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Abstract - Traffic congestion at junctions often results in
extended waiting times for vehicles attempting to cross road
lanes, posing a significant challenge for emergency vehicles.
The delay caused by congested intersections can potentially
jeopardize lives, emphasizing the critical need for efficient
solutions. This research addresses the problem of emergency
vehicles  navigating  through  high-density traffic,
particularly when approaching traffic signals. The proposed
solution involves the utilization of sound sensors to detect
the frequency of sirens emitted by emergency vehicles
nearing traffic signals. Additionally, the system employs the
Xbee protocol to monitor the movement of the emergency
vehicle, facilitating its passage through the corresponding
traffic lane. The application of this module extends beyond
conventional emergency vehicles and proves advantageous
for high-priority vehicles such as VIP convoys and police
jeeps. By prioritizing the movement of emergency vehicles
through congested traffic signals, this research aims to
enhance response times, mitigate risks, and ultimately
contribute to the preservation of lives in emergencies.
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1. INTRODUCTION

In the era of the Internet of Things (IoT), the integration of
smart devices and sensors into our daily lives has become
increasingly prevalent. One such versatile platform is the
Arduino Uno, known for its adaptability in creating
innovative solutions for real-world challenges. As IoT
continues to revolutionize various aspects of our lives, the
synergy between sensors and Arduino Uno presents
opportunities to address critical issues, including traffic
congestion around heavy junctions.

Traffic congestion at busy junctions has emerged as a
pervasive challenge in urban environments, leading to
extended waiting times for vehicles attempting to navigate
through the complex web of intersecting roads. This
congestion not only results in frustrating delays for
everyday commuters but also poses significant hurdles for

emergency vehicles trying to traverse these intersections
swiftly. The impediment faced by emergency vehicles

raises alarming concerns about potential life-threatening
consequences due to delayed responses.

To tackle this issue, this research proposes a novel
solution leveraging sound sensors integrated with Arduino
Uno. By focusing on the detection of emergency vehicles'
distinct auditory signals, including ambulance sirens, fire
engine sirens, police car sirens, and those associated with
VIP vehicles, the system aims to provide a sophisticated
mechanism for identifying and prioritizing these high-
priority vehicles amid heavy traffic.

The sound sensor database, an integral component of this
solution, encompasses a comprehensive repository of
audio signatures associated with various emergency
vehicles. This compilation enables the system to
accurately recognize and respond to the unique acoustic
patterns emitted by different emergency vehicles,
enhancing its efficacy in real-world scenarios.

The implementation of sound sensors in this context is
envisioned to play a pivotal role in minimizing traffic
congestion at critical junctions. By swiftly identifying and
prioritizing emergency vehicles, the proposed system aims
to create expedited lanes, allowing these vehicles to
traverse intersections more efficiently. The outcome is not
only a reduction in overall traffic congestion but, more
importantly, an enhancement in the ability of emergency
vehicles to reach their destinations promptly, thereby
potentially saving lives. This research delves into the
technological intricacies of this proposed solution,
highlighting its potential to revolutionize the management
of traffic flow in urban settings while addressing the
critical challenge of ensuring timely emergency response.

2. LITERATURE REVIEW

The author [1] proposed methodology relies on two
wireless sound sensors connected to Arduino Uno units
for ambulance detection. However, wireless
communication introduces susceptibility to interference
and reliability concerns. In response, our research
advocates for a wired sound sensor system, addressing
these drawbacks to ensure more reliable and interference-
resistant emergency vehicle detection.
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Reeta R, Kirithiga R, Kavitha V. Kumar, and Jaishree M [2]
gave a methodology that centers on sound detection to
manage traffic during ambulance passages. Despite its
reliance on sound, potential drawbacks include false
positives and delays in signal adjustments. Our research
recognizes the limitation of solely depending on
ambulance sirens and focuses on addressing this issue by
incorporating the sounds of various emergency vehicles.
This comprehensive approach not only verifies ambulance
presence but also enhances the accuracy of traffic signal
adjustments, ensuring a more inclusive and effective
response to diverse emergency scenarios.

Author [3] proposed a system that aims to classify audio
events using a Bag of Words approach. However,
limitations in adaptability to real-time scenarios and
potential struggles with varying noise levels may hinder
its effectiveness. In response, our research focuses on real-
time adaptation, incorporating dynamic thresholds and
machine learning algorithms to handle varying noise
environments effectively.

The author [4] proposed a methodology that emphasizes
the use of YOLOv3 and CNN for ambulance detection and
traffic control. Notwithstanding its advantages, potential
drawbacks include limited scalability and challenges in
handling diverse traffic conditions. Our work addresses
these issues by integrating machine learning for dynamic
traffic management, ensuring adaptability to varying
scenarios.

The methodology given by the author [5] involves training
a car detector using YOLO-V3 and employing transfer
learning with VGG-16. Drawbacks include limitations in
pattern recognition for larger images with shallow CNN
networks. To overcome this, our approach utilizes sound
detections to recognize emergency vehicles in diverse and
challenging conditions.

This paper proposed by the author [6] explains smart
traffic management systems using Wi-Fi modules,
cameras, LED traffic lights, and QR codes at intersections.
Despite potential challenges in real-world testing and
system integration, our research focuses on practical
implementation, and potential integration with existing
traffic-management systems to address the concerns

The methodology given by the author [7] optimizes
emergency vehicle location transmission using DSRC
transmission with SAE ]2735 standards. Drawbacks such
as LOS communication delays and potential issues in
densely populated areas. Our proposed system mitigates
these delays and offers a reliable solution for emergency
vehicle locations in various settings.

Author [8] proposed a solution that tackles emergency-
related traffic jams using RFID technology for

traffic signal management. However, potential drawbacks
include limited adaptability to varying traffic scenarios.
Our research addresses this by incorporating adaptive
signal timing based on traffic volume, ensuring effective
traffic management in dynamic conditions.

In the application developed by the author [9] the main
methodology utilizes an automatic emergency vehicle
recognition classification method combined with a real-
time tracking algorithm. Despite its potential, limited
discussion on real-world application. Our study
emphasizes real-world  scenarios, ensuring  the
application's practicality and robust performance in
varying environments mainly in heavy traffic junctions.

3. METHODOLOGY

The fundamental design involves the placement of sensors
at consistent intervals, a sound sensor positioned near the
traffic pole, a breadboard, and an Arduino Uno R3 kit. The
traffic light control is intricately connected to the
breadboard to carry out the necessary adjustments in the
traffic lights.

The sound sensor plays a crucial role in detecting the
sounds emitted by emergency vehicles and estimating
their proximity. Subsequently, these sound sensor
readings are transmitted to the traffic pole to initiate
changes in the traffic light. All these elements are linked to
the Arduino Uno kit, which is an open-source
microcontroller board featuring digital and analog input
and output pins. The programmability of the kit is
facilitated through the Arduino IDE, and it can be powered
either by a USB cable or by an external connection to a 9
Volts battery.

When an emergency vehicle traverses a designated lane,
its presence is identified through the recognition of its
distinctive siren sound. Sound sensors, strategically placed
at regular intervals of 100 meters, along with Arduino Uno
technology, are employed to activate the traffic signal
system. This promotes all lanes, except for the designated
emergency lane, to display a red signal. The duration of
the green signal is meticulously determined based on the
distance between the emergency vehicle and the traffic
signal

The calculation of the green signal timer involves
assessing the average speed of an emergency vehicle and
the distance between the vehicle and the traffic signal.
This method ensures a precise and dynamic display of the
green signal duration, aligning with real-time conditions of
the emergency vehicle’s proximity to the traffic signal
After the emergency vehicle departs, the traffic signal
smoothly returns to its standard operational state,
restoring regular functionality and enabling the
unhindered flow of traffic in all lanes.
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Fig -1: Pictorial Flow Chart of the Idea
4. MECHANISM
1. Introduction:

Heavy junctions often pose challenges for emergency
vehicles, leading to delays in critical situations. This
research focuses on developing an advanced traffic signal
control system to facilitate the smooth passage of
emergency vehicles, specifically ambulances, through
congested intersections.

2. Study Site Description:

The study site is a heavy junction road with four lanes
labeled as P, Q, R, and S (Fig - 2). Entry lanes are denoted
as P1, Q2, R2, and S2, while exit lanes are P2, Q1, R1, and
S1. The research aims to address the issue of ambulances
getting stuck in long-duration traffic signals at this
location.

3. Methodology:
3.1 Traffic Signal Control System:

The system employs sound detection sensors strategically
placed at specific intervals on the road divider.

When an ambulance is detected in lane P1 and the traffic
signal is red, the Arduino Uno is utilized to trigger a
transition to green light.

3.2 Triggering Mechanism:

The triggering process involves the Arduino Uno
calculating the distance of the ambulance from the traffic
signal. The time required to cover specific distances is
determined, enabling precise signal control. For instance,
if it takes 60 seconds to clear 100 meters and 120 seconds
to clear 200 meters in lane P1, the Arduino Uno computes
these values and triggers the traffic signal accordingly.

4. Data Collection:

Data on ambulance movement, signal changes, and
triggering parameters are collected through sound
detection sensors and Arduino Uno calculations. The
collected data includes time, distance, and signal transition
events, providing insights into the system's effectiveness.

5. Analysis:

Statistical analysis is performed on the collected data to
evaluate the efficiency of the traffic signal control system.

Metrics such as signal response time, ambulance
clearance time, and overall system reliability are assessed.

6. Discussion:

The study aims to provide conclusive evidence on the
effectiveness of the proposed traffic signal control system.

Findings will be discussed about improving emergency
vehicle passage through heavy junctions.

The research contributes to the development of a reliable
and responsive traffic signal control system for emergency
vehicles, addressing the challenges faced at heavy
junctions.

Future research could explore expanding the system to
other lanes and junction configurations. Integration with
smart city infrastructure and communication networks for
enhanced emergency vehicle management. By adopting
this methodology, the study aims to contribute valuable
insights into improving traffic management for emergency
vehicles at heavy junctions, with potential implications for
urban planning and public safety.
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Fig -2: Site Description
5. CONCLUSIONS

In conclusion, this research proposes an innovative
solution to alleviate traffic congestion at busy junctions,
particularly when emergency vehicles navigate through
intersections. By integrating sound sensors and Arduino
Uno technology, the system aims to swiftly identify
emergency vehicles based on distinctive auditory signals,
subsequently  triggering  dynamic traffic  signal
adjustments. The literature review critically assesses
existing methodologies, leading to the development of a
comprehensive solution that overcomes limitations
through a sound sensor database, real-time adaptation,
and machine learning algorithms. The proposed
mechanism offers a promising approach to prioritize
emergency vehicles and enhance overall traffic
management. Future research may explore further
applications and integration with smart city
infrastructure, contributing to the advancement of urban
planning and public safety.
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