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Abstract

independé@nt agent and incorporating the "centralized training and decentralized
execution" paradigm. To address the challenge of agent coordination in large-scale
road networks, an improved Multi-Agent Proximal Policy Optimization (MAPPO)
algorithm is proposed. This algorithm effectively mitigates the non-stationarity
challenges inherent in multi-agent environments by introducing a clipping
mechanism and a centralized critic network. Furthermore, drawing on the
principles of imitation learning, expert knowledge is utilized to optimize exploration
efficiency during the initial stages of training. The performance of the algorithm is
validated on the SUMO simulation platform, with the road network model
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constructed in strict accordance with national standards for road traffic signs and
markings.

Experimental results demonstrate that the proposed system significantly
outperforms traditional actuated and fixed-time control methods across key
performance indicators, including average travel time and vehicle queue length.
Under scenarios of sudden high-volume traffic surges, the system exhibits robust
performance and regional coordination capabilities, effectively preventing the
spread of congestion. These findings hold substantial theoretical value and practical

smart cities.

Keywords: Intelligent Transportation Systems; Traffic Signal
Reinforcement Learning; MAPPO Algorithm; Collaborative C
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