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Abstract

In robot soccer, shared policies can improve the sample efficiency of homogeneous agents. However, when
multiple agents face similar local objectives, they may also produce similar behavioral responses, resulting in.local
behavioral overlap and spatial aggregation. To address the dynamic variation of agent roles with ball possession
and spatial relationships in RoboCup 2D offensive tasks, this paper introduces a dynamic soft-role module’into the
Multi-Agent Proximal Policy Optimization (MAPPO) framework and incorporates a competitive.lateral-inhibition
mechanism into normalized role representations to promote local dynamic role differentiation among'soccer agents.
First, a gated recurrent unit (GRU) is employed to extract continuous role representations from each agent’s local
observations and historical states. Second, based on the representational similarity.among teammates at the same
time step, Tangent-space Lateral Inhibition (TLI) is applied in the tangent spaceof the unit hypersphere, and the

directions of role representations are adaptively adjusted through normalization-based retraction.

To evaluate the effectiveness of the proposed mechanism, controlled experiments are first conducted in a 2v1
scenario. Subsequently, three configurations are compared in a 3y3.scenario: TLI enabled, TLI disabled, and
cosine-squared decorrelation regularization. Role differentiation“is*further analyzed from four aspects in actual
evaluation episodes: role occupancy, role switching, action ‘composition, and spatial distribution. In the 2v1 sce-
nario, introducing TLI increases the average goal-scoring.rate over three independent training runs from 88.7% to
93.5%. In the 3v3 scenario, the configuration with TLI4chieves higher performance in both goal-scoring rate and
role-action mutual information, whereas stronger.geometric decorrelation does not correspondingly lead to better
task performance. The complete configuration isfurther trained for approximately two million environment steps,
achieving a goal-scoring rate of 42.0% everthe final 200 evaluation episodes, while maintaining sustained stability

in task performance.

These results indicate-that, compared with the MAPPO framework without explicit role competition, the pro-
posed method provides explicit pathways within the shared Actor for dynamic role representation, same-step repre-
sentation competition, and role-conditioned policy modulation. In addition, its teammate mean-aggregation mech-

anism does not depend.on/a*fixed three-agent team size, providing a structural basis for extension to larger teams.

Keywords: multi-agent reinforcement learning; dynamic role learning; lateral inhibition; shared policy; simu-

lated soccer
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