et A
¢ 1ISREM 3

hexemn 47 International Journal of Scientific Research in Engineering and Management (IJSREM)

Volume: 10 Issue: 05 | May - 2026

SJIF Rating: 8.659 ISSN: 2582-3930

5

Smart Traffic Management System Based on Object Detection by Using
YOLO

Aditya Dhorel, Om Gunjawate2, Sourabh Gawande?, Sumit Kawachale*, Prof. Dipali Jadhav?

! Department Of Information Technology, Sinhgad College of Engineering, Pune- 41

2 Department Of Information Technology, Sinhgad College of Engineering, Pune- 41

3 Department Of Information Technology, Sinhgad College of Engineering, Pune- 41

4 Department Of Information Technology, Sinhgad College of Engineering, Pune- 41

Hkesksk

Abstract - Urban transportation systems are increasingly
affected by traffic congestion, long waiting times, and
inefficient fixed signal control, resulting in fuel wastage and
higher emissions. This study investigates the design and
development of an adaptive traffic signal control system using
machine learning and computer vision to optimize traffic flow
dynamically. Real-time or simulated traffic footage is
processed using the YOLO algorithm for vehicle detection and
counting, and the extracted data are used to train predictive
models that estimate optimal green light durations. The system
is implemented and visualized through a Python/Flask/React
interface, with key performance indicators such as average
waiting time, throughput, and queue length analyzed for
evaluation. Experimental results demonstrate that the proposed
machine learning—based adaptive traffic control significantly
improves traffic efficiency and reduces congestion compared to
traditional fixed-time systems. The findings highlight the

potential of artificial intelligence to enhance urban mobility and

support the development of intelligent transportation
frameworks.
Key Words Traffic Management, Machine Learning,

Computer Vision, YOLO, Adaptive Signal Control.

1.INTRODUCTION

Traffic congestion has become one of the most significant
challenges in modern urban environments due to the rapid
increase in vehicle population and limited road infrastructure.
Inefficient traffic management results in increased waiting
time, fuel wastage, environmental pollution, and reduced

transportation efficiency. Traditional traffic systems generally

operate using fixed signal timings that fail to adapt to
continuously changing traffic conditions. Therefore, there is an
increasing need for intelligent systems capable of analyzing
traffic conditions dynamically and making adaptive control
decisions.

Recent developments in artificial intelligence and computer
vision have significantly influenced the design of smart
transportation systems. Object detection techniques, especially
those based on deep learning, have enabled accurate and fast
identification of vehicles in live traffic footage. Among these
techniques, the You Only Look Once (YOLO) algorithm has
emerged as one of the most efficient methods for real-time
object detection due to its high speed and accuracy.

Researchers are increasingly focusing on integrating YOLO
with machine learning—based traffic control mechanisms to
improve traffic signal coordination and reduce congestion. The
topic of smart traffic management using YOLO is gaining
importance as it contributes directly to the development of
smart cities and intelligent transportation systems.

Current research aims to combine object detection, data
analytics, and adaptive signal control to create scalable and
automated traffic management frameworks. This study explores
the implementation of a YOLO-based traffic monitoring system
capable of detecting and counting vehicles in real time, thereby
enabling dynamic adjustment of signal timings to enhance
overall traffic flow efficiency. The adoption of such intelligent
traffic systems can lead to reduced travel delays, improved
emergency vehicle routing, and enhanced commuter safety.
Furthermore, integrating cloud-based analytics and IoT
connectivity can enable centralized control and predictive
traffic modeling.
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2. LITERATURE SURVEY

[1] This paper, “Exploring Sustainable Techniques for Traffic
Management in Urban Environments”(IEEE)
Srushti R. Joshi, Ujjwal Rakesh, Spoorthi Sripad 2024,
proposed a sustainable smart traffic system integrating IoT
sensors, Google Maps APIs, and MATLAB to optimize vehicle
flow and reduce emissions. Focused on environmental

sustainability rather than ML adaptability.

[2] This paper, “A Graph-Based Framework for Traffic
Forecasting and Congestion Detection Using Online Images
from Multiple Cameras”(IEEE)
Bowie Liu, Chan-Tong Lam, Benjamin K. Ng, Xiaochen Yuan,
and Sio Kei Im 2024, proposed a low-cost traffic forecasting
and congestion detection framework using graph neural
networks (GNNs) and online images from multiple cameras.
The system converts image data into traffic volume and
occupancy, applies clustering-based graph construction, and
compares several forecasting models. The approach eliminates
the need for additional sensors while achieving high accuracy
in congestion detection.A machine learning-based system was
introduced in 2022 to automatically identify “Good First
Issues” (GFIs) in GitHub repositories by analyzing features
such as issue content, reporter behavior, and project activity.
Using an XGBoost classifier, the model effectively predicts
beginner-friendly issues with a strong accuracy score.
However, its scope is limited to general issue classification and
does not account for individual developer skills or semantic
matching. In contrast, the proposed system advances this
concept by utilizing Sentence-BERT embeddings for skill-
based repository matching, integrating large language models
for contribution guidance, and delivering real-time,

personalized recommendations with automated pull request

generation.

[3] This paper “A Review on Urban Intelligent Traffic
Management Problems: Sensors and Methods” (IEEE)
Candan Giiven, Ozgiir Karaduman, Engin Aver 2021, presented
a comprehensive review of sensors and computational methods
used in intelligent urban traffic management. The study
categorized major traffic problems such as congestion, collision

avoidance, and lane control, and analyzed the use of sensors

like Radar, Lidar, GPS, and vehicle cameras along with Al,

fuzzy logic, and IoT techniques. The paper emphasized the
importance of sensor—method correlation for developing more

efficient, adaptive traffic management systems.

[4] This paper, “Clustering and Understanding Traffic Flow
Patterns”(IEEE) Ruijie Song, Haigiang Yang 2021, applied
data clustering algorithms to identify traffic patterns and
congestion zones based on time-of-day and vehicle density.
Provided analytical insights for future ML-based traffic

optimization systems

3.OVERVIEW

The Smart Traffic Management System based on Object
Detection using YOLO is designed to improve urban traffic
flow by intelligently adapting signal timings according to real-
time traffic conditions. It utilizes computer vision and machine
learning techniques to detect vehicles, analyze traffic density,
and dynamically optimize green-light durations. By reducing
unnecessary waiting time and congestion, the system enhances
traffic efficiency, minimizes fuel consumption, and supports
the development of smarter and more sustainable urban

transportation systems.

1.Objective:

The primary objective of the Smart Traffic Management
System based on Object Detection using YOLO is to develop
an intelligent and adaptive traffic control system that optimizes
signal timings based on real-time traffic conditions. Through
vehicle detection, traffic density analysis, and machine
learning—based prediction, the system aims to reduce
congestion, minimize vehicle waiting time, and improve traffic
flow efficiency. Ultimately, the proposed system contributes
toward smarter urban mobility and supports the development of

efficient and sustainable traffic management solutions.

2.Technologies:
The development of the proposed system involves a systematic

approach combining computer vision, machine learning, and
web technologies. The scope of the system is clearly defined to
include vehicle detection, traffic density estimation, adaptive

signal prediction, and user visualization through a web

interface. The technology stack selected for implementation

includes Python for data processing and model development,
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YOLO (You Only Look Once) for real-time object detection,
and Flask as the backend framework. The frontend
visualization is built using React.js, while system performance
is evaluated using metrics such as vehicle count, queue length,
throughput, and waiting time. Libraries such as OpenCV,
NumPy, and Pandas are used for image processing and data
handling, ensuring efficient computation and reliable system

performance.

3.Working Principle:

The system operates through the integration of computer vision,
object detection, and machine learning techniques. Traffic
video input is captured through a webcam or pre-recorded
traffic footage and processed using the YOLO model to detect
and count vehicles in real time. The extracted traffic data, such
as vehicle count and density, is then provided to machine
learning models like Linear Regression and Random Forest to
predict optimal green-light durations. Finally, the system
dynamically updates traffic signal timings and visualizes the
results through a GUI-based simulation, enabling efficient and

adaptive traffic management.

4. Accessibility and Innovation:

The system provides an easy-to-use and interactive interface
that allows users to monitor traffic conditions and visualize
signal behavior without requiring specialized hardware. Its key
innovation lies in combining YOLO-based real-time vehicle
detection with machine learning—driven adaptive signal
control, creating a fully automated traffic optimization system.
By dynamically adjusting signal durations according to actual
traffic density, the proposed system improves efficiency,
reduces congestion, and supports the development of smarter

and more sustainable urban transportation solutions.

5.Social Impact:

Beyond its technical capabilities, the Smart Traffic
Management System contributes to improving urban mobility
and enhancing the quality of life for commuters. By reducing
traffic congestion, unnecessary waiting time, and fuel
consumption, the system helps lower carbon emissions and
supports a cleaner environment. Through intelligent traffic
optimization, it promotes safer and more efficient
transportation systems, contributing toward smarter cities and a

more sustainable society.

4. METHODOLOGY

The proposed Smart Traffic Management System is
developed using an integrated approach that combines
computer vision, object detection, and machine learning
techniques to provide adaptive and intelligent traffic signal
control. The methodology focuses on accurately analyzing
real-time traffic conditions, interpreting traffic density, and

dynamically optimizing signal timing decisions.

The process begins with the acquisition of traffic data through
either a live webcam feed or pre-recorded traffic video
footage. The captured video frames are processed using
image preprocessing techniques to improve clarity and ensure
consistency in traffic analysis. These frames are then
prepared for further analysis by extracting relevant visual

information from traffic scenes.

To identify and monitor vehicles in real time, the system
employs the YOLO (You Only Look Once) object detection
model. The model detects and classifies vehicles such as cars,
buses, bikes, and trucks from video frames and generates
traffic-related information including vehicle count and lane
density. By using a pretrained YOLO model, the system
achieves fast and efficient detection suitable for real-time

applications.

The extracted traffic parameters are then supplied to machine
learning models such as Linear Regression and Random
Forest for traffic signal prediction. These models learn the
relationship between traffic density patterns and required
signal durations. Based on detected traffic conditions, the
system predicts the optimal green-light duration needed to

minimize congestion and improve traffic flow.

To improve system effectiveness and reliability, a traffic
evaluation stage is incorporated. This stage continuously
analyzes traffic conditions and compares predicted signal
durations with observed traffic behavior. Such validation
ensures that signal timing remains adaptive and relevant

under varying traffic conditions.

The final output is generated through a GUI-based simulation
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interface that visually represents traffic movement and signal
behavior. The system dynamically updates traffic lights
based on machine learning predictions while displaying real-
time changes and analysis results. This integrated approach
enhances traffic efficiency, reduces waiting time, and

supports intelligent urban traffic management.

The system ultimately produces optimized traffic signal
decisions along with real-time visualization of traffic
conditions and signal behavior. Additionally, the system
provides dynamic updates of green-light durations based on
detected vehicle density, enabling more efficient traffic
management. This intelligent approach helps reduce
congestion, minimize waiting time, and improve overall

transportation efficiency in urban environments.

5.SYSTEM ARCHITECTURE

Fig: System Architecture Diagram

The Smart
Traffic Management System is designed using a modular and
layered architectural approach to ensure scalability, efficient
traffic analysis, and smooth communication among different
system components. The architecture is structured into
multiple modules, including the data acquisition layer, object
detection module, machine learning prediction unit,
visualization interface, and traffic control mechanism, all
working together to provide adaptive and intelligent traffic

signal management.

At the traffic monitoring level, the data acquisition module is

responsible for collecting input from live cameras, webcams,

or pre-recorded traffic videos. This module captures traffic

footage from different lanes and forwards it for processing.

Additionally, it ensures that image frames are properly

© 2026, IJSREM | https://ijsrem.com

extracted and prepared for analysis, allowing the system to
receive structured visual input for further computational

processing.

The object detection module, implemented using the YOLO
(You Only Look Once) model, serves as the primary traffic
analysis component of the system. It processes incoming
video frames and detects vehicles such as cars, buses, bikes,
and trucks in real time. The module also performs vehicle
counting and density estimation, generating traffic-related
information that is further utilized by the machine learning

prediction system.

An essential part of the architecture is the machine learning
prediction module, which enables intelligent and adaptive
signal control. This module applies machine learning
algorithms such as Linear Regression and Random Forest to
analyze vehicle count and traffic density data. The extracted
information is processed to predict optimal green-light
durations, allowing the system to dynamically adjust signal

timings according to real-time traffic conditions.

The architecture also incorporates traffic signal management
mechanisms to improve overall system efficiency and
reliability. The predicted signal durations are continuously
evaluated and constrained within predefined minimum and
maximum limits to prevent starvation of any specific traffic
lane. This adaptive mechanism ensures balanced traffic
movement and supports effective congestion reduction under

varying road conditions.

The visualization layer is implemented using Flask and
React.js, providing an interactive interface for real-time
monitoring and system analysis. It displays live traffic feeds,
vehicle detection results, traffic density information, and
updated signal timings. This layer improves accessibility and

enables users to understand system behavior through a

responsive and user-friendly dashboard.

In summary, the system architecture facilitates a continuous
flow of information from traffic input to intelligent signal
control output. By integrating traffic monitoring, object

detection, machine learning analysis, and visualization
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components, the architecture ensures scalability, efficiency,
and adaptability. This structured design makes the Smart
Traffic Management System a reliable and effective solution

for modern urban traffic management.

IMPLEMENTATION

The Smart Traffic Management System was developed to
provide intelligent and adaptive traffic signal control based
on real-time traffic density analysis. The system utilizes
computer vision and machine learning techniques to
dynamically adjust traffic signal durations and improve

traffic flow efficiency.

The system allows traffic input through live CCTV feeds,
webcams, or prerecorded traffic videos. OpenCV libraries are
used for video acquisition and frame extraction. The captured
frames undergo preprocessing operations such as resizing,
normalization, and noise reduction to improve image quality
and detection accuracy. These preprocessing steps ensure

stable and efficient real-time operation.

6.1 Traffic Video Acquisition and Processing

The system allows users to enter their skills manually or
upload a resume. For resume input, Natural Language
Processing (NLP) techniques are applied to extract relevant
technical skills. spaCy’s Named Entity Recognition (NER) is
used to identify programming languages, frameworks, and
tools. The extracted skills are then cleaned and normalized to

remove duplicates and irrelevant terms.

6.2 Vehicle Detection Using YOLO

The processed video frames are forwarded to the YOLO
object detection model for identifying vehicles such as cars,
buses, bikes, and trucks. YOLO divides image frames into
grids and predicts object locations along with confidence
scores. Detected vehicles are highlighted using bounding
boxes, and lane-wise vehicle counts are continuously updated

for traffic density estimation.

6.3 Traffic Density Analysis
Traffic density information is computed based on detected
vehicle counts within each lane. The extracted data is

analyzed to identify congestion levels and traffic conditions

at intersections. This analysis enables the system to
understand lane occupancy and prepare traffic information

for adaptive signal prediction.

6.4 Machine Learning Prediction

Machine learning models such as Linear Regression and
Random Forest are implemented to predict optimal green
signal durations based on traffic density information.
Predicted outputs are used to dynamically allocate signal

durations for efficient traffic flow.

6.5 Adaptive Signal Control Mechanism

The system applies an adaptive control mechanism by
continuously updating signal durations according to
predicted traffic conditions. Congested lanes receive longer
green durations while less crowded lanes receive shorter
timings. Minimum and maximum threshold values are also
applied to prevent starvation and maintain balanced traffic

movement.

6.6 Real-Time Signal Decision Making

The system continuously monitors traffic flow and updates
signal timing decisions according to vehicle density patterns.
Real-time decision-making enables adaptive control where
highly congested lanes receive longer green durations,

reducing waiting time and improving traffic efficiency..

6.7 Visualization and Output Generation

The system produces real-time visualization of traffic
conditions through a dashboard. The dashboard displays live
traffic feeds, vehicle counts, traffic density information, and
adaptive signal timings. This structured visualization allows
users to monitor traffic behavior and understand system

performance in real time.

7.RESULTS AND EVALUATION
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Training
Model MAE || RMSE ||R?Score
Time
Linear
1.26s 1.44s 0.7767 0.005s
Regression
Random Forest || 0.494s || 0.651s || 0.9578 0.362s
SVR 0.988s || 1.375s || 0.8123 1.055s
XGBoost 0.435s || 0.554s || 0.9695 2.556s
e (et
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The Smart Traffic Management System was implemented and
evaluated to measure its effectiveness in adaptive traffic signal
control and real-time traffic monitoring. The evaluation focuses
on vehicle detection accuracy, signal prediction performance,
system responsiveness, and comparison with conventional

traffic management approaches.

7.1 System Implementation Results

The system was implemented using the YOLO object detection
model for wvehicle identification and machine learning
algorithms  for  signal timing prediction.  During
implementation, vehicles were successfully detected and
classified from traffic video inputs in real time. Lane-wise
vehicle counts were continuously generated and utilized for
traffic density estimation. Based on detected traffic conditions,
the machine learning models dynamically predicted signal

durations and updated traffic signals according to congestion

levels.

7.2 Model Evaluation

Multiple models and approaches were evaluated to analyze
system effectiveness and prediction performance. The YOLO
model demonstrated accurate real-time vehicle detection and
classification capabilities under varying traffic conditions.
Linear Regression provided efficient prediction performance
for simple traffic patterns, while Random Forest achieved better
prediction accuracy for complex and dynamic traffic scenarios.
The performance of these approaches was compared with
traditional fixed-time traffic systems, which showed lower

adaptability under changing traffic conditions.

7.3 Performance Analysis

The system was analyzed using several performance
parameters including response time, detection accuracy,
scalability, and processing efficiency. Experimental
observations showed that signal timing updates were generated
within a few seconds, ensuring real-time responsiveness. The
vehicle detection mechanism maintained stable performance
across different traffic densities. Additionally, the modular
system architecture supports future expansion for handling
multiple intersections and larger traffic environments while

maintaining smooth and efficient operation.

7.4 Quality Analysis

The implementation of adaptive signal control significantly
improved overall traffic management efficiency. Dynamic
allocation of signal durations reduced unnecessary waiting time

and improved vehicle movement at congested intersections.

The system also minimized traffic delays and fuel consumption

by prioritizing heavily congested lanes. Comparative
observations indicated that the proposed adaptive approach
performed more effectively than traditional fixed-time traffic

systems under varying traffic conditions.
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8.CONCLUSION

The development of the proposed Smart Traffic Management
System demonstrates the practical application of computer
vision and intelligent decision-making techniques in solving
urban traffic challenges. By integrating real-time vehicle
detection and adaptive signal control, the system provides an
automated approach for managing varying traffic conditions
more  efficiently than conventional methods. The
implementation validates the feasibility of combining detection

and prediction mechanisms within a unified framework.

Experimental observations indicate that the system can
successfully detect vehicles, estimate traffic density, and
dynamically allocate signal durations according to congestion
levels. The adaptive behavior of the system improves traffic
movement by prioritizing highly congested lanes while
maintaining balanced signal distribution. The modular design
also enables stable operation and supports future expansion

without major architectural changes.

The proposed framework establishes a foundation for next-
generation intelligent transportation systems and contributes
toward smart city development. Future improvements can
include integration of emergency vehicle prioritization, multi-
intersection coordination, IoT connectivity, and predictive
traffic analytics to create a more advanced and fully

autonomous traffic management ecosystem.

9.FUTURE WORK

The current system can be further enhanced by incorporating
multi-intersection traffic coordination to manage traffic flow
across larger urban road networks. Instead of controlling a
single junction independently, future implementations can
enable communication between multiple traffic signals to
optimize city-wide traffic movement. This enhancement can
improve synchronization between intersections and reduce

overall congestion in highly populated areas.

Future improvements may also include the integration of IoT
devices and cloud-based infrastructure for real-time data

collection and centralized traffic management. Sensors, smart

cameras, and connected devices can provide additional traffic
information such as vehicle speed, weather conditions, and road
incidents. Cloud integration can enable large-scale traffic
monitoring, historical data analysis, and predictive traffic

management for smarter decision-making.

Another important enhancement involves implementing
emergency vehicle prioritization and advanced predictive
models. Ambulances, fire trucks, and emergency services can
be detected and automatically assigned priority signal control
to reduce response time. More advanced machine learning or
deep learning techniques such as Reinforcement Learning and
Graph Neural Networks can also be explored to improve
and further increase traffic

adaptive decision-making

management efficiency.

Future research can focus on incorporating traffic violation
detection and monitoring mechanisms into the system. Features
such as red-light violation detection, overspeed monitoring,
lane discipline analysis, and automatic incident reporting can
be integrated using computer vision techniques. These
capabilities can improve road safety and assist traffic
authorities in implementing intelligent law enforcement

systems.

The proposed framework can also be extended by integrating
advanced analytics and predictive traffic forecasting models.
Historical traffic patterns and real-time traffic information can
be analyzed to predict congestion before it occurs. Such
predictive traffic

capabilities can support proactive

management strategies and improve long-term transport

planning for smart city environments.
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