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Abstract: The increasing popularity of autonomous unmanned aerial vehicles (UAVs) can be
attributed to their wide range of applications. 3D path planning is one of the crucial components
enabling autonomous flight. In this paper, we present a novel 3D path planning algorithm that
generates and utilizes curvature-based trajectories. Our approach leverages circular properties, offering
notable advantages. First, circular trajectories make collision detection easier. Second, the planning
procedure is streamlined by eliminating the need for the spline process to generate dynamically
feasible trajectories. To validate our proposed algorithm, we conducted simulations in Gazebo
Simulator. Within the simulation, we placed various obstacles such as pillars, nets, trees, and walls.
The results demonstrate the efficacy and potential of our proposed algorithm in facilitating efficient

and reliable 3D path planning for UAVs.
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[Fig. 1] UAV flying through a complex environment in a
Gazebo simulation, displaying the outcome of the path
generation process
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[Fig. 2] Illustration of the generation of curvature-based
trajectories. O denotes the starting point of the trajectory, r,
represents the search range, ¢ represents the angle between the
starting point and the final point. Each trajectory is designed to
form a segment of a circle that contacts the preceding direction,
ensuring that the circle encompassing the trajectory is uniquely

determined
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[Fig. 3] Visualizations of the first set of trajectories. The plane
rotation angle ¢ is 45°. (a) front view, (b) front-left view, (c)
side view, (d) rear-right view. The generation of trajectories is
repeated for each subsequent plane
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[Fig. 4] Trajectories obtained after the 3rd search. The white line
represents the first trajectory, the yellow line represents second
trajectory, and the blue represents result of the third trajectory.
This figure only depicts the 2-dimensional aspect
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[Fig. 5] Illustrations of the angles between the goal point, the
end of the trajectory, and the heading vector at the end of the
trajectory. The vectors WJ 5’ symbolize the directions
towards the goal point and the end of the trajectory from the
starting point. The vectors FG, FH represents the directions
towards the goal point, and heading vector at the end of the
trajectory from the end of the trajectory
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[Fig. 6] Result of path generation in an environment that
requires the generation of a 2D trajectory to avoid collisions. (a)
Path generation result in front of two big walls, (b) Gazebo
simulation environment with two big walls in front of the UAV.
(c) Path generation result between cylinders. (d) Gazebo
simulation environment with many cylinders
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[Fig. 7] Result of path generation in the environment that
necessitates a 3-dimensional trajectory. (a), (b) Path generation
result in front of the net, (¢c) Gazebo simulation environment
with a net in front of the UAV, (d), (e) Path generation result
above trees, (f) Gazebo simulation environment with trees
below the UAV
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[Table 1] The performance comparison results between the
proposed collision check method and the method of checking
every point in the trajectory with an interval of 0.1 m

# of Collision check Processing Time [ms]
pointcloud method Total | 1Ist 2nd | 3rd
Proposed 160 12 62 86
2993
Interval-0.1m | 636 47 104 | 485
Proposed 123 12 50 61
3139
Interval-0.1m | 641 49 76 516
Proposed 233 51 87 95
5257
Interval-0.1m | 1553 | 82 122 | 1349
Proposed 238 20 103 115
5258
Interval-0.1m | 1715 | 81 174 | 1460

[Table 2] The performance comparison results between the
proposed collision check method and the method of checking
every point in the trajectory with an interval of 0.2 m

#of Collision check Processing Time [ms]

pointcloud method Total | 1st 2nd | 3rd
Proposed 117 11 42 64

2956
Interval-02m | 322 23 37 262
Proposed 115 12 50 53

2984
Interval-02m | 248 22 33 193
515 Proposed 246 49 111 86
Interval-02m | 877 39 131 707
Proposed 293 50 116 127

5262
Interval-02m | 883 36 131 716
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