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A Principal and Subordinate Cooperative Firefly Algorithm for Optimizing
Fractional —order PID Controller in Tracking Control of Ship Steering
Xue Han, Zhao Qiang, Ma Feng, Li Lina, Yang Shenhua

361021, China)

To improve the effect of course control, the Fractional —order Proportional — Integral— Derivative (FOPID) has been introduced to

(Navigation Institute, Jimei Vniversity, Xiamen
Abstract ;
tracking control of ship steering for the first time in this paper, and a principal and subordinate cooperative Firefly Algorithm (FA) has been
proposed for optimizing the controller gains and obtaining best performance index. Based of the dynamics mode and practical ship parameters,
the results of experiment shows that the FOPID controller optimized by firefly algorithm has better control ability than PSO algorithm. Sensi-
tivity analysis has been carried out to see the robustness of the optimum FOPID gains obtained at nominal, which need not be reset for wide

changes in system parameters. It is proved that the FOPID optimized by firefly algorithm can provide better control performance in tracking

control of ship steering.
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: Setting the parameters of FA
:Generate initial population of fireflies Xi(i=1,2,++,N)

: Divide the population into S swarms

:Caculate light intensity Li according to f(Xi)

1
2
3
4. Caculate corresponding objective function f(Xi)
5
6:t=0

7

: while g<<nGen

8: fork=1.S
9. fori=1:n all n fireflies
10: for j=1:n all n fireflies
11. if (Ljk>Lik)
12. move firefly ik towards jk in all D dimensions
13. end if
14. Attractiveness varies with the distance r via e ™
15: Evaluate new solutions and update new light intensity Lik
16: end forj
17. end for i
18. end for k
19. for k=1.S
20: Sort all the swarms and update the T top—ranked individuals
Xk, top in each swarm
21: end for k
22: fork=1.S
23: Generate a random number randk, suppose (n—1)/S<Crandk
<n/S,0<<n<S
24: Replace the worst solution Xk, worst with Xn,top
25: end for k
26. update the parameter T
27, g=g+1
28:end while

29:Output the global solution in all swarms.
3 EHIEIE
Nomoto # H )l — W1 20 Jy 2 BB F 100
Tp+¢ = Ko 18)

(s) K
o) s(Ts+ 1) (o

L. ZRESH T, KRB R, 0 J& MM 05 R 50
A RS
M PID #6185 77 A T E A DR . 3
FR R FH O TR A AR A D A A B, o R R B SR AR AT (X
FRIAE ) . B i A A0 o S MRl B T R IR 201
R A IS ST BR AT OURRFERE) » BN B A 0 T A 5 1
B PID i il 289 A F .

o =K, Jr%Jer,s/‘ 20)
KXf, K, Ka K HIEBO I 35
FOPID 0] L5 st~ g

C(s) = /e,,<1+ [?} !

"

+ [T[)x]- $"'D ) @D

. T 1 "
EWiiN [—} B BB, S BB R, 0 <y < 1,

[Tos 12—, "o BaBH I, 0<<mp <1. xfEfild
AT T 2

N—1

H(l‘.‘«‘/zo(a/))i)
oL T i=0
(,,>(.s>f/ep<1+[\, }KI 5 *

T+ s/ps Cabd>

i=0

.
1T+ /20 abdn

[TpsJKp I?O } (22)
TT t+ ¢s/poCabdn

i=0




57 3

M, 4% BT 30 ST E AU ACHURE DA Tk B A AR UL 1) 2 BB PID 4% il

» 2391

PI"D* [ S g i B [T 40T BT

Tunable Variables are PID gains, Kp, Ki, and Kd.
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Controller 6/ (%) Ess tr ts tp
without 85.9 0 2.15 108 4.24
FA—FOPID 5.42 0 1.63 8.33 3.03
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Controller FA—FOPID PSO—FOPID
Kp 0.2316 0.2316
Ki 0.0057 0.0125
Kd 2.6875 2.1569
o 0. 8047 0.7891
A 0.5042 0.4642
Ess 0 0

o/ (%) 5.42 7.83
Ts 8.33 9.17
Tr 1.63 1. 86
Tp 3.03 3.38
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Kp Ki Kd
+15% 0.2316 0.005 7 2.687 5
—15% 0.2316 0.005 7 2.687 5
+20% 0.2316 0.005 7 2.687 5
—20% 0.2316 0.005 7 2.687 5
+25% 0.2359 0.005 9 2.689 1
—25% 0.229 5 0.005 3 2.685 6
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