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Research Progress on Electromagnetic Interference Prediction and Protection Technology in
Mine Roadways
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Abstract: As a typical deep confined space, mine roadways witness electromagnetic wave propagation affected by the
coupling of multiple factors including geometric structure, electrical parameters of surrounding rock, wall roughness and dust,
leading to far more complex propagation behaviors than those in free space. With the in-depth advancement of intelligent
coal mine construction, high-density electrical and wireless equipment underground has formed a complex electromagnetic
environment, and electromagnetic interference has become a core bottleneck restricting the reliable operation of equipment
and safe production. Taking electromagnetic compatibility analysis as the main line, this paper systematically reviews
the research progress of electromagnetic interference in mine roadways from three dimensions: propagation mechanism,
prediction modeling and protection technology. In terms of propagation mechanism, four mainstream theoretical systems
are summarized, namely waveguide model, ray tracing method, vector parabolic equation method and full-wave numerical
method. For prediction modeling, the cutting-edge breakthroughs of data-driven methods and physically constrained deep
learning networks are emphatically analyzed. The protection technologies are reviewed from both equipment level and system
level. Finally, the deficiencies of current research in multi-factor coupling modeling, integration of deterministic and statistical
methods, and implementation of dedicated standards are pointed out, and future development directions such as multi-physical
field fusion and physically constrained artificial intelligence are prospected.
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