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Predictive control of second-order linear distributed parameter systems

based on wavelets transformation
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2. Research Institute of Automation, East China University of Science and Technology, Shanghai 200237, China)

Abstract: Because of the complexity of distributed parameter system, control system design is the difficult topic of control

theory. Seeking the new idea to control of distributed parameter system, predictive control algorithm of linear time-discrete dis-

tributed parameter system based on orthogonal wavelets transformation is proposed. The predictive control proposition of second-

order linear distributed parameter system is then transformed into predictive control issue of lumped parameter system in Haar

wavelets transformation. The predictive controller is also designed for the input returning to the control rule having distributed

characteristic of original system. Simulation studies demonstrate ideal control effect of predictive control algorithm of distributed
parameter system, and show good robust property when model deviates from normal condition and when disturbance occurs to the

system. The results have verified the algorithm.
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1 3|5 (Introduction)

M F 4 i 2 50 & 45 DPS ( Distributed Parameter
System) FEAEE &M AR E K TFMAMAHKEHELL
BB SRR RERBRE T ENEE, W
HEY N REMERER R -4 REEAEE.
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2 Haar /)i & /+14~ %! (Brief introduction of
Haar wavelets)
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3 BHEEASHSHEAENTMANZHEZE
(Predictive control algorithm of time-discrete
DPS)
ZERMTEES T SHERS

a(k+1,2)= V. x(k,2)+B(k,2)ulk,z), z € .

Mo St x(0,2) = x,(z2);
DR Fex(k+1,8) =0, £€90.

B x(k,z) BEGHRES, u(k,z) AREEHNE

BV = aa(2) 154 a1() 5 + ao(2) Ak
SEF, T AREN R IR E T, B(k,2) NRA
SHTRRE, Q ATFE BT Q = (a,b),90 HQ B
R,90 = {a,bl.
HERR BTN A y.(k) =
xml(kyz) 20k, z2,) 0
RGBT IER /D BRIET R, RS
KRR
£k +1) = ACk)£.(k) + B(k)zi(lg) +v(k),
{x(O) = %9

}1[ xln( k ,Z] )’

(1)

BATEESRAREMAESHESMETRE - Hp:
£.(k) ABIERFWIRE, BIA x(k, z) ¥ Haar IE
Z/NFLEERTF R B A&, v(k) W SHRFMEE R
MR, A(K),B(k) ABIERGENSEERE(ZR
A XAK(T) F(8)), BN S w2 E T v.,B(k,
) FHRK.

B BT AR GURE S j 2 F

£ulk + j/k) =

Yk +j,k)2n(k) +

k+j-1

Z\I’(k + 7,0+ D[B(Da(l) + v(1)].

Ap \If(k D) ARSI, XA, BV tH BT
] R A
ymlk + j/k) =
H-[l,® #n(k +j/k)]®(2). (2)
HAL, H € =7+ B2, ©(2) BIER/MNER
B
W ERN P EWKER M(M < P), )
aCk+M)=aCk+M+1) == a(k+P) = 0.
MR(2),%; = 18,
2.k +1/k) =
V(k+1,k)£,(E)+P(k+1,k+1)B(k)a(k) +

U(k+1,k+1)v(k);

%,!_] = 2BTJ-9
2.k +2/k) =

W(k+2,k)£.(k)+ W (k+2,k+1)B(k)a(k)+
V(k+2,k+ Do(k)] +
V(k+2,k+2)B(k+1Dalk+1)+

Yk +2,k+2)v(k +1);

= M,

£.(k+ M/k) =

V(k+ M, k)£,(k) +
U(k+M,k+1)B(k)a(k)+
V(k+M,k+1)v(k)+
V(k+M,k+2)B(k+ 1Dalk+1) +
Bk + D)a(k + Do(k +1) + - +
V(k+M,k+MB(k+
M-Dalk+M-1) +

Wk + M,k+ M)o(k+M-1);

%,!_]=PBTJ-9

fm(k + P/k) =

U(k+P, k)i (k) +W(k+P,k+1)B(k)a(k)+
V(k+ P,k +1)v(k)+

V(k+ P, k+2)B(k+Dalk+1)+
V(k+P,k+2v(k+1)+ +
V(k+P,k+MBUE+M-Dalk+M-1) +
W(k+ P,k+ M)v(k+M-1) +
V(k+P,k+M+1D)ov(k+ M)+ +
V(k+P,k+ Pov(k+P-1).

A
~

Fi(k+1) = [¥(k+1,k+1)B(k),0,--,0],
Fy(k +2) = [W(K+2,K+1)B(k),
W(k+2,k+2)B(k+1),09"'90]9

FM(k + M) =
I:‘I’(k-i—M,k-}-l)B(k)’W(k+M,k+2)B(k+l)9"'9
W(k + M,k + M)B(k + M - 1)90’“'90]9

Fp(k + P) =

(W(k+P,k+1)B(k), ¥(k+P,k+2)B(k+1),--,
W(k+ P,k+ MB(k+M-1),0,-,0],
w,(k) = [a"(k),a™(k + 1),

a"(k+M-1),0,-,0]T (PATE).
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D (k+1,1+1) ()
=k
M 2.(k +1/7k) 7 T W(k +1,k)%,(k) 7 1 T F(k+1) 7
2.k +2/k) (k +2,k)2, (k) ,j”'”z’”l)””) Folk +2)
= + + u (k) =
¢ M 2 M, k)%, b Mol Fylk+ M) | "
£a(k + M/K) (k + k)z.(k) Z\I’(k+M,l+l)U(l) w(k + M)
v 1=k
Laém(k+P/k)4 L\I’(k+P,k)92,,,(k)J LFP(k-}-P).J
k+P-1
\I’(k+P,l+1)v(l)J
T oI=k

Xh O F,VENER

Wk +1,k) ] [ Fi(k+ 1) ]
Yk +2,k) Fy(k +2)
v - Wk :M,k) e |
—\If(k:P,kﬂ -F,,u; Py
[ gllf(k+l,l+l)v(l) ]
gqf(k+2,l+l)v(1)
V=

k+M-1

k+P-1

DI (k+ P

- =k

Dk + M, L+ 1D)o(l)

Ve, (k) + Fu,(k) + V.

o+ b)v(l)J

F U, R o B ] 3 — 2 R

Yulk + j/k

r 5T( z )
ET(Zz)

LD(2,)

I ET( 2] ).f
D(2,) 2,k + j/k)

) -
wlk + j/k)

LDT(2,)2(k + j/k)

ﬁm(k +]/k) =

H®, 2., (k + j/k).

BE P LT

Yo = HD, | W2, (k) + Fu,(k) + V}

H®, W2 ,(k) + HD,Fu,(k) + HD,V.
F.VH5ACk),B(k) XM, RS v,
AEFRRGEH P A5 BUUAERE, WISCPR 3R S8 A5 75

TR RN

Y, =Y + I[y(k) - yo(k)] =
HO,[¥,(k) + Fu,(k) + V] +

1[y(k)

- yu(k)] =

H®, [ ¥2,(k) + Fu,(k) + V] +

I [y(k)
BB Fr e %

~ HD,2,(k)].

J= 1Y - v l% + lu,(0)]3.
AH: Q = blockdiag(Q;, Qs,+, Q,) HiREHE
[, R = blockdiag(Ro, R\, ", Ry_,) NS HIRUERE,
Y, ASEH YL Xk, 1R B AR R B/ ML, B 5
B T 45 ] () RA 25 4 20 T TR AR 53
min] = | Yo - V|5 + (0[5

s.t.Y, = HO,[ V2, (k) + Fu(k) + V] +
I[y(k) - HD, %.,(k)],

k =0,1,2,---.

BAL, O, F,VRHS kERMERE. R v, FEER
BRI ETF M &, F REBERE.
Xt EROUAGEI R BT R A, T LATE 3
u"(k) =-[R + F'OIH"QHO,F]-' FT®TH"Q -
{HO, W2, (k) + HD,V +
Ily(k) - HD,2,(k)] - V1.

/\7\.

K =[R+ FFOIH"QHD,F-'FTOIH @,
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u' (k) = - KIHO, W, (k) + HD,V +
1Ly(k),~ H®,£,(k)] - Y.I. (3)
?EWEUTEEHHEB@*;E M R, RUT R
- ERE u (k), TP HEHE LA
(3) BE-SEHHE. AELNERHNALE S
B RS PP, (B RS — A4 HAE AL B
w' (k) = [1,0,---,0]u”(k),
A wy (k) RAER uwi' (k,2) =~ w) (k) P(2). BT
T2, EH RS ERER, HHEHK u (k)
ui (k). SXFE, B R AR R DA R 1, RE WS A8 4
I RGIERE , 198 e IRA B 2 L R R & e
4 “HEESBSHREREN/NKER
(Wavelets approximation of 2nd-order linear
DPS)
BWRREIIIE /PP BB A (1) KBS L
RERY, N HIK A Haar [E3Z/MET Btk 2 i 24K
ROg#tiTiEE. ZIE M AR

x(k+1,2) =

a,(z) (L__x(k z) + a(z) a—x(ali,z) +

ao(z)x(k,z) + b(2)ulk,z), z € [0,1]. (4)

WA %M x(0,z) = f(2); (5)
x(k,0) = g,(k),

R {ax(k,z) (6)
oz T g2(k).

Xt E R RGEH & A I R EOHAT/IMBE R -
x(k,z) ~ £7(k)®(z),
u(k,z) ~ a"(k)®P(2),
a;(z) = 4'®(z), i = 0,1,2,
b(z) = bTD(2),
x(0,2) = f(z) =~ fT®(2),
x(k,0) = gi(k) = g1(k)®(2) = g1(k)e"®(z),
a;i(0) = ap =~ aQ®P(z) = apé™®(z), i = 0,1,2,

2002 _ (@) ~ ald(a), i = 1.2,

%"zv“) =) = o) =
g:(k)eTd(z),

Pels) | (o) ~ aho(a),

3a522) Lo Gmo= a30P(z) = azeé"@(z),

¢ = [1.0,,0]T € =1,

B REAEF R 2 A 0B 2 #ITRHERS:
J x(k +1,z)dzdz =

H az"(" Fulksz), dz+J

JJ aog(z)x(k,z)dzdz +J
Fie /MR IR TT T R
£k + DPO(2) =
ﬁT(k)&ij(z) ~ gl(k)éT&mqj(z) -
£T(k)ay PO(z) - go(k)eéTanPOd(z) -
£T(k)ay PO(z) + g1 (k)éTay Po(z) +
£ (k)anP®(z) + £7(k)a, PO(z) -
g1(k)éTa  PO(z) - £"(k)a, P*®(z) +
£T(k)agP*®(z) + a"(k)bP*®(z).
PRI 4% (), TR, PR Rl B 22 5
(PH)T, £ IHEE
£(k+1) =
[(P*)-"a] - P~"a), - P"a}, + a, +
PTaT - al, + adJe(k) + bTu(k) -
(P) Taypgi(k)ée - P Tayg,(k)é +
P Talogi(k)e — P Talyg (k)e.

K—u

ax(k z)

J a,(z) dzdz +

0

z

rb(z)u(k,z)dzdz.

0v 0

WA S £(0) = f = #¢;
£(k,0) = gi(k)é",
BREM: [aﬁ(akz,z) - g2 (k)eT
Xﬁ@ﬁ(l)ﬂ@iﬁﬁ#ﬁﬂ,ﬂu%ﬂ
A(k) = (P)"a; - P~"a), - P Taj, +
22+P Tal - al, + ajg, (7)
B(k) = 5", (8)

v(k) =- (PZ)"TdT,OgI(k)é - P Tahag(k)e +
P Tajug(k)ée - P Talg,(k)é.
WAL a9, a1,a10,@115b,a2,8,d2, 30,320 T HIH
Xt B8 T R B ag,ar,ai0,an,b,az,ax0,a,ax,
ano MIRMZEERE ZEBENE XL E%H XHER
[51). P % Haar FeRUEREL .
5 —HMEUSHSBERSTNIERHEMR
% (Predictive control simulation of 2nd-order
linear DPS)

5.1 T B {5 B #F 5% (Simulation of predictive
control)

EEN(4) ~ ()W RS, R THSH:
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f(2) = z2(z - 1), gi(k) =0, g,(k) =0,

ap = 0.9z -0.1, a; = - 0.028sinz,

a; = 0.00056z, b(z) = 1.2z +0.1.
B m = 16 {Y Haar /NEEE , REUNZE K P = 10,35
FRM =5, ARHRARINE 1 PR,

. f\f\fv

0 100 200 300 400 500 600 700 800 900 1000
k

1 C=60.0=100,R=1,a=0.7,z=0.6 B % H
Fig. 1 Output waveform as C = 60,Q = 100,R = 1,
a=07,z2=0.6

BURR o 16, A113 HARBREL J ISR 1. 75 Lid
RESHT ,a WL EEO T2 AR . o 8K, HE
NS o B/, B BAR. o« RERE LT —
TEEBH.

A1 T o BiRRH]E

Table 1 Objective function value J for different «

a 0.3 0.5 0.6 0.7

J 656.6027 656.2661 655.7785 654.4407

a 0.72 0.75 0.8

J 654.1393 657.3827 1030.3

5.2 H|BKEER T B R (Simulation when
model deviates)

BT SHRAGENME R, TRIBTRE
SRS RETL, B RGERKEL, T RETE
XMFL TUIRERIFIE S TAEMERRERT 250
BN S ETAN

fz) = 2(z - 1), gi(k) =0,

22(k) =0, ap(z) =0.952-0.1,

B Aao(z) = 0.05z, a;(z) = - 0.030sinz,
BP Aa,(z) = - 0.002sinz, a,(z) = 0.0006z,
Bl Aa,(z) = 0.00004z, (z) = 1.3z + 0.1,
Bl Ab(z) = 0.1z,

HUm = 16 #J Haar /N, BOBUINE K P = 10,
BEREPRK M = 5, MEEHITHE, TE5RNE 2
B , 2 B4 I Bk FE R R R BO AR 0L T 0 o SE B4
S B B 4

80
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800160 300 300 400 500 600 700 800 900 1000
k
K2 ¢c=60,0 =100,R=1,0a =0.7,z=0.6
P55 HY 5 BR B A o U TR

Fig. 2 Output waveform when model deviates as C = 60,
Q=100,R=171,a=07,2=0.6

5.3 3T TEI5 BB 3 (Simulation when dis-
turbance occurs)
BE SRR HF RN E RGN IE
CRRCRIEXE 2 &
f(z) = z2(z-1), g(k) =0, g.(k) =0,
ap(z) =0.92-0.1, a,(z) = - 0.028sinz,
a>(z) = 0.00056z, 6(z) = 1.2z +0.1.
Wk = 400 B FF 46 Xt s AR BRI S v (k) = 1,
BUm = 16 1 Haar /P, UMK P = 10,124
BRM =5, WEEHTHE, WALRME 3
R R G AR B, R S R

80

S

0 100 200 300 400 500 600 700 800 900 1000
k

B3 ¢=60,Q0=100,R =1,a =0.7,2=0.6
LR /R~ WiOL k) i
Fig. 3 Output waveform when disturbance occurs as C = 60,
Q@ =100,R=1,a =0.7,2=0.6

6 Z53RiE (Conclusion)

A SCHR T B R [ 43 AR S 50 G B T 4
Bk ETIERBGEL S, @i/, =
MBS MSEARKET T /NBER. B AN
W e SRR ER T ERE T —&H0%
7, D5 BB T i i Bk A
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