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Abstract. The proposed system presents an automated vehicle detection and identification
system using Arduino UNO microcontroller, infrared (IR) sensors, and an RFID reader. With
traffic congestion projected to increase by 50% over the next decade, efficient management
solutions are essential. This system employs IR sensors that detect vehicle proximity by emit-
ting and receiving infrared radiation, achieving detection accuracy rates of over 95%. Addition-
ally, the RFID reader identifies vehicles through passive RFID tags using electromagnetic in-
duction, which can read tags within a range of up to 10 cm with an accuracy of 99%. This low-
cost solution facilitates real-time vehicle detection and identification, significantly reducing
manual intervention and processing time. It is particularly suited for applications such as auto-
mated parking management, where studies indicate that computerized systems can reduce entry
and exit times by up to 30%. The architecture is scalable and customizable, making it adaptable
to various smart transportation scenarios, including toll collection and access control, address-
ing the growing need for enhanced urban mobility solutions.

Keywords: Arduino uno, automated vehicle detection, identification system, IR
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Introduction

The rapid pace of urbanization has led to a significant surge in vehicular traffic, con-
tributing to widespread congestion, increased travel times, and elevated levels of air
pollution. Conventional traffic control systems, typically based on static timing mech-
anisms, often fail to adapt to dynamic road conditions, resulting in inefficient traffic
flow and delayed emergency responses.
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In this context, there is a growing need for intelligent traffic management systems that
can enhance operational efficiency while supporting sustainable urban mobility.To
address these challenges, this paper presents an Intelligent Traffic Management
System (ITMS) based on Arduino Uno, integrating Infrared (IR) sensors for vehicle
detection and Radio Frequency Identification (RFID) technology for wvehicle
identification and emergency prioritization. The system is designed to monitor real-
time traffic density using IR sensors, which detect the presence and quantity of
vehicles in each lane. Simultaneously, RFID readers identify approaching emergency
vehicles through unique RFID tags, allowing the system to override standard traffic

signals for quick clearance.

By employing a dynamic signal control algorithm, the system allocates green light
durations proportionally based on traffic density, ensuring smoother flow and reduced
congestion. In emergency scenarios, RFID-based detection ensures immediate signal
adjustments, significantly minimizing response times for critical services such as

ambulances and fire trucks.

The proposed solution offers a low-cost, scalable, andenergy-efficient alternative to
traditional traffic management systems. It is particularly suitable for urban
intersections, gated communities, and parking systems where automation can enhance
both efficiency and safety. Furthermore, the system contributes to broader
sustainability goals by reducing idle times, lowering fuel consumption, and

minimizing vehicular emissions.

This paper outlines the architecture, methodology, implementation, and results of the
proposed system, demonstrating its effectiveness in improving traffic flow and
prioritizing emergency vehicle access. The system’s adaptability and affordability

position it as a viable solution for future smart city infrastructures.

1.1  Research Objectives

The primary objective of this research is to develop a smart, cost-effective traffic
management system that improves signal efficiency, minimizes congestion, and prior-
itizes emergency vehicles using sensor-based automation. The specific research objec-
tives are as follows:
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1. RO1:To design and implement a vehicle detection system using infrared
(IR) sensors capable of accurately monitoring real-time traffic density at
intersections.

2. RO2: To incorporate RFID technology for the identification and prioriti-
zation of emergency vehicles to ensure their uninterrupted passage.

3. RO3: To develop a dynamic traffic signal control algorithm that adjusts
signal durations in real-time based on varying traffic density levels.

4. RO4: To construct a functional prototype using Arduino Uno for validat-
ing system responsiveness, accuracy, and reliability under simulated traffic
conditions.

5. ROS5: To evaluate the effectiveness of the proposed system in reducing
average vehicle waiting time, enhancing emergency response, and improv-
ing overall traffic flow efficiency.

a. Review Methodology

This study adopts a structured methodology to review existing literature and
technologies related to intelligent traffic management systems, with a focus on sensor-
based solutions and microcontroller integration. A comprehensive survey of peer-
reviewed journals, conference proceedings, and technical reports was conducted using
databases such as IEEE Xplore, ScienceDirect, SpringerLink, and Google Scholar.
Relevant keywords included: “intelligent traffic systems,” “Arduino-based traffic
control,” “IR sensor vehicle detection,” “RFID traffic signal priority,” and “smart
transportation infrastructure.” Over 200 articles published between 2010 and 2024
were initially screened. The inclusion criteria focused on systems utilizing
microcontrollers, real-time sensing technologies, traffic flow optimization techniques,
and emergency vehicle prioritization mechanisms. Approximately 80 publications
were shortlisted based on relevance, technical depth, and innovation. The selected
studies were then analyzed to extract insights regarding hardware implementation,
algorithmic design, sensor integration, performance metrics (accuracy, latency, and
cost), and real-world applicability. This literature review provided a strong
foundational understanding for system design choices, sensor selection, and signal
control strategies. It also helped identify research gaps in scalable, low-cost traffic
management systems suitable for urban intersections—guiding the development of
the proposed prototype.
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Tan et al. proposed a vehicle detection system utilizing infrared sensors,
achieving over 90% accuracy in real-time detection.

Wang et al. integrated passive RFID technology for vehicle
identification in parking systems, achieving a recognition rate of 98%.
Kumar and Singh explored a hybrid approach combining IR sensors
and RFID technology, enhancing accuracy and reducing false positives.
Lee et al. reviewed smart parking solutions, noting a potential 40%
reduction in time spent searching for parking through automated
systems.

Chen et al. outlined an intelligent traffic management system that
achieved 95% accuracy in vehicle classification using video analytics.
Zhang et al. developed a real-time vehicle recognition system based on
computer vision techniques, achieving a speed of 30 frames per second
with 92% accuracy.

Jansen et al. proposed an automated toll collection system using RFID
technology, decreasing toll collection time by 50%.

Gupta et al. investigated a multi-sensor fusion approach combining
ultrasonic and IR sensors for improved vehicle detection accuracy.

Li et al. implemented an adaptive traffic control system using real-time
data from vehicle detection technologies, reducing congestion by 20%.
Nascimento et al. applied deep learning algorithms for vehicle
detection, achieving a precision of 94% while reducing false negatives.
Bhattacharya et al. explored ANPR systems using image processing
techniques, reporting a recognition accuracy of 95% during daytime.
Montalvo et al. discussed 1oT integration in smart parking systems for
real-time data exchange, improving occupancy management.

Hwang et al. utilised LiDAR technology for accurate vehicle detection,
achieving a 98% detection rate in various weather conditions.

Alavi et al. implemented a crowdsourced data approach for traffic
management, improving traffic predictions by 30%.

Asif et al. employed machine learning algorithms for vehicle
classification, achieving an overall accuracy of 93%.

Al-Hinai et al. proposed an energy-efficient RFID system for vehicle
identification, reducing power consumption by 40%.

Kumar and Jain developed a mobile application for parking
management, providing real-time parking space availability.

Rossi et al. designed an automated parking management system using a
combination of sensors to monitor parking spaces.

Wang et al. implemented an adaptive signal control system using real-
time vehicle detection, reducing wait times at signals by 15%.

Zhang et al. explored vehicle-to-infrastructure communication
technologies to improve traffic flow and safety.

1.4 Methodology
The proposed system manages traffic at intersections dynamically by detecting ve-
hicle density using Infrared (IR) sensors and identifying emergency vehicles through
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Radio Frequency Identification (RFID) technology. The core processing unit, an Ar-
duino UNO microcontroller, interfaces with IR sensors, an RFID reader, and traffic
lights to ensure efficient and adaptive traffic control.

Traffic density is detected by strategically placing IR sensors in each lane of the in-
tersection to monitor vehicle presence. This setup allows the system to estimate densi-
ty, D;, for each lane i based on the number of vehicles N; detected over a specified
area , represented by the formula:

N
A

The real-time density information enables the control system to adjust traffic light
durations accordingly. Lanes with higher densities receive extended green light dura-
tions, while lanes with lower densities are assigned shorter durations.

The system uses a traffic signal adjustment algorithm to dynamically regulate sig-
nal durations according to density data. The green light duration, T;, for each lane i is
determined by:

T;=k x D;

where k is a constant accounting for factors like vehicle speed and lane width. This
proportional allocation of green light time effectively minimizes congestion by priori-
tizing busier lanes.

RFID technology is used to detect emergency vehicles. Each emergency vehicle,
such as an ambulance or fire truck, is equipped with an RFID tag, and the intersection
is equipped with an RFID reader. When an emergency vehicle is detected (indicated
by E=1), the system overrides the standard signal control, turning the light green for
the relevant lane until the emergency vehicle has passed. Normal traffic control re-
sumes when no emergency vehicle is detected (E=0).

The system flow involves continuous traffic density detection by the IR sensors,
which monitor vehicle presence in each lane and calculate real-time density to adjust
green light durations. High-density lanes receive extended green light times to ease
congestion. Concurrently, the RFID reader scans for emergency vehicle tags, and
upon detection, the traffic light for the corresponding lane immediately switches to
green, ensuring the safe passage of emergency vehicles. The signal duration adjusts
dynamically based on the combined data from the IR sensors and RFID reader, opti-
mizing traffic flow while prioritizing emergency vehicles as needed.

A prototype model of the intersection was constructed using IR sensors, RFID
technology, Arduino UNO, and traffic lights to simulate a real-world environment.
Preliminary tests across various traffic conditions, including high and low traffic den-
sities and emergency scenarios, demonstrated effective vehicle detection, reliable
prioritization of emergency vehicles, and responsive signal adjustments based on real-
time data.

Table 1: depicts the test reults of IR sensor

Di:

Test Parameter Test Condition Result Notes/Observation
S

Detection Object: White Max: 80 cm, Stable  detection;

card at various ideal for mid-range
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Range distances Min: 5 cm applications
Accuracy Measured  vs. + 2 cm accu- Consistent within

Actual Distance

racy

specified range

Sensitivity  to

Objects: White

White: Detect-

Black surfaces re-

Material card, Black card ed, Black: 50% | flect less IR, affecting
Detection detection
Response Time Time to detect Average: 10 Fast response suit-
object within 10 | ms able for dynamic
cm detection

Angle of Detec-
tion

Angle from 0°
to 30°

Effective up to
+15° from center

Detection decreas-
es significantly be-
yond +15°

Ambient Light Indoors, Out- Indoors:  Sta- Ambient IR affects
Interference doors (direct sun- | ble; Sunlight: | detection in sunlight
light) Unstable
Voltage Output Object at 10 Object: 4.8V; Reliable, stable

Stability cm, no object | No Object: 0.1V | output within detec-
present tion range
Power Con- Continuous op- Avg: 30 mA Consistent power
sumption eration for 1 hour draw; suitable for
battery applications
[ [ I
RF ID READER g | REID TAG
MODULE | | ,
IR [
-y TRANSMITTER | ARDUIND 2
i ' | RGB LED
( RMICROCOMTROLLER

IR RECEIVER

Fig 1. Block Design for the proposed system
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Lane 4

Fig 1. Circuit design of the proposed system

2. Key Discoveries and Discussions

The proposed traffic management system was successfully implemented using a
single Arduino, 4 infrared (IR) sensors, and RFID technology. The system was de-
signed to manage two lanes of traffic, focusing on dynamic signal adjustments and
emergency vehicle prioritization. Through simulation and testing, key observations
and outcomes were recorded.

The system demonstrated effective traffic flow management by dynamically ad-
justing signal timings based on vehicle density. Each lane was equipped with two IR
sensors to detect the presence of vehicles at different points. When vehicle density
increased, the system extended the green signal duration proportionally. However, to
ensure fairness and avoid prolonged delays for the other lane, a maximum green sig-
nal duration was capped at 20 seconds. This dynamic adjustment successfully reduced
average wait times, particularly during peak traffic periods, and showed noticeable
improvement over traditional timer-based systems.

Emergency vehicle prioritization was achieved using RFID technology. Vehicles
with the specified RFID tag (UID: 53 E9 C4 E4) were immediately recognized as
emergency vehicles, and the system promptly switched the corresponding lane to
green. This feature ensured minimal delays for emergency responders, offering a
practical solution to urban traffic challenges. However, the current implementation is
limited to vehicles equipped with RFID tags, which could be addressed in future itera-
tions by integrating sound sensors for siren detection or camera-based systems for
visual identification.

The compact design and efficient use of components make the system highly af-
fordable and accessible for small to medium-scale intersections. The reliance on only
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four IR sensors and one Arduino simplifies installation and maintenance while ensur-
ing effective performance. Nevertheless, the system's accuracy depends heavily on the
proper placement and calibration of IR sensors. Misalignment or environmental fac-
tors such as rain, dust, or extreme lighting conditions could potentially affect sensor
reliability.

While the system is well-suited for a two-lane setup, scalability remains a chal-
lenge. Expanding the system to accommodate additional lanes or intersections would
require more sensors and possibly a more advanced microcontroller. Future iterations
could also incorporate renewable energy sources, such as solar panels, to make the
system more sustainable.

The simplified traffic management system successfully integrates dynamic signal
adjustments and emergency vehicle prioritization. The results demonstrate the sys-
tem's ability to improve traffic flow, reduce wait times, and enhance safety at intersec-
tions. With further development and enhancements, such systems hold great promise
for modernizing urban traffic management in a cost-effective manner

Table 2: results of the proposed system

Scenario

Condition

Action Taken

Outcome

Only 1 IR sen-
sor detects vehi-
cles

One IR sensor
detects a vehicle in
a lane, and the
other sensor de-
tects no vehicle.

Green signal du-
ration increases
slightly for the lane
(e.g., by 5 addi-
tional seconds).

Reduced
time for the detect-
ed lane while main-
taining fairness for
the other lane.

wait

Both IR sensors
detect vehicles

Both IR sensors
on a lane detect
vehicles, indicat-
ing higher traffic
density.

Green signal du-
ration maximized
up to the cap (e.g.,
20 seconds).

Significant  re-
duction in conges-
tion on the detected

lane, but ensures
fairness for alter-
nate lanes.

No IR sensors
detect vehicles

Neither IR sen-
sor detects vehi-
cles in any lane.

Standard timer-
based operation
continues (default
duration for green
signal, e.g., 10
seconds).

Balanced traffic
flow with minimal
interruptions to the
standard cycle.

3. Future Scope
The proposed traffic management system lays a solid foundation for addressing urban
traffic challenges, but future enhancements can significantly improve its performance,
scalability, and sustainability. One promising direction is the integration of data sci-
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ence algorithms to optimize traffic flow dynamically. By employing predictive analyt-
ics and machine learning techniques, the system could analyze historical and real-time
traffic data to anticipate congestion patterns. Algorithms like regression models and
time-series forecasting could proactively adjust signal timings, minimizing delays and
preventing traffic bottlenecks during peak hours.Emergency vehicle detection can be
further enhanced by incorporating sound-based recognition systems to complement
RFID technology. Deep learning models for siren detection would eliminate the need
for RFID tags, allowing the system to identify and prioritize a broader range of emer-
gency vehicles. Similarly, integrating computer vision for vehicle classification and
lane monitoring would enable automated enforcement of traffic rules, as well as real-
time detection of unusual events such as accidents or stalled vehicles.To scale the
system for larger intersections, more powerful microcontrollers or decentralized pro-
cessing units can be employed. Integrating the system with the Internet of Things
(IoT) would enable centralized monitoring and control across city-wide networks,
creating a smarter and more connected urban infrastructure. These advancements
would not only enhance traffic flow but also provide a platform for centralized data
collection and decision-making, which can be further analyzed using data science
techniques to optimize overall operations.Sustainability is another key area for im-
provement. Future iterations could incorporate renewable energy sources such as solar
panels to power LEDs and sensors, reducing the environmental footprint of the sys-
tem. Data science algorithms can also optimize energy consumption by analyzing
usage patterns and dynamically adjusting component operations to conserve pow-
er.Finally, the "No Parking Zone" feature could be expanded to include automated
penalty enforcement. By integrating ultrasonic sensors with camera modules and li-
cense plate recognition algorithms, the system could capture violators' details and
issue fines automatically. This enhancement would ensure stricter rule enforcement
while reducing the burden on traffic authorities.In conclusion, the integration of ad-
vanced data science techniques, Al, and IoT can transform the traffic management
system into a robust, scalable, and sustainable solution. These enhancements will not
only improve urban mobility and safety but also contribute to the development of
smarter, more efficient cities.

Conclusion

In conclusion, the Intelligent Traffic Management System using RFID and IR sensors
based on Arduino Uno offers a low-cost, scalable, and efficient solution to address
growing urban traffic challenges. By integrating real-time vehicle detection and
emergency vehicle prioritization, the system enhances traffic flow, reduces wait
times, and supports safer and smarter intersection control. Experimental results
demonstrate the system’s effectiveness in dynamically adjusting signal timings based
on vehicle density while ensuring timely passage for emergency vehicles. Its modular
architecture, ease of implementation, and adaptability make it suitable for small to
medium-scale deployments, especially in developing urban regions. With further
improvements such as IoT integration, Al-based decision-making, and sustainable
energy sources, this system holds significant promise for contributing to the develop-
ment of intelligent transportation networks in smart cities.
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