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Abstract .

production, a prediction model of coal gas permeability based on ISSA-optimized BPNN was constructed.

In order to predict coal gas permeability more accurately and ensure coal mine safety

Firstly, the sparrow search algorithm ( SSA) was improved by introducing Sine chaotic mapping and
Gaussian mutation to enhance its global search capability and local optimization accuracy, thereby
optimizing the weight and threshold configuration of BPNN. Secondly, the data on the factors affecting gas
permeability were processed using Pearson correlation coefficient matrix and kernel principal component
analysis (KPCA) to improve the computational efficiency and accuracy of the model. Three principal
components with a cumulative variance of 88.59% were extracted as model inputs, and permeability was
used as the output for the experiment. Finally, the model was applied to a coal mine in Shanxi for case
verification. The experimental results show that ISSA-BPNN outperforms PSO-BPNN, PSO-SVM, PSO-
LSSVM, and SSA-BPNN models in four indicators; mean absolute error ( MAE ), mean absolute
percentage error ( MAPE ), root mean square error ( RMSE ), root mean square error ( RMSE ), and
coefficient of determination ( R*). Compared with other models, ISSA-BPNN has reduced MAE by
0.032 7, 0.022, 0.017 9, and 0. 018 2 in the test samples, respectively. MAPE decreases by 5. 15%,
3.14%, 2.76%, and 2.36% respectively. RMSE decreases by 0.031 6, 0.027 9, 0.018 8, and 0.022 2
respectively. R’ increases by 0.077 5, 0.065 8, 0.040 1, and 0. 049 3, respectively. Finally, the case

verification shows that its reliability and stability are high in practical applications.
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Table 1 Coal gas permeability sample data

g | ARON [ RIIE | [ iR | BiE/

7| Ji/MPa | J1/MPa | C | JE/MPa | (10°m?)
1 2.00 1.8 40 10. 85 0. 881
2 1.51 0.5 55 12. 85 1. 062
3 4.01 0.5 30 14.13 0.559
24 1.73 1.8 45 14.13 0. 805
25 2.00 1.0 60 12. 62 0.633
26 2.50 1.5 30 12.37 0.677
1% 200 400 600 800 1000 48 3.78 Lo 30 12.85 0. 491
49 1.73 0.5 30 14. 13 1. 189
50 2.00 1.0 70 11.5. 0. 632
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Fig.1 Analysis of function test results
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Fig.2 Correlation coefficient matrix
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Table 2 KPCA dimension reduction data

o ENNI%ax BB R/
I

Y, Y, Y, (107" m?)
1 0.615 -0.972 1.635 0. 881
2 -0. 404 -0. 453 -0.373 1. 062
3 -0. 497 2. 050 -2.133 0. 559
24 -0. 906 -1.783 -0.342 0. 805
25 0.173 -0.330 0. 496 0.633
26 -0. 190 -0. 404 -0. 053 0.677
48 0. 092 1. 489 -0. 806 0. 491
49 -1.578 -0. 560 -2.232 1.189
50 0. 967 -0. 088 1. 646 0. 632
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Fig.3 Prediction results of each model
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Table 3 Comparison of evaluation indexes of each model

- LRI PERE
A
MAE MAPE/% | RMSE R?
PSO-BPNN | 0.058 9 9.21 0.064 2 | 0.8957
PSO-SVM | 0.048 2 7.20 0.0605 | 0.907 4
PSO-LSSVM | 0.044 1 6.82 0.0514 | 0.9331
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e R MERE Table 4 Pearson correlation coefficient matrix
- MAE | MAPE/% | RMSE R WINE | GRS | KRS | RE | YU
SSA-BPNN | 0.044 4 6.42 0.0548 | 0.9239 AR T 1 -0.113 0.011 -0. 081
ISSA-BPNN | 0.026 2 4. 06 0.0326 | 0.9732 FCT & -0.113 1 0. 194 -0.297
R 0.011 0.194 1 -0. 495
3 L= i i JiE -0. 081 -0.297 -0. 495 1
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Fig. 4 Comparison of evaluation indexes of

different models
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