
 

 

Optimizing Traffic Flow through Adaptive Signal Control Systems: A 

Case Study in Urban Congestion Management 

Quinn Davis 

PhD 

University of California, Berkeley 

110 Sproul Hall, Berkeley, CA 94720 

 

Robin Parker 

Dr. Sc 

Technische Universität München 

Arcisstraße 21, 80333 München, Germany 

 

Isla Lewis 

Associate Professor 

University College London 

Gower Street, London WC1E 6BT, United Kingdom 

 

Abstract. Traffic congestion is a pressing issue in urban centers worldwide, leading to significant 

economic losses and environmental impacts. This study investigates the implementation of adaptive 

signal control systems (ASCS) as a solution to enhance traffic flow efficiency at intersections. 

Utilizing a combination of simulation models and real-time traffic data collected over six months, 

we analyzed the performance of ASCS in comparison to traditional fixed-time control systems. Our 

findings reveal a marked reduction in average vehicle delay by 25%, with a corresponding increase 

in throughput by 30% across tested intersections. Furthermore, a comparative analysis highlighted 

that ASCS significantly mitigated peak hour congestion. This research contributes valuable insights 

into optimizing urban traffic management strategies by leveraging technological advancements in 

signal control systems. 
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Introduction 

The rapid growth of urban populations has exacerbated traffic congestion, leading to severe 

economic and environmental challenges. In 2024-2026, urban areas are projected to house 

over 68% of the global population, intensifying the demand for efficient transportation 

systems. Traffic congestion is characterized by excessive delays, increased fuel 

consumption, and elevated emissions, which collectively compromise urban livability and 

sustainability. Recent studies emphasize the need for adaptive signal control systems 

(ASCS) that dynamically adjust traffic signals based on real-time conditions. However, 

literature reveals a critical gap: previous approaches predominantly focused on theoretical 



 

 

models without empirical validation in diverse urban settings. This has resulted in a lack of 

comprehensive understanding regarding the practical effectiveness of ASCS in alleviating 

congestion. The research questions guiding this study are: (1) How do ASCS perform in 

real-world urban environments compared to traditional systems? and (2) What specific 

factors influence the efficacy of ASCS in different traffic conditions? The objectives are to 

evaluate the performance of ASCS using empirical data and to provide actionable insights 

for urban traffic management practices. This paper is structured as follows: Section 1 

reviews pertinent literature, Section 2 elaborates on the methodology engaged, Section 3 

presents the results, and Section 4 discusses the implications. 

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

subscription. 

Methodology 

To investigate the impact of adaptive signal control systems (ASCS) on urban traffic 

congestion, we employed an empirical research design incorporating simulation modeling 

and field data collection. Our study was conducted in a mid-sized urban area featuring a 

mix of residential and commercial zones. Data collection commenced by equipping five 

intersections with advanced traffic sensors, including inductive loop detectors and video 

analytics systems, to gather real-time vehicle counts, speeds, and queue lengths. The 

sensors utilized VDS-4510 technology, ensuring high accuracy in data capture. We 

implemented MATLAB R2021a for modeling traffic flow scenarios, integrating the 

Adaptive Traffic Control Systems (ATCS) toolbox for simulation. Our experiments 

involved deploying both ASCS and traditional fixed-time controls across all intersections, 

allowing for comparative analysis. Each adaptive system was calibrated using historical 

traffic data over the previous year, incorporating machine learning algorithms from 

Python's scikit-learn library (version 0.24) to optimize signal timing. The ASCS was 

evaluated under varying traffic conditions, specifically during peak and off-peak hours. 

Key performance indicators included average vehicle delay, throughput, and queue length 

measurements, collected pre- and post-implementation of ASCS. Statistical analyses were 

performed using ANOVA to test for significant differences between ASCS and traditional 

control performance, with a significance level set at p < 0.05, ensuring rigorous validation 

of our findings. 

Results and Discussion 

The analysis of data revealed that intersections employing adaptive signal control systems 

(ASCS) significantly outperformed those with traditional fixed-time signals. On average, 

vehicle delay was reduced by 25%, while throughput increased by approximately 30%. In 

peak traffic conditions, ASCS demonstrated a 40% improvement in flow efficiency 

compared to baseline measures, which is statistically significant (p < 0.01). Latency values 

for signal changes were optimized, averaging just 2 seconds, facilitating quicker response 

times to real-time traffic conditions. Furthermore, the ASCS revealed a capacity for better 



 

 

queue management, reducing the maximum queue length by 35%. These results affirm the 

theoretical benefits of ASCS previously noted in literature, providing empirical evidence of 

their effectiveness. The findings have practical implications, suggesting that urban planners 

should prioritize the integration of ASCS into future traffic management strategies. 

However, challenges remain in terms of installation costs and the continuous need for 

system calibration to adapt to changing traffic patterns. Future studies must explore long-

term performance sustainability and the incorporation of ASCS within broader smart city 

initiatives. 

Conclusions 

This study underscores the transformative potential of adaptive signal control systems 

(ASCS) in urban traffic management, demonstrating substantial benefits in reducing 

vehicle delay and enhancing throughput. The findings advocate for policy shifts towards 

adopting innovative signal control technologies to alleviate congestion in growing urban 

environments. Future research should focus on longitudinal studies assessing the long-term 

impacts of ASCS on urban infrastructure and exploring synergies with other smart city 

technologies to optimize overall traffic flow. 
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