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Abstract:- Road safety remains a paramount concern in India, with approximately 25% of road accidents attributed
to two-wheelers. This research endeavors to address this issue by introducing an innovative Smart Helmet utilizing
Internet of Things (10T) technology. This project's main goal is to identify and keep track of an individual's heart
rate through a pulse sensor while concurrently tracking their GPS position. The central component of this system
is an Arduino UNO, integrated with a heartbeat sensor, Global Positioning System (GPS) module, and Global
System for Mobile (GSM) communication module. The core functionality revolves around establishing
predefined heart rate thresholds. Upon surpassing or falling below these thresholds, an instantaneous alert is
triggered. This real-time monitoring mechanism serves as a proactive measure to identify potential health issues
of the rider, such as drunken driving or fatigue-induced risks during long drives. When an alert is generated, the
system uses GSM communication to send the individual's current GPS location to their designated family
members or caregivers. This swift and automated notification system ensures timely intervention and assistance,
enhancing the overall safety of the two-wheeler riders.

Keywords: Arduino UNO, Global Positioning System, Global System for Mobile Communication, Pulse Sensor,
Internet of Things.

1. Introduction

Every year, a great deal of traffic accidents occur in India. Numerous factors, including driving while intoxicated,
acting rashly, going over the speed limit, etc., can cause accidents. It is not always the case that the injured party
caused the accident. It could be the fault of a rider in another vehicle [2]. However, both riders will ultimately be
impacted. The riders might perish if emergency medical assistance and first aid are not provided in a timely
manner. When the ambulance does not arrive at the intended location in time, some deaths occur [3]. A system
that can guarantee that the rider receives the necessary attention quickly is proposed in the event of an accident in
order to save time and notify the relevant party. Two-wheelers are more common in India than four-wheelers due
to their affordability and ease of use. The rider's head is usually the site of major injuries in many accidents [4].
The rider's life can be saved in large part by wearing a helmet [5]. In order to promote helmet wear and prevent
injuries, a design that synchronises the bike's module with the helmet's module is suggested. The bike will not
start if the rider starts it without wearing the helmet. To start the bike, the rider needs to wear the helmet [6]. The
module in the bike synchronises with the module on the helmet when the rider wears one [7].

In response to escalating concerns over two-wheeler safety amidst the burgeoning urbanization and increased
motorization, the Novel Smart Helmet emerges as a pioneering solution. Combining advanced 10T technology
with traditional protective gear, this cutting-edge helmet seeks to redefine safety standards for motorcycle and
scooter riders [8]. The backdrop of rising traffic congestion, coupled with the imperative for reducing accident
rates, sets the stage for the Smart Helmet's integration of real-time connectivity and intelligent features [9]. This
groundbreaking fusion not only addresses immediate safety concerns but also anticipates a paradigm shift in the
way riders interact with their protective gear, fostering a safer, smarter, and more connected future for urban
mobility.
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The Internet of Things (1oT) plays a pivotal role in the Novel Smart Helmet, transforming it from a conventional
safety gear into an intelligent guardian for two-wheeler riders [10]. Through 10T integration, the helmet becomes
a dynamic hub of connectivity, enabling real-time communication with the surrounding environment. Sensors
embedded in the helmet detect and analyze various parameters, such as vehicle speed, proximity to obstacles, and
environmental conditions. This wealth of data empowers the helmet to offer crucial insights to the rider, ranging
from potential collision warnings to weather updates [11]. Moreover, the Smart Helmet is seamlessly linked to a
broader 10T ecosystem, allowing for remote monitoring and tracking. Should an accident occur, the helmet can
automatically trigger emergency responses, notifying authorities or designated contacts. Additionally, the 10T
connectivity facilitates firmware updates, ensuring the helmet remains at the forefront of safety technology [12].
By harnessing the power of 10T, the Novel Smart Helmet emerges as a transformative solution that not only keeps
riders safe but also advances the main objective of construction a connected and responsive transportation
infrastructure. Arduino Uno serves as the central control unit, managing data from loT sensors and enabling
intelligent functions in the Smart Helmet [13].

1.1 Motivation

The motivation behind developing the Novel Smart Helmet lies in a steadfast commitment to enhancing two-
wheeler safety in the face of escalating urbanization and rising accident rates. Recognizing the critical need for
innovative solutions, this project seeks to amalgamate 10T technology with personal protective gear, envisioning
a future where helmets transcend traditional roles. The driving force is to empower riders with real-time data,
accident prevention features, and seamless connectivity, creating a dynamic safety ecosystem. Ultimately, the
goal is to mitigate risks, save lives, and revolutionize the riding experience, fostering a safer and smarter approach
to urban mobility in the modern age.

2. Obijectives of the work

Accident Detection and Prevention: The Smart Helmet employs a pulse sensor to monitor the rider's heart rate,
serving as a reliable indicator of potential health risks such as drunken driving or fatigue during extended rides.
By setting predefined heart rate thresholds, the system can promptly detect abnormal conditions, triggering alerts
and preventing accidents.

Real-time Monitoring and Alert System: The integration of GPS technology enables continuous tracking of the
rider's location. When the system detects a deviation from normal heart rate parameters, it immediately sends
alerts via GSM communication to designated family members or caregivers. This real-time monitoring and alert
system ensures swift response and assistance in critical situations.

loT Integration for Enhanced Safety: The utilization of Internet of Things (1oT) technology, facilitated by an
Arduino Uno, showcases a cutting-edge approach to enhancing two-wheeler safety. The interconnected system of
the Smart Helmet enables seamless communication between the pulse sensor, GPS module, and GSM
communication module, creating a comprehensive safety network.

Automated Location Transmission: In the event of an alert, the system automatically transmits the rider's current
GPS location to designated contacts. This feature ensures that family members or caregivers receive accurate and
timely information, enabling them to take immediate action in case of emergencies.

3. Proposed Methodology
The proposed methodology involves the following key steps:
3.1. Materials

Pulse Sensor: The pulse sensor is a crucial component that employs photoplethysmography (PPG) technology to
detect changes in blood volume, providing real-time heart rate data. It is designed for non-intrusive integration
into the Smart Helmet, ensuring rider comfort and safety.
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Arduino UNO: Serving as the central processing unit, the Arduino UNO microcontroller facilitates data
acquisition, processing, and control. Its versatile input/output capabilities enable seamless interfacing with the
pulse sensor, GPS module, and GSM module.

GPS Module: The GPS module is responsible for capturing and recording the precise geographical coordinates
of the rider throughout their journey. This module ensures accurate location tracking, contributing to the
contextual awareness of the Smart Helmet system.

GSM Module: The GSM module enables communication with external networks, allowing the Smart Helmet to
transmit critical information, including the rider's GPS coordinates, to designated contacts in case of health
anomalies. This module ensures swift and automated notification capabilities.

3.2. Design and Development

Figure 1 shows the design of the proposed helmet model.
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Figure 1: Helmet Design model

3.2.1 Sensor Integration

The foundation of our innovative Smart Helmet lies in the seamless integration of cutting-edge sensors
designed to monitor the rider's health in real-time. The core sensors employed in this system are the pulse sensor
for continuous heart rate monitoring and the Global Positioning System (GPS) module for accurate tracking of
the rider's location throughout their journey.

A. Pulse Sensor Integration

A critical component of our system is the pulse sensor, strategically embedded within the helmet to
ensure direct contact with the rider's skin. This sensor leverages photoplethysmography (PPG) technology to
detect changes in blood volume, providing real-time insights into the rider's heart rate. The sensor is meticulously
positioned to optimize signal acquisition, and its non-intrusive design ensures rider comfort and safety. The pulse
sensor is seamlessly interfaced with the Arduino UNO microcontroller, establishing a reliable connection for data
transmission. The Arduino UNO serves as the brain of the system, collecting, processing, and interpreting the
heart rate data received from the pulse sensor. By continuously monitoring the rider's cardiac activity, the system
establishes a baseline for normal heart rate fluctuations and facilitates the establishment of predefined thresholds
for alert triggers.

B. GPS Module Integration

Complementing the health monitoring aspect is the integration of a high-precision GPS module. This
module is adept at capturing and recording the rider's geographical coordinates at regular intervals. The GPS data,
along with the heart rate information, provides a comprehensive overview of the rider's journey. The Arduino
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UNO and GPS module are intricately connected, ensuring synchronized data acquisition and processing. Through
this integration, the system not only monitors the rider's health but also tracks their movement, enabling a
comprehensive understanding of the context in which health-related incidents may occur. The synergy between
the pulse sensor and GPS module establishes a robust sensor integration framework. This collaboration allows for
a holistic approach to rider safety, combining health monitoring with spatial awareness to preemptively identify
and respond to potential risks. As we delve into the intricacies of sensor integration, we pave the way for a Smart
Helmet system that is not only technologically advanced but also purposefully designed to improve two-wheeler
riders' safety and wellbeing on the roads.

3.2.2. Arduino UNO Integration

The integration of the Arduino UNO microcontroller serves as the central nervous system of our Smart
Helmet, orchestrating the seamless collaboration between various components to ensure effective real-time
monitoring and response capabilities.

A. Data Acquisition and Processing

At the heart of the integration is the Arduino UNQO's ability to interface with the pulse sensor and GPS
module, capturing and processing data with precision. The microcontroller features analog and digital input/output
pins that are harnessed to establish a communication link with the pulse sensor, enabling the retrieval of real-time
heart rate data. Simultaneously, the digital communication protocols, such as UART, SPI, or 12C, are utilized to
interface with the GPS module, facilitating the acquisition of accurate location data.

B. Algorithmic Processing and Threshold Setting

The Arduino UNO is programmed with a sophisticated algorithm responsible for real-time processing of
the acquired data. This algorithm interprets the heart rate information from the pulse sensor, compares it with
predefined thresholds, and determines whether the rider's heart rate is within the acceptable range. The thresholds
are established based on extensive research and medical standards, ensuring a reliable indicator of the rider's
health status.

C. Real-time Monitoring

Continuous real-time monitoring is achieved through the Arduino UNQ's ability to execute rapid and
iterative processes. The microcontroller continuously samples data from the pulse sensor and GPS module,
providing an up-to-the-moment assessment of the rider's health and location. The real-time nature of this
monitoring system enables swift identification of any deviations from the predefined thresholds.

D. Alert Triggering Mechanism

Upon detecting a deviation from the established heart rate thresholds, the Arduino UNO triggers an
instantaneous alert mechanism. This may involve activating an alarm within the helmet and initiating
communication with the GSM module for emergency notifications. The microcontroller's programmable nature
allows for customizable alert protocols, ensuring adaptability to different emergency scenarios.

E. Communication with GSM Module

The Arduino UNO seamlessly communicates with the GSM module, enabling the transmission of critical
information, including the rider's current GPS coordinates, to designated family members or caregivers in real-
time. The GSM module, facilitated by the Arduino UNO, ensures a swift and automated notification system that
enhances the chances of timely intervention and assistance.

F. Power Management

Efficient power management is another facet of Arduino UNO integration. The microcontroller's low
power consumption and the ability to enter sleep modes during periods of inactivity contribute to the overall
energy efficiency of the Smart Helmet system, ensuring extended operation without compromising performanc

4. System Architecture

The system architecture of the Smart Helmet is designed to seamlessly integrate advanced technologies,
ensuring real-time health monitoring and emergency response capabilities for two-wheeler riders. Its central
processing unit, the Arduino UNO microcontroller, is in charge of interacting with important parts. The heartbeat
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sensor captures real-time physiological data, while the GPS module tracks the rider's location throughout their
journey. The integration of a GSM communication module enables instant transmission of critical information in
case of health anomalies. The Arduino UNO processes this data through a sophisticated algorithm that includes
dynamic threshold settings based on individual health parameters and activities. The system's architecture
establishes a continuous feedback loop for refinement, incorporating machine learning for adaptive threshold
adjustments over time. A user interface provides riders with real-time monitoring of their health status. The
collaborative integration of these components creates a robust and responsive system architecture, ensuring the
Smart Helmet's effectiveness in proactively identifying potential health risks and facilitating timely assistance,
thereby enhancing overall rider safety on the road.

The general architecture of the suggested model is depicted in Figure 2.
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[ Arduino Board }4 .. ——[ GSM Module Ji{ Alert to Mobile }

Y
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Figure 2: Block Diagram

Within the Smart Helmet system, each component operates synergistically to ensure seamless real-time
health monitoring and emergency response for two-wheeler riders. The Pulse Sensor, embedded within the helmet,
tirelessly captures the rider's heart rate, transmitting this vital physiological data to the Arduino UNO
microcontroller. The Arduino UNO, acting as the central processing hub, receives and processes both heart rate
data from the GPS Module’s location coordinates and the pulse sensor. Leveraging a sophisticated algorithm, the
Arduino dynamically adjusts predefined heart rate thresholds based on the rider's physiological state and the
dynamics of the ride. Simultaneously, the GPS Module accurately tracks the rider's location throughout the
journey. In the event of a health anomaly, detected through threshold deviations, the Arduino triggers the GSM
Module, initiating communication with designated contacts. The GSM Module then facilitates the transmission
of the rider's current GPS coordinates, forming a comprehensive alert mechanism. This intricate interaction among
the Pulse Sensor, GPS Module, and GSM Module, coordinated by the Arduino UNO, establishes a proactive and
responsive system that significantly enhances rider safety by ensuring timely intervention and assistance in critical
situations.

5. Results and Discussions

The experimental setup of the Smart Helmet using 10T successfully demonstrated its functionality in
detecting and monitoring various parameters related to user safety. The heartbeat sensor accurately measured the
user's heart rate, while the GPS module tracked the user's location in real-time. The GSM module facilitated
communication by transmitting alerts to designated contacts in case of abnormal conditions, such as exceeding
predefined heart rate thresholds or deviating from the predetermined route. Additionally, integration of other
sensors, such as gas detectors or collision detectors, further enhanced the safety features of the helmet. Figure 3
shows the work setup of the proposed work model.
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Figure 3: Work Setup

5.1. Output

The output of the Smart Helmet using 10T encompasses a comprehensive set of data and notifications
aimed at enhancing user safety in diverse environments. Firstly, the output includes real-time measurements of
the user's vital signs, notably their heart rate, captured by the heartbeat sensor integrated into the helmet. This data
serves as a critical indicator of the user's physiological state, enabling the detection of abnormal conditions such
as drowsiness, fatigue, or potential health emergencies. Simultaneously, the GPS module continuously tracks the
user's location, providing valuable information about their whereabouts and movement patterns. This location
data is crucial for several purposes, including route monitoring, emergency response coordination, and geo-
fencing to ensure that users remain within predefined safe zones. In the event of an abnormal condition detected
by the sensors, such as exceeding predefined heart rate thresholds or deviating from the predetermined route, the
Smart Helmet generates immediate alerts. These alerts are transmitted via the GSM module to specified recipients,
like relatives, caretakers, or control rooms, ensuring timely intervention and assistance in case of emergencies.
Furthermore, the output may include notifications regarding environmental conditions detected by additional
sensors, such as gas detectors or collision detectors. These notifications serve to alert the user and relevant
stakeholders to potential hazards in the surrounding environment, enabling proactive risk mitigation measures to
be implemented. Overall, the output of the Smart Helmet serves to provide users and stakeholders with timely and
actionable information to enhance safety and mitigate risks in hazardous or challenging environments. By
integrating advanced sensor technology with 10T communication capabilities, the Smart Helmet empowers users
to make informed decisions and facilitates swift response to emergent situations, ultimately saving lives and
preventing accidents. Figure 4 shows the output of the proposed helmet model.

Figure 4: Output
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5.2. Discussions

The results obtained from the experimental setup highlight the effectiveness and potential of the Smart
Helmet in enhancing user safety, particularly in hazardous environments such as coal mines or on the road. By
continuously monitoring the user's vital signs and location, the helmet provides a proactive approach to accident
prevention and emergency response.

A primary advantage of the Smart Helmet is its capacity to integrate multiple sensing modules and
communication technologies into a compact and wearable device. This comprehensive approach ensures holistic
monitoring of the user's safety parameters and enables timely intervention in case of emergencies.

However, several challenges and limitations should be addressed to further improve the functionality and
usability of the Smart Helmet. Firstly, the accuracy and reliability of sensor measurements, especially in dynamic
environments, require validation through rigorous testing and calibration procedures. Additionally, the power
consumption of the loT components should be optimized to prolong battery life and ensure uninterrupted
operation, particularly in remote or isolated locations.

Furthermore, the communication infrastructure, whether Wi-Fi or GSM-based, should be robust and
resilient to ensure reliable data transmission in all conditions. Consideration should also be given to data privacy
and security concerns, particularly when transmitting sensitive information such as location data to external
servers or devices.
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