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Trajectory planning for intelligent vehicles based on adaptive sampling
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Abstract: To address the issue of high computational complexity and excessive time consumption of
intelligent vehicle trajectory planning in three—dimensional space (X-Y-T), this paper proposes a dual—
layer, three-stage trajectory planning method based on adaptive sampling. By using the Frenet coordinate
system, the three—dimensional trajectory planning problem is decomposed into two two—dimensional
optimization problems: path planning and speed planning. Firstly, in terms of path planning, an adaptive
sampling method based on artificial potential fields is introduced to reduce the number of path planning

space sampling points. Dynamic programming is used to calculate the path curve that connects each
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sampling point with the lowest comprehensive cost, and a quadratic programming problem is constructed to
further optimize this path to obtain the final planned path. Secondly, in terms of speed planning, the
adaptive sampling area for speed planning space is determined according to kinematic constraints. The
dynamic programming method is used to calculate the speed curve that connects each sampling point with
the lowest comprehensive cost, and a quadratic programming problem is constructed based on this curve to
obtain the final speed planning result. Finally, a trajectory tracking error model is constructed, and lateral
and longitudinal controllers are designed to verify the trackability of the planned trajectory. Simulation
results show that the proposed method in this paper can reduce the planning time to about 0.1 seconds per

planning cycle, providing a planned trajectory with a frequency of 10 Hz for intelligent vehicles, achieving

coordination between planning and control.
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Fig. 1 Overall framework of layered trajectory planning system
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Fig. 3 Planned trajectory and reference trajectory in

the Frenet coordinate system
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Table 1 PID controller parameter setting table
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