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Abstract—A generalized predictive controller for discrete-time MIMO bilinear processes is derived based
on a new bilinear CARIMA model with integral action. Using this model a multi-step ahead optimal predictor
is derived. Two alternative solution methods-rigorous and short-cut-of the minimization problem of a long-
range cost-function are introduced and used to calculate control input. Several simulation results show that
the proposed control methods have robustness to the limited prior knowledge of the process.
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Fig. 1. Prediction horizon(PH) and control horizon(Nu)
of the long-range cost-function.
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19l 4 (76)3 (77)& FASHE Zzte] B3} ge
F A¥E 4 (52), (53), (55), (56), (59), (60), (62)
ol gosgdon velx 433 MelEe e

D -
F=B*AU*+G*Y*+ T A7YO”

D -~
+ T AT YUS
=0 | 7o} AHoldc}
nXd nX (PH—d)
Y= r 7 (78)
0 0 nXnXd
Y(t+PH+t—1)
0 - nXnX{(PH—-d)
L Y(t+t+d) |
nX(d+1) nX(PH—-d-1)
Y= - (79
0 0 nXnX{(d+1)
Y(t+PH+t—1)
0 . nXnX (PH—d—1)
L Y(t+t+d) -
nXPH
Iy= rl, L L eeee- I, ] (80)
L I, oo I,
I, +eeee I,
0
L I, 4 nXPH
nXPH
= (81)
k= | ] L b
In
I.
Ly, " 0 nXPH
(82)

U= [ u(t—1
u(t—1

| u(t—1) | nXPH
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Table 1. Model and time-varying plant for SISO simulation

Model and

H H ~1 -1 10 1

Processes Time(min) A@™hH B(q™hH C%q Y T
Model 0<t<400 1—06q '—0.3q7? 0.84+05q7! 0.3+02q7! 0
Process-1 0<t<80 1-0.6q '—0.3q"? 08+05q7! 0.3+0.2q7! 0
Process-II 81<t<160 1-0.6q '—0.3q7? 0.8+0.5q7! 0.3+0.2q7! 1
Process-11I 161 <t <240 1-0.7q '-0.21q? 091+04q7! 0.25+0.12q7! 0
Process-IV 241 <t <320 1-094q7! 0.88 0.23 (4]
Process-V 321 £t £400 1—-0.6q71-0.3q2 05+0.8q7! 0.3+0.2q7! 0

@] 4] (76)4 Hej®l #¥ HEHE AHF nX
Nu/fe] d2 FA=EE [nXPH]X[nXxNU]9 P
HyuZ FA3te] o5 22 MAgas =8 4 o
t}

U(Hw” Hy+R) Hy” (W—F) (83)

o) AolgAe A 2l 2ate] A6l YA
A stael Z39E v 957} o) G2 3l
s} 4% sk SMe 2AZ s
sles Bue) AdARE TASHE ASade] o
ol gick. ol AHE AY e AZA o] o]
$3319 CARIMA 2] A9 H27]5e Jgoz
295} A7) DA offse) T AAHE 45 A%
o] %3} CARIMA 299] A5l = 4157 54
ANE WA Aoldh hadSl d2AE o4 A
ofgpgel sleldt elEid MHoR WYTE dSe
A7} o] Aspel w2 o) FLsY AL SHY
S oglon =g uld 2HAZAE 4P P2el4
W shalzl A ZYE TS A9sh HAR AAE
QA Hoz 3 AARe W e solehy ¥
ket

2
T

4. BA dxot
ohe-e #dx CARIMA Rd=%E 459 % 7}
72 Aty o ZA o<l BGPCet BGPCAS Aol

¢t
SEY

l

o 3t RAA o o). Hdat FAel g thay
Aol v} $5A4E ety Asted Ao

T #29 gHsEA dF(R), AAAF(Nw) %
£ E7HPH) 59 s=nlelE FollA RS AAl
FA{LA) 09 HPEE Nue 12 A7 294
ERii i R B LR L edo

"oz FAO FEA) Akl et chefahAl
Watsle 7Hake] SISO FAC tiste] Al Aoy
e A4z Aeir]el 44 (robustness) & 2t
Q18 , e MIMO F34E e 71&e] A
Fud& o] 83 GPCo & T4 F=% BGPC %

Jl

BGPCAE A-&3le] Zt7he] AojAAE wlmgoay
A Aojur o] AL YFsaat ok

2Abd| o]2-% nxnol wjAY T ojo] myso
oo A (84)8} 3 o]4bAZid 4ddxt CARIMA
2d= @9}

Al(g™) Alg Dy =B(qg HA(qg Dult—1-1)
+E E 0@ NAGD
[y(t—Duy(t—1—1—d)]
+V(g e

](filter) ol &
&A= w
A=A digh 1
g8 AT EAsEA
delH AEHRAL 13z

(84)
Hae 44
S %
F44% 9

i oo %K

4-1. SISO(Single-Input Single-Output) 33

Aojof) o] 4=l mdat FA o Azt wWE FEA
W 3}= Table 1] 9ok wie} o) A wdof o
gte] nd ) FA ol sk s) AX|H= FAH-L A|7HA] el o]
13]9] M7 ghF x| 7} o= FA-IL geteje] 7}
AH=HR e FAL 27 OB FH-IV, vFa
$14}(non-minimum phase) A| =%l ¥4V o2 ¥
Ao wishe vt ohoFslel. TS FHE A =4
HEe agtAdEe 02+005v(DE o) o v(te Hi
gl 091 A ¥4 o] Z(normalized white noise) |
o} = g Apete] AR d-E A7 FE A (84)
o4 D& 0olth

olAbmt ke Haxt SISO FA oisled Ak
BGPC ¥ BGPCA Aol g A &3 Axhs o8
2t} Fig. 2, 3, 4 ¥ 5% 345 70(PH)E 44 1,
2, 7 28]3 82 WA AloiAz)e|c). zbzhe] 2§
o4 (a)v+ BGPCE z28l1 (b)+ BGPCAE AH&3
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Output & input
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Fig. 2. BGPC and BGPCA for time-varying SISO plant.
(PH=1, Nu=1, R=0)
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Fig. 3. BGPC and BGPCA for time-varying SISO plant.

(PH=2, Nu=1, R=0)
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Fig. 4. BGPC and BGPCA for time-varying SISO plant.
(PH=7, Nu=1, R=0)
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Fig. 5. BGPC and BGPCA for time-varying SISO plant.
(PH=8, Nu=1, R=0)
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Table 2. Model and time-varying plant for MIMO simulation
Model and Time(min) A B co o cu o Square error sum
Processes of parameters
Model 0<t<450 M, M, M; M,
Process-I 0<Lt<150 Ms M M; M; 0.957
Process-11 151 <t < 300 Ms M, M; M, M, Mo 2.756
Process-III 301 <t <450 M, M. M, Mo 4.642
M= 02+05q"" q-1(0.01+0.01q™'+0.05¢"2) ] (93)
[ q '(—0.1—0.04q7" q3(1+0.1q™Y)
M= 0.1+0.1q7! q 3 —-01+03q7Y ] (94)
[qﬂ(-o.zno.m*l) q~%(0.3+05q71)
BGPC % BGPCAZ] 4ol sl A Ao o3k i i
ASRL e o4 Table2s} 2 wdst FHE ol 3 | W
gajoich 2HIe mds Aol e Aeolw, ] A } r_ﬁ“’%
Tl FAIE 4 DA D7} 19 Ave T E ‘1 ‘
A gl Bl A de] Yt ¥ ® f N | " | A
IS Hatete] A7Hxede] 3 139 453 2 _
74 NE AolE vhepdick. Al AEH dol2g S 0 —
Mk o g BAey] fJile] nda} Ao} AFdd L \ j ~
TR AFE L3 AT FAT R Table s o
24 %A+ ~ o 150 300 450
HYEdE o] 48 GPCE 43t 3ol H g3t Time(min)

ol z} mdg o] &3 Aojub s 1 Ao TS d]
= 2702 Hugle ® Y ZA|7)7) Hste] GPCe 3
22 o] &3te] w3 MEgelrl Rde| sejo]
HE £A35EE sz o3t Asgdel A(g D
B(q )Y z7I1ge 27 Mzt M2 3hgich =3 o
314 Al$HP 2 nA<t nBrt 2z} 29} 491 A
2 33 59 A$ F /MR E vlwe] QAR Atol 4
alxjale] odgko] Ay mdel whdE 5 UEH At
2E ASd g4 A 2o H4 AAA T
0c)e] PHE 1002 A AL ity o
=3

dlo

e(t):[ 0.3+0.3v,(t) ]

0.15+0.015v,(t)
v;(t) : normalized zero-mean white noise
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o]a3gt doj7n& Jehdic) Fig 8& nA7k 2 23|32
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Fig. 6. BGPC for time-varying MIMO plant.
(PH=10, Nu=1, R=0)
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Fig. 7. BGPCA for time-varying MIMO plant.
(PH=10, Nu=1, R=0)
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Output & input
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Time(min)
Fig. 8. Adaptive GPC for time-varying MIMO plant.
(PH=10, Nu=1, R=0, nA=2, nB=4)

N

E
£ 15
)
5
9 A ul B -1
. u; }
-15 i :
0 150 300 450

Time(min)
Fig. 9. Adaptive GPC for time-varying MIMO plant.
(PH=10, Nu=1, R=0, nA=3, nB=5)
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NOMENCLATURE

A, B, C# V;:model parameter matrix
A, B, C¥, V:model parameter matrix
A% B, G :optimal predictor coefficient matrix

d : time delay variation

D : upper bound of time delay variation

e : disturbance vector

E : expectation

F : vector defined in Eq. (77)

F:, G: :solutions of Diophantine equation defined in
Eq. (22)

F; : set of data up to and including time t

H : matrix defined in Eq. (76)

L. :nXn identity matrix

Iy, Iz :identity matrices defined in Egs. (80) and
(81)

J, J  :long-range cost-function

M : polynomial matrix

nA, nB, nC, nG, nV:order of model polynomial ma-
trix A, B, C, G, V
: control horizon
: filter polynomial matrix

Nu

P

PH : output prediction horizon

Q : positive definite covariance matrix
r : input weighting matrix

R : input weighting matirx

{ : filtered ouiput signal vector

sf : optimal predictor vector of filtered output

signal
sf : output prediction error vector

SF, SF., SF: optimal output predictor vector
t : time

u : input vector

U, : initial guess of u

BET H29H M3E 19914 68

A EREREY

: input vector

: setpoint vector

: setpoint

: setpoint vector

:output vector

:output prediction

:output matrix

: past output vector

: differential output matrix

YU¢, YU? : blinear vector of optimal predictor vector
Y? : extended output matrix

y¢ : extended differential output matrix

—q:»—i < ss £ Ch

Greek Letters

a?, B, :predictor polynomial matrix
A : differencing operator
AU  :input vector of optimal predictor vector
13 : interactor polynomial matrix
:minimum time delay
: normalized zero-mean white noise
e : model polynomial matrix
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