t. & AYL A7
BHE 80l1, e dg HE| s #AZ Y
A9l &ul 3 R HE A A% Q{2 Aste
+ T gugaTen 2e FHoZ FUHE AT W% FAe AAES WAl
UEG B ATE A% AEA REY FANAYE




g ok AEAY FES AEFRUL Aot
I FAM @A AN FAe ojeigg AX Ae o
ol £l vladlE ZASAE ddos o
ATHEL FF Yehde o2dide] 27 € Z4 )
AR A, £R de WHLH giddol BN

= Aeels WA S5 4 e Bkl A

A

253 5¢ FF dtozsie Qpsige BEu)
a2 QT 2Auxste Red 197 vegng =
2a9e F£4& BriujsiARt EFein} Z2aPsEg
dojeldlo]j23t Hog A C&AFY NAEE AL F
ot GEAElE A FioiEeld 4o GAtdA o
A w3 g EEstelor ok AAZE o AAR
o] 233 RPdAs o uige 48 2dshs
AL o). 7|E9] whyo 2 thresholding, region
growing, split-merge, relaxation #M8%o] Utk [23]
3 oA relaxation WEFAN Y FCM(fuzzy
c-mean) YN ES "W £ AHYL upRolHd AA
g A SAs 24 goH JARZ F2
2738 F3 Uk [4] AR FOMEES &4 33
A FATE 1EEtn TP N FAML meE
2 %7] HEo] FCM2 "equal evidence”$} “ignorance”
& FE3H] X3t o)F X8 A FCME 3%
3t U3 FCMe g Agsta ol Higto 235}
«JPCM(Possibilistic C-means) & AHEE
£ =8l WA T ods FES] 9eiA BwA A
Abgo]l B8 FCM(fuzzy c-means) €31g]&¢] ZAH L
By, FAste Arghe] o8 5 JEFH s
FCM €ig&2 dlolelel 2 FeaEo] B8 4243
g o] 10] He #BEF A 2HL ol&stu itk
a2y FCMe 27 doj7l 424¥4 & belonging
o1} compatibility®] Fx9] @A APt g I
3] @Eth EI FCMY Z$olle “equal evidence”
ignorance’E&  FEE F §7] HRol B3], FLo)
Qe Aol A BAFE ol AR ol
FCM9] 3% 2535 ol & ZeixEiet a47) o
£ AYEY olr] wiFelrh weEla HTo) weolE
(belief theory)®} 754 ol E(possibility theory)5o] ©]
9 22 BAES M) 98 AE sl H),
Raghu= PCM(Possibilistic C-Means)& A2tstgs, =
€ ol g AN AET BY A1) ol &a
ti13] PCMY] A$= 2585 o] b8 FH2E9)
A7 91, &4 dolEisg) AT S S4zke A
gollgt oJEst7] e o) EAHL ANY F A
o} ZEY PCMYES A437] SleiNe 4 SeaH
o] B T A=E Yololdith ol A B =8
< 9A FCME ol83ld 2zt e HF Adg

|

> g 18 4 rr e

-8~

@3l olF ulgeE PCME #4319 FCMe Ex14<
“equal evidence”$} “ignorance” S #|Astaich

Fdo] FEEY dide] 9L AvIsisl] oA 4
2 AA3kE 3k ol e 3rigisled Hagl
FRE AAsked =oEd. dgdde ZH ude
2 & UAEE Ho]EYe ok o= 7z Yie g
ol EMAZFoRA HA Z e TFdsty #olEgy
& & Utk 7 gido] FelAA el Aol FHo
FEoA A3, dol tiide] ojued, Zhozy 2
2 AR T wddth dddo] FUH olg B
ol 22 BojFa o] ZAZF wie|AR T2 AN
o Mest AFEY FI(good), ¥ bad)e) &0 &
E ZEA B E w3
02 Hog A ude] Holg EAs:= B4
4dsl oAk o ol wFEAIAR b E Has
Puetde 2 A dA Hole] £ on] g1 e
lo]o] 3tapg FAslojolRith njxle] gidel Hole
= 43 e Holel age) BAYes 7% 5+ v
o ol g EAE  EAszal e 299
HlR3 Holg zhe AE wHE7|E oy, MAF e
thsitigte o] FAUE 9X 2 sidEte] 2z
m2bx] Bthart @2px)7] s ol dole) ME R ik
FAZ A" 277 glck. B d7olaE e wphy
o2 AAHE FH3UL F @A FIYL T o
4ds] AUE AE JXa AFEY ol 2 AxE
Z5E 2 FARoA PR Re VHE e Ao
2 #deln, 7P BFo] He dole Hd %#iy
B AEY A HFE oJdHA AFY Zolz 3}
At ol TAAQ M U2 Aoy Bpd] B
@l BEL AA Hole shigol HIHke HAS
o] &% Aotk & Wold Hmo} daldol= AEY
shao] Hdigd Higke] Aol AEFS slgoxlo)
AXA|A vl Aoz AarsiHch

L
it

L
i)

e

[

2. 2M7d sid gy

21. 97 U8 ¥ Wy

a7 g 2 EHAE e 2o <adg 1>
oM A WAdge U3 AHLY FAAlele A
574, SR A9 AF, A 79 29 79 39
FAT diddel e dFske AN Zrold.
seeie dHgs e Fdaeld Amle
03mme]st, Wyde &-§Zol= 51.719-51.819mm, 2
23 27shke 4EE 8950552 stk MYt o



S9 RS EAVE 059 YIE nlojART2ANE
A%eis} BAsk 2t

2.2 HA=el g5 ciolol1

<ag 2>& AAHY BF tojejaelnt
AA el RAEAZ Y59 Fol I
nEe] dmed AP  oys e B
A3A fuzzy c-means FTYEL AHRITE 0 WGl
dolAd JAHRE wlal7IfleA ofxidE 2 Azt
g ¥ Uo7 FRsudeis RO W
27198l 7t e B o ik ABAAL SA A
£tk o] REL U dojBYe st Yasith
ool deld Zizke Belsisisid dlolgEe
Bk Aol olFolR 4L EAUR scandld
A PREg e guic doliye Ik A=A A
& e BAE 180, 1 thee 181, 1 TR 182
Foz dolBye W 1 do|BYY AL I
Y58 4 ok Z ool ¥599 2tk 34
% 9gd, 935 WY 5& 7 Zolg BHL
SaE 7T BESHT FAS 7 uae) ZE s
o HFoz 44 F € & U Ao FHL F
U] F4o] Qolxw 4T FAZke) AR WelY
Fo| QolAx, % el ZEs F odele] £E
(product) 22 FRTE YA} BUE 4F dlolH
ARE vlo|AZTEANZ By P4 AFH B
d AFE FEHNAY Aol Wz DEC EW vlo|
agzaqgMe RS-232 EEE Bslo et A
sl xzaPe) F3), Fivle} oyl Z2aYe F

8 5& gEH

<2 1> Coil Housingg A ZHstx
HAodA Wt & =&

GREEN RED LAMP
LAMP(E3) ? ? (23

U PROCESSOR

al=le

8 0 3=

IMAGE
COMPUTER
BOARD SERIAL COMM
AS-2R2

CAMERA

<ag 2> A £F telotad

B arEel

b

Yy

2. 3.

b

23.1. Fuzzy C-Means ctnel 52
Possibilistic C-Means oi 2%t wjA S =23 o
Ao) 2]

A EE dA FHelelA 2 Gl gt
WAe BEEstdol dch AARE oo AAFE
233 BRAME gt viFS REs] £ A
olgrk.  7|&e] upjozAMiE  thresholding, region
growing, split-merge, relaxation ¥'H5°] Ak [23]
2 FolA relaxation WEFO) U] FCM(Fuzzy
C-Means)g8)E-2 v} &3te) AL HIZE ojdd 2
g Ao FAsl =43 Fow JARE F&
A3E F3 Yo} [4] FRT FCM ¢azFL dojH
9] Z+ Z¥j2E] BT 2% FF o] 1] He EH
Ao 2L o]gstm Ytk EF FCMe= ozl A&
&% k2 belonging®ltt compatibility®] A=) A#
A g P dAEA geth FARYE FCMER

2.2 “equal evidence’$} "ignorance” & TEE & 1
71 g 53], #go| e FFNA A3 EAE
o7} AZlth ol A3 WA 2A HZo Raghus
PCM(Possibilistic C-Means)E A8, e o %
e AAAN 7E3 TH SR ojg-atthi3]

2 dpda e FCMI PCME] A= deixa ALt
g5 Fo]7] Y& FCM LuglEe #4ste AAzt
o o8 & JEZ FUch FCM 5L fuzzy
Ajo) 2A%  fuzzy clustering WHo2A )&
43} Aoz WSS B¥shs Wgolth

In(U, 9= 23 33 Us)™l 1= s,



1<m(co (1)

o714 x,= Mtz sz doldH, v, £ i ¥HA
clusters] 54 Weloln]  U,e M slaxslis dolg
xt duster il gElwE SIerlE GERE
membership valueE UERITE A(D)E G488 3§
oA x,v FAA 4 sae] Lo grlel s
v, & 282 Z cluster?] 2o FA ¥l APsA
gk A9 Hage 97 98t Uy ool s
n| 23t wtEdle FRFHL8 x2S I gy 2
=

Uik:[lgl(—fcz%zf)y(m—l)]—l @)

;1( U™ . %k

o ;( Ui)™

919} Ag T AHSElolE Akteo] YR wolA
AN Aol Y7t B2EZ olF T Bo] 47
e AMNE A + 3l o F Ups Bdast
olm gl 43 membership &oln2 2L e ¥
1% e sae 2o U,s 20w 2w
Wl g o NESE g,(g), (¢=1,2,...00% 3
W A9 AR thed 2ol Waslel Yehd &
o

Uig=[lg(—§___—zi)2/(m—l)]—l (4)

2 (U)".5.8,8)
Vi=
gg( Ug)”.8,8)

)

H@e AG)E TES) AsaE BA 2t groupol
24 P9 WS e BAAG 0, 0,8 AolokaTk o]
& A9 B9} Sqo) =R 7Y DS (hard
st} 237 2@ TR ol@e 9 Wz o
Afuzzy se)O2 WWrIL ZAYAlN Qe 2&p
U,& o183 3¢ 2usigc 299 34e 7|

watel 72t 2% BT U ALE Qo4 PCMel A
£3Hch
FY 998 97) YA 4xaZr)e) BELS

ZHNAN 2 B2 Bagho] HAF AAZE PolA
W B7Y dYolu a23x) gow FYYYow MAs}
Atk oA Wrold 2t BEel disl 24K Variance)
g 7ol 2 gho] YAIgEL 2 A9 T BE &
s Q9L BFY gdoz | v FLE FYH
deoz wosgt AR TolM 15 = Hsigh
QAIgke] THTE 2He AT A W s F
AF Jojo] BFYF YPo FAHE B} gow,
W2 1580 2390l Al AA s 27
U Go] R2Hoz YA 22 AAL Folx|
t 298 94 9. BERAANE 73 159 SRS
2 112 Ay o|gA H4 7Y A9 BRY o
o] JojAW FY Feo] s Sl @WAH B5)A
g 9B ANsle 2 9o FURE den 2] F
A e 2 agle] Pde 258 A 189 FAL
03} 1289] FAIAel 649 EF 1285 2569 FAz
122 Ao 2 999 F4gte] BolAW “equal
evidence”st "ignorance’S A3k7] A Fojm 2}
ool FAlghe wietowsle] PCME A/} 2}
2e2Hd) $ahs At BEd 24 dloje: A5
e 245 @ Bostn, 234 23 Aol
£ 3 4295 ke Rojsiax @k o9} ge =

£ BEATIE BX $7b H2o] Raghuel o8l A
¢ slo] Hx PCM9] ZH34E thew 2oh13)

TAL U= 5 S it Sim 331 - w5 (6)

AONN n= ZH 3F) WF FF Aot K4
o] R WA e &4 HolHERY FEAE FAAl]
o A2g 7Fsd A FAs T e F AR &
R Qe e 2 RS g3 A w,; & hse 2
A fAG=E dg. Ud ad J(L, DS 228
e AL w;Zdze] ol BN o 2AISE A
a3 A7l A5 $dsitt

]g.(ﬂ;‘, uz) = u;;'!dgj'i' n{l—u)™ )]

tlo

)—\}(7)‘% u,-,~°ﬂ 3&6‘}] UI'E"S']'I’—, g 022 E
W &EUTE AU heae 92 5 AUk

-10 -



ui;=—ﬁ<‘m?> (®)
1+(—'L)
n;
®2ozRE, y,0l @ol [01) Apolol Fof iThs

A& &+ Utk n@4E SH2ENA £4 dlolH
2&3% gto] 0571 He ARE 2AYE ajER
ojZe 7t Fej2E9 JHeA B AHEd dgZd
ojEste] Mo} e Ao upgFsith

ol T dsgle] 3 W vjmEe dephg F
83 Yelie Addd AEE AR #,E F
Ayl A o 2E°] Raghuoll 93 A= oiA

oh13]
K 2 uid,
= —it

S (9
o Ui

J@l N& &4 delels] Asolm, K=l olth
&5l o8l 7H3A © 24 SHxeY 3R
R Azolrh. RisgolAE FCMelH 74 ¢4H
o A&UNE Agatel FHATL, el e 2 w2
shth @z Hold o BeEE AU 2 4 W) WE
of mgke 2] AsA 4 @l A &%
Y5 ke AN T, Y 2585 @9 ool
A @ol a&¥s 22 @ 3k 41 2 29
2e Hge MBan A Atdl: WYL
YT B8 FeaE 349 284 FOMenaE
3 e wHos N £ GNL AEs:
BEgold AR POME  A%e FOMe) 4m2lEe

ﬁL

ne 53

“ ?'(r 2

1) Fix the number of clusters
2) Fix m
3) Calculate FCM using (4),(5)

4) Estimate #; using(9)

5) Repeat
Update the prototype using U’
Compute U™} using (8),(5)
Until ([l4Ull<e)

STEP 3 oA FCM ¢xts2 Ak 2GS w
Bioz Agezd TEEL 4 Yo LW Be

ANNAe A,

1. 94T mF cluster A5 ¢ A B Aol
£ m=2, =22 Atk

2. UP™Vg olgated AG)dl 98 cluster center
U,'(p)% :v"?}‘:}

3 1,98 olgata A A8 UP
=

4 | UP = U D<o old F8e mxz 28R
@om 7 2%E tha SgR

g Axs

ol9} o] 435l WolA o)z JAL 2 39 B
et

232 Edge #Z& 2 A3

AN AN o]xigdel doAE B 9
AE 20 o %3 Q437 st oA dEste] o
AABE vigA |k o g, s wie A
ol &Folnz Piel Fxu Mo FAHF W} Sl
HFELS WIEA] ¥E I FUblEg 8% F3
T Wl gol FE3n Ut ¥ WIS
£ U &332l olgdn. viEadA
Roberts A, SobeldA Fol et of
ARA7L BAZ FRst kAt 2138 AR
A @7] WE 2 AFolAE Robets Akt
dojzl e} GgollA oAl Mdstet
& &% S e F A% A¥sE /2
2g GFelA Zohrta, 15449 FVIZ B ol
A2NEg FRIL F4E e PHELS 98 AN
AR B AT A Hilditche] #3-& ARt

<a¥ 4 I AAHSs MHER FFE BRItk

£

quo_a.mlm____\irlrrlr
[

o

<2¥ 3> Fuzzy C-means €18 F
o] &3t o} FY

_11_



<aY4> QAN AERF AAsig 94

1d d49

2 A Ho

+
i)

233 9
E

W oz

ol MM 97 oSS QU] kel
4 PRI DY FHGAL BYsfolobTh W
299 2333 FPAUPOR Aol Uk &
2384901 Bugd FAM[B), AY=Z=FRH6] Sl
slom, ¥ AFoe AAT= 2AWe ol gsch
ANIE FAYE SAAR F2% 999 5HFEE
AL 5 o, G99 wY, A%, TS 59 QW
4 BY% 92 # QE oWE k. A ===

%e 24Y W 9Ze SAFAYTI) Wol AHS
o ot 30l we Aol 23 sigkn e,
e ol5E ANE WP AZs $H A
AAgRE we BAsE Yol MEE a%o] @

ofxw, rmedee MMM wLE gL WA
4 2 £ A <Y 5ol WRE P A%
dg un

<adg 5>

H2E Q9% aEgde

%

e
n
S

2.3.4. White Filling =} 3ol &2

dEGL BPYe] 2YH A of
F& 201 Ul A White Fillng 95} 00 9
& Scnst®H Z S Wbl ARFGL I

-12 -

Aeh cheel of HA AL FEL dolBye @tk
dolgde 978 REsie] $U P WsE Polxn
e A7 4R TE M Rolt AeE woly

Yolakgin). o] Aelz A datez £e) @ + U
oml 7t giate) E4e ZARE & Uk olzae W
Wel= o) 77t e, B Aol AHRE wWHe
g3t 2.

DRAE Scandhil 2hlo] o} QA B HLP B
Fopllo} e hug AT

D3k Pl A2 saole 2L e Rl

A 12 Bol7h ofz] ehio] Bol QA B Ha
7 URHY Aze Ee olx wA 1, 28 ¥
Fo Btk

497474 A Scano] BB Agrt FEEh

<2y 6> white filling % dlo)Ed FA4L e
At Zh o] glojEe] 180,181,182 SolEg AA &
o2 BolME o] o] EuEl® GHor Holx
el

<% 6> White filling® o dojg&xg g4
235. deof N AF Zolet FAH gI—-

E

el £3E saFE ANt

2)95F 2ol

g gEAe BasEs AT A4 ek T
g EE 589 ox8 doslmz V2 g



3 34

dahlel RESLES) RES FEAS Fok F,
FAHEY)E T Bk

x=—}z gxi, y=_;1z Z%’ (6)

NSRS

e} 24e 7 We] FAol QiAW 2 FAH F
Azksl AR WEMRo] doix:, T wErel He
2 Wl 78 %+ Aok

A.B=|AllBlcos8, 6= cos —1% M

5) SetUp 474

SetUp 47L& A4 tigde] Holg HdHsluz 4P

Fosith didY ane d4a4E yepdd, ZHo)
=387 A B e A8Y At "est
A dAzE 35377F foldhA] gl B QA
= BFHolE ov] TN F At 9L B2 A
o] 24l e FAgE XFEZoIE Nt =
3 ol FAA 9 HdgH Hi g HELAR B,
AA) v|RY) EHogol o] & w HolA Hold
AEE ANl SetUps AR o 2789) 2&
F74 AFo] ol Lurit} FFE £k JTF 73
Azt A FHde] ol & W HA Holg 54
e Alo|th

an ot

MmN+ = (VW) + X,) (@)
X=0.030( T~ m(N))/(MAX — MIN) + 51 .8mm

4714
N 49 AFe & AF
mN): 3% AFSY JTH
T: 7R &3¢9 o
X ClEd AA Zo)
MAX: &-g-2ext] A i
MIN: 389410 HA 3hg
0030mm: FZoA 383 e}
51.8mm:  AES 7He] ARF

3. 4 =¥ 43

In

<ag 2 AAE &XE FHE 2o 3 Uk
A 3A 275k € At 9 B, C Alelg
Zhe P=olth dA 3E AEE 1529 A4E /A=
2 99 & FF9] 4EXE NHIE o2 F4d Y
o Soiitk ER AFe Uidde] Ase A” 8
Q&= 0030 mm (61786 ~ 51.819) mm °lct. 99
A&AE 51.806mm °|2E FFY v Eof 3k

St 0 B SR B

HEy AYC BINEXBYR/RY
B0 74184 OBISI9  [34B.586279, 104507004)
(308.210968, 114.104111)

(366.013245, 256.943585)
(484125519, 223.380753)

L

0

1 3650 74.426 0.82803
2 30007.0 650.339 0.89157
3 239.0 61.941 0.78280

oubx=368.033234 auty=258.833771

ox{1]-484.125518 cy[0}-223.380753
o{1}-348.606279 oyf1[=104507004
oxf2]=108.210968 cyf2}=114.104111
x{3)=366.01 3245 cy{3]=258.949585

LS 49| K| B=195.453006 4/ H|H2/=51.805000 HF £=0.891565
AN LN Q| H2]=2.023306, 2 RI] 2] =0,056652
At U F HB.CEY A0/ 2=89.567000

OUE ¥ B.C AN 2} 9f 172=7.676894

<29 7> A4 239 AWNE BAFE 94

2o 71 Fa% HL sl 2L $Ho]
I, FYY Wiz AN oM @e gaTe
WEskA] ook gtk s e 3] o
Al ARH i Wale & &R ¥sE v
871 wigolth. oejrix] wbiem wlw E A
Fuzzy C-means 2€318]5-8 Possibilistic C-Means<} 2
gate] AT o) stade] M He HIE FU
c}. ol 100709 el Waldel sasE SARE,
Otsu®] 3|AE & ©]8% Thresholding3i[11],
TsaiZ} ALTE moment preserving WAl12]s  Fuzzy
C-mean ¢85S FAT WYL vixd &4 gholtk
AR WHEe P47 stikevt 3¢ Axekn 44 o
skAge] W3yl £38% Fuzzy C-mean LndEst
PCMe=2 £33 FCMoAE 433 MAEASS &
T ek

_13_



<E 1> d#71A] 34 £8 HY vl
FAEEYY =Abgk
Histogram Thresholding 187.890
Moment Preserving 100.428
Fuzzy C-means 18.904
FCM combined with PCM | 10.809

4. 2 E

o] dFE ool nlaglE A9x2 Coil Housing
o e AT AR AA g EF FE §
£% 4= 9loggn Az

HE C-Means®}t Fuzzy C-Meansg Z2{3e s A
2} BEo ZAA A B AUEE 4 £ IS
2 339 HE9Ql Coil Housing2 o439 Z9g3dn
48 71 gueEd vz A3 de wyd vsiA
S5 4 F ATk

gt BEELS 2Eo @A SAEE HolE H
oj~3} oA ZHo] 7hsdta FHo FAYGLE A
& Fole) 4 2 Azhdu], B2 Hog QT Al
£9] Az EAE AFHFoRA spdsiddy &
& itk

= g |

[11 AVander lugt, "Signal Detection by Complex
Spatial  Filtering,” IEEE Trans. info,Theory, vol.
IT-10,pp 139-145, 1964

[21 A. Rosenfeld and A.C. Kak, “Digital Picture
Processing.” vol. 2, Academic Press, 1982.

[3] WK Pratt, "Digital lImage Processing”, John Wiley
& Sons, NewYork, 1978

[41 MM. Trivedi and J.C. Bezdek, "Low-level
segmentation of aerial images with fuzzy clustering,”
IEEE Trans, Syst. Man, Cybem., vol. SMC-16,no. 4,
pp. 589-5398, July/Aug. 1986

[5]1 DH. Ballard and C.M. Brown, "Computer Vision,
Prentice—Hall intemational Inco.”, 1989

[6] MK. Kundu, BB. chaudhuri and D.D. Majumder
"A generalized digital contour coding scheme,”
Computer Vision Graphics Image Process., 30,
pp.269-278, 1985.

[71 T.Pavidis, "Algorithm for Graphics and Image
Processing”, Second Edition, Academic Press, 1982.

(8] N.R. Pal and D.Bhandari, "Image Thresholding:
Some new techniques”, Signal Processing, vol.33 pp.
139-158,1938

[91 WK. Pratt, “Digital
Wiley-Interscience, 1991

Image Processing”,

[10] G.Y. Tang and B.Lien, "Region Filling with the
use of the Discrete Green Theorem,” Computer
Vision, Graphics and Image Processing vol. 42, pp.
297-305,1988

[11] N. Otsu, "A threshold selection method from
gray-level histograms,” IEEE Trans, Syst., Man,
Cybem., vol. SMC-9, no. 1,pp.62-66, Jan. 1979.

[12] W.H. Tsai, "Moment-preserving thresholding: A
new approach,” Computer Vision, Graphocs, Image
Processing, vol. 29, pp.377-393, 1985.

[13IR Krishnapuram, J.MKeller,"A possibilistic
approach to clustering”, IEEE Trans. on Fuzzy
Systems, Vol. 1, No. 2, pp.98-110,1993

19745 SAHSI MALZ S
&)

1961 ZS0IStm chatel MKt
BTUBBAIAN

1001 ZSstE et MXLD
STHE SRR

1983~ #A CHTCHStm S2ichst

2 M

ECNELTE R
|

BHAlEOk miEiolA

— 14—



