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Research on Gas Concentration Prediction of Tunneling Working Face Based on Improved KAN-iTransformer
Zhang Xiaojing', Li Xinyu®, Kong Shaoqi®
(1.Shanxi Xinzhou Shenda Dagiaogou Coal Industry Co., Ltd., Xinzhou, Shanxi 034099, China;
2.Taiyuan University of Technology, Taiyuan, Shanxi 030024, China)

Abstract: The tunneling working face is an area prone to frequent gas accidents during coal mining. In view of the strong
nonlinear and spatiotemporal dynamic correlation characteristics of gas concentration variations, a prediction model for gas
concentration at the tunneling working face, named KAN-iTransformer, was proposed, which integrates the Kolmogorov-
Arnold Networks (KAN) and an improved iTransformer (Inverted Transformer). Firstly, a relevant feature dataset for gas
concentration prediction was constructed through data preprocessing and Spearman correlation coefficient analysis. Secondly,
based on the inverted Transformer structure, the complete variable sequence was regarded as a token, and a graph attention
mechanism was introduced to explicitly model the spatial topological relationships of the sensor network, enabling effective
modeling of the dynamic dependencies among sensors. Thirdly, the learnable activation functions of KAN were used to replace
the traditional linear weights, enhancing the model’s ability to characterize complex nonlinear relationships among multi-source
monitoring parameters. Finally, a hierarchical response mechanism combining point prediction and interval estimation was
proposed to enable advanced dynamic hierarchical response to gas overrun risk. The field test results show that the MSE ., MAE
and MAPE of the improved KAN-iTransformer model in single-step prediction are 0.000 307, 0.012 921 and 2.321 373%,
respectively, significantly outperforming both the iTransformer and Transformer models. In multi-step prediction, the MSE of
the improved KAN-iTransformer model is 0.000 913, which is 63.7% and 80.9% lower than those of the comparison models,
respectively, demonstrating better long-term prediction performance and effectively realizing accurate prediction and dynamic
early warning of gas concentration at the tunneling working face.
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results of different models
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Table 1 Comparison of the single-step

prediction effect of different models

(i MSE MAE  MAPE/% R?
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Transformer #£%& 0,000 562 0.018 397 3.320 037 0.846 822

3.3 HEZHWMBRI L S

N T A B R AR SO YA U e 2 48 T
(01 R L 15 8 TN A5 Ol 10 R A7 7 22 20 i) 4k SR
Iy, X LEE SR ANIE 6 s . ML 6 al LA A3
5% TR R 52 B2 TN 45 SR A7 A AN T i B 1 38 8 A 2
s 72 + AE AR R0HE A8 A i A7 9K B 1A B ) 8 v 9 41
rRE T BEWS B TN L BC S0 vk E AR Ak Y R A T AL
FaH T3 ANPGRS i £k 5 S E
A7 AE B P 1Y 28 G A 22 A 3 s i B R, S A
SEAE P AR A I AR R FT 0 R 65 K B0 M L SE
OU Y FLICAE R A R B TR BRI B0 £ 5
SCAE B B WS A I

0.70 F —— FME
—HZfE

0.65

0.60

FLER R E %
[
2

045
0401
0351
0 100 200 500 200
B

(a) FIEE



140 g LB R S5 A

2026,46(7)

0.70 r — W&

FLER MR E %

0 100 200 300 400
BEA ¥
(b) iTransformer &%

FLER MR E %

(I) l(I)O Z(I)O S(I)O 4OIO
HiEAN B
(¢) Transformer &%
Bo TREEBZSMMER L
Fig.6 Comparison of multi-step prediction

results of different models
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Table 2 Comparison of the multi-step

prediction effect of different models

[l MSE MAE  MAPE/% R?
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Fig.7 Emergency response classification effect
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