
International Journal of Computer Science Trends and Technology (IJCST) – Volume 14 Issue 2, Mar-Apr 2026 

ISSN: 2347-8578                          www.ijcstjournal.org                                                  Page 40 

 

Smart Traffic Management System for Urban Congestion 
Mr. A. Dhilli Babu[1],P. Prabhu Kumari[2],B. Bhargavi Devi[3], 

K. Manogna[4],Y. Navya Sri[5], 
[1]Assistant Professor, Department Of Information Technology, 

B. Tech [2,3,4,5]Final Student, Department of Information Technology, 

Vijaya Institute of Technology for Women 

India 

 
ABSTRACT 

Urban traffic congestion has become a major challenge in modern cities due to rapid population growth, increased vehicle 

ownership, and limited road infrastructure. Traditional traffic signal systems operate on fixed timing schedules, which often fail 

to adapt to real-time traffic conditions, resulting in inefficient traffic flow, long waiting times, increased fuel consumption, and 

higher levels of air pollution. To address these challenges, this research proposes a Smart Traffic Management System for 

Urban Congestion that uses intelligent monitoring, real-time data analysis, and adaptive signal control mechanisms. 

The proposed system integrates traffic sensors, CCTV cameras, and centralized processing units to continuously monitor 

vehicle density and traffic patterns at road intersections. Real-time traffic data is processed using intelligent algorithms that 

dynamically adjust traffic signal timings based on lane congestion levels. A centralized dashboard provides traffic authorities 

with visual insights, congestion alerts, and historical traffic analytics to support efficient traffic decision-making. 

The system architecture consists of modules for data acquisition, traffic analysis, signal control, and user interface management. 

The implementation uses Python-based data processing tools and machine learning libraries to analyze traffic density and 

optimize signal timing. Experimental evaluation using simulated traffic datasets demonstrates that the proposed system 

significantly reduces average vehicle waiting time, improves traffic flow efficiency, and decreases congestion levels. 

Overall, the proposed Smart Traffic Management System contributes to sustainable urban transportation by enhancing road 

utilization, reducing fuel consumption, and supporting intelligent city infrastructure development 
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I. INTRODUCTION 

 

Education plays a vital role in shaping individuals and 

contributing to Urban transportation systems play a crucial 

role in economic development, social mobility, and city 

infrastructure management. However, rapid urbanization and 

increased vehicle ownership have led to severe traffic 

congestion in metropolitan areas. Traffic congestion not only 

causes inconvenience to commuters but also leads to increased 

travel time, fuel consumption, and environmental pollution. 

According to global urban mobility studies, commuters in 

major cities spend a significant portion of their daily time 

waiting in traffic signals and congested roads. 

Traditional traffic management systems are primarily based 

on fixed-time signal control mechanisms. In such systems, 

traffic lights operate on predefined timing schedules 

regardless of real-time traffic conditions. While these systems 

may work effectively under normal traffic conditions, they fail 

to handle dynamic traffic fluctuations during peak hours, 

accidents, or unexpected events. As a result, vehicles often 

experience unnecessary waiting time at intersections even 

when certain lanes have little or no traffic. 

Another limitation of conventional traffic systems is the heavy 

dependence on manual monitoring and traffic police 

intervention. Traffic authorities often deploy personnel at busy 

intersections to regulate traffic manually during peak hours or 

emergencies. This approach increases operational costs and 

introduces the risk of human error. Additionally, manual 

traffic management becomes ineffective in large urban 

networks where multiple intersections need to be coordinated 

simultaneously. 

With the advancement of technologies such as the Internet of 

Things (IoT), Artificial Intelligence (AI), and machine 

learning, intelligent transportation systems have emerged as a 

promising solution to urban traffic challenges. Smart traffic 

management systems use real-time data collected from 

sensors, cameras, and connected vehicles to analyze traffic 

conditions and dynamically control signal operations. 

The concept of intelligent traffic control involves the 

continuous monitoring of vehicle flow, detection of 

congestion patterns, and automated adjustment of signal 

timings. By analyzing traffic density at intersections, these 

systems can allocate longer green signal durations to 

congested lanes while reducing waiting time for other lanes. 
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This adaptive signal control mechanism significantly 

improves traffic flow efficiency. 

The proposed Smart Traffic Management System for Urban 

Congestion aims to develop a scalable and intelligent solution 

that integrates traffic monitoring, data analysis, and automated 

signal control. The system collects traffic data using sensors 

and cameras installed at intersections. This data is processed 

using machine learning algorithms to estimate vehicle density 

and determine congestion levels. 

The system architecture includes several key components such 

as data acquisition modules, traffic analysis modules, signal 

control modules, and a centralized monitoring dashboard. The 

data acquisition module collects real-time traffic information, 

including vehicle count and lane occupancy. The traffic 

analysis module processes this data using statistical and 

machine learning techniques to detect congestion patterns. 

Based on the analysis results, the signal control module 

dynamically adjusts traffic signal timings. For example, if a 

particular lane experiences heavy congestion, the system 

increases the green signal duration for that lane to allow more 

vehicles to pass. Conversely, lanes with lower traffic density 

receive shorter green signal durations. This adaptive approach 

ensures balanced traffic flow across intersections. 

The centralized monitoring dashboard provides traffic 

authorities with a visual representation of traffic conditions. 

Through this interface, administrators can monitor real-time 

traffic density, signal status, and congestion alerts. Historical 

traffic data is also stored in a database, allowing authorities to 

analyze traffic patterns and make long-term infrastructure 

planning decisions. 

The implementation of smart traffic management systems 

offers several benefits. Firstly, it reduces traffic congestion by 

optimizing signal timings based on real-time conditions. 

Secondly, it improves fuel efficiency by minimizing idle 

waiting time at intersections. Thirdly, it contributes to 

environmental sustainability by reducing vehicle emissions 

caused by traffic delays. 

Another important advantage of intelligent traffic systems is 

their scalability. The proposed system can be expanded to 

cover multiple intersections within a city, enabling 

coordinated traffic control across the entire road network. 

Additionally, integration with smart city platforms allows for 

further enhancements such as emergency vehicle prioritization 

and real-time navigation guidance for drivers. 

In conclusion, the Smart Traffic Management System for 

Urban Congestion represents an important step toward the 

development of intelligent transportation infrastructure. By 

combining real-time monitoring, data analytics, and 

automated control mechanisms, the system provides an 

efficient solution for managing urban traffic challenges. The 

proposed approach not only enhances commuter experience 

but also contributes to sustainable urban development and 

smart city initiatives. 

 

2. Background Work / Literature Review  

1. Singh & Gupta (2021) developed an IoT-based 

traffic monitoring system that uses sensor networks 

and big data analytics to analyze congestion patterns. 

Their system improved traffic flow efficiency by 

predicting peak congestion hours. 

2. Zang & Liu (2020) proposed a machine learning-

based adaptive signal control system using 

reinforcement learning algorithms. Their study 

demonstrated significant reductions in traffic delay 

and waiting time. 

3. Wang et al. (2019) introduced a video-based traffic 

congestion detection system using computer vision 

techniques to detect vehicle density from live camera 

feeds. 

4. Kumar & Sharma (2018) developed a wireless 

sensor network-based traffic monitoring system for 

urban intersections. The system improved 

coordination between traffic signals. 

5. Zhou & Xie (2022) proposed a deep learning model 

combining LSTM and CNN for short-term traffic 

flow prediction. 

6. Li & Zhao (2017) investigated vehicle-to-

infrastructure communication for intelligent traffic 

coordination. 

7. Dinh & Nguyen (2016) implemented genetic 

algorithms to optimize traffic signal timing across 

multiple intersections. 

8. Kulkarni & Sengupta (2022) developed a machine 

learning-based congestion management system for 

smart cities. 

9. Cai & Wei (2024) proposed a deep reinforcement 

learning-based adaptive signal control system for 

urban traffic optimization. 

10. Rathore et al. (2025) explored AI-enabled traffic 

management using predictive analytics and IoT 

infrastructure. 

These studies collectively highlight the importance of real-

time monitoring, machine learning algorithms, and adaptive 

signal control in modern traffic management systems. 

 

3. Proposed Method 

The proposed system integrates IoT sensors, CCTV cameras, 

and machine learning algorithms to dynamically control 

traffic signals. The architecture consists of four main modules: 

1. Traffic Data Collection 
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2. Data Processing and Traffic Analysis 

3. Adaptive Signal Control 

4. Monitoring Dashboard 

Traffic density is calculated based on vehicle counts collected 

from sensors and cameras. Machine learning algorithms 

analyze congestion levels and adjust signal timings 

accordingly. 

 

4. Proposed Algorithm (Step-by-Step) 

Adaptive Traffic Signal Control Algorithm 

Step 1: Collect real-time traffic data from sensors and 

cameras at intersections. 

Step 2: Calculate vehicle density for each lane. 

Step 3: Normalize traffic density values. 

Step 4: Identify the lane with the highest congestion level. 

Step 5: Allocate green signal duration proportional to traffic 

density. 

Step 6: Update signal timing schedule dynamically. 

Step 7: Display traffic statistics on monitoring dashboard. 

Step 8: Store traffic data for historical analysis. 

Step 9: Repeat process continuously for real-time 

optimization. 

 

5. Dataset Used 

The proposed system uses both simulated and real-time traffic 

datasets including: 

Dataset Type Description 

Traffic Sensor Data Vehicle count detected per lane 

CCTV Image Data Vehicle detection from video frames 

Historical Traffic Data Past congestion patterns 

Simulation Dataset Generated traffic density values 

 

Example dataset format: 

Lane Vehicle Count Density Level 

Lane 1 45 Medium 

Lane 2 80 High 

Lane 3 20 Low 

Lane 4 65 Medium 

 

6. Input Dataset Explanation 

Input datasets include: 

1. Vehicle Count Data – Number of vehicles detected 

per lane. 

2. Traffic Flow Data – Speed and direction of vehicle 

movement. 

3. Time-based Traffic Data – Peak hour traffic 

patterns. 

4. Camera Image Data – Used for vehicle detection 

using computer vision. 

These datasets allow the system to accurately determine 

congestion levels and adjust signal timing dynamically. 

 

7. Output Results with Tables  

Traffic Signal Optimization Results 

Intersection 
Avg Waiting Time 

Before 

Avg Waiting Time 

After 

A 120 sec 65 sec 

B 95 sec 55 sec 

C 140 sec 70 sec 

Congestion Reduction 

Lane Before System After System 

Lane 1 High Medium 

Lane 2 High Low 

Lane 3 Medium Low 

Lane 4 High Medium 

Results show up to 45% reduction in waiting time and 

improved traffic flow efficiency. 

 

8. Results and Result Analysis  

The experimental evaluation demonstrates that the proposed 

system significantly improves traffic management efficiency. 

Key findings include: 

 Reduced vehicle waiting time 

 Improved signal timing efficiency 

 Better congestion prediction 

 Reduced fuel consumption 

Graphs show that adaptive signal control improves throughput 

and reduces queue length at intersections. 

The analysis also confirms that machine learning algorithms 

provide accurate predictions of traffic density patterns. 

 

9. Conclusion 

The Smart Traffic Management System provides an intelligent 

solution to urban traffic congestion through real-time 

monitoring and adaptive signal control. By integrating IoT 

sensors, machine learning algorithms, and centralized 

dashboards, the system dynamically adjusts signal timings 

based on traffic density. 

Experimental evaluation shows significant improvements in 

traffic flow efficiency and reductions in vehicle waiting time. 

The system also contributes to environmental sustainability by 

reducing fuel consumption and vehicle emissions. 
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The proposed approach demonstrates the potential of 

intelligent transportation systems in modern smart cities and 

provides a scalable framework for future traffic management 

solutions. 

 

10. Future Work 

Future improvements may include: 

 Integration with vehicle GPS systems 

 Emergency vehicle prioritization 

 AI-based traffic prediction models 

 Integration with smart city infrastructure 

 Cloud-based traffic analytics platforms 

 Autonomous vehicle communication 
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