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Multi-robot Path Planning Based on Two-stage Genetic Algorithm
Using Direction Ordering Chromosome
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Abstract: Efficient collision-free path planning is crucial in multi-robot systems. This paper presents a path planning strategy for
multiple robots navigating environments with grid-patterned obstacles, using a genetic algorithm. A novel chromosome structure,
termed the direction ordering chromosome, is introduced to represent each robot’s movement directions and idle time. This
representation reduces potential path solutions and aids the genetic population in converging on a viable and conflict-free path. The
adoption of a two-stage genetic algorithm also enables the discovery of solutions with fewer inter-robot conflicts and reduced
unnecessary stoppages. Simulation results showed that the two-stage genetic algorithm finds solutions more efficiently than the single-
stage genetic algorithm. The proposed algorithm plans paths faster than conflict-based search when numerous robots are involved.
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Fig. 1. Robot operation environment.
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Fig. 2. Example of collision avoidance by stopping.
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Fig. 4. The crossover operator and the mutation operator.
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Fig. 5. The comparison of fitness, collision and average hamming
distance between single-stage and two-stage genetic
algorithms.
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Table 1. Performance comparison between single-stage and two-
stage genetic algorithms.

The Num. of Robots 5 10 15 20 25

Single | 001 | 004 | 022 | 137 | 2.18

Collision
Two 0.01 0.03 0.19 1.14 1.60

Work Time | Single | 899 | 907 | 1090 | 11.74 | 1448

(time step) Two | 899 | 896 | 10.20 | 10.92 | 11.79

Stop Time Single | 0.08 | 0.62 | 2.04 | 296 | 5.85

(timestep) | Two | 008 | 051 | 1.34 | 2.14 | 3.16
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Table 2. Performance comparison between CBS and the proposed
algorithm.

The Num. of Robots 5 10 15 20 25

CBS 0 0 1.18 | 7.79 | 2631
Collision

Ours 001 | 003 | 019 | 1.14 | 1.60

Work Time | CBS 862 | 873 | 884 | 9.02 | 9.00
(time step) Ours 899 | 896 | 1020 | 1092 | 11.79

Stop Time CBS 005 | 009 | 016 | 024 | 0.27

(timestep) | Ours | 008 | 051 | 134 | 2.14 | 3.15

Compute CBS 0.1 13 | 72.1 | 3603 | 574.0

Time (s) Ours 13 35 | 171 | 248 | 105.6
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