183 (1999.7.23)

1839

Desgn of Optima Generdized Predictive Control System

o) * ** * **

o Eri Kobayashi*  Akihiro Naganawa®*  Kazuo Aida*  Goro Obinata*

* **

*NiigggaUniversty  **AkitaUniversty

(digita control) (cenerdized predictive control)
(optimdl response) (feedbeck property)
950-2181 8050

Td (025)262-7019 E-mal t94m040b@tm.eng.niigata-u.acp

@

(€S (3)
@®)

©® 2

©
@ 2



@

@

<2.1>

P(z) z=1

X.. = AX + Bu,

(S

(A B)

)

@
@

@® @

Yoj (dEJEN)

y, =Cx,
yt ut Xt
(C,A)
J
g o , g
‘] = a (ij - r1+j) +
j=d j=

t

I (qu-l - Unj-l)z

- Ru)® o - R+ (U -U)QU, - U)

)

©

U =[u L u,.,l
U =[O L Tl
r-t+j
1 ut+j-1
L :Ut+N-d Yt+d Rt+d
I
Yeso @O @
Yt+d :Glut +GZXt
éCA’'B 0 U
G,=g M O i
&CAY'B L CA“'Bf
_[icnd 3¢
G, =[cA)e L (cA"){
Ut
@
Ut = EtQt
ér L Tl
_€ u
E‘—(:e M N G
g+N-d O H

Q=la, L gyl

Q(Z) = qt,O +qx,1Z +L +q1,N-dZN-d

(11)

4
©
©
)

®

(10)

(11)

(12)

(13)



-
LS
Il
@
m
=
©
i
=
S

U, =EQ, (14) X, P(2) X,
E Q E. Q T
3 X =T U=TF . T @
Q @
R % &u_¢A- | Bu'u (18)
Gi78c of &
Q =(DE)*(GR,, +IEQ, - GG,x) (15
[ ]
D=GG, +11 (16) ©)
(jt (15) Qt I:Rt+d
F
?,
u, =FR,, - Fx, 19
) (19
Sl At el
: J P ; 8 y
Fean > - & F:gd L aw, a a i'gg (20)
U F K .
E : b, L a]=crDicg (21)
[b, L by]=1Cc¥G,D)? (22)
(a) State feedback case g=[b, L b,lG,T, (23
F=Cl™D'GEG, (24)
ch L oL 0
N
%41 =A%, +Buy |
+K(Vt_0§t)
it ut :CsN-dﬂUt (25)
1 @ @

(b) Output feedback case
uI =CSN-d+1D-1(GR+d +| Gl-lﬁtﬂﬁ - | GI-IGZXI - szxt)
(26)

1
Fig. 1 Optimal generalized predictive control

system with integrator



~
1
-~

+N

(19)

(19) (©)

<2.2>

21 P =A- BF

©) |
P
| =0
(P),, = A- B(CA’'B)'CA" 27
P(z) n-1

d © | ® ¥

(P) oy = A (29)

n+d-1

P(2)

<2.3>
21

e

@0 Q9

x. =(I- A+BF)*

€ =r- Y
ér u
& =E(X.- %)+Q§ My
@-HNQ
E=C(l- A+BF)*
Q d=1
Q=h - E&F|
d32
o-h o - Eerl
1 (d-1)
. gt
- e u
SI_E(XI-X0)+ _1Q§M[;|
g H
1(@)
P

(29)

(30)

(31)

(32)

(33)

(34)



(35
L=l =L =hy
h ={1- B8R @, +b)- o, (36)
T €i=d %
I Q
h =0
(36 h,
X, 1(b)
Xt
X.,, = AX +Bu, +K(y, - CX,) (37
Clake

(€26

<3.1>
Clake
CARIMA  Controlled Auto-Regressive and Integrd

Moving-Average

A@)y, = B(2u,, +C(2) 2

0 (39)

D(z)=1-z* (39
Aiz) B(2) C(2) z,

Diophantine
C(2) =E,(9)A@)D(z) +2"'F, (2) (40)

E(z2) F,(2)
(3 @)
Ju; (AEFEN)

N-d+1

i =a @ -n)+al{o@u,)* @D
I c
<3.2>
2 2
144[cnT] 8g[cn ]
u

T,=47[s]
| Xor I
T,=64[s]
2V 10V :|><|:||
Yo =% I
2

Fig. 2 The schematic of the experimental

system



ut
X1t = Y X2
Xlt X2,t
vl 3aom]
Pl
ur,t ut
P(2)
649 419
é%u_¢ 00156 00128 uéx,d ¢ 0 0
%0 & 0  -00213&,q &.0531
(42)
éx.u
y= 1 Ola* (43)
-l
ZE
P(2)
1(b)
N =30
@ 1
| =0.1 |, =25
C(z)=1
BB¢ 10°?

J=@-x)ca- A+BF)B]" (44)

X

X

0ExX £09

400 800 1200 1600

0 400 800 1200 1600
Time[g

(b) Proposed method (€ = 0.5)

52

5

[~ 48
= 46
44

1 42 1 1 1
400 800 1200 1600 0 400 800 1200 1600
i Time[g

Fig. 3 Experiment results of disturbance

rejection



Yi

35

Yi

@ ©
@
@ (©

34

33

v[WV]

32

31

*=0.9

i‘/
v
v
v
'S '
' v
v
v v
'

Conventional
method

4

400 600

Time[9]

Fig. 4 Experiment results of disturbance

rejection
10
oL L
= Conventional
g -10 method
g 20 *x=0.9
3 A — __ x05
B0 0
_40 1 1 Ll L 111l 1 1 Ll 1 1111
0.01 0.1 1 2
Frequency [rad/s]
(8 Sengtivity function
40
— x09 e panatt
O ___ »x05 //"’““__\_}.(’\\*
Z 2F -
IR
. Conventional
0 method
_10 1 1 Ll 1 111l 1 1 Ll L 111l
0.01 01 1 2
Frequency [rad/s]
(b) Trandfer function from observation noiseto
control input

5

Fig. 5 Gain plots of control system

u, X
@
u, 5
15V] d,
dt ul’,t
X d,
Yi
d, x=0.9
34
5@ ()
nt ut
X
@
4
dt
)
nt ut
nt ut ut
Yi
x =09
3@ @ U,

5(b) N, U,



C(2)

®

Clake

Clake

0.9

32

C(2)

Clake



() D. W Clake C. Mohtadi and P S Tuffs :
"Generdized Predictive Control; Part 1. The Basic
Algorithm"  Automatica 23 137 148 ©)
(1987)

(@ D.W. Clake C. Mohtadi and P S Tuffs : (20
"Gengdized Predicive Contro; Pat 2
Extensons and Interpretations’  Automatica
23 149 160(1987)

(3 D. W. Clake and C. Mohtadi : "Propeties of (11
Generdized Predictive Control”  Automatica
25 859 875(1989)

@ 2

C 457 464(1999)

)
2
12
106 114 (1999)
© 2
27
907 914 (1991)
)
2 LQI
11 51 60(1999)
®
2 1

12

30 993 995(199%4)

(1992)

1 10(19%)

WY
29 741 747 (1990)



