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Double drive fruit fly optimization algorithm and its application in PID
controller
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(1. School of Statistics, Tianjin University of Finance and Economics, Tianjin 300222, China; 2. School of Information,

Central University of Finance and Economics, Beijing 100081, China)

Abstract: In order to solve the problems of high computational complexity, strong parameter dependence and weak
global optimization ability of traditional swarm intelligence optimization algorithm, a fruit fly optimization algorithm
based on double drive with the theory of bacterial chemotaxis is proposed. Considering the distribution of the superior
and the inferior fruit fly groups, the concepts of multiple repellents and multiple attractants are proposed, and the location
of fruit fly is updated under the double drive, so as to avoid the invalid search of the traditional methods which only
depend on the local best (worst) position during the updating process. Then, based on the fitness value information of
the fruit flies, a weighted centroid vector calculation method of multiple repellents and multiple attractants is proposed to
determine the searching radiuses of fruit flies adaptively and avoid the problem of strong parameter dependence faced by
traditional methods. The experimental results on standard functions show that, the proposed method has lower parameter
dependence, higher convergence accuracy and convergence speed than existing typical algorithms. Moreover, the PID
controller optimized by the proposed method has high response speed and stability, showing the ability of the proposed
algorithm on PID parameter optimization.

Keywords: swarm intelligence optimization; fruit fly optimization algorithm; bacterial chemotaxis; multiple repellents;

multiple attractants; PID controller
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BWFOA 192 336 169 277 246 251 477 569
BCFOA 662 927 454 774 974 638 1242 1214
ACFOA 679 923 532 817 1023 545 1289 1031
PSO 125 139 128 219 159 197 325 286
DE 468 752 657 752 963 536 856 958
ACEE 625 851 331 656 869 402 1132 851
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FH 2 5 ] 0, 22 0 B IO I 1) g, (B — FHR LE
Vg bR 0 1, % A 22 U R BORE R B U R BCRE 5 BN R
HMRAR. 3t — 20 R I, PSO S SIGH FE f R, 76 400
UOEARE B e IS B SCIR A, T FOA.  IFFO A
BWFOA S TE P B SO A AT 4 R4 2, s
4% 5 BCFOA . DE S5 VER P, BLARAR ST ioxd o
] g, 18 2 35 155 T FOA . BWFOA F1 IFFO, {H 7E K £ %k
500 T 4758 A T ACFOA . BCFOA . DE 1%, % W]
R SR A A b SHe AT SSORE P RS S
43 PID{HESLI
43.1 ¥ NPIDIEHIRGSHML

L PID 4% il 2 4t R 3 40 & 1 Fr o, A SCfE
ITAE & SCHR6 595 (1038 B pR 30200, B

Fle)= [t Je(t)]. (17)
Horr:t Ry RGET IR, e(t) NINFE] ¢ 2000 R G0iR 2. ik
— s th, 45 HH S2 0 RN AR A
Gls) = — 523407 .
s3 + 86.65s2 + 10465s

Horp SRERT RN 1 ms, N 5 NI RS 5

R R FE A, A B B RO N LPID R4t
H34EnE e = (Kp, K, Kq). B, BOE# R G5
N Tmin = 08 Tmax = 5, KIEARRET = 500. £xF
B EEREAT 100 70 S50, SRAF ST B 1)~ 253
RAE F,, 45 R a5 frs.

(18)

40
s FOA ACFOA
—— [FFO —— PSO
BWFOA DE
35nh == BCFOA  — AV
3°'¢%H
NiRSAe
25 \ + '_I_'_'_‘_'_‘_"‘_'_.'_‘>
100 200 300 400 500
t/s

5 FRIEZEMWEIERE

FH & 5 0] 1, BWFOA 14 B B 22, 1% AR 151K
EAUE R BT 3 B S 1) 1E L. FOA.  BCFOA.
ACFOA J PSO 7EALAL ¥ & 77 TH 5 BWFOA & L 13
Uf, XoF B (1 F, A8 A, 1B 3 B0 1 R 358 WAL 1) 1
L. IFFO. DE FA SCH v SIOK 30 1oL, B4R DE IR
SR P R ER, BN B F, B (25.35) R i T A SCEE
1%(25.16).

T O T AN F BN L B A& PLAE (vaof) AT
AL B R & (). P, AR SCERIRAF I AR A B
N, = (0.8635,0.0002,0.0092), H v, {8 KT
oA 59, 3 W AR SOV AT LA 08 4 SR 36 4 A1 1)
. AN, BWFOA X M. I v,0p 18 A 32.99, B 2 5 T A

SCHEE. JEIRITE T BWFOA BVATE B 37 SR 17 B i
M AT RO B AL EAE B, B T Uik
A B¢ Z2 FEAR B BEAR I3 AT RO A SCHR HY Y 22 DR 3Z 5H)
AN 22 51175750 (R 00 R Bl S AT R 45 1 P SR X
SR A B AR I AAE 5] 7, I8 I P SRR IR A1 AL
oo ) 2 ) B 12 50 28 U 2R SRR P4 2R 9 B, e AE R
AT P 1) (RN, A 20 P AR SRR B N S s e DAL Ay T
RETE.

*6 TRIEZETHIRMENE voos MRMAUERE 2,

Xt b SR Vaof Ty

FOA 25.34 (0.8553, 0, 0.0042)
IFFO 25.23 (0.868 1,0, 0.009 1)
BWFOA 32.99 (0.5654,0, 0)
BCFOA 25.97 (0.8583,0, 0.005 6)
ACFOA 25.73 (0.8458, 0, 0.008 1)
PSO 25.42 (0.895 6, 0.003 6,0.009 2)
DE 25.35 (0.8678,0,0.008 6)
AH 25.16 (0.8635,0.0002, 0.0092)

RS0 b T [ AR I B [ B ) R G S5y
MR 0 A R AR, LR (R fe A S
LA 10 % T+ 2190 o FIr 75 B TR]. 24 5 ek
T RS ASE B, 8 1A A A K A AR S E I 22 1E
SRSHEMNE . a7 W, BT (R, 2R g Nk
P RN, REUERER 2. R rin(t) & RALFYER
55, yout(t) s 507 M Ekm RiAE 5, B 6 45 i 1 AN
AL SVE IR N AS 5 yout (1) [ IS4k, 745 H T A
JS2H) 2 GE LTI TA] (vgee, HAL ) R T B (v0s).

1.2

o L —— A
0 0.04 0.08 0.12 0.16 0.20
t/s

El6 REEETFMAISS MK
£7 REVE L FETEE v, FOABIRE v,

Xof b B Vsrt Vos /%o
FOA 0.015 7.76
IFFO 0.011 4.44
BWFOA 0.042 0.57
BCFOA 0.014 5.33
ACFOA 0.011 3.47
PSO 0.011 3.79
DE 0.009 3.76
ARCH: 0.009 3.72
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xR %36%

H1 5 7 0] 1: BWFOA B3 1) vy (B 3 K AU
1M DE 5K S 71N v 18 0.009, 2 W] 1% 7 Fh 55092
(LA 45 TRAE A5 4t 42 22 G Wi 973 P 5 H At B9
B R Am L. E Ak, B A B 6 128 7 7] 41, PSO. DE A
SN I ) o 4B AR I, 21K T BWFOA £ ACFOA
PAAM R HAth 75 3%, 2 B 3 3 R A3k BARTE T4 o
s — 2 178 ¥, (HAH X T FOA. TIFFO BA J2 BCFOA
SR & T B B e AR .

432 HBZLPIDEHIRGESHMN

BT (1) 2 PID 428 il 454 14 1 1 B 5 428 o 2%
FRIE VR T2 B B2 e BB RT 5K (18) i
7, AR ER 2 PID JRUER 45 AR S 0 dn T

uy(t) =
ei(?))
dt

(19)
For: wyg ARSI, eq (¢) N URTIRZE, Koy N
SR LA 2B, Ky AN Y 2 H, Koy RN

FEMEIEA |, 25 N RS T

us(t) =

t d(
Kpl X el(t) + Kil X J;) €1 (t)dt + Kdl X

d(ea(t)

dt

(20)

Horug AW EHH, eo(8) NNINRZE, Ko N
WAL R EL, Koo NN R, Kao NIRRT
RE NIUEA SCENER SRR, A F R
EEN FREFHPID REFH 6 NS Ky Kins
Kai~ Kpa~ Kio M Kao AT LG, XT LS5 Fir 45 45 2R
R FIFK I FIR.

*8 HBRPID TAEEETHHRMIERIE vaor F

t
Kp2 X eg(t) + Kig X IO 62(t)dt + Kdg X

BMALERE ,

XS vaor Ty

FOA 15.68 (1.526,1.123,0.029, 1.538, —0.106,0.022)
IFFO 1432 (1.722,—0.052,0.024, 1.569, —0.206,0.041)
BWFOA 19.15 (1.925,1.038,0.026, 1.368, —0.185,0.052)
BCFOA 18.46 (1.916,1.026,0.031, 1.526, —0.195,0.067)
ACFOA 18.26 (1.568,1.322,0.008, 1.522, —0.196,0.033)
PSO 14.35 (1.766,1.057,0.014, 1.734, —0.178,0.028)
DE 1411 (1.865,—0.057,0.012,1.734, —0.195,0.023)
AXEE 1259 (2236, —0.025,0.020, 1.676, —0.211,0.018)

FH % 6 M1 8 1] A1, £f 2 PID X B I w0 16 5 H
# PID BH 2RI, 2 BH 5 ¢ PID LU #) PID B3R 1355
i 0 B e R AR R L b — 2B R B, AR SCARLVE N B
Vot 18 (12.59) J5 A, BAIE 1 1% 532 7E FEAKS 56 2% PID 6

HH A5 2 7 T [ . ik B 7 RN 9 BT A, B AR HR 4
PID 2 G006} M ) vos 15 5 L PID A3, {5 AT 15 vgr 1H
I 2 (R I, 35 B BT B8 DA DU B ik B RR e RS I
b, AR SCEEAE b T B [A) B FR R R A 5 T RIS
DE k3o, B B0 T FOA . PSO %% i 71 4435:, % 1
8 FH A SCHRNERMT S8R0 5 1 B L PID 1/ . R 4
M) Jo7 338 5 R e 1, 36 IE T L AE AR 2% PID S 4R
At R R
%9 BEPID TARE XL EARENE ve FEBIHE vos

of b Vsrt Vos /%o
FOA 0.012 6.52
IFFO 0.008 421
BWFOA 0.011 1.38
BCFOA 0.009 4.62
ACFOA 0.008 4.11
PSO 0.008 3.78
DE 0.005 3.41
AR 0.005 3.38
5 & @

ASCHE T — Bl T 2 R 5 22 51510 E
G2 R SRR DA SR, TR R D) SR A B e AR
SRR 25 55 RO R A Rr i B2 T 2
WZ ) 5 2 517 I M, 8 G A% Gt 75 ik A R AL
BRI R B AR R B A SR BRI () MR IE A
(o7 B 225 2) £ F AR IE R AR B TH 55 2 IR 5
AN 5175 750 R BT 1) 2, 3 N7 7 SR
A 2R A2, T Yo A% 48 7 VR I 2 OO M 8 1) .
Xt 8 A~ S AL b B R AL 25 SRR B, P 9 ) SR
A R 2 RAE 2 BE 0 B A WSSO B AT S50H
JEE. BRI R PID AR o 2% PID 42 1] R 4 (0 07 45
SRR, 5 HAB IR L, (8 F T e th A AL 5 1
PID il &5 FAT R Z2 /0 i e B B A P v AL
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