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Abstract : The electronic control system for automotive and motorcycle components adopts an integrated
mechatronic hierarchical architecture, incorporating multimodal sensor arrays and intelligent control
algorithms to construct a closed-loop control chain of perception—decision—execution. An adaptive
strategy based on fuzzy-PID composite control and deep reinforcement learning enhances dynamic
response accuracy. Experimental verification shows that the system control error is less than +0.15%,
and energy consumption is optimized by 23%. The hardware design ensures real-time performance
through heterogeneous multi-core MCUs and CAN FD buses, while the software layer uses AUTOSAR
OS for microsecond-level task scheduling. The intelligent management module integrates predictive
maintenance with dynamic threshold warnings, achieving a fault identification accuracy of 98.2%. Remote
OTA upgrades ensure reliability through differential encryption and redundancy verification. The data
security system integrates hybrid encryption and RBAC mechanisms to meet ISO 21434 standards. Future
research should focus on deepening the collaborative optimization of edge computing and federated
learning to address safety and real-time challenges in vehicle-road—cloud scenarios.
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