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Abstract

To address the issue of significant search space randomness inherent in the Bidirectional Rapidly-
exploring Random Tree (RRT) algorithm, this paper proposes an improved Unmanned Aerial Vehicle
(UAV) flight path planning strategy based on a goal-biased Bidirectional Artificial Potential Field
method RRT (BI-APF-RRT) algorithm. Firstly, a goal-biasing strategy is employed for the generation of
random samples and to guide the expansion direction of the bidirectional trees. The search is completed
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by establishing two alternately growing random search trees via the bidirectional RRT mechanism,
thereby enhancing the algorithm’s convergence rate. Secondly, an improved Artificial Potential Field
(APF) method is integrated into the bidirectional tree growth process, which further significantly re-
duces the number of search iterations. Concurrently, during the path smoothing phase, trajectory op-
timization is achieved through the application of a cubic B-spline interpolation algorithm. Finally, sim-
ulation experiments demonstrate that, compared to several existing algorithms, the proposed goal-bi-
ased BI-APF-RRT algorithm effectively reduces the number of iterations, enhances convergence speed,
improves the directionality of new node generation, and effectively lowers the path cost. Consequently,
it successfully mitigates the significant search space randomness problem associated with the conven-
tional bidirectional RRT algorithm.
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fori=1:N,,, do
rang < sample(i);
Grear < N (005 Tyt )
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else;
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10. Endif;

11. if Connect(7,,,T,,,,) then
12. return T, . 7,23

13. break;

14. else;

15. Swap (7., T2 )3

16. Continue;

17. Endif;

18. End for;

19. T, « Combine(T,,,,,T,..,);
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Figure 1. Bidirectional RRT node expansion process
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Figure 2. Force analysis diagram of the closest point of BI-RTT
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tree”
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tree?

connected <« false;
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Figure 3. Simulation environment
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Figure 4. Simulation results in environment A
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Figure 5. Data comparison in complex environments
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Table 1. Experimental results of finding feasible solutions in complex environments
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Table 2. Experimental results of finding feasible solutions in confined environments

F 2 REFRETHREITITRESKIEER

Bk TR /m FEIEAT I A/ PRI
RRT 143 0.91 1982
APF-RRT 140 0.25 382
RRT* 148 1.41 2215
APF-RRT* 133 0.35 655
BI-RRT 153 0.19 214
BI-APF-RRT 110 0.12 180
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