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unstructured roads: A case study of ETC stations

LEI Ming-yue', LAI Jin-tao*, HU Jia™'

(1. Key Laboratory of Road and Traffic Engineering of the Ministry of Education, Tongji University,
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Abstract: To enhance the safety, generality, and practicality of the motion planning method for

connected and automated vehicles based on optimal control, an infrastructure enhanced motion

planning method was proposed for connected and automated vehicles. A motion control system

based on a control barrier function was constructed to ensure strong constraints for safe collision

avoidance under nonlinear system configuration, enabling vehicles to respond proactively and
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avoid over-the-horizon obstacles. A coordinate system with the optimized path as the reference
It eliminated the dependence on road centerlines, and adapted to motion

An

planning method was proposed, breaking the limitations of low computational efficiency, low

line was proposed.
planning in unstructured road environments. “infrastructure assisting vehicle” motion
safety, and poor practicality inherent in the traditional “infrastructure driving vehicle” motion
planning method. Simulation testing was conducted on the proposed motion planning method,
with electronic toll collection (ETC) stations taken as a typical case. The research results show
that on typical unstructured road scenarios characterized by transient lane markings, missing lane
markings, and lane-occupying construction, the proposed method is superior to traditional
onboard motion planning models. The driving risk is reduced by 11. 34%, and travel efficiency is
increased by 17.36%. The average single-response runtime is less than 0. 05 s for each module.
The proposed motion planning method effectively reduces over-the-horizon risks, improves the
efficiency of traversing unstructured roads, enhances real-time performance in algorithm
application, and maintains robustness under varying vehicle-infrastructure communication conditions.
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