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Predictive Model for Carbon Content in Steel Grade Melting by
Arc Furnace Based on Hybrid Coding Method

Jiang Jing', Meng Lidong', Li Suling' and Jiang Lin’
(1 Electric School, Shandong University of Science and Engineering, Zibo 255049 ;
2 No2 Steel Plant, Anyang Iron and Steel Corp, Anyang 455004 )

Abstract A new genetic algorithm (GA) using hybrid coding method to train the neural network model for predica-
tion of carbon content in arc furnace steel is proposed, that is first to use binary coding method then to use decimal coding
method continuously to optimize and train the weighted threshold of predictive model. The hybrid coding method combines
the advantages of binary coding method with strong search ability and decimal coding method with arbitrarily small variance.
Simulation results show that the genetic algorithm (GA) using hybrid coding method has faster convergence rate and better
search performance, for instance as steel grade with 0. 85% ~ 1. 00% C is melted by 100 t arc furnace, for +0.04% preci-
sion of predictive carbon content in steel the hit ratio by using hybrid coding method GA is 96% , but the hit ratio by using

binary coding method GA is 90% .
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Fig. 1 Schematics of structure of predictive model for carbon
content in steel

i 4 2 1% BRUEUA purelin pR%Y

IR AR 2 T W 45 BRI 3 $E U8, —
FEATEE AR 2 ~ 10 5. S F XA, M B
RN FIEREN T RAE 680 b m B M i bh L B 45 A
I 32 TR A TR ) R A, L 480 I B
FE R T IN GRAE 7Y, 200 4 YR B8 F T %48 R0 05
BTSRRI IR & 0 T R M IR g
M5 BTG RANAR 45 e A B i, 3 A BBk
K A KRR 2 F i, 06 T KR R ALY
Fes ARERIMAE B EAR BTN A Bk R EURE 1A SR
() 3% FL S () 00 R RE | R A0 | BRI B R 2 5
N T TR ANR] A% 5 DR g 4 s AR TR T 4% 1] 5
FICH) 2R , WA Z 0T T A5 TR 1 e A\ 2 R o O
TR TIH— bR

‘X',- - i min ( 1 )

X X _xmin

AP X, R O L4 5 BB SRR A
1B v, SHEEME 5, - BHEBKIE. 5
S, UL B4 R 5 01— L A B
PR
2 RRARTNBRE S ST
SRR FLAE LA B M
T, T TS T AL A0
DTSR . B0 PR B
A AU LB AE A A4 0 A 2 B T
T BRI ML S UR TP R
L, T BB R4 R R
T IR B B T 0
ORI £5C SR B SRR ) R A AL
R S 2.
BB 0 8 1 RS
A Te 1.2, ] o A MARE R
m BRI SOHESE LR AOFIEE X,
TR A 0 xm BSARH

70 LR EE P B LR MR ) Bl a0 e
(,2,nf Hi# ), B1x -¥P 1 =8,k=1,2,
oume IRATATSHR AR A B A CER A
FOR) AR - =8, BAWR I -

4 =0, Hdpe lits

EH IR A 7= FE 3 1K v, (958 b A3
B2 e b ] R AT

BRI T X TR BT B AN B R AMK,
S S 7 A I R — 5 3 1 AN S AN AT R A A
BT [min(xf ) max(xf K T L
SHRT AAR 22 1 4 B 0 19 A A0 A 4 7= AR A
I REIE T AR,

P MG i , AR — e, AR
m SR BN LA RS AU
X, AR A=A noxml BORERE . M ) (956 & 4
KA LI IR S e (0 b SR i R O
Ve — Uy W +)) j-1
o (2@
Aeu, v FHEME W EADMREN I
BRI SRR LR L TR,

T SR A R B AN AR A R AR A
AAE A8 A s (B 4 A7 VU8 BV B, T 2 ot 4 1 1 79 1
AMAZAE SR P H W MR R MR R 4
SIS b R A A B AT AR
PRI A ZS BN, AT BE7E A AR B R 23 a1 4h

56 P ) e B R )33 2 B 0 X TR B 3
FNgR, BB

(1) FEEAN B RE N R BR BB E . BRI AR
AT IR HE SERRIG BLAE 10 ~ 150 2645 . B B HURE
AR RERUBEE A 90 , LA AR A0 75 I 4R A A 1
HEH K 65, 8 — P RURECBA) 5 7 b8
TR MEBMBEREE] -4,4] Z 0. X FER
HEH 90 x (65 x5) il A BEALAL

54 1% Bk SR A A B AR (R rh AN A 38 R
FERMMAR B X EBRIERE ER, Al T
SR BE RO AN, e AT 3 e R B A R
32N PR BGR AT B T AT IR A AR v, SR AL
H AR ERE MKk

Bk B PR R 35 I R AUE A

F(x k) =u, +

1
F_1+E (3)

A E- W45 R Rl i ek 8L



%6 4

% B ETRARORHEIFR NS 2 HRER - 15 -

(2) AR AR R, SRR
FA S 80 58 AT A ARSI P B R 12 3 F — 1K
B E T, RARS SRR AR,
FRm e s B . Ok E PR
A A R 3 R, SR B I3 o (A O RS
I (A I A EG BB B R B o R R
LR, BRI —REEREL
FEAE R — B BB I S b — R iz
BTG NEE L, /N T L — R e o, 5L
MaHLE I — R — N B LR R A &
EERE A AR — R . R B,
et BaT oo B, R FA B AL 07 B SRS 1) 33t 15 58 s KA
1SR 2RI,

(3) % LA S el MR EP ML iz
B S AN R T B X A e e AR A T UM
AR AR T TR R T R AL A A
A5 B TG R AL A 0 SR L5 R R i
] S AR B, 3 T AR REAAR 2 RE P | sl SRR FLA
WS

3 XAEH (p, =0.6) I FR IR EHHFTLN
S A4S, X A TREFLAC XS, RO A
(i 2 o7 S R SR P T LR XU i IR R (p,, =
0. 005) X MA R — TR B4R,

FhEsE T E B X R EARRE, A
TG B AR R, 53 2 TR A R
BRAMAE N EE K TR —BUE Ee, RANE A5
SR SR W AR X R BE T T O 4L, 28 U i N 1 2
ZX R s BT AR T A
YRR 5 F R o A0 % AN ACR TR AR AR,
FEDLTE A B S RN A4 (e A o ot TR T A5 3 A
A, BRI — N R R R (A i e —
A B 0 L P 52 AL A, BLHLR K SRR AR g — b
55 o IS RE R AT SR A SR AR AR TR 15 Rk
(it fLBE ST .
3 HEERSH

G515 FETIR A 4 R B it (R S A R
SEBIAR RS BB T 680 W RN T Bk A 1 T
BT A0 S A7 U 2R, BB R A A BV R
0.85% ~ 1. 00% , W4 75 7 (1 VIl 25 ik 72 A R A AL
i R AN 2 A TR

MWE 2 fE 1 AT A L, IR A g R eg I 4k
HARB R MR R N A Ea b R, R

1.0

o o
(-] =}
:

e
2

B ARAAE L BE{H
o o

e
'

03r

6‘0 l SIO A 100
A
P2 A I B (GA) A i T it £ 0k
(GA) IR

Fig. 2 Comparison between training processes of hybrid code
method GA and binarv code method GA
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Table 1 Comparison between hit ratios for carbon content
in steel at different precision range predicted by hybrid code
method GA and binary code method GA /%

BEEREEE  CHERRIE(GA) RSB (GA)

+0.04 90 96
+0.03 89 93
=0.02 81 86
+0.01 71 75
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