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ABSTRACT-- The smart helmet concept
designed for enhancing coal miners' safety
demonstrates a well-considered approach. It
integrates a variety of sensors and cutting- edge
communication  technologies to  ensure
components. The environmental conditions
within the mine are monitored by sensors such as
the DHTI11, which tracks temperature and
humidity, and the MQ-02, which detects harmful
gas concentrations like methane and carbon
monoxide. A vibration sensor is also utilised to
identify any unusual movements or shifts that
might indicate potential structural instability. The
device's communication system is notably robust.
LoRa technology, known for its extensive range
and low power consumption, is used to transmit
data over significant distances, especially the
well- being of miners working in coal mines. The
device functions through a combination of
several key in areas where conventional
communication methods like Zig-bee might fall
short. Additionally, GSM technology serves as a
backup communication channel in case LoRa
connectivity is compromised. The core data
processing unit is an Arduino microcontroller.
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LINTRODUCTION

An intelligent helmet for coal miners is an
advanced safety device designed to enhance the
protection and monitoring of miners working in
hazardous underground environments.
Equipped with sensors, communication
systems, and real-time tracking features, this
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helmet offers critical safety advantages such as
detecting  harmful = gases, = monitoring
temperature, and tracking the miner’s location.
It can also provide alerts in case of danger,
ensuring immediate response in emergencies
like cave-ins or gas leaks. By integrating smart
technologies, this intelligent helmet aims to
reduce risks, improve operational efficiency,
and enhance the overall safety and well-being
of coal miners. This helmet also comes with
real-time location tracking using GPS or RFID
technology, enabling supervisors to monitor the
exact position of each miner underground. This
is crucial during emergencies such as cave-ins,
where quick response times can mean the
difference between life and death. The helmet
may also include an automatic alert system,
which can send warnings to both the miner and
the control center if dangerous conditions are
detected, or if the miner becomes immobile,
signaling a possible accident or injury.
Additionally, many intelligent helmets offer
wireless communication systems that allow
miners to stay connected with the surface team,
improving coordination during routine
operations as well as in crisis situations. Some
models even come with built-in cameras to
provide visual feedback from the miner’s
perspective, enhancing remote decision-
making capabilities.
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a. EASE OF USE

The Intelligence Helmet for Coal Miners is
designed to be extremely easy to use in real
working conditions. The system focuses on simple
operation, minimal training, and smooth
integration into daily mining activities. Once the
miner wears the helmet and powers it on, all
sensors and safety features automatically start
working  without requiring any manual
adjustments. Real-time data such as gas
concentration, temperature, miner location, and
health indicators are continuously monitored and
transmitted to the control room using wireless
communication. The user interface is kept simple
with vibration alerts, LED indicators, or voice
warnings so that miners can immediately
understand danger signals even in dark or noisy
environments. The helmet is lightweight and
ergonomically designed to ensure comfort during
long working hours. Since all components are
embedded inside the helmet, miners do not need
to carry additional devices. The system also
requires very low maintenance, and battery
charging can be done using standard chargers.
Overall, the Intelligence Helmet provides
maximum safety with minimum effort, making it
convenient and user-friendly for miners and
supervisors. The helmet is lightweight,
ergonomically designed, and equipped with
comfortable padding so that it can be worn for
long hours without causing strain. All sensors,
communication modules, and power units are
integrated inside the helmet, making it compact
and avoiding the need to carry extra devices. It
supports quick charging using standard chargers
and requires very low maintenance due to its dust-
proof and shock-resistant design. The system
automatically sends real-time data to the control
room, removing the need for miners to check
screens or operate additional equipment. With a
simple and user-friendly interface for supervisors
and a durable structure for daily use, the
Intelligence Helmet offers high safety with very
little effort, making it highly practical and easy to
use in real mining conditions.
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ILLITERATURE SURVEY

[1].Bushra Tabassum (2018), Dr. Baswaraj
Gadgay, Veeresh Pujari (2018) a sensible
Helmet for Air Quality and dangerous Event
Detection for the Mining.

A smart helmet has been developed that is able
to detect of hazardous events in the mines
industry. In the development of helmet, we have
considered the four main types of hazard such as
air quality, helmet removal, fire and mercury
sensor. The first is the concentration level of the
hazardous gases such as CO, SO2, NO2, and
particulate matter. The second hazardous event
was classified as a miner removing the mining
helmet off their head. An IR sensor was
developed unsuccessfully but an off-the shelf IR
sensor was then used to successfully determine
when the helmet is on the miner’s head.

[2].Dr. B. Paulchamy (2019) An Intelligent
Helmet for Miners with Air Quality and
Destructive Event Detection using Zigbee

An intelligent helmet has been developed to
assist the miners working in the mining industry.
Harmful events tend to occur in the mining
industry that can lead to severe injury or be fatal.
LED miner’s helmet is the most commonly used
helmet because of light weight and low power
consumption. However it does not improve the
safety of miners apart from providing
illumination. Zigbee wireless sensor networks
are used to collect sensor data and transmit them.
The zigbee based system is cost effective and
details are shared with central control unit. This
paper presents a study of the mining environment
and its hazards and how a zigbee is used for
transmission from miner to ground control
system in case of hazardous events.

[3].G Pradeepkumar, S Sanjay Rahul, N
Sudharsanaa, S Suvetha, Dineshkumar
Ponnusamy (2021) A Smart Helmet for the
Mining Industry using LoORaWAN

Air Quality becomes an important factor in
mining areas where the health condition of the
workers is prominently considered. The
composition of many toxic gases under the
mining area causes many fatalities that keep on
increasing day by day. The Total Volatile Organic
Compounds (TVOC) and Carbon-di-oxide
creating a significant role in the health system of
the workers. The unstable levels of these
TVOC’s cause many health issues like nausea,
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emesis, fatigue, epitasis and dyspnoea.
Exceeding the standard levels of these toxic
compounds in the air causes many problems like
severe breathing trouble and headache. In this
proposed work, Smart Helmet has been
developed for mining workers using LoRaWAN
to overcome the above mentioned problems. This
device helps to alert user on the air quality.

[4]. N. Balaji, B. Chandrakala (2020) An
Intelligent Device for Hazardous Event
Detection for Mining Industry - Smart Helmet

A savvy framework is being proposed here, that
can distinguish and assess air quality (Toxic
gasses) and Hazardous occasions in the
underground mining industry. It gives another
technique for dissecting risky occasions
occurring in the mining, for example, Methane,
Propane, Butane, Benzene, Carbon monoxide
and other lethal gasses. This proposed
framework is given detail depiction of a
framework to assess the centralization of
dangerous gasses. This framework is produced
with Raspberry pi separated from this the
proposed framework will show the cap position
on the individual and in addition any outer
contribution on the protective cap and to quantify
these occasions appropriate sensors will be
utilized and interfaced to Raspberry pi with wi-
fi.

[S]. C.J. Beher,Anuj,Kumar, G. Hancke
(2018) A smart helmet for air quality and
hazardous event detection for the mining
industry

A smart helmet has been developed that is able
to detect of hazardous events in the mines
industry. In the development of helmet, we have
considered the three main types of hazard such
as air quality, helmet removal, and collision
(miners are struck by an object). An IR sensor
was developed unsuccessfully but an off-the
shelf IR sensor was then used to successfully
determine when the helmet is on the miner's
head. The third hazardous event is defined as an
event where miners are struck by an object
against the head with a force exceeding a value
of 1000 on the HIC (Head Injury Criteria). An
accelerometer was used to measure the
acceleration of the head and the HIC was
calculated in software. The layout of the
visualisation software was completed, however
the implementation was unsuccessful. Tests were
successfully done to calibrate the accelerometer.
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[6]. Chunlong Ma 'Jinming Huo, Xiaohui
Yang, Experimental Design of Gas
Monitoring System in Mine Safety helmet
Based on Wireless Sensors Networks

In order to solve such problems of the mine cable
gas monitoring system as high costs,
inconvenient maintenance, hindering wiring and
unmovable monitoring information points, a
mine safety helmet is designed, based on
wireless sensors networks, which studies the
hardware design, gas concentration calculations
and its dynamic compensation algorithm, as well
as the experimental design of gas monitoring
system in mine safety helmet so as to ensure the
correct calculation of the gas concentration. The
innovative point of this essay is the combination
of the ordinary LED cap lamp and the wireless
sensors networks, which ensures a real-time,
dynamic collection of the information of the gas
concentration around the workers.

II. BLOCK DIAGRAM.

This figure refers to the block diagram of
Intelligence helmet system that processes various
inputs to generate specific outputs, functioning as
an automated monitoring and control system.The
system operates using multiple input sensors to
collect critical environmental data. Gas sensors
(MQ-2, MQ-7, MQ-135) detect the presence of
harmful gases such as methane (CH.), carbon
monoxide (CO), and air quality parameters to
prevent miners from being exposed to dangerous
atmospheres. Additionally, an LDR sensor (Light
Dependent Resistor) is used for helmet wear
detection and ambient light measurement. This
ensures that miners are wearing their helmets and
also allows the system to activate a headlamp in
low-light conditions. A GPS module is
incorporated to provide real-time location
tracking, which is essential in emergency
situations. The entire system is powered by a
rechargeable 18650 battery, ensuring continuous
operation even in underground mining conditions.
The ES32 Processor serves as the central control
unit, processing data from all sensors and making
safety-related decisions. If any gas levels exceed
safety thresholds, the helmet is removed, or low
visibility is detected, the system immediately
triggers alerts. This ensures that miners are warned
in time, preventing accidents before they occur.
The helmet continuously operates in a looping
cycle, checking for dangers at all times.
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Fig.1-propoesd block diagram

The processor acts as the core of the system,
collecting and analysing data from these inputs to
make decisions. Based on the information it
receives; the processor can generate multiple
outputs to maintain the system’s functionality. For
example, if the water level drops below a certain
threshold or the food container is running empty,
the system can activate an alarm to notify the user.
If the cleaning input is triggered, the processor
initiates the cleaning process automatically.
Similarly, when food levels get low, the processor
can either send an alert for manual refilling or, in
an advanced setup, control a motorized dispenser
to refill the food automatically.

INI.METHODOLOGY

This figure refers to the Architecture of The
development of an intelligent helmet for coal
miners involves a multi-step methodology that
integrates various technologies, including sensor
systems, wireless communication, and data
analysis. Below is a comprehensive methodology
that could be applied to such a project,
incorporating elements from the papers discussed.

1. Designing the Helmet Structure

o Select materials that can withstand harsh
environmental  conditions (e.g., extreme
temperatures, impacts, dust).

o Design the helmet with the integration of
sensors (gas, temperature, humidity, and
vibration) and communication systems (e.g.,
ZigBee, Bluetooth, GPS).
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o Ensure that the design allows for long-term use
without compromising comfort, such as adjustable
straps and a lightweight structure.

2. Sensor Integration and Selection

° Gas Sensors: Select and integrate sensors for
detecting hazardous gases like methane (CH4),
carbon monoxide (CO), and carbon dioxide
(CO2).

o Temperature Sensors: Use thermistors or
temperature sensors to monitor ambient
temperature, as high temperatures can be
dangerous in confined mining spaces.

° Humidity Sensors: Implement sensors to
track humidity, as excessive moisture could be
a hazard.

o Vibration Sensors: Integrate vibration
sensors to detect seismic activities, ground
movement, or equipment failures.
o Heart Rate Sensors: If applicable, integrate
health-monitoring sensors to detect signs of
fatigue or distress in miners.

3. Wireless Communication System

o Select an appropriate communication
protocol (e.g., ZigBee, Wi-Fi, Bluetooth, or
LoRaWAN) based on the range and power
requirements.

> Design a wireless network that allows data
to be transmitted in real time from the helmet
to a central server or to other miners’ helmets.
o Integrate the communication system to send
alerts, notifications, and critical information
such as gas levels or temperature changes to
supervisor and the control room.
4.GPS and Tracking System

o Integrate a GPS module into the helmet for

location tracking.
o Implement a real-time tracking system using
wireless communication (e.g., ZigBee or
GSM) to update the location of each helmet to
a central control system or cloud-based
application.

o Ensure that the system can continue
functioning in underground or low-signal
environments by integrating a hybrid
communication system (e.g., combining GPS
with  RFID or other location-based
technologies for underground use).
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Power Management ° Choose low-power
sensors and communication modules to
extend battery life.

o Integrate a rechargeable battery with
sufficient capacity for 12-24 hour shifts.

° Design power-saving algorithms to ensure
that the system enters a low-power state
during periods of inactivity but can quickly
reactivate during emergencies.

Alerting and Emergency Response System :

° Implement an emergency alert system within
the helmet that vibrates or emits sound to
notify the miner when hazardous conditions
are detected.

° Design a notification system that sends
alerts to supervisors, either via SMS, mobile
app, or desktop interface.

> Develop an automatic evacuation protocol
that includes GPS coordinates and real- time
data on hazardous conditions to assist
emergency responders.

Deployment and Maintenance

o Distribute the helmets to miners in the
selected mines.

o Set up a centralized monitoring system that
continuously collects and analyzes data from
all helmets.

o Establish a maintenance schedule for the
helmets to ensure the sensors and battery
remain in good working condition.

° Provide training for miners and supervisors
on how to use the helmet and respond to alerts.

RESULT

The implementation of the Intelligence Helmet
system demonstrated significant improvements
in monitoring and ensuring the safety of coal
miners. The helmet consistently detected
hazardous gases such as methane and carbon
monoxide with high accuracy and provided
timely alerts through LEDs, buzzer alarms, and
vibration signals. Real-time data transmission to
the control room functioned smoothly, allowing
supervisors to track the miner’s location,
environmental conditions, and movement
patterns without delay. Field testing showed that
miners were able to understand and respond to
the alerts quickly, reducing the risk of accidents
in critical situations. The lightweight and
ergonomic design improved comfort, enabling
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miners to wear the helmet throughout long
working hours without difficulty. Overall, the
results confirm that the Intelligence Helmet is an
effective, reliable, and user-friendly device that
enhances safety levels and supports better
emergency management in underground coal
mining operations.

CONCLUSSION

The Intelligence Helmet for Coal Miners
represents an innovative and practical solution to
enhance safety and monitoring in hazardous
underground environments. By integrating gas
sensors, temperature monitoring, real-time
location tracking, and wireless communication
into a single wearable device, the system
significantly reduces the risks faced by miners
during daily operations. Its ease of use, automatic
functioning, and simple alert mechanisms ensure
that miners can rely on the helmet without
requiring technical expertise or additional effort.
The lightweight and ergonomic design allows
comfortable usage during long working hours,
while the rugged structure ensures durability
against harsh mining conditions. Continuous data
transmission to the control room enables
supervisors to respond quickly to dangerous
situations, ultimately improving emergency
preparedness and reducing accident rates.
Overall, the Intelligence Helmet -effectively
combines technology and practicality to create a
reliable safety tool, making coal mining
operations safer, more efficient, and more
worker-friendly.
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