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Abstract: Traffic congestion has become a major issue in urban areas due to the rapid growth in the
number of vehicles and the limitations of traditional fixed-time traffic signal systems. These systems
operate on predefined timings and cannot adapt to real-time traffic conditions, which often results in
longer waiting times, increased fuel consumption, and higher levels of environmental pollution [20].
To address these challenges, recent research has focused on the development of intelligent and
adaptive traffic signal control systems using technologies such as Artificial Intelligence, Machine
Learning, Deep Learning, and Reinforcement Learning [9]. Computer vision techniques, particularly
models like YOLO, are widely used for detecting vehicles in real time and estimating traffic density
[4]. At the same time, technologies like IoT and edge computing support efficient data collection and
enable faster processing of traffic information [1], [16].

This survey paper examines recent studies (2025-2026) related to smart traffic management systems.
1t also includes approaches developed for emergency vehicle prioritization and traffic prediction using
predictive analytics [3], [11]. Various methods are compared based on factors such as efficiency,
scalability, and real-time performance. The review indicates that AI-based adaptive traffic systems can
significantly improve traffic flow and help reduce congestion. However, implementing these systems on
a large scale remains challenging due to high costs and system complexity [5], [14]. Future research
should focus on developing solutions that are more cost-effective, scalable, and practical for real-
world smart city applications.
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L. INTRODUCTION

Rapid urbanization along with the continuous rise in the number of vehicles has made traffic congestion a serious issue
in modern cities. Managing traffic efficiently has become important to reduce delays, fuel usage, and environmental
pollution. Most traditional traffic signal systems work on fixed-time control, where signal timings are already set and
do not change based on actual traffic conditions. Because of this, traffic flow often becomes inefficient, especially
during peak hours or unexpected situations [1].
To deal with these limitations, there is an increasing demand for intelligent and adaptive traffic signal control systems.
Recent developments in technologies such as Artificial Intelligence, Machine Learning, and computer vision have
made it possible to design smarter traffic management solutions. These systems can analyze real-time traffic data,
detect vehicle density, and adjust signal timings dynamically to improve traffic flow [4][10].
Along with this, technologies like the Internet of Things (IoT) and edge computing play an important role in collecting
and processing traffic data in real time. Computer vision methods, especially object detection models such as YOLO,
are widely used for accurate vehicle detection and estimating traffic density. In addition to basic traffic control, modern
systems also include features like emergency vehicle prioritization and traffic prediction, which help improve overall
efficiency [15].
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Figure 1: Illustration of the detection of vehicles per line [11]

II. LITERATURE SURVEY

In paper [1], the authors proposed a smart traffic management system that combines IoT and Artificial Intelligence. The
system gathers real-time traffic data using sensors and improves signal control. However, applying this system on a
large scale is difficult because it requires a wide network of sensors and supporting infrastructure, which increases the
overall cost. In paper [2], a machine learning-based method is introduced to optimize traffic signals by considering
environmental factors such as weather and traffic patterns. Although it improves decision-making, it depends on large
datasets and high computational resources, which makes real-world implementation challenging. In paper [3], an
intelligent system for emergency vehicle control is developed using machine learning to provide signal priority. While
the system performs well, it relies on accurate detection and communication systems, which may not always be reliable
in every location. In paper [4], a deep learning-based approach using the YOLO model is presented for real-time
vehicle detection and adaptive signal control. The model gives accurate results, but it requires high-performance
hardware and continuous video processing, increasing cost and limiting its use on a large scale. In paper [5], an
adaptive traffic signal system based on reinforcement learning and thermal sensors is proposed. It helps improve traffic
flow, but the use of specialized sensors makes installation expensive.

In paper [6], the authors reviewed evolutionary and swarm intelligence techniques for optimizing traffic signals. These
methods provide efficient solutions, but their computational complexity makes real-time implementation difficult. In
paper [7], computer vision techniques are used to estimate traffic density from images and videos. Although the system
improves traffic analysis, its performance can be affected by environmental conditions such as lighting and weather. In
paper [8], a real-time traffic signal optimization system based on vehicle detection is discussed. It improves traffic flow
but requires continuous monitoring and processing, which demands strong hardware support. In paper [9], the role of
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Artificial Intelligence and Machine Learning in smart transportation systems is analyzed. These technologies enhance
efficiency, but their implementation requires significant investment and infrastructure, limiting widespread adoption. In
paper [10], an adaptive traffic signal control system based on object detection is presented. The system adjusts signal
timing dynamically according to traffic density and improves overall management.

In paper [11], predictive analytics is used to estimate future traffic volume for better planning and control. The
effectiveness of this system depends on the availability of accurate historical data. In paper [12], a deep reinforcement
learning-based traffic signal control system is proposed, where the model learns optimal signal timing by interacting
with traffic conditions. However, training such models requires time and high computational power. In paper [13], deep
learning techniques are applied for real-time vehicle classification, which supports traffic monitoring and analysis. In
paper [14], an IoT-based traffic prediction and signal control system is designed for smart cities. While useful, it
increases system complexity and maintenance cost due to dependency on IoT devices and network infrastructure. In
paper [15], an intelligent traffic control system combining YOLO and reinforcement learning is proposed. This
integration improves performance but also adds to system complexity and implementation challenges.

In paper [16], an edge-based real-time adaptive traffic signal system using YOLO is introduced. It reduces delay and
enables faster decision-making, but requires deployment of edge devices at each junction, increasing cost. In paper
[17], the combination of IoT and Al for smart traffic monitoring is discussed, showing improvements in urban mobility
and traffic efficiency. In paper [18], a survey on Al-driven adaptive traffic signal systems using Edge-IoT architecture
is presented, highlighting both benefits and real-world challenges. In paper [19], a sensor-based adaptive traffic signal
control system is proposed. While multiple sensors improve accuracy, they also increase infrastructure cost, making
large-scale deployment difficult. In paper [20], a review of self-adaptive traffic signal systems is provided, discussing
different techniques, challenges, and possible future research directions.
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The review of the selected research papers shows that most existing traffic management systems make use of advanced
technologies such as Artificial Intelligence, Machine Learning, Deep Learning, and Reinforcement Learning to support
dynamic decision-making. Computer vision techniques, especially models like YOLO, are commonly used for real-
time vehicle detection and traffic density estimation, while technologies like the Internet of Things (IoT) and edge
computing help in efficient data collection and faster processing with low delay. Many studies also include features
such as emergency vehicle prioritization and the use of predictive analytics for traffic forecasting. However, despite
these advancements, several challenges still remain, including high implementation cost, complex infrastructure
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requirements, and difficulties in large-scale deployment. Based on these observations, there is a need to develop traffic
management systems that are cost-effective, scalable, and efficient, combining real-time vehicle detection with
adaptive signal control while keeping computational and infrastructure requirements manageable for practical use in
smart city environments.

II1. FUTURE SCOPE

Future research in intelligent traffic management systems should focus on developing solutions that are both cost-
effective and scalable, especially to address the issues of high implementation cost and system complexity. The use of
advanced technologies such as 5G communication, improved edge computing, and more efficient machine learning
models can help in faster data processing and better decision-making in real time. In addition, improving coordination
between multiple traffic intersections and enhancing vehicle detection and traffic prediction under different
environmental conditions can further improve traffic flow. The development of fully automated traffic signal systems,
along with vehicle-to-infrastructure communication, can play an important role in building more efficient and reliable
transportation systems for future smart cities.

IV. CONCLUSION

This survey paper studies recent research on intelligent and adaptive traffic signal control systems that aim to overcome
the limitations of traditional fixed-time traffic signals. It highlights the use of technologies such as Artificial
Intelligence, Machine Learning, Deep Learning, Reinforcement Learning, and computer vision for real-time vehicle
detection and dynamic signal control. From the analysis, it is clear that these systems help in improving traffic flow,
reducing congestion, and increasing overall transportation efficiency. However, there are still challenges such as high
implementation cost, system complexity, and the need for proper infrastructure, which limit their large-scale adoption.
Even with these issues, intelligent traffic management systems show strong potential for modern urban transportation,
and with further improvements in scalability and cost-effectiveness, they can play an important role in the development
of smart and sustainable cities.
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