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Abstract— Two-wheeler rider road accidents tend to cause
serious injuries or death because of the time lag in responding
to emergencies and the absence of active safety features. In this
regard, this paper introduces a Smart Helmet system with in-
built sensors and wireless modules that provide real-time
accident detection and location-based emergency alerting. The
device combines an IR proximity sensor, a gyroscope, an
accelerometer, a GPS, and a GSM, all managed through an
Arduino Uno controller. Upon collision, the system alerts for
impact, confirms helmet wear, and sends the rider's location to
emergency personnel through SMS. This study is an extension
of previous work that investigates IoT-based safety devices,
integrating  sensor-triggered detection and real-time
communication to minimize response time and maximize rider
safety. The intelligent helmet provides an economically scaled
and cost-effective solution that works well for both urban and
rural rollouts and provides the building blocks for future
integration with artificial intelligence and smart city platforms.

Keywords—Smart Helmet, Accident Detection, Arduino
Uno, GSM, GPS, IoT, Emergency Notification, Rider Safety,
Real-time Alert, Sensor Integration.

I Introduction

With increasing competition in the globe and a pressure-
packed world, two-wheeler commuting has become the basic
mode of transportation in urban and semi-urban cities.
Though it provides convenience, along with this freedom
comes an extremely high rate of road accidents, especially
among motorcyclists. As per world and Indian traffic safety
reports, a huge percentage of road deaths are caused by
motorcycle accidents. These crashes have usually resulted in
serious injuries or fatalities, with a lack of immediate medical
aid. The Golden Hour, the critical time window after an
accident when lives are saved, is very much a casualty of poor
response in most incidents. In most cases, victims go
unattended for extended periods because of a poor emergency
response. This sad fact highlights the imperative to have an
intelligent system capable of sensing accidents in real-time
and alerting rescue services and emergency contacts quickly.
For the solution of this imminent problem, the creation of a
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Smart Helmet for Accident Detection and Notification
emerges as a highly viable and state-of-the-art solution for
embedded systems and healthcare technology based on IoT.

The Smart Helmet system is designed to be a life-saving
wearable for motorcyclists. It integrates embedded
electronics, communication modules, and sensors to detect
the condition of the rider and his or her location in real-time.
At the core of the system is the ATmega328P microcontroller
that serves as the CPU that commands and coordinates all
functional elements. The helmet is equipped with a GSM
module (SIM80OL) for communication, a GPS module
(NEO-6M) for real-time location tracking, a vibration sensor
for detecting impacts, and a 0.9-inch OLED display for user
interface and system feedback. The mechanism is small and
efficient, designed to fit within a helmet without in any way
compromising the comfort and safety of the user. The system
constantly looks out for signs of sudden shocks or intense
vibrations, which usually point to a collision or accident.
When such an incident is detected, the microcontroller
immediately retrieves the present location coordinates using
the GPS module and sends an emergency message using the
GSM module to a list of pre-defined emergency contacts
consisting of relatives, friends, local hospitals, and road
safety officials.

The system brings in a high level of automation and
dependability, virtually eliminating the reliance on the
victim's consciousness or capability of communication in the
event of an accident. In most serious instances, the rider can
be unconscious or unable to access a phone to call for
assistance. The Smart Helmet addresses this by making the
accident detection and sending of notifications entirely
automatic. Moreover, it guarantees high responsiveness—
running and sending notifications in seconds. The SIM800OL
GSM module, running over UART, is responsible for the
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transmission of SMS messages to saved numbers. Such
messages carry critical information like the latitude and
longitude of the incident point, so emergency responders can
identify the exact location with precision. This information
can be input into mapping software or IoT dashboards for
real-time monitoring.

Apart from accident detection and alerting, the system can
be extended to offer ongoing location tracking and speed
measurement, enabling post-ride analysis. Through logging
location data at frequent intervals, the helmet is able to draw
useful information regarding the rider's travel patterns,
variations in speed, and behavior, which can be used
subsequently for analysis or insurance claims. The OLED
display, which communicates via the 12C protocol, offers an
easy and low-power means of conveying real-time status to
the user—e.g., GPS lock status, system ready, or
confirmation of notification. This provides motorists with a
feeling of openness and trust in the system's functioning. The
vibration sensor, the accident-detection trigger, is a
miniaturized but very sensitive device that can differentiate
between normal ride vibrations and real impact shocks.
Sophisticated implementations might involve digital filtering
and threshold-based decision-making to reduce false alarms.

Aside from technical functionalities, the Smart Helmet
system has deep social and safety consequences. It not only
benefits individual riders by possibly saving their lives in
accident situations but also adds to a broader system of road
safety. Given growing awareness regarding smart mobility
and intelligent transport systems, such technologies are
extremely pertinent in the planning of smart cities and
connected infrastructure. Governments and road safety
organizations can use such technologies to cut down fatalities
as well as optimize emergency response logistics. In addition,
the system admonishes riders to use helmets—as the smart
functionalities only function when the helmet is being used—
thereby advocating for adherence to traffic safety laws.

Educationally and on a research basis, the project is an
interdisciplinary project that incorporates aspects of
embedded systems, microcontroller programming, GSM and
GPS technology, real-time systems, digital signal processing,
IoT communication, and human safety engineering. Students
and researchers involved in this project acquire hands-on
experience in circuit design, interfacing sensors, serial
communication protocols (UART and I12C), power
optimization, mobile communication standards, and system
integration. It provides a strong platform for further
developments like fall detection, alcohol detection, Bluetooth
connectivity with motorcycles, helmet-lock safety systems,
and cloud-based analytics.
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In summary, the Smart Helmet for Accident Detection
and Notification is more than a student project or prototype—
a life-saving, scalable solution capable of revolutionizing the
standards for motorcycle safety. Using low-cost embedded
hardware and real-time communication modules, the system
provides an affordable, dependable, and efficient way to close
the gap between the occurrence of accidents and emergency
medical response. It is also in line with the expanding vision
of smart wearable technology and Internet of Things (IoT) for
public safety and is an excellent example of how engineering
can be applied to address everyday problems that count.
Through ongoing improvement, broader use, and public
emergency network integration, these smart helmets can
become an everyday safety accessory in the coming years.

1L ARCHITECTURE

The Smart Helmet for Accident Detection and Notification is
areal-time embedded system, comprised of various hardware
modules interconnected using standard communication
protocols, all managed by the ATmega328P microcontroller.
The 8-bit AVR RISC-based microcontroller with 32KB of
flash memory and 2KB of SRAM is the core processing unit
for processing sensor information, wireless communication,
and system control. The system keeps checking for crashes
by employing a vibration sensor, most commonly the SW-
420 module, which is based on the piezoelectric
phenomenon. Upon detecting an abrupt shock—indicating a
possible crash—the sensor sends a digital HIGH signal to the
microcontroller. This causes the microcontroller's reaction,
either interrupt or polling, to initiate accident-handling
operations.

The initial response after impact sensing is location
acquisition through the NEO-6M GPS module. The module,
which is connected using the UART interface, provides GPS
data in NMEA sentence format at a baud rate of 9600. The
microcontroller interprets the strings to obtain latitude and
longitude and structures them into a message for emergency
alert. The message contains a link to Google Maps for
accurate location tracking. At the same time, the system
powers on the SIM80OL GSM module—again through
UART—using a series of AT commands. The commands
configure the SMS mode and send the alert to prearranged
emergency contacts, such as family members, ambulance
services, or authorities. To enable stable communication, a
high-capacitance electrolytic capacitor (usually 100pF-
470uF) is located close to the GSM module to regulate
voltage during maximum current draws.

For real-time visual feedback, a 0.96-inch OLED display with
the SSD1306 driver is interfaced through the I12C protocol. It
projects critical system statuses like "System Active," "GPS
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Lock Acquired," "Accident Detected," and "Message Sent."
The 12C communication is handled by the ATmega328P,
which is the master, and sends data to the OLED at standard
rates of 100kHz or 400kHz as per the display specifications.
The helmet is driven by an integrated Li-ion battery pack with
voltage regulation using buck converters (LM2596) or low-
dropout regulators (AMS1117) to provide stable 3.7V—4.2V
to sensitive modules such as SIM80OL. Power sequencing
and proper filtering components are essential to avoid
brownouts or unstable behavior, particularly during bursts of
GSM transmissions.

The program is coded in C/C++ using the Arduino IDE and
contains an optimal loop structure that keeps looking for
vibration events, reads GPS, sends SMS notifications, and
refreshes the OLED Interrupt-based UART
communication and minimalistic 12C libraries reduce
processor usage, and digital I/O inputs have debounce logic
to avoid spurious accident reporting. Furthermore, GPS speed
calculation is feasible through the use of the Haversine
formula to calculate distance between successive coordinate
readings in order for the system to make estimates on rider
velocity.

screen.

Later versions of the system may include integration with
real-time cloud connectivity through the use of GPRS or Wi-
Fi modules like ESP8266, which enables GPS data to be
pushed into a remote server. Furthermore, machine learning
algorithms learnt on vibration and motion sensor data would
enhance the accuracy of accident detection by identifying true
and false alarms. In general, this system is an excellent
integration of embedded hardware and software that provides
quick response and alert in case of an accident and may save
lives through prompt emergency response.
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Fig.1 Smart helmet for accident detection and notification
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III. CHARACTERISTICS
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The Smart Helmet for Accidental Detection and
Notification possesses a number of key attributes that make
it an effective safety improvement for two-wheeler users.
Fundamentally, it is an IoT-based embedded system that can
detect accidents in real time and notify emergency responders
or preprogrammed contacts. An important feature is impact
sensing, which is done through sensors like vibration
modules, accelerometers, and gyroscopes that identify
sudden impacts or unusual motion that signal a crash. The
helmet usually comes with a GPS module(e.g., NEO-6M)
that can accurately track locations, allowing the system to
determine the accident site coordinates. These coordinates are
then sent through a module (e.g., SIM80OL) to send SMS
notifications, so wireless communication is another essential
feature. The microcontroller (typically an Arduino-based
ATmega328P) serves as the core unit managing sensor
inputs, message creation, and module communication
through protocols such as UART, 12C, and digital I/O.

Another notable feature is alcohol detection, which was
introduced in certain models through gas sensors to avoid
riding while intoxicated, as can be seen in the research by
Khule et al. and Nataraja et al.

Also, smart helmets generally incorporate a real-time
display(often OLED based on SSD1306) to notify the rider
of system status like GPS lock or message reception. The
system is usually battery-powered, with voltage regulation
circuits to provide stable operation of high-current modules
such as GSM. Most designs also highlight autonomous
operation, where accident detection and alerting take place
without human intervention, providing reliability even when
the rider has no consciousness. Some systems feature ignition
control to mandate helmet wear or alcohol-free riding
conditions. Lastly, higher-end models include data logging
and speed computation based on GPS readings and the
Haversine formula, and future developments can include
cloud connectivity and machine learning algorithms for
greater accuracy and predictive safety analysis. Overall, these
features present smart helmets as an anticipatory, intelligent,
and life-preserving addition to motorcycle safety.

Iv. Applications

The Accident Detection and Notification Smart Helmet
has a number of significant applications that add value to road
safety and help prevent deaths among two-wheeler users in
various ways. Automatic accident detection and emergency
response is among the major applications, where the helmet
employs sensors to detect collision incidents and sends
distress messages to emergency contacts or healthcare
services with immediate location updates using GSM
communication. This allows for prompt medical care,
particularly crucial within the "golden hour" following an
accident, as emphasized in research such as that conducted by
Khule et al. and Rahman et al. Real-time location tracking is
another important use, assisting family members and
authorities in keeping track of the rider's route, enhancing
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responsibility and safety for solo riders or riders on lengthy
routes.

Smart helmets also have uses in preventing drunk driving,
where built-in alcohol detectors lock out the car ignition in
case of alcohol presence, as illustrated by the research
conducted by Nataraja et al. In certain implementations, the
helmet checks that the rider is properly wearing it before it
enables the vehicle to start, encouraging helmet usage and
legal compliance. Further, speed recording and trip recording
based on GPS information enable the analysis of riding
behavior for data, useful for insurance businesses, traffic
studies, or rider schooling programs. The OLED display of
the helmet can be utilized to display status messages such as
GPS lock, accident alert sent, or system active, hence
providing information to the rider.

In commercial or industrial applications, these helmets
can be used for fleet security in courier or logistics firms to
ensure drivers' monitoring and safety while working. Future
applications could involve cloud-based real-time tracking
systems and machine learning-based crash verification,
allowing for high-volume deployment in intelligent
transportation systems and smart cities, as suggested in
various research papers such as Shetty and Dharani et al. In
general, the smart helmet is a multi-functional protective
device that provides essential functions for accident response,
legal obligation, behavior analysis, and public safety
improvement.

RELATED WORKS

Road crashes account for the largest number of deaths on the
planet, and two-wheeler riders form a considerable
proportion among them. Helmets are meant to save riders but
are usually not capable enough to provide accident detection
or emergency alerts. As part of this background, smart
helmets with accident detection and real-time alert systems
are emerging areas of interest in research and industry. This
literature review delves into recent developments of smart
helmet systems, with emphasis on sensor-based crash
detection, IoT incorporation, and emergency communication
systems.

The paper "Smart Helmet System Using IoT for Alcohol
Detection and Accident Identification System with Location
Tracking" by V. R. Khule et al. discusses a highly innovative
smart helmet that is meant to promote safety among
motorcycle riders by incorporating alcohol detection,
accident identification, and location tracking in real-time.
The helmet features an alcohol sensor that identifies drunk
driving and can prevent the motorcycle from starting if
alcohol is present. An accelerometer detects abrupt impacts
or motion variation that is a sign of accidents, and a GPS
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module monitors the location of the rider and a GSM module
sends alert messages to emergency numbers. The system runs
on an embedded microcontroller and IoT platforms, sending
real-time data to a cloud server to be analyzed and stored.
This product is unique in its integration of preventive
solutions (alcohol detection) with reactive solutions (accident
detection and alert), and it addresses two of the primary
reasons for road accidents. IoT and low-cost embedded
systems enable the helmet to be practical, scalable, and
affordable. The system is based on pre-defined thresholds,
and this could produce false positives; also, its basis on GSM
networks might restrict usability in coverage-scarce areas.
Future enhancements may involve machine learning for more
accurate detection and integration with smart city
infrastructure for more comprehensive traffic surveillance
and emergency response. The paper, in general, presents a
complete and creative solution for enhancing rider safety,
utilizing IoT and sensor technologies to solve pressing road
safety issues.[1]

The paper "Smart Helmet and Accident Identification
System" by V. Hema et al. introduces an Arduino-based
smart helmet that aims to provide motorcycle rider safety by
sensing accidents and issuing real-time alerts. The system
employs an accelerometer for detecting sudden collisions and
a GSM module to send the location of the accident through
GPS along with the alert. It also supports a mechanism to
verify the wearing of the helmet to ensure safety compliance.
Based on an Arduino microcontroller, the system is low-cost,
lightweight, and energy-efficient and is thus ideal for
practical application. Although the use of predefined values
and GSM networks has some limitations, the system is a
considerable advance compared to conventional accident
detection systems. Overall, the paper presents a good solution
towards reducing response times and enhancing rider safety
using embedded systems and IoT technologies.[2]

The paper "SMART HELMET" by N. Nataraja et al.,
published at the 2018 IEEE RTEICT conference, proposes a
state-of-the-art smart helmet to improve two-wheeler riders'
road safety. The helmet features an alcohol sensor to avoid
drunk driving, accident sensors, and RF transceivers to send
real-time emergency messages, with the capability to work
even in low GSM coverage areas. It also communicates with
the car's ignition system so that the car can only be started
when the rider is using the helmet, thus mandating
compliance with safety. Structured around a microcontroller,
the system is low in power consumption and very small,
which makes it suitable for daily life. Although the design
offers fundamental safety issues, drawbacks include possible
environmental interference with alcohol 1 detection and
higher system complexity. Future research can look into
machine learning for higher accuracy and collaboration with
smart city infrastructure In general, the paper gives a holistic
and creative approach towards road safety, focusing on
accident prevention and response after accidents.[3]
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The paper "Smart Helmet for Accident Detection and
Notification" by S. A. Shabbeer and M. Meleet proposes an
IoT-based smart helmet designed to enhance road safety for
motorcycle riders by detecting accidents and notifying
emergency services in real time. The helmet uses an
accelerometer to detect sudden changes in acceleration,
indicative of an accident, and integrates GPS and GSM
modules to determine the accident location and send alerts to
emergency contacts. The system is powered by embedded
technologies, ensuring lightweight and efficient real-time
processing, while IoT connectivity enables data storage and
analysis on a web server for future safety improvements.
Although the system relies on predefined acceleration
thresholds and GSM networks, which may pose limitations in
certain scenarios, it represents a significant advancement over
traditional accident detection systems. Future enhancements,
such as incorporating machine learning for better accuracy
and optimizing power efficiency, could further improve its
practicality. Overall, the paper presents a promising solution
to reduce response times and improve rider safety, leveraging
IoT and sensor technologies to address a critical road safety
challenge.[4]

The paper "An IoT-Based Smart Smart helmet for Riding
Security and Emergency Notification" by M. J. Islam et al.
introduces an innovative design that includes sensors, GPS,
and GSM modules to identify accidents and provide
emergency notification. The system shows the capability of
IoT technology to promote rider safety and minimize
response time during emergency conditions. Essential
features are accident detection, GPS location tracking, and
emergency alert, which together bring an extra layer of
security for motorbike riders. Based on previous studies in
smart helmets and IoT-based safety measures, the suggested
system has various advantages, such as improved motorbike
rider safety, instant emergency assistance, and real-time
location tracking. All these features can minimize the chances
of major injuries or death, guarantee timely intervention, and
enable immediate assistance. Yet, possible challenges and
constraints are maintaining reliable
communication, and minimizing power consumption.[5]

seénsor accuracy,

The paper "Smart Helmet: A Comprehensive Solution for
Rider Safety" by V. Maheshwari et al. proposes an end-to-
end solution that includes drowsiness detection, real-time
alerts, and connectivity to offer an all-around solution for
rider safety.The system identifies rider drowsiness and warns
the rider to avoid accidents, alerts emergency services or
preconfigured numbers in the event of an accident, and
facilitates real-time communication between the rider and
stakeholders. Based on current studies involving smart
helmets and rider safety, the suggested system solves several
safety issues, such as accident detection, awareness, and
emergency response. Its holistic approach improves rider
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safety, enhances emergency response, and enhances

awareness with drowsiness detection and alerts.[6]

The paper "Smart Helmet for Vehicles using IoT for Accident
Avoidance" by S. G. et al. proposes a new design that
incorporates the use of IoT technology, sensors, GPS, and
GSM to improve rider safety. The system identifies accidents,
monitors locations, and delivers emergency alerts, bringing
timely intervention and support. Based on previous work, the
proposed system improves rider safety, enables rapid
emergency response, and allows real-time tracking. Although
it provides advantages such as increased security and timely
response, drawbacks are ensuring sensor reliability,
communication integrity, and power efficiency optimization.
More research is required to overcome these shortcomings
and guarantee the system's efficacy.[7]

The paper "Smart Accident and Helmet Detection —
Emergency Alert System" by G. Saranya et al. provides a new
system with YOLO and CNN for accident and helmet
detection to provide instant emergency response. The system
encourages helmet use, accident detection, and real-time
monitoring, providing improved road safety. While it
provides advantages such as safety improvement and instant
response, issues involve accuracy, quality in dataset, and
practicability in the real world. More studies are needed to
resolve these limitations and verify the efficacy of the
system.[8]

The paper "loT-Enabled Smart Helmet for Safety and
Accident Detection" by P. De et al. discusses a new design
involving the use of IoT technology, accelerometers, GPS,
and GSM for the purpose of accident detection and rider
safety. The system offers greater rider safety, timely
emergency response, and real-time tracking, minimizing the
likelihood of serious injury or death. There are challenges in
the aspect that needs to be optimized, such as power
consumption, the accuracy of sensors, and stable
communication. More research is needed to overcome these
shortcomings and make the system viable.[9]

The paper "Smart Ignition Control and Accident Alert in
Two-Wheelers" by Y. Ugale et al. discusses a new system
that combines IoT technology, Al, and cloud computing to
make the rider safer. The system monitors helmet usage,
accidents, and ignition control to encourage helmet usage and
prompt emergency response. Advantages are improved rider
safety, fewer accidents, and prompt emergency response. But
constraints include accuracy and reliability, integration into
the system, and user acceptance. There is a need for
additional research to overcome these limitations and make
the system effective in practice.[10]

The paper "A Deep Learning-Based Smart Helmet Detection
and Notification with e-Challan Issuance for Traffic Fines"
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by R. Ghosh et al. describes an innovative system that uses
computer vision based on deep learning to identify helmet use
and issue e-challans for traffic offenses. The system
encourages helmet use, road safety, and -effective
enforcement of safety policies. Advantages are improved
road safety, effective enforcement, and real-time monitoring.
Nonetheless, there are challenges such as maintaining
accuracy, dataset integrity, and scalability. Additional
research is needed to overcome these limitations and
guarantee the effectiveness of the system in real-world
applications.[11]

The paper "RideGuard: Empowering Rider Safety with
Integrated Helmet Technology and Aid App" by S. Kumar et
al. introduces a new system that combines smart helmet
technology with a mobile app to promote rider safety. The
system detects accidents, inhibits vehicle start-up if the rider
is drunk, and offers real-time support. Advantages of the
system are improved rider safety, accident prevention, and
real-time support. Nonetheless, challenges
guaranteeing accuracy, user acceptance, and compatibility
with current systems. Additional research is needed to
overcome these limitations and guarantee the efficiency of
the system.[12]

involve

The paper "A Review on Smart Helmet for Accident
Detection using IoT" by Impana et al. focuses on the
possibility of using smart helmets with IoT technology to
improve rider safety. The significant features are accident
detection and real-time notification, and the advantages are
improved rider safety and minimized response time. The
challenges include accuracy, power consumption, and cost,
which must be overcome. Additional research is required to
validate the effectiveness of smart helmets in real-life
applications.[13]

The paper "Smart Helmet using GSM & GPS Technology for
Accident Detection and Reporting System" by Shetty
provides a system that identifies accidents, locates positions,
and reports emergencies to authorities through GSM.
Advantages include improved rider safety and real-time
location tracking. Its effectiveness will be a problem given
challenges such as accuracy, reliability, and network
coverage. More research must be conducted to prove the
effectiveness of the system.[14]

CONCLUSION
the "Smart Helmet for Accident Detection and Notification"
is not merely a project—it is a call to action to save lives and
transform motorcycle safety in the face of technological
intervention. It is an indicator of a proactive stance against
road traffic fatalities, leveraging the capabilities of embedded
electronics and real-time communications. Although some
limitations are present currently, the system provides a strong
foundation for further research and real-world
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implementation. Its applications reach beyond people to
communities, city planners, and emergency services systems.
Since road safety will remain a pressing international
concern, innovations such as this intelligent helmet light the
way ahead—where technology is a reliable co-pilot in our
travels, ever ready to step in on our behalf, even when we are
not. The success of this project proves that life-saving
solutions do not have to be expensive or complicated—they
simply have to be smart, accessible, and founded in empathy.

COMPARISION TABLE
Ref. No Authors YearArcident Detectigicohol Detectidiocation Trackinplotification Syster
M Khule et al 2023 |Yes Yes Yes Yes
2] Hema et al 2022 |Yes No Yes Yes
3] Nataraa et al 2018 |Yes Yes No Yes
4] Shabbeer & Meleg2017 |Yes No No Yes
5] Rahman et al 2020 |Yes Yes Yes Yes
6] Islam et al 2024 |Yes Yes Yes Yes
m Maheshwari et al. | 2025 |Yes Yes Yes Yes
8] S.G. etal 2023 |Yes No Yes Yes
9] Saranya et al 2024 |Yes No Yes Yes
[10] |Deetal 2024 |Yes Yes Yes Yes
[11] |Ghosh etal 2023 |Yes No Yes Yes
[12] Kumar et al 2024 |Yes Yes Yes Yes
[13] |impanaetal 2018 |Yes Yes No Yes
[14] |Sheny 2024 |Yes No Yes Yes
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