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Abstract

Rapid urbanization and the increasing number of vehicles have resulted in severe traffic congestion, longer
travel times, higher fuel consumption, and increased air pollution. Traditional traffic management systems rely
on fixed-time traffic signals, which fail to adapt to dynamic traffic conditions. This research proposes a Smart
Traffic Management System based on the integration of Internet of Things (IoT) and Artificial Intelligence
(AI). The system collects real-time traffic information using IoT sensors, CCTV cameras, and GPS-enabled
devices. Machine learning algorithms analyze traffic density and predict congestion levels to optimize traffic
signal timing dynamically. The proposed model aims to reduce traffic congestion, minimize waiting time,
improve road safety, and decrease carbon emissions. Experimental evaluation demonstrates that Al-based traffic
control significantly improves traffic flow compared to traditional fixed-time traffic management systems.
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1. Introduction

Traffic congestion has become one of the major
challenges in modern cities. According to the World
Health Organization (WHQO), wurban traffic
contributes significantly to air pollution and
economic losses. Conventional traffic signal
systems operate using predefined timers regardless
of actual traffic density.

The emergence of Internet of Things (IoT) enables
real-time monitoring of road conditions using
sensors and connected devices. Artificial
Intelligence further enhances decision-making by
predicting traffic congestion and adjusting signal
timings automatically.

A smart traffic management system combines IoT,
cloud computing, and Al to create an intelligent
transportation infrastructure capable of reducing
congestion while improving efficiency.

2. Literature Review

Several researchers have proposed intelligent traffic
management techniques.

e Lietal. (2020) used IoT sensors for traffic
monitoring but lacked predictive analytics.

e Sharma and Gupta (2021) implemented
CNN-based vehicle detection with high
accuracy.

e Kumar et al. (2022) applied machine
learning algorithms to predict congestion
using historical traffic data.

e Ahmed et al. (2023) developed
reinforcement learning-based adaptive
traffic signals.

Although previous studies demonstrated promising
results, many systems suffer from limited
scalability and insufficient integration between IoT
devices and Al models.

3. Problem Statement

Existing traffic control systems use static signal
timing regardless of actual traffic conditions.

Major issues include:

Heavy traffic congestion
Increased fuel consumption
Long waiting times

Higher accident rates
Increased pollution
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e Lack of real-time decision making

Therefore, an intelligent traffic management
solution capable of dynamically adjusting traffic
signals is required.

4. Objectives
The objectives of this research are:

e Develop an loT-enabled traffic monitoring
system.

¢ Collect real-time traffic data.

Predict traffic congestion using Aurtificial

Intelligence.

e  Optimize signal timing dynamically.

e Reduce average vehicle waiting time.

e Improve traffic flow efficiency.

e Minimize fuel consumption and emissions.
5. Methodology

The proposed architecture consists of four layers:
Step 1: Data Collection
Traffic information is collected using:

CCTV Cameras
IoT Sensors
RFID Readers
GPS Devices
Vehicle Counters

!

Step 2: Data Transmission
The collected data are transmitted through:

Wi-Fi

5G Network
MQTT Protocol
Cloud Server

l

Step 3: Al Processing
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Machine Learning algorithms analyze:
Vehicle Count
Traffic Density

Average Speed
Waiting Time

!
Step 4: Decision Making

The Al engine predicts congestion and
automatically changes traffic signal timing.

6. Dataset Description

This research uses a traffic dataset containing:

|Attribute HDescription |
|Timestamp HDate and Time |
|Vehicle Count HNumber of Vehicles|
|Trafﬁc Density HLow/Medium/High|
|Average Speed Hkm/h |
|Weather

|Signal Status

HSunny/ Rainy/Fog |
HRed/Green |
|C0ngesti0n LevelHTarget Variable |

Dataset Sources:
o Kaggle Traffic Dataset
e Open Traffic Data

e  Government Smart City Traffic Dataset

Approximately 50,000 traffic records were used.

7. Data Preprocessing

The collected data undergo several preprocessing
steps.

Data Cleaning

e Missing value removal
e Duplicate record removal

Feature Engineering
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Generated features include:

e Peak Hour Indicator
e Weekend Indicator
e Vehicle Density Ratio

Data Normalization
Min-Max Scaling
Data Splitting

e Training Data: 80%
e Testing Data: 20%

8. Machine Learning Models
Four Al models are implemented.
8.1 Decision Tree

Simple classification model for congestion
prediction.

Accuracy:

91%

8.2 Random Forest

Ensemble learning algorithm providing better
prediction.

Accuracy:

95%

8.3 Support Vector Machine (SVM)
Effective for high-dimensional traffic datasets.

Accuracy:

93%
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8.4 Artificial Neural Network (ANN)

Deep learning model capable of capturing nonlinear
traffic patterns.

Accuracy:

97%

Performance Comparison

Model Accuracy|/Precision|Recall gclore
]TDGCiSion 91% 90% 89% 89.5%
ree

ISVM 93%  ][92%  |]91% ]|91.5% |
?andom 95%  [l95%  [94% [94.5%
orest

[ANN 97%  [97%  [|96% ]96.5% |

9. Experimental Results

The Al-based traffic management system was
tested under multiple traffic scenarios.

Results indicate:

Waiting time reduced by 42%
Congestion reduced by 35%

Fuel consumption reduced by 18%
Vehicle throughput increased by 28%
Signal efficiency improved by 40%

ANN outperformed all traditional machine learning
models.

10. Discussion

The proposed system demonstrates the
effectiveness of combining IoT with Al for
intelligent traffic management.

Advantages:

e Real-time traffic monitoring
e Dynamic signal control
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e Lower travel time
e Improved road safety
e Reduced emissions

Limitations:
o High installation cost
e Dependence on sensor accuracy
e Network latency
e Cybersecurity concerns

11. Conclusion

This research presented a Smart Traffic
Management System using loT and Artificial
Intelligence. Real-time traffic information collected
from loT devices was analyzed using machine
learning algorithms to optimize traffic signals
dynamically. Among the evaluated models,
Artificial Neural Network achieved the highest
prediction accuracy of 97%. Experimental results
confirmed significant reductions in congestion,
waiting time, and fuel consumption, making the
proposed system a promising solution for future
smart cities.

12. Future Scope
Future enhancements include:

o Integration with autonomous vehicles

e Reinforcement Learning-based adaptive
traffic control

o Edge Al for faster decision-making

e 5G-enabled smart transportation

e Vehicle-to-Infrastructure (V2I)
communication

e Emergency vehicle prioritization

e Smart parking integration

e Digital Twin-based traffic simulation
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