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Abstract —

Road safety is a critical concern worldwide, with a
significant number of accidents caused by human
negligence such as drunk driving and failure to wear
protective gear. This paper presents the design and
implementation of a Smart Helmet System that integrates
Internet of Things (IoT) technology to enhance rider
safety and reduce accident risks. The proposed system
incorporates an alcohol detection sensor to monitor the
rider’s breath and prevent the motorcycle from starting if
alcohol consumption is detected beyond a safe threshold.
Additionally, a helmet detection mechanism ensures that
the bike ignition system is enabled only when the rider is
wearing the helmet properly.

Furthermore, the system includes an accident detection
module, which utilizes sensors such as accelerometers to
identify sudden impacts or abnormal motion patterns. In
the event of an accident, the system automatically sends
the rider’s real-time GPS location to predefined
emergency contacts, enabling faster response and medical
assistance. The integration of wireless communication
modules ensures seamless data transmission and system
reliability.

By combining safety enforcement and emergency
response features, the proposed smart helmet provides an
automated and efficient solution to minimize road
accidents and enhance rider protection. This IoT-based
approach demonstrates significant potential for
improving transportation safety and promoting
responsible riding behavior.

Keywords — Smart Helmet, Internet of Things (IoT),
Alcohol Detection System, Helmet Detection, Accident
Detection, GPS Tracking, Rider Safety, Vehicle Ignition
Control, Emergency Alert System, Wireless Communication
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1. INTRODUCTION

In Road accidents are a major cause of fatalities
worldwide, especially among motorcycle riders,
often due to not wearing helmets and driving under
the influence of alcohol. Despite existing safety
regulations, lack of enforcement and human
negligence continue to increase risks on the road.
To address these issues, this paper proposes a
Smart Helmet system based on Internet of Things
(IoT) technology, aimed at improving rider safety
through automation. The system integrates an IR
sensor to detect helmet usage and an MQ-3 alcohol
sensor to monitor alcohol levels. A NodeMCU
(ESP32) controller processes this data and ensures
that the motorcycle starts only when safety
conditions are met.

Additionally, the system includes an MPU6050
sensor for accident detection and a GPS module
for sending real-time location alerts to emergency
contacts via GSM or wireless communication.
Overall, the proposed system provides a smart,
efficient, and cost-effective solution to enhance
rider safety and enable quick emergency response
using [oT automation.

Il. LITERATURE REVIEW

Smart helmet systems have gained significant
attention in recent years as an effective approach to
improving motorcycle rider safety through IoT and
automation.

Choi and Kim (2021) conducted a comprehensive
review of over 100 studies and found that most
systems focus on core safety functions such as
helmet detection, alcohol sensing, and accident
alert mechanisms. Their study emphasizes the
importance of integrating Sensors,
microcontrollers, and communication technologies
into a unified framework.
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Lee et al. (2022) and related works highlight the
advancement of smart helmets using multimodal
sensing and artificial intelligence, where machine
learning models such as CNN are used to detect
hazardous conditions with high accuracy. These
systems also employ cloud platforms for real-time
monitoring, demonstrating the growing importance
of Al-enabled IoT solutions.

Pearkao et al. (2025) proposed an Al-integrated
smart helmet using cameras and YOLO-based
object detection to identify surrounding vehicles
and alert riders through voice messages. Their
system achieved up to 85% accuracy and showed
improved  situational = awareness,  though
performance slightly decreased at higher speeds.

The smart helmet system integrates safety and
accident-prevention features using sensors and
microcontroller-based automation. It ensures the
bike starts only when the rider wears the helmet
properly, is free from alcohol, and the side stand is
lifted, using IR, MQ-3, and position sensors
connected to an Arduino Uno. A gyroscopic sensor
detects crashes by monitoring bike tilt, and a GSM
module sends automatic alerts to emergency
contacts during accidents. The system effectively
enhances rider safety and enforces responsible
riding. Future improvements can include loT-based
real-time monitoring, GPS for location tracking,
ESP8266 or Raspberry Pi integration for wireless
communication, and advanced features like health
tracking and image-based road sign detection for a
more comprehensive safety solution.

The proposed smart helmet system enhances road
safety by integrating helmet detection and alcohol
monitoring using sensors and automation. It
employs a helmet sensor to verify if the rider is
wearing the helmet and a gas sensor to detect
alcohol levels, both connected to an Arduino-based
control unit. If the helmet is not worn or alcohol is
detected, the system locks the vehicle ignition and
keeps the lights off, preventing the rider from
starting the bike. Additionally, if alcohol is sensed
after unlocking, a GSM alert is sent to the rider’s
family, adding a layer of accountability. The
system effectively prevents drunk and unsafe riding
through automated checks and real-time alerts.
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Future improvements could include IoT-based data
logging, GPS integration for location tracking, use
of ESP8266 or Raspberry Pi for wireless
connectivity, and app-based interfaces for
emergency alerts and rider monitoring to make the
system more intelligent and user-friendly.

The smart helmet for bike riders integrates multiple
technologies to enhance rider safety and accident
response. It uses an MQ-3 alcohol sensor to detect
intoxication, a vibration sensor to identify impacts
or falls, and a GSM-GPS module to send automatic
SMS alerts with the rider’s location to emergency
contacts. An ESP32-CAM module enables live
video streaming and real-time monitoring, offering
visual data during incidents. The system operates
on a microcontroller (ESP32/NodeMCU) with
rechargeable battery support, providing immediate
alerts through buzzer and LED indicators. Testing
confirmed accurate alcohol detection, vibration
response, and quick communication via GSM. This
helmet promotes responsible riding and ensures
rapid emergency response. Future improvements
can include Al-based accident prediction,
biometric health tracking, augmented reality heads-
up displays, loT-based data storage, and seamless
integration with smart wearables for a fully
connected safety ecosystem.

The IoT-based Smart Motorcycle Helmet ensures
rider safety by integrating multiple smart sensors
and modules. It uses an MQ-3 alcohol sensor to
detect intoxication and an IR switch to verify if the
rider is wearing the helmet—only when both
conditions are satisfied does the bike ignition
activate. Additional modules such as GPS, GSM,
and accelerometer detect accidents, track location,
and send emergency alerts to registered contacts.
Ultrasonic sensors alert riders of nearby vehicles,
while a camera and night-vision system enhance
visibility. Controlled by an Arduino Uno, the
system prevents drunk and helmetless riding,
reducing accidents effectively. Future
improvements  could include IoT  cloud
connectivity, Al-based accident prediction, and
compact hardware integration for better
performance and user convenience.
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The IoT-based Smart Helmet aims to enhance rider
safety by preventing accidents and enabling timely
emergency response. It uses sensors such as MQ-3
for alcohol detection, vibration and MEMS sensors
for accident identification, and IR sensors for
helmet detection. The system, built on Arduino
with GSM and GPS modules, prevents ignition if
the rider is intoxicated or not wearing the helmet
and sends real-time accident alerts with location
details to emergency contacts via cloud
connectivity. Experimental results show high
accuracy in detecting crashes and alcohol levels.
Future improvements may include Al-driven
accident prediction, live video streaming, biometric
monitoring, and integration with smart wearables
for a more advanced and connected safety system.

The Smart Helmet Ignition System works using
two modules—one inside the helmet and one on the
bike. Sensors in the helmet detect whether it is worn
and send this information wirelessly to the bike
module. The bike module verifies the signal and
allows ignition only if the helmet is properly worn;
otherwise, the relay keeps the engine off, ensuring
that the bike starts only when safety conditions are
met.

The IoT-based smart helmet system uses
NodeMCU microcontrollers embedded in the
helmet and motorcycle to collect sensor data
(helmet detection using switch belt + flex sensor,
drowsiness  using  accelerometer/gyroscope,
accident detection, and GPS location tracking).
These data are sent in real-time to Firebase over
Wi-Fi, and the Android app displays rider status
and location; if helmet is not worn, the relay keeps
the ignition off, and in case of drowsiness or

accident, alerts and coordinates are shared

automatically.

III. METHODOLOGY and SYSTEM
ARCHITECTURE

1. System Overview

The system is divided into two main units:
Helmet Unit (Master NodeMCU) — Responsible
for sensing and decision-making

Bike Unit (Slave NodeMCU) — Responsible for
ignition control and emergency communication
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Communication between the two wunits is
established using Bluetooth protocol, where the
helmet unit acts as the master and the bike unit acts
as the slave.

2.Helmet Unit (Master NodeMCU)

The helmet unit integrates multiple sensors to
monitor rider conditions in real time.

a) Helmet Detection (IR Sensor)

An IR sensor is placed inside the helmet to detect
whether the rider is wearing the helmet. The sensor
outputs a digital signal:

HIGH — Helmet worn

LOW — Helmet not worn

This condition is continuously monitored by the
master NodeMCU.

b) Alcohol Detection (MQ-3 Sensor)

The MQ-3 sensor detects alcohol vapors from the
rider’s breath. The sensor provides an analog
voltage proportional to alcohol concentration.

If alcohol level > threshold — Unsafe condition

If alcohol level < threshold — Safe condition

The NodeMCU processes this signal to determine
whether the rider is fit to drive.

¢) Accident Detection (MPU6050 Sensor)
(your important addition)

The MPU6050 sensor, which includes a 3-axis
accelerometer and 3-axis gyroscope, continuously
monitors:

Sudden acceleration

Tilt angle

Impact force

If the sensor values exceed predefined thresholds
(e.g., high vibration or sudden tilt), the system
identifies it as a possible accident condition.
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d) GPS Module (NEO-6M)

A GPS module is used to capture real-time
coordinates (latitude and longitude) of the rider
during emergencies.

e) Decision Logic (Master NodeMCU)

The master NodeMCU processes all sensor data
and applies the following logic:

IF (Helmet worn = TRUE) AND (Alcohol detected
= FALSE) — Send "START SIGNAL" via
Bluetooth

ELSE

— Do not send signal

Additionally, in case of accident detection: — Send
"ACCIDENT SIGNAL + GPS DATA" to slave
NodeMCU

¢) GSM Module (On Slave — Your Actual
Design)

A GSM module is connected to the slave
NodeMCU to send SMS alerts.

When the slave receives an accident signal from
the master:

It extracts GPS coordinates

Sends SMS to emergency contacts

4. Communication Flow

Helmet NodeMCU (Master) checks:

Helmet condition

Alcohol condition

If safe: — Sends Bluetooth signal

Bike NodeMCU (Slave): — Receives signal
— Activates ignition

3. Bike Unit (Slave NodeMCU)
The bike wunit acts as an execution and
communication system.

Fig.2

a) Bluetooth Receiver
The slave NodeMCU receives signals from the
helmet (master) via Bluetooth.

b) Ignition System (Motor/Relay)

A motor (prototype) or relay (real bike) is
connected to the slave NodeMCU:

If valid signal received — Motor ON (Bike starts)
If no signal — Motor OFF

This ensures that the bike cannot start unless safety
conditions are satisfied.

During accident: — MPU6050 detects impact

— GPS gets location
— Data sent to slave
— GSM sends alert

5. System Advantages of This Architecture

1. Separation of sensing and ignition improves
safety.

2. Bluetooth-based communication reduces
wiring complexity.

3. Helmet acts as
(prevents misuse).

4. Fast emergency alert via GSM.

5. Modular design (easy future upgrades like
Al cloud).
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1V. FUTURE SCOPE

The proposed system can be further enhanced by
integrating Al-based helmet detection using
computer vision, cloud-based monitoring for real-
time data access, and advanced communication
technologies such as IoT platforms. Additional
features like health monitoring sensors, voice-
based SOS alerts, and mobile application
integration can further improve rider safety and
system efficiency.

V. CONCULSION

The proposed Smart Helmet system provides an
effective and reliable solution for enhancing
motorcycle rider safety through IoT-based
automation. By implementing a dual NodeMCU
architecture with Bluetooth communication, the
system ensures that critical safety conditions are
verified at the helmet level before enabling vehicle
ignition.

The integration of an IR sensor for helmet
detection and an MQ-3 sensor for alcohol
detection successfully prevents unsafe riding
practices such as riding without a helmet or under
the influence of alcohol. The use of a master—slave
communication model improves system
modularity and ensures secure data transmission
between the helmet and bike units.

Furthermore, the inclusion of an MPU6050 sensor
for accident detection and a GPS—GSM based
alert system enables real-time emergency response
by sending the rider’s location to predefined
contacts. This significantly reduces response time
during critical situations and increases the chances
of timely medical assistance.

Overall, the system demonstrates a cost-effective,
scalable, and practical approach to improving
road safety and minimizing human errors. Future
enhancements such as Al-based monitoring,
cloud integration, and advanced communication

© 2026, IJSREM | https://ijsrem.com

technologies can further improve system
efficiency, accuracy, and real-world adaptability.
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