ARIMAX model, with A =1 — 271

Ay(n) = Bu(n — k) + 2&(n)
AAy(n) = BAu(n — k) + C&(n)
E;BA

C +

Syl

y(n+jln) = u(n+j — k)

ARIX model:
Ay(n) = Bu(n — k) + < £(n)

1 — E]AA + Z_ij
y(n+j|t) = E;BAu(n + 35 — k) + Fyy(n)
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Generalized Predictive Control for ARIX Model:

_ 1
A(2)y(n) = 27" B(2)u(n) + ~én)
Optimization index to minimize:
Japc = [g(n+ k) —r(n + E)* + - --
+ [+ Ek+N)—r(n+k+N)?
+ p(Au(n))* + p(Au(m + 1))* 4 - - - + p(Au*(n + N))%
e Use prediction model,
e determine g

e substitute in the above and minimize

e to get an expression for u
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|<<p
I

Gu + Hl@old -+ Hzgold

Gu — | 9F+11  Gkr10 -0 Au(n + 1)
| 9k+N,N Gk+N,N—1 *** GJk+N,0 | _Au(n + N)_
gr1 ot GkdGy Au(n — 1)

R, — ng:rl,Q C Ok+1,dGy AU(W: —2)

| Gk+NN+1 c GheNdG, x| [Au(n —k+1—dB)]

fro 0 fraa y(n)
| Srer0 o0 fr14a4 y(n —1)

Hay g = : 5

| feeno - frevaal |y(n—dA)
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(1—-0.82""y(n) =2 (044 0.62""u(n) + 1je(n)

A=1-082"1 B=04+406z"' k=1 N=3
1=FE;AA+27F;, G;=E;B

E, =1

Ey=1+18z"1

Ey=1+18z"14244z72

Ey=1+182"1 4244272 4+ 295202

F, = 1.8000 — 0.8000z*

Fy = 2.4400 — 1.44002 1

Fy = 2.9520 — 1.95202 1

Fy =3.3616 — 2.36162*
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GT=04F0.607"

Gy =0.441.32271 +1.0800z 2

Gs = 0.4+ 1.32271 4+ 2.05602 2 + 1.46402 3
Gy=0.441.322"1+2.0560272 + 2.64482 73 + 1.7712z74

k.0 0 e 0
G_ | 91 Gkrip o 0
| 9k+N,N Gk+N.N-1 **° Gk+N,0 |

[0.4000 0 0 0
1.3200 0.4000 0 0
2.0560 1.3200 0.4000 0
2.6448 2.0560 1.3200 0.4000
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GT=04F0.60z

Gy = 0.4+ 1.32271 4+ 1.08002 2

Gs=0.4+1.32271 4+ 2.056022 + 1.46402 3

Gy=0.4+ 132271 +2.0560272 4 2.64482 73 + 1.77122 71

gk1 0t GkdGy [0.6000]

o= | 92 GkH1dGyy | _ 10800
1 : 1.4640
| 9k+N.N+1 **° Jk+N,dGyyy | 1.7712)
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Fr= 18000 —0.8000z
Fy = 2.4400 — 1.4400z1
F3 = 2.9520 — 1.952021
Fy = 3.3616 — 2.36162 "

 fro o fraa [1.8000 —0.8000]
g — | fero oo frrraa | _ |2.4400 —1.4400
2 : 2.9520 —1.9520
| JkenN0 o JreNdA] 13.3616 —2.3616
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Contribution from optimization index is from two sources:

Jopc=[g(n+ k) —r(n +k)* +---
+g(n+k+ N) —r(n+k+ N)
+ p(Au(n))* + p(Au(n + 1))* 4 - - - + p(Au*(n + N))?

e Contribution from error

e Control effort

Will begin with error terms
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Recall prediction model and define setpoint:
Y= Gu+ Hiugq + Hay
r(n+ k)

r

rin+k+ N)

Subtract r from both sides of ¢ equation, equate to zero
y—r=Gu+ Hugg+Hy ,—1r—e=0

Reason for e: it is a nonsquare system. Equivalent to

Gu

r— Hyugy — HZQO

Can’t make e = 0, Minimize its square, by suitably choosing u:

minJ =ele
U

e“(n+k)+---+e*(n+k+ N)=ITerm

CL 692 Digital Control, IIT Bombay 9 ©Kannan M. Moudgalya, Autumn 2006

Least squares problem. Solve the following with a tall G' matrix:
Gu=>b+e
e Cannot make e = 0, because, GG is not square

e Can at most minimize the square of error terms

min gT
u

Ig

e Differentiate e’ e with respect to u and equate it to zero

e Called least squares solution:
u = (GTG)_lGTQ

e Summary:

T

To minimize e’ e, solve Gu = b in a least squares sense
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Minimization of e’e is achieved in
Gu=>b+e
by solving Gu = b in a least squares sense:
u = (GTG)1GTh
Recall GPC: minimize e’

Gu=r— Hyuug — Hy  +e¢

e in

Solve the following in least squares sense:

Gu=r— Hiuyq — HZQold

Solution:
u= (GTG)_lGT(t - Hl@old o HZQOM)
= Ki(r — Hiugg — HQQold)
CL 692 Digital Control, IIT Bombay 11 ©Kannan M. Moudgalya, Autumn 2006

To reduce control effort also,
ngiunJ:62(n+k)+---+62(n—|—k+N)
| + p(Au(n))* + - - + p(Au(n + N,))?
Differentiate w.r.t. Au also, equate to 0

2pAu(n +4) =0, Vi € [0, N,]

CL 692 Digital Control, II'T Bombay 12 ©Kannan M. Moudgalya, Autumn 2006



Minimizing with respect to both error and control effort,

[G ] - [t — Hyugg — HQQOMI
pl

0

The least squares solution to this problem is

u= ( G" pI] [G Dl G7 pl] [f— Hita = Hog

— (@€ - g e — R — Hyy )
[ Au(n) |
Au(n + 1)

Au(n + N,)

Implement only the first row, i.e., Au(n), at every time instant
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(1 —0.82"Yy(n) = 27 10.4 4 0.6z u(n) + %{(n)

[0.4000 0 0 0 |
o 1.3200 0.4000 0 0
~ 12.0560 1.3200 0.4000 0
2.6448 2.0560 1.3200 0.4000 |
[0.6000 ] [1.8000 —0.8000 |
1.0800 2.4400 —1.4400
Hy =11 4640 2= |2.9520 —1.9520
17712 13.3616 —2.3616 |
p= V0.8
Q _—

Kr — KHyugq — KHggold
K= (G'G+08I)'G"
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= LTI

U=RKTr—RHlU,y — K17y

Zold

0.1334 0.2864 0.1496 —0.0022]
P —0.1538 —0.1968 0.1134  0.1496
—0.0285 —0.2155 —0.1968 0.2864
| 0.0004 —0.0285 —0.1538 0.1334 |
[ 0.6045 | [ 1.3732 —0.8060]
0.1262 0.0807 —0.1683
BHE =1 _gos0r| " ®H2= | _0.1053 0.0409
| —0.0194 | —0.0744  0.0259

Control law is given by the first line:

Au(n) = 0.1334r(n + 1) + 0.2864r(n + 2) + 0.14967(n + 3)
—0.0022r(n + 4)
— 0.6045Au(n — 1) — 1.3732y(n) + 0.8060y(n — 1)
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1 % Camacho and Bordon ' s GPC example ; Control law
2 %

s A=[1 —0.8]; dA=1; B=[0.4 0.6]; dB=1; N=3; k=1;
. [K,KH1,KH2] = gpc_bas(A,dA,B,dB,N k,rho)

s function [K,KH1,KH2] = gpc bas(A,dA,B,dB,N,k,rho)
. D=[1 —1]; dD=1; AD=conv(A,D); dAD=dA+1; Nu=N+k;
s zj = 1; dzj = 0; G = zeros(Nu);
» HL = zeros(Nu,k—1+dB); H2 = zeros(Nu,dA+1);
o for j = 1:Nu,
zj = conv(zj,[0,1]); dzj = dzj + 1;
[Fj,dFj,Ej,dEj] = xdync(zj,dzj ,AD,dAD,1,0);
[Gj,dGj] = polmul(B,dB,Ej,dEj);
G(j,1:dGj) = flip(Gj(1:dGj));
" H1(j ,1:k—1+dB) = Gj(dGj+1:dGj+k—1+dB);
10 H2(j ,1:dA+1) = Fj;
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