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Intelligent Control Technology for Underground Coal Mine Drilling Trajectories Based on
Machine Learning
Ying He
CCTEG Xi'an Research Institute (Group) Co., Ltd.

[Abstract] Physics—informed methods belong to an important branch of machine learning. To address the
engineering challenges of strong formation heterogeneity, long—distance control lag, and low trajectory accuracy
in directional drilling in coal mines, this paper proposes a physics—informed hybrid intelligent control technique.
A discretized dynamic model based on delayed differential equations is constructed to approximate the time
delay and stochastic disturbances in drill string transmission, providing a mathematically accurate representation
aligned with engineering realities. A hierarchical hybrid control architecture is designed: the nominal controller
employs model predictive control to solve for optimal reference values under hard constraints, ensuring wellbore
curvature compliance with standards; the residual controller incorporates a deep reinforcement learning network
to compensate for model mismatches caused by formation parameter uncertainties in real time. Industrial tests in
typical coal mine working faces demonstrate that this technique effectively overcomes long delays and strong
disturbances, reducing trajectory tracking errors to 0.34m and keeping curvature violation rates below 0.8%. It
achieves high precision and smooth control in complex geological conditions, significantly improving gas
extraction efficiency and operational safety.
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