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Tuning of PID controller
based on improved particle-swarm-optimization
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Abstract: Because the classical PID parameter settings obtained by Z-N(Ziegler-Nichols) method usually fail to achieve
the best control performances, we propose an improved particle swarm optimization(IPSO) algorithm with fitness exponen-
tial scale and border buffer wall for tuning the PID parameters. First, by the selection-probability of the fitness exponential
scale, we select the underbred particles for random mutations. Secondly, we employ the border buffer wall to block the
slopping-over particles, making them to fall in the explored space of optima to enhance the diversity of the particle swarm.
Meanwhile, by modifying the number of swarm particles as well as the social and cognitive factors, we improve the effi-
ciency of optimum searching. In the simulation experiments, we apply the IPSO algorithm to the PID parameter tuning
for 5 different industrial process models, the corresponding optimal PID parameters are obtained under the criterion of
minimal integral-time-weighted-absolute error(ITAE). The effectiveness of the proposed improved particle swarm opti-
mization(IPSO) algorithm is validated.
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swarm optimization)
2.1 bR #ERL T B DL AL 1) B (Basic particle swarm

optimization)
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vij(k+1) =

X[w(k + 1)v;;(k) + ¢ (pbest;; —
xi;(k))+cara(gbest; —z;;(k))], (1)
xij(k+1) = z(k) + v (k + 1). (2)
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2.2.1  BE4BIEE(Supervision region)
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proved particle swarm optimization)

£ LTI, AT R RO bR T B

/!
fitness;

-
; fitness]

a;) xrand(0,1).  (8)

9)
z5(k)

HOIERL B LIPSO L BRI g U 1

Step 1 FHHLHI A A RL 1 HE rhORL 11 A7 B FE
JE;

Step 2

Step 3
AT G

Step 4 HEFRL T AN SR LR AN A B AR AT
VAR i B B I L o B VA

Step 5 THALIE AR OB AN AW R N, >
N x 0, % Step 6; 117 W], J4I Wi A5 ik 21 8 e EACHL, #
WAL, WIEEZL, Bt S04 3, A, # Step 2;

Step 6 USRI I R 5 (R 0E N AR, AR
O)HEAT I I BE T8 Bobr o, M 2X(7) v SR (1)
HROEER, X ) 2R(8)HEAT AR e, #eStep 2.
3 2 i R B0 iR (Classical test functions

verification)

h T 50 UE Uk PR SR (R A R, AR STk
T 3T SR AT IR, [R5 A5 DR Bl AR
LN E B I IPSOSRVE AT LU R, 348 ik iy 24
LKIRA

1) Spherepf %L

£1X) = 2, (10

% PR K. A. De Jong#t i,
, DISFIE 214 )=y fe /N0,

D) ANR) SEFTRE 77 B AL
MR 2(9) J7 Bl F 52 b Bl 5 R 1

=0, i=1.2.3. -
2) Rastriginpf%§

D

fo(X) = {x? — 100 cos(27z;) + 10},  (11)
i=1

’ﬁEP:Ul [ 512 512] ez =0, ¢_1,2,3 D

3) RosenbrocklZl iﬁl

f3(X) = Z {100(z7 — 2441)% + (2 — 1)},
(12)
A Hz; € [—10,10]. Rosenbrock 2 1R #E # 2Nk 1) 95
k@& HS 4 R e /M R 0. IR, I3 R K 4k %
= 10; IPSO5PSOF LS H W E W F: P2
N =30, IR ELter max = 1000, A HIE T-¢; =2.05,
& Fey = 2.05, BRI 7y = 0.73, BiPER+
K wmax = 0.9, R Pl MEwm, = 0.4, &
— e T I0VE R [—10, 10] (Rastriginif £ I
H[-5.12, 5.12]), Fi ¥ B KIEFE vgax = 6(Rastriginpf
BRI A 3). 6 TIPSO, BRI I 85 13 5 fiie = 0.1,
WA AT SeRE T FRES = 0.16, 18 I 5E bR 3k
K = 0.005, 7. = 2, ZpE%EE A LA 7L = 0.3.



1348 oW s N M 27 4%
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Table 1 Comparison of optimization results for IPSO & PSO

PSOS 3 M A1 IPSOS£3E NAE
REAFR B ARE N 5 N
F¥IE U EM CPHE wUE I ZAH
Sphere 0 0.652 0.024 2.77 3.027e-07 1.036e-07 8.384e-07
Rastrigin 0 24.76 7.886 62.8 5.374 1.99 8.955
Rosenbrock 0 297.6 14.32 882.4 6.967 5.186 9.461
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101 101
5r ST
8° &P
P (@)
5 &
S of ® S or o & &
@
s st o
B S SR o s 0 s
14k H14E

(b) %A K250 (a) AL 10t



10 #

MR FE otk PR Sk R PID Fas il 28 4 5 1349

_10 1 1 1 1

14
(b) EALH2508F

_1 0 1 1 1 1
14
(c) AR AN TS0H)

_10 1 1 1 1

14
(d) AR K 10000

K 3 PSOSEIFIEARL R o 1R RE 2> A1 14

Fig. 3 Particle distribution during the iterations for PSO
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M2 E H, IPSOTE FEA FVEIE A FE rh, R+
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4 1IPSO [ H 52 #|—PID 2 ¥ 41 4k % &
(IPSO application example —PID parameter
settings tuning)

4.1 RIS PR (Performance index)

B4R KA B U B TR .

) 0 u(?) 0]
~(fe | e O G [

K4 PID %I RS
Fig. 4 PID control system
G, (s) MBI L, PIDE il 4 1) 4% 34 bR 4L
A

K;
Ge(s) = K, + 5 + Kygs, (13)

KKy, Ky Kq20 0 0 Lo 38 2« B0 R BOR ik
SR W RS REARbR RB EE
PR LR TAE . 158 227 J5 B4 ISERI R 2 4t
X (B 36 LA [0 B TTAE JLFE, TAEFIISEAS 32 1) [1]
(LU, iy 5 | 93U 6 U AR 20 e U 5 N 1) 1) F i
IMITAEH T2 58 T W (A LR, &3 R g kil
T PR REFR bR 2 —. TTAESR bR XL

ITAE = jOTt le(t)] dt. (14)

L SRR 2 e (¢) 21 B 12 BR R B — Bl “ 312K bR
27, WA BRI Fars T LU o 2 6 &
Gt —AVIRES A 2] 55 — ARSI, DLR R4 2%
e MR SEBLE 95 ) H bR, IR A IX AN
RY A R PEREFE bR 5/ 1 I L AR, —H
K 5% 802 %015 72 45 B XF I R 45 I Tl A %
I EIRTZH. th T 2= 40 E e (t) A7 AE,
N )HE T F ATV b AT SR A, T8 e B AU 7
EAT KA. BRI SRR K 3% S ) LU [A]
WRKAGEAT B EUL, RN [T = mAt, mA
T K /N B B, 49 2 B AN A [n) Bt [n)(n =
0,1, ). W H X YT 25 8 8] ) &t [n] 1)
R ZE ] tEeln]. WM ALR /NI, ITABFEF5 0] LLI%

I (15)Kk15: .
ITAE = Y t[i] |e[i]| At. (15)
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R FH S0 PR R B S AT PID 2 0 s 1) 1ok A
SEFr B AR ) L X B, AR I SR
R (Kp, Ki, Ka)VE N R0 7E 0025 0] (19 4 1 1) o
P(K,, K, Kq), T Ky, Ki, Kq 77 W2 R/AE [0,
Kpmls [0, Kim], [0, Kam], HIEIITAE: GEf5 brfE
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4.2 LRI R R PIDS B e 45 B (Typical
controlled processes and PID tuning results)
AT RAEIPSOSL ik (42 i 1 RERUR, H Gk
B TP I R IR G ()1 MR,
W27, Bl A AR — B A B i i A,
76 A AR R R, BAA R R A AR S

(s N g U

A2 il AARdr AR AR
Table 2 Models for general controlled processes

FERL AR LT PE it
St R
. T3 i B it
7=051,2 AXWr=05
C L CHmLR
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e ? R
111 m 96 E@Ui%ﬂi
Lo 08 s L R
v (1 + S)
a=0.5,1 AL Wa =0.5
1 s
- - =] TJ' (=]
v 19" i sur
n=4,6,8 AXn =6

) FH A S ek ks 1 B VPSSO #2215
A ML AR E AR RS 5450 EATPID I ) 8% S 4 e, 1
HIPSOF A SR B W R PN 4N = 60;
IEARIR Blitermax = 100; K1 #EE LS H, B
o Wi S (R WS s AR A Clere i (1 1) 7 55
Tk, KBRS 1y = 0.73R8 8 2 8L 45 1
1 A eo AT 8 BN A0 4 Al 25 7= A8 52 ), LA 260 [A]
Feq R/ E B b 1 AR AL A0 A A AT 4
JRRRINEE T, N T ORIE R T R RE W% % B 4 R Al
fH 05, A CHe; = 2.05. 2K Feoff /N5
SEMARL - NMATE {74 Ja B O A BT AT R 3B T
RUTRES). R T 3w UK BE, AR SCHley = 2.05;
P50 PR B K /N 2 S 5 R (PR R AT K R
77, L2 Ww 2 LE 3K, PRAERL - BEAE 42 )= i3t
TR, )5 Ww b 20 ELEE N, AR T HEAT J5
TF I, ARSI SR B DR B 2R AR Ik B 2 1tk
BRI T, B R R Hwmax = 0.9, 151 A
F B/ MBwmin = 0.4; F—4E LG R0, 10];

Br I KO B vmax = 6; 280 K84 B 58 50 i B
A R A I I B AR e BRI B
e = 0.1; W IARIOR TR E ERR6 = 0.16; &
I BESE bR B K = 0.005; o = 2; 2Pk )R FEAH
KRETL = 0.4, R3GH T 5P P R &
PIDZ $Z-N& 5 F1 5L TIPSOIPID S $ 44 5 {1
Jo M B Fi FRITAE, £ 46 ] 10 % F12% 17 22 ify e
DU S5 PR U 7 N TR . ANERBIR 25 5L Hh S T ok
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Table 3 PID parameters for Z-N & IPSO and
their performances

i)
SR
I i I v %

. 22800  1.6200  0.6780  2.3880  1.4220
P 17945 12876 0.8098  1.9988  1.0420
L 26576 06707 01855 16959  0.2613
’ 12426 04497  0.1400  0.7449  0.1967
gy 04890 09782 06169  0.8406 19346
03142 08685 05938  0.8908  1.6709
yo 382000 27.6000 713000 43.5000  22.7000
32000  2.8000 63.5000  1.4000  3.4000
. 30100 87500  20.6000  5.7400  20.5100
° 21200 63500  15.0900  2.8900  15.0600
Tap 08683 44524 302060 27027  26.1630
03797  3.0419 167180  1.0048  17.5900

4.3 {jj 5L %K) (Simulation experiment)
Jy T 3 — B AE TIPSO & vk 1 %R,
MATLABAF HAE30 s T8 B 0.2 T
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Fig. 5 Closed-loop step response with process [
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Fig. 6 Closed-loop step response with process Il
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Fig. 7 Closed-loop step response with process III
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Fig. 9 Closed-loop step response with process V

P 45 v DU HY, T8 ek 3 Y 88 e A A 7
2% PP 1 SR R - A SV (IPS O) 443 21 1 428 ol &5 2R
(AP RE 2 AT 43 = .

5 4Z5i&(Conclusion)

AR T AR PIDSEIE 58 Ty 1 AR R £
BEEEAE M e e R B T R T A 2. Tl
I\ W D00 45 PR A A B T — R R T R O bR
T I RN A e 02 L% rh ki A 25 TRORL - B 5
1E(IPSO), WAL Gk BERIEAFAE Sy BN RSB AR
R PR 22 R T 0 el o BT A S ) AT T A
A5 R Ak, g 37 i AR A R A P A S5 R
HIPSOFIEMPUBAE, I % H LN A T PIDFE i
S HUE E P B I R L R e R
SIS 3R W AT B 16 45 Ak e AR 08, 5 4
ORI 2 AR LA (I PIDEE % 5 V40 5,
K FH ek (1) 98 5 b B ARE SR TR o L SR
B E R AR SR, Sat Ml ae AL
TG B N R AR 2. 53 4b, JE T IPSOIPIDZ £
T G NG, ARORIPIT IR ), X RS
(AR A S P AR 2 A /0, [R) o 0 3 T A vk 4
ARG SHEE, P B A R, Rk
TEPIDZEACAL B 5 J7 1, W1 HERE AT LU B
KEER. 1B —Mr Bk 5 23— P it Uk
WSS i FHORG P55 5 % 1 i S B TR O 3R
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