D669

$% & M Tetsuto-Hagané Vol. 90 (2004) No. 11

v AT LM OER & SsbE 0 ANDEH

el E)

S %

=2

Evolution of System Control Technology and its Application in Steel Manufacturing Processes

Akira KITAMURA

Synopsis

: This paper describes the application of system control technology and the future view in a steel manufacturing process. In the steel manufac-

turing process of Japan, new system control technologies have greatly contributed to the quality of a product, or improvement in the yield.

Then, in steel making, a rolling process, etc., it looks down at the application example of control theory or intellectual system technology.

Specifically, the optimal flux control system for converter, looper control of hot-rolling by adapted type robust control of and an is intro-

duced. Mill setup modification control of hot-rolling and mill balance control of tandem cold mill are explained as know-how fusion type

control. Moreover, expectable technologies will be introduced from now on for achievement of the left-behind subjects. Specifically, the view

is described about the application in consideration of restricted conditions of the nonlinear optimal control, mixed logical Dynamical system

(MLD), and reinforcement learning. As an application example, the learning result of the function by reinforcement learning is shown. Final-

ly, rolling is made into an example and the paradigm of the next-generation intelligent control system of a steel process is introduced.

Key words : steel manufacturing process; control theory; know-how fusion type control; intelligent control.
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Fig. 1. Schematic diagram of optimum flux volume control for converter.
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Fig. 3. Simulation result of adaptive type robust control for looer compared with PI control.
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Fig. 9. Learning and prediction by reinforcement learning.
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ment learning.

WU HEEA 5252 LT, THMSREAG T2 Z L h%
b, 2O, e & T8 T IR O FE
EEIOoND, KFHRIE, W23, FEDOILEY b7y
TIZB T BIEHEMERDEE 5 EAOHEMA G NS,

6. #E B

HEREET OB e Sz i 2| [EELREEH L LT,

A TIFHH OB & 2 /i 72X % Fig 1 112§, HIEBE R 4
SHE, IR, SRS & U, Ifo ks JEsEEi € 5
VY EEER N NS 45, £, BEhic oo
Y AT - 2DOERE Iy OABERE TV, FEHOE
TV PCERTA 2L ARMET S, /oy OEEE
B TIE, BREDHfii s U TRRILT 2 -0 0% & &
KD A B,

915 K



I 916

$k & 88 Tetsu-to-Hagané Vol. 90 (2004) No. 11

Products Size, Flatness &
Mechanical Properties

Rolling Process
(Rolling Mill & Cooling Process)

| Rolling Process Data Base I

Adaptive Model Learning
(Reinforcement Learning)

Online Control Algorithm
(Adaptive & Robust Control)

Rolling Property Model
(None-linear & Dynamic
Model Identification )

Automatic Reservation of Operation Know-how
(Data Mining & Inverse Model Solving)

[

Fig. 11. Next-generation intelligent control for rolling
process.

7. BhVIC

AT LEIEIENOERE ZOEHAE BT 2L LY
12, BUEOMETH 2 IR RIS B3 5 BAR O fil
A RES L, 72, ¥ vy LYERHIEO M R
LORMAAEERE L oy BARIRIEOAHE AR E
BRzESWTRA L7z, 5%, Biffshaihie LT,
WRMAEZR L -l @RI EEn €T ) v 7 DOWHE
Mz DONWT R,

- I v 2T LA LFERICBNT, HI#T AT
L, FEFOMET, EFY v rEGEE AL YTk
LT, #7-glasif L R = — X 2000 2EE & i
T&7, ZOM, REREFOETT) v 7T 5 WG IS
Lo THEN LN ELEDTEL, SFEFEDT -7,
[k 7ot 2H#H] THY, v 74 v EuEhH#E
NERELE D, BT+ — 365 LT, VA7 461
Fefin—BoEmER7-3 L5, BT 5,

S E NN R I SN [ E3 T NI OB -AIRAN it
AEDAI213, BMEY, BEENOBERIZHRIIZED

58

Adr & & 12, FHE - HEMORE L BELAOFS A
BETHHH, ZOLBINIE, EFFLOEENBEEE
A%, atflefltmzs> e ul, AEMRENOETF
TORLEEERE LT, #EEIFREY 27 akaEft, ~
27 LEIBER R, 2 AT ARl T L O—F
DRAIZED, BEERDZDORMREEAL T LR
nLLELD,

1)
2)

3)

4)
5)

6)

9)
10)

1)

13)
14)
15)

16)

X 73

DERESEIC B AR, a4, N, (2002).
A.Murakami, Y.Nishida, T.Miki, T.Matsuura and M.Nakao: Trans.
Inst. Svst., Control Inf. Eng., 10 (1997), 607.

V.Cherkassky and F.Mulier: Learning from Data Concepts Theory, J.
Willey & Sons, New York, (1998).

D.W.Aha, D.Kibler and M.K.Albert: Mach. Learn., 6 (1991), 137.
K.Matsuda, N.Tamura, M.Konishi, S.Kitano, K.Kadoguchi and
M.Takami: Trans. Inst. Syst., Control Inf. Eng., 4 (1991), 86.
T.Watanabe, K.Omura, M.Konishi, S.Watanabe and K.Furukawa:
Proc. 35th Annual Conf. of the Institute of Systems, Control and In-

i

formation Engineers, (1991), 469.

S.Nisino, T.Omori, A.Kitamura, S.Kimura, R.Misumi and K.Semura:
Proc. Japan-US.A. Symp. on Flexible Automation, The Institute of
System Control and Information Engineers, Kyoto, (1998), 405.
H.Asada, A.Kitamura, S.Nishino and M.Konishi: ISIJ Int., 43 (2003),
358.

T.Watanabe, A.Kitamura, H.Narazaki, Y.Takahashi and H.Hashe-
gawa: ISIJ Int., 40 (2000), 771.

A.Murakami, M.Nakayama, A Kitamura, Y.Abiko, M.Sawada and
H.Fujii: ISIJ Int., 42 (2002), 624.

M.Ohshima and M.Ogawa: Systems, Control and Information, 46
(2002), 286.

K.Asano and K.Tsuda: Systems, Control and Information, 46 (2002),
110.

JImura, A.Kojima, S.Masuda, K.Tsuda and K.Asano: Tetsu-to-
Hagané, 90 (2004), 925.

K.Uozaki and T.Hatanaka: J. Soc. Instrum. Control Eng., 39 (2000),
352.

Y.Kobayashi, M.Oki and T.Okita: Trans. Inst. Electr. Eng. Jpn., 120-
C (2000), 871.

R.Sutton and A.Barto ¥, = 1%, WUNHESER @ alifboey, &
e, ®EL, (2000).
K.Hanada, K.Kushida, A.Kitamura, S.Nisino and M.Nakayama:

Proc. 48th Annual Conf. of the Institute of Systems, Control and In-

formation Engineers, (2004), 457.



