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ABSTRACT 

Rapid urbanization and increasing vehicle density have made traffic congestion a critical issue in Delhi. Traditional 
traffic systems based on fixed signal timing fail to adapt to dynamic traffic conditions, leading to longer waiting 
times, increased fuel consumption, and environmental degradation. 

This study proposes an advanced Smart Traffic Management System (STMS) integrating real-time signal control, 
YOLOv8-based vehicle detection, and LSTM-based traffic prediction. The system utilizes computer vision to 
monitor traffic flow, classify vehicles, and estimate lane-wise density. Signal timings are dynamically adjusted 
based on congestion levels, with priority given to heavy and emergency vehicles. 

The predictive LSTM model enhances decision-making by analyzing historical and real-time traffic data. 
Simulation results demonstrate significant improvements in traffic flow, reduced waiting time, and enhanced 
emergency response efficiency. The proposed system offers a scalable and cost-effective solution for intelligent 
urban mobility. 
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1. INTRODUCTION 
Urban traffic congestion is one of the most critical 
challenges faced by modern metropolitan cities, 
particularly Delhi, which has a population exceeding 
30 million and a rapidly growing vehicle base. The 
exponential rise in private vehicle ownership, 
coupled with limited road infrastructure and 
unplanned urban expansion, has significantly 
intensified traffic-related problems. As a result, the 
city experiences frequent traffic jams, longer 
commute times, and increased accident rates. These 
issues not only affect daily life but also impose a 
heavy economic burden due to fuel wastage and 
productivity loss. 
Recent reports indicate that commuters in Delhi 
spend a considerable portion of their time in traffic 

congestion, especially during peak hours. This leads 
to reduced work efficiency, increased mental stress, 
and overall deterioration in quality of life. 
Additionally, the environmental consequences are 
severe, as prolonged idling of vehicles contributes 
significantly to air pollution. Vehicular emissions, 
including carbon monoxide (CO), nitrogen oxides 
(NOx), and particulate matter (PM2.5), are major 
contributors to the declining air quality in the city, 
making it one of the most polluted urban regions 
globally. 
The existing traffic management infrastructure in 
Delhi primarily relies on conventional systems, 
which include fixed-timing traffic signals, manual 
intervention by traffic personnel, and limited 
coordination between intersections. These traditional 
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approaches are rigid and lack the capability to adapt 
to dynamic traffic conditions. For example, traffic 
signals operate on pre-defined time intervals 
regardless of actual vehicle density, leading to 
unnecessary delays in low-traffic lanes and 
congestion in high-density lanes. 
Such systems are inadequate in handling real-time 
variations such as sudden peak-hour surges, road 
accidents, vehicle breakdowns, public events, and 
adverse weather conditions like heavy rain or fog. 
The absence of real-time data collection and 
intelligent decision-making further exacerbates the 
problem, resulting in inefficient traffic flow and 
increased chances of collisions and rule violations. 
To overcome these limitations, there is a growing 
need for the adoption of Smart Traffic Management 
Systems (STMS), which leverage advanced 
technologies to create a more responsive and efficient 
traffic ecosystem. These systems integrate multiple 
modern technologies, including Artificial Intelligence 
(AI) for decision-making and prediction, Internet of 
Things (IoT) for real-time data collection through 
sensors and connected devices, computer vision for 
vehicle detection and monitoring, and data analytics 
for pattern recognition and optimization. 
Smart Traffic Management Systems function by 
continuously collecting real-time traffic data from 
cameras, sensors, and GPS-enabled devices installed 
across road networks. This data is processed using AI 
algorithms to analyze traffic patterns, detect 
congestion, and dynamically adjust traffic signal 
timings. Unlike traditional systems, STMS can 
respond instantly to changing road conditions, 
ensuring smoother traffic flow and reduced waiting 
times. 
A notable example of this technological shift is the 
implementation of AI-enabled traffic monitoring 
systems on infrastructure projects like the Dwarka 
Expressway in Delhi. These systems incorporate 
automated surveillance, incident detection, and 
adaptive signal control, demonstrating the practical 
feasibility of intelligent traffic solutions. Such 
initiatives highlight the transition of the city toward a 
data-driven and technology-oriented traffic 
management framework. 

In conclusion, the integration of smart technologies 
into traffic management is essential for addressing the 
growing challenges of urban mobility in Delhi. By 
replacing traditional systems with intelligent, 
adaptive, and automated solutions, it is possible to 
significantly reduce congestion, improve travel 
efficiency, enhance road safety, and minimize 
environmental impact. This transformation is a 
crucial step toward building a sustainable and smart 
urban transportation system. 
 
2. LITERATURE SURVEY 
1. IoT-Based Intelligent Traffic Management and 
Vehicle Monitoring System 
Authors: Dr. A. Kumar, P. Singh, and R. Gupta 
(2019) 
Publication: IEEE Transactions on Intelligent 
Transportation Systems 
Findings: 
The study demonstrated a 28% reduction in vehicle 
waiting time and a 20% improvement in fuel 
efficiency compared to traditional static signal 
systems. It also emphasized system scalability by 
enabling multiple intersections to be connected 
through a centralized server. 
2. AI and Computer Vision-Based Adaptive 
Traffic Signal Control Using YOLO Algorithm 
Authors: S. Banerjee and M. Rao (2021) 
Publication: International Journal of Computer 
Applications in Engineering Technology 
Findings: 
The system achieved a 35% reduction in traffic 
congestion and a 40% decrease in average waiting 
time during peak hours. It also reported 96% 
accuracy in vehicle detection, even under varying 
environmental conditions. 
 
3. Machine-Learning-Driven Adaptive Traffic 
Signal Control System 
Authors: S. Patel and K. Reddy (2020) 
Publication: Elsevier – Transportation Research Part 
C 
Findings: 
This adaptive system reduced average travel time by 
25% and increased intersection throughput by 
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18%, highlighting the efficiency of machine learning 
in traffic signal optimization. 
4. Smart Traffic Management using Computer 
Vision and YOLOv5 
Authors: N. Sharma, A. Kaur, and T. Verma (2021) 
Publication: International Journal of Computer 
Applications 
Findings: 
The model achieved 96% accuracy in vehicle 
detection, leading to improved traffic flow and 
reduced congestion in pilot implementations. 
5. Design of an Intelligent Traffic System using 
Fuzzy Logic 
Authors: M. Ali and H. Rahman (2020) 
Publication: IEEE Access 
Findings: 
The system reduced overall intersection delay by 
22% and improved fairness in signal allocation 
across different lanes. 
6. Cloud-Integrated Smart Traffic Management 
System for Indian Cities 
Authors: S. Nagar, D. Samal, and P. Kumar (2022) 
Publication: Journal of Informatics Education and 
Research 
Findings: 
Tested in cities including Delhi and Jaipur, the system 
reduced incident response time by 30%, 
demonstrating the effectiveness of cloud-based traffic 
monitoring. 
7. AI-Based Emergency Vehicle Detection and 
Signal Prioritization 
Authors: V. Joshi and R. Mehta (2021) 
Publication: Springer – Smart Systems Journal 
Findings: 
The study reported a 40% reduction in emergency 
vehicle delay, significantly improving response 
times for critical services. 
8. Big-Data Analytics for Urban Traffic Prediction 
Authors: P. Deshmukh and A. Naik (2022) 
Publication: Elsevier – Journal of Big Data Analytics 
in Transportation 
Findings: 
The system achieved 92% prediction accuracy, 
enabling proactive traffic management and 
congestion prevention. 

9. Smart Traffic Management using Vehicular Ad-
hoc Networks (VANET) 
Authors: R. K. Sinha and T. Goyal (2020) 
Publication: International Journal of Advanced 
Networking and Applications 
Findings: 
The use of VANET reduced congestion at connected 
intersections by 24%, improving communication 
between vehicles and infrastructure. 
10. Real-Time Traffic Management Using Edge 
Computing and IoT 
Authors: T. K. Raj and S. Bose (2023) 
Publication: IEEE Internet of Things Journal 
Findings: 
The integration of edge computing reduced system 
latency by 35%, allowing faster and more responsive 
traffic control. 
11. Sustainable Smart Traffic Management using 
AI and Renewable Energy 
Authors: D. Banerjee and S. Roy (2024) 
Publication: Sustainability Journal (MDPI) 
Findings: 
The system reduced power consumption by 42% 
and improved traffic flow efficiency by 17%, 
promoting sustainable urban mobility. 
3. METHODOLOGY 
The Tsumerihe Smart Traffic Management System 
(STMS) is designed to efficiently manage urban 
traffic using a combination of computer vision, 
machine learning, and IoT technologies. The system 
continuously collects real-time traffic data through 
cameras and sensors installed at intersections. This 
data is processed using advanced AI models to detect 
vehicles, estimate traffic density, and dynamically 
control traffic signals. The system is scalable, 
modular, and suitable for high-density traffic 
conditions commonly found in metropolitan cities. 
A. Vehicle Detection and Classification 
At each intersection, high-resolution cameras capture 
live video streams of traffic. These video feeds are 
processed in real time using the YOLOv8 deep 
learning model, which is known for its speed and 
accuracy in object detection. The model detects 
vehicles and classifies them into categories such as 
cars, bikes, buses, and trucks. It also performs lane-
wise vehicle counting and estimates traffic density. 



InternaƟonal Journal of ScienƟfic Research and Engineering Development-– Volume 9 Issue 2, Mar-Apr 2026 
                       Available at www.ijsred.com                                 

ISSN : 2581-7175                                             ©IJSRED: All Rights are Reserved  Page 3041 
 

The system assigns higher importance to heavy 
vehicles like buses and trucks because they occupy 
more space and move slower than smaller vehicles. 
The processing pipeline includes image acquisition, 
preprocessing, object detection, and density 
estimation. During preprocessing, images are resized, 
normalized, and cleaned to improve clarity. YOLOv8 
then detects vehicles and draws bounding boxes 
around them. Finally, the system counts vehicles in 
each lane and calculates traffic density, forming the 
foundation for signal control decisions. 
B. Data Preprocessing and Model Training 
To ensure reliable performance, the YOLOv8 model 
is trained on a diverse dataset containing annotated 
traffic images. These images include various vehicle 
types under different lighting and weather conditions 
such as day, night, rain, fog, and dust. Data 
augmentation techniques like rotation, flipping, and 
scaling are used to increase dataset diversity and 
improve model robustness. 
Additional preprocessing steps such as noise 
reduction and normalization help enhance input 
quality and ensure consistency for neural network 
processing. The model’s performance is evaluated 
using standard metrics like precision, recall, and F1-
score, which measure detection accuracy and 
completeness. These steps ensure that the system 
performs effectively in real-world scenarios. 
C. Dynamic Traffic Signal Control Algorithm 
A key feature of STMS is its ability to dynamically 
adjust traffic signals based on real-time traffic 
conditions. Unlike traditional fixed-timing systems, 
this approach calculates green signal duration using a 
formula based on vehicle count, average time per 
vehicle, and number of lanes. 
This method enables real-time adaptation of signal 
timings, prioritization of congested lanes, and 
efficient handling of heavy vehicles. The system 
continuously monitors traffic and updates signal 
durations to reduce waiting time and improve overall 
traffic flow. This adaptive control mechanism 
significantly enhances intersection efficiency. 
D. LSTM-Based Traffic Prediction 
To further improve performance, the system 
incorporates a Long Short-Term Memory (LSTM) 
model for traffic prediction. LSTM is a type of 

recurrent neural network that can learn patterns from 
sequential data. It uses inputs such as time of day, day 
of the week, historical traffic data, and vehicle 
distribution to predict future traffic density. 
The model consists of two LSTM layers followed by 
a dense output layer. It helps identify congestion 
patterns and enables proactive signal adjustments. By 
predicting traffic conditions in advance, the system 
reduces sudden congestion, improves traffic flow 
predictability, and supports better planning and 
management. 
E. Hardware Implementation 
The system integrates both hardware and software 
components for real-time operation. Cameras capture 
live traffic data, which is processed by AI models on 
a cloud server. The processed information is then sent 
to IoT controllers that adjust traffic signals 
accordingly. 
This real-time communication ensures quick 
response to changing traffic conditions. The 
architecture is designed to be scalable, allowing 
deployment across multiple intersections in a city. 
3.2 Advantages 
The proposed system offers several benefits, 
including real-time traffic monitoring, high detection 
accuracy, reduced congestion, and shorter waiting 
times. It also improves emergency response and can 
be scaled for large urban areas. 
3.3 Summary 
Overall, the Tsumerihe STMS combines detection, 
prediction, and control mechanisms into a unified 
intelligent system. By leveraging AI and IoT 
technologies, it enhances traffic efficiency, reduces 
delays, and contributes to safer and smarter urban 
transportation. 
 
4. RESULTS AND DISCUSSION 
To evaluate the performance of the proposed Smart 
Traffic Management System (STMS), simulations 
were conducted at major high-traffic intersections in 
AIIMS Intersection, Connaught Place, and Dwarka 
Sector-21. These locations were selected due to their 
heavy traffic flow, frequent congestion, and complex 
traffic patterns. 
The system was implemented using tools such as 
Python for computation, OpenCV for image 
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processing, YOLOv8 for vehicle detection, and 
SUMO for traffic simulation. Real-time traffic video 
feeds and open datasets from 2024 were used for 
testing. Each simulation was run for 60 minutes under 
identical conditions to compare the traditional fixed-
timing system with the proposed AI-based adaptive 
system. 

 
Performance Metrics 

The evaluation was based on four key metrics: 
 Average waiting time at intersections 
 Vehicle throughput (vehicles passing per unit 

time) 
 Congestion rate (traffic density levels) 
 Emergency vehicle clearance time 
These indicators provided a comprehensive 
understanding of system efficiency and 
responsiveness. 
 

Results Overview 
The results clearly showed that the proposed STMS 
outperformed the traditional system in all aspects. 
The average waiting time decreased significantly 
from 180 seconds to 95 seconds, representing a 
reduction of approximately 47%. Vehicle throughput 
increased by about 60%, indicating improved road 
efficiency and capacity. Additionally, congestion 
levels dropped by nearly 40%, showing better traffic 
distribution and flow. Emergency vehicle clearance 
time improved from 80 seconds to 35 seconds, 
enhancing response efficiency during critical 
situations. 

 
Discussion 
The findings highlight several important 
improvements achieved by the system. First, dynamic 
signal control played a major role in reducing delays. 
By adjusting signal timings based on real-time traffic 
conditions, the system minimized unnecessary 
waiting and ensured smoother vehicle movement. 
Second, the system improved road utilization by 
distributing traffic more efficiently across lanes. This 
prevented bottlenecks, especially during peak hours, 
and allowed better use of available infrastructure. 
Another key benefit was the increase in vehicle 
throughput. With more vehicles passing through 

intersections in less time, the system reduced traffic 
backlog and improved overall traffic capacity. This is 
particularly important in densely populated urban 
areas where traffic demand is high. 
The system also demonstrated strong performance in 
emergency handling. By prioritizing emergency 
vehicles through AI-based detection and IoT control, 
it significantly reduced clearance time. This 
improvement can be critical in real-life situations 
where timely response can save lives. 
Furthermore, the reduction in congestion contributed 
to environmental benefits. Shorter waiting times and 
smoother traffic flow reduced vehicle idling, leading 
to lower fuel consumption and decreased emissions. 
This supports sustainable urban development and 
improved air quality. 
Finally, the system proved to be reliable and scalable. 
It maintained consistent performance across different 
intersections and traffic conditions. Its modular 
design allows easy expansion to larger city-wide 
deployments and integration with smart city 
infrastructure. 

 
Summary 

In conclusion, the proposed STMS significantly 
improves traffic efficiency, reduces congestion, and 
enhances emergency response compared to 
traditional systems. Its combination of real-time 
monitoring, AI-based prediction, and adaptive signal 
control makes it a powerful and practical solution for 
modern urban traffic management. 

 
5. CONCLUSION 
The Smart Traffic Management System (STMS) 
presents an efficient, scalable, and intelligent solution 
to the growing problem of traffic congestion in Delhi. 
With rapid urbanization and an exponential increase 
in vehicle density, traditional traffic control methods 
are no longer sufficient to manage dynamic traffic 
conditions. The proposed system addresses these 
limitations by integrating advanced technologies such 
as Artificial Intelligence (AI), Internet of Things 
(IoT), computer vision, and predictive analytics. 
By utilizing real-time data collection through cameras 
and sensors, along with AI-based algorithms like 
YOLOv8 for vehicle detection and LSTM for traffic 
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prediction, the system enables dynamic adjustment of 
traffic signal timings. This adaptive approach ensures 
efficient utilization of road infrastructure by reducing 
unnecessary waiting times and improving vehicle 
movement across intersections. Furthermore, the 
inclusion of emergency vehicle prioritization 
mechanisms enhances response times for critical 
services, thereby improving public safety. 
The simulation results clearly demonstrate that the 
proposed STMS significantly outperforms 
conventional fixed-timing systems across all major 
performance indicators. Key improvements include a 
substantial reduction in average waiting time, 
increased vehicle throughput, decreased congestion 
levels, and faster clearance for emergency vehicles. 
These enhancements not only improve traffic 
efficiency but also contribute to environmental 
sustainability by reducing fuel consumption and 
vehicular emissions. 
Another important advantage of the system is its 
scalability and adaptability. The modular architecture 
allows it to be implemented across multiple 
intersections and expanded citywide without major 
infrastructure changes. Additionally, the system can 
be integrated with existing smart city initiatives, 
making it a practical and future-ready solution for 
urban traffic management. 
In a broader context, the successful implementation 
of STMS in Delhi can serve as a model framework 
for other metropolitan cities in India facing similar 
challenges. It supports the vision of intelligent 
transportation systems and aligns with national 
initiatives aimed at developing smart and sustainable 
urban environments. 
In conclusion, the proposed Smart Traffic 
Management System not only addresses current 
traffic challenges but also lays the foundation for a 
more connected, efficient, and environmentally 
responsible urban mobility ecosystem. Its adoption 
can significantly enhance the quality of life for 
citizens while promoting safer and smarter 
transportation networks. 
 
6. FUTURE SCOPE 
The proposed Smart Traffic Management System 
(STMS) offers significant potential for further 

development and large-scale implementation in 
Delhi. With continuous advancements in technology, 
the system can be enhanced to create a more 
intelligent, efficient, and sustainable urban mobility 
framework. 
One of the major future enhancements involves 
integration with smart city infrastructure. By 
connecting the STMS with other urban systems such 
as smart parking, public transportation networks, and 
surveillance systems, a unified and centralized traffic 
ecosystem can be developed. This integration will 
enable seamless communication between different 
components of the city, improving overall traffic 
coordination and urban planning. 
Another important area of development is AI-based 
route optimization for users. By leveraging real-
time traffic data and predictive analytics, the system 
can provide commuters with optimal route 
suggestions through mobile applications. This will 
help reduce travel time, avoid congested routes, and 
distribute traffic more evenly across the road 
network. 
The use of drone-based traffic monitoring can 
further enhance real-time surveillance capabilities. 
Drones equipped with cameras and sensors can 
monitor large and complex traffic zones, detect 
accidents, and provide live updates to traffic control 
centers. This technology is especially useful in 
managing traffic during public events, emergencies, 
or in areas with limited camera coverage. 
Future systems can also be designed to support 
autonomous vehicle compatibility. As self-driving 
vehicles become more common, the STMS can 
communicate directly with these vehicles using 
Vehicle-to-Infrastructure (V2I) technology. This will 
enable better coordination, reduced human error, and 
more efficient traffic flow. 
Additionally, the adoption of renewable energy-
powered traffic systems can make the solution more 
sustainable. Solar-powered traffic signals and IoT 
devices can reduce dependency on conventional 
energy sources, lower operational costs, and 
contribute to environmental conservation. 
Further enhancements may include the use of 
advanced predictive models such as deep learning 
algorithms for long-term traffic forecasting, enabling 
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proactive congestion management. Integration with 
e-challan systems can automate traffic violation 
detection and enforcement, improving law 
compliance. 
In conclusion, the future scope of the Smart Traffic 
Management System lies in its ability to evolve into 
a fully integrated, intelligent, and eco-friendly 
transportation solution. With continuous innovation 
and proper implementation, it has the potential to 
transform Delhi into a model smart city for efficient 
and sustainable urban mobility. 
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