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Application of Adaptive Controller using
Receding—-Horizon Predictive Control Strategy to the Electric Furnace

H & 3 =4
(Jin-Hwan Kim and Uk-Youl Huh)

Abstract : Model Based Predictive Control(MBPC) has been widely used in predictive control since 80’s.
GPCI[1] which is the superset of many MBPC strategies is a popular method, but GPC has some weakness, such
as insufficient stability analysis, non-applicability to internally unstable systems. However, CRHPCI[2] proposed in
1991 overcomes the above limitations. So we chose RHPC based on CRHPC for electric furnace control. An
electric furnace which has nonlinear properties and large time delay is difficult to control by linear controller
because it needs nearly perfect modelling and optimal gain in case of PID. As a result, those controls are very
time-consuming. In this paper, we applied RHPC with equality constraint to electric furnace. The results of
experiments also include the case of RHPC with monotonic weighting improving the transient response and

including unmodelled dynamics. So, This paper proved the practical aspect of RHPC for real processes.
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system.

Oy 2. AVZ Ao} A=
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Fig. 4. The temperaure response of furnace.
(Ny=1, N,=2, N,=9, N,=11, 0=0, a=1)
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Fig. 5. The temperature response of furnace
(N, =1,N, =2,N, =10,N, =15, p=0,a=1).
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Fig. 6. The temperature response of furnace
(N, =1,N, =2,N, =10,N, =15, p=1,e=1).
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Fig. 7. The temperature response of furnace
(N, =1, N,=8, N,=10, N, =15, p=0 a=1).
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Fig. 8. The temperature response of furnace
(N;=1,N,=2,N,=10, N,=15, p=0, a=0.1).
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Fig. 9. The temperature response of furnace.

thge uwdsl dEeo] 92 wjo] it dFAEE B
712 3tk RHPC Alol7]e] sejulele 1E 59 2
Ny=1, N,=2, N, =10, N, =15, p=0, =1 & A2A%
o} 3olM AdE@dE T.=01-0.9")d @ ¥H= F
AASFY S IR & W 28 9@ AdA Rels
v} go] 7|E22E 60TE AAHA geth ol vz
a3l AR tiE ZFAA FAS 98 (12)9F el T.9
ArARo] ot ojRg WA FAHANA 3 2l o
g FAo] gutzA A3 sof Ak F HlEdd AdRo)



Journal of Control, Automation and Systems Engineering, Vol. 2, No. 1, March, 1996 65

Azt B4 A8 5L FHY 5 slojof gk vt
AR FAR] AAAE dBHH T.=(1-0.95¢ )2 A
ARE o 28 9b)e] AFoM BojxE uie} o] ¢HA
& Aozl €& 2 4 Atk 29 9o)= Aoire A4
WL F= HHE T.=(1-0.7¢"" )% o] AAHE 1
A7 Bez a8y $RAS e AAEA e o)A
< AFn e s HFZ A" FEAo] =77
otk 1 Ade (1494 A3 uie} Ze] 7.8 A
3 gelgl 2Yoaty Ad o) A R W FHo)
t. o] B¢ B¢ BN AFoRNE 37 d¥Fol 29
9c) Bre ozt MAEE B & Utk 17 4~89 A9
A FA4E ARZRE A=(1-0.9848;"H =2 it} wpEs}
Az " ARE RolAT $HATY ML Bolx o
=t 2= 19 90, (EFE Ao A" AA4 &
AL FAH71Y AF FAHAE YHE dAY Ik F BF
e FR9 AFY B4 F:3Y £ lojor gt o]y
3 UL MHoz Avny 93 Fa HollA nb=8
d Qg riFgeg 3 Tdd vwaA 2y 9a)~(de A
HE AHETE )

Robustness bound(solidymodelling error{dotted-line)

-60 - —r—
-
80} S
.
AN
= N
% 100} N
153 S
< N
= .
2 : |
& 1201 *—\ i
-140t - l
i
-160 :
10* 10° 10° 10" 10° 10"
Normalized frequency (rad/sec)
= -1 —
@ (T, =(1-0.95"), T.=1)
Robustness bound(solidymodeiling error{dotted-iine)
-60 r—r— rp—
-80F
%)
=2
;3
% -100F
S
a
-120}
-140
10 10°® 10% 10" 10° 10"
Normalized frequency (rad/sec)
~1 .
) (T,=(1-09"),T.=D
Robustness bound{solidyymodelling error(dotted-line)
-60 - a v
=
-80t S
T
N
. N
%8 100t .
23 s
= ,
g1y N i
[}
_140} ': 1
i
-160 o o
i0* 10° 10? 10" 10° 10"

Normalized frequency (radfsec)

(© (T.=(1-0.97", T.= A(1-0.95¢7"))

Robustness bound{solidymodeliing error(dotted-line)

-60 e -

.80} TS

-1001 N

[PcTelAS} (dB)

-120(

-140t

-160 i
10* 10° 10° 10" 10° 10
Normailized frequency (rad/sec)

d (T.=(1-0.97"), T.=(1-0.95""))

Robustness bound(solidyYmodelling error{dotted-fine)

-60
-70}
-80¢t
-80F

-100

IPcTCAS) (dB)

.110}

-120}

-130 . -
10° 10° 10° 10" 10° 10
Normalized frequency (rad/sec)

€ (T, =(1-0.957"), T.=(1-0.7"")

Robustness bound(solidymodslling error{dotted-line)

60 e e

-80¢+

-100}

IPCTCYAS| (dB)

-120¢

-140\—

10° 10% 10" 10° 10
Narmalized frequency (rad/sec)

) (T,=(1-0.95""), T.=A(1-0.7"')

28 10, 2dy 29 AI(EA)A AMA AFAA
(A ).

Fig. 10. Gain of modelling error(dotted line) and
robustness bound(solid line).
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