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Abstract

Workers in open-pit mining environments face
significant hazards including toxic gases, extreme
temperatures, and potential injuries from falls or
collisions. To mitigate these risks, this study
presents the design and implementation of a Smart
Helmet for Open-Pit Mines. The helmet integrates
multiple  sensors, such as gas detection,
temperature, accelerometer, and helmet presence
sensors, all interfaced with a microcontroller and
wireless communication modules (Bluetooth or
GSM). The system continuously — monitors
environmental conditions and worker activity,
sending instant alerts to supervisors or control
rooms in case of dangerous gas levels, high
temperatures, falls, or helmet removal. The solution
offers a cost-effective, scalable, and reliable
approach to improve worker safety, centralize
monitoring, and support timely emergency
responses. Optional integration of GPS modules
further aids in locating workers during emergencies
or disorientation. The helmet’s low power
consumption and minimal maintenance
requirements make it suitable for harsh mining
conditions. This research demonstrates how
wearable technology can be effectively applied to
industrial safety, offering practical solutions for
hazard prevention and workforce protection.
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Introduction

Helmets have long been a critical component of
personal protective equipment (PPE) in industries
such as mining, construction, and manufacturing.
Traditional helmets primarily provide passive
protection, shielding the wearer from impacts
caused by falling objects, collisions, or accidental
contact with machinery. While effective in
preventing blunt-force injuries, conventional
helmets do not offer real-time monitoring or

proactive  safety measures. In  high-risk
environments like open-pit mines, workers are
exposed to additional hazards including toxic gases,
extreme  temperatures, and  unpredictable
environmental conditions. Without timely alerts,
accidents can escalate into life-threatening
situations.Recent technological advancements have
paved the way for intelligent PPE systems,
transforming helmets from passive safety gear into
active safety solutions. A Smart Helmet integrates
sensors, microcontrollers, and communication
systems to continuously monitor environmental
parameters, detect hazardous conditions, and send
instant alerts to supervisors or emergency
responders. These devices can track gas
concentrations, temperature variations, worker
movement, and even the presence or removal of the
helmet itself. By incorporating IoT technology and
wireless communication, smart helmets enable
centralized monitoring and immediate response to
emergencies, contributing significantly to worker
safety and operational efficiency.

Aim of the Project

The primary aim of this project is to design and
implement a Smart Helmet system that enhances
worker safety in hazardous environments through
real-time  monitoring and automated alert
mechanisms. Specifically, the project focuses on
open-pit mining and other high-risk industrial
sectors where workers face threats beyond physical
injuries. The Smart Helmet will:

Detect toxic gases and monitor environmental
hazards.

Track vital worker conditions, including movement
and presence of the helmet.

Transmit real-time alerts to supervisors or
emergency personnel.

Optionally integrate GPS for worker location
tracking, aiding in rescue operations.

The system aims to reduce emergency response
times, prevent accidents proactively, and provide
managers with centralized data to monitor safety
compliance and identify risk-prone zones. Its
modular design allows adaptation for diverse
industrial applications, including chemical plants,
construction sites, and oil rigs.

Objectives

The project’s objectives are to:
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Develop an intelligent, sensor-integrated helmet
that goes beyond traditional protective gear by
actively monitoring environmental and personal
safety parameters.

Integrate multiple sensors, including:

Gas sensors for detecting hazardous gases such as
methane and carbon monoxide.

Temperature sensors for monitoring extreme heat
conditions.

Accelerometers or motion sensors for detecting
falls or abnormal movements.

Helmet detection sensors to ensure proper usage.
Implement real-time data processing using a
microcontroller that acts as the system’s central
processing unit. The system should trigger alerts,
such as alarms or wireless notifications, in response
to hazardous conditions.

Enable wireless communication through modules
like ESP32 or GSM/Bluetooth, allowing supervisors
to receive alerts and monitor multiple workers
remotely.

Integrate optional GPS tracking for worker
location monitoring in large or complex industrial
environments, improving emergency response and
rescue operations.

Develop a cost-effective and scalable system,
ensuring minimal maintenance, low power
consumption, and adaptability for various industrial
scenarios.

Promote preventive safety measures by enabling
continuous monitoring and data logging, allowing
organizations to identify high-risk areas and
optimize safety protocols.

By achieving these objectives, the Smart Helmet
system aims to significantly reduce workplace
accidents, enhance emergency responsiveness, and
contribute to the broader adoption of intelligent
safety technologies in industrial environments.

Literature Survey

Open-pit mining is inherently hazardous, exposing
workers to dust, toxic gases, falling debris, and
heavy machinery operations. Traditional safety
equipment, such as standard helmets, primarily
offers passive protection against head injuries but
lacks capabilities for proactive hazard detection or
real-time  health  monitoring.  Consequently,
accidents often occur due to delayed detection of
dangerous conditions or inadequate communication
during emergencies.

Recent advancements in technology have led to the
development of smart helmets, which integrate
Sensors, microcontrollers, and wireless
communication modules to actively monitor
environmental conditions and worker health. Early
research on smart helmets primarily focused on
environmental sensing. For instance, helmets
equipped with gas sensors could detect hazardous
gases such as methane (CHa4), carbon monoxide
(CO), and hydrogen sulfide (H2S), with alerts sent to
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a central control unit when thresholds were
exceeded. These systems laid the groundwork for
real-time monitoring solutions in mining operations.
The integration of Internet of Things (IoT)
platforms has further enhanced smart helmet
capabilities. IoT-enabled helmets can transmit
sensor data to cloud platforms for remote
monitoring, analytics, and predictive maintenance,
enabling supervisors to monitor worker safety in real
time and take proactive measures to prevent
accidents.

Motivation

Mining remains one of the most dangerous
professions, with open-pit operations presenting
unique challenges such as rockfalls, landslides,
extreme temperatures, dust inhalation, and exposure
to toxic gases like methane and carbon monoxide.
Even with standard PPE, accidents persist due to
delayed detection of hazards and slow emergency
responses.

The development of a Smart Helmet aims to
address these gaps by:

Providing real-time monitoring of environmental
hazards and worker health.

Enabling instant alerts to supervisors or rescue
teams in case of abnormal conditions.

Reducing human error and improving response
times during emergencies.

Collecting data for audits, safety assessments, and
policy improvements.

By shifting from a reactive safety approach to a
proactive and predictive model, smart helmets
have the potential to significantly improve worker
protection and operational efficiency in open-pit
mining environments.

Problem Statement

Open-pit mining environments are highly dynamic,
with unpredictable geological and operational
hazards. Traditional safety measures often fail to
address real-time threats, particularly in remote
areas where immediate rescue is challenging. The
main problems in existing safety systems include:
Lack of Real-Time Hazard Detection
Conventional helmets cannot detect toxic gases,
extreme temperatures, or sudden physical impacts.
Many prior smart helmet solutions have limited
connectivity or processing capabilities, preventing
continuous real-time monitoring.

Hardware and Software Requirements

The successful implementation of a Smart Helmet
for Open-Pit Mines relies on the seamless
integration of carefully selected hardware and
software components. Each element contributes to
real-time monitoring, reliable data communication,
and intelligent safety automation. This wearable
device enhances worker safety by continuously
tracking  environmental  conditions,  health
parameters, and location, enabling rapid emergency
responses in hazardous mining environments.
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The smart helmet integrates an ESP32
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an analog output proportional to gas concentration.

microcontroller, a gas sensor, a temperature
sensor, and a GPS module. Alerts are provided via
a buzzer, while an emergency switch allows
workers to signal distress manually. Real-time data
visualization is achieved through IoT platforms such
as Blynk, which provides mobile and web interfaces
to monitor sensor readings, receive alerts, and
ensure continuous safety tracking. The embedded
firmware, developed using Arduino IDE, manages
sensor data acquisition, decision-making, and
wireless communication.

Hardware Components

ESP32 Microcontroller

The ESP32 evaluates this output against predefined
safety thresholds. When dangerous levels are
detected, alerts are triggered via the buzzer, Blynk
notifications, or emergency protocols. This sensor
plays a crucial role in maintaining real-time air
quality monitoring and worker safety.
Temperature and Humidity Sensor (DHT11)

Figure 3 Temperature sensor(DHT11)
The DHTI1 sensor monitors environmental
temperature and humidity, providing digital output
that is easy to interface with the ESP32. Real-time
monitoring helps detect extreme heat or humidity

Figure 1 ESP32Microcontroller

The ESP32 serves as the central processing unit of

the smart helmet. Featuring a dual-core Tensilica

conditions, preventing heat stress and unsafe
working environments. Alerts are triggered
automatically if values exceed set thresholds, and

Xtensa LX6 processor running at up to 240 MHz,
it offers efficient multitasking and real-time
processing. It includes 520 KB SRAM and 448 KB
ROM, supporting data storage and core functions.
Built-in Wi-Fi and Bluetooth capabilities enable
seamless wireless communication for real-time
monitoring and emergency alerts. The ESP32
interfaces with sensors to collect environmental and
location data, process it, and transmit alerts to cloud
platforms or mobile applications.

Gas Sensor (MQ-135)

Figure 2 Gas Sensor (MQ135)

The MQ-135 sensor detects harmful gases such as
ammonia, nitrogen oxides, benzene, smoke, and
carbon dioxide. It operates by measuring resistance
changes in the presence of target gases, producing

readings are displayed on the Blynk app, supporting
proactive safety management.
GPS Module

Figure 4 GPS Module

The GPS module provides accurate real-time
location tracking by receiving signals from multiple
satellites. Modules typically support UART
communication and output standard NMEA
sentences for easy integration with the ESP32. GPS
data ensures that workers can be located quickly in
emergencies, facilitating faster rescue operations in
large open-pit mining areas.
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monitoring capabilities in wearable systems like

Figure 5 Bluetooth (HCO05)

The HC-05 Bluetooth module enables short-range
wireless communication, allowing the helmet to
interface with mobile devices or other local systems.
It supports UART/SPI communication and low-
power operation, making it suitable for wearable
applications. Bluetooth facilitates control over GPS
functions and additional system configurations
through applications like Arduino Blue Control.
Buzzer

Figure 6 Buzzer
The buzzer provides immediate audio alerts in
hazardous situations, such as gas leakage or extreme
temperature conditions. Controlled by the ESP32, it
ensures that workers are warned even in noisy or
visually obstructed environments, enhancing real-
time responsiveness.
Software Requirements
Arduino IDE
The Arduino Integrated Development
Environment (IDE) is used for programming the
ESP32 microcontroller. It allows developers to
write, compile, and upload C/C++ code, integrating
sensor readings, decision logic, and communication
protocols. The IDE's Serial Monitor provides real-
time debugging of data such as temperature, gas
levels, and GPS coordinates.
Blynk IoT Platform
The Blynk platform enables real-time remote
monitoring and alert notifications. Sensor data is
transmitted via Wi-Fi using a unique authentication
token to the Blynk mobile app or web dashboard.
Workers’ environmental data, emergency alerts, and
system status are visualized in real-time, allowing
supervisors to  monitor safety conditions
continuously.
Arduino Blue Control
The Arduino Blue Control app allows control of
GPS tracking via Bluetooth. Commands sent from
the app enable starting, stopping, or requesting live
GPS data, enhancing mobility and remote

smart helmets.

These software components ensure smooth
integration between sensors, microcontroller, IoT
platforms, and mobile applications, providing a
complete ecosystem for real-time monitoring and
emergency management.

Smart Helmet for Open-Pit Mines

The Smart Helmet for Open-Pit Mines is an
advanced wearable safety device designed to
enhance the monitoring and protection of miners in
hazardous environments. Utilizing the ESP32

microcontroller with integrated Wi-Fi, the helmet
enables seamless wireless communication between
the miner and a central monitoring system.
Embedded sensors, including gas detectors and
temperature Sensors, continuously track
environmental  conditions and  physiological
parameters. This data is transmitted in real time to
supervisors or control centers, enabling rapid
responses to hazardous events.The primary
objective of the smart helmet is to proactively detect
risks such as toxic gas exposure, extreme
temperatures, and  location-based  hazards.
Integrated GPS modules allow real-time worker
tracking, while buzzer alarms and an emergency
switch provide immediate alert mechanisms.
Wireless communication via Bluetooth ensures
efficient data transfer within local ranges, while Wi-
Fi enables remote monitoring. By combining these
technologies, the helmet minimizes risk, improves
emergency response times, and supports compliance
with occupational health and safety standards in
mining operations.The ESP32 microcontroller
serves as the central processing unit, programmed
using Arduino IDE, to integrate data from sensors
and GPS modules. Real-time visualization, alert
notifications, and worker tracking are facilitated
through the Blynk app, providing an intuitive
interface for supervisors. This design transforms the
helmet from a passive safety device into a proactive
system capable of monitoring environmental
hazards, worker location, and emergency situations.
System Architecture

Block Diagram
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The block diagram (Figure 4.1) represents the
functional architecture of the smart helmet,
illustrating the interaction between hardware
components, communication modules, and alert
systems. It highlights the continuous flow of data
from sensors to the ESP32, which processes the
information and triggers alerts or transmits data to
remote supervisors via wireless networks.

Key Components:

Gas Sensor (MQ-135) — Detects hazardous gases
such as methane, carbon monoxide, and ammonia.
The sensor sends concentration data to the ESP32,
which evaluates safety thresholds and triggers
alarms when necessary.

Temperature Sensor (DHT11) - Measures
ambient temperature and humidity. If predefined
safety thresholds are exceeded, the ESP32 initiates
alerts through the buzzer or IoT platform.

ESP32 Microcontroller — Acts as the central
controller, processing sensor inputs, activating the
buzzer, and transmitting data via Wi-Fi or Bluetooth
to mobile applications for real-time monitoring.
Emergency Switch — Allows manual triggering of
emergency protocols, enabling the worker to send
immediate alerts and location information in case of
accidents.

GPS Module — Provides accurate real-time location
data for worker tracking, facilitating quick rescue
operations and operational efficiency.

Bluetooth Module (HC-05) — Enables short-range
wireless communication with smartphones or base
stations for monitoring purposes.

Buzzer — Provides audible alerts when hazardous
gas levels, extreme temperatures, or emergency
conditions are detected.

Working Methodology

The smart helmet operates as an IoT-based safety
system. Sensor readings from the DHT11 and MQ-
135 are continuously captured by the ESP32.
Simultaneously, the GPS module tracks the
worker's real-time location. The ESP32 processes
these readings and compares them with predefined
safety thresholds.

If gas concentration or temperature exceeds safe
levels, the buzzer is activated, and real-time alerts
are sent to supervisors via the Blynk app.

When the emergency switch is pressed, the ESP32
triggers a location-based alert for immediate
response.

Data is continuously logged for post-event analysis,
enabling trend monitoring, hazard forecasting, and
predictive safety measures.

Applications

The smart helmet has multiple practical applications
in open-pit mining, including:

Monitoring toxic gases such as methane and carbon
dioxide.

Real-time worker location tracking for safety and
rescue operations.
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Automatic emergency alerts through buzzer and
mobile notifications.

Environmental data logging for safety audits and
regulatory compliance.

Detection of extreme temperature conditions to
prevent heat-related health issues.

Wireless communication of hazard data to
centralized monitoring systems.

By integrating sensors, communication modules,
and emergency response mechanisms, the helmet
provides a comprehensive safety solution. It reduces
manual supervision, enhances rapid response during
incidents, and improves overall operational
efficiency. Additionally, real-time data collection
allows predictive maintenance, hazard trend
analysis, and proactive safety planning, significantly
enhancing both safety and productivity in open-pit
mining operations.

Hardware Requirements

The successful implementation of Smart Helmet for
Open Pit Mines on the seamless integration of
carefully chosen hardware and software
components, each playing a vital role in realizing the
project’s objectives. This chapter provides a
comprehensive overview of these elements,
explaining how their combined functionalities
enable real-time monitoring, reliable data
communication, and intelligent automationThe
smart helmet for open-pit mining workers is a
safety-enhancing wearable device designed using
ESP32 microcontroller. It integrates a gas sensor to
detect harmful gases, a temperature sensor to
monitor extreme environmental conditions, and a
GPS module for real- time location tracking. A
buzzer alerts workers to immediate dangers, while
an emergency switch allows quick distress
signaling. This helmet ensures continuous
monitoring of worker safety parameters. It aims to
reduce accidents and enable rapid emergency
response in hazardous mining environments. On the
software side, the project leverages IoT platforms
(Blynk) for real-time visualization of bin status, fill
levels, and segregation data. The Blynk mobile
application and web dashboard provide user-
friendly interfaces for tracking system performance
and receiving notifications. The software also
includes embedded firmware written in Arduino
IDE, which facilitates the integration of various
hardware components, manages data acquisition,
and handles logic for decision-making An
emergency switch is integrated to allow workers to
manually trigger alerts in case of sudden danger or
health issues. Voltage regulators are used to ensure
consistent voltage levels, protecting sensitive
components from power fluctuations. Capacitors
help smooth out voltage spikes and improve the
reliability of the power supply. Wires and
connectors establish secure electrical connections
between all hardware modules within the helmet.
Together, these components support continuous,
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safe, and efficient operation in harsh open-pit
mining environments.

Software Requirements

Arduino IDE The Arduino IDE (Integrated
Development Environment) is a fundamental tool
used in the Smart Helmet project for developing and
uploading the code to the ESP32 microcontroller. It
provides a platform for compiling, and uploading
embedded C/C++ code that controls various
hardware components of the system. The Arduino
IDE features a Serial Monitor, which allows
developers to view live data such as temperature
readings, air quality levels and GPS coordinates,
making it easier to debug and test the system.
Arduino IDE Blynk IoT Platform The Blynk IoT
platform plays a vital role in the Smart Helmet
project designed for open-pit mines by enabling
real-time remote monitoring and alerting. In this
system, Blynk connects the ESP32 microcontroller
to a mobile application through Wi-Fi using a
unique authentication token. Sensor data such as
temperature, air quality, and emergency alerts are
transmitted from the helmet to the app using virtual
pins. Blynk Mobile Application Arduino Blue
Control The Arduino Blue Control app allows users
to control GPS functionality on an Arduino-based
system via Bluetooth. By sending specific
commands through the app, users can start or stop
GPS tracking or request live location data. The
Arduino receives these commands through a
Bluetooth module like HC-05 and processes GPS
data from modules such as the NEO-6M.

Results

This section presents the results obtained from the
implementation and testing of the proposed smart
helmet designed for open-pit mining safety. The
developed prototype integrates multiple sensors and
wireless communication modules to monitor
hazardous environmental conditions, including

2

Figure ; Hardware Setup
After logging into the Blynk application, the project
connected to the ESP32 displayed real-time sensor
data, including gas concentration, temperature
values, and GPS location. The dashboard widgets
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toxic gases and high temperatures, while also
providing location tracking and emergency alert
functionality. Each component was tested under
controlled real-time scenarios to evaluate system
performance, reliability, and usability.

LT TR —— Py

Figure ;Login Page

Figure; Real-Time Helmet Status (Blynk)
The system successfully demonstrated coordinated
interaction  among  sensors, the  ESP32
microcontroller, and communication interfaces.
Sensor readings were processed by the ESP32 and
transmitted to  monitoring  platforms  for
visualization and alert generation. Data collected
during testing confirmed that the helmet effectively
achieved the intended safety and monitoring
objectives.

Type in data to send

s A

Figure; GPS google link

updated continuously as the helmet operated. When
sensor readings crossed predefined safety
thresholds, alert notifications were generated
instantly,  enabling quick response from
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supervisors.The hardware setup was tested using
both laptop and mobile interfaces. Sensor readings
such as temperature and gas levels were displayed in
real time on the Arduino IDE Serial Monitor
connected to the ESP32. The GPS module captured
the worker’s location, which was transmitted to the
mobile interface and displayed using a map widget.
When the emergency switch was activated, the
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system sent location information and triggered
alerts, confirming the effectiveness of the
emergency response mechanism.The system also
generated alerts for hazardous situations. When
harmful gas concentrations exceeded safe levels,
warning notifications were displayed and the buzzer
was activated. Similarly, high temperature
conditions

ampons

112

Figure; Alert for high temperature

Key Results:

Continuous monitoring of gas levels, temperature,
and worker location was successfully achieved.
Real-time GPS location tracking was displayed
through the mobile dashboard.

Sensor data was accurately read and monitored
using the Arduino IDE Serial Monitor.
Threshold-based alerts were triggered for unsafe
environmental conditions.

The mobile dashboard provided an intuitive
interface for remote safety monitoring.

Conclusion

The implementation of a Smart Helmet for open-pit
mining environments represents a meaningful step
toward improving occupational safety and
operational efficiency. The proposed system
integrates  environmental  sensing, real-time
monitoring, and wireless communication into a
compact wearable device, enabling continuous
supervision of mine workers. By combining
multiple sensing modules with a microcontroller-
based architecture, the helmet enhances situational
awareness and supports rapid emergency
response.The developed system is built using an
ESP32 microcontroller programmed through the
Arduino IDE. It incorporates sensors such as the
MQ135 gas sensor for detecting hazardous gases
and the DHT11 temperature sensor for monitoring
ambient environmental conditions. In addition, a
GPS module is used to track the precise location of
the worker, allowing supervisors to monitor
personnel movement in real time. Sensor readings
are transmitted wirelessly to a smartphone using the
Blynk application, which provides a user-friendly
interface for remote monitoring. Whenever unsafe
conditions such as elevated temperature levels or
toxic gas concentrations are detected, the system
generates instant alerts through the mobile

application. This enables supervisors to take
immediate preventive action, thereby minimizing
risks and improving worker safety. Continuous data
transmission ensures that both environmental
parameters and worker location are available at all
times, which is particularly valuable in hazardous
mining conditions.

Overall, the proposed smart helmet system offers a
cost-effective, reliable, and practical solution for
improving safety standards in open-pit mining
operations. By integrating real-time monitoring,
location tracking, and automated alerts, the system
significantly reduces response time during
emergencies and contributes to safer mining
practices.
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