ARMAX Model:

Ay(n) = Bu(n — k) + C&(n)
C = EJA + Z_ij

. .
-+ 1) = 22 u(n+ § — k) + Lyln)

ARIMAX model, with A =1 — 271

Ay(n) = Bu(n — k) + 2&(n)

AAy(n) = BAu(n — k) + C&(n)
+

X . E;BA .
g(n+ jln) = ]C uln+j—k)

Q|

y(n)
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ARIX model:

1
Ay(n) = Bu(n — k) + Kf(n)
1 = EJAA —+ Z_ij
y(n+j|t) = E;BAu(n + 35 — k) + Fjy(n)
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1+1.1271

1—0.6z"1—0.162"2 | 1 +0.5z7}
1 —0.6271 —0.16272

+1.1271 4+0.16272
+1.1z71 —0.66272 —0.176273

+0.82272 40.176273

0.82 +0.1762~1
1—06z"1—0.162"2

1+0.5271 1 o
(1411
062 —ol6e2 L tLllE)+z
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e Obtain a prediction model

e Try to minimize the effect of noise at k itself

e y(n + k) = Past terms + Future noise terms

e By letting future noise terms to zero, obtain estimate
e y(n + k|n) = Past terms

e Equate this to zero and obtain controller

o ARMAX Model: u(n) = — 54y (n)
e ARIX Model: Au(n) = —=ky(n)

e B is plant numerator. Recall G = z*B/A

e If GG is of nonminimum phase, u will have unbounded signals
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ym+k¢s%§mm+§%mn+E&m+k)

GMYV - Minimize the variations in y at k itself, constraining w:

J=E&ly(n+k)—yr(n+k)’ + pu’(n)]
ErBu(n) + Fypy(n)

=& - + Byl (n+ k) — yr(n + k)" + pu’(n)]
As £(n + k) is not correlated with u(n) and y(n), we get
=& <EkBuC+ iy _ yr(n + k))? + qu(n)] + & (Er(n+ k)

Differentiate with respect to u and equate to zero. Il term = 0
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Recall objective function to minimize:
ErBu(n)+ Fry(n)
C
Differentiate with respect to u(n) and equate to zero.

ErBu(n) + Fry(n)
2( o

where, ay is the constant term of £, B/C.

J=8&|( —yr(n+k))? + pu?(n)

—yr(n+k))ay + 2pu(n) =0

(ExBu(n) + Fry(n) —vCr(n+ k))ay + pCu(n) = 0
Collecting terms to one side,

(apErB + pChu(n) = (vCr(n+ k) — Fry(n))ag
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0.5
y(n) = T o5t ~ U+ g1t

1 —-052H)(1—-0927)=1—14z""+0.45272

Split C' into E;. and Fj;:
C=FE.A+ Z_ka
=1
F1=0.9—0.45z"
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Recall control law for GMVC. Let p = 1:

vyaoC o
— k) —
u(n) ool B + pC’r(n * ) ool B + pr(n)
EyB  0.5(1—0.927!
oy = constant value of ( g = 1<_ 0‘5251 )> = 0.5
~70.5(1 — 0.5271)
_ 1
) = 5% 050 —09- ) + (1 =05z T U
0.5(0.9 — 0.45271)
- 1 1 y(n)
0.5 x 0.5(1 — 0.9271) + (1 — 0.5z71)
70.4(1 — 0.5271) 0.36(1 — 0.5271)
— 1) —
T A A -y )

Think: How do you find v? At steady state, y = r.
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Generalized Predictive Control of the following plant:

_ 1
A(=)y(n) = = B(uln) + <£(n)
e Want y to follow 7 (the setpoint).
e Plant has a delay of &:

— earliest time when the current input u(n) influences the
output is n + k.

e Thus, we want the plant output to follow a reference trajec-
tory n + k onwards.

Want to minimize the index

J=[n+k) —r(n+ k)P +Hn+Ek+1) —r(n+k+ 1) +--

where, 7 refers to an estimate of y
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Derived index to minimize:

J=[gn+k)—rn+ k) +gn+k+1) —r(n+k+1)"+-

e We will constrain u also so as to avoid large control effort

e As the noise is assumed to have steps, we may not be able to
constrain the absolute value of u(n), but only changes in it.

e To the above index, add the following terms, with p > 0,
p(Au(n))® + p(Au(n + 1)) + - -
e Minimize terms up to n + N, N large

e Because of control, y will be close to the setpoint = u will
become constant after n + N or Au will become zero. Need
to have Au only up ton + N.
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Optimization index to minimize:

Japc = [gn+ k) —r(n+ k) +---
+[gn+k+N)—r(n+k+N)?
+ p(Au(n))* + p(Au(n + 1))? + - - - + p(Au*(n + N))*.

Use prediction model, determine y and substitute in the above
to get an expression for u
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Model of the plant:
A(2)y(n) = 2" B(z)u(n) + £(n) /A
Prediction Model:
y(n +j) = GjAu(n + j — k) + Fyy(n)
Gj=Ej(2)B(2)
1 = E]AA + Z_ij
0y =g =1l
df;=dAA-1=dA+1-1=dA
First term:
GiAu(n+j—k)=gj0dun+j—k)+g1Aun+j—k—1)
= oe e e gj7deAu(n +7—k— de)
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g(n +j) = GjAu(n + j — k) + Fyy(n)
G; = Ej(z)B(z)
dG; =dE; +dB =j —1+dB,
dE; = j—1
df; =dAA—-1=dA+1-1=dA
The prediction model is,
y(n+7)=gj0dun+j—k)+g1Aun+j—k—1)
+ -+ gjac;Au(n — k +1—dB)
+ foy(n) + fiay(n — 1) + - - + fjaay(n — dA)

Split these as
y(n + j) = future inputs + past inputs + past outputs
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Bariniitd ol Mg
y(n+7)=gjoAun+j—k)+g1Aun+j—k—1)
+ -+ gjag;Au(n —k +1—dB) + f terms

y(n+k)
g terms of y(n +_k +1)
_g(n Ny N)|
k.0 y e 00 Au(n)
_ | G101 Grt10 0 Au(n +1)
Gk+N.N GraNN-1 - 9k+N,0 ] Au(n'%— N)
Gkl GkdG, | Au(n — 1
n Jk+12 " Gk+1,dGjy, Au(n — 2
gk+]\:f,N+1 " 9k+N,dG N _Au(n —k :+ 1 — dB)_
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Begin with prediction model:
Q(n —|—]) = gj70Au(n —|—j — k) -+ gj71Au(n —|—j — k — 1)
+ - +gj,deAu(n —k+1-— dB)
+ fioy(n) + finy(n — 1) + -+ + fjaay(n — dA)

y(n+k)
f terms of y(n +_k +1)
G(n+k+N))
 fro o fraa | [ wn)
_ ka_r1,o o Jre1,da y(n.— 1)
_fk+'N,0 o Jranaal| |y(n - dA)

Defining vectors g U, U, and Yoy suitably, we obtain
y=Gu+ Hug + Hay
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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

F3 = 2.9520 — 1.95202*

Fy =3.3616 — 2.36162*
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GT=04F0.60z

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=0.4F 060z

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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