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ABSTRACT: A multi-objective evaluation-based optimization method was proposed to address
the issue of balancing a wide search range with efficient target point arrival during unmanned aeri-
al vehicle (UAV) swarm maneuvering. This method aimed to improve the performance of tradi-
tional path planning algorithms under the constraint of limited UAV formation radii. By designing
a multi—objective evaluation system, path planning was divided into two stages, virtual rigid body

modeling and intelligent algorithm execution, based on four aspects: path quality, formation sta-
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bility, energy efficiency, and task completion. The soft actor—critic (SAC) algorithm was select—

ed for trajectory optimization, integrating the training performance of the SAC and deep determin-

istic policy gradient (DDPG) algorithms. The simulation results show that, using quadrotor

UAVs as an example, the proposed multi-segment trajectory planning method that integrates vir—

tual rigid formation (VRF) and SAC algorithms improves path quality by 12.2% and 5.8%,

and improves energy efficiency by 19.3% and 6.5%, compared to the traditional A* and DDPG

algorithms. It is proven that the proposed method can overcome the limitations of traditional tra—

jectory planning algorithms in large—scale searches, achieving enhanced performance in dynamic

path optimization and evaluation.

KEYWORDS: UAV swarm; virtual rigid formation; soft actor—critic algorithm; segmented

planning; multi—objective evaluation
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quadratic SAC optimization
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disturbance conditions
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