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Abstract: The motion planning of unmanned vehicles on expressway should fully consider the vehicle
dynamic characteristics and complex constraints due to traffic flow based on collision-free trajectories. The
higher vehicle speed requires better real-time performance of the algorithm and involves more complex
calculations. A hybrid motion planning method with decoupled transverse and longitudinal enhancement is
proposed to generate the optimal approximation group. The Frent frame is introduced to decouple the motion
planning problem laterally and longitudinally. The numerical optimization and the polynomial planning
algorithm are fused in lateral motion planning. The planning considering velocity and the planning
considering obstacle avoidance are fused in longitudinal planning. Once the decoupled planning is completed,
the resulting trajectory groups are evaluated and selected using the cost functions and the collision detection

method. An Apollo-LGsvl driverless co-simulation testbed is built to simulate and validate the proposed
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motion planning method. The experimental results show that the motion trajectories generated by the

proposed hybrid motion planning algorithm can effectively avoid vehicle collisions under every set of

experimental conditions on the highway. The transverse offset and longitudinal velocity satisfy the second-

order smoothing condition. The maximum transverse acceleration, the maximum longitudinal acceleration

and the maximum longitudinal jerk meet the dynamics constraints. Meanwhile the number of trajectories in

the optimal approximation group is decreased eftectively, and the time complexity of the trajectory evaluation

algorithm is reduced by 46%.

Keywords: driverless vehicles technology; expressway driving scenario; motion planning; longitudinal and

lateral decoupling
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