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Abstract Existing edge discovery techniques only found edges of defined shapes based on precise
definitions of edges. Therefore, there are many limitations in finding edges for images of complex and
diverse shapes that exist in the real world. A method for solving these problems and discovering various
types of edges is a cost minimization method. In this method, the cost function and cost factor are
defined and used. This cost function calculates the cost of the candidate edge model generated
according to the candidate edge generation strategy. If a satisfactory result is obtained, the
corresponding candidate edge model becomes the edge for the image. In this study, a new candidate
edge generation strategy was proposed to discover edges for images of more diverse shapes in order
to improve the disadvantage of only finding edges of a defined shape, which is a problem of the cost
minimization method. In addition, the contents of improvement were confirmed through a simple

simulation that reflected these points.
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1. M2

AT (edge)= A2 THE 4Ae o] #HEE #
= F AF7t9] AAZ “Bdgls(edge elements)gt &2
L= Z2 Ay AlIHE(short linear segments)°]tt.
LA A= olulA] ¥717F F25] HopAY EAL
‘go] Sl= "X on|AY of|7], JAS AEoh= A
ERE ote Z0E Thfet 42844 whio] IIFETH],
2] 1A ASoA EASEE 2= EAE 2 2A
(step detection)gtal 3}l AJ7to] wle} AlS Ed<LA
< #= A1 ¥4 HA(change detection)zt 2th
B]. BAE AR olw|A] AP, HAl Bl 9 FHE H|
B4 A 2 B & YA 7128 &
T & 5= ArH4-161.

719 2AE AR oA thdet BAF of
ezt Hog Y Ao] of5l7] Wi ojd X
Ao gt g A9 27 Yo frt o2
QIsh Algke W eje] A2 WHsH e BANE
Holx Qi

H]-& (Cost function)E 12T B 40 ¥
Holl A= okt 2AZE SAsh] fiste] 2AlE] H9
£ gukdQl ERETe R Folotqtt. E3F HAE B
FE Frlsr] A%t HlE A5E AYste] ARESH=T]
o] HI&YrE= A AE 7HEA HlE 84E9 &
(linear sum of weighted cost factors)2 & A oJFt}.
olgA AoH & FE AR = BAY BHFZ
ozl I gt 29 ZAYE A5RitH17]. &,
LA E dAste e ov|A| o tiste] 9] FH HA
2] BgS A5kl ool tigt H|-8-S ALttt A&
A TH T2 B4 Mol et H|8-E Fol= WL
2 3H HAY 2ES Aot SH A BP9 H
o] Yot 2o =2 7R wHES SER[RE 7]
£9] 3H A A A 4= FA 9 A 2F Sof
-85k 2719 *E 2 1Y STt S el st
o] 90 F WFOE o5 AAEH T WKL)
oggt o] 5o 2 A olFH A9 HYPTrS WA
stal o2 FH Y RAE= EAEA] Zoke 93o] A
o} mEbA ol2fet ol Wk & o thdEsto] thdRt
FE 9] ZAHE DHD 5= U= AFo] st & 2
2 9 SR gt ou|R|o) tiEt HA A KAl
£ 4AsH| oA=& o tft SR Bz FG A
o] Fgsirt.

&3S 71E9 HE 84 Fole BEAYE 5= 3

2
At
ofr

I ok
<t

i

e ol BkaE TSt Hlgo] Hesolof Tt
2 Aot & ¢ BgHoR Tkt mANS
AT % YES 7120 18 245 A JOFHL, A2
F2 BAE A4 A 371, Aste HeRt ge)
A Aol 71Ee] W 4se Hlasteic

]

2. 2M2| ZX| UHE

71&9] olm|R] W 2|47t FAE ddsks Wiol=
WEAE 7R, ¥AdY, A7) old A4S
ol&gt &=k A7 719 SOl AUtk WEAY 7L o
2] FE& 4949 ol Fjto] BAFRIA] opdAE s
T AR ofyet 2 o] FRMES] o] #Es
JEste] ZFske WHos YH o ouAYf HE
shavo] diste] Aol mAE FA| sk A 8H
HEAY 7 3A A 3, HAE A, 24 7T
o7 AEE £ ot A¥ #HOZE= high-emphasis
spatial frequency filtering, directional differentiation,
Gradient ¥ 5ol 3loH, ®HAHE WHo=E
Rosenfeld®H, Herskovitz and binford®% 5°] S
o E3 HH FE YO R = Griffith ¥ 2 Chew
HHSo] Ak &AA A WL BAE AARE o]
ujZo] A&H R A8 g Ish, ok HoAY 2
= o] Hof| AR HollA 9] ATto] oJEsttt. o] WY
o= Heuristic search, Dynamic programming,
Guided edge detection ¥H 5°] Uct

oA 71&tt BAY 7R 7HES TSR e
mAE FEE FEetA Fostr)7t offth 12Eg
574 49 oluAof diste] TAstaAt sh= KA
FEE Yot} Hojd mAvrE LAz AA
ol £ ok= thFst FefY EAEE Batdos WA
F o Qlot mEpA] oot AR ARE At 7S
A7 AP glom o]Hg AT F sh7t H]
& 43} o)t}
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2ol et QAT HoAS AFg] thEe] K ool
o= Ago] mEck metd wAE AHsHA FIst
7] BERE BAIRY A9l E4Ee Hofshe Zo]
clR geje] mASS WAslo] AUl EF B
o guelzels BHe SaE 23T 1 o9 A
Mol mAE) 728 s 7] o] mAY Sk
o 2% WHOIN ol mHe) FrERY PuE
Zolo] o8 4 Yotk webd oleid THHE 2

5h7] #13t Wiio] wlg 24s) ot
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3.1 HIRARY 2

HAEE dhcke A WA 2 HfA
(dissimilarity enhancement)2 2% HAE] 4 Z o
Ad £ e oA W HEo] FIEY o|FA FdH
on|?] D= ofefe}l Zo] #71% 4= Sk 247k 344 4
o] deF A& Qx|oAo] A HGAMIO] Hro] H]F
o= kA E9] Agtolr),

D={di ) 1<ij<N}

ojmf Z}z9] 3k g2 0’ 1T Ael9] gho] HH T

of e 2 e A= Shso] BAE s 2
= She T2 FEIT "k offst ofu|A] ] SloiA
T7le] a3 aARgo] Wagt] A Pojohs

A2} o] A A9 H[ QAL L 2T & = Fvt F
asiey Ao vlgAM 274 et Ao ulgAbde) 3

= ‘é‘%@— F Qe A=z ARGAT} Aolste] AT
oM 7 A9 Ry, ReZbe] B 7AM
=% '@#E‘ﬁ (R1 R)E R7|5}AL o] g= 7 A
of EAsks Bt 1o e Afol= zé«]?lﬁ}. A9
e A= 12719 Ad"d 2AE F22 HoHY
3x3 el 23hd 3779 o2 HAE] 22 BAE
ot

ojFgA FE olvA=RE 5749 84 FYH 7t
A o= HAFE vE ol dit Hast e
Soto] W2 vEZ e HAE] BYE Feoen B
AEE TR ofgA FE oA ERE 2= It
a0l diste] vlg A=E AltsAl Hi=dl WA vl8 &
S5 71&3l7] Aol olo Zadt Fo5S Lokt

QoA G:G={glhdA=<ij<n}
Z47kol Ska g(i, = 2ol I FeE 0 ~
255 7HA19] ghg Z=t.

OmAMglS:S={s, ) 0<ij<n}
Z7r9] 3k s(i, j)E 0 T2 19] o]7 & Zo
s, )7+ 1 o] B4 Ski(edge pixe)zt sHL
00| H)®EAZ] StAi(nonedge pixel)ol|2t gt}

O EAE E : 2A42] 2¥(configuration)o] ZgHe
2Ag staE9 JAFEE H5ke A 84

O 7h= BAE: AfolZo] FE]A] = mAE] k4
SR g HAY

O FAL BAE: Ao mgte mAjz] StAET
oZ JTAE T

O AtolE{cycle): A3 £o] 22 Z(path)
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9 1] A" 23 SY ofd stk4o] fR|(DolA
H]-&(point cost)> WA AF 7F5A &
24 C(S, D=A HojHct

F(S,1) =Y ,(w,xc(s1) (1)

W20 0<C<ladleldef o)
[g9] 2] 2AE 29 59 FA) 1] &(rotal cos) ©]
oAy RE ShhoA A Hlgo] Foz A
ojgiet.
8) = Y F(S,1)
l

1s1l) (2)
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[(49] 3] & 79 =A2 23 S, Sof gt SE2E
S7HA| 57} vl& AR, §)& theat 2t

AF(S S) = F(S)— F(S) (3)

2AE AR = YolA Fojd vl 5 Hase
EA] o]FojAH o] H|E T 571 vl 24
T ol HlE 84 HRRHASE BAE EA(H]
FAMS NS FeoHA &, Fl A&548Q EAE)S
233} 571 Bl 8ARE FEO it HE(C., cost
for curvature), X¥ H-3AMI(Cy, region dissimilarity)
of gt v, HAYE A5k Sl gt HlE
(Ce, number of edge point), Z#IHIE0]H(Cy,
fragmentation)ol] tHet v]-&, ®AE] FALC,, edge
thickness)oll gt H]-8-50] ZIEr}.
oA 7&T AXNH, ZIH H§ TFE A2 o
DAY BYE o7 ol gt &8 EAZE
st & BAEE Wdstel= olu)A]of st
9j9] TH B BPS Aot olof gt vl&-Z Al
Pttt Al&oiA T8 wAjE] B4 dko ot vl8-S
Z0|= UFoE TH HAY By Yot TH 1
Alg] 2g9] Hl-&o] Yot= o] EFT7ER] HHEgh
o}, o] WEE= TE RAY 2EE s ofH|X]of of
g mAEE} g

iy

> 10 &N

¢

3.3 38 DA BY WY 1Y

TH RAY BES e S o] 671 A
= ZFote] TEoAH THES Tk Byt AAddE
f7hx] SH wAE] BE B Ak of-8sto] s o]
u|x]e] tet FH A2 BYE ThEm ZF AgolA] 9
2] 1 € L9 A8l HAH AFl(raster scan) HHS A
B3tk Xk = S= @AY BAF mFolt skl Yk =
S+ TR nAE| Bgolet & uf 7 MR thaat At

A=k 1] 2 34 §sk § = Ma(S, D

ae] mAe] 2y S 1A oA 9] ska e B
sloto] TH wAE] BEE gheth

(A2 2] & X049 sFamsE S = My(S, D)

o] k20 YAE Yoz AEsio] dAje] mA
2y SH 94 1, 'Y 3ka ghe Bsiolo] $H mAE
2yg ke

(A2 3] &Y 3k& o5 S = Ms(S, D)

A 2P Aol e 2AR] F27F off IH
19] 2AM2] 23 il &b FE A 23
TFE= LERY Zor v IUle] ofmdt KAz
TFEo= ZAHA| FoH FTH BAY HF2 AA
LAz mgo] Hrt

X
X X X X X X X
= or X
X X X
X X X
X =) X or X

[Fig. 1] Edge model example

[F1=F 4] o] 7] B4 ol 87 = My(S, 1)

o] Ak £ ¢ w2 3aEY HXE oledt= A
ool deF 33 g

(d=F 51 A= A Wok S = Ms(S, 1)

A BAE 2y SolA Aol =3k YA 22t
of Hsto] YOI= ofa g WHOAA FH BAR By
SE WeEth

[H2F 6] Y3 & W 180% o5 S = M(S, 1)

7|&9 FH AR By A A S A 4= A
o] BAE 1Y Sof thsHE 2719 FE BAE BY §
7t F9eRae] Histe] 0= F WHFCE o5t A=
A Tl ozt olsgto g A ofsH Yoo B
ik sk e FHio BAfRlE EHSHA Xk
o] AR webA olF W & H thgststed
oot FHY BAEE BT 4 Qs dEo] "as
ot mEbA Y okl Histe] F IFeR 180k olF
sto] Ao BAE 2 Sofl tieh FH HAE] 2y §
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£ W=
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T ARgE dlolE Heie 22k wiE FE 9
1111 2712 Z#e] I8 gl sigske ‘0’3 255
Atol9] lolElE ARgSI e ol AFd 3 At
7Hgste. o] HE gew 4" omAle ® 13
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(Table 1) Initial image(Gray level value)

240 | 236 | 242 | 243 | 248 | 245 | 246 | 237 | 248 | 249 | 240
250 | 241 | 242 | 243 | 234 | 245 | 246 | 231 | 238 | 239 | 240
240 | 231 | 11 | 13 9 13 1 16 | 17 | 11 | 239 | 240
240 | 241 | 7 9 14 1 1 1 7 8 | 229 | 245
250 | 2561 | b 6 4 5 6 7 9 | 239 | 240
250 | 241 | 6 8 9 10 | 11 | 10 | 12 | 244 | 240
23312311 10 | 13 | 14 | 11 10 | 11 | 13 | 241 | 243
245 1249 1 12 | 11 15 | 12 6 10 | 11 | 238 | 250
2341253 | 183 | 10 | 15 | 18 | 13 | 17 | 12 | 234 | 239
243 | 239 | 234 | 231 | 236 | 233 | 231 | 236 | 231 | 244 | 237
249 | 236 | 233 | 233 | 240 | 233 | 237 | 239 | 234 | 233 | 250

w9 2 el ASE AEAE B 23t 2t
(Table 2) Simulation Weight
Hg2Q4 Ce Cy Ce Cs Ci
UEN| 0.5 2.0 1.0 3.0 1.2

Jo] 9 g2 T olule] U 1%
3} A Wste] B WL okl E 33 2t of
2o 109 S99 52| At ghe Bel Aoz AE
of mAe] @A) WelAE 49 Bha FE(2.2.26),
9.3), ©.5)°] BHEIoE A £ }§S Kol
T gich. wiglo] AlRke elAE 379 Bk B
(24, 8.8, ©.7)°] ALYl FASA] 23t A%
= w9t

(Table 3> Edge detection result

Mismatched Pixel Number

W4 ((2.2),(2.6), (9.3), (9.5)
8), 9.7)

Conventional

Proposed 374 ((2.4), 8.

5. 48

7129 BAY gH 7SS 54 9
sfo] wrtskaa} sk mAelo] YejE golstel olEl
DAY AT RA AA EATHE T 9
dol mAElE Avaos WAT 471 gk olefal
AE SHEsh] SAat g 7 el vlg Hadh
o= o] WHolAL: u8 A4S Hofska o5 4%

ofu]x]ef

4n

off o F

7VEA For wgekeE oSt BAE AR
< HAEE TAstEe olm|Ao] diste] Yojo] FE
2AE BYS AR oldt e FHE EAT 2
F2| vlgo] Hohe Eo =2 H7tA] wHESHEA
olojo] EXEt TH A o] HLHCh

£ oM BAE FE Y A FUtete A
AAC] EAsE TRt FEIS] A EE FEstalA} 5t
k. dedold= 574 o] | gro= A ol
Aol il 71| iyt ARkt HIke] HAfE] 4]
23 =S50tk =2E ARoAe AR el
S ofuAo] Hisf 71&2] WHET ekt A 1t
A gEe wolAL U HAth
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