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Abstract - Traffic congestion and delayed emergency 
response are significant challenges in modern urban 
transportation systems. Conventional traffic signal systems 
operate on fixed-time intervals and fail to adapt to dynamic 
traffic conditions, leading to inefficient traffic flow, increased 
waiting time, fuel consumption, and environmental pollution. 
This research proposes a Smart Traffic Management System 
that uses deep learning and computer vision techniques to 
dynamically control traffic signals based on real-time traffic 
density. The system utilizes the YOLOv8 object detection model 
to detect and classify vehicles such as cars, buses, trucks, and 
motorcycles from traffic video inputs. Vehicle counts are used 
to estimate traffic density and adjust signal timing 
accordingly. In addition, the system incorporates an 
emergency vehicle detection mechanism using Optical 
Character Recognition (OCR) combined with visual color-
based analysis to identify ambulances and fire vehicles. When 
an emergency vehicle is detected, the system prioritizes that 
lane by allocating extended green signal duration to ensure 
faster passage. Furthermore, the system estimates CO₂ 
emissions based on detected vehicle types to analyze 
environmental impact. All processed results, including vehicle 
counts, signal status, emergency detection, and emission levels, 
are stored in a database for monitoring and analysis. The 
proposed system improves traffic efficiency, reduces 
congestion, enhances emergency response time, and 
contributes to sustainable urban traffic management. 
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1. INTRODUCTION 

Traffic congestion has become one of the most critical 
problems in modern urban transportation systems. With the 
continuous growth in the number of vehicles, traditional 
traffic control mechanisms struggle to manage traffic 
efficiently. Conventional traffic signals generally operate on 
fixed-time intervals that do not consider real-time traffic 
density. As a result, roads with fewer vehicles may receive 
unnecessary signal time while heavily congested roads 
experience longer waiting periods. This imbalance leads to 
inefficient traffic flow, increased fuel consumption, and 
environmental pollution. 

Advancements in artificial intelligence and computer vision 
have enabled the development of intelligent traffic 
management solutions. By analyzing video feeds using deep 
learning models, modern systems can detect vehicles, 
estimate traffic density, and dynamically adjust signal 
timings. Such intelligent systems can significantly improve 
traffic efficiency and reduce congestion in urban areas. 

The proposed Smart Traffic Management System utilizes the 
YOLOv8 deep learning model to detect and classify vehicles 
from traffic videos. The system counts different vehicle types 
such as cars, buses, trucks, and motorcycles to determine 
traffic density. In addition, an emergency vehicle detection 
module is integrated using Optical Character Recognition 
(OCR) and color-based analysis to identify ambulances and 
fire vehicles. 

When an emergency vehicle is detected, the system 
automatically prioritizes the corresponding traffic lane by 
extending the green signal duration. If no emergency is 
detected, the signal duration is dynamically adjusted 
according to traffic density levels. Furthermore, the system 
estimates CO₂ emissions based on detected vehicles to 
evaluate environmental impact. By integrating artificial 
intelligence with traffic monitoring, the proposed system 
aims to improve traffic flow, reduce waiting time, enhance 
emergency response, and support smart city transportation 
infrastructure. 

1.1 Background of the Study 

Urbanization and rapid population growth have significantly 
increased the number of vehicles on roads, resulting in 
frequent traffic congestion. Traditional traffic management 
systems rely on fixed-time signals or basic sensor 
technologies that often fail to adapt to real-time traffic 
conditions. These systems cannot efficiently manage varying 
traffic densities across different lanes. 

Recent developments in computer vision and deep learning 
provide new opportunities for intelligent traffic monitoring. 
Technologies such as object detection and image processing 
allow automated analysis of traffic videos to identify vehicles 
and evaluate traffic conditions. By using such technologies, 
traffic signals can be dynamically adjusted to improve traffic 
flow and reduce delays. 
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1.2 Motivation of the Study 

The increasing level of traffic congestion and delays in 
emergency response highlight the need for smarter traffic 
management solutions. Fixed-time traffic signals do not 
provide priority to emergency vehicles such as ambulances 
or fire trucks, which can lead to life-threatening delays. The 
motivation behind this research is to develop an intelligent 
system that can automatically monitor traffic density, detect 
emergency vehicles, and adjust signal timing accordingly. By 
integrating deep learning models such as YOLOv8 and OCR 
techniques, the system aims to provide a more efficient, 
automated, and scalable solution for modern traffic 
management. 

1.3 Objectives of the Study 

The primary objective of this research is to develop an 
intelligent traffic monitoring system using deep learning 
techniques. The system aims to detect and classify different 
types of vehicles from traffic videos using the YOLOv8 object 
detection model. By analyzing the number of detected 
vehicles, the system estimates traffic density and 
dynamically adjusts traffic signal timing to improve traffic 
flow and reduce congestion. Another important objective is 
to detect emergency vehicles such as ambulances and fire 
trucks using Optical Character Recognition (OCR) and visual 
analysis methods. When an emergency vehicle is identified, 
the system prioritizes that lane by extending the green signal 
duration to ensure faster passage. Additionally, the system 
estimates the CO₂ emissions generated by different vehicle 
types to analyze environmental impact and support more 
sustainable traffic management. 

1.4 Scope of the Study 

The proposed Smart Traffic Management System focuses on 
improving traffic signal efficiency using video-based vehicle 
detection and analysis. The system processes traffic videos 
to detect vehicles and determine traffic density using the 
YOLOv8 deep learning model. Based on the detected traffic 
conditions, the system dynamically adjusts signal duration. 
The system also includes an emergency vehicle detection 
module that identifies ambulances and fire vehicles using 
OCR and color-based heuristics. This allows the system to 
prioritize emergency vehicles at intersections. Additionally, 
the system estimates CO₂ emissions based on vehicle counts 
to analyze environmental impact.The proposed solution is 
suitable for integration with smart city infrastructure and 
can be extended to real-time traffic monitoring using live 
camera feeds in future implementations. 

2. PROPOSED SYSTEM 

The proposed Smart Traffic Management System uses 
artificial intelligence and computer vision techniques to 
improve traffic signal control based on real-time traffic 
conditions. Unlike traditional traffic systems that rely on 

fixed timers, the proposed system analyses traffic videos to 
detect and count vehicles and dynamically adjust signal 
duration according to traffic density. The system employs 
the YOLOv8 deep learning model to identify different types 
of vehicles including cars, buses, trucks, and motorcycles. 

In addition to traffic density estimation, the system 
incorporates an emergency vehicle detection module using 
Optical Character Recognition (OCR) and visual color-based 
analysis. This module identifies emergency vehicles such as 
ambulances and fire trucks by detecting specific keywords or 
colour patterns on vehicles. When an emergency vehicle is 
detected, the system prioritizes that lane by allocating longer 
green signal duration to allow faster movement. 

The system also estimates CO₂ emissions based on the 
number and type of detected vehicles. All results including 
vehicle counts signal timing, emergency detection status, and 
emission levels are stored in a database for monitoring and 
analysis. This intelligent approach helps improve traffic 
efficiency, reduce waiting time, and support sustainable 
urban transportation. 

2.1 System Architecture 

The system architecture consists of several modules that 
work together to analyse traffic videos and manage traffic 
signals dynamically. The input to the system is traffic video 
captured from surveillance cameras or uploaded by users. 
The video frames are processed using the YOLOv8 object 
detection model to identify and classify vehicles. After 
vehicle detection; the system calculates traffic density based 
on the number of vehicles detected in each lane. The 
emergency detection module then analyses the vehicles 
using OCR and colour detection techniques to identify 
ambulances or fire trucks. Based on these results, the 
decision module determines the appropriate signal timing. 
Finally, the results are stored in the database and displayed 
on the dashboard for analysis. 

 

Fig-1 : System Architecture of the Smart Traffic 
Management System 
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2.2 Vehicle Detection Using YOLOv8 

The proposed system uses the YOLOv8 deep learning model 
for accurate vehicle detection and classification. YOLOv8 is a 
real-time object detection algorithm capable of identifying 
multiple objects within a video frame. In this system, 
YOLOv8 detects vehicles such as cars, buses, trucks, and 
motorcycles from traffic video frames. The model processes 
video frames and returns bounding boxes around detected 
vehicles along with their class labels. By counting these 
detected vehicles, the system determines the traffic density 
for each lane. This information is then used to dynamically 
adjust traffic signal timing. 

2.3 Emergency Vehicle Detection 

Emergency vehicle detection is a critical component of the 
proposed system. The system identifies emergency vehicles 
such as ambulances and fire trucks using a combination of 
OCR and visual colour analysis techniques. The OCR module 
extracts text from detected vehicle regions and searches for 
keywords such as “AMBULANCE”, “EMS”, “RESCUE”, and 
“FIRE”. In addition, the system analyses colour patterns 
typically associated with emergency vehicles, such as white 
body color with red markings. If these patterns or keywords 
are detected, the system identifies the vehicle as an 
emergency vehicle. Once detected, the system automatically 
prioritizes the corresponding traffic lane by assigning 
extended green signal time. 

2.4 Dynamic Signal Control 

The signal control module dynamically determines the 
duration of the green signal based on traffic density and 
emergency detection. If an emergency vehicle is detected, 
the system immediately assigns the highest priority and 
extends the green signal duration .If no emergency vehicle is 
present, the system adjusts the signal timing based on the 
number of vehicles detected. Lanes with higher traffic 
density receive longer green signals, while lanes with fewer 
vehicles receive shorter durations. This adaptive mechanism 
helps reduce congestion and improve traffic flow. 

2.5 CO₂ Emission Estimation 

The system also estimates CO₂ emissions generated by 
vehicles waiting at traffic signals. Each vehicle type is 
assigned a predefined emission factor, and the total emission 
is calculated based on the number of detected vehicles.This 
analysis helps evaluate the environmental impact of traffic 
congestion and provides insights into sustainable traffic 
management strategies. 

3. IMPLEMENTATION DETAILS 

The implementation of the Smart Traffic Management 
System integrates deep learning, computer vision, and web-
based technologies to analyze traffic conditions and 
dynamically control traffic signals. The system is developed 

using the Django web framework and Python programming 
language. Various libraries such as OpenCV, Ultralytics 
YOLOv8, and Tesseract OCR are used to process traffic 
videos, detect vehicles, and identify emergency vehicles. The 
system consists of multiple modules including user 
registration and authentication, video upload and 
processing, vehicle detection, emergency vehicle recognition, 
traffic signal decision-making, and result analysis. Each 
module works together to provide an intelligent and 
automated traffic management solution. 

3.1 User Management Module 

The user management module allows users to register, login, 
and access the system features. During registration, users 
provide basic information such as name, email, mobile 
number, password, and profile image. The registration 
request is stored in the database and requires admin 
approval before activation. Once approved, users can log in 
to the system and access the dashboard where they can 
upload traffic videos and view analysis results. The admin 
module allows administrators to manage users by activating, 
deactivating, or deleting user accounts. 

3.2 Video Upload and Processing Module 

The video upload module enables users to upload traffic 
videos through the web interface. Uploaded videos are 
stored in the server using Django's file storage system. Each 
video is processed frame by frame using OpenCV. 

To improve efficiency, the system analyzes selected frames 
instead of processing every frame of the video. These frames 
are then passed to the YOLOv8 model for vehicle detection 
and classification. The processed results are stored in the 
database for further analysis and visualization. 

3.3 Vehicle Detection Module 

The vehicle detection module uses the YOLOv8 deep learning 
model to detect and classify vehicles present in traffic videos. 
The model identifies different vehicle categories such as 
cars, buses, trucks, and motorcycles by drawing bounding 
boxes around them. 

Each detected vehicle is counted to determine the total 
number of vehicles present in the traffic scene. The vehicle 
counts are used to estimate traffic density, which plays an 
important role in determining traffic signal timing. 

3.4 Emergency Vehicle Detection Module 

The emergency vehicle detection module identifies vehicles 
such as ambulances and fire trucks using Optical Character 
Recognition (OCR) and color-based image analysis. The 
system extracts text from vehicle regions using Tesseract 
OCR and searches for keywords such as “AMBULANCE”, 
“EMS”, “RESCUE”, and “FIRE”. 
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In addition to text recognition, the system analyzes color 
patterns commonly found on emergency vehicles, such as 
white bodies with red markings. If these patterns or 
keywords are detected, the system identifies the vehicle as 
an emergency vehicle and triggers priority signal control. 

3.5 Signal Control and Decision Module 

The signal control module determines the duration of the 
green signal based on traffic density and emergency vehicle 
detection results. If an emergency vehicle is detected, the 
system assigns a longer green signal duration to ensure 
immediate passage.If no emergency vehicle is present, the 
system dynamically adjusts the signal timing based on the 
number of detected vehicles. Higher traffic density results in 
longer green signal duration, while lower density results in 
shorter signal time. 

3.6 Data Storage and Analysis Module 

All processed results including vehicle counts, signal status, 
emergency detection status, and CO₂ emission estimates are 
stored in the system database. This data is used to generate 
reports and visualize traffic analysis through the system 
dashboard.  
The analysis dashboard displays traffic density levels, smart 
signal timings, and comparisons with traditional fixed-timer 
traffic systems. This helps in evaluating the effectiveness of 
the proposed smart traffic management approach. 

4. RESULTS AND PERFORMANCE ANALYSIS 

The proposed Smart Traffic Management System was 
implemented using Python, Django, YOLOv8, OpenCV, and 
Tesseract OCR. The system was evaluated using multiple 
traffic videos containing different vehicle densities and 
emergency vehicle scenarios. The results demonstrate the 
ability of the system to accurately detect vehicles, estimate 
traffic density, identify emergency vehicles, and dynamically 
adjust traffic signal duration. 

The system processes uploaded traffic videos and analyzes 
video frames using the YOLOv8 deep learning model. 
Detected vehicles are classified into categories such as cars, 
buses, trucks, and motorcycles. The total number of vehicles 
is then used to determine traffic density and assign an 
appropriate signal duration. The system also detects 
emergency vehicles such as ambulances using OCR-based 
text recognition and visual color analysis. When an 
emergency vehicle is detected, the system prioritizes that 
lane by extending the green signal duration. 

4.1 Traffic Video Upload and Processing 

The system provides a user-friendly interface that allows 
users to upload multiple traffic videos for analysis. These 
videos are processed by the system to detect vehicles and 
analyze traffic conditions. 

 

Fig -2: Traffic Video Upload Interface 

The uploaded traffic videos are stored in the server and 
processed frame by frame. The YOLOv8 model identifies 
different vehicle types and calculates traffic density based on 
the number of detected vehicles. This information is then 
used by the system to determine the appropriate signal 
timing for each traffic lane. 

4.2 Traffic Detection and Signal Decision 
Dashboard 

After processing the uploaded videos, the system generates a 
live traffic dashboard that displays traffic conditions for 
multiple lanes. The dashboard shows vehicle density, CO₂ 
emission estimates, emergency vehicle detection status, and 
the assigned traffic signal duration. 

 

Fig - 3: Smart Traffic Monitoring and Signal Control 
Dashboard 

Each lane is analyzed separately and the system dynamically 
determines the signal duration based on the traffic density. If 
an emergency vehicle such as an ambulance is detected, the 
system automatically assigns a longer green signal duration 
to allow the vehicle to pass quickly. Otherwise, the signal 
timing is adjusted according to the number of vehicles 
detected in each lane. 
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4.3 Performance Evaluation 

The performance of the proposed system was evaluated by 
comparing dynamic signal timing with traditional fixed-time 
traffic signal systems. The experimental results indicate that 
the intelligent system significantly improves traffic flow by 
allocating signal duration based on real-time traffic 
conditions. 
The system also demonstrates accurate detection of 
emergency vehicles using OCR and visual analysis 
techniques. By prioritizing emergency vehicles, the system 
helps reduce response time in critical situations. 
Additionally, the CO₂ emission estimation module provides 
insights into environmental impact caused by traffic 
congestion.Overall, the proposed system improves traffic 
efficiency, reduces waiting time, enhances emergency vehicle 
response, and supports environmentally sustainable traffic 
management. 

5. CONCLUSIONS 

This research presented a Smart Traffic Management System 
that utilizes deep learning and computer vision techniques 
to improve traffic signal control and traffic monitoring. The 
system employs the YOLOv8 object detection model to detect 
and classify vehicles from traffic videos and estimate traffic 
density. Based on the detected vehicle counts, the system 
dynamically adjusts traffic signal duration to optimize traffic 
flow and reduce congestion. 

In addition to traffic density analysis, the system 
incorporates an emergency vehicle detection mechanism 
using Optical Character Recognition (OCR) and visual color 
analysis techniques. This enables the system to identify 
emergency vehicles such as ambulances and fire trucks and 
provide priority signal control to ensure faster movement 
during critical situations. 

The system also estimates CO₂ emissions based on the 
number and type of detected vehicles, providing insights into 
the environmental impact of traffic congestion. The 
experimental results demonstrate that the proposed 
intelligent system improves traffic efficiency compared to 
traditional fixed-time traffic signal systems. Overall, the 
proposed solution offers an automated, scalable, and cost-
effective approach for smart city traffic management by 
reducing waiting time, improving emergency response, and 
supporting sustainable transportation systems. 

6. FUTURE WORK 

Although the proposed Smart Traffic Management System 
demonstrates effective traffic monitoring and dynamic signal 
control, several improvements can be made in future work 
to enhance the system’s performance and real-world 
applicability. One possible extension is the integration of live 
traffic camera feeds instead of relying only on uploaded 

videos. This would allow the system to operate in real time 
and automatically manage traffic signals at intersections. 

Another improvement could involve the use of more 
advanced deep learning models and larger datasets to 
further increase the accuracy of vehicle detection and 
emergency vehicle recognition. Integration with Internet of 
Things (IoT) devices and smart traffic lights can also enable 
automatic signal control directly at road intersections. 

Additionally, the system can be expanded to include features 
such as vehicle speed detection, traffic violation monitoring, 
and license plate recognition for better traffic management. 
Future research may also explore the use of cloud-based 
processing and edge computing to handle large-scale traffic 
data from multiple intersections in smart cities. These 
enhancements would make the system more efficient, 
scalable, and suitable for real-world intelligent 
transportation systems. 
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