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Abstract: Swarm robots, utilizing multiple robots rather than a single one, perform missions
efficiently for various purposes. Despite the increase in total cost, the greatest advantages are the
reduction in mission completion time and the ability to continue mission execution using the
remaining robots even if some robots malfunction. However, inter-robot cooperation and task
allocation, which were not considered in single-robot systems, emerge as critical factors. Path
generation for swarm robots requires not only simple collision avoidance but also ensuring that
multiple robots move along a globally optimal path. This paper describes a path planning method
that provides optimal paths to each robot when multiple robots explore an unknown environment and
measure specific physical quantities. The primary objective is to ensure that robots do not traverse
the same area repeatedly and move in the direction with the highest search efficiency when selecting
the next destination. To achieve this, the spatial gradient value at the current location was estimated,
and movement was directed in the direction with the largest magnitude; notably, the spatial gradient
value was estimated using perturbation and correlation. Simulation results using this method
demonstrated efficient exploration performance compared to methods that simply move in random

directions, and methods that distribute space evenly.
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[Fig. 1] Exploration Index, EI for different o values
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[Fig. 3] Exploration Index of the Environment represented in
Gray Level after 25 Iterations

[Table 1] Parameters used in simulation

Parameter Value

k. k, 0.1

Equation

Proportional constant in (3), (4)

Eps &y 0.0lm Perturbation amplitude in (6), (7)

Wy w, | 10rad/sec Perturbation frequency in (6), (7)

[Fig. 4] Exploration Index of the Environment represented in
Gray Level after 50 Iterations

[Fig. 5] Exploration Index of the Environment represented in
Gray Level after 65 Iterations
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[Table 2] Number of steps for exploration with respect to the
terminal condition value. (number of robots=3, grid size=20x20)

Terminal Condition Value Number of Steps
0.1 121
0.2 93
0.3 79

[Table 3] Number of steps for exploration with respect to the
number of robots, N, and path planning method. (terminal
condition value=0.2 for the proposed method)

L Number of Robots, N,
Grid size Method
3 5 10
Proposed 2,423 1,372 594
Random
100%100 motion 8,625 7,514 5,481
Evenly
Distributed 3,334 2,000 1,000
Proposed 294,152 110,877 49,421
Random
1000x1000 motion 3,721,465 | 852,486 | 484,721
Evenly
Distributed 333,334 | 200,000 100,000
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