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Abstract: The operating condition of the zero—section base of the continuous casting machine significantly affects the efficient and
stable production of cast billets, so the realisation of data—driven pedestal fault early warning is crucial for continuous casting
production. This paper proposes a fault warning method that combines Singular Spectrum Analysis ( SSA) and Inception—BiLSTM
model, aiming to achieve predictive identification of the pedestal state. The method utilises SSA to pre—process the pedestal pressure
signal to reject the interfering information while retaining the key features of the data, and then extracts the multi—scale deep features
from the noise-reduced pressure time—series signal by designing a multi—channel, multi-scale convolutional kernel of the Inception
network architecture and designs the before — and — after time — dependent characteristics of the BiLSTM learning sequences;
furthermore, the deviation between the reconstructed pressure data and real pressure data is used as the warning indicator, and a
continuous overrun warning strategy is proposed to achieve accurate fault warning for the pedestal. The proposed method is
experimentally verified by the measured pressure data of zero—section pedestal in a steel plant, and the experimental results show that
the proposed method is better than other methods in prediction accuracy, and shows a high stability and effectiveness in the
application of zero—section pedestal failure warning.
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Table 2 Comparison of evaluation indicators of different models
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Fig. 11 Experimental results of fault warning

3.4 HRhKIE

AR ST BB B ) G B RR AR SR BB B A
Inception Il BiLSTM , — 35 43 738 1o $2& Ui P il %2
FRUBE VR S22 R IE R i B TR AIE A S % 5 Je e T3 %%
R ETEI , F FL_E R 2 M4y B X CNN Al
LSTM (el . Sk T BIFSE A ST 1 ek g T vk o 3k g
PRSI 52 A, AT T I AT, R4 i 4R
YR SSA AT REME I, {8 CNN-BIiLSTM £ A |
BiLSTM #AUFN LSTM A5 AU 5 7 SC iy £ 5 72 i) 0
KRB EL I 2R FHZR SCT 4 i e SR s, A (] A5 78
LS E 12 s,

M 12 sRa] s, b 3 Rl 2 i A G G )
T B TR AR S H | I A A SR e e A S R
T, AN 70 A B A X R e e 7 i AT AR
LU, AT AR R P A 2R | CNN-BIiLSTM Al A
SCHRYAR I IR IRE GO, SR, AT Bk
3 PSR | BT R AR i) P (AR, B A R T B
WIS B PR A A OB S B JF BRI
TR g 225 52 o (A R

SRtk — 2 o BT A AR Y T R, £ 3 I
A B A TRUE BI(E (o, ) JREFTR] (2) iR
FORSIE](T) AR K E(P) . F 3 4r Ml i, A
SCPFHRABEARY e I 00 A S L S Bl 5 A= B )
PERT T 29 334 min 2247, I HR LB RAVE RO,
BEAR, T HEABE TR 3 I H 5 6t 10 i) 7 i ] A0 e < ) 9

BRI R, PR R CNN 7ETREE RN B B L
Fi4h I JT45 4 BILSTM I 4% AI IR 2 4 U o) 54
SEEREAE DT R 5 B R] R A i R — A0
b, Lidsrpr i, 2T SSA-Inception—BiLSTM A&
TR 2% 51 18 PR 00 SR Wk B 8 Tk L 9 b £ iy A B
S L SRR AT Ay 3 AL B A R S ) 3
EASE =20

0.35
T g
0.30 TR
SPrg i 2]
0.25

0.20 Ejd

o 25
e
S

0.10
0.05
0 1000 2000 3000 4000 5000 6000
FEAAL
(a) CNN-BiLSTM
0.40
TN 25
0.35 T {E
oo cbraEEZ
o 0.25
*é 0.20
2 015
=S
0.10
0.05
0 1000 2000 3000 4000 5000 6000
FEARL
(b) LSTM
0.40
i 2
035w
0.30 S e e e )
o 025 fies
® 020
E
= 015
];5::{
0.10
0.05
0 1000 2000 3000 4000 5000 6000
FEAEL
(¢) BiLSTM

Bl12 TRERMEER

Fig. 12 Early warning results from different models
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Table 3 Comparison of the effectiveness of early warning models

T M t/s T/ min P/ IR
ARIT5 0.112 4 69. 1 334 0
CNN-BiLSTM  0.139 3 98.2 162 0
LSTM 0.1835  216.0 43 2
BiLSTM 0.1701  133.0 193 2
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