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Abstract: The low-altitude economy, as a national strategic emerging industry, is accelerating the transformation of Ad-
vanced Air Mobility (AAM) systems from traditional ground-based transportation toward comprehensive, high-density
low-altitude operational modes. However, factors such as communication interference in complex urban scenarios, insuffi-
cient perception accuracy, flight safety hazards, and energy consumption constraints severely limit the practical applica-
tion effectiveness of AAM systems. This paper addresses the critical challenges of cooperative perception and control for
unmanned aerial vehicle (UAV) formations in AAM scenarios by proposing an integrated cooperative formation method
that combines perception optimization with energy consumption control. First, we innovatively construct a joint optimiza-
tion model with the objective function of minimizing formation flight energy consumption, constrained by the Cramér-
Rao Lower Bound (CRLB) for cooperative perception and communication signal-to-noise ratio requirements. Based on
Lyapunov stability theory, we design a gradient control algorithm to solve for the optimal formation orientation configura-
tion that satisfies perception accuracy requirements. Second, we propose an improved potential field control method that
significantly enhances obstacle avoidance capability and flight stability in complex environments by optimizing the effec-
tive range of repulsive forces, introducing a relative velocity dynamic adjustment mechanism, designing compensatory
forces to escape local minimum traps, and incorporating physical air resistance models. Simulation experiments demon-

strate that the proposed method achieves significant optimization of UAV formation energy consumption while meeting
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collaborative perception accuracy thresholds, simultaneously ensuring cooperative perception capabilities and safe flight

operations in complex interference environments.

Key words: Advanced Air Mobility, UAV formation-based Cooperative perception, Lyapunov method, Improved poten-

tial field method, Flight energy consumption
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