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ABSTRACT

The Ant Colony Optimization (ACO) algorithm can be applied to various combinatorial optimization problems involving large datasets. This article
explores the application of the ACO algorithm in image edge detection, investigating and proposing algorithms for common edge detection methods.

Key wonds: Ant colony optimization algorithm, Ant Colony Optimization (ACO), Ant System (AS), TSP, Ant Colony System (ACS).

1. Mé ta thujt todn t6i wu héa dan kién

Téi wu héa dan kién - Ant Colony Optimization
(ACO) Ia mot phuong phip nghién ciru 14y cim himg
tir vi¢c m6 phéng hanh vn cuia dan klen trong ty nhién
nhim myc tiéu gidi quyét céc bai todn i wu phuc tap.

Thuit toan Ant System (AS) la thuit toan du tién
trong cic thuat todn tdi wu hda dan kién (ACO) dugc
ap dung tim nghiém cho bai toin nguoi di du lich
(traveling salesman problem TSP), va gin day no
dugc mo rong va cai tién dé ap dung cho nhiéu bai
toan t6i wu khéc nhau.

Bai toan TSP dugc md ta nhu sau: dit V = {a, b,
..y 2} 1 mjt tap céc thanh phd, 4 = {(rs):r,s € V} 1a
tap cac canh va &r,s) = &G,r) 1a chi phi trén canh (r,s)
€ A. Bai t0oin TSP 1a tim m{t chu trinh ngin nhit dé
thim mét thanh phé diing mét lan.

Trong thuit toan AS, ngoai viéc sir dung tham s
&r,s), mdi canh (r.s) dugc dinh nghia thém mét tham
s0 1(r,s) d& biéu dién vét mii trén céc canh cia din
kién. Chii y ring néu AS 4p dung cho bai toan TSP déi
ximg thi #(r,s) = 1{s,r), trong khi 4p dung cho bai toén
TSP khéng doi ximg thi 7(r,s) # (s.7).

Thudt toan AS lam viéc nhu sau: mdi kién tao ra

ot chu trinh hoan chinh béng cach chon cic thanh
ph theo ludt xac suit chuyén trang thdi (probabilistic
state transition rule) tire 1a céc kién chon cac thanh
pbo ma canh két ndi véi né cé nhidu vét mui. Khi
tat ca céc kién hoan thanh chu trinh cua né, luét cip
nhédt vét mui téng thé (global pheromone updaung
rule) dugc ép dung. Luit chuycn trang théi cia kién
k & thanh phd r chon thanh phd s dé di chuyén téi
nhu sau:

Pi(r,s)
[x(r,5)). [n(r,5))°
=1 Zuesn[r(r,w)]- [n(r,u)
0, néu nguorc lai.

]B.néus €, (1.1

trong do6 rla vét mii, n(rs) = 1/6(r,s), Ji(r) 12 t3p cic thz'mh
phé chura di qua cua kien k & thanh phé r va B1a mjt tham s§
xéc dinh quan h¢ giira vét mui va khoéng cua cdc canh (8>
0). Trong (3.1), ching ta nhan lugng vét mii trén canh (r.s)
véi glé trj kinh nghi¢m (heuristic) n(r;s), diéu nay co nghla
céc kién s& chon canh ngin hon hay c6 nhiéu vét mui hon dé
di. Trong AS, ludt cap nhjt tong dugc dinh nghia nhu sau:

m
1(r,s) =1 -a).1(r,s) + Z Aty (7,5) (1.2)
k=1
Trong do:
Aty (r,s)
v Ll néu (r,s) € chu trinh cia kién k
= {Lk

0, néu nguoc lai

0<a<1lathamsb bay hoi ciia vét mii, Li & chiéu dai
cua chu trinh tao béi kién k va m 1a sb kién. Muc dich cua
luat cap nhit tong thc la cép nhat cing nhiéu gia trj vét mui
cho céc chu trinh ngén cang ngén.

Yéu diém co ban cua thudt toan AS 1a chi tim nghiém
cho céc bai todn TSP vdi sb dinh it.

2. Cic bién thé ciia thuit todn tdi wu héa dan kicn

Thuit todn Ant Colony System (ACS) khéc vai thuat
to4n AS & cic diém sau:

- Luét chuyen trang thdi nhim cin bing gitra thim do
cdc canh méi va khai thic céc kién thirc di dugce tich ldy
cua bai toén;

- Luit cap nhit tdng thé dugc ap dung chi cho céc canh
thudc dudmg di tt nhat;

Trong bai toan TSP thudt toan ACS lam wcc nhu sau:
m kién dugc dit ngiu nhién & » thinh phd. Mdi kién xdy
dung mdt chu trinh (nghiém cia bai todn TSP) sir dung luat
chuyén trang thai. Trong khi xdy dyng chu trinh, mdi kién
cap nhat vét mui trén cich canh dl qua theo lujt cap nhjt
cuc b (local updating rule). Khi tat ci cic kién xay dung
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xong chu trinh cda nd, vét mui trcn chu trinh ngiin
duwoe ofp nhat theo ludt ¢dp nhit tong thé.
Thuét todn ACS cho bai todn TSP duge mo ta

nhu sau:
Khaoi tao

/
l

Lap

i
¢ o . LS > 43
Moi con kién dwoc dat tai 1 diém bat dau

/
l

Lap ¢ ; ¢ Vg
Moi con kién dp dung mét quy tac chuyén doi
trang thai dé trng buéc xdy dung mot giai phap
Mot vi tri miii duoc cdp nhdt theo qui tac

}
Cho dén khi tdt cdc kién xdy ding xong chu trinh
Vér mivi cdp nhdt theo ludt tong thé

Dimg khi méi kién xdy dung dicgc mét chu trinh

}

Trong ACS, luit chuyén trang thai nhu sau: mot
kién & thanh phd » chon thanh pho s dé di chuyén theo
luat sau:

S
" [argmwc{[r(r. W) [7(r, W1} néu g < go.u € k(1) (1.3)
S néu ngwoc lai

Trong d6 ¢ 13 mot bién ngau nhién phan bd déu
trong doan [0 1], go 1a mot tham sb (0=<go<1)vaSla
mot bién ngau nhién dugc chon theo phén bd xac suét
nhur trong (3.1).

Sau khi tat ca céc kién hoan thanh xong chu trinh
ciia n6, luat cip nhat tong thé dugc cap nhat cho chu
trinh ngén nhét cua vong lap hién thoi cia thuat toan.
Luat cap nhat t6ng thé dugc dinh nghia nhu sau:

1(r,s) =1 —-a).t(r,s) + a.At(r,s) (14)

trong do:
At(r,s)
B {(Lg,,)‘l, néu (r, s) thudc chu trinh ngan nhit
- 0,néu ngu'o'c lai
V6i 0 < a <1 1a tham s6 bbc hoi vét mui va Lgs 1a
chiéu dai cia chu trmh ngén nhat. Glong nhu trong

AS, luat cap nhat tong thé gia tang vét mui cho cac
chu trinh ngén hon.

Trong khi xay dung mot chu trinh, cic kién di qua
céc canh va cap nhat vét mui sir dung ludt cap nhat cuc
bd nhur sau:

©(r,s) = (1 - p).1(r,s) + p.At(r, 5)

V6i0 < p < 11a mdt tham sé.

Dua trén cac thi nghiém, ngudi ta da két luan dugce
ring két qua cia thudt todn ACS tt hon so véi thudt
todn AS.

(1.5)

3. /\p dung thudt toin téi wu hoa dan kién cho bai
todn tich duong bién anh

Péu vao: anh X
Déu ra: anh Y
1. Khéi tao céc tham sé: a, B, p, 7o, go, , ngudng
2. Tinh todn gia tri n(i, j) cho cé i, j
3. Phat hién diém endpoints E dya vao n(i, j)
4, d=1
5. Repeat
6. {M3i con kién xay dyng 1 duong di riéng cia né}
7. Dt m con kién vao n diém ngiu nhién
8. Fori=ltondo
9. Fork=1 ton mdo
10. Kién thir K chon dudng va di dén diém tiép theo
11. Cap nhét lai gid tri mui
12. end
13. end
“14. Tim ra 1§ trinh t5t nhét tai thoi diém d6
15. Cp nhit gia tri anh Y tai thoi diém
16. d=d+1
17. Until d > d_max

4. Két luan

Thuat toan dan kién do Thomas Stutzle va Marco
Dorigo dé xuit 1a mot thuat toan doc ddo va co thé ap dung
cho nhiéu bai toan tbi wu 6 hop véi mot bg dir ligu Iom. Bai
béo ndy nghién ciru thudt toan dan kién vao trong viéc tach
bién anh, nghién ciru va dua ra cic thudt todn cho cic
phuong phép tach bién thong thudng.
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