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Figure 1 Illustration of node extension in RRT-Connect
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Figure 2 Schematic diagram of improved node expansion
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Figure 3 Schematic diagram of vehicle trajectory collision
2.3.2 HiEAp AR LR

52 A AATLBRCRS 1 0% e AR B0 DL L% % bl A 2% 3 i
PRI T PSR R R B2 W, o N 4 S Bn A7 B il A 1
SRR - E R A . O T X
PO A AT BEE T B2 A R BOR S 72 i 4T B
3205 R ) A T 4 i 2% 19 S LA

AR SCRE SCHY B i A% AR ok SN T SRR

Fi(s) = [(s = 5,)%s. (10)

s Fo(s) AP KB s - S, AT
HHIE S S H AR HAEBOR , Jo N Pk e 7
MG AR/ I | TE N 22 P03 i 7% 7 s, TG
NZEBGI A 4 R a8 4 Fros i BT 4 mT,
A J B AR ML R o A e, o N R T 2 R OE B R
T EL R S I RS ) B A T 22 AR G e S
P 530 20 DA A B e K i AU ML, T LA A 4
Hh R LTI 52 2 BT AR 3R Y B 5 2 78 R i A% A
/N AE SEBRAT B e L B RE PR IR 4 0 I O B PO 4T
FaATHl,

AL Y/m
f=) f— (3] (98} ESN wn

mBARM Y

o—ivwhuawxwoo

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

AL X/m AL X/m
(a) BLIEHEE (b) LT mBARM
B4 EAEHTERMLER

Figure 4 Trajectory generation for the unmanned vehicle
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Figure 5 Path planning results in a simple obstacle map
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Figure 6 Path planning results in a narrow passage map
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Table 3 Performance comparison of different algorithms
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Figure 7 Path planning results in a U-shaped obstacle map
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Path Planning for Unmanned Vehicles Based on Improved RRT-Connect Algorithm

YAO Lina, LI Jinlong

(School of Electrical and Information Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: To address the issues of blind searching, redundant nodes, and non-smooth paths inherent in the tradi-
tional Rapidly-exploring Random Tree Connect ( RRT-Connect) algorithm, a series of improvements have been pro-
posed in goal sampling, node expansion and trajectory optimization. Firstly, a goal-guided dynamic probability
sampling strategy is introduced to filter the randomly selected points, thereby improving sampling efficiency and ac-
celerating convergence. Next, an improved artificial potential field component based on the escape force is incorpo-
rated into the node expansion process. This helps the unmanned vehicle avoid getting trapped in local minima while
enhancing its target-searching capability and node expansion efficiency. Finally, a trajectory quality evaluation
function is constructed to assess the safety, deviation, and smoothness of the trajectories generated by the unmanned
vehicle at different time steps. The trajectory with the minimum cost value is then selected to guide the vehicle’ s
motion. The enhanced algorithm is simulated and compared with the traditional RRT-Connect algorithm under dif-
ferent testing environments. The simulation results show that, compared to the traditional algorithm, the proposed
algorithm reduces the average path length by 9. 83% and the average planning time by 85.40% in simple obstacle
environments. In narrow passage environments, the average path length and planning time are reduced by 10. 56%
and 64. 63% , respectively. In U-shaped obstacle environments, the average path length and planning time are re-
duced by 22.82% and 66. 92% , respectively. Furthermore, the proposed algorithm significantly improves the path
planning success rate in complex environments, making it more suitable for autonomous vehicle path planning.

Keywords: unmanned vehicle; rapidly-exploring random tree connect algorithm; goal-guided dynamic probability

sampling ; artificial potential field; trajectory quality evaluation function





