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Epidemic prevention robot path planning based on Voronoi skeleton
and RRT algorithm

Wu Xiru"?  Wu Siming'"”*
(1. College of Electronic Engineering and Automation, Guilin University of Electronic Technology,Guilin 541004, China;

2. Key Laboratory of Intelligence integrated Automation in Guanxi Universities, Guilin 541004, China)

Abstract: To address the issues of low search efficiency, multiple path waypoints, and insufficient environmental
adaptability in traditional RRT algorithms for epidemic prevention robot path planning, an improved RRT path
planning algorithm based on Voronoi skeleton graphs is proposed. This algorithm constructs an offline skeleton graph
from the map using a generalized Voronoi diagram and employs the empty circumcircle property of the Delaunay
triangulation for local real-time updates, ensuring the skeleton graph's timeliness in unknown environments. Based on
the skeleton graph, an initial heuristic path is quickly obtained. and key path nodes are generated as sub-goals for the
RRT algorithm. Elliptical constraints and an attractive field bias are introduced between sub-goal nodes to accelerate
sampling and reduce planning time. Finally, an adaptive multi-segment pruning strategy based on a double-pointer
technique is designed to smooth the path. Simulation results demonstrate that compared to existing improved
algorithms, the proposed method reduces the average number of sampled nodes by 55. 57 % , shortens the average path
length by 6.45% , and decreases the average planning time by 51.44% in complex scenarios, effectively reducing
planning overhead and enhancing path planning efficiency.
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Table 1 Performance metrics of path planning Table 2 Performance metrics of path planning
in multiple obstacle scenario in maze scenario
(X7 R g SRR BRERKE MR E A7 REECE PhaicE AR MU
RRT 306. 04 42.02 44. 368 0. 44 RRT 1919. 04 92. 86 89. 388 16. 467
Vor-RRT 205. 22 46.92 48. 655 0.287 Vor-RRT 575.56 52.1 72.683 2.037
AICER 154.96 3.52 39. 149 0.315 ARLEY 310. 62 16. 54 57.745 1.194
RRT" 244.18 5. 54 38.831 0.976 RRT” 1934. 1 17. 32 59. 484 68. 757
Vor-RRT" 202. 74 6.76 39.962 0. 807 Vor-RRT" 643. 44 18. 14 59. 979 10. 689
Vor-IRRT™  156. 28 6. 04 39. 962 0. 637 Vor-IRRT™  306. 62 20.08 59. 243 4.190
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Table 3  Performance metrics of path planning in office scenario

%7 REEACE AR BRAERKE MR
RRT 1257.04  51.22 51.145 3. 461
Vor-RRT  227.16 41. 64 54.955 2.037
ARICEY: 187.56 3.02 40. 556 0.351
RRT" 1354. 56 2.98 40. 87 13. 698
Vor-RRT*  192.42 6.96 12.426 0. 494
Vor-IRRT"  188. 24 5.24 41. 999 0.510
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Fig. 12 Replanning simulation results
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B Y R BE B B (RRT-Connect, RRT” , Informed RRT" ) LA K
A" FIEVE N B S AT L S g6, Hovh 3 AR AR R H
b & MR IR 0. 7,RRT ™ # Informed RRT™ {5 #2451y
R 5 m, 3 Ao i KRR AR b TR Bk AN 5
AT 50 W e S RBCT-BIME ., SRR E 13 Fik.

F 4 EEMLETEIER

Table 4 Replanning time metrics

ALK FE A Yo — Ym— =
2 Jmy BB LR s i) 23. 986 48.216  18.845
Jry S B T A K] s ] 1.863 4.913 1.856
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Fig. 13 Algorithm simulation results comparison
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Table 5 Performance metrics of various algorithms

in multiple obstacle scenario

Bk RERRE AR B K B R )
AR ICH 154. 96 3.52 39.149  0.315
A — 23 40.698  0.536
RRT-Connect 121. 66 35.92 44. 041 0.150
RRT" 244.18  5.54  38.831  0.976
Informed RRT"®  606.42  5.48  38.634  4.778

x6 HEHSEEEMERER
Table 6 Performance metrics of various algorithms

in maze scenario

Bk SRR BN HE IR B B TR
A ICHE Tk 310.62  16.54  57.745  1.194
A — 11 64.506  0.616
RRT-Connect  788.7  83.12  75.097  2.504
RRT" 1934.1 17.32  59.484  68.757
Informed RRT" 3 284.1 17.6 59.329  205.66

RT WREGEEEEEEER
Table 7 Performance metrics of various algorithms

in office scenario

Bk SR AU AR AR K BRI )
AR 187.56  3.02  40.556  0.351
A — 23 43.92 1.071
RRT-Connect 187. 82 38.06 49.917 0.242
RRT" 1354.56 2.98  40.87  13.698
Informed RRT® 4 012.66 2.86  40.673  93.193

R B A 010 S B BRI I TR) L S5 SR P 14 B BT A A
F14 e FBE 2 7 50 1) TR BBE L AR P B e Sy b o Bk

BN R B R TR R R B AN B R SRR S
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