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Abstract: To address the challenges of limited parking space in existing community parking lots, the difficulty of narrow-space
parking maneuvers for drivers, and the high site renovation and equipment costs associated with traditional automated parking
solutions, this paper presents a lightweight assisted parking device featuring foundation-free construction, modular architecture, and
bay-side deployment. The device employs an STM32F4 microcontroller as the control core, integrating pressure, infrared, angle, and
vibration sensors for multi-source signal acquisition. A friction drive mechanism combined with a magnetic clamping unit enables
automatic rotational alignment, while the Halbach array magnetic clamping mechanism and the self-locking stopper facilitate modular
quick-release and rapid maintenance. Modal and static analyses indicate that the first-order natural frequency of the load-carrying
turntable exceeds the external excitation frequencies, and the equivalent stress in the main load-bearing region ranges from 100 to 150
MPa, preliminarily satisfying the safety and static strength design requirements.
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