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Extension of DMC Predictive Control
Using Neural Network Based Nonlinear Models and
Multi— step Operation Point Respones

Liuv Jun, He Xing, Xu X taoming
(Shanghai Jiaotong University)

Abstract Feedforward neural networks for modeling a nonlinear system are used to obtain its nonlinear
model- Local linear models of a nonlinear system are built using multi— step respones at several opera—
tion points, and global linear model equals to weight local linear models by membership functions. Non—
linear predictive control is realized by the global linear model based roll optimizing, and ontime adjust—
ing using neural network based nonlinear model of the nonlinear system. Simulation results demon—
strate that the proposed control system has good performance and meets real time demand.

Key words neural networks, multi— step operation points, extension of DMC predictive control

[SSY
Su
ol

70 [1]

, DMC

, , 2 ARZMt: DMC TG 47 il Je B
DM C 23

Au= (A"QA + R) 'A"0(y" = v = d) (1)
* 1998-"10-"20 , 1999-"03-"15




FI5E FE3H NEE EATHENEEEHEEANZRTELAMKHEY EDMC FllES 343
syi(k + 1) J

y 2| _
-ylin(k+ P)
_ypasl(k + 1) al 0 O
ypz]sl(‘k + 2) N ‘az ai =<
_ypasl(k + P) ar  ar-1 ar - m+
T Au(k + 1) d(k+ 1)
Au(k + 2) d(k+ 2)
| ; (2)
LAu(k + M) d(k+ P)
ylinz yp‘dsl + AAu+ d (3)
M M A 0
R Ly ™
Au( 1) d
(1)—(3)
d(k+ 1] [d (k+ D] [d"Gk+ D)
d(k+ 2)| |d (k+ 2| |d"(k+ 2)
dk+ P Ld (k+ P) Ld"(k+ P)
(4)
Y= " AN+ dT o+ d” (5)
d d* dnl
1 lin past * ol ’
y o=y =y + AAu+ d + d (6)
(5
Mu=(A"ZA + R)'ATQ(y" -
ybast_ d* _ d“l) (7)
(6) ,
divi= d'+ oy - 1) (8)
b= d, () <

<1

3 TIPS LR IR (T
¥ & DMC T 425 461

3.1

m
0 .
u=w + Au -

yilk+ 1),yi(k+ 2), Lyi(k+ N) (9)

s Wj J

S Ay j

DN e G (N LU

az m

ZAw

exp(ollz — z:1l)

(10)

w(z,z1,00) = m

Zexp(— allz - zi 1)

= [yl ull" 2= [y, ulsyl,ul l
5 01
zafl,lk(z,z_k,o'k)
a= (11)
ZUA-(z,z_A-,O'k)
3.2
y(k+ 1) =
Fly(k).y(k- 1), ,y(k- n),
wk),u(k= 1), u(k- 1] (12)
k R P
E+ 1
y'(k+ P) =
Nly(k),y(k-=1), .y(k- n),
u(k),u(k-1), ,u(k- 0] (13)
y"(k+ P)
YUkt 1)Ly (k+ 2, Ly (k+ P= 1)
[y"(k + 1),y "(k+ 2), y"(k +
P, P (12)
E+ 1 u(k+ 1) = u(k), (13)
y"(k+ P) o y" (k1) "kt 2),
y™(k+ P~ 1) , [y*™(k+ 1),
y™(k+ P)]
(4—(8)
Au(1)

[y™ (k+ 1), ™ (k+ P)],



344 = #H 5

i BT

y(k+ 1) = (1= Ty(k)sin(y(k))) >
sin(y(k)) + Ty(k)u(k)

[y(k= 5 .y(k= 4, ulk -5, ulk- 4),
u(k = 3),u(k - 2),u(k- 1), u(k)]

Richalet J, Rault J, Testud J et al. M odel Predictive

heuristic control: Applications to industrial processes-

IEEE Trans CAS, 1985, 32(10): 1150_ 1161

9 ’

, 1983, 19: 225—233

0.
® r‘““ Automatica, 1978, 14(5): 413_ 428
oy 0.2 T Peterson, E Hemandez, Y Arkun. Nonlinear predic—
>~ .
ES tive control of a semi batch polymerization reactor by an
o —0.2 extended DMC. In: 1989 American Control Conference.
kS 1989.1529_ 1534
—0.6 o Evclio Hemandez, Yaman Arkun. Neural network mod—
0 200 200 500 200 eling and an extended DM C algorithm to control nonlin—
k/circle ear systems. In: 1990 American Control Conference-
1990. 2454_ 2459
1 y(k) y*r(k)
0.5
0.3 . 1960 1999
0.1 :
3
®—0.1
,1970 s
—0.3
—0.5 , 1957 , ,
0 200 400 600 800
k/circle
2 u( k)
(L#% 341 )
Patwardhan A An, Rawlings J B, Edgar T F. Non- lin—
ear model predictive control. Chem Eng Column, 1990, 1971 1996
87(1): 123_ 141
Wayne Bequette B. Non— linear control of chemical pro-
cesses: A review. Ind Eng Chem Res, 1991, 38(7): 1957 1987
1391_ 1413
Body S, Chua L O. Fading memory and the problem of
approximating nonlinear operators with Volterra series. 1967 1996

,1998 >



