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Prediction model of improved multi-layer extreme learning machine for
permeability index of blast furnace
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Key Laboratory of Advanced Control of Iron and Steel Process (Ministry of Education),
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Permeability index of blast furnace is one of significant indicators of measuring the anterograde state of blast
furnace for operators. Aiming at the defects of traditional permeability index measurement model, this paper proposes a
prediction model for permeability index based on improved multi-layer extreme learning machine algorithm (ML-ELM).
Firstly, relevant operation parameters are chosen through analyzing the mechanism of blast furnace. Given to blast furnace
production data contain noise, wavelet transform is adopted to get rid of interference. Secondly, the prediction model
of permeability index is established. Multi-layer extreme learning machine and partial least square method (PLS) are
combined to overcome output matrix multicollinearity of the last hidden layer for ML-ELM and prediction accuracy is
improved. And the improved algorithm is named as PLS-ML-ELM. Finally, practical production data are used to train and
test this model. Simulation results indicate that the model can quickly and accurately predict permeability index and can
offer efficient decision for sequent blast furnace operation.
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(extreme learning machine-autoencoder, ELM—-AE)f]
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SCHF.
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factor analysis)
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% 1 W 545 & AU A54 09 Pearson 8 % & 408971
HER

Table 1 Results of Pearson correlation coefficient be-

tween parameters of blast furnace and perme-
ability index

I SH Pearson 7%
A& 0.8641
R 0.8532
RUE. 0.9219
RS 0.9085
T 0.8276
T 0.8132

FHER VAT 5N, BTk EL 64N w2800 i) 5 i =k
FRECE BRI AH .

FR A =40 N LR 43 A1 Al Pearson il ¢ 2R £ 50 #,
ASCIEHOAE R AT U T S T IX 64~
S HWE NI S &, T RSO &
B ECEAT IO, R AR R T A e 2

=
H.
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(Preparation of blast furnace field data based on
wavelet transform)
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Table 2 Information of sampling data

No. e SERME mAME RKE WHEE B
1 R 4180.12 4131.04 4242.13  12.35 m®/min
2 KR 1179.86 1165.74 1189.54 234 °C
s 3 KR 346.05 31674 35794 520 kPa
H” 4 R 256.68 24747 27640 338 m/s
5 TR 200.33  126.84 32686  39.95 °C
6 T 19020 186.13  214.58 1.19 kPa
Wi 1 EAMEEC 081 0.61 0.89 0.03  m>/(min-kPa)
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4240 - . =
= 4220 B 1.0F _
£
g 4200
- o 0.5 .
é 4180 | ' “\'|‘|‘1‘H\“H =
Z e
I8 4160 |00
=
4140 F . el |
4120 L L
1 500 1000 1500 10 | \
¢t/ min "0 5 10 15
— REFRHEE —— NERGERN-F IERIREL
(2) NE R UBHE (QENTE:
L5 ' ' 4186 . .
4184 .
TC# _
@ é 4182
Iz ;
& & 4180 4
e g )
ng 4178
=
4176 - B
0.5 : ' 4174 ' l
0 5 10 15 1 500 1000 1500
EARIREL t / min
(c) REFRH (d) =M 5 i R R

Fig. 1 The de-noising process of blast volume
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i 3l 455 & (Prediction model of permeabili-

ty index for blast furnace based on PLS-ML—
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3.1 BRI HL(Extreme learning machine, ELM)
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Fig. 2 The structure of ELM
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3.3 £ E#R% I Pl(Multi-layer extreme learning
machine, ML-ELM)
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Fig. 3 The structure of ELM-AE
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Fig. 4 The structure of ML-ELM
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improved multi-layer extreme learning machine
based on partial least square, PLS-ML-ELM)
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Fig. 5 The prediction model of permeability index of blast fur-
nace
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4 i BSE5 143 Hr (Simulation experiment and
analysis)
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(1) B2 25 AN AR TR EL R E 22 S 0K, 2 0] Jitml &5 S >k
AR K IR 21, 3 11 52 M PSS 7R (PG 52, B DAAS SC%)
F WAL 5 AR AT A — b B SRS, R
ELM, PLS-ELM!®/, ML-ELM J; PLS-ML-ELM#% %
AT B IRE.

T TR PR BT SL ) TS () 1 Bk B B A H AR,
AL [ EEER 34T f5, ELMBRGERJZ 175 e 20
7E 4100, PLS-ELMFR5ERZ 1715 5 204100, ML-ELM
AR F2)Z | 32 F4)2 B )2 45 04 134T 560, ML-
ELM A5 Y 2% J2% 747 s BOE 3239 TE 4R 45 . PLS—
ML~ELM Tl B4R F 3 2 Bl 2 45 4.

% 3 a2 B H R YML-ELM 89 %1482 77 4
E
Table 3 Numbers of nodes of ML-ELMs which have
different number of hidden layers

Bl %1 %2 53 %4

JZE R REE REE REUR

2 200 100

3 150 150 100

3 200 200 150

3 300 300 150

3 300 300 200

4 150 150 100 70

4 200 200 150 100
4 300 300 150 100
4 300 300 200 100
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Table 4 Comparison of prediction results for permeability index using the ML-ELM algorithm with different num-

bers of hidden layers
s 2 H R RMSE gk ik . oy
23 it e Tk I [El/s 15/
2 200, 100 0.0081 0.0067 0.3120 0.0156 0.0192 0.0240
3 150, 150, 100 0.0061 0.0049 0.4680 0.0156 0.0164 0.0202
3 200, 200, 150 0.0053 0.0044 0.6396 0.0312 0.0157 0.0197
3 300, 300, 150 0.0047 0.0035 0.9672 0.0312 0.0151 0.0190
3 300, 300, 200 0.0042 0.0030 1.0452 0.0312 0.0150 0.0189
4 150, 150, 100, 70 0.0059 0.0049 0.7156 0.0468 0.0162 0.0203
4 200, 200, 150, 100 0.0053 0.0042 1.3884 0.0624 0.0153 0.0192
4 300, 300, 150, 100 0.0046 0.0035 1.2636 0.0624 0.0151 0.0189
4 300, 300, 200, 100 0.0041 0.0030 1.5756 0.0624 0.0150 0.0188
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Table 5 Comparison of prediction results for permeability index prediction models

RMSE

b %ﬁ%ﬁ% ‘ i}l!éf‘ﬁ iﬁQiﬁ D oV
REP=8 Iz TR NGNS INFrE]/s
ELM 100 0.0265  0.0221 00624  0.0022  0.0239  0.0298
PLS-ELM 100 0.0210  0.0189  0.0780  0.0024  0.0191  0.0240
ML-ELM 150, 150, 100 0.0061  0.0049 04680  0.0156  0.0164  0.0202
PLS-ML-ELM 150, 150, 10070  0.0052  0.0039  0.5770  0.0312  0.0158  0.0198
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Table 6 Comparison of prediction results for permeability index based on PLS-ML-ELM

RMSE

B %E%@% : \ iJl[?;‘ﬁ %)flﬂ\ifﬁ D oV
REP=L i S DR Al Al
PLS-ML-ELM 150, 150, 100—70 0.0052  0.0039 05770  0.0312 00158  0.0198
150, 150, 100—60 0.0046  0.0035  0.4524 00312 00153  0.0192
150, 150, 100—50 0.0045  0.0033  0.4992  0.0312 00143  0.0179
PLS-ML-ELM 200,200, 150—110  0.0050  0.0038  0.5148  0.0312  0.0158  0.0197
200,200, 150—100  0.0048  0.0036  0.6396  0.0312  0.0152  0.0191
200, 200, 150—90 0.0047  0.0035  0.6552  0.0312 00144  0.0180
PLS-ML-ELM 300, 300,200—150  0.0043  0.0029  1.0920  0.0312  0.0153  0.0193
300,300, 200100 0.0041  0.0027  1.1388  0.0312  0.0147  0.0184

5 45 (Conclusions)
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