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Survey of Cooperative Trajectory Planning Methods for

Multiple Air Vehicles with Frequency Constraints

WANG Le" ?,WANG Zheng' ,GAO Jiuan' ,ZHANG Yichi',XI Jianxiang'
(1. Rocket Force University of Engineering, Xi’an 710025, China;

2. School of Aerospace Engineering. Beijing Institute of Technology. Beijing 100081, China)

ABSTRACT: In complex electromagnetic environments, the scarcity of spectrum resources and inter-vehicle fre-
quency interference present challenges to the reliability and mission effectiveness of air vehicle swarms. Conven-
tional trajectory-planning methods lack mechanisms for the coordinated allocation of spectrum resources, rendering
the incorporation of frequency constraints into trajectory planning an increasingly necessary research direction. This
paper presented a comprehensive review of cooperative trajectory planning for multiple air vehicles subject to fre-
quency constraints, First, existing approaches were classified into three categories: model-driven deterministic
optimization, data-driven adaptive planning, and hierarchical complementary hybrid planning. These approaches
were then comparatively analyzed in terms of theoretical completeness, adaptability to dynamic environments, and
interpretability. With a focus on frequency constraints, two technical pathways were examined: frequency-consid-
ered methods, which regard frequency as a boundary condition for passive interference avoidance, and frequency-
oriented methods, which incorporate frequency as a decision variable for active regulation. This classification illus-
trateed the transition from passive adaptation to active coordination. To overcome these bottlenecks, further
research is required in three corresponding directions: the construction of a coupled trajectory-spectrum-waveform
state-space model, the design of a multi-timescale hierarchical cooperative architecture, and the development of
intelligent solution methods, including deep reinforcement learning incorporating physical constraints. This survey
aims to provide a theoretical reference and practical guidance for future research and engineering applications in this
field.

KEYWORDS : multiple air vehicles; cooperative trajectory planning; frequency constraint; intelligent method
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