EHIRR

)1 ey SRk 7
KAWASAKI STEEL GIHO
Vol. 23(1991) No.3

H #EhFRE SR = % 2 N— [ 2T A DB & ARG AR E -~ H
Development of Automatic Knowledge-Acquisition Expert System and Application to
Cooling Bed Control in Plate Mill

[ A F(Isamu Okamura) E#; Fis(Kazushi Baba) &= #(Toru Takahashi)
g 948 (Hiroshi Shiomi)

HE

g7 o 2O BELIZEBIT D TF A3— MU AT ABEO AN EZHIKT 2720, BE
ICHIFRERZIT ) VAT AERE LT, 2OV AT MINESINT-ZL OEGT—2 05
fHwozy b v —2 AW CTHEINCEY 2R EREIERTHHOTHL, ZOVAT A
ZIERGHEOWRHEICEA T2 2 Lic kY, ZOMMESOTENEEICANTHD
Z DR T E T, ETANELEN, A FAB XORERBEO T 4V E2 ) U TRMET
BV, TNOARELRFEH, BIEIIREREZSHRT L LTIV RNWETZENnTED LN
5 Enbnolz,

Synopsis :

The authors developed an automatic knowledge-acquisition expert system in order to
abate the time consumed in applying expert systems to the automation of steel industry
processes. This system automatically gathers a large body of case data and generates a
decision tree by using information entropy. Application of the system to control of the
material flow at the cooling bed of a steel plate mill has confirmed the effectiveness of
this knowledge acquisition method. The authors also found out the necessity of filtering
the noise case data, conflict case data and bad attributes, which can be identified by

reference to the decision tree.
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Synopsis:

The authors developed an automatic knowledge-acquisition expert
system in order to abate the time consumed in applying expert sys-
tems to the automation of steel industry processes. This system
automatically gathers a large body of case data and generates a de-
cision tree by using information entropy. Application of the system
to control of the material flow at the cooling bed of a steel plate
mill has confirmed the effectiveness of this knowledge acquisition
method. The authors also found out the necessity of filtering the
noise case data, conflict case data and bad attributes, which can be

identified by reference to the decision tree,
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Fig. 1 Shallow and deep knowledge
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(a) High efficient decision tree
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{b) Low efficient decision tree

Fig. 2 Efficiency of decision tree
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Table 1 Specifications of automatic knowledge acquisition
system

Work station AS4330 {Toshiba Corp.)

0s UNIX (version 4)

Language C

Rule induction tool ICB*(ITL, Britain)

Interface with other computers | RS232C
#L Intelligent code box

Data H Tracking

gathering
H 1

Data [ile Tracking Case (.
data data base 'E

! ' *
' : 1 +
i Editing eception of (44| Rule
b-- | case data -1 case data induction

Request of ”:L ”””” M |Reasoning Rule
s--3 | reasoning | [¢-* engine tknowledge
data base
T |
e N
[Process computer) E
 [Wark station]
Output ‘/)‘ ) Reas.lc;ning
to process “"_‘,,‘ resil
T
Process —3p Flow of processing

..-» Flowofdata

Fig. 3 Constitution of automatic knowledge acquisition sys-

tem
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Mill line

——)

| Backward movement limit

Backward
movement

Forward
movement

= I E

Front side

No.2 coaling
bed

Back side | No.l cooling

bed

ﬁorward movement limit

Que——

Finishing line

Specification

Avaitable L3= 300 mmit )
plate > 10003 350 mmiil)
dimensions *® ~32 300 ML)
Weight Max. 10t
Cooling hed Nl 30mil =64 mil)
dimensions No2 s mI <64 ml)
Cooling bed Lt o] e
tvpe Walking grid type

Fig. 4 Outline of cooling bed
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Table 2 Names of attributes for cooling bed control

Data name Attribute name iI)\Ium-
er
Mill line Plate in CB | *No. 1 CB entry table plates|
information entry table |[existence,”” etc.
Plates before | ““Position of plate before
" 25
CB’’, ete.
Furnace “Number of No. 1 CB assig- 12
information |nment slabs,”” etc.
Number of | ““Number of rolled plates after 5
rolled plates |work roll change,”’ etc.
Operation | ““Existence of scheduled rol- 3
schedule ling stop,” etc.
Cooling bed | Movement of | “Movement of No.1 CB,” 4
information etc.
Detecting “Detection of backward mo- 4
sensor vement limit,"" etc.
Lay of plates |“‘Occupation ratio of No. 1l a4
in CB CB,” etc.
Plate informa- | *“‘Number of thick plates in 4
tion in CB | No. 1 CB,"’ etc.
Finishing Approval of | “Approval of No. } CB extr- 2
line extracting |acting,”” etc.
information
Plates after | “Number of plates hefore 5
crop shearing device,” etc.
Extracting | “*Selection of CB No. for ex- 9
control tracting,’” ete.
Next “Number of next extracted 4
extracted plates in No. 1 CB,”” etc.
Total number of attributes 95

5.2.2
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‘Change of situation }

_______ 3 LU
Situation! ;
. ;
Situation Decision :
1
of : ;
surreund- | :
ings Aclion |
Situation , :
]

I
1

Start of change 4=
! ol

L}
! Completion of _:

change
-~ Timing

Situation of
control object

= Information

Fig. 5 Process of decision-making by operators
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Start of case data

gathering *l

| R.movement ‘l [ movement |
+ 1

L B. movement l [ B movement —|
1 '

\\‘a‘ltim{ | | Waiting |
+

% 3. movement | | F.movement ]
+

| Waiting l % B movement I
+

| F.movement | Waiting l
1 +

| Walting | | F.movement I
1

._ : Noise case data

Waiting : Waiting for letting plate put in CB

F. movement : Forward movement of the front and back sides of CI3

B. movement : Backward movement of the front and back sides of CB
Division: Dividing plates in CB into the front and back sides

L movement: Independent movement of the front and back sides of CR

{Front Side is waiting, back side is in the forward movement)
R, movement: Repetition of E.and B, movements

Fig. 6 Movement of No. 2 cooling bed (CB) during case data
gathering
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occupyBack2(37)

[maxGap2izn |

" extCRBBel(10) H || occupyForel(72)

= [=
<537/ =537 [<15) N z15]
spacelnIn(d) 2(315) [es5)] flextCBWair1 (67 -
<516 N z 516 I_l/ F_.‘ .
<4878| |=4878
C0s5 C03 co2
[§8] (2) 1)
Co3 ]| Col
(1) |§{65)
midQutDtet2 :Detection of exit-side dividing point in No.2CB
occupyback? :QOccupation ratio of back side in No.2 CB
max&apz :Max. distance between plate rows in No.2 CB
spacelnln2 :Entry space of No.2 CB for putting plate in
extCBsel :Selection of CB No. for extracting
Spaceln2 :Entry space of No.2 CB
occupyForel :Occupation ratio of front side in No.1 CB
€s :Numger of plates hefore cmﬁ shearing device
exitCBWaitl :Number of plates in the back row of No.1 CB
spaceCut2 :Exit space of No.2 CB
maxGapPos]1 Position of the plate with max, distance
between plate rows in No.2 CB
. . next2Pos :Position of the second plate before CB
Fig. 7 Decision tree generated CBMovel :Mwemenmmro'z CB
csPitch Interval time of the plate passin
from case data base of through crop shear de\%ice
No. 2 cooling bed next3Length :Length of the third plate before CB
next1CB :CB No. assigned to the first plate before CB
ecol :Under extracting in No.1 CB

{CO1:Waiting  CO4:Division
: C02:F.movement,
: C03:B.movement | C06:R.movement :

Fig. 8 Decision tree generated from case data base
with unnecessary attributes

MBI 3 LB DB,
5.3.4 V5ZAMDRBE

Fig. 7 DPSMAORSSEILHED (C02) Ttlve &% 531 (3)
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Table 3 Rule induction time

Number of case data Average rule induction time {min)

100 0.5
200 1.5
400 4.5
800 15.0
1 600 95.0
3200 180.0
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