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Foai £ Design and experimental validation of quadrotor swarm flight for
VE-E Gl s drone light shows based on a hybrid particle swarm optimization
o and physics learning framework.
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Abstract

Quadcopter swarm flight is of great significance in light displays, exploratory missions, and aerial
surveillance. However, trajectory optimization and target assignment are accompanied by challenges such as
collision avoidance, stability preservation, and achieving rapid convergence. In this study, a centralized
control framework is proposed in which a central decision-making unit is responsible for target allocation,
path generation, and enforcing safety constraints for the entire flying swarm. Within this framework, an
improved hybrid algorithm based on particle swarm optimization and physics-based learning optimizes the
trajectory, target assignment, and coordination of quadcopter swarms. The aim of this method is to enhance
convergence speed and search stability by combining the capabilities of the two algorithms. In the proposed
structure, the particle swarm optimization algorithm serves as the global exploration component, while the
physics-based learning algorithm, leveraging the concepts of energy and momentum, dynamically adjusts
particle positions to prevent entrapment in local minima. Simulation results confirm the superiority of the
hybrid method over the independent algorithms in terms of convergence speed, accuracy, stability, and
computational efficiency.

Keywords: Particle Swarm Optimization (PSO), Physical Learning (PL). Multi-UAV Cooperative Flight. Obstacle
Avoidance and Formation Control
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Load Initial Data: 8 quadcopters, initial
positions, Target Shapes T & U, PSO
params, Physic Leaming params

Main Optimization Loop (U)

Compute Phy sic Learning Forces: attraction/
repulsion, collision avoidance

Corwert Shapes (T,U) into Target Points:
sample edge points, assign to each
quadcopter

Compute PSO Components; inertia,

Intialze Particles: initial X, v, pBest, gBest cognitive, social

Combine PSO + Physic Learning v_new =
w*v_old + c1*{pBest-}) + c2*{gBest-x} =
F_physic; x_new =X + v_new

Compute Physic Learning Forces: attraction/

repulsion, collision avoidance

Compute PSO Components: inertia,
cognitive, social

End Loop (U)

Combine PSO + Physic Learning v_new =
w*_old + c1*{pBest-x} + c2*{gBest-x) +
F_physic; x_new = x + v_new

Generate Final Path for Shape U

Execute Right Formationof U

@ YAA

Yes
Increase Repulsion Force and Comed Path Endloop(U} [
VE-E glina) 5 b

i ke i
Evaluate Cost Functi ance to target, ESRELER £} Eimtaa ol Lt 15 55900 5 s
smoothness, collision penalties

- N

¢_

End Loop (T)

Generate Final Path for Shape T

Execute Fight Formationof T
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Reassign Targets — Shape U
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