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ABSTRACT

A proportional — integral — derivative controller (PID coniroller) is commonly used in
industry and applicable to numerous control processes. The PID controller involves three constant
parameters: K '/ K, and K. By tuning the three parameters, the PID controller can provide
control action designed for specific process requirements, such as rise time, overshoot, steady-
state error. However, these PID parameters are often turned manually by trial and error which is
time-consuming. To conquer this problem, several methods have been proposed in the literature;
some of which have been known and applied widely, such as Ziegler-Nichols (ZN), Chien-
Hrones-Reswick (CHR) and Wang-Juang-Chan (WJC). The main problem is that the time
response obtained via these methods only satisfies the performance criteria for that particular
method. An improvement in tuning can be achieved using optimization techniques--namely
Genetic Algorithm (GA), Particle Swam Optimization (PSO), Shuffled-Frog Leaping Algorithm
(SFL), and Ant Colony Optimization (ACQO).

This project considers the use of Ani Colony System (ACS) for tuning a PID controller.
This method imitates the ant behavior in the nature to search for food. The simulation results
illustrate that the PID controller designed by ACS yields the time response characteristics better

than that designed by the classical ones.
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AN 24 et K, K uaz K, #2038 CHR

Controller Least Overshoot | 20 % Overshoot
Pocontrol | K,=03R/K | K =0TR/K
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Ant system (AS)

Dorigo, Maniezzo and Colonies(1991)

Elitist ant system (EAS)

Dorigo, Maniezzo and Colonies(1992)

Ant-Q

Gambadella and Dorigo (1995)

Rank — Based ant system (AS-rank)

Bullnheimer,Harlt and Strauss(1997)

Max-Min ant system (MMAS)

Stutzle and Hoos(1997)

Ant colony system (ACS)

Dorigo and Gambardella(1997)
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=YK, ,x10% +3 K, x107 (3.2)
J=0 J=

K, =(K,, x10")+(K,, 10" +..+ (K, x10") + (K, _ x107") +...
+(K, _, x107)

—~My

=Y Ky, x10" +Y K, x107 (3.3)
j=0 j=1
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r 2k 3

Q
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J=0 =l

K, =YK, 10"+ 3K, x107 (3.5)
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K=Y K, x10" 4> K,  x107 (3.6)
j=0 Jj=1
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i,u5 K., - Kr,—m:l (3.8)
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Kd = {:Kd,nd Kd.rld—l e Knl,[) Kd a Kdrm:l (39)

y=[o : K, i 0 K o0 K] (3.10)
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i 3.2 Medahmsildesualuduniadu

daed1alugifi 3.2 udaudumedieda die
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2. ntfedUN19UDIA (Tour Construction)
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J=0

Te(i+ 1, L+, j)

)iJr qj‘sq’

0 ,otherwise

= 1

i . . o o A
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o

¥
Ao Anaiiminvessinai s Tuu
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q An Anrudoiuluduniedieds

q, B A% 1AINMIFULLLIENNTH (Uniform)

7.+ 7" Ao ‘i’l’ﬂuﬁﬂ’liﬁﬂﬂ'lﬁ'lﬁﬂ (Heuristic information) U84

uadan K dwaaldningnas
10|~
g+l j)=| ——— (3.12)
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72, 0)=—-—10_|0_3| =07 uaz P(2,0) =%=0.0959
;;:(2,1)=——————10_|1_3’I =08 uay P(2,1)_=%§=0.1096
10-|2-3 0.9
n(2,2):%=0.9 oz P(2,2) === 01233
7](2,3):12ﬂ=1.0 g P(2,3)=%:0.I369
17(2,4)=m:0.9 oy P(2,4):%=0.1233
n(2,5) =10_—|5_3—| =0.8 uaz P(2,5) =%: 0.1096
q(2,6):w=0.7 oy P(2,6)=%=0.0959
n(2,7):w:0.6 uaz P(2,7) :%:0.0822
n(2,8):w:0.5 uay P(2,8)=%:0.0685
7(2,9) =W =04 unz P(2,9) :% =0.0548
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A i a {
Fawah Iaihunaz) 13 luansed 3.1

1199 3.1 Maf szt

J' n(2,J') 7(2,J) PR, J)
0 0.7 1 0.0959
1 0.8 1 0.1096
2 0.9 1 0.1233
3 1 1 0.1369
4 0.9 1 0.1233
5 0.8 1 0.1096
6 0.7 i 0.0959
7 0.6 1 0.0822
8 0.5 1 0.0685
9 0.4 1 0.0548
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1NA159% 3.1 Tidena1 P2, /) Aiflannniige Jenndaaths £(2,3) fidwnn

a
L

e Anfunnazimadunings (1,0) lifige (2,3)

% o o . e
3. mimmmmﬁqﬂﬁumﬂmma (Fitness Tunction)

4 = i o o { U
dioyaiuneasuvu ldiduniesiauysainds Saindunieh lduunlas
1 3
Wuwisiiwes K, K, uag K, ieldlifudmniuguuun o mimiufeinis
o R ~ 3 Y o o M A & o
$1204 (simulate) Minanavayedd 14 udniundammanunaiamdey Faihy

Hanswdhvunessaunsi 3.13

fX = ITAE = T{z le* ()]t (3.13)
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4. mafasuuilaanSusesi 13 13U (Update of Pheromone Trails)
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el 18us AdasiminueeUSinaills Ta () mmmmuﬂmawauaﬂﬂf‘lummn
(B) uazdniimssumovodd 13 lun (p) Taova e a, g uay p iaeglurae 0.01-1,
o o = J @ . @ A
0-5 Uaz 0.01-1 A muuazwismiwesveatlosunnie (Specific Factors) 79 19567 1414
mwizdvismisoranidavualuwdaz iluvmniu endredrausu A191598 Random

v
Exploration: ¢,) THnmeziuiinsves ACS iy

g o by e = 9 3 ary 1) s
Tumsilszgndnsdunmamanvinyidiindleduneuizvesermiinuua 1114

@ 1 = o A 3 dd? A o A
Tumsalfulyemmsiiimes PID e linansudussesszuufiuisfaiion (Pseudo Code)

Vo 4
189t

Main()
input (num, den) or (A, B, C, D)
input K , K;, K,
Y Star = [0iK,0:K,0:K, |
for round = 1 to round_max
for ant = 1 to ant max
find path()
find error of path()
end
choose minimum_error
ifminimum_error < error of Y_Star
update pheromone()
updateY_Star()
cnd
end
end

o @ e o o o
314 3.3 uamsseanowvesfleddundn



find path()
for node = | to node_max
fory=01t09
random q (0 <q=<1)
ifq<q,
prob(y) = calculate prob according to eq (3.11)
else
prob(y) =0
end
end

choose maximum prob

end
remember path
end
‘]Jﬁ 34 llﬁﬂﬁ‘iﬂﬁmﬂﬂﬂlﬂﬁﬂﬁﬂ‘ﬂu}’i“ﬁuﬂﬂ
find error of path()

for k = 1: length(T)
ITAE = calculate ITAE according to eq (3.14)
end

ﬂﬁ 3.5 !.Lﬁﬂ\?5‘riﬁ!.‘ﬂFJ?JﬂlﬂﬂﬁﬂﬂeﬁuHTﬂ']"ﬂJﬂﬂlﬂkﬂﬂﬂu

update pheromone()
for node = 1 fo node_max
pheromone = calculate pheromone according to eq (3.15)

end

314 3.6 uamasWanouvesfanFuU iR T3 Tuu (Update pheromone)

updateY _Star()
Y_Star = choose path that yields minimum_error
end
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