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Abstract

Mining wide-body trucks operate under high-dust, complex road conditions, and high-load alternating working conditions, and the
existing systems face challenges in real-time responsiveness and functional safety. This paper proposes a layered modular vehicle
control architecture that integrates three-layer logic: decision-making, coordination, and executive drive. By leveraging CAN FD
and Ethernet converged communication, along with precise time synchronization technology, it achieves synergy among powertrain,
steering, and braking. The integration of heterogeneous redundancy mechanisms ensures fail-safe operation. Validation demonstrates
that the proposed scheme significantly reduces yaw error and energy consumption, establishes defense-in-depth capability under
extreme environments, and further enhances anti-interference capability and system self-recovery performance under harsh conditions
through hardware-software collaborative monitoring and adaptive calibration strategies, providing highly reliable technical support
for unmanned intelligent mining operations.
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