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Generalized predictive control parameter optimization for indirect air cooling
system based on improved particle swarm optimization algorithm

DONG Zijian!, GAO Yang', RAN Ning?

(1. School of Control and Computer Engineering, North China Electric Power University, Baoding 071003, China;
2. College of Electronic Informational and Engineering, Hebei University, Baoding 071002, China)

Abstract: To address poor control performance of indirect air cooling systems under external disturbances, where
conventional PID control fails to meet requirements of large time-delay, strong coupling, and nonlinear systems
while generalized predictive control (GPC) offers superior performance but suffers from parameter tuning
difficulties, an improved PSO-based GPC parameter tuning method is proposed. Transfer function and
environmental wind speed disturbance models are established with a GPC controller using circulating water outlet
temperature as the controlled variable. Targeting limitations of conventional PSO prone to local optima and low
convergence accuracy, a DE-VPPSO hybrid algorithm combining differential evolution and velocity pausing
mechanisms is designed, employing dual-population collaborative search to enhance search capability and
convergence precision. The algorithm simultaneously optimizes four key GPC parameters: prediction horizon,
control horizon, control weighting, and softening factor. Simulation results demonstrate that under step disturbances,
wind speed disturbances, parameter mismatches, noise interference, and comprehensive operating conditions, the
proposed method exhibits excellent control performance and robustness, effectively enhancing system performance.
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R, AR ER K X K R A o R A
SR, IRBE RGN T 2518 R G AR 1 e H)
HWEER, TEEETA RAMEHEEE, HEE
BRI REN R PR, HESTE 1kPa, #
SENHSEFETH 5 1%, 2254 R G IR KRR S,
EMIRIREES, M3 KRG TR TARRES,
IEERRAE 12 m/s B X Rk 2l K, 255
A R G0 A B R 3 O BT M, i s ve
PEI KR B AR A 2 B4 S SO A B R AL,
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I XCTRINAEH] (generalized predictive control,
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IRKFERE ER T HRE SN A R E, s
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GRS HOREE IR SRR F A,

UG B 0 4 SR A R e ) AR SO R 15190,

ik, AScgkE e (differential evolution,
DE) S50V A B2 27 45 LR 5 B L4k Cvelocity
pausing particle swarm optimization, VPPSO) %%,
FEH T —Fhekidt i) DE-VPPSO 592, Refs BRI
BRI BENE, R AE A R ok i) DE-
VPPSO #i%, [FIRH1L GPC #il 41 4 44t S
TN, i, R AR T,
KF m A R RS AR M Re .
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Tab.1 Step response test data of louver opening

I [a)/s T % FEFRIKIR LI C

0 32 10.000

50 32 12.925
100 26 18.091
150 26 22.905
200 26 26.706
300 26 30.800
400 26 32.168
500 26 32.570
600 26 32.681
700 26 32.710
800 26 32.717
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B2 F H MATLAB #1411 System Identification
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Fig.1 Model verification of indirect air cooling system
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AN RIS JATHOGT V7 (1 T 2 v B Sl A /KRS, i
S5 RN 2 IR

R 2 MR RE TR KRB SN0 B3R
Tab.2 Data on the effect of environmental wind speed on
circulating water temperature

WH Hlig
WER#E/(mst) 50 6.5 6.0 120 150 200
TEH KR EEIC 2775 3026 3205 3536 3459 3365
M 2 B o T AL, PR XU R KR B
(RRENE 2 INAEZMERAE . R =B 2 0 s/ — 3
AN G B XU 5 53R /KR BE T RR HOR &R -

T =0.004 2x® —0.246 5x* + 4.192 8x +12.252 1 (2)
Ao T ATEH KRR x M XGE. L& T2
R RH R=20.989 2, EHEAEEIm, REUSHUfHY
TR IS XU R IE A K IR AR Ze Ve R R,
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Fig.2 Structural diagram of generalized predictive control
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X : IRIRARAL S (grey wolf optimizer, GWO) . %

J=(GAU + f —W)"(GAU + f -W)+1AUAU (8)
A We[w(k+1), w(k+2), ..., w(k+j)]" NS F b
1 1) £

GPC [z iltid it i/ ME B bR 2 J 3815 4

J RTEHIEENIE AU B A, BT S HE
MR RIE

AU=(G'G+A'GTW - f) 9)

2 DE-VPPSO E£i1%1t
21 EAENR

DE-VPPSO S K A L0 [FIHE R AL,
SFPEER 22 Ny AT N 2 ANSFREE, 20 BT AN

MIFEZRALH] o Ny FFhFE I B A R -
V(t+1) =

V() if r<a

(10)
Vi (t)rzw(t) + ClrS(Pbesti (t) - Xi (t)) + H’ﬁﬁ
C2r4(gbest (t) - Xl(t)) a
o(t) = o, x e[_z'sx?j (11)

s VIO Vi(t+1) 70 383 | VREFAESS R t+1
UCIEARIN B FE s ri—ra J9[0,1] X (8] () BE LA
Presti(t) 925 1 MRLF I MR B AL AL goest(t) F9AE
IR E s on NIEELEF REG o) ABHER
5y T KB

N ARSI TR e R TR & T B e, i
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gbest(t) t 5 If I’5 < 0(2
Xi(t) = X, () +F (X, ()= X, (1) Hfh 12
F = Fmax _(Fmax - Fmin) X % (13)

A X, — X, FEEHUVE R AME S oo WIS 5L
FAERFET: sAMIIAT, HEHAAXA:
O =1y X (X = X ) ¥ (1) (14)

N T B R IA A SR )3T DE-VPPSO
WALFIL S W RS GPC S RS, @
I 3 R R H AR .
22 ERE D

N T RAIE DE-VPPSO SARI BRI, HL 5 A
RFHEMRACTLILEATHIEE, 2058 VPPSO HiiZ:.
DE 532, #tfL 51k (genetic algorithm, GA). fiifh
Ak 5% (whale optimization algorithm, WOA) Al
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Fig.3 Flowchart of GPC parameter tuning based on DE-
VPPSO
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Tab.3 Parameter settings for various optimization algorithms

R A RFR ZHL A
DE-VPPSO maxs Fmaxs Fomin 0.8. 0.9. 05
VPPSO Omax 0.3. 0.8
DE F 0.9
GA TR, AR 0.8
WOA GEA T 2~0
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Fig.4 Performance of various algorithms in the F5 function
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Fig.5 Performance of various algorithms in the F13
function
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1E MATLAB i [Al# 2314 R 4i15 8, FHLAVE
fii DE-VPPSO Sk ildsfi b tEae . it ik
56, (MRS SR 2 RN, XHEaHT DE-
VPPSO k¥ GPC. £55# & GPC. DE-VPPSO 1
L PID Az ZN %252 PID 3t 4 Fhfas 1] SREME 114 R
Horb PID # #8 R FH bR dE I X, FoAL 1 pR £

1
G.(s) =K, (1+T—S+Tdsj (15)

A Ko AL o
Sy I 1) H 4
AR GESER. Wz, S5
KA. MEAETHD N, Rl & ] S A H i A
WS EIHUE > BT 4 53K 5,
&4 TRERIREIART GPCITHIRSHIRE

Tab.4 Parameters setting of generalized predictive
controller under different experimental scenarios

Ti AR ) HH Ta NI

Pl AR R Ne Ny A a
JUFZHIITN 13 1 0.1 0.1000
KIS 15 2 0.1 0.1000
F#hi% GPC =
e GNI 17 3 0.3 0.100 0
M 7S T4 15 1 0.1 0.100 0
TESEFER 16 1 0.1 0.3476
KRS 12 1 0.1 0.0140
k. GPC -
2 CN 19 1 0.1 0.098 0
WP T 17 3 0.1 0.500 0
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Tab.5 Parameters setting of PID controller under different
experimental scenarios

et b agit] R Kp Ti Ta

HELLIER 4,961 63.954 23.095
W) 7.441 52.295 16.877
ZHURL 4,031 88.825 13.324
T ST 5.271 71.060 2.665
TSR 5.426 66.898 17.234
RGHE RS 8.320 55.093 11.079
ZHURAC 4341 102.315 8.617

T FE T4 6.512 78.704 2.462
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Fig.6 Response curves of the control system under
continuous step disturbance input
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Fig.7 Response curves of the control system under
environmental wind speed disturbance
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Fig.8 Response curves of the control system under model
parameter variations
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Fig.9 Response curves of the control system under random
noise interference
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Tab.6 Parameter configuration of control strategies under
comprehensive conditions

il g 2 S E
ittt GPC Np=18 Ny=1 2=0.1 «=0.097 3
FHHZ GPC Np=15 Ny=1 2=0.1 «=0.1
ittt PID Kp=6.426 Ti=57.82 Ts=15.34
F51A% PID Kp=5.424 Ti=60.96 T4=27.09
33.5r
33.0F
56 i 2 4% 5)
32.01- fxgie ",{,?
@) ‘ ‘,
B [l
g Il
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Fig.10 Response curves of the control system under
comprehensive conditions
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MG EtERE. F3hiRZ GPC BA —ElEHH
PREFKE FEA L , R IR BN FARAER ORI 3) . PID %
il 45 7E 2 B 2 B 0 i P R R PRI 2, fRAERR
KRR, FaE i EK .

3.4 ZEMREXTEL

DA THT VA %428 il SR AE AN [R] 00 T O PERE
AR B TR IIA 455 1k 22874 Cintegral of time-
weighted absolute error, &rag) Flix 2 77 1 55
(integral of squared error, &se) 2 MEREFEFR, XT
3.1—33 W B4 R AT LR E R LA AT

Sae = [ te(®)at (16)
X e ARG H S BOEEMWZ: T 077
Ko Srae FEARX G IR ZR T S, BRBLRE
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R RGPS PRI PE, (e PP A
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See = E2(t)ct (17)
Sse FERRRI KBTI MR, AL A RS
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B TICR T R SIS LR S 4% P T H
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Tab.7 Comprehensive performance comparison table

R Sy - - ‘
oy VS O
W Omae 5996839 3810850 6040924  54750.20
Mk sise 306.10 251.81 380.48 335.96
Mgk OTae 2719918 1174510 2122383  13562.80
W3 s 2026.345 539.328 686.709 591.503
5% Orae 1496769 689.389 2213272 3439670
KB s 10764 0.3928 2.3418 3.1378
W GTae 272743 271808 86519.6  113286.0
T Sise 159.02 155.00 41553 697.73
sz OTae 7618676 45366.66 8755930 7523446
T s 344.06 266.90 465.45 417.71

MR T NEEEHAR T LR, 2T DE-VPPSO
HIE GPC SV E At T I s iR
I R mI MR A . FEalHh, E45A T,
it GPC JRIl X 52 437 e LR A G N RE /T - A
tLLF 3 S GPC, Sitae Ml aise 437 F#AIK 40.5%F0
22.4%; FHLLACAL PID, Sitae FlSise 2 Tide R 43 7l B
i 39.7%7H 36.1%; AHLLF-BHZ PID, Sitae Mldise
2 TR FR 7 IBFAIK 48.29%F0 42.7% . 3X — 45 L IIE T
BT 42 75 25 5 % 3R A5 %5 22 Pt 2 37 55 35038 P 1) 42 )
SR, X RGETI . SEREE. s T%EL
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RIC T S R0 Stk RS 40 Lo
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