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Multi-agent Path Planning with Obstacle Penalty Factor

Abstract

Abstract: In light load environments, complex obstacle areas will exacerbate local conflicts between
agents, leading to a decrease in path solving efficiency. This paper proposes a multi-agent path planning
(MAPF) method with obstacle penalty factors in light load environments. First, in the low-level single
machine planning process based on the conflict-based search (CBS) algorithm framework, by judging the
distribution type of surrounding obstacles that are about to expand the agent's position, corresponding
obstacle penalty factors are assigned to them; then, the penalty factors in the path planning process are
accumulated and used as the heuristic value of single machine planning to select the path; finally,
combined with the upper-level conflict resolution strategy of the CBS algorithm framework, MAPF and
conflict coordination are performed. The results show that in a light load environment with a 10%
obstacle distribution, the proposed algorithm has a solving time of about 81.38%~83.67% of that of the
CBS algorithm, and the expansion amount of the constraint tree (CT) is 60.14%~71.66% of that of the CBS
algorithm. Simulation in Gazebo has shown that this method can reduce the number of passes through
complex obstacle areas.
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Table 2 Average total path length of different algorithms

BLa A R
CBS CBS-DS CBS-SIPP CBS-OBSC CBS-DS-OBSC
20 1005.583 1 005.583 1005.583 1005.583 1 005.583
25 1245833 1245.833 1245833 1 245.750 1245.750
30 1514.083 1514.083 1513.583 1 514.000 1 514.000
35 1 768.750 1 768.750 1 768.250 1768.667 1768.667
40 1983.417 1983.417 1982.917 1983.833 1983.833
45 2220.833 2220.833 2220.833 2220.750 2220.750
50 2 465.250 2 465.250 2 465.250 2 465.167 2 465.167
55 — 2735.417 2735417 2735.333 2735.333

#3 AEEEN XM CTIHEE

Table 3 CT extension of binary tree of different algorithms
bl AP St
%E CBS CBS-DS CBS- CBS-  CBS-DS-
SIPP OBSC OBSC
20 0.750  0.750 0.833 0.750 0.750
25 1.583  1.583 1.667 2.000 2.000
30 2417 2417 2.750 3.000 3.000
35 3.333 3.333 3.667 4.250 4.167
40 8.033  6.750 6.750 9.000 9.083
45 10.083  9.000 8.083 7.917 8.000
50  45.167 26.583  19.500 16.000 12.833
55 —  219.167 386.167 111.083  35.500
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Fig. 9 Paths for solving 55 robots
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Table 4 Average total path length of different algorithms
. SR
IR a
CBS CBS-DS CBS-SIPP CBS-OBSC CBS-DS-OBSC
15 651.091 651.091 651.091 650.909 650.909
20 890.000 890.000 890.000 889.818 889.818
25 1109.091 1109.091 1109.091 1 108.909 1108.909
30 1305.273 1305.273 1304.455 1 305.000 1 305.000
35 1509.182 1509.182 1 508.455 1 508.909 1 508.909
40 1737.909 1 737.909 1737.182 1737.636 1737.636
45 1949.455 1 949.455 1949.455 1 949.182 1 949.182
50 2 171.000 2 171.000 2 171.000 2170.727 2170.727
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Table 5 CT expansion amount of binary tree of different

algorithms
Bl A SRR
¥& CBS CBSDS CBS- CBS- CBS-DS-

SIPP OBSC OBSC
15 1.636  1.455 1.273 1.000 1.000
20 4909 4545 4.727 4.364 4.182
25 5.545  5.182 5.273 4.727 5.182
30 8455  8.091 7.091 7.091 6.727
35 10.364  8.636 9.727 9.636 9.545
40 26273 21.273  16.636  11.727 12.364
45 26.000 23.182 100.909  16.545 16.727
50 52.818 87.182 111.182 42364  29.455
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Fig. 12 Paths for solving 50 robots
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