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Abstract: A constrained generalized predictive control based on genetic algorithm (GCGPC) is proposed to complete
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mould level control with constraints. The mould level controller is constructed based on the mould level model. Then,
unconstrained generalized predictive control.

Beijing 100083,
the constrained nonlinear equation is circularly optimized by using chaos genetic algorithm. and the optimal control
rule is obtained. Finally, simulation results show that constraints is effectively dealt with by genetic optimization
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algorithm, and the mould level control scheme provides satisfactory performance outperforming the PID control and
Key words: Generalized predictive control; Constraint; Genetic algorithm; Mould level

Wi B 2 JBTRE. Hhy T 45 AR AS R L
AAE A AT IN EAS AT A 410 3 AR A 2 & T HL R

A R AR 2R ME 1 R 05 B S PID #5847 vk H
725

45 i 18 B BH 1 T XA RO 2 SR AL TR O A
SUREiUE ) R XX VAR REA D SU Rl ol Aoy IO -
S D PAT g 1) T2 4 o 2o A o TR TD B9 A 3T
Bl 240 R B WLAFAE B9 - B 7 AR A S A 9 3t B AR 1

I TELE XS W] 958 S [t — 22 29 3L X ] 82
AAERFE T 22T A RE 52 BUR 4T 1 807 P 3 4% fl
il A2 ROR A G BARL 7 Tl 45 6 TR A5 2z
JO7 P A T 2 1 e T A X R R R BRI
PR i L R A B i 7 A5 A G A 2 I AR
ZHETEN BT T 45 0 L A R OR T
PID Jy ik A # R s (E2 . HATE A
TR T 2 1 5 32 A 45 Ak R G N — 2k

Sy B HEAT 29 RE A R U /N AL 38 B0 I i e o
45 il

T 2 FH X8 G T 52 B B 3 5 A 7 5 R 1 R

o TRV A T i 1 SR A W A2 22 o 24 ST T ELOE R A B2

it Gy A AR SE A VLTI 4 e Y 2 TR
4E F

28 IR FOUIN 7 1) S B b S A T Y 2k Tk

I A 1 R e TR T A o B A AR AT L i
LI T 45 & A L 5 o

g 50 AR SCHR H — Fh 2 o) ST 4 1] 7 3% K%
“H HH

WK BEE: 2008-12-18; f€E HE: 2009-03-06.

EE BN EH R (1955

TET SCTI 45 i) Hp 51 A2 G 2 R i 4
R NEAL B ARG E A4 W W R — A A
TR RO R B AR R R L AR SR 3k AR R R
EE£WAB . tath 8% ESFREdm H (XK100080537).
(1982—) , 5, WAL AR N 18 A, A TR 4 A0 =0 RE 2 B 4 il A i 5

Vo B BB NN BRI AL R P R R R ST W
Ul



1736 = #l

* i %24 %

TURMLRIFIAR N BRI B9 7 AR R AR R O A Ah R
R 8 SR T 0 4 2% A A BRURR X LA 2 5 R
ST A A B PERE. DA T R DR IX A ) A ST A
AL TR (GA) SR A BT 29 S A0 Al R 3t 4% 57 12
VRS — R AR 80 2 PR 9 40 B SR BE AL AL 3B 0% . AT DL Ab
P25 ity A 2 R A0 A L 45 21 42 R B D0 A A
SCH T Lhs AR DU A 85 AR D TR Sl DE Ak SR s Y 2 R
7SN A A2 A A R AL RSB R g
7 LS8 A% B 1996 0 A A T ROR
2 MR RGRR

45 it v YA IR 3K 3 7 B R 6 1) T B A% 33 o KR
ig[ﬂ

KaK.wK/wi
As(s+28w,s +w?)’
Ao Ko fa) R R i 8 4+ Ko ol AR R ) 0 25 0
AR K, G ER LR/ HERR REA, N
F L35 ZEA R AR, B R G AR ¢ N
JEFHJE L.

G5 AL AR BUAL I R R Ny

dﬂ _ Ac o \/E _VspCCdAm
dr A, )

A H Ol g B - A, O A ARV ea BT A
PSR/ IR NIRRT R NSRS @V s I el I K R R A
I I R K D O T AR RS B B
B AT A B WA A = ax, + 0. f8A
x(2) 15

dH _ (az, +be, 2gh .,
dt A speed «

H a1 o i A IR A A R T AR R K e, O IR
[T BE L BRI ST DL 1 A A%
"L

o =H, 2, =2,y 15 = 1,

a; = aC:r\/E/AW, a, =— wh

ay == 2fo,s by = be,/2gh /A,

w="Vge +b01> u=2x,, y= H.
SRJE - i =) FIC3) AT ) 45 i s v AL 5 ] R G Y
AR 25 (6] T R A Y

G(s) = (D

(2)

(3

{X_AX+BM+E(1)9 1)
y = CX.
X
0 a O
A= {O 0 1],
0 ay as
B=[0 0 —a]",

C=I[1 0 o], E=[1 0 o]".

3 HEANIRHE LA SN R ] A
T3 1 0 AR 0 245 0 98 WO 10 0 T
T4 A 45K A 1 .

id
Au(k k
»: GATLTE] u():_u()= <
- F
0
28
E1 EFREEAUNERJ[EALAR XBNEH R5

5 1 T IR 45 A A R SR B Lk i
CARIMA #& 0o,
Az D yk) =

N1
Blz Dtk —d) + S50,

KA =1—2" RELEHHEBDFN d W RGLE
RN B (k) Sy P 5 R A g S
PRUERY GPC J7 i SR M A I S48 o 10 1 e
FE TR 3R 58 A AE 1 A B A5 g R 1 A €
P T LAL BN A 0 7S EAT Ak SRR B L AR S
0] PLs AR UE Y GPC J5 338 1 38007 B f 19000 4
il % B (O R w(R) Z5R0CH h B HE
MRS e(k) Zead — AR H(:) 724, R/
H owlk) = H(z D). L rDE R (5) 16N
Az Dy (k) =

(5

1
B(z’l)u’(k—d)—b—%. 6)
X p
VR = H ' (+ )y, %)
W () = H ' (x Dulh). (8)

TERRER) GPC R (6) [ FEAb L, HR B8 A5 v 1Y
GPC Jrik T A58 5 25 48 i i b 900300 Ky
Yy =GaU + [, (9
Y= [y +1 R, yk+N| &I KM
s AU = [AuCk) o+ s AuCk+ N, — 1) " g4 i) 1
S = LR foCR) ey Sy G IT i s T 00 5
B0 HR (1 A R 1) s

[ 0 ves 0 7
g2 &1
G =
81

Oh 25 48 1A AL I BRI AR KO B A S B AT



% 11 4 EHWE: AT REHENE BB R L R UFIME H 1737
X Ly AR AR BOR A5 e B A BRE I 30 U 1R K] (At » Attne) B

ST 22 G5 s 1l 486 o R o 1) 295 B
TR VPR T i 1R 8% 3 JEE 24 SRR RS 8 9 1Rl 249 3R, 4R
PEA S5 TR AR 75 B TE & I 20 10 0 Al 1 RE 4
V)
min J (k) =
E{ D [yk+j) —wk+ )T+

AD[Auk+j— 1)
ji=1

Sete Atmin < Aulk 47— 1) < Athpax s
Ui << uCk+ 7 — 1) < tax»
j=1,,N,. Q)]
PNy OGS 2 5 N, Dy 45 I w0 R
B 3 OB s A (G Ay AR AR AR B 3 B Al B
NHHLA
4 JET AT &5 N 3R 29T ORI
il
SIAT LYRE ) SO0 4 1 7] &, 52 B bl 2
— A AEL M A 14 1) R, ) 8 1 Bk o L R AT Ab
FRAY BEAS RS ¢ 1 S T S R PR A 3 1Y N BE bR
B AT 2T SO 4 1) 1 E 18 B U0 Ak B9 B /M
Jia) e 2 Al Sy 35 A2 B30 A0 A 1) W R AL T+ R 5 4 ) 3 it
23 [ MR gl A, &3R5 S B 415 3
6 JE 2 TR B e DG A2 o R OR i HAR AP BRANE

Stepl  BEFEAN T A 38 1 o& %K
- 1
A =S T “b

A J ) SRAX 10 WAL iz e A e,
BRSO 42 1 P T 118 A /N ) R £k O st A% B
20 AR A T R O ol 35 4% 80 3 1) 3 7 R 4
EARAE X 0, 1] 784k,

Step2  HLH g, L B g B 1k
[ R0 114 R AT i DAL figp 22 ) A 460 3] 530 105 R 4% A 3L 1 4
FAS H]L6F ) SCTUI A ) R 4R AR A 8 A 1]
VPR TR AR 0 Ty vk LT 9k AT DA kE e gk o g
T 7 A 1) 342 252 o 00 e ST BsF 1 B S 152 2. ) SOOI 42
il (8 B — A4 AR R — A VR AR R e Y
KE Bk H A S TR 2K N,
LSRN 2 K.

[Au()|Au(k+1)| - |Au(k+N,-2)| Au(k+N - 1)|

B2 ERHKEEH
Step3 A= W) ARl HE B 5IAZY S AR 4 o
T 5 14 55— Ik 220 D7 20) 2y o 0 1) 7™ A ok 7 o il i
= W FRE LI ALYER. T 3010 A 53R

BLEEFE n A HROR ™ A2 0 B Bl A X RE 1 1 34 24
FOMAEN T LG FRAE f A0SR &+ 1 k2L DR &
W2 A R PG N, — 1D IR 2R — A7, s
— A FE D ML A R R 12— A he A i
R 3D i A RGRAE T i — I 20 & fEAE 15 B i1
A s TE fa R PP LA — 5 R U B o TS TR Y
[l i O G UE D 46 Bl AHE ) 2 AR 4 R 1 — o LY
APRBEBL™ A X T7 5 AR ORI T B0 56 B4R R A7 e
0 R A A [] I DR GIE T AR 1) 22 R BT U
PRI MBI o

KA O AuGA D) - [Au(r N 2] Auh+ N, 1|

B AR
L

%
k%ggﬁgﬂ [Auc D[Aukr )]+ [AuGeN - D] BB 2

B3 BB

Step4  FHHEFEH L T IR B AE. HE P B
ARG R B e, T DR e R e B B3O R
AR AR PR AR A SR HE T 3 B 6T AR R i T A A
A e L B R/ INHE T 5 3T 3 T HE F ok 43 i A A
AR p A HE R, BAR R AR R

Stepd. 1+ XFHEAAR b 1 BT A A 44 e HL 38 W R
INHEAT R T HES 5

Stepd. 2. HR 4K A (7] 85 T — R 43 i 26
AR AE 3L R HES IR T 43 Be 245 45 A4

Stepd. 3 LA A4 FT 43 B 19 A8 26 {8 1 oy
AE W8 B a8t 1% 2 T — 1 A2 L IF F L ] 3k B 19 5 vk
R — AU .

StepS =& X HAE 548 AR, o8 UHAE R AR
ARAE T B 2 ARG A 15 208 A4, iR
BETE 2 AR X A X Z Rk A7 3R 38 3, 45 %)
BT AR

(XA =aXh + A - Xk,

X5 = Xt + A — ) Xb,
AP a XS A2 vl TR s A eS|
AT AR GRS G 15 2 198 A AR AR SRl 2 24
HA A 728 T PR A e MR 23 B L e A 9 R 2 [R) 5 X[
(At s Attna) 1S ER BRI T ASAS AR S5k 1 A4~
1.

Step6  Z L HIE.

Step6. 1. i AF 3 I B oF EU A4 i H0 B o2 5 28 1k
AL R (12) T N B B e RAE R 1,
Gn st A% ok B vp Hh B I R R B 1 A A A, D)
B ICEE R fe LA SR B R Fe AR

Step6. 2: 18 F LA S N BE pR R 0 i SRR
JE . 28 0 — A A0 DR AR 1 WAL SO B AR B ¢, A SR

(12)



1738 % gl 5 VS i % 24 %
TEFE S ¢ AR5 v, A A0 RE A R 1 A PR R 0 4 120
P A TR T B K i A
Db 2 AN GAF AT — A I AT LA 1k g sof 2
P AR O A A ok R 1 4 0 R PR 24 i Bk R A § /ﬁ;\
Au’ (k1) s SR 5 Hai s il 3R [] Step3 #EAF — g 40
W\fjﬁﬂﬁ- GCGPC
U, 1 B REFS AT (10) et i i o 08 . : =
AU = AU = ts
[au™ (o) Bu” (k+N,— DI (a) GCGPC5 SRR [12]HIPID £ 41 b
B et 5 1 45 )
W B = (h—1)+ Au” (k). =
R RAL TR (T) ~ (9) A 45 51 e 20 45 5 25 24
S SCH I ) 5 T (EB R e ER /gii
y = HGAU" + Hf', &l
W= Hu'Ge— 1)+ Hau" (b). = 40k//£\\GCGPC
5 firs . . .
PR SE B A B T4 TS B 0 T 4 1 S 1 0 & 8 12
FUSET. FCIG B MO - 25 28T R < 230 mm s
) Lo PR TR A SR B4 RS ER

SRR B S 700 MPa, Re ¥R E A 1557 C, ]
BT A BRI e =0.5.0 = 1. 1,44
WEA R ¢, = 0.57.

5 LA PR RN P BRI S5

Az =

1—2.8173z" +2.90242 2 —0.72402°,
B(x') =0.124940.40732 ' 4+0. 09442 %,
Cz")=1,d=1.

WRYE S T A0, B 28 2800 N, =
3,N, = 2,2 = 0. 35; & 5 Pk HI 0 R 8 14, 4
G AR B 80, 3¢ U AR S A 2K 43 i 0. 7 Al
0. 02, ALK 120 5 42 il i 24 o R 42 i) 1 12t 24 o
I3 — 70 << u << 70, — 10 << Au << 105 BE fH K
A w = 50mm. fj LS IR 45 R WAl 4 fiR.

Y &l 4 Ca) AT UL, 5 3845 B0 (R 45 A 2 W 24
WO CE AR H (GCGPC) By £ 30 AR T1E 58 1
PID 4], PID 2 1 09 W A7 4 3 A = 3% » 1 GCGPC
0 B AL o PR Y - HAREEE. B A 4(h) T, i
FEAE TR A . GCGPC I $UAT 4% LA 2 I Je R %
Bl BE SR PIAT PRI VR AL A 1 URGA B 5 1Y B
te GPC 12, (H /D> 17 88 5, 1 FLRE 4% 51 PR Hb ik
FNFRE. SEBRN b T 0% B R T AR
ANSELHA R 30 A] fE S 80 GPC B $hAT 8% 77 A X 2k 77
AN ZL S 1 T GCGPC ] J@ 2 35 5E & 3 19 24
TR AR i b 38 B 33X A i)

RGRRE T« 45 WAL e I B BR AR 3l ] 4k 3%

) AT B w2k RS20 30 ) Qi 5 Fnle 6 B
AN AR RGBT A R P BOR. 1B 6 nT L
GA LA 1 RE 9% A7 200 b JL 24 o [ 88T, T HL 24
B AR B SR AR I IE AN s 2L B GCGPC
PR bR — R AR BT X — R AT A R A
Pl A9 BESK L He A v 18] 60 1R 1] A B Bl R A R — A
SR NS — R AN 20 ARG A B 1R T - TR

90
80 ™
2
~ 70 A
551
L - \m
50 . : .
0 20 40 60 80
t/s
B 5 45888 & L By BK Mg K2
20
10}
S o
-10f
=20 . . .
0 20 40 60 80
t/s
B 6 3= %1 = e B fh £k



% 11 4

EHWE: AT REHENE BB R L R UFIME H 1739

ZA 1 [l 8 VR R T 43 %42 o R G AN ).
6 & w

D AR GPC # il & 09 5K ff 55 bR g — A4
AL PEL AL ] B, fig o L 26 1] R GA AR5 %
SR E A RO AT T

2) e AH R B B A5 R . S A A I Y
GCGPC =Ml BORL T & G2 1y PID 42 LA J Jo 29 31
GPC #1fil , 3 %2 3R IU7E ) 8 it W] Jb /s DA B AR AN
ARG BEAN BT PR ) B AR T PID $ i A
GPC 4.

3) 45 sk 1 19 GCGPC 5 1 fig 1% o =X Hh &b
PR X AR LB AR 7 b B R SRR
AR I A A AR 24 B (B RE S BB Y
il H A o DT Rk e R A A AR S I T
Tl A5 2 G 0 T T 5 38 A B 5 IS B 2R fig
AR S AT ROR MR G Z e VERe, AR
(55 .

2 % 3Tk (References)

[1] Robin D K. Predictive mould level control in a
continuous steel casting line[ C]. Preprints IFAC 13th
World Congress. San Francisco, 1996 487-492.

[2] Thomas J, Joseph B. Generalized predictive control with
dynamic filtering for process control applications [ C].
Proc American Control Conf. Chicago, 1993. 1741-
1745.

[3] Guo Ge, Li Wei, Wang Jun. A CGPC controller in
continuous casting process[ C]. Proc of the 3rd World
Congress on Intelligent Control and Automation. Hefei,
2000, 2783-2786.

[4] Graecbe S F, Goodwin G C, Elsley G. Control design
and implementation in continuous steel casting[J]. ITEEE

Control System, 1995, 15(4): 64-70.

(8% 1734 7))

[8] Kannan R. Minkowski’s convex body theorem and
integer programming [ J ]. Mathematics of Operations
Research, 1987,12(3) . 415-440.

[97 Mladenovic N, Hansen P. Variable neighborhood search
[J]. Computers and Operations Research., 1997, 24
(11): 1097-1100.

[10] Mladenovic N, Hansen P. Variable neighborhood

search; Principles and applications[ J]. European ] of

(5] EwAF, BHEIE. P00 42 ] 7E 7 55 25 b e WAL 42 1) P iy
REHBFFE 0], feddl 585, 2001, 16(2): 211-214.
(Wang C L, Yang S C. Predictive control to molten
steel level in the continuous casting mould[J]. Control
and Decision, 2001, 16(2). 211-214.)

(6] ALAS, sl ik, ZEIFRL. LT iR/ 3R SCH; 1 WLy 45

fl i 0 T SO0 5 A L ). SR 58 2 4 2007, 198D
24-217.
(DuJ, Han C J, Cai K K. Predictive control for mold
level of continuous casting based on least square support
vector machine[J]. J of Iron and Steel Research, 2007,
19(8): 24-27.)

(7] 8%, FFRC EHIREERRIESHARIM] .
14 ol RRA . 2003,

(Guo G, Qiao J F. Control theory and technology of
continuous casting process [ M ]. Beijing: Metallurgy
Industry Press, 2003.)

(8] & BUMT. ¥y, fRfllde. WM M. dbat. f2E Tk
AR AL . 2007,

(Qian J X, Zhao J, Xu Z H. Predictive control[ M].
Beijing: Chemical Industry Press, 2007.)

(9] 8. £AF. SeRXMh. TR A B ERLT]. %
I 5 0 2001, 18(5) . 10-13.

(Guo G, Wang W, Chai T Y. Predictive mould level
control in a continuous casting line[ J ]. Control Theory
and Application, 2001, 18(5); 10-13.)

[10] Clarke D W. Generalized predictive control [ ] ].
Automatica, 1987, 23(2): 137-160.

[11] Martinez M. Generalized predictive control using
genetic algorithms [ J ]. Engineering Applications of
Artificial Intelligence, 1998, 11(3): 355-367.

[12] Graebe S F, Goodwin G C, Elsley G. Control design
and implementation in continuous steel casting [ J].

IEEE Control Systems, 1995, 15(4): 64-71.

Operational Research, 2001, 130(22); 449-467.

[11] Kytojoki J, Nuortio T, Braysy O, et al. An efficient
variable neighborhood search heuristic for very large
scale vehicle routing problems [ J]. Computers and
Operations Research, 2007, 34(9). 2743-2757.

[12] Stiitzle T.
assignment problem [ J ]. European ] of Operational

Research, 2006, 174(3): 1519-1539.

Iterated local search for the quadratic



