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Introduction
This article is in the field of creating formations of teams of
autonomous robots. This study uses methods in the field of
control theory, graph theory, robotics and AI. The question we
are considering is the construction of an algorithm for
determining the optimal bisection between the initial location
of the robots and their positions in a predetermined formation.
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Introduction
The aim of our study is to apply the decentralized Hungarian
algorithm for moving each agent in the network to the position
in a predetermined formation. Therefore, it is first necessary to
assign each agent a unique position in the formation. Each
agent will move to the assigned position, and over time the
positions of the agents must match exactly those of the
translated and rotated formation. In this article, we present the
first results in the field of application and adaptation of the
distributed Hungarian algorithm in the field of distributing
groups of agents (robots) in a 2D working environment.
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Hypothesis and criterion

The hypothesis is that we compare two algorithms: the
original Kuhn-Munkres algorithm and the modified Distributed
Kuhn-Munkers algorithm.
The comparison criteria are the sum of the distances that
the robots have to travel to their positions.

InfoTech 2021

Experiment
The graph G is a fixed geometric graph, so the agents simply need to move
to the corresponding positions. We consider cases with 4, 9, 16 and 81
agents randomly distributed in 2D space. The formation is described as a
rigid geometric graph in the form of a grid 2x2, 3x3, 4x4, 9x9.
We investigate how the two algorithms behave in shitting the number of
agents. On figure 1 one can see the results for the case when and number of
agents is 100 to 1000 agents randomly distributed in a range of 0 to 1000
meters in a two-dimensional square field.
In the second experiment(fig. 2), we compute ten cases: from 1000 to 5000
agent evenly distributed in a square field with size and from 0 to 10000
meters. In the third experiment, we look at 1,000 to 10,000 agents in a
square field from 0 1 to 15,000 meters.
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Experiments

Comparison of Distributed Kuhn-Munkers and Kuhn-Munkers algorithms for range of number
of agents from 100 to 1000

InfoTech 2021

Experiments

Comparison of Distributed Kuhn-Munkers and Kuhn-Munkers algorithms for range of number
of agents from 1000 to 5000
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Experiments

Comparison of Distributed Kuhn-Munkers and Kuhn-Munkers algorithms for range of number
of agents from 1000 to 9000
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Experiment

The algorithms are easily scaled from N = 100 to N = 1000 and
do not require any modifications for this. This shows that the
position for setting and forming does not change, as each robot
moves to its designated point. By checking, we can see that no
robot should travel too far to reach its destination as we would
expect. In addition, we can see that the centroid of the final
configuration coincides with the centroid of the initial configuration.
It should also be noted that in all three cases the trajectories of
the robot do not intersect, even with 10000 robots.
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Conclusion
In this study, we consider the application of a Hungarian
algorithm for allocating positions in robotic formations. Two
modifications of the Hungarian algorithm are compared: namely
the Distributed Kuhn-Munkers and Kuhn-Munkers approach
method. In theory, the first march for square matrices has O
(n3) complexity and the modified variant has O (n2m).
Experimental results show that for small values of the number
of agents the difference is even smaller than theoretical.
As the number of agents increases, there is a significant
slowdown in the Munkres approach. From the experiments
made in this way, it can be concluded that it is desirable to use
the Distributed Kuhn-Munkers approach even for a small
number of agents.
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