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Sampling Space Reduction-based UAV Online Path Planning Algorithm in

Complex Low Altitude Environments
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Abstract
due to the planning spaces of densely distributed obstacles with various shapes, narrow passages for the solution path

The unmanned aerial vehicle (UAV) online path planning in low altitude complex environments is complicated

to pass through, and uncertain information. For solving this problem, a sampling space reduction-based algorithm is
proposed to reduce the number of collision detection calls, accelerate the path-search process and decrease the path cost.
To deal with the over-reduction problem existing in the dynamic domain rapidly-exploring random tree (DDRRT') method,
the algorithm makes the space reduction gradually by employing a cost model. Thus the planning tree can extend rapidly
and efficiently under the guidance of the reduction. It also promotes the near neighbors searching speed by a new storage
structure for tree nodes and a novel near neighbor searching approach. Indexes are built based on the density of tree
nodes to construct the storage structure composed by multiple K-dimensional trees (Kd trees). Simulation results certify
that our algorithm can ensure the rationality of the sampling space reduction and improve the efficiency of path planning

and the ability of path-searching in passages, as compared to the DDRRT.
Key words Online path planning, multi-constraint, rapidly-exploring random tree (RRT), sampling space reduction,
collision detection
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Fig.1 The process of solving the Bug trap puzzle by the DDRRT algorithm
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Fig.2 The UAV online path planning algorithm framework based on sampling space reduction
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Fig.6 The schematic of the construction and result of

the storage structure of path tree nodes
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Fig.7 Smoothing the polygon path by Dubins curve and
the replanning of invalid sub path
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Fig.8 The planning tree after the path searching stage and the final path of the first experiment
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Tablel

multi-algorithm path planning in two dimensional

Comparison on efficiency indicators of

complex environments

Hy: Time(s) NTN NCDC ESR NST (s) NSTR PC FR
A 4.88 405 920 0.4402 0.3228 0.0661 135.86 0.01
DDRRT 10.20 783 1552 0.5045 0.5521 0.0541 173.25 0.02

RRT* 25.63 1265 3495 0.3619 0.9825 0.0383 130.21 0.06

RRT 22.84 963 3119 0.3088 2.8633 0.1254 165.36 0.05
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Fig.9 The statistical diagram of the influence of the parameter K to the performance of our method
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Fig.11 The planning tree after the path searching stage
and the final path of the second experiment
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Table 2  Comparison on efficiency indicators of multi-
algorithm path planning in multi-constraint of

labyrinth environment

7 Time(s) NTN NCDC ESR NST(s) NSTR PC FR
AL 39.43 998 4353 0.2293 2.8325 0.0718 306.11 0.01
DDRRT 46.62 1083 4864 0.2227 2.6137 0.0561 389.13 0.02

RRT 169.27 1279 10028 0.1275 15.6218 0.0923 383.22 0.08
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Fig.12 The planning tree after the path searching stage

and the final path of the third experiment
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Table 3

algorithm path planning in three dimensional passage

Comparison on efficiency indicators of multi-

environment

Hy:  Time(s) NTN NCDC ESR NST(s) NSTR PC FR
ARICHYE 46.86 1098 3240 0.3129 1.7422 0.0372 101.680 0.02
DDRRT 75.07 1841 4063 0.4531 2.3326 0.0311 180.264 0.03

RRT 213.26 9143 22480 0.4067 14.7281 0.0691 211.343 0.10
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Fig.13 The planning tree after the path searching stage and the final path of the fourth experiment
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Table 4 Comparison on efficiency indicators of multi-algorithm path planning in three scales of multi-constraint
complex environment
Kl 13 (a) 45 13 (b) &% Kl 13 (c) 4%

LD A%y DDRRT  RRT AXHY:  DDRRT RRT A5 DDRRT RRT
Time (s) 3.66 3.88 12.58 9.05 10.02 30.84 22.90 30.35 162.00
NTN 347 364 516 699 767 1128 1045 1357 6243
NCDC 771 892 1956 1487 1790 3911 2187 3145 24011
ESR 0.450 0.408 0.264 0.470 0.429 0.288 0.478 0.432 0.260
NST (s) 0.311 0.251 2.019 0.821 0.833 6.218 1.595 2.538 34.732
NSTR 0.085 0.065 0.161 0.091 0.083 0.202 0.070 0.084 0.214
PC 124.5 195.1 182.0 705.3 902.2 1205.0 1385.0 1793.8 2195.0

FR 0.00 0.01 0.03 0.01 0.03 0.04 0.02 0.01 0.12
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