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Abstract In this paper, we present the results of the performance statistical analysis of the
multi-robot formation control based on receding horizon particle swarm optimization (RHPSO). The
formation control problem of multi-robot system can be defined as a constrained nonlinear optimization
problem when considering collision avoidance between robots. In general, the constrained nonlinear
optimization problem has a problem that it takes a long time to find the optimal solution. The RHPSO
algorithm was proposed to quickly find a suboptimal solution to the optimization problem of multi-robot
formation control. The computational complexity of the RHPSO increases as the number of candidate
solutions and generations increases. Therefore, it is important to find a suboptimal solution that can be
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used for real-time control with minimal candidate solutions and generations. In this paper, we compared

the formation error according to the number of candidate solutions and the number of generations.

Through numerical simulations under various conditions, the results are analyzed statistically and the

minimum number of candidate solutions and the minimum number of generations of the RHPSO

algorithm are derived within the allowable control error.
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Fig. 1 Desired Formation Patterns at Time ¢
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Table 1 Formation Error with 20 Candidate

Solutions for 30 Runs

Num. of )
) Min Max  Mean Std
Generations

20 9.26 1662  10.29 1.59
40 8.98 13.21 9.45 0.95
60 8.87 13.01 9.53 1.24
30 8.78 10.25 8.98 0.25
100 3.85 9.26 8.92 0.07

Table 2 Formation Error with 30 Candidate

Solutions for 30 Runs

Num. of )
) Min Max  Mean Std
Generations

20 9.12 1556  10.59 2.00
40 891 13.33 9.50 1.10
60 .85 12.82 9.43 1.10
80 .83 9.14 8.93 0.07
100 .76 9.04 3.88 0.05
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Table 3 Formation Error with 40 Candidate
Solutions for 30 Runs

Num. of )
) Min Max  Mean Std
Generations

20 9.05 13.41 9.72 1.10
40 8.92 12.29 9.20 0.72
60 8.84 11.55 9.07 0.48
30 8.82 11.97 9.02 0.57
100 8.81 10.33 8.93 0.29

Table 4 Formation Error with 50 Candidate
Solutions for 30 Runs

Num. of )
) Min Max  Mean Std
Generations

20 9.09 13.64 9.99 1.33
40 3.88 11.60 9.20 0.62
60 8.87 11.76 9.23 0.83
80 8.82 14.24 9.24 1.14
100 8.81 8.97 8.86 0.04

Table 5 Percentage of Relative Mean Formation Error
Based on 50 Candidates and 100 Generations

Num. of Num. of Candidates
Generations 20 30 40 50
20 16.1 195 9.71 12.8
40 6.66 7.22 3.84 3.84
60 7.56 6.43 2.37 418
80 1.35 0.79 1.81 4.29
100 0.68 0.22 0.79 Ref.
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