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Abstract — The loT-Based Smart Traffic Management System is an advanced intelligent transportation solution developed to
reduce traffic congestion, improve road safety, and optimize vehicle movement using Internet of Things (loT), Artificial
Intelligence (Al), and Deep Learning technologies. The system integrates 10T hardware components such as IR sensors, ultrasonic
sensors, RFID modules, NodeMCU/ESP8266 microcontrollers, cameras, and wireless communication modules to collect real-time
traffic data from road intersections and traffic signals. The captured data is transmitted to the central monitoring system through
IoT communication protocols for real-time analysis and decision-making. The proposed system uses the YOLOV8 deep learning
model for vehicle detection and counting from live camera feeds. Based on the detected traffic density, a Deep Q-Network (DQN)
reinforcement learning algorithm dynamically adjusts traffic signal timings to reduce waiting time and improve traffic flow
efficiency. The 10T sensors continuously monitor vehicle movement and congestion levels, while RFID technology can provide
priority access for emergency vehicles such as ambulances and fire trucks. A professional dashboard developed using Python
Tkinter and Matplotlib displays live traffic video, traffic density, congestion level, signal status, and graphical traffic trends in real
time. The intelligent system automatically predicts congestion conditions and optimizes signal control without manual
intervention. By combining 10T hardware, Al-based traffic analysis, and smart signal automation, the system helps reduce fuel
consumption, travel delay, and air pollution while improving transportation efficiency and urban mobility. The proposed Smart
Traffic Management System offers a scalable, cost-effective, and reliable solution for smart city infrastructure and future
intelligent transportation systems...

Index Words: Internet of Things (loT), Artificial Intelligence (Al), and Deep Learning, IR sensors, ultrasonic sensors, RFID modules,
NodeMCU/ESP8266 microcontrollers, cameras, wireless communication.
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| INTRODUCTION

Rapid urbanization and the increasing number of vehicles
have created major traffic congestion problems in modern
cities, leading to fuel wastage, air pollution, longer waiting
times, and road accidents. Traditional traffic management
systems use fixed-time traffic signals that cannot adapt to
changing traffic conditions efficiently. To overcome these
limitations, the proposed loT-Based Smart Traffic
Management System provides an intelligent and automated
solution using Internet of Things (loT), Artificial
Intelligence (Al), and Deep Learning technologies.The
system uses loT devices such as IR sensors, ultrasonic
sensors, RFID modules, ESP8266 controllers, and cameras
to collect real-time traffic information from road
intersections. The collected data is transmitted through
wireless communication networks for traffic analysis and
signal control operations. The YOLOV8 deep learning
model is used for vehicle detection and counting from live
traffic video streams, enabling accurate traffic density
estimation.Based on traffic conditions, the Deep Q-
Network (DQN) reinforcement learning algorithm
dynamically adjusts traffic signal timings to reduce
congestion and improve vehicle movement. The system
also supports emergency vehicle prioritization using RFID
technology for ambulances and fire vehicles. A Python-
based monitoring dashboard displays live traffic status,
congestion levels, signal information, and graphical traffic
trends in real time.By integrating loT hardware with Al-
driven decision-making, the proposed system improves
transportation efficiency, reduces travel delays, minimizes
fuel consumption, and lowers environmental pollution.
The system offers a scalable, reliable, and cost-effective
solution for smart city infrastructure and future intelligent
transportation systems.

Il LITERATURE SURVEY

Recent studies have highlighted the importance of IoT,
Artificial Intelligence (AI), and Deep Learning in smart
traffic management systems. Sabeen Javaid et al. [1]
proposed an loT-based traffic management system using
sensors, RFID technology, and Al algorithms for real-time
traffic monitoring and emergency vehicle prioritization. Md.
Imran Uddin et al. [2] developed an Al-based traffic control
system using NVIDIA Jetson Nano and deep learning
techniques for vehicle detection and congestion
management. Mansoor Akhtar et al. [3] introduced a
congestion-level dynamic traffic management system using
ultrasonic sensors and IoT technologies for adaptive signal
control. Motaz Amer and Rana Maher [4] presented a
PV/loT-based smart traffic system that improved traffic
flow and reduced fuel consumption through real-time signal
optimization. Shamitha C. et al. [5] implemented an
intelligent IoT-enabled traffic management system using
machine learning algorithms for congestion analysis and
dynamic traffic signal control.

111 Proposed Methodology

Figure 1: 10T Workflow of Implemented Model

The diagram shows the 10T circuit implementation of the Smart
Traffic Management System. The NodeMCU ESP8266 acts as
the central controller that connects all sensors, communication
modules, and traffic signal components. IR sensors are used to
detect and count vehicles on the road, while the ESP32-CAM
captures live traffic images for Al-based traffic analysis and
monitoring.

The collected traffic data is processed by the NodeMCU and
transmitted to the cloud server using Wi-Fi communication. A
16x2 LCD display shows traffic density and congestion status
in real time. The system controls traffic signal LEDs (Red,
Yellow, and Green) automatically based on traffic conditions,
and a buzzer provides alerts during high congestion situations.
The circuit also integrates 10T cloud monitoring using platforms
such as ThingSpeak for real-time traffic data visualization and
logging. Overall, the circuit demonstrates how loT devices,
sensors, wireless communication, and intelligent traffic signal
control work together to create an automated smart traffic
management solution for smart cities.

A. Dataset Used:

The COCO (Common Objects in Context) dataset is a widely
recognized large-scale dataset used in computer vision and deep
learning applications for object detection, image segmentation,
and image classification tasks. In the proposed Al-Based Smart
Traffic Management System, the COCO dataset is utilized to
train the YOLOvV8 model for vehicle identification and
classification.

The dataset includes a large collection of annotated real-

world images containing multiple object categories. For

traffic analysis applications, the important vehicle

categories used in this system include:

Car

Bus

Truck

Motorcycle

Bicycle

These labeled vehicle classes enable the YOLOvV8 model

to accurately recognize and analyze traffic objects in real-

time road environments, improving vehicle detection and

congestion monitoring performance.

B. Algorithms Used

a. YOLOV8 (You Only Look Once Version 8)
YOLOVS8 is an advanced deep learning-based
object detection model designed for fast and
accurate real-time detection tasks. In the
proposed system, the algorithm processes live
traffic video streams captured through cameras
and identifies various vehicle categories such as
cars, buses, trucks, and motorcycles.

Deep Q-Network (DQN) Reinforcement
Learning Algorithm

Deep Q-Network (DQN) is a reinforcement
learning technique applied for adaptive traffic
signal management. The algorithm learns
optimal traffic signal control strategies by
continuously analyzing traffic density and
congestion patterns. Through reward-based
learning, the model improves its signal timing
decisions over time.

The DQN framework in the proposed system
incorporates:

Real-time traffic density as input data

Q-learning for intelligent decision-making
Replay memory for storing previous experiences
Reward mechanisms for performance
optimization

Depending on traffic conditions, the model
dynamically adjusts signal durations such as 8
seconds, 15 seconds, or 25 seconds to enhance
vehicle movement and minimize congestion.
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b. OpenCV (Open Source Computer Vision)

OpenCV is employed for image and video
processing operations within the traffic
monitoring framework. It captures live
video streams from traffic cameras,
preprocesses image frames, performs
resizing and format conversion, and
displays detected vehicles using bounding
boxes.

The library also facilitates smooth communication

between the video input system and the YOLOV8

detection model for real-time traffic analysis.

b. Convolutional Neural Network (CNN)

Convolutional Neural Network (CNN) concepts are
integrated within the YOLOV8 architecture for feature
extraction and object recognition. CNN layers analyze
traffic images to identify vehicle patterns, shapes, and
visual  characteristics required for  accurate
classification and detection.

This deep learning approach improves the precision
and reliability of vehicle recognition under different
traffic conditions.

c.  Congestion Prediction Algorithm
A simple congestion prediction logic is implemented
using historical traffic density values stored in
queues. The algorithm calculates average traffic
density and classifies congestion levels as:
a. Low
Medium
High
This prediction helps the DQN model make
better signal timing decisions.

SYSTEM ARCHITECTURE

a.

The proposed system is an loT-based Smart Traffic
Management System that uses sensors, Al, and
reinforcement learning to automatically control traffic
signals and reduce congestion in urban areas. The system
begins with vehicle monitoring on road lanes using IR
sensors, ultrasonic sensors, and an ESP32-CAM module.
The IR IR sensors are utilized to identify the presence of
vehicles and assist in vehicle counting, whereas ultrasonic
sensors estimate vehicle queue length and traffic
congestion levels. Simultaneously, the ESP32-CAM
module captures live traffic video streams for continuous
surveillance and analysis.

All data collected from the sensors and camera modules is
processed by the ESP32 microcontroller, which functions
as the primary control unit of the system. The processed
information is transmitted to the Python-based traffic
management application through Wi-Fi and loT
communication technologies. The software platform,
developed using Tkinter and Al techniques, performs real-
time traffic analysis and supports intelligent decision-
making operations.

The YOLOvV8 object detection model is applied to
recognize and count different categories of wvehicles,
including cars, buses, and trucks, from live video feeds.
Using vehicle count information and queue measurements,
the system determines traffic density and categorizes
congestion conditions into low, medium, or high levels.

For adaptive traffic signal management, the proposed
system employs a Deep Q-Network (DQN) reinforcement
learning algorithm. The model evaluates real-time traffic
conditions and automatically selects appropriate signal
durations, such as 8 seconds, 15 seconds, or 25 seconds, to
improve traffic movement and reduce waiting time. Based
on the Al-generated decisions, the traffic controller
activates red, yellow, or green LED indicators for traffic
regulation.

A  Tkinter-based monitoring dashboard  provides
visualization of live traffic feeds, congestion levels, traffic
density information, Al-generated signal decisions, and
graphical traffic statistics in real time. Overall, the
intelligent traffic management framework enhances
transportation efficiency by minimizing congestion,
reducing vehicle delay, and supporting smart city traffic
control applications.

RESULTS AND DISCUSSIONS

Al BASED SMART TRAFFIC
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Figure 3: Hardware kit

The image shows a sample hardware kit model for an Al-
Based Smart Traffic Management System. The setup
represents a smart road intersection where traffic is
monitored and controlled automatically using 10T devices,
sensors, cameras, and Al processing. At the center of the
model, a traffic signal with red, yellow, and green LEDs
controls vehicle movement at the junction. Miniature roads
and cars are used to simulate real traffic conditions in a
smart city environment.

On the left side of the setup, IR sensors are installed to
detect the presence of vehicles on the road lanes. These
sensors help in vehicle counting and lane occupancy
detection. An ultrasonic sensor is also mounted near the
road to measure the distance between vehicles and
estimate traffic queue length or congestion level. The
ESP32 microcontroller board placed at the bottom acts as
the main controller that receives data from all sensors and
controls the traffic signals accordingly.

An ESP32-CAM module is installed on the right side to
capture live traffic video feeds. The camera sends images
and video streams for Al-based vehicle detection and
monitoring. The system can identify cars, buses, and trucks
using computer vision algorithms such as YOLOvV8. A
Raspberry Pi board is included for data processing and Al
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computation. It processes the sensor and camera data and
communicates with the Python-based smart traffic
software through 10T communication.

The LCD display in the front shows real-time traffic
information such as traffic density and congestion status.
The power supply unit provides the required electrical
power to all components in the kit. The entire setup
demonstrates how 10T devices, Al models, and intelligent
traffic signal control can work together to reduce
congestion, minimize waiting time, and improve smart city
transportation systems.

SMART TRAFFIC MANAGEMENT SYSTEM
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Figure 4 DQN presentation

a. The figure shows the real-time dashboard of the
loT-Based Smart Traffic Management System.
The system uses the YOLOv8 model to detect
vehicles from live traffic video and calculates
traffic  density and  congestion levels
dynamically. Based on Al decision-making
using the DQN algorithm, the traffic signal
timing is automatically optimized to improve
traffic flow and reduce congestion.

CONCLUSION AND FUTURE WORKS

The loT-Based Smart Traffic Management System
provides an intelligent, automated, and efficient solution
for modern urban traffic control. The system integrates loT
devices, Artificial Intelligence, Deep Learning, edge
computing, and real-time communication technologies to
monitor and manage traffic dynamically. Using cameras,
sensors, and wireless communication, the system
continuously collects real-time traffic data from road
intersections and analyzes it using advanced Al
algorithms.

The implementation of the YOLOvV8 object detection
model enables accurate vehicle detection and traffic
density estimation, while the Deep Q-Network (DQN)
reinforcement learning algorithm intelligently optimizes
traffic signal timing based on real-time traffic conditions.
This adaptive signal control mechanism helps reduce
traffic congestion, minimize waiting time, improve fuel
efficiency, and lower environmental pollution.

The system also provides a real-time graphical dashboard
for monitoring live traffic feeds, congestion levels, signal
timing, and traffic trends. The integration of edge
computing devices such as Raspberry Pi improves
processing speed and reduces communication latency,
making the system suitable for real-time smart city
applications.

Overall, the proposed system offers several advantages
over traditional fixed-time traffic management systems,
including intelligent decision-making, automated traffic
control, scalability, improved road safety, and enhanced
urban mobility. The project demonstrates how 10T and Al
technologies can be effectively combined to create a smart,
reliable, and cost-effective traffic management solution for
future intelligent transportation systems and smart cities

A .Future Scope

The loT-Based Smart Traffic Management System can be
further enhanced with advanced technologies and
additional smart city features to improve traffic efficiency,
scalability, and automation. The future scope of the
proposed system includes the following enhancements:
1.Integration with Smart City Infrastructure

The system can be integrated with other smart city services
such as smart parking, emergency response systems, public
transportation monitoring, and environmental monitoring
for centralized urban management.

2.Multi-Junction Traffic Coordination

Future implementations can support communication and
coordination between multiple traffic intersections to
optimize city-wide traffic flow and reduce congestion
across large road networks. .
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