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[Abstract] During the mining process in metal mines, roof disasters are one of the primary types of hazards that
threaten the safety of underground workers and constrain mine safety production. These disasters are
characterized by strong suddenness, severe destructiveness, and high prevention and control difficulties. As the
mining depth of metal mines in China continues to increase and geological conditions become more complex,
frequent disasters such as roof collapses and side wall failures caused by roof instability have resulted in significant
casualties and property losses. Monitoring and early warning technology, as a core measure for preventing roof

disasters, can detect abnormal signals such as roof deformation and stress changes in real time, issue early

warnings, and provide a scientific basis for disaster prevention and control.
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