5545 4% %2 )
2018 4F

JEEAE TR AR (A ARBR2RR)
Journal of Beijing University of Chemical Technology ( Natural Science) 2018

Vol. 45, No.2

B TR 2 B ARALF 880U 1L Y 25 aa 25 Tl =5 )

BARAM

=T )

(AL 7 Tolb K2 k220, 107 #3H 121001)

8 B ARSI AR AR i [P, B T — R T R A i 4 22 H AR R OIE A A Al e T 4 o
FrL (IMPSO-NPC) Bt 4 22 FUARRL T REDEAL TR 35 (1P-MPSO ) 2K 2 7% 5 fin B 3300 A 2 25 X Il Qi e B0l
TE— 525 S H XK fe b 3 SRS H X R A I . 5380, S 1 B IBORL T 1F 42 R B Ik
T AR Rl S OC A SR TR TR R AE T o R G TR R T A AR 4 R R O A SRIER T

HATRE AT AT

KB BLTHEOLAG; AR, (nidr ik s 45 e
DOI: 10. 13543/j. bhxbzr. 2018. 02. 014

HhE S ES: TP301

i =7

o i R GRS RS W E BN, B
P AR A A 7 T o () S B . MR, A KA b
RGN I T AE S5 A FR G0 R A T
I, FEEBT I, R AR, v s AL A
FRULEE s S 8] B DR, DT R 235 2 00 i
el B ALK HE . B AT, B B2 M S 0B 5T K
SRR ARk AR O I, B2 1R 2 AR O
TR T8 S Al R G KR o4 i 3 12k
BB SRR 2E T A N B A B s R A AT R n
W45 e 2 A8 B RE AT I T AR A 5
WL SCHRL6 -7 1 H4h S Bl 7K O IR BE AR Ry i
ANAgf FELLRAL IR 50 R (kR SRR ) Ry
A WSS AR — 2R A RS, R A
2 MG AP R AR SCEL T ksl E R B e
AR, LA —EMEE

A L I A o e — A S A 4R R R G
TER PR A e 1 F00 i VR sh ek Im) B
ZRIRAE A E USSR Tz N, R
I ) 53092 (IMPSO-NPC ) 7 52 B 6 T AR 70| 2 5%
A 1 P T e B v P X K, P L e R VR
DA AT 2 1 1 A L T 4 o] B3 1 B 1) S A 4K

Wk HY . 2017-10-25

HEWH . T8 HABES (2013020036)
B B 1972 o HR

E-mail ; dyb16@ 163. com

T B, Fegt B il 5 i i ARk H AR s Ech 2
A F G TN R 2 2 R A0S, DT S BB F AR R
SR SEbr LK E AR R BT i A T e 24
WA Z2 A FLAR , W RRE B H ARG A SR i i A
2 HARMCAKR A AT SRR I RICR

1528 AARUACR i R v, Dy 1 3RO -t ]
AR DX S8 it 4L 2 7% s A - AU o 25 22 b 5
VRO AR AR SR A DR DR IR B
P18 i 4 o A R [ I (4 0E Al e At 19 A 2801 R o A
PEo ORI A SCHR T — i SR A R 4 22 H bRk R
SL (1P-MPSO) , Sk fil & 1 DX 3l 4 1 2%
i Py SR, BEDRAIE TR 1 7] Pareto FT T A2 30
(7 1o, 0SB X i e 140 50 Rl i 4 1
4, ORE , R SR R E X I A Y Pareto AE 45
fift , AOCRE T A2 S B IR R b DR SR A ARG i e ARG SR
B A B TH R AR BT HLA TR fH )
P T IRSERR, T30, O T AR BORL T Y 4
SRyt R, AR SCER B o5 D SR, B R 1R
FRERIS1S

1 3 S M TN 48 ) An B ot b T 8 B 0K
By HE AR 2

1.1 HEZR M S B

TG, AR 2 I 42 ) B A R A R T
%y}

y(0) =fly(t=1),-,y(t=n,),

u(t-1-d),-,u(t-1-d-n,)) (1)
R A ) WAL R BB AR s,y W



%28

WM . BTG 22 FARRL T REDU AL O 25 R A5 B 42 1) - 83

FR G A\ B IR 5 d A AR DM T £ ) AR A
AR, — i d =0,
HK, Z Hbwl) @ n] 454 an
minf(X) = {£,(X), £L,(X)-,
g.(x)=0 i=1,2,---p
s. t. . (2)
h(x) =0 j=1,2,
XP X O R =3 A R SR AL i 5 g, (x)j??’]ﬁinfft
by () AR
Z HAR AL ) T IR F 22 FhoR i Jr ik, Herp
Pareto (5 02 —FP s SR .
5 A R R 0 AT 2 WL SCER [ 8 ]
A ——FR
1.2 IP-MPSO EiEHEAKRIRIE
AR SCA Y B R i G B T R DXt i
BRMZ% s R RS & Rk Tl BT
OFENIGL, 5 EBE R4 K2 2% X LU (A
TR Z IR BEAE FE B AT, 2% X B
J SR IRB AT I, 275 X AR/ B BE E, B AT R
TR RO AR S i QTR IB T, AW 312
%‘L‘ BT 1L, 22 58 8 2] Pareto RIS,
W, S R ORAIE 1 I e 75 1) , o AT LA ] O A
ERVE AR ECE . LA B AR BB 2% Xl
BRI S R s AT i R, BRI 1 R,

(X}

2

HA

Hiwl

g N AT ARG SR IR I 2] (g = 0) M AL %] (g =
max) IBATIRES , BL NS PEN 2] (g = i) BIBFTITOL; * ASH X
i,
Bl 1 IP-MPSO Fiikis it f2
Fig. 1 Running process of the IP-MPSO algorithm

k) D 4 5k E E AR S iR s A S

Z X,
S MR s Rk
Teor =1, =m(r, =s,) (3)
Hrf g =€ g IUFTBITREG g, RIBIT AL
Br 797/'%;'?/&5\ PR Pareto HITH AR T,

H T, A Gk i Z BRI S % X G2 m
ESHX RIS HXE " RICRHARIES %
X, HAR R ARl

r=R,.,-n(R,, -R;) (4)
H R, IR R, HER/INER,

1.3 NFEERHRARTIIEER

AR SCEPRIMBR SR G AR LR . T RECE
AR X IR ZE 4% — R BRI T Bl SR

%, =x,(1 +BR( -1,1)) (5)
Horr v AR SR AR B BB [0,0.5];
R( -1,1) NBEHLEL,

AR HE o N
0=0,,-1(0,,-0.) (6)
H o, o K B/NESIEE,

%ﬁl‘ ﬁTﬁc%BﬂjEEl‘]éé%*ﬁ?,ZlijCZ‘%
g-dominanceff &' $2H T —FhBR B 5 1 ( spheri-
cal sector dominance, fijFR ss) KU, TEER B AR A
23 A N 4% 2 Ry i ki, 51 AP e ] Pareto il TET
i

BB S SR

mow 3K G (ss) wT RIS AETET A A w,
w" eR";

1) Flag (w) >Flag (w" ) ;

2) M ow, <w B, W2 Flag, (w) = Flag,
(w™) DA S w, <w o i=1,2,-,n,

Flag . (w)E XN

Flag (w) =

Vi=12,,-,m
0, Hth

(7)

Horf v SHERRLG  w A fifas
1.4 BUHREEMEIE

ARSCR T ZDT B 5OR K o 350 1

% 155 g-dominance 5P Z MG B SURMIFIL I,

MOPSO-RA 2 B8 1) DIl Al 4 53 BRI AR Sy

g-dominance ,MOPSO-RA Fl IP-MOPSO 55 ¥ £ 47 X%

ST AE— A



.84 .

A T2 (A RRER)

2018 4F

T, D E A EZESECN ; g-dominance Y38 L AHE
20,99, 748 SHER 0. 1, BRI ER 200 W BT HERY
FUBL 100, SN R AL 50, A8 5 465 30,

ZDT 5 R FE B AL 5 > rR AR, A SCik
ZDT1 . ZDT2 F1 ZDT3 p&%5 4 510 3k e 2 3457 X Pa-
reto VA BN AEELER FILRE T, S

x5 XA B /IME 2R B2 0. 05,0, 1.,0. 13, MR 19 2
AR AR N (0.5,0.3).(0.4,0.4) (0.6,
0.12) , HAR{GEZERANE 2 fia, Hod £, f, il
K PREL ZDT pRECH BARME, 154> B A5 AT DLl — 4k
) BAR=s[a]

1.0 1.0 L0
0.8F 0.8} 0.5 \
0.6 0.6F .
< * NS g OF
04+ 04+ - \
-0.5
021 02+ \
| L -1.0 .
0 0.5 1.0 0 0.5 1.0 0 0.5 1.0
5 5 Ji
(a) ZDTI (b) ZDT2 (c) ZDT3

2 ZDT1,ZDT2 F1 ZDT3 Hylikas
Fig.2  Test results for ZDT1, ZDT2 and ZDT3

P EAE A R BT XA A3 ok B, 4 AL
(127 s O B AR v] LA i E 45 AR 18 RN 4R
T, F T T PR At pR 5 I A RN —
B,

R T i 20 B e B A WA SR RN A
ARSCRWUT A0 B 1 AR 25 (generational dis-
tance, GD) . 7 PEFEHR (spacing, SP) F¥I{E,GD |
SP R0 /N 3R W At £ A WA S5k A o A PR R G, L
RIS LR 1 PR,

#1  GD M sp ¥k
Table 1  Values of GD and SP
R RS GD Sp
g-dominance 1.870 x107*  6.823x1073
ZDT1 MOPSO-RA 1.335x1073  9.968 x10~*
IP-MOPSO 9.610 x10~* 1.037 x10 73
g-dominance 8.437x107*  6.513x1073
ZDT2 MOPSO-RA 7.544 x10 74 1.125 x10 73
IP-MOPSO 5.730 x 104 3.726 x10 ~*
g-dominance 4.236 x10°*  5.584 x107?
ZDT3 MOPSO-RA 6.971 x107*  5.890x10?
IP-MOPSO 3.801 x 10 ~* 8.675x107°

12 1 AJ 1, MOPSO-RA 7E ZDT1 1 ZDT2 %5 %
2% Pareto BV I -0 HE 1 o, U HUE i 42 19 43 L
AT g-dominance 5.3k, {HJZFE ZDT3 45 F % &2

Pareto i #7 W S ICRE WA T A B, 5 Z M,
g-dominancefE IR ELE Pareto BV 1Y THLHE T 2L T
MOPSO-RA $i . ASCHE it kRS 7 2%
U G R0 DXl e 7 o S D L B E XS TR AR
Pareto B #T#P AT LARAGBCAF UM A . DRIt , SO 3
B RSSO 8 B A1 O3 A PR 4 R 4T 5 LY g-dom-
inance 1 Fl MOPSO-RA 53

2545 LA b3 b, O Bk T LA T SR AR R T
R EIEPES % S AL &, I B R Y 275 X2k
TRy e/ ME R i B rh i n B, PRI Ok
TEARTESK A O 477 1) ) [N, 3 1 e 48157, 5
S U A AR ] Pareto R AZ ),

2 HTF IMPSO-NPC Hy 25 5 5 5 4

ERENHFRE
AR S AR PR N T ) 228 R A AR
iy A7 B R S FUOK TR s
WAL AN 45 A% 1T T BE (45 et AR RO ) |
45 g B B HE I B K AR R A R 4R
Hl A5 R EE R A
1) 3hK AR
A, =R’ (@, - sina)

2.1

x\

R (8)

HA R N4, x, K FALRS A A R 5l

o =2c0s (1= ), 2R<x, <4R



52 WOKMW S . BT ImAr 10 2 BARRL T BEOL A 45 S 4 5000 42 11 -85 -
n 1
&Ei‘l X T= LKepL L LhIAT +T., (11)
2) WA A= h,, 24z
dy AA, Ho K R BERE 2280 L o AR BE A 2 Sy h R
— = J2gh, —v (9) % S o % S 5] 35
de A, : T B s b by AR AR AR B p W AT

b A RS SRR AR A O BB, b DS A
J& o AR,
3) fr il A X

S L) sk

¥ =[1 01[}

Forp, T2 AL JRER A 2R 8 K R A AL o 2R
GEME T 5y, 9 i L 5 ooy Sy FELATLAAA A TR PR

S EL[6
?&EE‘ } o

4) G st AR ARG R DT AR

(10)

¥ =R,(a,~sina,)

Yo K, .
/(,/fs+1) ] (ll=2(:ns’1 (1— %),OsxstR

Y
T 1

I TR EIKIRE
2.2 HRBETERGENEHLEN

HRAE 2. 1 1940 B T R4S 25 AL 4% R G B
P A E R 45 b o R[] i B e &5
(R AS7 B+ 5 K 0 R B = s 7 AR Ak [R] Bsf i 52
e 235 dt e 13 UL EE A o o PRI 45 b e S PR B
— AR 2R G R, BAR WA 3 PR, H
W, o 0 T Sl oK T RE RN i B E A K
HIl K, M P S AL b AT | 1/s R4t fib g 3T ARUAS TR
K, B AfaRIR sh i B R G IS EL, A SCH: IMPSO-
NPC FvE R B4 ds R g M s 4 iR i
IMPSO-NPC #%#% .

+ "
> 1/s >
Lk po—— L arsr, L,
h, 2‘/; h,W col

K3 2585 R AR A

Fig.3 Nonlinear models for the mold system

gL
A gt | LA,

it Ersi
WIAE ) e

IMPSO-NPC
AR

o ok B BEE pe
gimesiiE | T

>
[ FEX 4 J
sl 2

K4 4hifhas 228 B 251 15
Fig.4  Structure of the mold control system
ARG LR, FoT 00 42 o -t AT 50 14 1
J1o TOUI AR AR AR AR 7 2 — Bl 0o B Sl |
FRER AR LA B DA A A 3 020 T 0 it ] 3
i R e BB AME IR T | X RMEE R DL R A5 X 5
AR RS BE A B 23K, IRIAS SCR T A 3

fifdi gy =, 2 R GRS ESNTE T R B
R pRE P R IA i 1R 22 | AT VR Sh LA K A i) mT
DITH R R GEMAG , DT 5 JIR T B Mg 1 760 ) A A AR 1)
EHAAE
2.3 (HESH

ASCH IMPSO-NPC 353 HH PSO-NPC 3.7k LA
FOCHRL T ] i) BT g R 1 535 (ADRC) I FHTE
SEE SR R G, PET MATLAB {5 528, ff E
FHBHON 45 S 904 mm, WTTAT (201/230 ) mm x
(700 ~ 1450) mm, B 7K A R E0. 51, % HK R E
40 °C , BN TE AR E 1530 °C , H73E 0. 8 ~2. 4 m/min,
PEEPIHASAL N 1.4 ~ 1. 6 m/min, 35 I 45 525 WK 170
A 50 ~ 60 mm,, TN FIEECH 3, S
BN 6, R THESEEW 1.4 77, APiIRIEH 285
fE R M B =X (12) Fis



. 86 - JE AL TR 4 ( FHARRL2=AR) 2018 4F
Ay, Ay, 106
Au, Au, I
B- (12) 105F =~ .= —_
Ay, Ay, Y s
Au, Au, L 14 4
JCy, o SR RGEHIH 1,y 0, 5350 R =10}
%A /\ L — IMPSO-NPC
/N o wd e PSO-NPC,
FERAA e E B R G AY, R A (12) TR ——ADRC
F) AR B S R E RS B 1015 5 10 i 20
0.13 -1.17 s
B=[O'31 _0'96} (13) Bl6 iR Lk
Q Tﬁﬁt}’iﬂ%ﬂ%ﬁﬂ‘]i‘}“?{@k?&%{ﬂﬂ%( ESO) :‘[ﬁ%y\j Fig.6  Plots of exit temperature
— AR LR, AR LR AR 22 I R (NLSEF) 65
DL IR A5 4% (TD) 1352 W SCHiR[ 7 ] ol
A AE TR 45 ] IMPSO-NPC 45 HY 1) 2 —
ARG AR A DR] Ikl T 42 ol AR 418 45 il 2R e oK 5 55
TEPRARAE TR RV E s il A . e B — e mT S
SRR . (D4 2 G855 22 G 00 S A v 08 :ﬁgmA
SEESRITE, T BB\ G 9 S O 5 2 R ; e
0 5 10 15 20

GERT S PEZORAS @ I, AT LAAE 2 8 2 2 0] i 4R o
AR EA T 3 A 5 LA, BN, K 3Bl e s A\ 2
GURETY AT RIAT L A i 8 e Xk B R A R DI A
fifp o AR SCE PR — P 7 T T 45 b o O 2 114 38
W, A AR At e 1 B DR SR 2, LA B o
U 5% 22 AL i L U R 22 A 2 AR
At , AT B Ak B b oA oL, A0 S R, &
Geb il BRI 6 K 7 R,

25

WM R22/10 mm
= o 8
— T

9]
T T T

0.2 04 0.6 0.8
U B B 1222/10 C

K5 i HAR RS

Fig.5 Objective state of the solution set

g it FHR AR R LR 6 i . Bk,
t=0s i, 25 s hidE M 1. 4 m/min BYERE 1. 6 m/
min, &l 6 AT, 45 b # th FORLEESE N 3 ~4 °C it
] IMPSO-NPC 5.7k | % #L PSO-NPC %35 F1 ADRC
HR R ST B B AR 4, Horh ) AR SO Y IMP-
SO-NPC. 543288 1 f5z 7N, i) o7 f B 177 JH At 19 o 53

(=)

7 ehkd 2k
Fig.7 Plots of the liquid level

2 TR R R AR B s B R AR, R, Y
t=10 S,gﬁﬁl%&TﬁE%?%‘: 1.6 m/min A48 , ok LR
WA KA B BRAZ AR, WA AN 50 mm 2 5 & 60 mm
2 T MRS PSO-NPC 5 il 2% A9 UG B T
0.3 CAATMBE N, KWL S as 1l DR B2 3 T
A% R A 52 5 5L A PP 4R AR 0 R
R B S AR X N 22 BIRR A TR /N s AR S HR
tH 9 IMPSO-NPC #2 ill #% (1) 5 B2 i 2 Aa e 1 A
2y, 1 B I 3 i R A A2 BV A7 B R R s
B T by (4 SR

gL AR LN 7 BT, 148, =10
Af, 235 St 7 B85 (E A 50 mm 42 755 %] 60 mm , IMP-
SO-NPC =il #5% i 4 h H e, I & A H I
ey, e, R, 21 =10s, 7 M 1. 4 m/min
FrER2E 1. 6 m/min B, 5L PSO-NPC il 4% 9 A7
By R A TR B, BB 2 A A o IR AR A X
SEMARAOL A T BRIR G, A driiiE g
A I 2 7 LA/, 32 B B A 55 . IMP-
SO-NPC F il #5 W w] DA 4 R s i L, i R A e
it R BE F

2 FRTR TR LAY PSO-NPC 35 il 2% 2% JH 2
AR R A, IRAS B ANER 2 fe DL, T LSRR AS R



WM . BTG 22 FARRL T REDU AL O 25 R A5 B 42 1) - 87+

B2 AP 25 R T RS AR =0, Rt
HA —E B ERRUR BT Foh AR R &
ARSI 220K, A BT 2 il 25 AR X PR T R 3
Seiiios PRI A 1 — 8 B BE B8 R AR 35 s AR SCHR
9 IMPSO-NPC 5535 AT LUAR 4 485 & #  r F i 1
T B ()4 ) 5 AR Y B AR A R A, D)
Hb UGHERR T BB 4h i A AR L M B
AR Z HARICAL SR B, PRt il 4G i b AR, ()
B 3RAR T AT R R

3 HZRiE

AR SCHR Y TP-MOPSO 5576 R AR 4l ok 36 3 1R
il e AR I A B, AR T PO R R AR TR
B AN K TP-MOPSO Bk Fl A £ 7] 42 i)
RIRE RS e S| L S AR Y AR Y R (A E |2
LR RTINS e T4 RS R G AR MRS
PR B TR R 5 et B I 4 e T 47 o) 82 g 7
AR RS, MATLAB fff B 45 R R A SR ik it
FR 2 b A i R 2 AT AR

SE

(1] AR, SRSL0E  EoRuk. 3R ET IR SR % P 405 i 4 TR

TEAE [J]. %k ,2016,51(2) :49-54.
Ren L, Zhang L F, Wang Q Q. Nail board experiments
to investigate level characteristic in slab continuous cast-
ing mold [J]. Tron and Steel, 2016,51(2) :49-54. (in
Chinese )

(2] BB, AEW AB/INGE, S5, B I R 5e 0 o 8 B o 5

e KBS RHIE RO S [T]. 498k ,2015,50(1)
37-42.
Huang Q, Xiong X, Deng X X, et al. Effect of solidified
shells on fluid characteristics in high casting speed slab
mold [J]. Tron and Steel, 2015,50(1):37-42. (in
Chinese )

[3] %L, 5K, =4, R34 Sl e 5 2 1 VR B P
TR ARGt (1], #EHoR, 2015, 36 (11): 2722 -
2724.

Xu W, Zhang L, Gao Y. Design of control system of
withdrawal speed and surface temperature coordination in
continuous casting process for round billet [ J]. Foundry
Technology, 2015, 36(11) ; 2722-2724. (in Chinese)

(4] JUTOAN,XAR, 7 —g 45 fa] i v LK 50 1) 34 75 25 b
RN RS RGO MBI [ ] PR EE S,
2016, 33(11) .1442-1447.

(5]

(6]

(7]

(8]

(9]

[10]

(1]

Kang K S, Liu L, Fang Y M, et al. Backstepping sliding
mode control for continuous cast mold oscillation displace-
ment system driven by servo motor[ J]. Control Theory &
Applications, 2016, 33(11) :1442-1447. (in Chinese)
XUBG. BT PLC By S HLES fhas i 42 R Ge [T ].
HrEHAR, 2014, 35(7) . 1573-1574.

Liu L. Control system for metal liquid level in caster mold
based on PLC [J]. Foundry Technology, 2014, 35(7) :
1573-1574. (in Chinese)

Fr AR, B R, Ph— B, BET Rz R 2% [ HT a4 il Y
SEdn R WAL HE R R GEWTE (1], A shikaE i,
2007,33(6) :641-648.

Qiao G L, Tong C N, Sun Y K. Study on mould level
and casting speed coordination control based on ADRC
with DRNN optimization [ ] ].
2007,33(6) :641-648. (in Chinese)

M A & RN 2L RO R K
B[] R R A ARERR, 2011, 42
(5): 1361-1368.

LiZ]J, Wang Y J, Xiao L. Modeling of mould multivari-

Acta Automatica Sinica,

able system in continuous casting process and its control
[J]. Journal of Central South University; Science and
Technology, 2011, 42(5): 1361-1368. (in Chinese)
KRV JELLIE BRI, R R AL B E TR AR L AR Y
PO AR TR (1] AERtE TR A
RL2£HT,2007,34(6) :653-656.

Guan S T, Chu J Z, Shao S. Application of nonlinear
model predictive control based on particle swarm optimi-
zation [ J]. Journal of Beijing University of Chemical
Technology : Natural Science, 2007, 34 (6) : 653-656.
(in Chinese)

A MER 2. BT IR i o X ) 2 F Aok 1
LA (1. IHRALN TS, 2010,27(4) 1301
1303/1348.

Mai X F, Li L. Multi-objective particle swarm optimiza-
tion algorithm based on DMs preference region [J]. Ap-
plication Research of Computers, 2010, 27 (4). 1301 -
1303/1348. (in Chinese)

Molina J, Santana L. V, Coello C, et al. G-dominance:
reference point based dominance for multi-objective meta-
heuristics [ J ].
search, 2009, 197(2) : 685-692.

XNT7. FET L AR 897 R
L PR T RHRE, 2011 11-35.

Liu F. Immune multi-objective optimization based nega-

European Journal of Operational Re-

D]. 7§

tive selection algorithm [ D]. Xi’an; Xidian University,



- 88 - A T2 (A RRER) 2018 4E

2011; 11-35. (in Chinese) Dai Y B, Yang W D, Wang S F, et al. A summary of
[12] #okM DA, E/0H, %, 2278 5 TN A b 4 il 45 multivariable predictive decoupling control methods [ J].
A [J]. B A3k ,2008,30(6) :1-3. Electrical Automation, 2008,30(6) :1-3. (in Chinese)

Mold predictive control based on preference multi-objective
particle swarm optimization

DAI YongBin LV Xu

(College of Software, Liaoning University of Technology, Jinzhou, Liaoning 121001, China)

Abstract; A nonlinear predictive control algorithm based on a preference multi-objective particle swarm optimiza-
tion algorithm (IMPSO-NPC) has been proposed in an attempt to control problems of mold level and temperature at
the mold. An improved preference multi-objective particle swarm optimization (IP-MPSO) algorithm combines a
reference region with a reference point in order to guarantee the preference direction. In the process of moving refer-
ence regions and reference points, IMPSO-NPC dynamically adjusts the reference regions and controls the prefer-
ence range. In order to further improve the search performance, spherical sector dominance is proposed for gBest of
PSO. The proposed method can be applied to mold control systems and simulation results show that the new method
is feasible and effective.

Key words: particle swarm optimization ; nonlinear predictive ; preference algorithm; mold
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