
Data-Driven Optimization of Multi-Agent Reinforcement Learning 

Frameworks in Urban Traffic Management 

Adrian Anderson 

Professor 

Technical University of Munich 

Arcisstrasse 21, 80333 Munich, Germany 

 

Morgan Miller 

PhD 

Massachusetts Institute of Technology 

77 Massachusetts Ave, Cambridge, MA 02139, USA 

 

Dana Adams 

Associate Professor 

University of Toronto 

27 King's College Circle, Toronto, ON M5S 1A1, Canada 

 

Abstract. This study investigates the integration of data-driven methods and multi-agent 

reinforcement learning (MARL) frameworks to enhance urban traffic management systems. The 

research employs a case study methodology focused on a mid-sized city, utilizing real-time traffic 

data to model traffic flow and agent behaviors. We present a novel MARL algorithm tailored for 

traffic signal control, demonstrating significant improvements in traffic throughput and reduction of 

congestion during peak hours. Our findings reveal that the proposed approach outperforms 

traditional traffic management techniques, showcasing the potential for intelligent traffic systems in 

modern urban planning. This work contributes to the broader field of computational science by 

providing insights into the intersection of AI and urban infrastructure. 
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Introduction 

The rapid urbanization observed globally from 2024 to 2026 presents significant challenges 

for traffic management systems. Cities are facing unprecedented congestion, where the 

transportation infrastructure is often insufficient to handle the growing number of vehicles. 

This congestion leads not only to increased travel times but also severe environmental 

consequences, including elevated emissions and energy consumption. As urban populations 

continue to swell, the demand for efficient traffic management systems has never been 

more critical. Multi-agent reinforcement learning (MARL) has emerged as a promising 

approach to address these challenges, leveraging machine learning techniques to create 

adaptive and responsive traffic management strategies. However, traditional MARL 



frameworks often necessitate extensive computational resources and rely on simplistic 

models that may not reflect the complexities of real-world traffic scenarios. In this paper, 

we explore a data-driven paradigm that enhances MARL frameworks specifically for urban 

traffic management. Our approach integrates real-time traffic data with advanced 

algorithmic strategies to optimize agent behavior in traffic signal control systems. We 

commence with a comprehensive literature review that establishes the foundational 

methods in MARL and their applications within urban settings. Subsequently, we outline 

our methodology, detailing the construction of a scalable MARL model tailored to urban 

traffic dynamics and its implementation in a case study of a representative city. Empirical 

results demonstrate the efficacy of our proposed model in improving urban traffic flow and 

reducing congestion. Furthermore, we discuss the implications of our findings for future 

smart city initiatives and the potential for broader application across diverse urban 

environments. This analysis underscores the vital role of interdisciplinary approaches in 

addressing modern urban challenges. The structure of the paper is as follows: after this 

introduction, we will present the related work in MARL and urban traffic management, 

followed by a detailed description of our methodology, the results of our case study, and 

conclusions that highlight the significance of our findings in the context of ongoing 

urbanization. 

This is a preliminary version. To read the full version of the article, please purchase a 

subscription. 
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