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Abstract : To address slow global convergence, low search efficiency, and poor local trajectory smoothness in mobile robot path planning
under complex environments with coupled static and dynamic obstacles, this paper proposes a dynamic path planning method integrating
adaptive variable-step RRT* ( AVS-RRT " ) and an improved timed elastic band ( TEB). In the global planning layer, an adaptive
variable-step strategy based on local environmental complexity is designed to dynamically adjust the expansion step size according to local
obstacle distribution, thereby improving search efficiency and expansion adaptability in both open and cluttered regions. A goal-biased
sampling strategy and an artificial-potential-field-based heuristic, combining goal attraction, random-sample attraction, and obstacle
repulsion, are further introduced to guide the tree growth toward feasible regions. In addition, a pruning strategy based on direct
connection checking is adopted to reduce path redundancy and improve path quality. In the local planning layer, the global path is used
as the reference trajectory, and an acceleration variation constraint is incorporated into the TEB optimization framework to suppress
abrupt stop-and-go motions and velocity oscillations during dynamic obstacle avoidance, thus improving trajectory smoothness and

tracking stability. Simulation and real-world experiments show that AVS-RRT " can significantly reduce computation time, the number of
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path nodes, and the number of iterations in environments with different complexities. Furthermore, compared with the baseline method,

the proposed integrated method reduces path length by 3.91% and 3.65% and computation time by 6. 89% and 7.03% in static and

coupled static-dynamic environments, respectively. These results validate the effectiveness of the proposed method in improving the

planning efficiency, trajectory smoothness, and navigation performance of mobile robots in complex environments.

Keywords : mobile robot; path planning; dynamic environment; AVS-RRT " ; TEB
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&% 1: AdaptiveVariableStep

BN :obstacle; nearest_point ;r_detect ; step
i :L_step

1: Initialize parameters

2. for each nearest_point do

3 s_is = calculate (obstacle,nearest_point, r_detect)
4. if s_is > s_detect/3

5 L_step=step/3

6

else

7. L_step = e d step
8. end if
9. end for
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Fig.2 Node generation via artificial potential field
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Table 2 Comparison of experimental data for global path

planning in simulation environment 1

ok AR K, BT/ E%iélf -
m s (%4
RRT”™ 2 640 343.9 392.7 3776
Bias-RRT " 2 490 43.5 353.2 1 340
APF-RRT” 2 350 31.2 318.2 961
AVS-RRT* 2 410 11.5 189 489

*3 =RBEANFERE 2 TWHEXTLE
Table 3 Comparison of experimental data for global path

planning in simulation environment 2

ik AR, BT ﬂ%ﬁélﬁ Te—
m S (4
RRT* 2510 309.6 364.3 3 819
Bias-RRT " 2 400 42.4 341 1267
APF-RRT" 2 340 33.6 317 942
AVS-RRT" 2 400 19.3 202 641

*4 ERBEMXGERE 3 SWHIETLE
Table 4 Comparison of experimental data for global path

planning in simulation environment 3

o AR, BATIE Eﬁiéﬁ Te—
m s (4
RRT* 2570 300. 4 387.2 3930
Bias-RRT " 2 580 101.2 359.4 2913
APF-RRT” 2410 93.0 324 2 760
AVS-RRT" 2430 68.7 226 1 700
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AL 82 96. 66% (73, 56% .63. 14% ; £ AT A%
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Fig. 8 Comparison of simulation data in three environments
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Table 5 Comparison of static experimental data

Bk AR E/m BT AL s
APF-RRT* 9.47 34.98
[iLES RS 9.10 32.57
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Fig. 12 Trajectory planning in dynamic-static coupled environments
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Table 6 Comparison of dynamic-static coupled

experimental data
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Fig. 13 Linear velocity curve diagram of traditional

TEB algorithm
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