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ABSTRACT

Urban centers have been faced with a serious problem as a result of traffic congestion, which results in longer travel
times, more fuel usage, and more pollution. Conventional traffic control systems, based on fixed time periods to modify signals,
tend to fail to adapt to the dynamic nature of urban traffic, resulting in wasteful delays and congestion. The purpose of this
project is to overcome the shortcoming of traditional traffic signal systems through the development of an loT-based traffic
management system based on Arduino, IR sensors, and LED lights in order to dynamically regulate traffic. The system prioritizes
lanes of high traffic flow and optimizes signal timing depending on real-time traffic data. IR sensors are employed in the
suggested system in detecting the presence of vehicles at intersections. An Arduino microcontroller processes the sensor data
and varies traffic light timing based on vehicle density. If the traffic density in a lane is high, the system prolongs the green light
period to accommodate more vehicles to cross the road. On the other hand, when the system detects fewer vehicles, the duration
of the signal is reduced to minimize waiting times unnecessarily. This signal cycle adaptive modulation benefits traffic flow and
minimizes congestion at intersections. Early evaluations of the system indicate a noticeable decrease in congestion and waiting
times relative to fixed-timing systems. By adjusting signal timing on the basis of real- time traffic, the system maximizes
smoother traffic flow and reduces fuel consumption and emissions caused by extended idling. This traffic control system based
on loT is a scalable solution for urban traffic management that is more effective, sustainable, and responsive compared to static
systems. It is a major step forward in the development of smarter, more responsive traffic control systems for contemporary
cities.

Keywords: Traffic management utilizing 10T, Arduino technology, infrared sensors, adaptive signal timing, instantaneous traffic
information.

1: INTRODUCTION: Despite many studies conducted on intelligent traffic
systems, most either concentrate on centralized control

Traffic congestion stands as one of the most pressing methods or advanced data analysis aimed at improving

challenges faced by urban areas worldwide. As cities grow
and populations increase, roadways become more
congested, which lead to extended travel times, greater
consumption of fuel, and higher levels of polluted air.
Traditional traffic management systems, that rely on fixed-
time traffic signal schedules, inadequately address the
dynamic and unpredictable nature of urban traffic. These
systems do not have the ability to adjust in real time based
on traffic flow, resulting in inefficiencies that worsen
congestion, longer wait times at intersections, and
unnecessary fuel consumption. This issue carries significant
environmental, economic, and social consequences,
highlighting the need for more flexible and efficient traffic
control solutions.
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traffic patterns. However, there remains a gap in the
establishment of economical, real-time adaptive systems
that can easily integrate into existing infrastructures.
Several contemporary systems rely on expensive
infrastructures or complex algorithms, making them
impractical for widespread use in resource-constrained
urban environments. This research seeks to address this void
by proposing a more scalable, cost-effective solution that
utilizes Internet of Things (IoT) technology, particularly
through Arduino microcontrollers, IR sensors, and LED
lights, to create a dynamic traffic management system.

The primary goal of this study is to develop an IoT-
based system capable of flexibly adjusting traffic signal
timings based on real-time traffic data. The proposed system
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uses IR sensors to detect vehicle presence at intersections,
and the information gathered is processed by an Arduino
microcontroller to optimize signal cycles. This dynamic
adjustment of signal timings promotes improved traffic
flow, reducing congestion and enhancing overall efficiency.

The approach involves placing IR sensors at key
intersections to collect real-time data, which is then
processed by an Arduino system to control traffic lights
dynamically. The performance outcomes of this system are
compared with conventional fixed-timing traffic signal
systems to assess improvements in traffic flow and
reductions in congestion. The remainder of the paper is
structured as follows: Section 2 reviews existing literature
on traffic management and IoT-based solutions, Section 3
details the design and implementation of the proposed
system, Section 4 presents experimental findings, and
Section 5 discusses the conclusions and prospective

applications of the system.

2: LITERATURE REVIEW

A literature survey provides a thorough examination
of current research, publications, articles, and other
references pertinent to a particular subject. It aids in
comprehending what has been previously explored,
pinpointing areas lacking information, and forming the
basis for future research.

Kian Raheem Qasim et al. (2024) [1] developed a
traffic light management system improved by IoT using
Arduino and IR sensors aimed at real-time data gathering to
enhance traffic flow. The system employs metaheuristic
algorithms, specifically Particle Swarm Optimization (PSO)
and Grey Wolf Optimization (GWO), to determine the best
timing for traffic lights. A combined PSO-GWO method
was introduced, integrating the benefits of both algorithms
for improved performance. The study demonstrated that the
hybrid PSO-GWO method was more efficient than
individual PSO and GWO, achieving a traffic movement
accuracy of 92. 52%, a reduction in delays of 99. 45%, and
an increase in throughput of 89. 91%. PSO was particularly
effective in reducing waiting times, with an improvement of
79.34%. On the other hand, GWO showed moderate impact
across various metrics. The results underline the higher
effectiveness of the hybrid approach for intelligent traffic
management, providing a highly accurate solution for traffic
optimization. This research highlights the integration of IoT
and hybrid optimization techniques in traffic control
systems, with potential future applications in the
development of smart cities.

Ali and Nawaz (2024) [2] revealed a novel strategy
for traffic and speed management utilizing edge-based IoT
systems. They addressed the challenges related to
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centralized cloud-based traffic management systems, which
consist of considerable latency and restricted scalability, by
utilizing edge computing to locally process data at crucial
traffic nodes. This method enabled swift traffic control,
encompassing speed management, alterations to traffic
lights, and detection of accidents. The study incorporated Al
and machine learning algorithms at the edge for flexible
traffic forecasting and responses, improving traffic flow and
reducing congestion. Furthermore, edge computing
diminished reliance on centralized data servers, improving
data privacy and ensuring system reliability. However,
challenges such as system scalability, data security, and
infrastructure costs were identified as barriers to widespread
implementation.

Rehman and Martin (2024) [3] investigated the
integration of edge computing with IoT for real-time traffic
speed monitoring. They underscored the importance of
edge-based systems,which employ sensors like cameras and
radar, in reducing latency and enhancing system
responsiveness by processing data on-site. This results in
improved traffic enforcement, a decrease in accidents, and
enhanced traffic flow. Additionally, this strategy effectively
manages substantial amounts of data, decreasing reliance on
centralized servers. By combining Al, 5G, and IoT, the
system promotes predictive traffic management and
increases safety while preserving data privacy. The paper
positions edge-based solutions as vital for the progress of
smart cities and efficient urban transportation.

Girish et al. (2023) [4] present an Intelligence-Based
Traffic Control System for Ambulances Using IoT, designed
to improve emergency medical services by ensuring quick
and safe transit of ambulances through busy streets. By
integrating IoT technology with intelligent traffic
management, the system allows for real-time control of
traffic signals, assuring uninterrupted ambulance passage.
Although the paper does not provide specific metrics for
accuracy, it emphasizes the system's effectiveness and
scalability, suggesting it can be modified for other
emergency vehicles. The design is simple, cost-effective,
and easily implementable, showcasing it as a promising
solution for enhancing EMS in urban environments, with
potential for expansion as part of a broader smart city
framework.

Rajan et al. (2024) [5] introduce an loT-based traffic
management system aimed at tackling urban congestion and
road accidents, which represent significant challenges for
smart cities. The proposed system employs a spatio-
temporal shape process technique (STSPDE) to estimate
vehicle density, thus improving the accuracy of identifying
vehicle clusters, their presence, and density. This method
utilizes IoT sensors for the collection, processing, and
storage of traffic data, integrating foreground estimation,
vehicle detection, and density evaluation. Although the
system offers improved accuracy in vehicle density
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estimation, concerns such as Wi-Fi connectivity for inter-
device communication and sensor energy consumption are
noted. The article suggests that future efforts should
concentrate on addressing these issues to further enhance
the system, which could also be employed to evaluate road
occupancy and optimize traffic management across various
roadway environments.

Sukode and Gite (2015) [6] present a Vehicle Traffic
Congestion Control and Monitoring System that employs
IoT and Intelligent Transportation Systems (ITS) to improve
traffic efficiency and monitor environmental conditions.
The proposed architecture comprises two main modules: a
hardware module that includes microcontrollers, Bluetooth
controllers, and sensors, and a software module featuring
servers, data mining methods, and Android applications.
The system collects real-time traffic and weather data,
enabling dynamic traffic signal management based on
traffic density and environmental variables. A server along
with an Android client application provides real-time
reporting and monitoring of traffic situations, while a web
application allows system administrators to evaluate the
data. Despite its effective architecture, future initiatives
might focus on enhancing system reliability and improving
the accuracy of traffic density estimation through
advancements in ITS and IoT.

Aftab et al. (2021) [7] present a Secure and Dynamic
Access Control (SDAC) model for IoT networks, relevant
for smart traffic management and roadside parking
regulation. This model integrates Role-Based Access
Control (RBAC) and Attribute-Based Access Control
(ABAC) to harness the advantages of both systems, while
addressing their limitations. Through the use of attributes,
the SDAC model ensures the flexible allocation of roles and
permissions, reducing administrative workload. The
approach emphasizes secure communication and data
exchange between IoT devices through both wired and
wireless networks, such as cellular networks and Wi-Fi. The
model's effectiveness is demonstrated through mathematical
models and practical case studies. Although the system
enhances security, adaptability, and administrative ease,
further research aims to explore its implementation in
connected vehicles and localization technologies to improve
IoT-related traffic management.

Nath (2021) [8] proposes an loT-driven Road Traffic
Control System designed to reduce traffic congestion in
Bangladesh by integrating smart lamp posts at intersections
that regulate traffic dynamically based on the quantity of
vehicles, activation times, waiting durations, and
emergency signals. The system employs Mask R-CNN,
combining Faster R-CNN for object detection and Fully
Convolutional ~ Network  (FCN)  for  pixel-level
segmentation, to achieve accurate vehicle detection through
video analysis. Modern statistical techniques, including
multiple regression, cluster analysis, and Principal
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Component Analysis (PCA), were utilized to reduce
variables and develop a linear regression model that
accounts for 90. 2% of the data variance. Additionally, a
novel RT activation function was introduced to efficiently
manage emergency traffic scenarios. The research
showcased enhanced real-time detection and performance
compared to existing algorithms, while also identifying
opportunities for improvement such as faster video
processing, scalability beyond smaller intersections, and
optimizing costs related to emergency activation functions.

Abuga and Raghava (2021) [9] present an Intelligent
Traffic Management and Control System that leverages IoT
to address the growing challenges of traffic congestion, fuel
waste, and environmental damage in urban areas. The
system features real-time monitoring via roadside units
equipped with microcontrollers and IP smart cameras. By
utilizing IoT technology, the system provides accurate data
on traffic density, promoting effective traffic flow and
reducing the time spent in traffic. This not only aids in
lowering fuel consumption but also contributes to
decreasing the frequency of fatalities andAccidents on the
roads. The proposed system is cost-effective, reliable, and
versatile, making it an ideal solution for enhancing traffic
management in urban settings. The study emphasizes the
environmental and societal benefits, including lower
greenhouse gas emissions and improved fuel efficiency. It
also highlights the system's adaptability, allowing future
integration with new technologies to further boost its
effectiveness.

Subramani et al. (2021) [10] advocate for an IoT-
based traffic forecasting and signal management system for
smart cities to address the growing challenges of traffic
congestion, fuel waste, and environmental degradation due
to high population and traffic volumes. The system is
designed to predict traffic flow using the Optimized Weight
Elman Neural Network (OWENN) algorithm, alongside an
Intel 80,286 microprocessor for efficient traffic signal
control. The system is organized into five phases: IoT data
collection, feature extraction, classification, optimized IoT
values, and traffic signal management. The OWENN
algorithm achieved an accuracy of 98. 23%, surpassing
conventional models such as ENN, CNN, and ANFIS in
terms of accuracy, F-measure, MAE, and RMSE. The
proposed system presents an optimistic solution for smart
cities by improving traffic management and enhancing road
safety. The study emphasizes potential future
improvements, including energy-efficient communication
technologies and Wi-Fi connectivity for better user
interaction.

Liu et al. (2017) [11] recommend an intelligent
traffic light management system employing distributed
multi-agent Q learning to enhance traffic flow and reduce
congestion. The methodology incorporates AloT (Artificial
Intelligence of Things) technologies, enabling traffic signals
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to adjust dynamically by factoring in real-time traffic
conditions and adjacent intersections. The system is divided
into three main components: data acquisition, reinforcement
learning-based decision-making, and adaptive signal
adjustment. In comparison to traditional rule-based systems,
this approach markedly elevates traffic light efficiency by
decreasing wait times and boosting vehicle throughput.
Nevertheless, the research underscores the necessity for
real-world application and the inclusion of additional
factors, such as pedestrian movement and public
transportation schedules, for improved effectiveness.

Jabbar et al. (2020) [12] present an IoT-driven traffic
surveillance system that consolidates real-time data
gathering from sensors to foresee driver behavior and
improve road safety. The system comprises four essential
modules: sensor-based data collection, driver behavior
analysis, predictive modeling, and alert generation. By
utilizing machine learning techniques, the system discovers
patterns in driver behavior that may signal potential
accidents, enabling authorities to implement preventive
actions proactively. The suggested system shows significant
potential for decreasing accident rates and enhancing
overall traffic safety. However, challenges such as
experimental validation, data privacy issues, and
complexities related to large-scale implementation continue
to be open for future investigation.

Haydari and Yilmaz (2020) [13] perform a thorough
survey of deep reinforcement learning applications in traffic
signal control. The research examines various traffic
management techniques based on deep learning,
concentrating on alleviating congestion and enhancing
efficiency in urban settings. The review organizes methods
into centralized, decentralized, and hybrid categories, each
offering unique benefits regarding scalability and real-time
adaptability. Significant enhancements in average travel
time, vehicle throughput, and reductions in fuel
consumption are noted across multiple studies.
Nevertheless, actual implementation presents difficulties
due to computational complexity, limited real-time
adaptability, and the necessity for extensive training data.
The authors suggest further research to close the gap
between simulations and actual deployment.

WanxinLi et al. (2019) [14] introduce a blockchain-
based framework for traffic signal control, ensuring
decentralized and secure data management within
connected vehicle networks. The system utilizes smart
contracts and cryptographic techniques to facilitate tamper-
proof traffic data exchange among vehicles, road
infrastructure, and traffic control systems. The architecture
includes modules for data collection, blockchain-based
validation, and intelligent decision-making. The blockchain
structure improves data integrity, diminishes cyber
vulnerabilities, and removes single points of failure in
centralized traffic management systems. However, the
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research is confined to simulation studies, and issues like
scalability, transaction latency, and energy consumption
need to be resolved prior to large-scale real-world
deployment.

Genders and Razavi (2019) [15] present an
asynchronous n-step Q-learning method for adaptive traffic
signal control, greatly enhancing traffic flow efficiency in
urban road networks. The suggested system employs
reinforcement learning agents that make real-time decisions
regarding signal timings by learning from traffic patterns.
The study shows considerable decreases in vehicle delays
and waiting times when compared to traditional fixed-time
control systems. The primary benefit of this method is its
capacity to manage dynamic traffic variations without
human involvement. However, the authors stress the
importance of real-world testing and integration with
external factors such as weather conditions and emergency
vehicle  prioritization to  ensure comprehensive
performance.

Dubey et al. (2017) [16] introduce an IoT-driven
adaptive traffic management system that adjusts traffic
signals dynamically based on real-time data. The system
utilizes sensor networks, cloud computing, and intelligent
analytics to improve traffic efficiency in smart cities. The
architecture features traffic density estimation, adaptive
signaling, and centralized monitoring modules, enabling
authorities to optimize road usage in response to current
conditions. The study reports notable reductions in traffic
congestion and enhanced vehicle flow. However, challenges
including data accuracy, large-scale implementation, and
integration with existing infrastructure necessitate further
exploration before widespread adoption.

Srinivasan et al. (2006) [17] suggest a neural
network-based real-time traffic signal control system that
utilizes machine learning algorithms to optimize traffic
signal timings. The study employs a multilayer perceptron
neural network, trained on historical traffic data, to forecast
traffic congestion patterns and modify signals consequently.
The system showcases improved traffic flow, decreased
congestion, and better management of peak-hour traffic in
comparison to predefined rule-based systems. However, the
approach demands considerable training data and
computational resources, posing challenges for scaling in
large urban areas. Future research should aim to enhance
model efficiency and lessen hardware dependency.

Sanchez-Medina et al. (2009) [18] create an adaptive
traffic signal control system that utilizes genetic algorithms
along with traffic microsimulation to enhance traffic flow
during congestion situations. The model continuously
updates traffic signal strategies informed by real-time traffic
data, adjusting signal timings for optimal vehicle
throughput and minimal delays. The system shows potential
improvements in minimizing travel time and fuel usage,
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particularly in areas with high traffic density. However, the
study points out significant obstacles, such as substantial
computational demands, issues with scalability, and
constraints on real-world deployment. The authors
recommend investigating hybrid Al models and distributed
computing frameworks for more efficient implementations.

Sadhukhan (2018) [19] presents an IoT-driven
intelligent traffic congestion control system aimed at
reducing congestion delays through the dynamic
management of traffic signals at intersections. The system
uses ultrasonic sensor nodes (USNs) to evaluate traffic
density and implements an innovative method for
determining the level of traffic congestion. The integration
of [oT and real-time density assessment provides flexibility
in the duration of signal operations, addressing the
limitations of fixed-timing systems. While the system
design has been proposed, there are currently no
experimental results available to validate its effectiveness.
Future research plans to evaluate the system's performance
in practical test settings.

Prof. Tom V. Mathew (2009)[20] presents a vehicle-
actuated signal control system, highlighting adaptive and
responsive traffic management. This system employs
vehicle detectors to modify signal timings dynamically
based on current traffic conditions, thus enhancing traffic
flow efficiency in comparison to conventional pre-timed
signals. The framework consists of modules for traffic
detection, signal phase modification, and adaptive
coordination. ~ Vehicle-actuated  control = minimizes
unnecessary delays, optimizes the allocation of green time,
and improves the performance of intersections. However,
the research mainly concentrates on theoretical concepts
and controlled settings, and issues like implementation
complexity, infrastructure expenses, and integration with
advanced smart city systems must be resolved for
widespread deployment.

Table 2.1: Literature Review on IoT-Based Traffic
Management Systems

Table 2. 1 offers a summary of important research
contributions in the area of IoT-based traffic management
systems. Different methodologies, such as hybrid
algorithms, edge computing, Al-driven optimization, and
blockchain, have been investigated to improve traffic flow,
lessen congestion, and enhance emergency response.
Although these strategies show considerable progress,
issues like scalability, practical implementation, data
privacy, and infrastructure expenses continue to be vital
considerations for forthcoming research.

Table 2.1 : Literature Review
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Authors | Methodology Key Limitations
/Technology Findings
Kian Hybrid PSO- | Accomplis | Scalability
Raheem | GWO hed traffic | and practical
Qasim et | algorithm precision, execution
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[1](2024) | [oT and IR | Motion
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latency
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throughput
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local
evaluation
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Rajan et | [oT sensors | Enhanced Wi-Fi
al. utilizing density connectivity
[5]1(2024) | spatio- Precision and sensor
temporal automobile | energy
shape process | evaluation | consumption
technique challenges
(STSPDE)
Sukode IoT and | Dynamic Requirement
and Gite | Transportatio | traffic for enhanced
[6](2015) | n (ITS) | signal system
microcontroll | administrat | dependabilit
ers and | ion y and traffic
sensors grounded in | density
current data | assessment
precision
Aftab et | Secure and | Guaranteed | Future
al. Dynamic adaptable | investigation
[71(2021) | Access role distrib | required for
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Sanchez- | Genetic Enhanced Elevated The Methodology section of a research paper
Medina algorithms traffic computing outline.s the .research design, datg collection methqu,
analysis techniques, and tools used in the study. It explains
et al. | coupled with | signals in | criteria and whether the research is qualitative, quantitative, or mixed-
. methods and describes how data was gathered, includin
[18](200 | traffic congested expansion sample selection and ethical consideragtions. The sectiorgl
9) microsimulati | circumstan | challenges also details the techniques used for data analysis, such as
statistical methods or software applications. Additionally, it
on ces addresses reliability and validity to ensure the accuracy of
results and acknowledges any limitations that could impact
findings. This section provides a clear framework for
replicating the study and evaluating its credibility.
Sadhukh | System Facilitated | Lack of
The suggested system employs an IoT-driven
an powered by | dynamic experimental intelligent traffic management method that combines real-
[19](2018 | IoT featuring | traffic outcomes for time sensor datg with ada}ptive traffic signal control. The
approach entails installing sensors at various road
) ultrasonic signal confirmation intersections to monitor vehicle density, which dictates the
sensor nodes. | manageme signal adjustments at each crossroad. The system operates
. efficacy on a rule-based decision framework where traffic lights are
(USNs) nt driven by modified according to sensor readings, promoting seamless
real-time traffic flow and alleviating congestion.
density The process includes the following phases:
measureme 1. Data Collection: Sensors placed at various road
nt. segments (North, East, and West) continuously observe
vehicle density.
2. Data Processing: The gathered data is examined to
identify which road segment experiences the greatest
Prof. utilizes a | Vehicle- Requires vehicle density.
Tom V. | systematic actuated expensive 3. Decision Making: According to established rules, the
Mathew( | method  for | signals infrastructur system adaptively alters the traffic signals to favor roads
with greater congestion.
2009) vehicle- modify e, lacks
) o ) o 4. Signal Adjustment: Traffic signals are modified as
activated timing I | optimization needed to ensure smooth vehicle passage while reducing
traffic signal | response to | driven by Al, wait times.
management, | current and  faces 5. Action Execution: The relevant road exhibiting the
incorporating | traffic challenges highest density receives the green signal, enabling vehicles
to move through, while others remain red or yellow.
immediate conditions, | with
vehicle minimizing | scalability..
identification | delays and 3.1: DATASET
to  enhance | enhancing Table 3.1:
signal timing | traffic flow.
efficiency. SL Nort | East | Wes | Nort | East | Wes | Acti
h Sens |t h Sign |t on
No | Sens | ors | Sens | Sign | als | Sign | Tak
ors ors als als en

3: METHODOLOGY
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1 | High | Low, | Low, | gree | red red Nort
R low | Low |n h
high Roa
d
Ope
n

2 | Low, | High | Low, | red yello | red East
low | ,low | Low w Roa
d

Wait
ing

3 | Low, | Low, | High | red red gree | West

low | low | ,Hig n Roa
h d

Ope
n

Table 3. 1 illustrates the dataset utilized to examine the
decision-making process within the intelligent traffic
system. The dataset contains sensor readings from various
road directions (North, East, and West) along with the
related traffic signal status and the action executed.

e Row 1: The North sensors identify a high vehicle
density, whereas the East and West sensors indicate low
density. Consequently, the North signal transitions to green,
while the East and West signals stay red, permitting traffic
from the North to advance.

* Row 2: The East sensors show high traffic density,
while the North and West sensors demonstrate low density.
As a result, the East signal is adjusted to yellow, signaling a
waiting phase, while the North and West signals remain red,
giving preference to East traffic.

* Row 3: The West sensors report a high vehicle density,
while the North and East sensors display low traffic levels.
Therefore, the West signal changes to green, enabling
vehicles from the West to proceed, while the North and East
signals continue to be red.

This dataset exemplifies how sensor information
impacts real-time adjustments of traffic lights, thereby

ensuring effective traffic management.

3.2 : PROPOSED MODEL:

The Proposed Model section introduces a new
framework, system, or approach designed to address the
research problem effectively. It outlines the model’s
structure, key components, and working mechanism, often
supported by diagrams or mathematical formulations. The
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section details the methodology used for implementation,
including algorithms, techniques, and datasets. It also
compares the proposed model with existing approaches,
highlighting improvements in efficiency, accuracy, or
functionality. Finally, evaluation metrics such as accuracy,
precision, or error rates are defined to validate the model’s
performance. This section provides a clear understanding of
how the model works and its potential advantages over
existing solutions.

NORTH NORTH EAST EAST
-

B

GND _OIAND 10

Fig 3.2.1 Proposed Model

In this project, an IR sensor is utilized to identify
vehicles on a roadway and is incorporated with an Arduino
Uno to establish a dynamic traffic management system. The
main objective is to enhance traffic flow by adjusting green
light durations based on the current vehicle density on each
road. The system functions by positioning IR sensors at
critical locations on the roads to track the number of
vehicles present. These sensors transmit data to the Arduino
Uno, which analyzes the information and decides the
suitable traffic signal timings. Roads with increased vehicle
density are favored by prolonging their green light duration,
enabling more vehicles to move through. In contrast, roads
with lighter traffic have shorter green light durations,
reducing unnecessary waiting periods. The Arduino Uno is
designed with a custom algorithm that dynamically
modifies the traffic signal according to the data from the IR
sensors. This guarantees effective traffic management,
lowering congestion and enhancing overall traffic flow. This
system presents an economical and scalable solution for
urban traffic issues. By giving priority to roads with more
traffic, it can decrease idle time, conserve fuel, and reduce
emissions. Additionally, it can be further improved by
incorporating extra sensors or communication systems to
build a more extensive smart traffic control network. Such
a strategy demonstrates how basic technologies like IR
sensors, when paired with microcontrollers like the Arduino
Uno, can address real-world issues and aid in creating
smarter, more efficient urban infrastructure.
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4: EXPERIMENTAL SETUP

The Experimental Setup section describes the
environment, tools, and procedures used to conduct the
study, ensuring reproducibility. It outlines the hardware and
software specifications, including system configurations,
programming languages, and simulation tools. The dataset
used is detailed, specifying its source, size, preprocessing
steps, and input parameters. The experimental procedure is
explained step by step, highlighting controlled variables and
configurations. Evaluation metrics such as accuracy,
precision, or RMSE are defined to measure performance.
Additionally, the section ensures reproducibility by
providing necessary details for replication and mentions any
baseline models or benchmarks used for comparison.

4.1 : COMPONENTS
4.1.1 : Arduino

The Arduino Uno is a microcontroller board that
utilizes the ATmega328P, commonly employed for
electronics projects and automation. It includes 14 digital
1/0 pins (6 of which support PWM), 6 analog input pins,
and functions at 16 MHz with 32 KB of flash memory. The
board can be powered using USB (5V) or through an
external source (7V—-12V). Programming is accomplished
with the Arduino IDE in C/C++, and the code (sketch) is
uploaded through USB. The Uno engages with a variety of
sensors and actuators, making it suitable for endeavours
such as home automation, robotics, IoT, and sensor-based
applications. A straightforward example is an LED blink
program, in which the digitalWrite() function changes the
state of an LED attached to pin 13 every second. With its
UART, SPI, and 12C communication interfaces, the Arduino
Uno is adaptable and user-friendly for both novices and
seasoned developers.

P

TR

i

B ES
LE]

in

Arduino UNO Pinout

Fig 4.1.1 Arduino
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4.1.2 : IR Sensor

An IR (Infrared) sensor functions by emitting
infrared light via an IR LED and capturing the reflected light
through a photodiode. It operates on the concept that varied
surfaces reflect IR light in distinct ways. When an item is
placed in front of the sensor, the emitted IR light is bounced
back and identified by the photodiode, which converts it
into an electrical signal. This signal is then managed by an
operational amplifier (op-amp) or comparator, producing an
output (HIGH or LOW) depending on the existence or non-
existence of an object. The output can be applied in
numerous applications such as obstacle detection, line-
following robots, proximity sensing, and motion detection.
IR sensors may be active (containing both emitter and
receiver) or passive (such as PIR sensors, which identify
heat signatures). They find extensive usage in automation,
security systems, and consumer electronics.

ADIY IR Sensor Module with Pot

IR Sensor

i

)

:

B Power B Output
W cno B Leo
Fig 4.1.2 IR Sensor

The Comparison section evaluates the proposed
model against existing methods to highlight improvements,
advantages, or limitations. It uses defined benchmarks and
evaluation metrics such as accuracy, efficiency, execution
time, or computational cost to assess performance. Both
qualitative and quantitative analyses are presented, often
supported by statistical data, tables, or graphs to illustrate
key differences. The results are then interpreted to
demonstrate how the proposed approach outperforms or
differs from previous models while acknowledging any
limitations. This comparison provides a clear justification
for the effectiveness of the proposed method and offers
insights for future research enhancements.

Vehicle Actuated Signals

Prof. Tom V. Mathew (2009)[20] presents a vehicle-
actuated signal control system, highlighting adaptive and
responsive traffic management. This system employs
vehicle detectors to modify signal timings dynamically
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based on current traffic conditions, thus enhancing traffic
flow efficiency in comparison to conventional pre-timed
signals. The framework consists of modules for traffic

modification,
control

and adaptive
minimizes

unnecessary delays, optimizes the allocation of green time,
and improves the performance of intersections. However,
the research mainly concentrates on theoretical concepts
and controlled settings, and issues like implementation
complexity, infrastructure expenses, and integration with
advanced smart city systems must be resolved for
widespread deployment.

Feature Optimizing Vehicle-
Urban Traffic Actuated
Flow (our Control
proposed
model)
Technology IoT, Arduino | Vehicle detectors
Used UNO, IR Sensors | (e.g., inductive
loops, radar,
infrared)
Control Adaptive signal | Signal  timings
Mechanism management adjust according
utilizing to vehicle
immediate traffic | detection at
density intersections.
monitoring
Scalability Scalable through | Restricted to
the integration of | crossings  with
IoT and AI for | installed sensors
predictive
analytics.
Traffic Flow | Gives priority to | Modifies signal
Optimization lanes according | length according
to current traffic | to identified
density vehicles.

ITEE, 14 (2), pp. 01-13, APR 2025

Cost

Reduced
expenses thanks
to the utilization

of  inexpensive

Increased
expenses
resulting  from

dedicated vehicle

Infrastructure),
and prioritization

of  emergency

components such | detection

as Arduino. equipment.
Integration with | Can be | Can be combined
Smart Cities broadened to | with central

incorporate  Al, | traffic

V2I (Vehicle-to- | management

systems but does
not include Al-

driven features.

vehicles.

Energy Decreases Decreases

Efficiency downtime, unnecessary wait
resulting in fuel | times but is not
savings enhanced for fuel

efficiency.

Flexibility Extremely Limited
versatile and | adaptability;
capable of | depends on
adjusting to | established
varying guidelines for
circumstances adjustment

Future Scope

Machine learning
for  forecasting
models,

enhanced sensor
technologies, Al-
traffic

driven

optimization

Restricted to
advancements in
sensor

technology and
connectivity with
broader traffic

systems.

4.3: OPERATIONAL FRAMEWORK
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The Operational Framework defines the structure
and workflow of the research, illustrating how various
components interact to achieve the study’s objectives. It
establishes the conceptual foundation by identifying key
variables, including independent, dependent, and control
variables, and explaining their relationships. The
framework outlines the research process, detailing step-by-
step procedures and often using diagrams or flowcharts to
visualize the workflow. It also describes how data is
collected, processed, and analyzed, ensuring clarity and
consistency in methodology. Additionally, the section
defines the implementation approach, specifying the tools,
techniques, and methodologies used, providing a clear
roadmap for conducting and validating the research
effectively.

The traffic control system based on IR sensors
utilizes two IR sensors on each roadway (North, East, and
West) to identify vehicle presence and dynamically manage
traffic signals. Each roadway is fitted with Red, Yellow, and
Green LEDs to represent traffic conditions. The system
operates under a priority sequence, with North being the top
priority, succeeded by East and then West. It consistently
monitors IR sensor inputs and makes instantaneous choices
to oversee traffic flow. If both sensors on a roadway detect
vehicles (HIGH signal), the Green light is activated for that
roadway, permitting vehicles to proceed. If just the first
sensor is HIGH while the second is LOW, the Yellow light
activates, indicating caution is needed. When both sensors
show LOW, the roadway is assigned a Red signal, halting
traffic. In scenarios where multiple roadways are eligible for
the Green light, the system resolves conflicts according to
the established priority sequence. To improve real-time
oversight and debugging, the system displays status updates
on the Serial Monitor. The LEDs change dynamically based
on sensor inputs, promoting uninterrupted vehicle
movement. The loop operates continuously, modifying
traffic signals in line with real-time roadway conditions. As
a failsafe strategy, if no vehicles are detected by all sensors,
all roadways stay on Red to avoid collisions. This system is
adaptable, permitting the incorporation of additional
roadways by adding more IR sensors and LEDs, making it
a versatile and effective answer for smart traffic
management.

4.4: RESULTS AND DISCUSSION

Our initiative showcases a completely hardware-
based traffic signal control system that employs IR sensors
to dynamically modify signals according to the current
presence of vehicles. In comparison, many current studies
have utilized software-oriented methods, incorporating IoT,
edge computing, and Al-driven optimization strategies. For
example, Kian Raheem Qasim et al. (2024) executed a
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hybrid metaheuristic approach (PSO-GWO) to enhance
traffic light scheduling, boosting precision but needing
substantial computational power. In a similar vein, Ali and
Nawaz (2024), along with Rehman and Martin (2024),
created adaptive traffic management systems based on Al
and IoT, which, while successful, pose challenges
concerning infrastructure expenditures, scalability, and data
privacy. Moreover, Girish et al. (2023) emphasized the
urgent passage of emergency vehicles, while Rajan et al.
(2024) utilized IoT sensors for estimating vehicle density
across space and time. Unlike these alternatives, our
initiative functions without dependence on external servers
or software, guaranteeing reliability free from issues related
to connectivity, latency, or ongoing software maintenance.
Additionally, our system facilitates real-time oversight
through a Serial Monitor, enabling effective debugging and
management. By providing an economical and pragmatic
option that does not necessitate large-scale infrastructure
changes, our project offers a highly viable answer for actual
traffic control.

The analysis of the results concerning the traffic
signal control system centers on several crucial elements to
guarantee optimal functionality. The traffic efficiency
assessment evaluates how well the system alleviates
congestion and enhances vehicle movement by comparing
waiting durations before and after its deployment. The
sensor accuracy evaluations confirm whether infrared
sensors effectively detect vehicles amid changing lighting
and environmental situations, while also identifying any
false positives or negatives in detection. The signal
transition evaluation examines the timing of Green, Yellow,
and Red signals to ensure seamless transitions, verifying
that each signal remains active until the traffic situation
shifts appropriately. The priority handling verification
confirms that the established North — East — West priority
sequence is adhered to and that routes with higher priority
receive the Green signal upon detecting traffic. Finally,
system responsiveness is evaluated by measuring the signal
change response time after vehicle detection, ensuring
minimal delays when transitioning between distinct traffic
states. These evaluations contribute to enhancing the system
for greater efficiency, precision, and dependability in
practical traffic management.

5. CONCLUSION

In this Project , we created an IoT-based intelligent
traffic control system that flexibly changes signal timings
using Arduino UNO and IR sensors. Unlike traditional
fixed-timing traffic management systems, our method
allows for real-time adjustments in traffic, resulting in better
traffic flow, decreased congestion, and improved fuel
efficiency. This system showcases the possibilities of
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affordable and scalable IoT solutions for urban
infrastructure, tackling the shortcomings of conventional
traffic control systems. A significant contribution of this
research is the combination of real-time traffic detection
with adaptive signal control, providing a responsive and
data-informed strategy for traffic management. By
prioritizing lanes according to traffic density, our system
reduces unnecessary delays and improves urban mobility.
The findings from this research can be expanded to include
Al-driven predictive analytics, emergency vehicle
prioritization, and integration with smart city initiatives for
a more comprehensive traffic management system. While
our implementation has yielded encouraging outcomes,
future research can investigate the use of advanced sensor
technologies, machine learning algorithms for predictive
traffic modeling, and the adoption of vehicle-to-
infrastructure (V2I) communication to further boost system
efficiency. By enhancing adaptive traffic control strategies,
this study adds to the larger field of intelligent transportation
systems and establishes a basis for more sustainable and
efficient urban traffic solutions.
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