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Abstract—A unified predictive controller(UPC), which is the unification of various well-known predictive
controllers, was extended to the multi-input multi-output(MIMO) processes. The effects of tuning parameters
in the closed-loop system was studied through controlling an simple process. Based upon this study, it was
found that MIMO UPC rejects disturbances more efficiently and follows the several reference trajectories
as well. As a result, the unstable non-minimum process and the boiler-turbine system, which has strong
interaction and nonlinearity, could be controlled efficiently by the MIMO UPC.
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Table 1. Process models used by some well-known predic-
five controllers(,/: the same parameter with

Table 2. Criterion function parameters for several well-
known predictive controllers(\/ : the same para-

UPC) meter with UPC, -: UPC)
Controller Model A B T D Controller Hp  Hm Hc P o p Qn Qd
DMC FSR I v I A DMC vod+1 I A v A 1
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EPSAC  ARIMAX V4 N v AA EPSAC / d+1 I v A 0 -
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Fig. 1. Block diagram of the closed-loop system.
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Fig. 2. Influence of P and T on the behavior of the closed-
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Fig. 3. Time responses to step changes in set peints for
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727 (—2516z"1)
1—0.8669z ! [ul]
z7(—3.6484z71) U
1-0.8119z°!

27%(0.2467z '+ 0.4463z 2)
1-0.8176z!
z71(0.9962z7 1) [d]
1-0.7967z!

714 vy, o= FHE, u, e 4YE, 1Y de
2zHe 74z e

3-2-1. 74 wejvle] Poh Tef 4%

Frd stetele] Po} T dake A 524 A5S 27
e B ATl A F8351A AHesE 7 gele|Ele]
t}. GPCeh= de] UPColM= einie] Po} TV =
AR o2 74zt servo #E I regulator 7%l v} x|
¥ 4 98¢ Fig 28 Fo & + 3ok

Fig. 201 A1} =014 4427} 7,3} y,ell el
27 059 12 whdl o) Pt T9) ofzl gtol whe 9
23 7 (closed-loop) & servo 7] 5o} vt} glr}. Fig. 29]
(@9 (b)olld B%Eo] P=(1-Agq™ ") oA Agte] #
AFE A3 3% S5 =27 B} slnys
FZ3l2 &L o F stk o= Agte]l AAFLE A
o}7] &4 wWalge] FastA =7 dFeolth ey
A7E 1o 77k RS 5 EA9 S3os AR
Al 2~E -2 BebAs)A 4 gl



g2y dddFA 7] 665

2e+15

2e+15 -
1e+15 |-
> Se+14 -

Oe+C S

-5e+14 |-

-1e+15 a L L L
0 20 40 60 80 100

(a)

“o 20 40 60 80 100
{
(b
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Fig. 5. Time responses of the set point changes in control-
ling the boiler-turbine system.

1-q7' 05 q"]
A(qg Dyt
[0.5«11'1 1—0gq JALDY
0.2q*+q"? q? ] i}
= Alg Hu(t)
[ 025q3  02q+g* 10 u(

1 A3} Fig 49 (a)el| A BXo) F2 GPC el A
o]7|Boll A} AAEE D=A, Qn=A2] Fd FelvjE
HERE HAAY AFTLALE B U & 7 AUk
wigo] UPCE °]2¥ ghEo] TAHY UA werne
D=1, Qn=1& ¥&2°24 Fig. 49 (b)9} o] Ad
MA] 22 IL 5 A "ok o] F A4 Aole
Ao}7] kel 2zt HEAE Fuik ohdw A
o7} 2 2 AA | FIFEHE Fubdd AUk

3-4. B ely-Efel AlAES Hof

3-4-1. 44 Wit o E Servo A%

ojefj e} o] MAAE WIAZE o HHA FFT
ZA 7} Fig. 59 e} slch

HWAHAK KONGHAK Vol. 33, No. 6, December, 1995



666

Yo — ¥
NS TS e

800 1000

0 200

005t |

load

0.00

-0.05 +

Lo a

1000

0 IR [ L PR R I
800

t(sec)

Fig. 6. Time responses of the input-load rejection in con-
trolling the boiler-turbine system.
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Fig. 7. Time responses of the drum level in rejecting load
of the inputs of the boiler-turbine system.
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Fig. 8. Time responses of the output-load rejection in con-
trolling the boiler-turbine system.
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A, B, C, D: polynomials describing the process

d :time delay of process in samples

e(k): discrete white noise with zero mean

Hc : control horizon

Hm : minimum-cost horizon

Hp :prediction horizon

] :criterion function

q~' :backward shift operator: q~! x(k)=x(k—1)

P, Qn, Qd : polynomials in the unified criterion func-
tion

R, S, T: controller polynomials

Sp :set point
u(k): controller output and process input at time t
=k

w(k): reference trajectory at time t=k
y(k): process output at t=k
(") :estimates

Jzjo|lA X}

A :difference operator: A=1—q"!

e(k) : prediction error at t=k

£(k) : disturbance acting on the output of the pro-
cess

p :weighting factor
: polynomial describing the controller output
structure
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