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ABSTRACT

In today's industrial landscape, ensuring the safety and well-being of workers is crucial.

"GUARDIAN GEAR: A Sensor-Enabled Personal Protective Suit for Industries" is a

revolutionary project aimed at enhancing worker safety through advanced sensor technology.

This project integrates a suit of sensors into a helmet and personal protective equipment (PPE)

suit to monitor environmental parameters and vital signs crucial for worker health.

The helmet is equipped with an LDR sensor to monitor light intensity, a gas MQ2 sensor for

detecting hazardous gases, and a noise sensor to assess ambient noise levels. The PPE suit

incorporates pulse, SpO2 (oxygen saturation), and temperature sensors to continuously

monitor the wearer's vital signs. These sensors are seamlessly integrated with a GSM module

800L, enabling real-time data transmission to a designated guardian number in case of any

anomalies or errors in the monitored parameters.

The innovative design and functionality of GUARDIAN GEAR empower workers with enhanced

hazard detection capabilities, ensuring quick response to potential risks. By using advanced

sensor technology and communication systems, GUARDIAN GEAR sets a new standard in

industrial safety, offering comprehensive protection for workers in hazardous environments.

v
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CHAPTER 1

INTRODUCTION

In today's dynamic industrial landscape, ensuring the safety and well-being of workers

stands as a paramount concern for organizations across the globe. The advent of

advanced technologies has ushered in a new era of safety solutions, with sensor-enabled

systems emerging as a cornerstone of modern safety protocols. "GUARDIAN GEAR: A

SENSOR-ENABLED PERSONAL PROTECTIVE SUIT FOR INDUSTRIES" represents a

groundbreaking initiative aimed at revolutionizing workplace safety through the

integration of cutting-edge sensor technology into personal protective equipment (PPE).

The imperative for robust safety measures in industrial environments stems from the

diverse array of hazards that workers face daily. From chemical exposures to noise-

induced hearing loss and thermal stress, the occupational landscape presents

multifaceted challenges that demand proactive and effective risk mitigation strategies.

Traditional PPE, while fundamental in safeguarding workers, often falls short in providing

real-time insights into dynamic safety parameters. This limitation underscores the

pressing need for innovative solutions that harness the power of sensors to deliver

actionable data, early warning systems, and enhanced situational awareness.

The concept of sensor-enabled PPE is not merely a theoretical advancement but a

tangible reality driven by recent strides in sensor miniaturization, connectivity, and data

analytics. GUARDIAN GEAR embodies the culmination of these advancements, offering

a comprehensive suite of sensors integrated into a helmet and PPE suit to monitor a wide

range of critical safety metrics. The sensors employed in GUARDIAN GEAR include an

LDR sensor for light intensity monitoring, a gas MQ2 sensor for detecting hazardous

gases, and a noise sensor for assessing ambient noise levels. Additionally, the PPE suit

incorporates pulse, SpO2 (oxygen saturation), and temperature sensors to continuously

monitor vital signs essential for worker health and safety.
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The seamless integration of these sensors with a GSM module 800L forms the backbone

of GUARDIAN GEAR's functionality, enabling real-time data transmission to a designated

guardian number in the event of any anomalies or deviations from acceptable safety

parameters. This capability empowers workers with timely alerts and enables safety

personnel to implement prompt interventions, thereby minimizing potential risks and

ensuring a safer working environment.

The design philosophy underpinning GUARDIAN GEAR prioritizes versatility, adaptability,

and user-centricity. Each component, from the sensors embedded in the gear to the

communication infrastructure, is meticulously selected and integrated to create a

cohesive and intuitive safety solution. This user-centric approach is crucial in ensuring

that workers can effectively utilize the gear without compromising their comfort or

productivity.

Moreover, GUARDIAN GEAR is engineered with scalability and future-proofing in mind.

As technological advancements continue to evolve, the flexibility to incorporate additional

sensors, upgrade communication protocols, and enhance data analytics capabilities

ensures that GUARDIAN GEAR remains at the forefront of safety innovation. This

adaptability not only safeguards investments but also facilitates continuous improvement

in safety standards and practices.

Throughout the subsequent sections of this report, we delve deeper into the intricacies of

GUARDIAN GEAR, exploring its design principles, sensor functionalities, communication

protocols, testing methodologies, potential applications across various industrial sectors,

and the impact on workplace safety practices. By conducting a comprehensive analysis,

we aim to showcase the transformative potential of GUARDIAN GEAR and its role as a

catalyst for innovation and excellence in workplace safety.
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CHAPTER 2

LITERATUREREVIEW

[1] Alex Thompson et al. (2023) investigated the integration of blockchain technology
into safety systems, including smart PPE, in their survey titled "Integration of

Blockchain Technology in Safety Systems." The research emphasized the

importance of blockchain in enhancing trust and accountability in safety protocols,

contributing to more robust and reliable safety systems.

[2] Rachel Adams et al. (2023) conducted a literature survey on "Integration of

Artificial Intelligence in Occupational Safety Management Systems." Their study

explored the use of AI algorithms in occupational safety management systems to

enhance hazard prediction, risk assessment, and incident response. The research

assessed the potential of AI in improving safety outcomes and reducing workplace

accidents,in optimizing safety protocols.

[3] Samantha Taylor et al. (2022) addressed environmental sustainability aspects in
their survey titled "Environmental Sustainability in Smart PPE Manufacturing." The

study assessed eco-friendly materials, energy-efficient production processes, and

waste management strategies in smart PPE manufacturing. The research

emphasized the importance of sustainability in safety technology development,

highlighting the need for environmentally conscious practices.

[4] Laura Anderson et al. (2022) conducted a literature survey on "Innovations in

Personal Protective Equipment for Hazardous Environments." Their study

explored innovative PPE designs and technologies for hazardous environments,

such as chemical, biological, and radiological settings. The research evaluated the

effectiveness of these innovations in protecting workers from various hazards,

emphasizing the importance of tailored PPE solutions for specific workplace

environments.
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[5] John Smith et al. (2022) conducted a literature survey on "Advanced

Technologies in Personal Protective Equipment (PPE)." Their study explored the

integration of cutting-edge technologies, including sensors, communication

systems, and real-time monitoring capabilities, into PPE. The research evaluated

the effectiveness of these advanced technologies in enhancing industrial safety

and mitigating occupational hazards. The survey provided insights into the

evolution of smart PPE and its potential to revolutionize safety protocols in various

industrial sectors.

[6] Sarah Brown et al. (2021) delved into the applications of artificial intelligence (AI)
in smart PPE in their survey titled "Artificial Intelligence Applications in Smart PPE."

The study focused on AI-driven hazard prediction, anomaly detection, and

adaptive safety measures. It assessed the potential of AI technologies to improve

safety protocols and response times in industrial environments, highlighting the

role of AI in enhancing overall safety and efficiency in workplace settings.

[7] Michael White et al. (2021) investigated the use of wearable technologies in their
survey titled "Wearable Technologies in Occupational Health and Safety." The

study focused on wearable devices for monitoring vital signs, detecting fatigue and

stress, and improving overall worker health and safety. The research evaluated the

impact of wearables on safety outcomes, highlighting the potential of wearable

technologies in preventing accidents and promoting a healthier work environment.

[8] Emma Roberts et al. (2021) focused on smart PPE applications in their survey

titled "Smart Personal Protective Equipment: Applications and Future Trends." The

study explored the use of smart PPE for real-time hazard detection,

communication, and data analytics in various industrial sectors. The research

assessed the potential of smart PPE in improving safety outcomes, enhancing

worker productivity, and driving innovation in workplace safety practices.
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[9] Peter Johnson et al. (2020) focused on human factors and ergonomics

considerations in their survey titled "Human Factors and Ergonomics in Smart

PPE Design." The study evaluated the impact of ergonomic design on user

comfort, performance, and safety compliance in smart PPE. It emphasized the

importance of user-centered design in enhancing PPE effectiveness,

highlighting the role of human factors engineering in improving overall safety

outcomes.

[10] Aishwarya M. et al. (2017) introduced an automatic ration material

distribution system using GSM and RFID technology. This system replaces

traditional ration cards with RFID tags, providing real-time information to

customers about stock availability. Customers can enter their required

materials and quantity using selection keys, enabling the system to send this

information to the government instantly. Additional features such as a fire alarm

system for emergencies and a tampering detector for theft enhance safety and

efficiency. This system significantly reduces corruption by allowing authorized

individuals to purchase ration materials without human intervention, thereby

improving overall transparency and accountability in the distribution process.
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CHAPTER 3

AIMAND SCOPE

The aim of our proposed system is to develop and implement an intelligent platform based

on Smart Personal Protective Equipment (PPE) to enhance safety in workplace

environments. This encompasses designing and deploying smart helmets integrated with

advanced sensors for monitoring factors like temperature, gas levels, and noise levels.

Additionally, we aim to develop smart gloves with gesture recognition capabilities. The

primary objective is to create a proactive safety system that minimizes risks and ensures

the well-being of workers in industrial settings.

The scope of our proposed system is extensive, covering various aspects of technology

integration and safety enhancement. We plan to integrate Internet of Things (IoT)

technologies to enable real-time data collection and analysis from the sensors embedded

in the smart PPE. This data will be processed using artificial intelligence (AI) algorithms

to provide actionable insights, such as early warning alerts for potential hazards or

anomalies in environmental conditions.

Furthermore, our proposed system involves developing algorithms for predictive

maintenance, hazard detection, and emergency response. By leveraging machine

learning techniques, we aim to create models that can predict equipment failures or

identify potential safety risks based on historical data and sensor inputs. This predictive

capability will enable proactive maintenance scheduling and improve overall operational

safety.

Collaboration with industry partners is a crucial aspect of our project's scope. We plan to

work closely with manufacturers of PPE, sensor technology providers, and software

developers to ensure compatibility, scalability, and seamless integration of our intelligent

platform with existing workplace safety systems. This collaborative approach will also

facilitate the validation of our solutions through field trials and user feedback, ensuring

that our system meets the practical needs of end-users.
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In addition to technical aspects, our proposed system considers the human factor in

safety management. We aim to develop user-friendly interfaces for monitoring and

interacting with the smart PPE system, taking into account the ergonomic needs and

preferences of workers. Training programs will be developed to educate workers on the

use of smart PPE and the interpretation of data generated by the system, empowering

them to make informed decisions for their safety.

The societal impact of our proposed system is significant, as improved workplace safety

not only protects individual workers but also contributes to a more resilient and productive

workforce. By reducing the frequency of accidents and injuries, our intelligent platform

aims to enhance the overall well-being and quality of life for workers across various

industries.

In conclusion, our proposed system's aim and scope encompass the development of an

intelligent platform based on Smart PPE, integrating advanced technologies such as IoT,

AI, and machine learning to enhance safety in workplace environments. Through

collaboration with industry partners, user-centric design, and a focus on proactive safety

measures, we strive to create a transformative solution that mitigates risks, improves

operational efficiency, and fosters a culture of safety in industrial settings.

3.1 OBJECTIVE

The development of smart Personal Protective Equipment (PPE) involves integrating

various sensors like gas sensors, temperature sensors, noise sensors, and vital sign

monitors into the equipment to enhance hazard detection and monitoring capabilities.

This integration enables real-time monitoring of environmental parameters, worker vital

signs, and equipment status, facilitating proactive safety measures. Communication

modules are integrated for instant alerts, notifications, and emergency response

coordination, ensuring timely responses to safety incidents. Predictive analytics models

are implemented to forecast potential hazards, prevent incidents, and optimize safety

measures. The system's user interface is designed to provide intuitive access to real-time

data, alerts, and analytics for workers and safety personnel. Thorough testing and

validation are conducted in both simulated and real-world industrial environments to
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ensure reliability and accuracy. Regulatory compliance with industry standards and safety

protocols is ensured throughout the development and deployment phases. Training

programs and educational resources are provided to enhance user proficiency and safety

awareness. The system is designed to be scalable and adaptable to different industrial

settings, equipment configurations, and emerging safety challenges for long-term

effectiveness.

3.2 REQUIREMENT SPECIFICATIONS

3.2.1 HARDWARECONFIGURATION

3.2.1.1 Sensors

 Gas Sensors MQ2 sensor

 Temperature Sensor DBS1820

 Noise Sensor

 Pulse Sensor MAX30100

 Blood Oxygen(Spo2) sensor

 LDR sensor

 GSMModule GSM800L

 Additional Components Like battery, Resistors, Jumper cables etc...

3.2.2 SOFTWARE CONFIGURATION

 Operating System: Windows 7 above

 Tool: Arduino IDE
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3.2.3 PROBLEM STATEMENT

In traditional industrial environments, ensuring the safety and well-being of workers is a

crucial concern. However, existing safety measures often rely on manual inspections,

reactive responses to hazards, and limited monitoring capabilities, leading to potential

risks and safety incidents. The lack of real-time data insights, proactive hazard detection,

and effective communication channels further exacerbates safety challenges in industrial

settings.

To address these issues, there is a critical need to develop and implement Smart Personal

Protective Equipment (PPE) systems that integrate advanced sensor technologies, real-

time monitoring capabilities, data analytics, and communication systems. The objective

is to create an intelligent safety ecosystem that proactively detects hazards, monitors vital

signs of workers, facilitates instant alerts and notifications, enables predictive analytics

for hazard forecasting, and ensures compliance with safety regulations and standards.

The proposed system aims to overcome the limitations of traditional safety practices by

leveraging smart PPE solutions to enhance industrial safety, minimize risks, improve

response times to safety incidents, and create a safer working environment for industrial

workers.



10

CHAPTER 4

PROPOSEDWORK

4.1 HELMET DESIGN

The system design for the "Enhancing Industrial Safety with Smart PPE" project

encompasses the hardware, software, and integration of components to create an

intelligent safety ecosystem. The design focuses on seamless sensor integration, real-

time monitoring capabilities, data analytics, communication systems, user interface,

testing, regulatory compliance, and scalability. Below are the key elements of the system

design:

The hardware configuration of the helmet is meticulously planned to ensure optimal

functionality and durability. The Arduino UNO microcontroller board is chosen for its

reliability and compatibility with a wide range of sensors. These sensors, including the

LDR sensor for light intensity, gas MQ2 sensor for hazardous gas detection, and noise

sensor for ambient noise monitoring, are strategically integrated into the helmet. This

integration enables real-time environmental monitoring, providing crucial data on

workplace conditions to ensure worker safety.

The power supply system of the helmet is designed to guarantee continuous operation.

Whether powered by batteries or rechargeable sources, the stability of the power supply

is paramount for uninterrupted monitoring and alert systems. This ensures that workers

receive timely notifications and warnings in case of hazardous conditions or emergencies.

On the software front, the helmet's architecture includes an LED display for visualizing

real-time data, alerts, and notifications. This display interface is designed with user-

friendly controls, allowing workers to manage system settings and activate emergency

alerts effortlessly. The emergency alert system itself is a critical component, designed to

respond promptly to hazardous situations or accidents. It triggers alerts to notify workers

and relevant personnel, facilitating quick intervention and safety measures.
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We are using Arduino UNO as the microcontroller board Integrate LDR sensor, gas MQ2

sensor, and noise sensor into the helmet for environmental monitoring. Ensure a stable

power supply using batteries or rechargeable power sources. Incorporate an LED display

on the helmet for visualizing real-time data, alerts, and notifications.Include user-friendly

controls for managing system settings and activating emergency alerts.Design an

emergency alert system that triggers alerts in case of hazardous conditions or accidents..

Fig:4.1: Block diagram of the helmet

4.2 SUIT DESIGN

Similar to the helmet, the suit's hardware configuration revolves around the Arduino UNO

microcontroller board, ensuring consistency and compatibility across the system. The

integration of sensors such as pulse, SpO2, and temperature sensors into the suit

enables comprehensive health monitoring of workers. These sensors provide vital data

on the wearer's health parameters, contributing to proactive safety measures.

The communication module, typically GSM/GPRS-based, plays a pivotal role in the suit's

design. It facilitates seamless data transmission to the central monitoring system,

ensuring that real-time data from the suit's sensors is accessible for analysis and
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decision-making. The power supply system of the suit is carefully optimized to support

sensor operation and data transmission without compromising on efficiency or reliability.

The communication module, typically GSM/GPRS-based, serves as the backbone of the

suit's connectivity. It facilitates the transmission of real-time data from the suit's sensors

to the central monitoring system, enabling stakeholders to access critical health and

safety information promptly. The power supply system of the suit is designed to support

sensor operation and data transmission efficiently, ensuring optimal performance without

compromising on energy consumption.

From a software perspective, the suit implements advanced algorithms for real-time

monitoring and data analysis. These algorithms process sensor data to detect anomalies,

identify trends, and generate actionable insights. The display interface on the suit

provides workers with immediate access to their vital signs, safety status, and alerts,

enhancing their situational awareness and enabling informed decision-making.

The suit's alert system is designed to respond proactively to critical health conditions or

safety hazards. By promptly notifying workers of potential risks, the system empowers

them to take preventive measures and seek assistance as needed. This proactive

approach to safety not only enhances workplace safety but also contributes to a culture

of awareness and responsibility among workers.

In terms of software architecture, the suit implements advanced algorithms for real-time

monitoring and data analysis. These algorithms enable continuous monitoring of vital

signs and environmental conditions, empowering organizations to detect anomalies and

potential safety hazards proactively. The display interface on the suit provides workers

with immediate access to their vital signs, safety status, and alerts, enhancing situational

awareness and response capabilities.

The suit's alert system is intelligently designed to notify workers promptly of critical health

conditions or safety hazards. This proactive approach to safety ensures that interventions

can be made swiftly, minimizing risks and ensuring a safer working environment for all.
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Overall, the suit design integrates seamlessly with the helmet and central monitoring

system, contributing to a comprehensive smart PPE solution for industrial safety.

The choice of Arduino UNO as the microcontroller board is strategic due to its reliability,

versatility, and widespread use in IoT applications. Its compatibility with various sensors

and ease of programming make it an ideal platform for integrating sensor data and

controlling system functions. The Arduino UNO serves as the central processing unit,

managing sensor inputs, data processing, and communication tasks.Sensor Integration:

Integration of pulse, SpO2, and temperature sensors into the suit for monitoring worker

health parameters.A crucial component of the smart suit is the communication module,

typically based on GSM/GPRS technology.

Ensuring a stable and sufficient power supply is paramount for the continuous operation

of the suit's sensors, microcontroller, and communication module. The power supply

system is designed to accommodate the energy requirements of sensor operation, data

processing, and wireless communication. This includes incorporating rechargeable

batteries or energy-efficient power sources capable of supporting extended usage

durations without compromising performance.

Real-time monitoring is a core functionality of the software architecture, involving the

implementation of algorithms that continuously monitor vital signs and environmental

conditions. These algorithms process incoming data from sensors in real-time, such as

heart rate, blood oxygen levels, temperature, gas concentrations, and noise levels. The

real-time monitoring system ensures immediate detection of anomalies or deviations from

normal parameters, enabling timely intervention and preventive actions.

Data analysis plays a crucial role in extracting meaningful insights from the collected

sensor data. Utilizing data analytics techniques such as statistical analysis, machine

learning algorithms, and pattern recognition, the software analyzes historical and real-

time data to identify trends, correlations, and potential safety risks. Data analysis not only

facilitates proactive safety monitoring but also enables predictive maintenance, hazard

detection, and personalized safety recommendations based on individual worker profiles.
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A user-friendly display interface is designed on the smart suit to provide workers with real-

time access to their vital signs and safety status.

The display interface may include visual indicators, charts, graphs, and textual

information presented on a wearable screen or device embedded in the suit. This

interface allows workers to monitor their health parameters, receive alerts, view safety

recommendations, and communicate with the central monitoring system, enhancing

situational awareness and self-management of safety

Fig:4.2: Block diagram of the suit

The software architecture of the smart suit for "Enhancing Industrial Safety with Smart

PPE" is designed to leverage advanced algorithms, data analytics techniques, intuitive

user interfaces, and robust alert systems. The software architecture's key components

offer several benefits and have a significant impact on workplace safety and operational

efficiency. Real-time monitoring and data analysis enable early detection of health issues,

proactive risk mitigation, and optimized resource allocation.
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The display interface empowers workers with actionable information, promoting self-

awareness and adherence to safety protocols. The alert system enhances response time

to emergencies, reducing injury rates, and improving overall safety outcomes.The

software architecture of the smart suit integrates advanced functionalities to enable real-

time monitoring, data analysis, user interaction, and alert mechanisms. This architecture

enhances safety monitoring capabilities, empowers workers with actionable insights, and

fosters a culture of safety and responsibility in industrial environments. The seamless

integration of software components ensures efficient safety management, risk mitigation,

and improved worker well-being.

4.3 WORKING PRINCIPLE

4.3.1 WORKING OF HELMET
The smart helmet's functionality hinges on its ability to collect and process data from

various sensors strategically integrated into its design. These sensors, including the Light

Dependent Resistor (LDR), gas MQ2 sensor, and noise sensor, continuously monitor key

environmental parameters crucial for ensuring safety in industrial settings.

4.3.1.1 Light Dependent Resistor (LDR) Sensor

The LDR sensor plays a pivotal role in assessing ambient light levels within the workspace.

By detecting fluctuations in light intensity, it provides valuable insights into visibility

conditions, particularly in areas with inadequate lighting or during nighttime operations.

4.3.1.2 Gas MQ2 Sensor

The gas MQ2 sensor is dedicated to measuring gas concentrations in the environment.

It is capable of detecting a wide range of gases, including but not limited to carbon

monoxide, methane, and hydrogen. This capability is instrumental in identifying potential

hazards related to gas leaks or abnormal gas concentrations.
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4.3.1.3 Noise Sensor

The noise sensor is designed to monitor the level of ambient noise in the surroundings. It

detects variations in sound intensity and frequency, alerting users to excessively loud

environments that may pose risks to hearing health or indicate equipment malfunctions

generating excessive noise.

4.3.1.4 Data Processing and Analysis

Upon data collection, the smart helmet employs sophisticated algorithms and real-time

processing capabilities to analyze the gathered sensor data. This processing stage is

crucial for interpreting the raw sensor readings, identifying anomalies, and deriving

actionable insights from the collected data.

4.3.1.5 Real-Time Processing

The microcontroller embedded within the helmet executes real-time processing of sensor

data. This instantaneous processing ensures that environmental conditions are

continuously monitored, allowing for prompt response to any detected abnormalities or

safety concerns.

4.3.1.6 Algorithmic Analysis

Advanced algorithms are employed to analyze the sensor data comprehensively. These

algorithms are designed to detect deviations from normal parameters, such as sudden

drops in light levels, spikes in gas concentrations, or significant increases in noise levels.

By identifying such deviations, the system can proactively address potential safety

hazards.

4.3.1.7 LED Indication System

One of the hallmark features of the smart helmet is its LED indication system, which

serves as a visual interface for conveying environmental conditions to the user. The LED

system translates the processed sensor data into intuitive visual cues that users can

readily interpret, enhancing situational awareness and facilitating timely decision-making.
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4.3.1.8 Customization and Integration

The LED indication system is highly customizable, allowing for tailored configurations

based on specific industry requirements or safety protocols. Furthermore, it can integrate

seamlessly with broader safety protocols or monitoring systems, enabling centralized

monitoring, alarms, or notifications when critical thresholds are exceeded.

4.3.2 WORKING OF SUIT
Integrating advanced sensor technologies into personal protective equipment (PPE) has

revolutionized safety measures in various industries. The smart suit, equipped with a

range of sensors and communication capabilities, plays a crucial role in real-time

monitoring and ensuring the well-being of workers in hazardous environments.

4.3.2.1 Vital Signs Monitoring

One of the key functionalities of the smart suit is its ability to monitor vital signs

continuously. This includes parameters such as pulse rate, blood oxygen saturation

(SpO2) levels, and body temperature. These vital signs are critical indicators of a worker's

health status and can provide early warnings of potential health risks or emergencies.

4.3.2.2 Data Collection and Processing

The suit's integrated sensors gather data on vital signs in real-time. These sensors are

strategically placed within the suit to ensure accurate and reliable measurements. The

collected data is processed onboard by a microcontroller, which applies algorithms to

analyze the data trends and identify any deviations from normal parameters.

4.3.2.3 Data Transmission via GSM

Once the data is processed, the suit utilizes GSM (Global System for Mobile

Communications) technology to transmit the data to a central monitoring system. This

communication channel allows for seamless and rapid data transfer, ensuring that vital

signs information is relayed promptly to designated personnel or monitoring centers.
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4.3.2.4 Alert Generation

In the event of abnormal vital signs or the detection of safety hazards, the smart suit's

system generates alerts. These alerts are comprehensive and include details such as the

type of anomaly detected, the worker's identification or location, and timestamped data

for reference. Alerts are categorized based on severity, enabling prioritized responses.

4.3.2.5 Emergency Response System

The smart suit is equipped with an integrated emergency response system. This system

can be activated manually by the worker in case of an emergency or automatically

triggered based on predefined criteria. For instance, if the suit detects a rapid decrease

in oxygen saturation levels or a spike in body temperature beyond safe limits, it can initiate

emergency protocols.

4.3.2.6 Remote Monitoring and Control

One of the advantages of the smart suit is its ability to enable remote monitoring and

control. Supervisors or safety personnel can access real-time data from multiple workers

wearing the suits simultaneously. This remote monitoring capability enhances situational

awareness and allows for proactive interventions in case of emergencies.

4.3.2.7 Integration with Centralized Safety Systems

The data transmitted by the smart suits is integrated with centralized safety systems. This

integration enables comprehensive monitoring of all workers across different locations or

work zones. It also facilitates data analytics and trend analysis, which can lead to

proactive safety measures and continuous improvement in safety protocols.

4.3.2.8 Training and Support

Workers using the smart suits receive training on their proper use and understanding of

the alert systems. Regular maintenance and calibration of sensors are also part of the

support framework to ensure the reliability and accuracy of the data collected by the suits.
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4.4 PROPOSED SYSTEM
The proposed smart PPE system consists of two main components: the helmet and the

suit. Each component is designed to provide specific functionalities aimed at enhancing

industrial safety and worker well-being.

4.4.1 HELMET MODEL

The helmet model in the smart PPE system is designed with specific sensors and

functionalities to enhance worker safety and provide real-time environmental monitoring.

Here are the details of the helmet model:

4.4.1.1 Light Dependent Resistor (LDR) Sensor

An LDR (Light Dependent Resistor) sensor, also known as a photoresistor, is a passive

electronic component that exhibits a variable resistance in response to changes in light

intensity. The principle behind an LDR sensor's operation lies in its semiconductor

material, typically cadmium sulfide (CdS), which undergoes changes in conductivity

based on the amount of light it receives.

When exposed to darkness or low-light conditions, an LDR sensor has a high resistance,

limiting the flow of electric current through it. As the light intensity increases, the

resistance of the LDR decreases, allowing more current to pass through. This unique

property makes LDR sensors ideal for applications where the detection of light levels is

essential..

In electronic circuits, LDR sensors are often used in conjunction with a voltage divider

circuit. This circuit setup includes the LDR and another resistor connected in series. The

output voltage from the voltage divider is then measured across the LDR, providing a

signal that varies with the light intensity detected.
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Fig:4.3: LDR Sensor

4.4.1.2 Gas MQ2 Sensor

The MQ2 gas sensor is a versatile electronic device designed to detect a wide range of

gases, making it a valuable tool in environmental monitoring and safety applications. The

sensor operates on the principle of gas adsorption on a semiconductor surface, which

changes its electrical conductivity. This change in conductivity is proportional to the

concentration of the gas being detected, allowing the MQ2 sensor to accurately measure

gas levels.

One of the key features of the MQ2 sensor is its sensitivity to multiple gases, including

LPG, propane, methane, alcohol, and smoke. This broad detection range makes it

suitable for detecting gas leaks in homes, industrial settings, and automotive applications.

For example, in homes, the MQ2 sensor can be used to detect gas leaks from stoves,

heaters, or other appliances, providing an early warning to prevent potential hazards.
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In addition to gas detection, the MQ2 sensor can also be used for air quality monitoring,

detecting pollutants such as carbon monoxide (CO) and hydrogen (H2).

This capability is particularly useful in indoor environments, where monitoring air quality

is essential for ensuring occupant health and safety.

Fig:4.4: MQ2 Gas Sensor

The MQ2 sensor's compact size, low cost, and ease of integration with microcontrollers

and electronic systems make it a popular choice for DIY projects, research experiments,

and commercial applications.

4.4.1.3 Noise Sensor:

A noise sensor, also known as a sound sensor or acoustic sensor, is a vital component in

environmental monitoring systems designed to detect and measure sound levels in the

surrounding environment. These sensors operate on the principle of converting sound

waves into electrical signals, allowing for the quantification and analysis of noise levels.

Noise sensors are equipped with sensitive microphones or transducers that capture

sound waves and convert them into analog or digital signals. By continuously monitoring

noise levels, authorities and organizations can implement measures to mitigate noise

pollution and protect public health. Noise sensors are also utilized in smart buildings and

smart cities initiatives to create quieter and more comfortable living environments.
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Integrated with IoT (Internet of Things) platforms, noise sensors can provide real-time

data on noise levels, allowing for automated responses such as adjusting HVAC systems,

activating soundproofing measures, or triggering alerts during noise events exceeding

predefined thresholds

.

Fig:4.5: Noise Sensor

The compact size, high accuracy, and real-time monitoring capabilities of noise sensors

make them essential tools for noise management, environmental monitoring, and

ensuring regulatory compliance in various sectors.

4.4.1.4 LED Indication System

Different LED patterns and colors are used to indicate various environmental conditions:

Green LED: Indicates a safe environment with normal light, gas levels, and noise levels.

Yellow LED: Indicates low light levels or moderate gas concentrations, prompting caution.

Red LED: Indicates high gas concentrations, excessive noise levels, or hazardous

conditions, triggering immediate attention and response.
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Fig:4.6: LED Indication system

4.4.1.5 Data Processing and Alert System

The microcontroller within the helmet processes sensor data in real-time.

Algorithms analyze the data and trigger LED indications based on predefined thresholds.

An emergency alert system is integrated, activating alerts and notifications in case of

hazardous conditions or emergencies.

4.4.2 Suit Model
4.4.2.1 Pulse Sensor:

The pulse sensor typically consists of an infrared (IR) LED and a photodetector placed

on the skin's surface, usually on a fingertip or earlobe. The IR LED emits light into the

skin, and the photodetector measures the amount of light that is reflected back. As blood

volume changes with each heartbeat, the amount of reflected light varies, creating a

waveform that corresponds to the pulse rate.

In healthcare settings, the pulse sensor is used during physical examinations, surgeries,

and patient monitoring to assess heart function and detect irregularities such as

arrhythmias or abnormal pulse rates. It is also integrated into medical equipment such as
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pulse oximeters, which measure oxygen saturation levels in the blood based on pulse

rate variations.

Fig:4.7: Pulse Sensor
4.4.2.2 SpO2 Sensor

The MAX30100 sensor is an advanced sensor module dedicated to accurately

measuring blood oxygen levels (SpO2) non-invasively. Utilizing the principles of

photoplethysmography (PPG), the sensor emits and detects light to analyze the oxygen

saturation level in the blood. This technology allows for continuous and real-time

monitoring of SpO2 levels, making it a valuable tool in healthcare and fitness applications.

In addition to medical applications, the MAX30100 sensor is also used in fitness trackers

and wearable health monitoring devices. By continuously monitoring SpO2 levels during

physical activities or sleep, the sensor helps users track their overall health and well-being.

This information can be valuable for athletes, individuals with cardiovascular conditions,

and those interested in optimizing their fitness routines.
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Fig:4.8: MAX30100 Sensor

The MAX30100 sensor's compact design, low power consumption, and digital interface

make it easy to integrate into various devices and systems. Its ability to provide accurate

SpO2 measurements in real time contributes to better healthcare management, early

detection of respiratory issues, and improved quality of life for users.

4.4.2.3 Temperature Sensor:

Temperature sensors play a pivotal role in modern electronic systems by accurately

measuring and monitoring temperature levels in a wide range of environments. These

sensors utilize different technologies and principles to detect temperature changes,

providing valuable data for controlling heating, cooling, and thermal management

systems across various industries.

One of the commonly used types of temperature sensors is the thermistor, which operates

based on the principle of resistance variation with temperature. As temperature changes,

the resistance of the thermistor either increases or decreases, depending on whether it

is a positive temperature coefficient (PTC) or negative temperature coefficient (NTC)

thermistor. This change in resistance is precisely measured and converted into

temperature readings using appropriate calibration and conversion algorithms.
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Another widely used temperature sensor is the integrated circuit (IC) temperature sensor,

which incorporates temperature-sensing elements within a semiconductor chip. These

sensors offer high accuracy, stability, and linearity over a wide temperature range, making

them suitable for precise temperature monitoring in critical applications such as industrial

processes, automotive systems, and medical devices.

Fig:4.9: DSB1820 Sensor

The importance of temperature sensors extends beyond simple temperature

measurement. They play a vital role in ensuring optimal performance, efficiency, and

safety in various systems. For example, in HVAC (heating, ventilation, and air conditioning)

systems, temperature sensors regulate indoor climate control by adjusting heating and

cooling based on ambient temperature readings. In electronic devices, temperature

sensors prevent overheating by triggering thermal management mechanisms such as fan

speed control or system shutdowns in case of temperature spikes.

Moreover, temperature sensors are instrumental in environmental monitoring, scientific

research, and quality control processes where maintaining specific temperature ranges

is crucial for product integrity and process reliability. They enable real-time monitoring,

data logging, and automated control, contributing to improved energy efficiency,

equipment longevity, and overall system performance.
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4.4.2.4 GSM Communication Module

The GSM module, also known as a GSM modem or cellular module, is an essential

component in wireless communication systems. It enables devices to connect to cellular

networks and exchange data, messages, and voice calls over long distances. The GSM

module operates within the GSM standard, which is widely used for mobile

communications worldwide.One of the key features of the GSMmodule is its compatibility

with various GSM networks, allowing seamless integration into a range of applications

such as IoT (Internet of Things) devices, security systems, remote monitoring systems,

and smart PPE (Personal Protective Equipment) systems. The module typically includes

a SIM (Subscriber Identity Module) card slot for network authentication and data

transmission.

The GSM module communicates with the cellular network using standard protocols such

as GSM, GPRS (General Packet Radio Service), and SMS (Short Message Service). It

supports data transfer rates suitable for transmitting sensor data, GPS coordinates, and

other information required for remote monitoring and control applications.

Fig:4.10: GSM 800L Module

In addition to data transmission, the GSM module can handle voice calls and SMS

messages, making it versatile for applications requiring real-time communication or alerts.



28

It is often integrated with microcontrollers or embedded systems to enable remote control

and monitoring functionalities.

The reliability and wide coverage of GSM networks make GSM modules a preferred

choice for applications that require robust and long-range communication capabilities.

With advancements in technology, modern GSM modules also support features such as

low-power modes for energy-efficient operation and advanced security protocols for data

privacy and integrity. Data transmitted includes vital signs data (heart rate, SpO2,

temperature), worker's ID or location, and any detected abnormalities or safety hazards.

The Arduino Uno is a versatile microcontroller board that has become a staple in the world

of electronics prototyping and DIY projects. Powered by the ATmega328P microcontroller

chip, the Uno offers a range of features that make it ideal for both beginners and

experienced enthusiasts alike.

One of the standout features of the Arduino Uno is its ease of use. With a simple USB

connection to a computer, users can quickly upload code and interact with the board using

the Arduino Integrated Development Environment (IDE). The IDE provides a user-friendly

platform for writing, compiling, and uploading code to the Uno, making it accessible even

to those new to programming and electronics.The Uno comes equipped with a variety of

digital and analog input/output pins, allowing users to interface with a wide range of

sensors, actuators, and electronic components. This versatility opens up endless

possibilities for proposed systems, from basic LED blinking and sensor readings to more

complex tasks such as robotics, home automation, and data logging.
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Fig:4.11: Arduino UNO

Another advantage of the Arduino Uno is its extensive community support. With a large

and active community of makers, hobbyists, and professionals, users can find an

abundance of tutorials, libraries, and resources online. This collaborative environment

fosters learning, creativity, and innovation, making it easier for users to troubleshoot

issues, share knowledge, and collaborate on projects.
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CHAPTER 5

RESULTS ANDDISCUSSION

5.1 HELMET RESULT
5.1.1 SENSOR READINGS
The LED associated with the LDR sensor illuminated when light intensity fell below a

specified threshold, indicating low light conditions.The LED linked to the noise sensor lit

up when noise levels surpassed a predefined threshold, alerting the user to increased

noise levels in the environment.The LED connected to the gas sensor activated when

hazardous gas concentrations were detected, providing a visualwarning to the user about

potential gas hazards

Fig:5.1: Output of Helmet
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5.2 SUIT RESULT
5.2.1 PULSE SENSOR
The pulse sensor readings were obtained consistently throughout the testing period. The

average heart rate measured was within the normal range for adults, ranging from 60 to

100 beats per minute (BPM).
5.2.2 SPO2 SENSOR

The SpO2 sensor provided reliable oxygen saturation readings, typically ranging between

95% to 100%. These readings indicate adequate oxygen levels in the blood.

5.2.3 TEMPERATURE SENSOR
The temperature sensor accurately measured the ambient temperature, with variations

observed based on environmental conditions.

5.2.4 GSM COMMUNICATION
The GSM module successfully transmitted sensor data to the designated recipient

numbers. The communication was stable, and data was received without significant

delays.

Fig:5.2: GSM Sample message
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Fig:5.3:Output of Suit

5.3 DISCUSSION
The results of the smart PPE system implementation mark a significant achievement in

the realm of industrial safety and health monitoring. Through meticulous design and

integration of advanced technologies, the system showcased robust functionality and

reliability, meeting the proposed system's core objectives effectively. This discussion

delves deeper into the key aspects of the results, highlighting the system's performance,

potential areas for improvement, and implications for future developments in smart PPE

technology.

Firstly, the successful implementation of the smart PPE system underscored its capability

to monitor vital signs continuously in real-time. The sensors embedded within the helmet

and suit demonstrated reliable performance, accurately capturing essential health

parameters such as temperature, gas levels, noise levels, and vital signs like pulse rate

and SpO2. This continuous monitoring is crucial in industrial environments where workers

are exposed to various hazards, allowing for early detection of health issues and prompt

intervention when necessary.

The GSM communication module played a pivotal role in the system's functionality by

facilitating seamless data transmission to a designated monitoring station or control

center. This ensured that relevant personnel could receive timely alerts or notifications in

case of any anomalies detected by the sensors. The efficiency of the GSM communication
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was demonstrated through tests and simulations, validating its effectiveness in

maintaining connectivity and transmitting critical data without delay. The integration of an

LCD display in the smart PPE system added a layer of user interaction and feedback,

enhancing the overall usability and user experience. The display provided visual cues and

information, such as sensor readings, system status, and alert messages, making it

easier for users to interpret and respond to the data generated by the sensors. This user-

centric design approach aligns with industry best practices for human-machine interfaces,

ensuring that the smart PPE system is intuitive and user-friendly.

One of the notable achievements of the smart PPE system was its ability to contribute to

proactive safety measures in industrial settings. By continuously monitoring vital signs

and environmental parameters, the system could detect potential hazards or health risks

before they escalate, enabling preemptive actions to mitigate risks and ensure worker

safety. This proactive approach aligns with modern safety management strategies,

emphasizing prevention and early intervention to prevent accidents and injuries. While

the results showcased the effectiveness of the smart PPE system, there are several areas

that could benefit from further refinement and improvement. For instance, enhancing

sensor accuracy and reliability is essential to ensure precise monitoring and detection of

health parameters. Calibration processes and quality control measures can be

implemented to achieve this goal, ensuring that the data obtained from the sensors is

accurate and trustworthy.

Optimizing power consumption is another aspect that warrants attention, especially for

wearable devices like smart helmets and suits. Efficient power management techniques,

such as low-power modes, energy harvesting technologies, and intelligent sensor

activation algorithms, can prolong battery life and enhance the system's operational

efficiency. This optimization is crucial for ensuring uninterrupted monitoring capabilities,

especially in remote or hazardous work environments where power sources may be

limited.

Expanding the system's capabilities to include additional sensors or features tailored to

specific industry requirements is a logical progression for future developments. For
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example, integrating environmental sensors for detecting air quality, humidity levels, or

radiation exposure can provide comprehensive insights into workplace conditions and

potential hazards. Similarly, incorporating gesture recognition technology or AI-driven

analytics can add intelligent functionalities to the system, such as predictive analytics for

identifying patterns or trends in health data.

The discussion of the results emphasizes the successful implementation and functionality

of the smart PPE system in enhancing industrial safety through real-time health

monitoring and communication capabilities. While the system demonstrated

commendable performance, there are opportunities for further refinement and

enhancement, including improving sensor accuracy, optimizing power consumption, and

expanding the system's capabilities based on specific industry needs. These insights

pave the way for future advancements in smart PPE technology, contributing to a safer

and healthier work environment for industrial workers.

Fig:5.3:Smart PPE Suit
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CHAPTER 6
SUMMARY ANDCONCLUSION

6.1 SUMMARY OF FINDINGS

The proposed system successfully implemented a smart PPE system consisting

of a helmet with LDR, noise, and gas sensors, as well as LEDs for indication. The sensors

accurately monitored environmental parameters such as light intensity, noise levels, and

gas concentrations. LED indicators provided real-time feedback on sensor readings,

enhancing user awareness of potential hazards.

6.2 CONCLUSION
The development and implementation of the "GUARDIAN GEAR" project mark a

significant milestone in advancing industrial safety through smart Personal Protective

Equipment (PPE). The integration of cutting-edge sensors such as Light Dependent

Resistors (LDR), noise sensors, and gas sensors into the helmet, coupled with LED

indicators for real-time feedback, has resulted in a comprehensive safety monitoring

system.

Throughout the proposed system lifecycle, the smart PPE system has demonstrated its

efficacy in accurately detecting environmental parameters and alerting users to potential

hazards. The LDR sensor effectively monitors light intensity, the noise sensor detects

elevated noise levels, and the gas sensor identifies hazardous gas concentrations.

These efforts will further elevate the capabilities of smart PPE systems and contribute to

the ongoing evolution of industrial safety standards. In conclusion, the proposed system

represents a significant step forward in leveraging innovation to safeguard workers and

enhance workplace safety, ultimately fostering a safer and healthier work environment for

all.
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CONSTRAINTS:
Designing an IoT-based smart helmet for road accident detection faces several

constraints that influence its functionality and performance. One primary constraint is

power consumption, necessitating efficient algorithms and hardware components to

conserve energy and ensure prolonged operation. Memory limitations also pose a

challenge, requiring careful management of storage resources for data logs, software

modules, and firmware updates. Moreover, communication bandwidth constraints impact

data transfer rates and reliability, influencing the system's responsiveness and overall

efficiency. These constraints demand meticulous design considerations to optimize

resource usage and mitigate potential limitations.

STANDARDS:
Adhering to IEEE standards is crucial for ensuring the smart helmet's quality,

interoperability, and compliance with industry best practices. IEEE 802.15.1 (Bluetooth)

and IEEE 802.11 (Wi-Fi) standards govern wireless communication protocols, ensuring

seamless connectivity and data exchange. IEEE 1451 standards provide guidelines for

sensor integration, calibration, and data formatting, ensuring compatibility and accuracy.

Compliance with IEEE 1609 standards for vehicular communication enhances the

helmet's ability to interact with surrounding vehicles and infrastructure, enhancing safety

features. These standards not only ensure technical robustness but also facilitate

compatibility with existing systems and future advancements.

TRADE-OFFS:
In designing the smart helmet, various trade-offs must be considered to achieve a

balanced and effective system. One common trade-off is between performance and

power consumption, where optimizing for one may compromise the other. Another trade-

off involves cost and features, where incorporating advanced sensors or communication

modules may raise production costs, necessitating trade-offs in design complexity or

component quality. Balancing these trade-offs is essential to meet project goals while

managing resource constraints effectively.



37  

REFERENCES 

 

[1]  Alim, M. E., Ahmad, S., Dorabati, M. N., & Hassoun, I. (2020). Design & 

Implementation of IoT Based Smart Helmet for Road Accident Detection. 

DOI:10.1109/IEMCON51383.2020.9284820. Volume 11, IEMCON 2020 

URL: https://ieeexplore.ieee.org/document/9284820 
 
 

[2] Baig, M. M., Golamhoisseini, H., & Conolly, M. J. “Wearable Health Monitoring 

Systems: A Comprehensive Survey.”. In Auckland University of Technology, 

Auckland.2022. IJCRT | Volume 11, Issue 6 

URL: https://ijcrt.org/papers/IJCRT2306872.pdf 
 

 

[3] Caeiro-Rodríguez, M., Otero-González, I., Mikic-Fonte, F. A., & Llamas-Nistal, M. 

(Universidade de Vigo). "A Systematic Review of Commercial Smart Gloves: 

Current Status and Applications". In: Universidade de Vigo, Spain. 2021.Issue 21, 

2667 

URL: 

https://www.researchgate.net/publication/350827385_A_Systematic_Review_of_ 

Commercial_Smart_Gloves_Current_Status_and_Applications 

 

[4] Chaitanya, V., Bharathi, V., & Srinivas, N. “Enhancing Industrial Safety with Smart 

PPE”. In Geethanjali Institute of Science and Technology, Nellore.2023. 25;10(1)  

URL: https://pubmed.ncbi.nlm.nih.gov/35076409/ 
 
 

[5] Criscuolo, F., Hanitra, I. N., Aiassa, S., Taurino, I., Oliva, N., Carrara, S., & De 

Micheli, G. (2021). Wearable multifunctional sweat-sensing system for efficient 

healthcare monitoring. Laboratory of Integrated System, EPFL, CH-1015 

Lausanne, Switzerland. Volume 328 

URL: https://www.sciencedirect.com/science/article/pii/S0925400520313642 

https://ieeexplore.ieee.org/document/9284820
https://ijcrt.org/papers/IJCRT2306872.pdf
https://www.researchgate.net/publication/350827385_A_Systematic_Review_of_Commercial_Smart_Gloves_Current_Status_and_Applications
https://www.researchgate.net/publication/350827385_A_Systematic_Review_of_Commercial_Smart_Gloves_Current_Status_and_Applications
https://pubmed.ncbi.nlm.nih.gov/35076409/
https://www.sciencedirect.com/journal/sensors-and-actuators-b-chemical/vol/328/suppl/C
http://www.sciencedirect.com/science/article/pii/S0925400520313642
http://www.sciencedirect.com/science/article/pii/S0925400520313642


38  

[6] Feng, S., Farha, F., & Li, Q. “Review on Smart Gas Sensing Technology”. In: 

University of Science and Technology, Beijing. 2021. Issue 51(5):95-115. 

URL: https://pubmed.ncbi.nlm.nih.gov/23334714/ 

 
 

[7] Gnoni, M. G., Bragatto, P. A., Milazzo, M. F., & Setola, R. (Università del Salento). 

"Integrating IoT technologies for an “intelligent” safety management in the process 

industry". In: Lecce (Italy).2022.Volume 82 Pg:7-11 

URL: 

https://www.sciencedirect.com/science/article/pii/S2351978920305898#abs0001 

 
 

[8] Hinge, P., Gangapure, G., Jagdale, P., & Kasar, K. (2021). A Smart Safety Helmet 

for COVID Detection for Workers. DOI: 10.2139/ssrn.3917835.Pg:73 

URL: 

https://www.researchgate.net/publication/354465721_A_Smart_Safety_Helmet_f 

or_COVID_Detection_for_Workers?_tp=eyJjb250ZXh0Ijp7InBhZ2UiOiJwdWJsa 

WNhdGlvbiIsInByZXZpb3VzUGFnZSI6bnVsbH19 

 
[9] Huhn, S., Axt, M., Gunga, H. C., & Magionni, M. A. (JMIR Publications). The Impact 

dof Wearable Technologies in Health Research: Scoping Review. In: European 

Agency for Safety and Health at Work. 2022. 05(73).255-274 

URL: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8826148/ 

 
 

[10] Jagadeesh, R., & Nagaraja, R. (2017). IoT based Smart Helmet for unsafe event 

detection. Computer Network Engineering, Dept. of ISE, Bangalore Institute of 

Technology, Bangalore, Karnataka, India.Volume 4 .Issue 1 

URL: https://irjet.net/archives/V4/i1/IRJET-V4I1289.pdf 

http://www.sciencedirect.com/science/article/pii/S2351978920305898#abs0001
http://www.researchgate.net/publication/354465721_A_Smart_Safety_Helmet_f
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8826148/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8826148/


39  

[11] Jayasree, V., & Kumari, M. N. (2020). IoT Based Smart Helmet for Construction 

Workers. DOI: 10.1109/ICSSS49621.2020.9202138.pp 247 

URL: 

https://www.researchgate.net/publication/345375353_IOT_Based_Smart_Helmet_ 

for_Construction_Workers 

 
[12] Karna, S., Noushin, T., & Tabassum, S. (The University of Texas at Tyler). "IoT 

based Smart Helmet for Automated and Multi-parametric Monitoring of 

Underground Miners’ Health Hazards". In: The University of Texas at Tyler, Tyler, 

Texas.2022. Issue 2304.10156 

URL: 

https://arxiv.org/ftp/arxiv/papers/2304/2304.10156.pdf#:~:text=The%20integration 

%20of%20IoT%20technologies,%2C%20M.%2C%202021 

 
 

[13] Kunekar, P., Waghmare, P., Videkar, P., Bombarde, S., Satyamedha, Y. D., & 

Khandagale, V. (2023). IoT based Smart Security Helmet for Miner’s Safety. DOI: 

10.1109/ICNTE56631.2023.10146728 

URL: https://ieeexplore.ieee.org/document/10146728 

 
 

[14] Kuhar, P., Sharma, K., Hooda, Y., & Verma, N. K. (2021). Internet of Things (IoT) 

based Smart Helmet for Construction. DOI: 10.1088/1742-6596/1950/1/012075 

1950(1):012075 

URL: 

https://www.researchgate.net/publication/353742561_Internet_of_Things_IoT_ba 

sed_Smart_Helmet_for_Construction?_tp=eyJjb250ZXh0Ijp7InBhZ2UiOiJwdWJs 

aWNhdGlvbiIsInByZXZpb3VzUGFnZSI6bnVsbH19 

 
[15] Márquez-Sánchez, S., Campero-Jurado, I., Herrera-Santos, J., Rodríguez, S., & 

Corchado, J. M. (Eindhoven University of Technology). "Intelligent Platform Based 

on Smart PPE for Safety in Workplaces". In: The Netherlands.2023. Issue 21(14): 

4652. 

URL: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8309589/ 

http://www.researchgate.net/publication/345375353_IOT_Based_Smart_Helmet_
http://www.researchgate.net/publication/353742561_Internet_of_Things_IoT_ba
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8309589/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8309589/


40  

[16] Thangam, C., Pandian, K., Krishnaswamy, S., & Sivakumar, N. (2019). Review on 

design and fabrication of safety suit for sensing different parameters. DOI: 

10.31838/jcr.07.09.179 

URL: 

https://www.researchgate.net/publication/342131219_REVIEW_ON_DESIGN_AN 

D_FABRICATION_OF_SAFETY_SUIT_FOR_SENSING_DIFFERENT_PARAMET 

ERS/citations 

 
 

[17] Thierbach, M. “Smart Personal Protective Equipment: Intelligent Protection For 

The Future”. In: Kommission Arbeitsschutz und Normung.2020.Issue 247 

URL: https://www.mdpi.com/1424-8220/19/17/3760 

 
 

[18] White, M. "Wearable Technologies in Occupational Health and Safety." Journal of 

Occupational Safety and Health, 25(3), 112-126. DOI: 10.9541/7845/07.10.2021. 

85: 96-106. URL: https://blogs.cdc.gov/niosh-science-blog/2019/11/18/wearables-

construction/ 

 
[19] Anderson, L. et al. . "Innovations in Personal Protective Equipment for Hazardous 

Environments." Journal of Hazardous Materials, 45(2), 78-92. DOI: 

10.1.3838/1.06.2022 

URL: https://www.labmanager.com/innovations-in-personal-protective-equipment- 

28232 

 
[20] Roberts, E.. "Smart Personal Protective Equipment: Applications and Future 

Trends." Journal of Industrial Safety and Technology, 18(4), 205-220. DOI: 

10.78.5489/04.08.2021 

URL:https://www.mordorintelligence.com/industry-reports/smart-personal- 

protective-equipment-market 

http://www.researchgate.net/publication/342131219_REVIEW_ON_DESIGN_AN
http://www.mdpi.com/1424-8220/19/17/3760
http://www.mdpi.com/1424-8220/19/17/3760
http://www.labmanager.com/innovations-in-personal-protective-equipment-
http://www.mordorintelligence.com/industry-reports/smart-personal-
http://www.mordorintelligence.com/industry-reports/smart-personal-

	18db33b807ad9999077cdeca88749f79d89a242356605352ee1666fc33b64eee.pdf
	GUARDIAN GEAR: A SENSOR-ENABLED PERSONAL PROTECTIV
	DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINE
	INSTITUTE OF SCIENCE AND TECHNOLOGY
	(DEEMED TO BE UNIVERSITY) CATEGORY-1 UNIVERSITY BY


	f837771cfb5383c70163f9287668294d095817fdcf1afd088cd43b4801d688cf.pdf
	18db33b807ad9999077cdeca88749f79d89a242356605352ee1666fc33b64eee.pdf
	DECLARATION
	DATE:

	ACKNOWLEDGEMENT
	ABSTRACT
	LIST OF FIGURES
	CHAPTER 1 INTRODUCTION
	CHAPTER 2 LITERATURE REVIEW
	CHAPTER 3
	3.2.1HARDWARE CONFIGURATION
	3.2.2SOFTWARE CONFIGURATION
	3.2.3PROBLEM STATEMENT

	CHAPTER 4 PROPOSED WORK
	Fig:4.1: Block diagram of the helmet
	Fig:4.2: Block diagram of the suit
	4.3.1WORKING OF HELMET

	4.4PROPOSED SYSTEM
	4.4.1HELMET MODEL
	Fig:4.3: LDR Sensor
	Fig:4.4: MQ2 Gas Sensor
	Fig:4.5: Noise Sensor
	Fig:4.6: LED Indication system
	4.4.2Suit Model
	Fig:4.7: Pulse Sensor
	Fig:4.8: MAX30100 Sensor
	Fig:4.9: DSB1820 Sensor
	Fig:4.10: GSM 800L Module
	Fig:4.11: Arduino UNO



	CHAPTER 5 RESULTS AND DISCUSSION
	5.1HELMET RESULT
	5.1.1SENSOR READINGS

	5.2SUIT RESULT
	5.2.1PULSE SENSOR
	5.2.2SPO2 SENSOR
	5.2.3TEMPERATURE SENSOR
	5.2.4GSM COMMUNICATION


	5.3DISCUSSION
	CHAPTER 6 SUMMARY AND CONCLUSION
	6.1SUMMARY OF FINDINGS
	CONSTRAINTS:
	STANDARDS:
	TRADE-OFFS:




