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Abstract. Traffic congestion remains a critical issue in urban settings, leading to significant
economic losses and environmental degradation. This study employs a deep reinforcement learning
framework to optimize traffic signal control strategies, addressing the inefficiencies of conventional
methods. Using a dataset from a major metropolitan area, we implemented advanced computational
techniques to simulate real-time traffic flows and evaluate the performance of various control
strategies. Our empirical results indicate a 25% reduction in average vehicle delay, along with a
30% improvement in intersection throughput compared to traditional signal control approaches.
These findings highlight the potential for integrating artificial intelligence into urban traffic
management systems, paving the way for more efficient transportation networks.
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Introduction

Urban traffic congestion has emerged as a paramount challenge for cities worldwide,
necessitating innovative solutions that enhance vehicular flow and minimize delays. The
United Nations (2024) projects that urban populations will continue to swell, exacerbating
existing infrastructural pressures and leading to increased travel times and emissions.
Traditional traffic management systems have relied heavily on fixed-time signal control
methods that often fall short in adapting to real-time traffic conditions, resulting in
significant inefficiencies. Recent studies have highlighted the limitations of these systems,
with researchers noting that static traffic lights contribute to an estimated 15-30% increase



in vehicle idling times (Smith et al., 2022). One major gap in the literature is the lack of
comprehensive frameworks that leverage machine learning algorithms to dynamically
adjust traffic signals based on real-time data. While some studies have begun to explore
reinforcement learning techniques (Johnson et al., 2023), they often fail to integrate holistic
traffic simulations, leaving significant room for improvement. Thus, this study aims to
develop a robust methodological optimization that not only enhances traffic signal
performance but also contributes to a deeper understanding of traffic dynamics. The
primary research questions guiding this investigation are: (1) How can deep reinforcement
learning frameworks be tailored to optimize traffic signal control? and (2) What empirical
metrics will most effectively evaluate the performance of these systems? The structure of
this paper proceeds as follows: we first review existing literature, followed by a detailed
methodology section, then present our results and discussion, culminating in conclusions
and policy implications.

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

This study employed a sophisticated deep reinforcement learning framework to optimize
traffic signal control strategies. We utilized Python version 3.9.7 and TensorFlow 2.6.0 for
model development, focusing on the Proximal Policy Optimization algorithm. Data
collection encompassed vehicle counts, speeds, and congestion levels from selected
intersections within the metropolitan area, sourced through smart traffic sensors over a
three-month period. The simulation environment was constructed using SUMO (Simulation
of Urban Mobility) version 1.11.0, allowing for the modeling of realistic traffic scenarios.
Experimentation involved configuring a series of test scenarios, including varying traffic
densities and signal timings. Key performance metrics, such as average vehicle delay and
intersection throughput, were quantitatively assessed to gauge the effectiveness of the
algorithms. The models were trained over 500,000 iterations, with hyperparameter tuning
executed to enhance learning efficiency. The resulting policy was then validated against
traditional signal control methods under identical traffic conditions to ensure robustness
and reliability of findings. Comprehensive statistical analyses, including ANOVA tests,
were conducted to ascertain significance levels, with a threshold set at p < 0.05 to validate
the improvements observed during the study.

Results and Discussion

The implementation of the deep reinforcement learning framework demonstrated
statistically significant improvements in traffic signal management. The average vehicle
delay was reduced from 45 seconds in conventional control systems to 33.75 seconds under
the optimized model, suggesting a 25% enhancement (p < 0.01). Furthermore, intersection
throughput increased by 30%, achieving 1,300 vehicles per hour versus the traditional
baseline of 1,000 vehicles. These findings underscore the efficiency of Al-driven strategies



over conventional methods, with implications for urban traffic management that extend
beyond mere optimization. The integration of real-time data processing not only augments
the ability to adapt to changing traffic patterns but also offers a sustainable approach to
reducing urban emissions. Moreover, the study highlights the viability of leveraging
machine learning for real-time decision-making in complex environments, providing a
theoretical framework for future research in intelligent transportation systems. However,
limitations related to data quality and sensor accuracy need to be addressed in subsequent
studies to further enhance the reliability of these findings.

Conclusions

This study presents a groundbreaking methodology for optimizing traffic signal control
using deep reinforcement learning, showcasing substantial improvements in vehicular delay
and intersection throughput. The findings not only contribute to the existing body of
knowledge in transportation engineering but also provide actionable insights for
policymakers aiming to alleviate urban traffic congestion. Future research should explore
the integration of additional real-time variables, such as weather conditions and special
event traffic patterns, to refine these models further and enhance their applicability across
diverse urban landscapes.
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