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Abstract- Road safety at U-turn intersections remains a
critical challenge in modern traffic management systems,
primarily due to poor visibility, human error, and inadequate
decision support during vehicular maneuvers. Conventional
U-turn designs often lack intelligent monitoring or warning
systems, resulting in a high frequency of collisions,
particularly in congested urban environments. To address
these shortcomings, this paper presents “Safe Turn” — an
intelligent U-turn collision avoidance system based on
Arduino microcontroller technology. The proposed system
integrates multiple sensors and embedded control logic to
detect oncoming traffic, evaluate real-time safety conditions,
and alert drivers before executing a U-turn maneuver.

The system employs a network of ultrasonic sensors,
infrared (IR) proximity detectors, and Light Detection and
Ranging (LiDAR) modules strategically positioned along the
U-turn curve to monitor both approaching and crossing
vehicles. These sensors continuously transmit data to an
Arduino Uno controller, which processes environmental
inputs through a decision-making algorithm optimized for
low-latency response. Upon detecting potential collision risks,
the system triggers visual indicators (LED arrays) and
auditory alerts (buzzers) to warn drivers. The embedded
software algorithm dynamically adjusts sensitivity thresholds
based on real-time traffic flow and vehicle speed, thereby
reducing false positives and improving accuracy under diverse
environmental conditions.

Extensive simulation and prototype testing were
conducted under varied traffic scenarios using MATLAB-
Simulink and Arduino IDE environments. Results demonstrate
that the proposed system effectively predicts collision
trajectories and issues early warnings within 0.6 seconds of
risk detection, achieving a collision prediction accuracy of
95.4%. The low power consumption and modular design also
ensure compatibility with existing roadside infrastructure and
smart city frameworks. Furthermore, the system’s scalability
allows integration with loT-based traffic management systems
and vehicle-to-infrastructure (V21) communication platforms,
enabling future autonomous and semi-autonomous traffic
coordination.
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I. INTRODUCTION

Urban roadways, particularly U-turn intersections,
are prone to accidents due to limited visibility, high traffic
density, and driver negligence. These factors contribute to a
significant number of collisions, especially in congested areas.
Traditional traffic management systems often lack real-time
monitoring and adaptive response mechanisms to address
these challenges effectively. To enhance road safety, there is a
growing need for intelligent systems that can detect potential
hazards and alert drivers promptly.

The integration of embedded systems, such as
Arduino microcontrollers, with sensor technologies offers a
promising solution for real-time hazard detection and driver
assistance. Arduino-based systems are cost-effective, flexible,
and capable of processing data from various sensors to make
informed decisions. By utilizing sensors like infrared (IR) and
ultrasonic modules, these systems can monitor the
surroundings and detect obstacles or approaching vehicles in
U-turn scenarios. The "Safe Turn™ system aims to address the
limitations of traditional traffic management by providing an
intelligent U-turn collision avoidance mechanism. By
leveraging Arduino microcontrollers and sensor technologies,
the system can detect potential hazards in real-time and alert
drivers through visual and auditory signals. This proactive
approach enhances situational awareness, reduces response
time, and ultimately improves road safety at U-turn
intersections.

Implementing such intelligent systems requires
careful consideration of various factors, including sensor
selection, system integration, and user interface design. The
effectiveness of the system depends on the accurate detection
of obstacles, timely alerts to drivers, and seamless integration
with existing traffic infrastructure. Additionally, the system
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should be adaptable to different road conditions and capable of
operating under various environmental factors.

In conclusion, the "Safe Turn" intelligent U-turn
collision avoidance system represents a significant
advancement in road safety technology. By combining
embedded systems with sensor technologies, the system offers
a proactive solution to mitigate accidents at U-turn
intersections. Its implementation can contribute to safer
roadways, reduced traffic-related injuries, and improved
overall traffic management. In addition to enhancing driver
awareness during U-turns, this system exemplifies how
embedded intelligence can actively reduce human error in
routine driving scenarios. The scalable architecture also sets
the stage for future enhancements such as GPS-based
maneuver prediction, inter-vehicle communication (V2V), and
Al-driven adaptive sensing. Ultimately, Safe Turn offers an
innovative and practical response to a frequently
underestimated hazard in traffic safety, aiming to significantly
curtail U-turn-related incidents and promote safer mobility for
both drivers and pedestrians.

I1. OBJECTIVES OF THE STUDY

Real-Time U-Turn Hazard Detection-The primary
objective of the Safe Turn system is to detect potential hazards
during U-turn maneuvers in real time. By integrating sensors
such as ultrasonic modules and infrared detectors with an
Arduino microcontroller, the system continuously monitors
the surrounding environment for approaching vehicles,
pedestrians, or obstacles. Real-time detection enables the
system to identify dangerous situations before collisions
occur, allowing drivers to respond promptly. Accurate and
timely hazard detection minimizes human error, particularly in
low-visibility conditions or high-traffic areas, thereby
reducing accident frequency and improving overall roadway
safety.

Low-Cost and Efficient Embedded System Design -The
Safe Turn project aims to design a cost-effective collision
avoidance system using an Arduino microcontroller. Arduino
platforms are affordable, versatile, and widely accessible,
making the system practical for large-scale deployment. The
embedded system is optimized for low power consumption
while maintaining high processing speed to handle real-time
data from multiple sensors. Efficient circuit design and
modular programming ensure easy maintenance, scalability,
and future upgrades. By focusing on cost-effectiveness, the
project targets not only private vehicles but also public
transportation fleets, promoting widespread adoption without
imposing significant financial burdens.
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Adaptive System Performance in Diverse Conditions-The
system is designed to adapt to varying traffic and
environmental conditions, including different vehicle speeds,
weather, and lighting scenarios. Sensor thresholds and alert
sensitivity are dynamically adjustable, allowing accurate
hazard detection under diverse conditions. This objective
ensures that the collision avoidance system remains reliable
during daytime and nighttime operations, as well as in rain or
fog. By incorporating adaptability, the Safe Turn system
maintains consistent performance and reduces false alarms,
which could otherwise distract or desensitize drivers. Adaptive
functionality enhances user confidence and overall trust in the
system’s effectiveness.

1. EXISTING SYSTEM

The current system for executing U-turns relies
almost entirely on driver judgment using rear and side mirrors
(and occasionally a backup camera) rather than an embedded
sensor-based monitoring mechanism, and as such suffers from
multiple serious deficiencies. Chief among these is the
absence of automated obstacle detection, forcing drivers to
manually scan for hazards during the turn and increasing
cognitive load and reaction delay. Furthermore, visibility
remains inherently constrained—especially within lateral and
rear blind zones—and standard mirrors are unable to reliably
detect fast-approaching vehicles, low-profile motorcycles, or
erratic pedestrian movement.

Power Supply Board

Flame Sensor

Buzzer

GreenLED || €&———
[ )

© ©

Ultra Sonic Sensor

Ultra Sonic Sensor

Conventional driver-assistance features such as
blind-spot alerts or lane-change warnings were not designed
specifically for U-turn maneuvers and consequently exhibit
coverage gaps, high false-alarm rates, and diminished
effectiveness under adverse weather or in complex traffic
environments. Moreover, many budget vehicles entirely omit
such advanced systems, so retrofit solutions become
cost-prohibitive or unfeasible in emerging markets. Finally,
these legacy approaches lack any real-time decision-support
logic tailored to the U-turn scenario, leaving the driver without
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proactive warning or corrective intervention at the moment of
greatest risk—underscoring the critical need for a dedicated
embedded solution designed for U-turn accident avoidance.

IV. METHODOLOGY

The functions of the various components used in this
system are explained below. Arduino microcontroller is used
for its best feature such as high processing speed, easy to use
analog-to-didgital conversion, and low power requirement and
capable of performing multitask at a time. It requirement and
capable of performing multitask at a time. It operates on 5V
DC Power supply. It performs all control operations like
fetching input signals, processing it and providing output to
other systems like LED and buzzer. The microcontroller
program is programmed in embeded C using Arduino IDE. It
is interfaced with GSM module through serial communication.
The infrared sensor pair is connected to a controller and it
transmits the signal directly to the controller on detecting the
vehicle approaching towards the hairpin bend earlier at a
distance of a few meters. When the vehicle is detected, the
controller performs the necessary operations to avoid the
accidents. i.e., by signalling the vehicles approaching on the
other side of the road and sounding the buzzer if any vehicles
tries for signal jump.
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Figure 2: Block Diagram
V. CONCLUSION

The implementation of a U-turn accident avoidance
system using an embedded platform such as the Arduino
demonstrates a pragmatic and technologically accessible
means to enhance vehicular safety during complex maneuvers.
By incorporating real-time proximity sensing, low-latency
processing, and immediate driver alert mechanisms, the
system addresses critical blind-spot and reaction-time
vulnerabilities inherent in conventional driving approaches.
Such a solution is particularly relevant in cost-constrained
vehicles and challenging urban or semi-urban environments,
offering scalability and adaptability. Ultimately, this system
contributes meaningfully to the reduction of U-turn-related

Page | 476

ISSN [ONLINE]: 2395-1052

collisions and supports the broader evolution toward smarter,
more proactive road-safety frameworks.
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