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Abstract

Motion planning is a critical factor for safe autonomous driving of unmanned
vehicles, and motion planning techniques specifically designed for autonomous
driving have received increasing attention in the past decade. However, the current
motion planning does not consider the dynamic characteristics of the vehicle, which
limits the application scenarios of autonomous driving due to safety concerns.
Therefore, this study focuses on autonomous driving motion planning with dynamic
constraints and proposes corresponding strategies.

To achieve this goal, the thesis first establishes and analyzes a 14-degree-of-
freedom vehicle dynamic model and converts it into a Milliken dynamic model using
the Milliken moment method. The thesis then defines the roll index, yaw index, and
slip index and obtains a safe domain enveloping line in the Milliken dynamic model
through depth-first search.

For the road space with lane information, the thesis establishes a reference line
model, obtains a smooth planning reference line, establishes a risk field model to
describe obstacles in the road space, and designs a planning algorithm based on the
Frenet coordinate system. The thesis also defines a safety margin related to dynamics
in the cost function to improve the safety of the planning trajectory.

For the free space without reference line information, the thesis designs a
Voronoi field to describe irregular terrain and obstacles and a motion planning
algorithm based on heuristic search. The study defines the augmented primitive and
heuristic information related to dynamics and considers dynamic constraints when
selecting search actions.

Finally, a systematic architectural design was conducted, encompassing
hardware platform, software architecture, and input-output interfaces, providing the
development and implementation plan for the algorithm. The development process
for hardware-in-the-loop experimentation was designed, and the effectiveness of the
algorithm was verified through simulation and hardware-in-the-loop simulation using
the Jetson Orin platform.

Keywords: Autonomous driving, Motion planning, Milliken Dynamics
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