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Abstract: The implementation of a smart helmet based on 10T technology offers a fresh method for bolstering
motorcycle safety. This system incorporates two primary units: the helmet and bike units. The integration of
these units serves to ensure rider safety through a comprehensive set of conditions and sensors. The helmet
unit features a combination of essential components including touch sensors, LCD display, alcohol sensor,
RF transmitter and receiver, vibration sensor, GPS, and GSM module. These components work
collaboratively to detect and relay crucial information to the bike unit. In operation, the system mandates that
both conditions are met for the ignition of the motorcycle to commence. Firstly, the rider must be wearing the
smart helmet equipped with the requisite sensors.

Secondly, the alcohol sensor within the helmet unit must confirm that the rider has not consumed alcohol,
ensuring sobriety before allowing the bike to start. This innovative approach not only promotes responsible
riding behavior but also leverages loT technology to improve the safety of motorcycles. Through the
integration of multiple sensors and communication modules, the smart helmet system provides a proactive
solution to mitigate risks associated with impaired riding and ensure a safer riding experience for
motorcyclists.

Keywords - Smart helmet, IoT implementation, Motorcycle safety, Touch sensor, LCD display, Alcohol
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|. INTRODUCTION

Technology is deeply integrated into every part of our daily lives—education, industry, transportation,
communication, and healthcare. In transportation, motorcycles are particularly favored by young people due
to their affordability and convenience. However, motorcycles also come with serious safety concerns. Unlike
cars, they lack a protective outer structure, which puts riders at higher risk in case of accidents.

Motorcycle safety depends on many aspects—Dbike design, quality of components, and rider skills. Yet, riders
remain vulnerable, and even minor accidents can lead to major injuries. Speeding, recklessness, intoxication,
and breaking traffic laws are some of the most frequent causes of motorcycle accidents. Crucially, the
likelihood of serious head injuries or even death is greatly increased when a helmet is not worn. Studies show
that helmets can reduce the risk of head injury by around 80%.

To address these concerns, modern technologies like One important role may be played by the Internet of
Things (IoT). By combining sensor systems and communication tools, motorcycles can deliver real-time data
that enhances rider awareness and helps prevent accidents. Promoting helmet use and applying smart
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technologies together can make a big difference in protecting lives. Our paper embraces this concept under
the motto: "Safety on Two Wheels", aiming to make motorcycling safer through intelligent technology.

Il. LITERATURE SURVEY

[1]. Shoeb Ahmed Shabbeer and Merin Meleet (2017)

In their work presented at the 2nd IEEE International Conference on Computational Systems and Information
Technology, the authors proposed a smart helmet system that can automatically detect accidents involving
two-wheelers and notify emergency services. The system uses the MPU6050 accelerometer to sense abnormal
motion patterns indicative of an accident. It includes components like an Arduino microcontroller, GSM and
GPS modules, and a web server to manage real-time data. The GPS module provides the exact location of the
incident using NMEA strings, and this information is uploaded to a central server. The server records the time
and location of the event and notifies both authorities and the victim's family members. This setup

significantly improves emergency response times and enhances rider safety on the road.

[2]. Mr. Sethuram Rao, Vishnupriya S.M., Mirnalini Y., and Padmapriya R.S.

This study introduces a high-security smart helmet that incorporates Internet of Things (10T) capabilities to
detect, prevent, and report accidents. The helmet is built around a Raspberry Pi 3 controller that functions as
the main processing and communication hub using Wi-Fi and Bluetooth. Sensors embedded in the helmet
communicate with the Raspberry Pi to monitor the rider’s behavior. In the event of a violation such as rash
driving or intoxication, the system captures images and shares them through a cloud-based platform. A
dedicated mobile application provides live location tracking via Google Maps, and emergency notifications
are sent to pre-registered contacts. The system aims to minimize fatalities caused by risky driving practices

such as driving under the influence, distracted driving, and neglecting traffic regulations.

[3]. Prof. Chitte P.P., Salunke Akshay S., Thorat Aniruddha, and N. Bhosale (2016)

Published in the International Research Journal of Engineering and Technology, this paper outlines the design
of a smart helmet integrated with intelligent bike control features. The system ensures the rider’s safety by
incorporating technologies such as accident and fall detection, GPS-based location tracking, and alcohol level
monitoring. One of the unique features of this model is that it enforces helmet usage by disabling bike ignition
until the helmet is properly worn. Communication between the helmet and bike is enabled through an RF
transmitter-receiver setup. In case the rider is found to be intoxicated, the ignition is automatically disabled
and a text alert, including the GPS location, is sent to emergency contacts. This smart system creates a secure

and responsive riding experience.

[4]. Nitin Agarwal, Anshul Kumar Singh, Pushpender Pratap Singh, and Rajesh Sahani (2015)

This research discusses a basic yet effective smart helmet system aimed at promoting road safety by ensuring
helmet compliance. The core concept is based on RF communication. The bike is equipped with an RF
receiver, and the helmet carries an RF transmitter. The engine starts only when the helmet is worn and the RF

signal is received, enforcing helmet usage among riders. This mechanism is particularly beneficial in reducing
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head injuries in the event of an accident and plays a critical role in improving adherence to traffic laws. The

system is designed to be compatible with a variety of two-wheelers including motorcycles and scooters.

[5]. Jesudoss A., Vybhavi R., and Anusha B.

This paper focuses on the dual purpose of accident avoidance and alcohol detection through a smart helmet
system. The helmet uses an IR sensor to verify whether it is being worn and a gas sensor to identify the
presence of alcohol in the rider’s breath. If either condition fails—no helmet or alcohol consumption—the
bike remains non-operational. When an accident is detected through onboard sensors, the system triggers an
alert and shares the GPS coordinates of the crash site with nearby hospitals. This approach ensures that help
can be dispatched promptly, improving chances of survival and reducing the severity of injuries.

1. EXISTING SYSTEM

Several systems currently exist that attempt to address rider safety, each with unique features:

e Helmet-to-Bike RF Communication:
Some systems use ZigBee or RF modules to detect speed breakers or to guarantee that the helmet is
put on prior to ignition.
Limitation: Only blocks ignition if the helmet is detected, lacks alcohol detection or crash response.

e Solar-Powered Smart Helmets:
Feature Bluetooth, accident alert system, emergency buttons, and solar-based phone charging.
Limitation: Complex and less focused on enforcement of safety protocols.

e Accident Detection Systems:
Use vibration or speed sensors to detect crashes and send GPS coordinates via GSM.
Limitation: May not include helmet detection or alcohol sensing.

e Alcohol Detection Systems:
Use MQ-3 gas sensors to prevent ignition if alcohol is detected in the breath.
Limitation: No location reporting or emergency alert features.

e Bio-Sensor Integration:
Some helmets include sensors for monitoring vital signs like heart rate and breathing.
Limitation: Primarily research-stage and not widely adopted.

e Helmet-Integrated Ignition Control:
Bike ignition is disabled unless the helmet is worn and buckle secured.
Limitation: Often not integrated with emergency or alert systems.

IV. PROPOSED SYSTEM

The creation of an loT-enabled smart helmet with the goal of improving two-wheeler riders' safety and
lowering the likelihood of traffic accidents is the main topic of the paper. The following are the main
characteristics of the suggested system:

1. Helmet Usage Detection: To promote safe riding practices and adherence to safety regulations, the two-
wheeler will be built to start only when the rider is wearing a helmet.

2. Alcohol Level Monitoring: The rider's breath is detected by an integrated alcohol sensor. The ignition
system is turned off to prevent the rider from operating the vehicle while intoxicated if the alcohol content
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rises above the legal limit.

3. Accident Alert System: The system instantly notifies the registered user of an accident and provides
their current location.

This smart helmet system leverages 10T to move beyond traditional traffic enforcement, aiming to create a
proactive safety environment for riders through real-time monitoring and intelligent control features.
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Figure 2: Block Diagram of Bike Section
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V. DESIGN OF THE SYSTEM

There are two main components to the smart helmet system's overall design:

1. Helmet Module
2. The Bike Module

Materials and Components Used

The development of an intelligent, loT-based smart helmet involves the integration of several hardware
components to ensure both functionality and safety. One of the core components in this setup is the Arduino
Uno.

5.1 The Arduino Uno

The system's main controller is the Arduino Uno. It is renowned for striking a balance between functionality
and simplicity and is based on the ATmega328P microcontroller. The board has an onboard bootloader that
makes uploading code easier, digital and analog input/output pins, and a USB interface for connectivity.The
Arduino Uno's simplicity of use is one of the factors that led to its selection, particularly when working with
prototype or embedded papers. The Arduino IDE, which offers a user-friendly platform for beginners as well
as a large library and sample code, supports it. The Arduino Uno provides enough resources and flexibility to
implement a variety of 10T and automation papers, regardless of your level of experience as a developer.

Figure 3: Arduino Uno

IJCRT25A6102 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | jaT7


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 6 June 2025 | ISSN: 2320-2882

ATMega328P and Arduino Uno Pin Mapping

Arduino function — — Arduino function
reset [PCINT14/RESET) PCa]" 281 PC5 (ADCS/SCL/PCINT13) analog input 5
digital pin 0 (RX) {PCINT16/RX0D) POO= 27 ] PC4 (ADC4/SDA/PCINT12) analog input 4
digital pin 1 (TX) {PCINT17/TXD) PD1]5 260 ] PC3 (ADC3/PCINT11) analog input 3
digital pin 2 {PCINT18/INTD) PD2]+ 2] PC2 (ADC2/PCINTI0) analog input 2
digital pin 3 (PWM)  (PCINT19/0C2B/INT1) PD3L]s 2] PC1 (ADC1/PCINTG) analog input 1
digital pin 4 {PCINT20/XCKITO) PD4 s 23] PCO (ADCIVPCINTS) analog input 0
WCC VCC 7 2] GND GMND
GND GND = =[] AREF analog reference
crystal (PCINTE/XTAL1/TOSC1) PBE[]s 20l ] AVCC VCC
crystal (PCINT7/XTAL2/TOSC2) PB7 |10 15 ] PBS (SCK/PCINTE) digital pin 13
digital pin 5 (PWMK) [PCINT21/0C0BT1) POS]n 1] PB4 (MISO/PCINT4) digital pin 12
digital pin 6 (PWM)  (PCINT22/0C0AMAING) PDE ]2 17 PB3 (MOSIOC2A/PCINTS) digital pin 11 (PWM)
digital pin 7 (PCINT23/AINT) PD7 )13 161 PB2 (SSIOCIBPCINTZ)  digital pin 10 (PWK)
digital pin B (PCINTO/CLKQACP1) PBO 4 15 PB1 (QC1APCINT1) digital pin @ (PWM)

Digital Pins 11,12 & 13 are usad by the |CSP header for MOS|
MIS0, SCK connections (Atmaga 158 pins 17,18 & 18} Avoid low-
impedance loads on these pins when using the ICSP header,

Figure 4: ATMEGA 328P Pin Diagram.
5.2 Alcohol Sensor

The MQ-3 sensor, a gas sensor designed specifically to detect alcohol vapors in the surrounding environment,
is used to achieve the system's alcohol detection functionality. It works on the basis of changing conductivity
when alcohol molecules are present. The MQ-3 uses a tin oxide (SnO2) semiconductor, which changes its
electrical resistance when exposed to alcohol vapors. The circuitry of the sensor records and processes this
change in resistance to determine the amount of alcohol in the air, making it ideal for integration into safety-
critical systems like breath analyzers and vehicle ignition interlocks. The MQ-3 sensor is widely praised for
its high sensitivity, fast response time, and low power consumption, making it a good option for portable and
embedded sensors.

Figure 5: MQ-3 Alcohol Sensor
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5.3 Gyroscope

A gyroscope is an electromechanical sensor that measures angular velocity or orientation, typically along one
or more axes. In the context of smart systems, such as loT-enabled wearables and embedded devices,
gyroscopes are used to detect and respond to motion or changes in direction. For the smart helmet system, the
gyroscope plays a vital role in monitoring the rider’s head movements, which can be analyzed to detect falls,
sudden jerks, or potential accidents. By capturing real-time angular displacement, the device enhances rider
safety through automated alerts or response mechanisms. Most commonly, MEMS (Micro-Electro-
Mechanical Systems) gyroscopes are used due to their compact size, low power consumption, and
compatibility with embedded platforms.

Figure 6: Gyroscope

5.4 Servomotor

A servomotor is a precision-controlled actuator used to achieve accurate angular or linear positioning. It
combines a motor with a feedback mechanism, typically using a position sensor, to-maintain desired
movement or alignment. In embedded and loT-based applications, servomotors are widely used for tasks
requiring controlled motion. In the proposed smart helmet system, the servomotor is utilized to perform
specific safety actions—such as adjusting a visor, triggering a mechanical lock, or responding to
environmental conditions. Due to their compact design, reliability, and ease of control through PWM (Pulse
Width Modulation) signals, servomotors are well-suited for integration in microcontroller-based safety
systems.

Figure 7: Servomotor
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5.5 Rain Drop Sensor

A rain drop sensor is an electronic module designed to detect the presence and intensity of rain or water
droplets. It typically consists of a resistive plate and a control board that interprets changes in resistance when
water contacts the sensing surface. In the context of the smart helmet system, the rain drop sensor serves as
an environmental awareness component. Upon detecting rain, the system can trigger actions such as automatic
visor closure, alerting the rider, or activating protective mechanisms. Its simple interfacing with
microcontrollers and low power requirements make it a practical choice for real-time weather-responsive 10T
applications.

Figure 8: ain Drop Sensor

5.6 Ultrasonic Sensor

An ultrasonic sensor is a non-contact distance measuring tool that determines an object's proximity by using
high-frequency sound waves. It sends out ultrasonic pulses and counts how long it takes foran echo to
bounce back after hitting a surface. The ultrasonic sensor in the smart helmet system is used to track the
rider's distance from obstacles, especially cars coming up behind them or when they are moving in reverse.
By doing this, riders' awareness is increased and collisions are avoided. It is appropriate for real-time safety
applications in Internet of Things-based systems due to its high accuracy, simplicity in integrating with
microcontrollers, and dependability in a variety of environmental conditions.

Figure 9: Ultrasonic Sensor
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5.7 LCD (Liquid Crystal Display)

A Liquid Crystal Display (LCD) is a widely used visual output device found in various electronic systems. It
is a flat-panel display technology that operates using a matrix of liquid crystal cells arranged between two
transparent electrodes and polarized filters.

When voltage is applied, the orientation of the liquid crystals changes, affecting the light passing through and
producing visible images or text. LCDs are preferred for their low power consumption, compact form factor,
and clear display output.In the context of this paper, an LCD module is used to display key system information
such as sensor status, helmet detection, and alcohol level alerts, providing the user with a simple and direct
interface for real-time feedback.

Figure 10: Liquid Crystal Display
5.8 RF Transmitter (434 MHz)

The 434 MHz RF transmitter module is a compact and efficient device used for wireless communication over
short distances. Operating within the 434 MHz frequency range, which is part of the ISM (Industrial,
Scientific, and Medical) band, this module is widely adopted in low-power and short-range communication
systems. The module typically comprises three main components: an RF oscillator, a modulation unit, and an
antenna. It functions by converting input electrical signals into radio waves at the designated frequency of
434 MHz. These signals are then transmitted wirelessly via the antenna. For successful communication, the
transmitted signal must be received by an RF receiver module that is precisely tuned to the same frequency.
In this smart helmet system, the RF transmitter is responsible for wirelessly sending critical sensor data—
such as helmet status and alcohol detection—from the helmet unit to the bike module, enabling real-time
decision-making and control.

Figure 11: RF Transmitter (434 MHz)
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5.9 RF Receiver (434 MHz)

The 434 MHz RF receiver module is designed to capture and decode radio signals transmitted wirelessly over
short distances. Operating in the same frequency band as its corresponding transmitter—434 MHz—it forms
a key component of many low-power, wireless communication systems. This type of RF receiver is widely
used in applications such as remote controls, wireless data transfer, telemetry systems, and home or vehicle
security setups. It is valued for its low power consumption, cost-effectiveness, and simple integration, making
it ideal for portable and battery-powered devices where wired communication is either impractical or
undesirable. In the smart helmet system, the RF receiver is installed in the bike module to receive data sent
from the helmet unit. These signals include important safety parameters like helmet usage confirmation and
alcohol detection status. Once received, the data is processed to control ignition and safety alert mechanisms
accordingly.

Figure 12: RF Receiver (434 MHz)

5.10 GSM Module

A GSM (Global System for Mobile Communications) module is an essential component used to enable
wireless communication over cellular networks. It typically includes a GSM modem, a SIM card slot, and
integrated circuitry that allows electronic systems to connect to mobile networks.This module supports
functionalities such as sending and receiving SMS messages, making voice calls, and establishing data
connections, depending on the application requirements. GSM modules are widely used in remote monitoring
systems, loT applications, security and alarm systems, and vehicle tracking solutions due to their ability to
operate over long distances without the need for wired infrastructure. In this smart helmet paper, the GSM
module plays a critical role in emergency alerting. When an accident is detected, the system uses the GSM
module to send an SMS notification to predefined emergency contacts, along with real-time location data
obtained from the GPS module. This ensures timely communication and enhances the chances of receiving
prompt medical or rescue assistance.

Figure 13: GSM Module
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5.11 DC Motor

An electromechanical device that converts electrical energy into mechanical motion is called a DC (Direct
Current) motor. It operates on the basic tenet of electromagnetism, which states that rotational movement is
produced by the interaction of magnetic fields and electric current. The rotor (the rotating portion), the stator
(the stationary magnetic field source), and, in the case of brushed DC motors, brushes and a commutator,

are the essential parts of a DC motor. Current passes through the motor windings when a DC voltage is
applied to the motor terminals. The torque produced by this current's interaction with the stator's field causes
the rotor to spin. This smart helmet paper simulates ignition control using a DC motor.

e—

7

Figure 14: DC Motor

5.12 POWER SUPPLY

An essential part of any electronic system, a power supply provides the necessary electrical energy to run
different circuits and parts. It transforms input from an external source, like batteries or mains electricity,
into a voltage and current level that is appropriate for the connected load or device. The power supply in the
smart helmet paper makes sure that every module—sensors, the microcontroller, and communication
units—gets a steady and controlled power output. Maintaining system performance and avoiding
malfunctions brought on by voltage variations or interruptions depend on dependable power delivery.

V1. Software
6.1 The Arduino IDE

A software platform created especially for programming and interacting with Arduino microcontroller
boards is called the Arduino Integrated Development Environment (IDE). Users can write, compile, and
upload code straight to the hardware using its clear, user-friendly interface. With useful features like syntax
highlighting, code auto-completion, and error indication, the IDE facilitates C/C++ code development. It
makes it easier to translate machine-executable instructions from human-readable code. These instructions
are then uploaded to the Arduino board via a USB connection or other compatible communication method.
Furthermore, users can view real-time data from the board using the Serial Monitor built into the IDE, which
facilitates debugging and sensor data analysis. Because of this, the Arduino IDE is the perfect workspace
for both novice and seasoned developers.
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6.2 Adafruit 10

Adafruit 10 is a cloud-based loT platform developed by Adafruit Industries for easy data collection,
visualization, and analysis. It supports microcontrollers like ESP8266 and ESP32, making it ideal for loT
projects. Adafruit 10 provides dashboards with charts, graphs, and sliders for real-time sensor data
visualization. It supports MQTT and HTTP REST protocols for efficient and low-power communication. Data
is managed through feeds and displayed via customizable dashboards. Triggers can be set to perform actions
when specific data conditions are met. It integrates seamlessly with sensors for real-time alerts and
monitoring.

Mobile-friendly dashboards enable remote access through smartphones. In the smart helmet project, it collects
and displays crash, GPS, and environmental data. Adafruit 10 plays a key role in enabling real-time rider
safety and remote monitoring.

VII. System Description

The smart helmet system has been thoughtfully designed with a focus on enhancing rider safety by enforcing
two key conditions before the motorcycle can be started. The first safety check is conducted using a touch
sensor embedded in the helmet, which verifies whether the rider is wearing the helmet. This feature ensures
adherence to essential safety norms. The second check involves an alcohol sensor that evaluates the rider’s
breath for traces of alcohol. If the alcohol level exceeds permissible limits, the system restricts the ignition
process, helping prevent accidents caused by intoxicated riding. An Arduino microcontroller in the helmet
section collects the data from these sensors and wirelessly transmits it to the bike’s control unit using a Radio
Frequency (RF) transmitter. On the bike side, an RF receiver receives this information and processes it. The
bike ignition is allowed only if both conditions—helmet usage and acceptable alcohol levels—are satisfied.
Otherwise, the system keeps the engine disabled and provides alert notifications. Additionally, once the
vehicle is in motion, a vibration sensor monitors for sudden shocks or impacts that may indicate an accident.
In such cases, a connected Wi-Fi module immediately triggers an emergency alert, which is sent to the rider’s
mobile phone through the Blynk application. It can also notify pre-defined emergency contacts to ensure
timely assistance. Through this integrated setup, the system actively promotes responsible riding while
offering critical real-time responses in emergency situations.

VI11. Design of Hardware Prototype Circuits

Figure 15: Helmet Unit Prototype
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Figure 16: Bike Unit Prototype
IX. Results and Discussions

This paper presents an innovative solution focused on enhancing motorcycle rider safety by integrating smart
sensing and communication technologies. The developed system demonstrates improved functionality over
conventional safety mechanisms, offering intelligent control and monitoring features that support responsible
riding behavior. The key outcomes observed from the implementation are as follows:

1. Helmet Detection and Ignition Control: The vehicle’s ignition system activates only when the helmet
is properly worn. This ensures that riders comply with basic safety requirements before starting the
journey.

2. Alcohol Detection and Rider Safety: The system checks the user's blood alcohol content even when
the helmet is on. The ignition stays locked to prevent the rider from operating a motor
vehicle while intoxicated if the alcohol content surpasses the allowed limit.

3. Accident Detection and Emergency Alerts: The system uses GSM communication to automatically
send an emergency alert message and the current GPS location to a pre-configured mobile number in
the case of an accident. This makes it easier to provide prompt rescue or assistance in times of need.

4. Cloud Connectivity via loT: All relevant data collected from the helmet system, such as sensor status
and incident logs, can be uploaded to the cloud, enabling remote access and record-keeping for
analysis or review purposes.

5. User Feedback Through LCD: The system is equipped with an LCD display that continuously provides
real-time updates about the status of the ignition, sensor readings, and alerts, making it easier for the
rider to stay informed.

A comparative study with existing helmet safety systems shows that the proposed design offers a more
comprehensive and effective approach. The integration of loT, real-time sensing, and automated
communication significantly improves rider protection and post-incident response. With its user-centric
design and reliable performance, this smart helmet solution proves to be a practical and scalable model for
advancing road safety among two-wheeler riders.
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Figure 17: Helmet Unit Direction Indicator

Vol O

Figure 18: Bike Unit Panic Indicator

X. Future Scope

The proposed smart helmet system is highly adaptable and can be tailored for use in various fields beyond
just motorbike riding. It holds the potential for deployment in construction sites, firefighting gear, and
industrial safety helmets, thereby extending its safety applications to diverse environments where head
protection and real-time monitoring are critical. Future improvements to this system may include the
integration of advanced biometric sensors capable of tracking vital signs or monitoring rider fatigue and stress
levels. Additionally, embedding a compact camera module within the helmet could provide real-time video
recording or evidence capture during accidents or critical events.Another promising enhancement is the
development of vehicle-to-vehicle (V2V) communication capabilities using wireless modules. This feature
could allow smart helmets to exchange safety data with nearby vehicles, significantly improving situational
awareness and accident prevention. To support energy independence, solar-powered modules can be
introduced to charge the helmet system. These solar panels could not only power the sensors and
microcontroller but also be used to charge mobile devices, promoting sustainable and user-friendly design. In
summary, the smart helmet concept can evolve into a multi-functional safety device, combining real-time
monitoring, environmental awareness, and sustainable energy use to benefit various sectors concerned with
human safety.
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XI. Conclusion

To sum up, the development of this loT-enabled smart helmet marks a meaningful advancement in the effort
to improve rider safety on two-wheelers. By integrating essential features like helmet usage detection, alcohol
level monitoring, accident alert systems, and cloud-based data storage, the paper delivers a holistic safety
mechanism that addresses critical risk factors faced by motorcyclists.

The system effectively uses modern tools like the Blynk application to ensure real-time communication,
making it user-centric and easy to operate. It not only aligns with safety regulations but also encourages safe
and responsible riding behavior through automation and alerts. With future refinements and expanded
features, this smart helmet system holds the potential to significantly reduce accident fatalities and enhance
emergency response, thus becoming a vital safety solution for motorcyclists around the world.
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