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Abstract: To address the issues of low roadway cutting and profiling efficiency and high reliance
on manual operation in traditional roadheader control methods, an event-state-driven virtual-real
interactive predictive control method for intelligent tunneling equipment is proposed. First, an
event-state model of the roadheader is constructed to discretize the cutting trajectory into key

state nodes. The cutting state is monitored in real time to identify abnormal body offsets caused
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by hard rock. An event-driven virtual-real state evolution logic is designed to achieve state
transition and synchronization between the physical entity and its digital twin. Second., a digital
twin model of the roadheader is constructed to achieve virtual mapping of the cutting process.
Based on model predictive control (MPC), the actual trajectory is predicted to provide virtual
decision-making for virtual-real state alignment and abnormal trajectory correction. Through
virtual-real interaction between the digital twin and the physical entity, a closed loop from state
perception to decision execution is realized. Finally, a virtual-real interaction experimental
platform for the roadheader is built for experimental verification. Algorithms are utilized to
identify abnormal body offsets, and trajectory correction is achieved based on MPC coupling
control decisions. The results show that the MPC-based coupling control reduces the maximum
trajectory tracking error from 18. 5 mm to 7. 2 mm, corresponding to a reduction of 61. 1% in the
maximum deviation. This research method can provide effective technical support for the intelligent

control of coal mine roadway tunneling equipment.
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Fig. 1 Event state-driven virtual-real interactive predictive control architecture for intelligent tunneling equipment
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Fig. 2 Cutting-event-driven virtual-real state evolution
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Fig. 6 Virtual-physical interaction experimental platform for the roadheader
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Fig. 7 Variation of roadheader body pose parameters
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