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Cooperative trajectory planning of multi-unmanned aerial vehicle
based on improved Gauss pseudospectral method

SHAO Shikai, PENG Yu, JIA Huimin, DU Yun
(School of Electrical Engineering, Hebei University of Science and Technology, Shijiazhuang, Hebei 050018, China)

Abstract: In order to solve the problems of large computation amount, long operation time and difficulty in ensuring optima-
lity, an improved method combining particle swarm optimization algorithm and Gaussian pseudospectral method was proposed.
Firstly, particle swarm optimization algorithm was used for track pre-planning to ensure the fast realization of approximate
optimal solution. Secondly, according to the selection of relative positions of collocation points of Gaussian pseudospectral
method, the path points of pre-planned particle swarm optimization were fitted, which was used as the initial reference instruc-
tion of Gaussian pseudospectral method, so as to solve the problem of initial value sensitivity of pseudospectral method and
accelerate the convergence speed of optimization algorithm. Finally, simulation experiments were carried out by taking the per-
formance index of unmanned aerial vehicle formation, flight environment and cooperative flight constraints into consideration.

Simulation results verify the importance of the selection of initial value and show that the designed algorithm could improve the
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optimization and convergence speed of the solution. The research results can be used to quickly plan multi-dimensional and high-
precision guidance instructions for coordinated flight control of multiple UAVs, and have certain reference value for the realiza-

tion of intelligent autonomous flight.

Keywords: flight technology; multi-unmanned aerial vehicle; cooperative trajectory planning; pseudospectral method; particle

swarm optimization algorithm; initial guess
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Tab.1 Table of start and end of UAVs

B 1 %% AT AR AR 285 e bR B 2 %' FRY=RALY N S AL AR
TAML1 (8,70,2) (200,70.30) T AL 1 (0,150,2) (300,170,35)
AL 2 (8,100,2) (200,60,20) FTAHL 2 (0,75,2) (300,160,25)
JTEAHL 3 (8,130,2) (200,70,10) T 3 (0,0,2) (300,160,35)
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T 1 BEhs 4 (155,160,0) 25 T 2 Bl 3 (90,190,0) 50
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Fig.4 Trajectory planning results of basic pseudospectral method
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Fig.5 Trajectory planning results of improved pseudospectral method
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Fig.6 Trajectory comparison result
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Fig.7 Relative distance of three UAVs
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Fig.8 Location of three UAVs
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Fig.9 Velocity of three UAVs
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Fig.10 Detailed controlled quantity of three UAVs
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