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Local Path Planning for Unmanned Ground Vehicles Based on
Improved Artificial Potential Field Method in Frenet Coordinate System

JI Peng”™ , GUO Minghao
(School of Mechanical and Equipment Engineering, Hebei University of Engineering, Handan 056038, Hebei, China)

Abstract: The artificial potential field method is widely used in the local path planning for unmanned
ground vehicle (UGV) due to its small amount of computation and high accuracy. For the problems of
target unreachability, local minimum and falling into U-shaped obstacles existing in the conventional
artificial potential field method, a local path planning algorithm based on the improved artificial potential
field method in Frenet coordinate system is proposed. In this paper, the Frenet coordinate system is used
to describe the UGV’s obstacle avoidance movement, which simplifies the planning model and addresses
the difficulty in expressing the relative position of UGV and the road during path planning. A safety
ellipse model and the concept of prediction distance are proposed to adjust the influence area of the
potential field. Additionally, the repulsive field function is improved by adding the reference line
potential field and the dynamic velocity potential field based on the Frenet coordinate system. These

modifications enable the UGVs to avoid obstacles under both static and dynamic conditions. The path
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planning methods are proposed to launch the static and dynamic obstacle avoidance simulation

experiments with different vehicle speeds in straight and curved road scenarios using mathematical

simulation software. The results demonstrate that the front wheel turning angle and traverse angular

velocity at different vehicle speeds are controlled within a small range, and the improved algorithm can

effectively solve the defects of the conventional artificial potential field method. Besides, compared with

the rapidly-exploring random tree (RRT) algorithm, the computational efficiency of path planning of the

improved algorithm in the obstacle avoidance process is improved by 42.8% , and achieves better

computational performance.

Keywords: unmanned ground vehicle; local path planning; artificial potential field method; Frenet

coordinate system
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Fig.1 Establishment of Frenet coordinate system
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Fig.2  Description of path diagram in Cartesian coordinate
system ( Left ; the depiction of vehicle trajectory on the
roadway ; Right:the actual mapping of vehicle trajec-

tory in Cartesian coordinate system )
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Fig.3 Description of path diagram in Frenet coordinate sys-
tem( Left: the depiction of vehicle trajectory on the
roadway ; Right: the actual mapping of vehicle trajec-

tory in Frenet coordinate system)
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Fig.4 Trajectory generation in Frenet coordinate system
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Table 4  Comparison of algorithm simulation data

RS DiEmE/s  FELAK BEKE/m
RRT 53k 0.92 0.5 1652
RN T Rk 0. 40 0.5
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Fig. 17  Schematic diagram of automatic driving system
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Fig. 19  Simulation path tracking effect

K120 bt sh A5 BRI 5 HL s i R BT (70« A e

BB A 2 IRCRE R )

Fig.20 Moving trajectory during dynamic obstacle avoidance
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Fig.21 Joint simulation path tracking effect
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Fig.22  Simulation process of avoiding U-shaped obstacles

(Left; preparing for obstacle avoidance; Middle ; a-

voiding obstacles; Right: obstacle avoidance com-

pleted)
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Fig. 23 Simulation process of avoiding dynamic obstacles

(Left; preparing for obstacle avoidance; Middle; a-

voiding obstacles; Right: obstacle avoidance com-

pleted)
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Fig. 24 Simulation process of avoiding dynamic obstacles

under large curvature ( Left; preparing for obstacle

avoidance; Middle: avoiding obstacles; Right: ob-

stacle avoidance completed )
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