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Fig.1 Schematic diagram of the structure of Isasmelt furnace and Isasmelt furnace lance
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Fig.2 Model structure of fault identification for Isasmeltsmelt furnace lance based on EGCNN-RIME-SVM
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Fig.6 The structure diagram of the full connection

layer and the global average pooling layer
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Table 3  Isasmelt furnace lance fault identification ablation experiment
R R % K PEICES F, -score Kappa 4L
CNN(ReLU +FC) 84. 58% 90. 46 % 84. 58% 82.96% 0.794 5
CNN(ReLU + GAP) 85.42% 90. 11% 85.42% 84.40% 0.8072
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Fig.9 Comparison of fault identification results of ablation experiments
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Table 4 Isasmelt furnace lance fault identification comparative experiment

1R HER R LIRS FEJ g Fy-score Kappa Z%4
FEAL AR 50. 42% 38.01% 50.42% 42.17% 0.3389
GA-SVM 75.42% 85. 04% 75.42% 74.53% 0.6723
PSO-SVM 84.58% 88.99% 84.58% 82.95% 0.7945
WOA-SVM 85. 42% 89.67% 85. 42% 83. 68% 0.8056
CNN-SVM 87. 08% 87. 08% 91.48% 86. 16% 0.8278
EGCNN-RIME-SVM 97. 08% 97. 08 % 97.10% 97.07% 0.9611
3.0+ . —— 30+ . e =4 3.0 B E=.oi—
Ll o RN Ll o RN Ll o kRN
S B Tl RS B e
& 2.0 & 20+  ee— - & 20+ — L
'Eli— 'El.S— EI.S—
R R R
%Kl.()— %Kl,()— - = = — SﬁK 1.0F —_— —
0.5+ 0.3 - 0.5F
0 | pr— I 1 I | OFs . I 1 s | Ofs . I I fu |
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
M GERE A M AEREA M GEREA
FEHLARBR GA-SVM POS-SVM
30 ) ——re— 3.0 ) e 3.0+ - * —
L5l oS R Ll oS
S B RS B ’ * T2 5
ﬁ‘? 2.0 = - ﬁ‘? 2.0 — ﬁ(ﬁ 20 e
EI.S* EI.S* EI.S*
oR oR R
%Kl,()— e — *Kl,()— — — SﬁK 1.0 —— -
0.5 03 0.5F
(U, T I 1 i I OLs ! I 1 1 I Ofs ! I 1 1 I
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
DLUERREA IR A IR A
WOA-SVM CNN-SVM EGCNN-RIME-SVM

10 X b S Bt U 2 21 X e
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Table 5 Isasmelt furnace lance fault identification generalization experiment

oL HER % RS # a2 F, -score Kappa %
B 93.00% 93.00% 93.02% 93.00% 0.9223
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Few-shot fault identification method of Isasmelt furnace lance

based on improved CNN and RIME-SVM
SUN Haidong, DUAN Hong, WANG Songling
(School of Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract; To mitigate the frequent failures of Isasmelt furnace lance during copper smelting process and enhance
the identification accuracy of few-shot fault data, this study introduces a novel approach, integrating exponential
linear unit ( ELU), global average pooling ( GAP) convolutional neural network ( EGCNN) and rime-ice
optimization algorithm ( RIME) optimized support vector machine (SVM). Initially, ELU is employed as the
activation function for the convolutional neural network ( CNN), enhancing robustness against noise and input
variations, thereby expediting model convergence. Subsequently, GAP replaces the full connect (FC) layer to
strengthen the correlation between process parameters and fault categories, which reduces the number of model
parameters and mitigates the risk of overfitting. Ultimately, SVM is implemented as the final classifier in lieu of the
traditional Softmax function. RIME is employed to optimize the penalty factor and kernel parameter of the SVM,
thereby further enhancing the accuracy of the model. The results indicate that the proposed method achieves an
accuracy of 97.08% , precision of 97.08% , recall of 97. 10% , F,-score of 97.07% and Kappa coefficient of
0.961 1 in identifying Isasmelt furnace lance faults. The proposed method exhibits superior fault identification
performance.

Key words: Isasmelt furnace lance; fault identification; convolutional neural network; rime-ice optimization
algorithm ; support vector machine
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