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Abstract: In autonomous navigation of unmanned ground vehicles, dynamic scenes often
leads to insufficient planning adaptability and poor smoothness of obstacle-avoidance
trajectories. To address these challenges, this paper proposes a hierarchical path planning
method that integrates an improved Hybrid A* algorithm with an optimized Timed Elastic
Band (TEB) algorithm. In the global path planning layer, a backtracking optimization search
based on Reeds-Shepp curves is introduced. By incorporating the kinematic constraints of the
unmanned ground vehicle and the perceived cost of environmental obstacles, a nonholonomic
constraint model is constructed to enhance trajectory smoothness. In the local path planning
layer, a hypergraph optimization model is developed by introducing jerk constraints into the
TEB algorithm. Furthermore, a cascaded proportional-integral-derivative (PID) path tracking
correction module is employed to suppress abrupt fluctuations in control commands, thereby
improving environmental adaptability. Simulation experiments demonstrate that the proposed
method significantly improves path smoothness, obstacle avoidance success rate, and motion
stability in autonomous navigation within dynamic airport environments, while physical
experiments validate the feasibility of the algorithm.
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e '
b 52
| Sl
»” ) 3

(a) (b)

K22 Jo NZESEPRIZEN I RViz iU (a) TE AL 8 SRR R 42
(¢) N MEAT NI I8

8] 22 3 R S 5

T om ’\?f (i‘%‘ﬁ“n‘

~
~
- - ! o

—_—

»

5
-

w , "

A

& .
- ot

‘ ~ ‘ Y,
R | . |

() (d)

e

(b) TN B A PRSP R
(d) TENAEMUR 2K 2% 5

Fig. 22 UGV trajectory sequence in RViz: (a) initial planned path; (b) reversing replanning under a dynamic obstacle;
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