E=R/X:

ESEImER:
BSEIMAN:

1IE3GEH

FHAtR

PFEARKZWEFE

b=

PE/AEAFERX

12832

PERZRARZHENZFM
MBERERITT AP I RoboCup 2D
RIKEEARPINTAEEFEI ST



MIBFE A EF4T A5 T RoboCup 2D EIRE fetk T zhZS
2] 56

R

E

TENLAE N R BREGEE, L SRS B T 42 i [RGB AR AR IR AR AR, (2 2 /8 R A T A DA 3 350
HARES, WAl Rer = EARRARAT AR, IS EURET A ES 52 R % % RoboCup 2D AT 5
B R L BEERA S 2 18] 56 RENABIRE AT, AN SCHE 2 8 e kI i SRS Ak (MAPRO) MEZE 5] N3
DA OB, HRADH] 158G HLH 5N — e R, DU 2B ek Rl shs M. &
Ja, FIFIT TG4 (GRUD MR BEAR (14 5 5000 A ) SR AS vh R BUE S A 00K s LU, AR IR —
Z JE 3B BN A Z R (s ARABM 2 B R T ¥ D7) 2 [ v S U #0071 ( Tangent-space Lateral Inhibition, TLD
, FREI VA [ 45 % 6 R (K7 AT FE R R . ISR R AL sk, AR SO e 2v1 B
ST PESLsy, BEJSAE 3v3 R R ELBUINN TLI. 5¢H TLI BA K K A& 5% 7 240 06 IE M = Fh i B,
HNE VPGS M b . OISR ORI =3 ] A DU AN J7 T 204 AR IE . 7 2v1 3
S, N TLI JG =R BST IR 43R R B 88.7% A—IF A 93.5%; 1E 3v3 375, i TLI fIRC & AE
BEBRZE AN B BAT BT RIS A 58 o R R, T B S 1) U ART 25 AH DG A A R SR B AR AR 55 R I«
SEae, BB SR B RF LI ZR B 2 200 JTIREED, FERZ 200 RTEAL IS 42.0% BEERER, FE
MBEUESMERER R SRR B . RIREE BN, ML T AR @B A (155 4+ 1) MAPPO HEZR, ASCJTVETE
L= Actor WAL T S M (R | JE R AR R T 4 5 R SR AR SR R 0 AUl s A ACAME R AT
ARG 52 (1 =R BRI, R 1) S0 R BB R I 4544 5 1F

REEiA]: ZERMBNLES; BIRAAES; MG, LR HEER



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 space of 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 3v3 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 TLI'achieves 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 is further trained for approximately two million environment steps,
achieving a goal-scoring rate of 42.0% over the 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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