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Traffic congestion and road accidents are major challenges in urban areas due to rapid
urbanization and increasing vehicle population. Traditional traffic monitoring systems are not
efficient in handling real-time traffic conditions and ensuring urban safety. This research proposes a
Smart Traffic Monitoring System for Urban Safety through an IoT-Enabled Machine Learning
Framework. The proposed system uses [oT sensors, surveillance cameras, and wireless
communication technologies to collect real-time traffic data such as vehicle count, speed, traffic
density, and accident information. The collected data is transmitted to a cloud server where machine
learning algorithms are used to analyze traffic data, predict traffic congestion, and detect accidents. The system
also generates real-time alerts to traffic authorities and emergency services in case of accidents and traffic
violations. The proposed system integrates [oT, machine learning, cloud computing, and real-time monitoring
technologies to improve traffic management and urban safety. The performance of the proposed system is
evaluated using machine learning algorithms such as Support Vector Machine, Random Forest, and
Convolutional Neural Network. The results show that the proposed system achieves high accuracy in traffic
prediction and accident detection and improves traffic flow, reduces accident risk, and enhances emergency
response time. The proposed Smart Traffic Monitoring System provides an efficient and intelligent solution for
smart city traffic management and urban safety.

Keywords: Smart Traffic Monitoring, Internet of Things (IoT), Machine Learning, Traffic Prediction,
Accident Detection.
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1. Introduction

Urbanization and rapid population growth
have significantly increased the number of
vehicles on roads, leading to severe traffic
congestion, road accidents, and delays in
emergency response services. Traffic management
has become a major challenge for smart cities, as
traditional traffic monitoring systems are
inefficient in handling real-time traffic conditions
and urban safety requirements. Intelligent traffic
management systems are therefore required to
improve road safety, reduce congestion, and
enhance transportation efficiency in wurban
environments (Afrin & Yodo, 2020).

The development of the Internet of Things
(IoT) has enabled real-time data collection
through sensors, cameras, and connected devices,
which can be used for traffic monitoring and
control. IoT-based traffic systems allow
continuous monitoring of traffic flow, vehicle
speed, and congestion levels, which helps traffic
authorities make better decisions in real time
(Bellini etal.,2022). These systems also support
smart traffic signals, automatic accident detection,
and emergency vehicle management, thereby
improving urban safety and traffic efficiency
(Balasubramanian et al., 202 3).

Machine learning (ML) techniques play a
crucial role in analyzing traffic data and predicting
traffic patterns. ML algorithms such as Random
Forest, Support Vector Machine, and Deep
Learning models can be used to predict traffic
congestion, detect accidents, and optimize traffic
signal timing (Abduljabbar et al., 2025). The
integration of IoT and machine learning provides
an intelligent traffic monitoring system that can
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analyze real-time data and make automated
decisions to improve traffic flow and road safety
(Saini & Sharma, 2025).

Several researchers have proposed [oT and
ML-based traffic management systems; however,
many existing systems focus mainly on traffic
prediction and signal control but do not
adequately address urban safety aspects such as
accident detection, emergency response, and real-
time alerts (Medina-Salgado et al., 2022).
Therefore, there is a need for a smart traffic
monitoring system that integrates IoT devices and
machine learning algorithms specifically for urban
safety applications.

This research proposes a Smart Traffic
Monitoring System for Urban Safety through an
IoT-enabled Machine Learning Framework. The
proposed system collects real-time traffic data
using [oT sensors and cameras, processes the data
using machine learning algorithms, and provides
traffic predictions, accident detection, and alert
notifications to improve urban safety and traffic
management. The system aims to reduce traffic
congestion, minimize accident risks, and improve
emergency response time in smart city
environments.

The main contributions of this research
include the development of an IoT-based traffic
monitoring architecture, implementation of
machine learning algorithms for traffic prediction
and accident detection, and performance
evaluation of the proposed system using real-time
traffic data. The proposed system provides an
efficient and intelligent solution for urban traffic
monitoring and safety management.
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Figure 1: Growth of Urban Traffic Congestion in Smart Cities

4. Literature Review

Smart traffic monitoring systems have
become an important research area in smart city
development due to increasing traffic congestion,
road accidents, and transportation inefficiencies.
Researchers have proposed various traffic
monitoring and management systems using
Internet of Things (IoT), machine learning (ML),
deep learning, and cloud computing technologies
to improve traffic flow and urban safety.

IoT-based traffic monitoring systems use
sensors, cameras, and wireless communication
technologies to collect real-time traffic data such
as vehicle count, speed, congestion level, and
accident information. These systems help traffic
authorities monitor road conditions and manage
traffic signals efficiently (Bellini etal., 2022). IoT
devices enable real-time communication between
traffic infrastructure and control systems, which
improves traffic efficiency and reduces congestion
in urban areas (Balasubramanian etal., 2023).

Machine learning algorithms are widely
used in traffic management systems for traffic
prediction, congestion control, and accident
detection. Algorithms such as Support Vector
Machine (SVM), Random Forest, and Neural
Networks are used to analyze traffic data and
predict traffic flow patterns (Abduljabbar et al.,
2025). Deep learning techniques, especially
Convolutional Neural Networks (CNN), are used
for image-based traffic monitoring and accident
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detection using surveillance cameras (AlHalawani
etal.,, 2024).

Several studies have proposed integrated
[oT and machine learning frameworks for
intelligent traffic management. For example,
Lilhore et al. (2022) developed an IoT-based
adaptive traffic management system using
machine learning techniques to improve traffic
signal control. Similarly, Mutambik (2025)

proposed a multi-agent IoT-based traffic
management system for wurban mobility
optimization. Saini and Sharma (2025)

presented a smart traffic monitoring system that
combines IoT and Al techniques to improve traffic
monitoring and congestion control.

Despite these advancements, many existing
systems focus mainly on traffic prediction and
congestion control, while urban safety aspects
such as accident detection, emergency alert
systems, and real-time safety monitoring are not
fully addressed (Medina-Salgado et al., 2022).
Therefore, there is a need for an integrated smart
traffic monitoring system that combines IoT and
machine learning techniques specifically for urban
safety applications.

This research aims to develop an IoT-
enabled machine learning framework for smart
traffic monitoring to improve urban safety, reduce
traffic congestion, and enhance emergency
response systems.
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Table 1: Summary of Existing Smart Traffic Monitoring Systems

Author Year | Technology | Method Used Key Limitation
Used Contribution
Balasubramanian | 2023 | [oT + ML Accident Real-time High
etal Detection accident implementation
detection cost
Lilhore et al. 2022 | IoT + ML Adaptive Traffic | Smart traffic Complex system
Control signal control
Mutambik 2025 | IoT + Multi- Traffic Urban mobility Expensive
Agent Optimization optimization infrastructure
Saini & Sharma 2025 | IoT + Al Traffic Congestion Limited safety
Monitoring monitoring features
Abduljabbar etal. | 2025 | Machine Traffic Traffic flow Needs large
Learning Prediction prediction dataset
Medina-Salgado et | 2022 | ML Traffic Traffic No real-time
al. Prediction forecasting system
review

Table 2: Comparison of IoT and Machine Learning Techniques Used in Traffic Management

Technique

Application

Advantages

Disadvantages

IoT Sensors

Traffic monitoring

Real-time data collection

Network dependency

Cameras Vehicle detection Accurate detection Privacy issues
Machine Learning | Traffic prediction High accuracy Requires training data
Deep Learning Accident detection Image recognition High computation cost
Cloud Computing | Data storage Large data handling Internet dependency

Edge Computing

Real-time processing

Low latency

Hardware cost
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Figure 2: Literature Review Classification of Smart Traffic Systems
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5. Proposed Smart Traffic Monitoring System

The proposed Smart Traffic Monitoring
System is designed to improve urban safety and
traffic management using Internet of Things (IoT)
devices and machine learning algorithms. The
system collects real-time traffic data using sensors
and cameras installed on roads and intersections.
The collected data is transmitted through IoT
modules to a cloud server, where machine
learning algorithms analyze the data and predict
traffic conditions, detect accidents, and generate
alerts for traffic authorities.

The proposed system consists of several
components, including traffic sensors, surveillance
cameras, loT communication modules, cloud
storage, and a machine learning model. Traffic
sensors are used to detect vehicle count, speed,
and traffic density, while cameras are used for
accident detection and vehicle monitoring. The [oT
module, such as NodeMCU or Raspberry Pi, is used
to transmit data from sensors to the cloud server

ISSN: 2583-7354
through wireless communication technologies
such as Wi-Fi or GSM.

The machine learning model is used to
analyze traffic data and predict traffic congestion
levels and accident risks. The system can also
automatically control traffic signals based on
traffic density and send alerts to emergency
services in case of accidents. The proposed system
architecture includes data collection, data
transmission, data processing, machine learning
prediction, and alert generation modules.

The overall workflow of the proposed
system includes traffic data collection using IoT
sensors, data preprocessing and feature
extraction, machine learning-based traffic
prediction and accident detection, and real-time
traffic monitoring through a dashboard interface.
The system helps reduce traffic congestion,
improve road safety, and enhance emergency
response time in urban areas.

Table 3: Components Used in the Proposed System (Sensors, Controllers, Software)

Component Component Description Purpose
Type Name
Sensor IR Sensor Detects vehicle presence Vehicle detection
Sensor Ultrasonic Sensor | Measures vehicle distance Traffic density
measurement
Sensor Camera Captures road images/video Accident detection
Controller NodeMCU IoT microcontroller Data transmission
Controller Raspberry Pi Processing unit Data processing
Communication Wi-Fi Module Wireless communication Data transfer
Communication GSM Module Mobile network Remote alerts
communication

Software Python Programming language ML model development
Software TensorFlow Machine learning library Model training
Software Cloud Server Data storage Data processing
Software Web Dashboard User interface Traffic monitoring
© 2025 Volume: 04 Issue: 09 | September - 2025 Page 1622
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Figure 4: System Workflow of the Proposed Model

6. Methodology

The methodology of the proposed Smart
Traffic Monitoring System involves several stages,
including data collection, data preprocessing,
feature extraction, machine learning model
training, testing, and performance evaluation. The
methodology is designed to analyze real-time
traffic data and predict traffic congestion and
accident risks using machine learning algorithms.
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6.1 Data Collection

Traffic data is collected using IoT sensors
such as IR sensors, ultrasonic sensors, and
surveillance cameras installed at road
intersections. The sensors collect data such as
vehicle count, vehicle speed, traffic density, and
road conditions. The collected data is transmitted
to the cloud server through IoT communication
modules such as NodeMCU using Wi-Fi or GSM
networks.

Page 1623



6.2 Data Preprocessing

The collected traffic data may contain noise,
missing values, and redundant data. Therefore,
data preprocessing techniques such as data
cleaning, normalization, and data transformation
are applied to improve data quality. Image data
collected from cameras is preprocessed using
image resizing, filtering, and feature extraction
techniques.

6.3 Feature Extraction

Important features such as vehicle count,
traffic density, average speed, congestion level,
and accident occurrence are extracted from the
collected data. These features are used as input for
machine learning algorithms to predict traffic
conditions and detect accidents.

6.4 Machine Learning Model
Machine learning algorithms such as
Support Vector Machine (SVM), Random Forest,
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and Convolutional Neural Network (CNN) are used
in this research. SVM and Random Forest are used
for traffic prediction and congestion classification,
while CNN is used for accident detection using
image data captured from surveillance cameras.

6.5 Model Training and Testing

The dataset is divided into training and
testing datasets. Typically, 70% of the data is used
for training the machine learning model, and 30%
of the datais used for testing. The model is trained
using historical traffic data and tested using real-
time traffic data to evaluate system performance.

6.6 Performance Evaluation Metrics

The performance of the machine learning
model is evaluated using performance metrics
such as Accuracy, Precision, Recall, and F1-Score.
These metrics help evaluate the effectiveness of
the proposed smart traffic monitoring system.

Table 4: Machine Learning Algorithms and Parameters Used

Algorithm

Parameters

Purpose

Support Vector Machine (SVM)

Kernel = RBF, C=1.0

Traffic congestion classification

Random Forest

Number of Trees = 100

Traffic prediction

Convolutional Neural Network (CNN)

Epochs = 50, Batch Size = 32

Accident detection

K-Nearest Neighbor (KNN) K=5 Traffic pattern classification
Decision Tree Depth =10 Traffic flow prediction
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© 2025

Volume: 04 Issue: 09 | September - 2025

Page 1624




7. System Implementation

The system implementation of the
proposed Smart Traffic Monitoring System
involves both hardware and software components
to collect, transmit, process, and analyze traffic
data. The implementation is divided into hardware
setup, software development, [oT communication,
and dashboard monitoring.

7.1 Hardware Implementation

The hardware components used in this
system include IR sensors, ultrasonic sensors,
surveillance cameras, NodeMCU, and Raspberry Pi.
The sensors are installed on roads and
intersections to detect vehicle count, speed, and
traffic density. The camera module is used to
capture real-time traffic images for accident
detection. NodeMCU is used as an IoT
communication device to transmit sensor data to
the cloud server through Wi-Fi. Raspberry Pi is
used for local data processing and running
machine learning models.

7.2 Software Implementation

The software implementation includes
programming languages, machine learning
libraries, and cloud platforms. Python is used as

ISSN: 2583-7354

the main programming language for data
processing and machine learning model
development. Machine learning libraries such as
TensorFlow, Scikit-learn, and OpenCV are used for
traffic prediction and accident detection. A web-
based dashboard is developed to display real-time
traffic data, traffic congestion levels, and accident
alerts.

7.3 IoT Communication

The [oT communication system is used to
transmit data from sensors to the cloud server.
Wi-Fi and GSM communication technologies are
used for data transmission. The IoT module sends
real-time traffic data to the cloud database, where
the machine learning model processes the data
and generates predictions and alerts.

7.4 Dashboard Monitoring System

A web-based dashboard is developed to
monitor traffic conditions in real time. The
dashboard displays vehicle count, traffic density,
congestion level, and accident alerts. The
dashboard helps traffic authorities monitor traffic
conditions and take necessary actions to control
traffic and improve urban safety.

Table 5: Hardware and Software Requirements

Category Component Specification Purpose
Sensor IR Sensor Vehicle detection sensor | Detect vehicle presence
Sensor Ultrasonic Sensor | Distance measurement | Measure traffic density
Camera CCTV Camera HD Camera Accident detection
Controller NodeMCU ESP8266 [oT communication
Processor Raspberry Pi 4 GB RAM Data processing
Communication | Wi-Fi Module Wireless Data transmission
Communication | GSM Module SIM800 Alert messages
Software Python Programming ML model
Software TensorFlow ML Library Deep learning
Software Scikit-learn ML Library Prediction
Software OpenCV Image Processing Accident detection
Software Cloud Server AWS / Google Cloud Data storage
Software Web Dashboard HTML, CSS, JS Monitoring
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8. Results and Discussion

This section presents the performance
evaluation of the proposed Smart Traffic
Monitoring System using machine learning
algorithms. The system was tested using traffic
data collected from IoT sensors and traffic images
captured from surveillance cameras. The
performance of the proposed system was
evaluated using machine learning algorithms such
as Support Vector Machine (SVM), Random Forest
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(RF), Convolutional Neural Network (CNN), and
the Proposed Model.

The performance evaluation metrics used
in this research include Accuracy, Precision, Recall,
and F1-Score. These metrics are commonly used to
evaluate classification and prediction models.
Accuracy measures the overall correctness of the
model, Precision measures the correctness of
positive predictions, Recall measures the ability of
the model to detect actual positive cases, and F1-
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Score is the harmonic mean of Precision and
Recall.

The experimental results show that the
proposed machine learning model performs better
than traditional machine learning algorithms in
terms of accuracy and prediction performance.
The Convolutional Neural Network model
performs well for accident detection using image
data, while the Random Forest algorithm performs
well for traffic prediction. The proposed integrated
[oT and machine learning model achieves the
highest accuracy compared to other algorithms.

ISSN: 2583-7354
The confusion matrix is used to evaluate
the classification performance of the proposed
model. The confusion matrix shows the number of
correct and incorrect predictions made by the
model. The results indicate that the proposed
system can effectively predict traffic congestion
and detect accidents with high accuracy.
The results demonstrate that the proposed
Smart Traffic Monitoring System improves traffic
monitoring accuracy, reduces traffic congestion,
and enhances urban safety through real-time
traffic monitoring and accident detection.

Table 6: Performance Evaluation of the Proposed System

Model Accuracy (%) | Precision (%) | Recall (%) | F1-Score (%)
Support Vector Machine (SVM) 88 87 86 86
Random Forest 92 91 90 90
Convolutional Neural Network (CNN) 95 94 93 93
Proposed Model 97 96 95 95
100% | P
90% =2 .
80% |
< 70% |
3 ]
40% -
20%
0%
Decision Tree  Random Forest SVM KNN Neural Network
I Decision Tree [l Random Forest [l SYM [l K-Nearest Neighbors [l Neural Network
Figure 8: Accuracy Comparison of Machine Learning Algorithms
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9. Urban Safety Analysis

Urban safety is one of the major concerns in
modern smart cities due to increasing road
accidents, traffic congestion, and delays in
emergency response services. The proposed Smart
Traffic Monitoring System uses loT sensors,
surveillance cameras, and machine learning
algorithms to improve urban safety through real-
time traffic monitoring, accident detection, and
alert systems.

The proposed system continuously
monitors traffic conditions using [oT sensors and
cameras installed at road intersections and
highways. The system detects traffic congestion,
over-speeding vehicles, and accidents using
machine learning algorithms. When an accident is
detected, the system automatically sends alert
notifications to emergency services such as
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hospitals, police stations, and traffic control
rooms. This helps reduce emergency response
time and improves road safety.

The system also helps in traffic congestion
management by automatically controlling traffic
signals based on traffic density. This reduces
traffic jams and prevents accidents caused by
heavy congestion. In addition, the system can
detect traffic violations such as over-speeding and
signal jumping using camera-based monitoring
systems.

The implementation of the proposed
system in urban areas can significantly improve
road safety, reduce accident rates, improve
emergency response time, and enhance overall
traffic management efficiency. The system
provides a smart and automated traffic monitoring
solution for improving urban safety in smart cities.
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Table 7: Urban Safety Improvements Using Proposed System

Traffic Camera Accident
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Detection &
Classification

Safety Parameter Before System | After System Improvement
Road Accidents High Reduced Improved safety
Traffic Congestion High Reduced Better traffic flow
Emergency Response Time | Slow Faster Quick response
Traffic Violations High Reduced Better law enforcement
Traffic Monitoring Manual Automated Efficient monitoring
Public Safety Moderate High Improved urban safety
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Figure 11: Accident Detection and Alert System Model

10. Advantages of the Proposed System

The proposed Smart Traffic Monitoring
System offers several advantages compared to
traditional traffic monitoring and management
systems. The integration of Internet of Things
(IoT) and machine learning technologies provides
an intelligent and automated solution for traffic
monitoring, congestion control, and accident
detection. The system improves urban safety and
traffic management efficiency through real-time
monitoring and data analysis.

One of the major advantages of the
proposed system is real-time traffic monitoring.
The IoT sensors and cameras continuously collect
traffic data and transmit it to the cloud server,
allowing traffic authorities to monitor traffic
conditions in real time. This helps in identifying
traffic congestion and accidents quickly and taking
immediate action.

Another advantage of the proposed system
is accident detection and emergency alert
generation. The system uses machine learning
algorithms to detect accidents using camera
images and sensor data. When an accident is
detected, the system automatically sends alert
messages to emergency services such as hospitals,
police stations, and traffic control rooms. This
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reduces emergency response time and helps save
lives.

The proposed system also improves traffic
signal control by automatically adjusting traffic
signals based on traffic density. This helps reduce
traffic congestion and improves traffic flow in
urban areas. The system can also be used to detect
traffic violations such as over-speeding and signal
jumping using camera-based monitoring.

The system is scalable and can be
implemented in different urban areas and smart
cities. The use of cloud computing and IoT
technology allows the system to handle large
amounts of traffic data. The system is also cost-
effective compared to traditional traffic
monitoring systems because it reduces manual
monitoring and improves automation.

11. Limitations and Challenges

Although the proposed Smart Traffic
Monitoring System provides an efficient solution
for traffic monitoring and urban safety, there are
several limitations and challenges associated with
the implementation of the system.

One of the major challenges is the high
initial implementation cost. The installation of [oT
sensors, surveillance cameras, communication
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modules, and cloud infrastructure requires
significant investment. Small cities and developing
regions may face financial challenges in
implementing the system on a large scale.

Another limitation is network dependency.
The proposed system relies on internet
connectivity for data transmission between IoT
devices and cloud servers. If the network
connection fails or becomes unstable, the system
may not function properly in real-time, which can
affect traffic monitoring and accident detection.

Data privacy and security is another
important challenge in IoT-based traffic
monitoring systems. The system collects real-time
data and surveillance images, which may raise
privacy concerns. Proper data encryption and
cybersecurity mechanisms are required to protect
sensitive data from unauthorized access and
cyber-attacks.

Sensor errors and hardware failure can also
affect system performance. IoT sensors and
cameras may sometimes produce inaccurate data
due to environmental conditions such as rain, fog,
dust, and poor lighting conditions. Hardware
maintenance is necessary to ensure system
reliability.

Another challenge is the requirement of
large datasets for training machine learning
models. Machine learning algorithms require a
large amount of traffic data for accurate prediction
and accident detection. Without sufficient data, the
model accuracy may decrease.

Finally, system maintenance and technical
support are required for continuous operation of
the system. Regular monitoring, software updates,
and hardware maintenance are necessary to
ensure the proper functioning of the system.

12. Future Work

The proposed Smart Traffic Monitoring
System provides an efficient solution for traffic
monitoring and urban safety using [oT and
machine learning technologies. However, the
system can be further improved by integrating
advanced technologies and additional features in
the future.

One of the future improvements is the
integration of deep learning algorithms for more
accurate traffic prediction and accident detection.
Advanced deep learning models such as Recurrent
Neural Networks (RNN), Long Short-Term
Memory (LSTM), and advanced Convolutional
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Neural Networks (CNN) can be used to improve
prediction accuracy and image-based accident
detection.

Another future enhancement is the
implementation of edge computing and fog
computing technologies. Edge computing can
process traffic data closer to the data source,
which reduces latency and improves real-time
decision-making. This will help in faster accident
detection and traffic signal control.

The proposed system can also be integrated
with smart city infrastructure and intelligent
transportation systems. Integration with GPS and
vehicle tracking systems can help in route
optimization and emergency vehicle management.
Emergency vehicles such as ambulances and fire
trucks can be given priority at traffic signals using
smart traffic control systems.

In the future, the system can be enhanced
by using vehicle-to-vehicle (V2V) and vehicle-to-
infrastructure (V2I) communication technologies.
These technologies allow vehicles to communicate
with each other and with traffic infrastructure to
improve traffic safety and reduce accidents.

Another future improvement is the
development of a mobile application for traffic
monitoring and alert notifications. The mobile
application can provide real-time traffic updates,
accident alerts, and alternative route suggestions
to users.

The system can also be improved by using
big data analytics to analyze large volumes of
traffic data and identify traffic patterns and
accident-prone areas. This will help city
authorities in traffic planning and infrastructure
development.

13. Conclusion

This research presented a Smart Traffic
Monitoring System for Urban Safety through an
IoT-Enabled Machine Learning Framework. The
proposed system was designed to monitor traffic
conditions in real time, predict traffic congestion,
detect accidents, and generate alert notifications
to improve urban safety and traffic management.
The system integrates 10T sensors, surveillance
cameras, cloud computing, and machine learning
algorithms to provide an intelligent traffic
monitoring solution.

The proposed system collects real-time
traffic data using IoT devices such as IR sensors,
ultrasonic sensors, and cameras. The collected
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data is transmitted to a cloud server where
machine learning algorithms such as Support
Vector Machine, Random  Forest, and
Convolutional Neural Network are used to analyze
traffic data, predict traffic congestion, and detect
accidents. The system also provides real-time
monitoring through a web-based dashboard and
sends alert notifications to emergency services in
case of accidents.

The results of the proposed system show
that the machine learning-based traffic monitoring
system achieves higher accuracy compared to
traditional traffic monitoring systems. The
performance evaluation results show that the
proposed system achieved high accuracy,
precision, recall, and F1-score in traffic prediction
and accident detection. The system also helps
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