Computer Engineering and Applications HEMIRENE 2007,43(33) 227

— ¥ PID ZHCREE R S REOEAE 34

KA, FE G EANE
ZHANG Xing-hua,LI Wei,ZHOU Liu—xi

MR RS B, BaL 210009
College of Automation, Nanjing University of Technology, Nanjing 210009, China
E—mail : zxhnjut@163.com

ZHANG Xing —hua,LLI Wei,ZHOU Liu—xi.Particle swarm optimization algorithms for parameter tuning of PID con-
trollers.Computer Engineering and Applications,2007,43(33):227-229.

Abstract: A particle swarm optimization algorithms for parameter tuning of PID controllers is proposed.First,a fitness function
which includes some terms represent overshoot,rise time and steady error of the system is defined,and the terms are weighted
properly.Then the particle swarm optimization algorithms with a constriction factor is used for multi—objective optimization of PID
controllers,and the auto parameter tuning of PID controllers can be realized.Simulation results show that the synthesized perfor—
mance of PID controllers obtained by the proposed method superior to that by standard methods.

Key words: PID controller;particle swarm optimization; multi-objective optimization; parameter tuning

fii B4R T A PID 45 R BAME R BT AL R, Zy R R R LA A R AR E | I A A s SR £ 48
AT E 1 B F B, SHARIE B 008 2 TR ) B KA B4R AR E S A, XU WA BT a9 kT BE Sk xT PID #4T % B AR,
Mt SRHL PID 426 569 8 S AME R, A5 AR A, 277 AR PID 454 55 69 5 G- b et T MLy iR 43 20 69 PID 4540 % .

Jt] - PID 4240 35 B T AR Ak B ARG SRR
G :1002-8331(2007)33-0227-03  SCRRbR IS : A

1 5%

PID ¥l e i M Rl gt —. i THHEAHE
TR B R A AT SE P O L TE R R g AR B
JHZRH o PID ¥ it — F& B sl S sz 2]z
RIEH)— AN EER, BRI T2 PID SHCEGE TR,
SR VRN — A AP B T I SRR Bt T TR T
HFHAEHRAD BT o AU B+ LA R — e 3G 2 4 S A
Frt R B bR, o DUARAS RS0 SRR 1 s IR LU
AEFERIR /N BRI ISE I ISTE %5) , iyt B PERESSIF o 4R
17, R PID SHCEE 5k KRR R — 2 Bk s
MRECERE—RAE R PERESE bR Y, =l PR R
P o M RGP FoE PRS- R SRR AT I ZER I, R
PID B it iR L ] S, A 25 3R A0 1 S PR R i) fi
1 PID 24,

B FHEE VP Particle Swarm Optimization, TR PSO ) i3k
B —Fh, JET R S EEHH BT AR, AT w1 —Fb
AR R B, A TR , B, 5B T L
BERBIMEZR IR BN A ) U 2 Ry SR, H5 15288, 1TH 3L
2, CRIHIN TR R S et in) fi-el,

ARSCERR PID #E g8 2 HARAARR AL S 1 —Fb
PID 4 E R PRI . 165G, il E X — M & &

W 5y KRG TP273.2

gk | ) AR IRZE TR W P pR AL, I
M SERREE ] AL ROVERE SR W A RPRITUE Y AL 2 )5, SR
FHHRCEIN AR BERR N PID #6172 H bRt 45 B ik
R EAT R ) A RS AR B IS i MO8 . T L) B
M PID Faihil RGE A0S R R PID ¥ 28 S0 T8 e , 7
EHTE S ) RETHO PR E AR E Pk 1] AT - . SRR SEBL
AR T SRR G BA T HZ B S

2 PID #5155k
PID ¥l 8 il 5 I iR 2505 5 B T Eu ] BV Ao id
B, DB E LR IR I R SR PSS, ALk R L
AR5 Ky
G(s)=K, (141 4Ts) (1)
Ts

SRR A B I A o T R TR AL, XA
PID $5iH 2% sR Ak
1 T's
G.(s)=K,( 1+K+ e TslN (2)
Hop K, LB T, AT, 53 B R B R 5L, N ok
—ANEGEREIEB(SCHEL N=10), PID #lgsa0fbis it i
FIATEN K, T, T, 74 H RGP AR 1 18] i
1TV, R NV B RIFR AR RS, 32 i A N R

JEEDH AT A BT HRF-E 4 H (the Natural Science of Department of Education of Jiangsu Province,China under Grant No.

06KJB510040),

PEF T A 5k2410(1963-) , 55, Wik, BIBE , 2907 1) Ay B oAzl dEA it A metle A i o



228  2007,43(33)

Computer Engineering and Applications THENL TR 5 A

3 kBN

PSO HjEbLE Kennedy Fll Eberhart 557 O R S S B I
H947 7 T 1995 AE{R I —Fhb LB i R
2 WIHOE B LSRR B B 2800 00 3825 A6 TEA R BT 3
SR, ST SRAS L AN R

FRUERY PSO HIHAML g —EEREHLEL T, SRJm it % Rk
T, AERE— B BT R A AR SR T
FAEZ ) AT A, AR Y R4 £ AR
TFAEIAREN NG T MR 32 ) =(p) o,
po)e B AR R S AR BN AR . iR AR
T30 Pani=(p1opa = p)o BAGE | ARIFIOHEEEC A V =(v), ,
vy o) R PR S AR B A R 1T 45
AR TR IC R X =2, a) ) ARE AL
VAR, WG — R, 4 1 MR TR BRI B T
aw ik i

V (4 D)=V (D4eir(p,,, (1)-X (1)) +easpa)-X (1))(3)

X (+1)=X (1)+V (141) (4)
Hp i FoRBIFIFT 0 AR RS, D A ) M AE8 w0 R
AT 1 BEEL BRI R, 6750 2 B X w110
SN, — B AERAL B EEK , JG B HTAS N s e Al e, AR IE
HH RN -, 33 T 3RRREF A BRI (cognitive )
FREA R ) (5 B 3L 5 (social ), FTFiRpe 425 LR Tk
ZRE S Z BT 5, R ry 20, 12 T R IEAS S AR A LA

VEAESR, Clere Z5MRMbRUEND PSO BEAT T 2kt , 352 R4 i i
S YA 5 R S ) e B Y 71 S OB AP R e AN i S|
T, BTLISRE PSO Bk MSIGHEE | Akl £ PSO BB EE
HHTHRE N

V (e D=xV (D+ein(p), (0)-X (1) +erspa)-X ())](5)
Horb oy FROMC4EIR F- , AR IR P S

2%
X= 2
26V 44 |
H d=c +ca, d>4, k=1, WL F PSO h: B H R 5=
(4)#F

(6)

4 PID BHCEE MR RELAL ST IE 9 0L

PID P 8% 89 Ak B TR — A £ H AR DAk 1) 11
PID i) ZHORERE  BRAAETE ) R GE PP 5 FARE P2 10 3617
P HLEY PID Z5CHeE 7 VAR [ I 0 T AR
B0 PID Pihls SH0HH AR iR PSO KXt PID
ZHAATRALTE T, FUH PSO 94 R 2RI % HARALAE ST,
ATLUTIRH B PID S50 E 7 v B, A HA T R P ARG
PID %5 . PID S0 E I PSO SEik 00 523052 90 B LAk
WF:

LR I, =0 I IR EBEILHRSAE o AR
eI RbEE P(0)=(P'(0),PX(0), -+, P(0)), 3o P’ (0)=[K. (0),
T/ (0), 7, (0|3 AR5 j AR FEMRZ 1) A bR i, ok
PID #EHIE =AMFOALI SHL I ERIEGE PID ZEAR T
T 35 A R, A 15 S WAL PID B Ziegler—

Nichols P59 PID 228 K, .7, il T, {1 0.3-5 {52 101
B BRI V (00, (0).0),(0) .0, (0)] HUk 0~1 2Tty
BpLAL.

S 2 R TREREITAG. SE LSRR . BT A
AR PSR J(p) R PID Pl ORI T4
PO B R

St Y, (7)

Horr o=ly,—y, My, x100% 3 7= PID 2 & e i) i e & Ly,
STy, SN 51, E TR, X HL L E S
PHERPS B R GERH N 0 55— UGAE] 0.95 v, B H] se,2y,-
Sy TAREIS L kBT HSE  n, R RRE AR o, SRR B, BLE
IHIARSE ) PID #SSHEREAT T S w0, (IR — R
PEREER P A SRR o N AT IR, . ZE IR |, T
LIRS PRI E PR ELR TSR | 0 o, B9 T35
W

B (7) S+ Pl b 45— AR -0 R JEE 1 3 7
BRI (p(0))=J(p(0)) i K NKIE VB T2 -

ot TR B ) REARL T, BN 8 ), (&R
JERIN ) ERI R R

Py (0)=p/(0), j=1,2,-,n

SHTR L NN pH0)  FETh B R, BIH

P (0)=p"(0)=[K, (0),7} (0),7,(0)]

LR 3 RS ) RIS (4) BB B b AN T
R

U 4 R BT e A B o I 35 I
T ()= (P () (1 BB RRRED I J(p () <J(p(-1))),
WIEFA R EERIE p, (0=p (0. WP, (D=p, (1-1),
j:l 2, ne

LS FHUHFRER A RN R, R kA
K27 J(ph()<p,,,(t=1), WEHHLRREMNE p,,,, (D=p"(1),

T, (D=1p,,., (-1)). FLIE SRR GO R
BOREIR AN  WEETELEA, 750 =1 $EBBDE 3,

5 Ui vas g Ko b
SRR T REENT PID 45 s T Utk B i A 2ot
FAAF AR IX -89 PSO X DL R Bl X 5009 PID il #eib 15 2
HFRSAR, Bt vt R L Rk
1
)= 0D (102 (20 @)
Pefbid Fe g, BhEREREECA 30, MIBEN T ¢\=c,=2.05, 0
AN F x=0.729 , B KIEFRIRELR R 30, B 1 20518 F R pR L
B DAL R B w1, 0,105 53 BV BCH 1.0.0.05 A 1.0 B, (ki f2 v
N EERR A AL R 2R . o] DU R B e Sl B AR b
(YNAAFR 3T 7 B R BB XL o 1] 2 PR AR EIRY PID $5ifl
45 Ziegler—Nichols J77% \ISE J715H1 ISTE J7ik45 20 PID ¥
Tl g BB ERIR R F A 3 1 45 T LRI I7 i3 K PID £
R HPRIERETERR . AR PSO KRG PID ¥4t 5 5
=PRI R PID Sl , vTLUE A 6 b R




4, B X & — M PID S8 82 i FRE L E &

2007,43(33) 229

KX,
5
4
3 Avera/ged fitness
ERNvE
S 1f
=}
3
o Best fitness
_1r
2 5 10 15 20 25 30
lterations
Pl 1 &L REAR A 2k
1.6 T
7Z-N
4 S
L ISTE
1.27 ISE
1.0
<
) |
5 08 PSO
g
< 0.6}
0.4+
0.2
o , , ,
0 10 20 30 40

Time/s

Pl 2 PERIBHER i 1 i 2
A1 AW FRRIN PID B35 B HPERE RS bi

PID #EETTE K, T; T, VR 0% FFHEE) ¢ JETIE .

Ziegler—Nichols 0.158 1 6.821 1 1.705 3 52.3 2.46 30.6
ISE 0.109 6 27.77322.143 8 18.1 3.25 353
ISTE 0.109 0 33.381 2 1.621 1 21.6 3.53 48.3
PSO 0.078 6 16.145 7 4.985 9 8.33 2.82 15.6

TR U SR A TN ) B D R SV ERES R bR DU b7
k4Rt

6 4
BEXEL PID B EEAFAER BN, 3 T — Ml e
TPERESERRAY PID Tl e 250 BORF R I 1% 1% 0718
SR AR PR PR R PID S50 T Sk, B
PRASCSIGH FE A R I 42 i R T o 7 PID FE e
i LS R b A R | BT R RIS IR £
BRI IE I B RR AL, HR A i) RS AO SERR TR RE ZoR % L oR+E
FRIUE 4 0L, BT 2055 2 A R PEREESR T R PID 2
B HEAERFEN , ZIIEAER] PID SEHlERiZE & 1ERE
TERITIFAFRNNG PID F5H18%, & —Fia%00Y PID 208 % 77
1, AT T2 N TSR PID #5554 R4kt .
(WA H 2007 4E 4 H)

&

5% ik -

[1] Astrom K J,Hagglund T.Automatic tuning of simple regulators with
specifications on phase and amplitude margins[J].Automatica, 1984
(20):645-651.

[2] Astrom K J,Hagglund T.PID controllers:theory,design and tuning[M].
Instrument Society of America, 1995.

[3] Kennedy J,Eberhart R.Particle swarm optimization[C]//Proceedings
of IEEE International Conference on Neural Networks,Perth, Aus—
tralia, 1995:1942-1948.

[4] SRR, AT IR G TR 2 HPRZENE Job—shop HRE]].
Pl 5P, 2005,20(2) : 137-140.

[5] W5 FRAUHT, W — R — P & T i RGN S S R &
B RERAL SRR P AL T R4, 2004, 24(4) :24-28.

[6] ZRBR], IRAE I, ERE . PSO FkTEARE M RGBS HUS TP
RZA[AE B 50, 2005, 34(1) : 123-125.

[7] Shi Yuhui, Eberhart.Modified particle swarm optimizer[C]//Proceed—

ings of IEEE International Conference on Evolutionary Computa—

tion.Anchorage , 1998 :69-73.

Clerc

convergence in a multidimensional complex space [J].IEEE Trans

on Evolutionary Computation, 2002(6):58-73.

[9] Xu Jian—Xin,Hang Chang—Chieh,Liu Chen.Parallel structure and
tuning of a fuzzy PID controller[J].Automatica,2000(36):673-684.

8

M,Kennedy J.The particle swarm —explosion,stability,and

( k32220 51)

SEAR T YRR 2 R 7 vk R A 55 5 o R SE T LI
BRI A S RE Wb RN A 15 B B A 1 10, TR w] LA
LR ML R AR A S A AT il w] DL DA B K ATE )
FABERVF LR B, AR X AR B B 41w L [RIB B
1B, PN EE SR AT & R SEPRIE ML . X B FE 25 Y e 43t
N7 R T %, IR % 7 1R 304 & IR TG E Wil LULL AR 5y
I AT S ZER I R . Ok B BA 2007 4F 3 H)

%7 3k :

[1] Dickson G W.An analysis of vendor selection systems and deci—
sion[J].Journal of Purchasing, 1966, 19:150.

[2] Weber C A,current j R.Vendor selection criteria and methods[J].
European Journal of Operational Research,1991,67(3):2-18.

[3] Menon M K.Selection criteria for providers of third—party logistics:

an exploratory study [J].Journal of Business Logistics,1998,19(1):

121-136.

Sink H L,Langley C J.A managerial framework for the acquisition

4

of third—party logistics services [J].Journal of Business Logistics,
1997,19(1):121-136.

[5] Sanjay J H,Ravi S.Selection of logistics service provider:an ana—
Iytic network process(ANP) approach[J].ARTICLE Omega,2007,35
(3):274-289.

[6] LR BT, BRZEAK. I8 JIT BREE T i) 38 R AV B R 2 ) i S R . B
TREZAAR, 1998(3).

[7] SRARETF B AR B VR R PPN M 2R B HASDRITR AN 77 15 ()]. R
B R B AR, 2001(3).

[8] THEH 25, X 5 5, IS, 45 A7 BEAE B ERIE T 58 =i il ity
P EE R AT EHL AR 5 M 2003,39(2):7-9.

[9] AL JRIUMME A VEARPEN R R S ARAL DS S AE i)
i RGE-CIMS, 2000(5).

[10] At#k, VERR A BURLE G PR 7 15 55 S BIRS BE (ML 5L - T ek
it , 2005.



