Journal of System Simulation

Volume 36 | Issue 1 Article 4

1-20-2024

Multi-UAV Collaborative Trajectory Planning Algorithm for Urban
Ultra-low-altitude Air Transportation Scenario

Jie Cheng
College of Air Traffic Management, Civil Aviation Flight University of China, Guanghan 618307, China,
jiecheng@cafuc.edu.cn

Yuan Zheng
College of Computer Science and Technology, Civil Aviation Flight University of China, Guanghan 618307,
China, ranchozy@cafuc.edu.cn

Chenglong Li
College of Air Traffic Management, Civil Aviation Flight University of China, Guanghan 618307, China;
School of Electronic Information Engineering, Beihang University, Beijing 100191, China

Bo Jiang
College of Air Traffic Management, Civil Aviation Flight University of China, Guanghan 618307, China

Follow this and additional works at: https://dc-china-simulation.researchcommons.org/journal

Cf Part of the Artificial Intelligence and Robotics Commons, Computer Engineering Commons, Numerical
Analysis and Scientific Computing Commons, Operations Research, Systems Engineering and Industrial
Engineering Commons, and the Systems Science Commons

This Paper is brought to you for free and open access by Journal of System Simulation. It has been accepted for
inclusion in Journal of System Simulation by an authorized editor of Journal of System Simulation. For more
information, please contact xtfzxb@126.com.


https://dc-china-simulation.researchcommons.org/journal
https://dc-china-simulation.researchcommons.org/journal/vol36
https://dc-china-simulation.researchcommons.org/journal/vol36/iss1
https://dc-china-simulation.researchcommons.org/journal/vol36/iss1/4
https://dc-china-simulation.researchcommons.org/journal?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol36%2Fiss1%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/143?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol36%2Fiss1%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/258?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol36%2Fiss1%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol36%2Fiss1%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol36%2Fiss1%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol36%2Fiss1%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol36%2Fiss1%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1435?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol36%2Fiss1%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:xtfzxb@126.com

Multi-UAV Collaborative Trajectory Planning Algorithm for Urban Ultra-low-
altitude Air Transportation Scenario

Abstract

Abstract: The rapid development of the drone industry has promoted the opening of low-altitude, forming
a wave of ultra-low-altitude air transportation in cities sweeping over the world. However, the existing
trajectory planning algorithms do not consider the division method and operating rules of the ultra-low-
altitude airspace. They are not suitable for the collaborative trajectory planning of multiple UAVs in the
urban ultra-low-altitude air transportation scenario, which may restrict the development of the ultra-low-
altitude air transportation industry. This paper explores a multi-UAV collaborative trajectory planning
method for urban ultra-low-altitude air transportation scenario based on the airspace flight altitude layer
architecture. Specifically, the paper decomposes the original problem into two coupled subproblems: UAV
flight altitude layer task assignment and multi-UAV single-altitude coordinated trajectory planning. It uses
the task assignment solution based on mapping knowledge domains and the swarmbased improved
artificial potential field method to solve these two sub-problems respectively. Simulation results show that
the method can not only avoid the inherent defects of traditional methods in solving the cooperative
trajectory planning sub-problem but also reduce the average number of iterations by 62.09% compared
with the traditional method. At the same time, the simulation results also show that the proposed method
solves the original problem fast and robustly, which can provide a feasible trajectory for multi-UAVs in
urban ultra-low-altitude air transportation scenario.
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particle swarm algorithm
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Abstract: The rapid development of the drone industry has promoted the opening of low-altitude,
forming a wave of ultra-low-altitude air transportation in cities sweeping over the world. However, the
existing trajectory planning algorithms do not consider the division method and operating rules of the
ultra-low-altitude airspace. They are not suitable for the collaborative trajectory planning of multiple
UAVs in the urban ultra-low-altitude air transportation scenario, which may restrict the development of
the ultra-low-altitude air transportation industry. This paper explores a multi-UAV collaborative trajectory

planning method for urban ultra-low-altitude air transportation scenario based on the airspace flight
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altitude layer architecture. Specifically, the paper decomposes the original problem into two coupled sub-

problems: UAV flight altitude layer task assignment and multi-UAV single-altitude coordinated trajectory

planning. It uses the task assignment solution based on mapping knowledge domains and the swarm-

based improved artificial potential field method to solve these two sub-problems respectively. Simulation

results show that the method can not only avoid the inherent defects of traditional methods in solving the

cooperative trajectory planning sub-problem but also reduce the average number of iterations by 62.09%

compared with the traditional method. At the same time, the simulation results also show that the

proposed method solves the original problem fast and robustly, which can provide a feasible trajectory for

multi-UAVs in urban ultra-low-altitude air transportation scenario.

Keywords: trajectory planning; task assignment; multi-UAVs; mapping knowledge domains; artificial

potential field; particle swarm algorithm
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Algorithm: trajectory planning for multi-UAVs
at multiple flight level layers

Fusion cost calculation sorting subproblem

1: graph<—A dic to stores nodes and path cost:

cost_value

2: initialization cost is 0 and queue is start point

3: for key in graph.keys() then

4: cost[key]«—Inf

5: while len(queue) <> 0 do

6 after traversing the initial node, loop to

get the shortest path

~

delete queue[0]

o¢]

return queue

BT 2 o NALHR T L 2 LIS R R 1) ) T
LA SR R SOt N L33 i Oy ARRS 40 P
9 1~6 LONYIIR I RE s 58 7~15 D K7 HEIA AR

Path planning subproblem computational cost

1: Initialize the scene

2: start pos«<—randomly generated a (possize*1)
matrix between(start-w, start +w)

path list<—[]

current_pos_list<—[]

for i in possize then

AN DN Bk~ W

add start pos to current pos list and path
list

7: While iters_time < max_iters do

8: if particle not reach the endpoint then

9: for i in possize then

10: add current pos[il to path_list[i]
11: Fsum<«—calculate the force on a

particle's current_pos

12: update the new pos<—current_pos
13: iters«— iters+1

14: if particle reach the endpoint then

15: break

16: cost value«—the particle with least
Euclidean distance in pathbest list

17: return cost value
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