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Volterra model-based model predictive control and its application

HE Jing, ZHAO Zhong', DONG Ye-wei
(College of Information Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Because of the need of industrial application, nonlinear model predictive control has been concerned widely.
Volterra models are a class of special nonlinear dynamic models and are suitable for describing the memoryless nonlinear
dynamic process. Volterra model-based nonlinear predictive controller design is a typical nonlinear programming problem.
But the traditional iterative computation method for solving the Volterra model-based nonlinear predictive controller needs
a large amount of calculation to deal with the constraints. Sequential-quadratic-programming (SQP) is one of the adequate
classical methods for solving the nonlinear programming problem. Combining filter technique and the trust region SQP,
we propose an improved SQP algorithm to solve the constrained nonlinear predictive control problem based on Volterra
model. The convergence property of the proposed method is also proved. The proposed method has been applied to control
the melt index of the polyethylene process. The application results validate the feasibility and effectiveness of the proposed
method.
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g, Bt TR sk (I SQPELYL. ST Ak T I A
O3 I SQP A I T 3K Aif Volterra i AU Fill4a . =% 1&
FI AT Volterrai 44 ik AU AVE T 520t 22 25 1l
P, AR T — RO T ek 5, 1R IE
AU T, AN EERAR, AT S0 25 1 DA a4 A% 5
VHELI AT AR5 T XM T IR B o o SR 2
g BRI 2 A G AT T ) Volterra i 74 22 25 Fitil
FEHIHISQP ¥ 1) 3K, SR Jm s FH B $ i et i) SQP
SVEEAT SRR, TS0 FL AR SE T I Ik
AATPE S AL,

2 58I 7 %5 U8 1 ¥ (Trust region method
and filter technique)

2.1 {5885 (Trust region method)
2 T8 ANE LR ARG )
min £(z),
* (1)
S.t. Cz < O, 1€ @,
b f (), Ci() & ZRIELE T Tl ek 2. 76 s AR
Ry KAR T ARG R ) BRI d
st. Ci(zy) + VO (zp)dy <0, ic0, @
HdkH < Tk,

Hor Hy 2 IE e R RE, ro e (52, || - || 2R
ATEE. HAR RS (2) 7 fixy, + di AR T iz, 11
FC RN f (2 + di) — f (), TR B R
q(dy,), ST N ER S N Rz Lk

o= f(zy) —f($k+dk)'
—Q(dk)

TH BRI g, KN R T M AR K.
2.2 JEFk(Filter technique)

h T PP SR d 2 A0 A T IEAR S A G A
L, SINIEFIREAT VAT D87 VA A AR 2
B LI ARARA 1) G B A H ARAL ) 8. — AN e
1 B bR f (), 73— A R B ML RIS s pR 2K
V() Chx A AT S, 7V (2) > 0; Mait il 47
B, AV (x) = 0). Z00E I FE RV () —Moe X
T

3)

V(z) = max{0,C;(z) : i € O}. 4)
FETREIR, B uET IRAH SRS MR AR RUR.
/'f'l_'i)‘( 1 ﬁn‘ﬁxﬁi@ﬂ)ﬁxg, %H{X%
Vi(xy) < V(z) M f(z1) < f(22). 5)
EX 2 JEFARYPESEER, FYPR s e T
T U HA TSR
2 i Fleteher fl Leyrfers JiT 4 918 1 v R AR, A3
oIS FHEZ, B MR, € FA
Vi < BV fe < f; — AV, (6)
Hp: 8,y € [0,1], HB — 1,7y — 0, V) := V(xy),
Vi =V(x;), fr := flaw), fi = f(x;).
b, 13 X (6) s A A LA T ik
A 1 H B Maratos R W81 Ok T 5 IRZ RN, 4 44
(6) BB AU T 44
Vi < VBV, < W, — AV, @)
Hr: Wy =W(xy), W; :=W(x;), W(z) := f(x)
+ oV (x).
BT T s 2 FE A JE T 45 R 6) LR K, AT I
EEAE6) FIHENJE A AR

S

K1 RS R RCR
Fig. 1 Basic filter skills
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2.4  WSIRFH (Convergence property)
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3 T VolterratE B il #% #ll(Predictive con-
trol based on Volterra model)
3.1 VolterraTil#E % (Volterra prediction model)
X SRR Z B G 5, B Zrim
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BT ) BB R 48, i Volterrafsi Ay n] LAFHIA
H

M
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e gy Ry, 53 590 02 22 G0 1) 70000 i HB R &R S i N,
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y(k) = AU (k) + U (k)BU (k),  (16)
Hor:

A= (hi(1),h(2), -, ha(M)),
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K
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Fig. 3 Flowchart of the proposed method
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Hor
Uk +i) =

(u(k+i—1),u(k+i—2), -, ulk+i— M))".

N TR TR A R AR RN R 27 B N R TR
SUGITT, 72X

(w(k+i)= (u(k +i—1k),u(k +1i—2]k), -,
u(k|k),0,0,---,0)T,
ay(k+1i) = (0,0,---,0,u(k—1),
w(k—2),- - ,u(k+i—M)T,
u = (u(k + Ny — 1|k),u(k + Ny — 2|k),- -,
u(k|k))",

up = (U(k - 1),U(k‘ - 2)7 T 7u(k - Nt))T7
(18)
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3.2 FET Volterrats 2 1l 4% il n] B3R (Descrip-

tion of predictive control problem based on
wolterra model)

L REAS F AL B 20 3L T Volterrafii 84 O MPC K i
WAL 1) RS i 2

min J(u),
“ (22)
st.u € C,
HA Ak H bR R ECh
P
J(u) = ;1<yp(k +ilk) —ye(k +1)%,  (23)

P N 8K BE, yp (k + i k)25 18 T HI3R J 15t
FOEAE IR R, v (K 4 ) S5, H.
yp(k +ilk) == y(k +ilk) + e, (24)
o y(k + k) FEX QO P B AL T4, e
FRAE RIS 2P SIZ o iy 4 00 2 5 PO AR 25 e 4 2 T]
(22, B0 e 2 R 2 i A S K fE
/ML AR RN HI AR R L R
Umin < ||u”oo < Umax; (25)

Amin < ”AUHoo < Amaxa (26)

-
5

i Au=(Au(k + Ny—1|k), Au(k + N, — 2|k),
~, Au(klk))T,

. u(klk) — u(k — 1),

Au(k +ilk) =
u(k +ilk) —u(k +i—1lk),

,ﬂ;EPizl,---,Nu—l.y\j

1-1---0 0 0---0

01 ---0 0 0---0
Au=| = |uw+| u| =

00 ---1 -10---0

Lu + Liuq, (27)

IR (26)43
Amin < HLU' + Ll'U'lHoo < Amax- (28)

XK, % B 25)F=0Q28) AL IR, T Volterra
AR AL M MPC 75 BRI PR AL ) LR A G

min J(u) = f:l(yp(k +ilk) — ye(k + )2,

S.t. Umin < ”uHoo < Umax;
Amin < ||Lu + LlulHoo < Amax-

(29)

3.3 A8k f# (Problem solving)
K et SQP—YE 1 5 v SR i AR e M K] ) 5t
(29), B oeh HALARLR AR 7 fn) 7

1
min g(dy,) = VI (wg)dy, + §dEHk:dk,
k

s.t. Cy(ug) + VC;F(uk)dk <0, (30)
[di|| < 7%
D7 AL L, K H b e 05 B PR TE 2K
J(uw) = (yp —ur)" (yp — w), 31)
Horpr
Yp = (yp(k+1|E), yp(k+2]k), -, yp(k+PlE)T,
Fille73
o] oyt
Ju 287(% - Yr), (32)
Hrp

T
(AR +ulSTBR))"+ RT BS1u1+2RT BRju)*

ayg
ou

((ARy+ul Sy BRy)T+ R} BSoui+2R] BRyu)T

((ARy,+u{SIBR,)"+ R} BS,u1+2R] BR,u)*
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AR 3C(32) B AT AR H i AR g AL 19 H b
PREBRIEEY T (uy,) -

FEAEZR MR e 0, SR 24 T B A IR B
AR BRI, &5 Hh S i) R (29) I £ RS AF(25)
(28)£1)|EI’JE’IE SRR

[ s.t. Umin — Ciw < 0,

X
CiU — Umax < 0,

Amin — ¢i(Lu + Liuy) <0, (33)
c—i(Lu+ Liur) — Apax < 0,
i=1,2,--, Ny,
Hor: cZENuéEﬁmi Hep = (1,0,---,0), ¢ =
( y1,---,0), -+ en, = (0,0, ,1). R4 3((33),

UVC u;g1t)\42(30) Miaﬂ?lﬂﬁpﬁ%}%ﬁk

Héin q(d) = VJ(ug)d, + idk Hydy,
k

S.t. Umin — G;u — c;dy, < 0,
<0,
ci(Lu + Lyuy) — ¢; Ldy, <0,
Amax + ¢;iLdy, <0

CiU — Umax + Cidy,
Apin —
ci(Lu + Liuy) —
1=1,2,-+-, Ny.

9

(34

MRHE () H I E X, 75 BN AAL 1) (29) I 293K
S R BB

V(u) =
maX{O, Umin — GU, CGGU — Umax,
Amin — cl(Lu + Llul),

ci(Lu+ Liuy) — Apax|i = 1,2, , Ny}, (35)

4 TksEf45 H(Case study)
DABE SR 005 o it Fi b Jo mlh e 500 S B 45 0 42,
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(36)
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Fig. 4 Model parameters
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Fig. 6 System output and controlling values

A1 3Fbd ) S5k Aeat L (AFARIRAE L)
Table 1 Performance comparison of three controllers
(nominal operating point)

P ISEfebs  HAE/% TSR] /min
AT 86.8418 7.5208 215
ZPEMPC  99.7279 18.8947 241.5
HB4PID  120.9396  22.6457 495

A2 3FFAEd) Bk AT L (BRAE B R AL)
Table 2 Performance comparison of the three
controllers (shift of operating point)

PEls ISESEbs EE/ % RN
AHE 3.5368 9.06 222/min
&IMEMPC  4.0882 19.74 246/min
H4PID  6.4276 23.81 N/A

5 %5 (Conclusions)

Volterrafi B 2 —FRFI I A L AR Y, A1 18
BB SEBR TS R eIl 2 AR E N . L4
(1) 34 T Volterrati 8 (1) 45 il 2% A Bk kAT i
AR EEEr 377 W= ==y N 7 N[ L RS2 E i I 4 5 O N
SCHIE TR — P E B SQPEVAAH S &, R —
RSk SQPHLE 158 T- 4R 4k 1 Volterratbt 214 (1) 47
P2 ) 2 20 TR SR A, IE0 8 T B ik
S, b S 4 B4 FAESE T B vk mr
Tt SA R
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