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Edge Detection using Genetic Algorithm
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Abstract

The existing edge detection methods can not represent the real edge of object at fitting point or detect
the edge which has unsufficient connecting trait. Especially, the two-fold thick edge detected by these
methods cannot coincide real boundary of subject and it's location.

To overcome these problems, we introduce the Genetic Algorithm(GA) in edge detection. The energy
function is the value of fixel's satisfaction degree to edge condition. And it consists of the fitness value to
image formation type, fitness value to comnecting trait to it's neighboring edge and evalulation function
which can represents the edge at fitting point as one fixel.

This method is superior to remove the noise in edge detection than the existing methods. And it also
detects the clear and exact edge because it can find the one fixel which is located at fitting point and has
strong connecting trait.
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19703 Hollandd)7} #l¢Het #H3Hoptimization) ¢xnE]Fe 3l 82 ¥1eF(GA, Genetic
Algorithm)& At AefA ] HAWE(survival of the fittest)d) Y2lE Tt g ooz A AHogd g+ Y
= GX)9 FH3 EAE A9z @48 T & e dngFEd) otk M dnEFE HYT
(evaluation function), ¥ AAkzl, 2g 3 EA9 & EFH3= F Al (chromosome) 2 A=Y, fdat
JAR 2= M E(selection), 2 H(crossover)t &% ¥ o] (mutation)”t $1th.

selection® = gt(fitness)d ¥l&ol wet tg AdE A GAANES Agste didatelth A
o 9o gukE o2 roulette wheel selections) & AHESHEHE, o /W ¥ AY¥E @& 7H 44
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e 24z § otk
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crossover A crossover &

Aggas | 0011 11001111 1111 | . | 001 00000000 1111

B 44 1100 00000000 0000 | . 1100 11001111 0000

1) ) 1t )
a b a b

18 1. crossover $4HFig. 1. Crossover operation)
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utation point
2
X = =» X
mutation A& A mutation A8 %

28 2. mutation §4HFig. 2. Mutation operation)
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o}

A

x HE @& y &8 T2 Htype) | WA Fk(fitness)

a8 3 HAix|el PA(Fig. 3. chromosome formation)

2) ®It g5 He
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© T E g A% vhaa Hgd % 34TF2 ¥ (type) 24
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J8 4. ©A 224 Hatel HHe|AE(Fg. 4. Formation of linked list for total edge image)

T g9 2% WY 218 doly FoAM g4 #A x, yo A& FHOE ¥ 3x3 dxfe}
o T2 ¥ vta3 DURH 20 EFE 47 xor Hudde MM 9 4 EFUE YAsE
vtAAE TR FoE AR dutros 2P A FEIY &FHEY, FSE A
Eoobd d&5gd e s, e o] 3 gl £otd Fr FFMoE Fdd s
TE g oA gl w& & TIetn, FSI9H A9 APTHE &FHe2AM guiv} gle Y
dojnz 3p7x § ouA] gol 2 g& 3T oo wE 72 Yo 244 L o5 2o

1) g gado] (1) 7 (2)9] whAa s} JAdd 3x3 A=F 9 4 BFY FEI WY EE
I B2 94 e Folng FAIA x, yE 9459402 dA o
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18] 5, 3x3 stabRxE & ZH otA=(Fig 5 Decision mask of 3X3 image formation type)
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if( 372 ¥ ==~ @)
{

type = edge;
fitnessl = 1;
}

else

i3z 8 == 172 )
{

type = continue;

fitnessl = 0;
}
else
BATZE F == (3)74) )
{
type = noise;
fitnessl = 0;

}
e type = gl. fitnessl,
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338 234 F2 4 9240 £1 /197)E BF 2E B} HE $3UE 71E e}l
S 7H) EHAL o /1F #FAS AFE 5o} YAT F1E FRUTE 712717 g} Bo) BA ¥
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A8 A AAHES I

AZA4 AR Hrie 7kA &FH Hrte] i dndEFS thdel YR Ad7ldM AHE et F
AgAe 7147 geli |a-b | & F JAR &34 717 48 Uehd ez a ¥4 7187 =%
b ¥4 7187 4E7t 2od 19 #& 3 dopdEdE Yeidle W
717k A e A9el2Z 0ghs A AT ER count WET
71&77t 2 &FAe & AT e ZeH o] count gl 5ET
oz Aottt

A A ASE ol HAH 7]
FA 24 x, yo d2H9 dowA
¥ &FAY £714 ABete 7IEE

count = Q;
if ( &34 7 ==3)
fitness2 = 1; /x QAN It g v/
else
fitness2 = 0;
c=018-labl)/180; (g 0< la-b] <18) #/

if (fitness2 =1 && c = 1)
{

count++,
if(count > 5)
fitness3 = 1,
else
fitness3 = 0;

}
if(fitness3 = 1 && c = 1)
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fitness4 = 1; /¥ e &2 ¥/
else
if(fitness3 = 0 && ¢ = 0)
fitness4 = 0; /¥ OHREHA) «/
else
if(fitness2 = 0 && ¢ = 1)
fitnessd = 0 ; /¥ (BE)

cont = g2 . fitness2 . fitness4;

(3) B ol A BrHr

71E9 §84 22 Wy FoM sobel WHE FFMo] FHE o8l A Hez FEHEE A 24
o A7|Eg o A el wet FEE &340l AR G4 B AVIE AHsHA vER7
e EAY AAd AFsts HAY Xl 1 He JA2 FAHoof dtng FHHA F5d o
Aol FA FolA 7 e A7t 21709 PAg MHstd §FHez AU ol UF FuF
< o0& 2o

WA sobel 7o F2® 243 94 dolEolA 274 FHE &3} o] FEHE B9 ¥
63 Zo] x, y WAL FAoZ & FATZE Yol 72 AAHD FAd 1 o 4 x+1, y AL FA
o2 ¥ HATE ¥ golgtd x, v 9 x+1, yo AAM A 7t &3 FEE ARE w2 2 7
o B4 Z Hge] At o E YA Adsy] st F gg Fido oge da2lFlM sobel bit
Wge sobel WHoZ F&9 243 4 vloE ol gra MiES 4 P B &E AvIEH g3=
HHo &AM A 7FFA Froloh

y-lyy+l

a8 6 x yB Moz F SARE HE 70|12 SAlol x+, yE 422 8 stiyx ¥o| 8 0|5 g2
Fig. 6. Two-fold edge when the decision formation type centering X, v is 7 and the decision formation type centering
x+1,y is 8.

if ((sobel_bit(x,y) == 7) && (sobel_bit(x+Ly) == 8)) |l
sobel_hit(x,y) == 7) && (sobel bit(x+ly) == 2) &&
sobel_bit(x+2y) == 8 ))

{

if(( gra(x,y) > gra(x+1y)) |l
(gra(x,y) > gra(x+ly) && (gra(xyy) > gra(x+2,y))
fitness3 = 1,

}

else
fitness3 = 0;
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else
{
if ((sobel_bit(x,y) == 8) && (sobel_bit(x-1,y) == 7} ||
sobel_bit(x,y) == 8) && (sobel_hit(x-1,y) == 2) && sobel bit(x-2,y)
==17))
{
if(( gra(x,y) > gra(x-1y)) ||
(gra(x,y) > gralx-1y) && (gra(x,y) > gra(x-2y))
fitness3 = 1;
}
else
fitness3 = 0,
}
t = g3fitness3;
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Fig. 7. Fixel of edge tip in 5X5 window Fig. 8. Fixel of edge tip in 5X5 window
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Fig. 9. Image formation type mask for extracting edge tip
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R wee Bde BAW #2440 FAoln EY 43 A FYOT MW T ¥ fFsE Aol

au AL ST ¥ vkAas 39 83 o] 3x3 A A I ATE F& FAAs] HEA o
FHIALE &R0 HrHA g2 oS P9 JAREH FFHes A 34 JA ¥ st 2
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SFMoR FE37] A8 29 99 HE FATFE ¥ wt23d FIEAA o dE dngEFe t&
of JephAth

A5 S0 2¥ 108 @A FATFZE Fo] ()2 AAHULY x, y o] Lo ofrlm o
dAgsle £FMANE BAsteld 21§ 109 @ o] (x+2, y) HAo] HI=A] FHdo]ofe} 6‘}1 ©9
A4 T2 ol ()2 FRFHUGE x, y Ao £F4HY 24 thdY @AY (x-2, y+2) A
o] Hk=A] f-#Aolojor el

y-1 y y+l v-1 yy+ly+2
y-1 v y+l x-1{010]0 v-1 y y+l x20 01001
x-11 0010 x|[ofl{B]|O x-11 010} 1 x-11 0 | 0|1

x (ol l]o 1101110 x 0o |@]|oO x| 0 010

x+1lol11o0 x+21 0110 xt1{0[01]0 xt1 0 |00 |0
@ ® © @

8 10, & 220 sidshs Ao g =U
Fig. 10. Edge condition for fixel of edge tip

£ olux ge AzAel BE Aol daA ALY Bes A2 2E B 9 oluix
tozw EEY 427t A4S ¥ ouA @4 2ASC] A¥ar} ohddlE H2 MeE 4 Uk o
&4 % oAl gl zhsn BE FEA H9 ASE hrol BERE FTHE A8k x y 9N I

Aol q oz e E A3 FFAUA ge Eave, & 39 &7 i 713 2 o
vz ge ze 4&01‘:’& 7} Z %g BolFE MAX & o83 & @ HAE 3o S wide] A
et o

E(xy) = etype +cont +g +t

POPULATION
E= | 2 Et)/(POPULATION) (POPULATION = RAA74)

S(x,y) = Max(E [ POPULATION][ POPULATION])

B A7A AL Az gLgEE ol 234 & HHE o 3ol EAdE wAge B35
&34 A BRE fdstn #olAo] gt dFAE 2on A BAY Al dAge &ANE F
Z3t7] 8 7H% HgE Aol 1 GAZ Jeuch 78S 4% 4¥L BM-PCAA C Q1€ AHst
A3, Ageole gAael A7l 100X10001=, HAe T#o] #Woe] 0~ 2563 FW F4E AHESHAT
Agre Bel FSAA AHE HAsy) sl A Gl AL EeR o= 309 FEE FFAL,
AP 3 gnIEE o] FF FBH FE /)& WY AT WuE A% 2 7 F4E sobel,
robert, kirsh 71¥-& FEAT 1Y 113 12014 (©)9 982 sobel 71¥E o83 A2 FE2 Bol
AR H AT gFo] FAL MoE Yehfol gatel Al EAET 3 AA &40 Yeiktow, F
ojF FEx ¥ ‘%ME?S}" AFE 293, () ()9 robertd} kirsh WHE o8 &HME Aol 74
A 2EEn A 36 HFee YAE FEo2 A AAHE LR YA B0 FEol
ol vehgth Zeiu B =FdA Agtd &3A 22 WM E &3 &9 a7zdd 9@
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b)) noise=304

1insert image

h
=30

a8 11, (@) ¥EA () TS(o=00)0] HREEH B4 (o) sobel ZHTt

Hoo

(d) Robert 9HH (e) Kirsh g (f) °JXP etyig|E b

Fig. 11 (a) Orignal image (b) image with noise(o=30)  (c) Sobel method
(d) Robert method {e) Kirsh method (f) Genetic algorithm method

(b)) noise=30/
insert image

C(f) Genetic
Algorithn

a2 12, (@) ¥EA  (b) B2 (o=300| HEE 4 (o) sobel EH
(d) Robert 8] (o) Kirsh & () REA 212|F 44
Fig. 12 (a) Orignal image (b) Image with noise(c'=30)  (c) Sobel method
(d) Robert method  (e) Kirsh method  (f) Genetic algorithm method
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g9 19 138 fAA duFol ANE JYsEA M g2 WA gE e g4 g8
o7k 3%e =EZ JEd AR 0MdZ/AAE I XAAT 2 U FHE #HE JHE BAR D
Al HEREE A9 A7 A Qo] A o] VAN 2HAA FAFE & 7 ANUTH

fl

fitness

35

30 F
25 |
20t
15t
10 |
51
0

0 10 20 30 40 5 60 70 80 90 100
McH
I3 13 38 11, 12 gake] HMN B JHE % ouX| 4ol wist
Fig. 13. Change of the highest fitness value among chromosomes of image in fig. 11, 12
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TAHE AW A

< 71E9 ol3¥ EAME 257 A¥ PPLE FAA FuFE ol &dned HHY &
2 AE AAE M £ BHE st G £oA o] HH FHE A= FHAEAR AN
o AR oA g FAL TR o BE oduA g3 olR &R AHA HE <A
&

a8 HH A 149 A2 YetleAo] e B7t JUAE FEOR SR F oA fol
Mg 2 gAE abeE FEEHT

AL WL 71Ee ol vja FSAAC A, Y FojRo] gle dFAHL AU HAH4
A AA 1749 3§ ’é-i E?ﬂlﬂ‘ﬁ 20 Agstn d9E &34 F22 7hed 6}%14

0% 34 34 72 438 9sty 35 A7 & BEL A Folq 2 =EolA AL
&5 9ol HAdo] MM S ZAFT JYEAE H/MEE FES FUheke AR 7 dug
oM AMEHL gle 71&9 @it g e 4¥e AT ARE ditAlel g @77t ook &

Ao g2 Algd"rh



FUA Ld2|ES 0|EF UM FE 97

References

[1] A. Rosenfeld and A. C. Kak, Digital Picture Processing, New York Academic, 1982, Vol 1 and 2.

{21 D. E. Goldberg, Genetic Algorithms in Search Optimization & Machine Learning, Addison. Wesley, 1989.

[3] D. H. Vallard and C.M.Brown, Computer Vision, Prentice-Hall, 1982.

[4] H. Kitano, "Empirical studies on the speed of convergence of neural network training using genetic
algorithms .” , In Proc. 8th JMIT National Conf. in Artificial Intelligence, vol. 2, pp. 789~796, 1994.

(5] JH. Holland, "Adaptation in natural and artificial systems”, The Univ. of Michigan Press, 1975.

[6] S. Sarker and K.L.Boyer, "On Optimal Infinite Impulse Response Edge Detection Filters”, IEEE Transac.
on PAMI, Vol.13, No.11, pp.699~714, November 1986.

[71 T. Peli and D. Malah, "A study of Edge Detection Algorithms”, Computer Graphics Image Processing,
Vol. 20, pp. 1-21, 1982.

[8] V. Torre and T. A. Poggio, "On Edge Detection”, IEEE Trans . Patt. Anal. Machine Intel, Vol
PAMI-8, no 2, pp. 147-163, Mar, 1986,

9] 943, ws) “71e7] 23 fA A", dFARHEs 24 sewR =24, A2 23, pp 339~
342, 1989

o X XA TH

4 o3 @

1984 249 : ZAGSE AAALETE EA(CIHAD

19894 29 : AT Qe BAANES FU(CISHAD
19956 98 ~ A ZAUER oA ALFAT wainA
19014 38 ~ @A BEAECS ANARALDS 20S

% ARl : YARY, AAF U4, FeETe]

of & 7
ZAYGRL AQHSRG AVEASS 2F



