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I. ABSTRACT
Safety is the most important

aspect of any industry. Security and safety
are absolutely essential in the mining
industry. The mining industry follows a
few fundamental safety measures to
prevent any accidents. Underground mines
still have accidents because of rising
temperatures, rising water levels, and
methane gas leaks. Here, we provide
worker safety. He can call security by
pressing the panic button when a worker is
in danger. A reliable communication
system between workers in underground
mines and the fixed ground mine system is
required to improve safety in underground
mines. There must be no interruptions to
the communication network at any time or
under any circumstance. In this project, a
low-cost, early-warning intelligence-based
wireless mine supervision system is
proposed. IoT allows for monitoring of
worker status.

Coal mines are one of the most
important and industries in the country, as
they are used as fuel in the steel and cement
industries to extract iron from the stone and
create cement. Every parameter, such as
methane gas, high temperature, fire incidents,
etc., should be regularly checked in the
underground mining business. Due to the
complexity of the mining environment and
the variety of activities performed in coal
mines, it is important to monitor the working
environment. To address this issue, there is a
system that monitors basic safety measures
and regulates many restrictions on coal
mines, such as gas leaks, temperature and
humidity conditions, and fire sensor. All the

sensors are assembled intoa single unit and
then placed in a coal mine.

The most crucial component of every industry
is security. The only factor in the mining
business is safety and security. The mining
industry takes many safeguards to prevent
accidents of any kind, including steel accidents.
Temperature increases cause methanegas leaks
and an increase in water levels in underground
mines. Here, we give workers protection.
When the danger can be suppressed by the
worker, we alert the panic switch protection.
To improve safety between employees in
underground mines and 10 between the
stationary landmine system, a dependable
communication system should be implemented.
There should never be a break in the
communication network.

II. INRODUCTION
In the realm of coal

mining, where safety, efficiency, and
environmental sustainability are paramount
concerns, the integration of advanced
monitoring technologies has emerged as a
transformative force. This introduction unveils
a comprehensive exploration of a pioneering
coal mining monitoring project, delving into its
significance, objectives, methodologies, and
anticipated outcomes.

At its core, this project
embodies a proactive response to the
multifaceted challenges confronting the coal
mining industry in the 21st century. With the
global demand for coal unabated, the
imperative to extract this vital resource
efficiently while mitigating adverse impacts on
workers' safety and the environment has never
been more pressing. Moreover, the escalating
concerns surrounding climate change



Industrial Engineering Journal

ISSN: 0970-2555

Volume : 53, Issue 4, April : 2024

UGC CARE Group-1 858

underscore the urgency of adopting strategies
that minimize carbon emissions associated
with coal extraction and utilization.

Against this backdrop, the
coal mining monitoring project is poised to
revolutionize industry practices by harnessing
cutting-edge technologies to enhance
operational safety, optimize resource extraction,
and minimize environmental footprint.
Leveraging a multidisciplinary approach that
integrates advancements in sensor technology,
data analytics, and automation, the project
aims to achieve a paradigm shift in how coal
mining operations are conducted.

Central to the project's
objectives is the development and deployment
of a comprehensive monitoring framework that
encompasses all facets of the mining process,
from exploration and excavation to
transportation and rehabilitation. By deploying
an array of sensors embedded within mining
equipment, geological formations, and
surrounding ecosystems, real-time data will be
collected and analyzed to facilitate informed
decision-making and proactive risk
management.
Moreover, the project endeavors to enhance
worker safety by leveraging sensor-based
technologies to detect and mitigate potential
hazards, such as roof collapses, gas leaks, and
equipment malfunctions. Through the
implementation of predictive analytics
algorithms, early warning systems will be
established to preemptively identify emerging
safety threats, thereby reducing the risk of
accidents and injuries.

In tandem with its focus on safety, the
project is also committed to optimizing
operational efficiency and resource utilization
within coal mining operations. By harnessing
the power of data analytics and machine
learning, the project seeks to optimize the
performance of mining equipment, streamline
logistical processes, and minimize downtime
through predictive maintenance strategies.

Furthermore, the integration of
monitoring technologies promises to mitigate
the environmental impacts associated with coal

mining activities. Through continuous
monitoring of air and water quality, as well as
biodiversity indices in the surrounding
ecosystems, the project aims to identify and
mitigate sources of pollution and ecosystem
degradation. By proactively addressing
environmental concerns, the project seeks to
enhance the sustainability of coal mining
operations and foster greater acceptance within

III. LITERATURE SURVEY

Title:1 IOT based Coal Mine Safety Monitoring
AndAlerting System

Author: Manohara K M, Nayan Chandan D
C, Pooja S V, Sonika P, Ravikumar K I
Coal mines are one of the most important and
industries in the country, as they are used as
fuel in the steel and cement industries to
extract iron from the stone and create cement.
Every parameter, such as methane gas, high
temperature, fire incidents, etc., should be
regularly checked in the underground mining
business. Due to the complexity of the mining
environment and the variety of activities
performed in coal mines, it is important to
monitor the working environment. To address
this issue, there is a system that monitors basic
safetymeasures and regulates many restrictions
on coal mines, such as gas leaks, temperature
and humidity conditions, and fire sensor. All
the sensors are assembled into a single unit
and then placed in a coal mine.

Title:2 Coal Mine Safety Monitoring and
Alerting System with Smart Helmet Author:
Mangesh Rudrawar, Shivam Sharma,
Madhuri Thakur, Vivek Kadam
Traditional monitoring systems in coal mines
are difficult to install, hazardous, and difficult
to power. Because of the complexity of the
mining environment and the wide range of
operations performed in coal mines, it is vital
to monitor and maintain the parameters in the
background t increase the efficiency and safety
of mineworkers. As a result, traditional
monitoring methods cannot be relied on to
ensure coal workers’ safety. This research
represents a ZigBee-based wireless monitoring
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system using a smart helmet. The presented
wireless monitoring system is capable of
detecting and transmitting critical parameters
in coal mines such as methane gas, high
temperature, humidity, and fire. In an
emergency, this monitoring system transmits
distress signals

Title:3INTERNET OF THINGS
BASED AN INTELLIGENT HELMET
FOR WIRELESS SENSOR NETWORK

Author- G.Ravi Kumar*1 & B. Keerthi
Reddy2

The main aim of the paper is to develop a
smart helmet for mining industry workers. The
problem addressed in this paper was the
improvement of a mining helmet in order to
ensure more safetyawareness between miners.
When working with noisy equipment, being
aware of one’s surroundings can sometimes be
challenging. In the mining trade miners tend to
get rid of their safety gear because the gear is
too significant, heat or uncomfortable to work
with. So this system is developed to intimate
the authorities in critical conditions.

IV. SYSTEMDESIGN

EXISTINGSYSTEM:

In the underground mining area, the
methane gas level present in the mine is detect
by Electronic Gas Sensor. The climatic
conditions in underground mine including
temperature and humidity is measures by the
Temperature sensor. The vibrations occurring
in the mines while mining is detect using the
Vibration sensor. This senses the vibration
level and occurrence of earthquake can be
known easily. With a power supply given, the
data which the various sensors collects are fed
to the Arduino UNO ,the numbers are
displayed in the LCD display module. The
numbers also checks with the maximum level
each parameters like gas, pressure, temperature,
vibration etc., using the Zigbee module. If the
number crosses the predefined level, the buffer
buffers and gives alert to the miners. The
machine collects data in a coal mine using a
sensor network based on (MEMS) Micro

Electrical Mechanical Systems. The sensor
module is made up of MEMS sensors that
range in size from 1 to 100 micrometers.
PROPOSED SYSTEM:

In this proposed system the coal mine safety
systems are fixed with gas sensor modules,
temperature humidity sensor, flame sensor. We
integrate all the sensors to the controller. First
we need to create arudino bluecontrol and we
connect to project. In this system we mainly
have monitoring systems. In monitoring system
we monitor all the data from different sensors.
Gas sensor detects the fgas in the coal mine
environment. If the gas level exceeds the
normal level then the buzzer gets high so that
the mine workers get notified.The temperature
monitored inside the coalmine and send data to
control unit in IOT.flame sensor detects the
flame in the coal mine environment. Metal
sensor detects the metal in the coal mine
enviorment.

Overall the working principle of a coal mining
monitoring projects involves continuously
collecting data from various sensors deployed
throughout the mine, analyzing this data in
real-time or periodically ,and taking
appropriate actions to ensure the safety of
miners and the efficient operation of the mine.
This may involve implementing automated
alarm systems to alert miners and management
of any hazardous conditions or equipment
malfunction
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Fig -1 Block Diagram
1.Sensors: These are the devices placed in
various locations within the coal mine to
collect data. They could include:
 Seismic Sensors: Detect ground vibrations

and tremors, helping to monitor for
potential collapses or shifts.

 Gas Sensors: Monitor for the presence of
dangerous gases such as methane or
carbon monoxide.

 Temperature and Humidity Sensors: Track
environmental conditions that could affect
safety or equipment performance.

 Pressure Sensors: Measure pressure
changes within the mine, which could
indicate areas of concern.

2. Data Acquisition System: This
component collects data from the sensors
in real-time. It could involve:

 Wired Communication: Data collected by
sensors are transmitted through wired
connections to a central data collection
point.

 Wireless Communication: Sensors
transmit data wirelessly to a central
receiver.

3. Data Processing Unit: This part of the
system processes the raw data collected
from the sensors. It involves:

 Data Filtering and Analysis: Raw sensor
data is processed to filter out noise and
extract meaningful information.

 Anomaly Detection Algorithms:
Algorithms are employed to detect
abnormal patterns or events that may
indicate potential safety hazards.

4. Communication Interface: This
component facilitates communication
between the data processing unit and the
outside world. It includes:

 Ethernet Connection: Allows for
communication with a central monitoring
station located outside the mine.

 Internet Connection: Enables remote
monitoring and control over the internet.

 Alert Systems: Notifications are sent via
email, SMS, or other means to relevant
stakeholders in case of any detected
anomalies or safety issues.

5. Monitoring Station: This is the central
control hub where data is analyzed, and
decisions are made. It typically includes:

 Data Visualization Tools: Software for
visualizing real-time data from sensors in
the form of graphs, charts, or maps.

 User Interface: Allows operators to
interact with the system, view data, and
configure settings.

 Alarm System: Alerts operators in case of
emergencies or abnormal conditions.

6. Response Mechanism: This component
encompasses the actions taken based on
the information received from the
monitoring system. It might involve:

 Emergency Procedures: Guidelines for
evacuating miners or taking other
necessary actions in case of emergencies.

 Maintenance Scheduling: Scheduling
maintenance tasks based on data indicating
equipment degradation or failure.

 Regulatory Compliance: Ensuring that the
mining operation adheres to safety
regulations and standards.
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V. WORKING PRINCIPLE
The working principle of a coal

mining monitoring project is founded on
the integration of cutting-edge
technologies to ensure safety, optimize
efficiency, and promote environmental
sustainability throughout the mining
process. This entails the strategic
deployment of a variety of sensors across
the mining operation, including geological,
equipment, and environmental sensors, to
continuously gather real-time data. This
data is then transmitted to a centralized
system for analysis, where sophisticated
algorithms

Fig -2 Internet of Things(IoT)
process it to identify patterns, anomalies, and
potential risks. Decision-makers are provided
with actionable insights through intuitive
dashboards and reports, enabling them to make
informed decisions regarding safety protocols,
equipment maintenance, and environmental
management. Automated alerts facilitate swift
response to emergent threats, ensuring the
timely intervention to mitigate risks and
minimize adverse impacts.

VI. HARDWAREEXPLANTION:

IOT (Internet of Things):

IoT stands for Internet of Things, which
means accessing and controlling daily
usable equipments and devices using
Internet.

Our IoT tutorial includes all topics of IoT
such as introduction, features, advantage
and disadvantage, ecosystem, decision
framework, architecture, and domains,
biometric, security camera and door
unlock system, devices, etc.

What is an Internet of Things (IoT)
Let's us look closely at our mobile device
which contains GPS Tracking, Mobile
Gyroscope, Adaptive brightness, Voice
detection, Face detection etc. These
components have their own individual
features, but what about if these all
communicate with each other to provide a
better environment? For example, the
phone brightness is adjusted based on my
GPS location or my direction.

Connecting everyday things embedded
with electronics, software, and sensors to
internet enabling to collect and exchange
data without human interaction called as
the Internet of Things(IoT).
As we have a platform such as a cloud that
contains all the data through which we
connect all the things around us. For
example, a house, where we can connect
our home appliances such as air
conditioner, light, etc. through each other
and all these things are managed at the
same platform. Since we have a platform,
we can connect our car, track its fuel meter,
speed level, and also track the location of
the car.
If there is a common platform where all
these things can connect to each other
would be great because based on my
preference, I can set the room temperature.
For example, if I love the room
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temperature to to be set at 25 or 26-degree
Celsius when I reach back home from my
office, then according to my car location,
my AC would start before 10 minutes I
arrive at home.This can be done through
the Internet of Things (IoT).
How does Internet of Thing (IoT) Work?
The working of IoT is different for
different IoT echo system (architecture).
However, the key concept of there
working are similar. The entire working
process of IoT starts with the device
themselves, such as smartphones, digital
watches, electronic appliances, which
securely communicate with the IoT
platform. The platforms collect and
analyze the data from all multiple devices
and platforms and transfer the most
valuable data with applications to devices.

Fig-3 IoT Architecture
features
The most important features of IoT on which it
works are connectivity, analyzing, integrating,
active engagement, and many more. Some of
them are listed below:
Connectivity: Connectivity refers to establish
a proper connection between all the things of
IoT to IoT platform it may be server or cloud.
After connecting the IoT devices, it needs a
high speed messaging between the devices and
cloud to enable reliable, secure and bi-
directional communication.
Analyzing: After connecting all the relevant
things, it comes to real-time analyzing the data
collected and use them to build effective
business intelligence. If we have a good insight
into data gathered from all these things, then
we call our system has a smart system.
Integrating: IoT integrating the various
models to improve the user experience as well.

Artificial Intelligence: IoT makes things
smart and enhances life through the use of data.
For example, if we have a coffee machine
whose beans have going to end, then the coffee
machine itself order the coffee beans of your
choice from the retailer.
Sensing: The sensor devices used in IoT
technologies detect and measure any change in
the environment and report on their status. IoT
technology brings passive networks to active
networks. Without sensors, there could not
hold an effective or true IoT environment.
Active Engagement: IoT makes the
connected technology, product, or services to
active engagement between each other.
Embedded systems

Embedded systems are specialized
computing systems that are dedicated to
performing specific tasks within larger
systems or devices. They are often
designed to be highly optimized for their
intended purpose and are typically found
in devices where reliability, real-time
operation, and efficiency are critical, such
as consumer electronics, automotive
systems, industrial machinery, medical
devices, and more.

Designing embedded systems requires a
deep understanding of both hardware and
software, as well as the specific
requirements and constraints of the target
application. It often involves tasks such as
system architecture design, hardware
design, low-level programming, real-time
operating system (RTOS) development,
device driver development, and debugging.

Embedded systems play a crucial role in
powering many of the devices and systems
we interact with on a daily basis, from
smartphones and home appliances to
automobiles and industrial machinery.
They enable these devices to perform their
functions efficiently and reliably, often in
real-time or resource-constrained
environments.
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FLAME SENSOR
A flame sensor is a device used to detect
the presence of flames or fire. It's
commonly employed in various
applications, including fire detection and
safety systems, industrial equipment, gas
appliances, and combustion control
systems.

Here's a basic overview of how flame
sensors work:

Detection Principle: Flame sensors work
based on the principle of detecting specific
wavelengths of light emitted by flames.
Flames emit light across various
wavelengths, including ultraviolet (UV),
visible, and infrared (IR) spectra. Flame
sensors are designed to detect the presence
of these wavelengths and distinguish them
from other light sources.

Sensor Types: There are different types of
flame sensors, each utilizing different
detection methods. Common types include:

UV Flame Sensors: These sensors detect
the UV light emitted by flames. They are
sensitive to the UV radiation produced by
the combustion process and are often used
in applications where fast response times
are required.

IR Flame Sensors: These sensors detect
the IR radiation emitted by flames. They
are less sensitive to background light and
can provide reliable detection in
environments with high ambient light
levels.

IR/UV Flame Sensors: Some flame
sensors combine both UV and IR detection
capabilities for improved accuracy and
reliability across a wider range of fire
types and environmental conditions.

Operation: When a flame is present, the
sensor detects the characteristic
wavelengths of light emitted by the flame.
The sensor then generates an electrical

signal proportional to the detected light
intensity. This signal is processed by
associated circuitry to determine the
presence or absence of a flame.

Application: Flame sensors are commonly
used in conjunction with control systems
to trigger alarms, shut off fuel supplies,
activate fire suppression systems, or
control industrial processes involving
combustion.

Overall, flame sensors are essential
components in fire safety and industrial
control systems, providing reliable
detection of flames to prevent accidents

Metal detector
Metal detectors are devices used to detect
the presence of metallic objects or
materials. They are commonly employed
in a variety of applications, including
security screening, industrial
manufacturing, archaeology, and hobbyist
treasure hunting. Here's an overview of
how metal detectors work and their key
components

Fig.4 Metal Detector

Principle of Operation: Metal detectors
work based on the principle of
electromagnetic induction. When a metal
object comes into the vicinity of the
detector's electromagnetic field, it disturbs
the field, causing a change in the detector's
electrical properties. This change is then
detected and used to signal the presence of
metal.
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Key Components:

Transmitter Coil: This coil generates an
electromagnetic field when an electrical
current is passed through it. The shape and
size of the coil can vary depending on the
application and sensitivity requirements.

Receiver Coil (Search Coil): This coil
detects changes in the electromagnetic
field caused by the presence of metal
objects. It is typically located near the
transmitter coil and connected to the metal
detector's circuitry.

Control Unit: The control unit contains
the circuitry responsible for generating the
electromagnetic field, detecting changes in
the field, and processing the signals to
determine the presence of metal. It may
also include user interface elements such
as display screens, knobs, and buttons for
adjusting settings.

Power Source: Metal detectors are
powered by batteries or external power
sources, depending on the design and
intended use.

Types of Metal Detectors:

Beat Frequency Oscillation (BFO): This
is a basic and inexpensive type of metal
detector that uses two coils to generate and
detect electromagnetic fields. It's suitable
for hobbyist use and general-purpose
metal detection.

Very Low-Frequency (VLF): VLF metal
detectors are more advanced and
commonly used in both hobbyist and
professional applications. They operate at
higher frequencies than BFO detectors and
offer greater sensitivity and discrimination
capabilities.

Applications:

Security Screening: Metal detectors are
widely used in airports, public buildings,
and events for screening individuals and

detecting weapons or prohibited items
made of metal.

Industrial Manufacturing: Metal
detectors are used in manufacturing
processes to detect metal contaminants in
food, pharmaceuticals, textiles, and other
products.

Temperature and humidity
Temperature and humidity sensors sensors
are devices used to measure temperature
and relative humidity levels in the
surrounding environment. They find
applications in weather monitoring,
climate control systems, HVAC (heating,
ventilation, and air conditioning) systems,
agriculture, industrial processes, and
various consumer electronics. Let's delve
into their working principles and features:

Working Principle:

Temperature Sensor: Resistance
Temperature Detector (RTD): RTDs work
on the principle that the electrical
resistance of certain metals (like platinum,
nickel, or copper) changes predictably
with temperature. The sensor measures
this change in resistance to determine the
temperature.

Thermistor: Thermistors are
semiconductor devices whose resistance
varies with temperature. They exhibit a
more significant change in resistance
compared to RTDs, making them suitable
for applications where high sensitivity is
required.

IC Temperature Sensor: Integrated
circuit (IC) temperature sensors utilize the
temperature-dependent characteristics of
semiconductor materials to measure
temperature. These sensors are often
calibrated and provide digital outputs,
making them easy to interface with
microcontrollers and digital systems.

Humidity Sensor:
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Capacitive Humidity Sensor: Capacitive
humidity sensors measure changes in
capacitance caused by the absorption or
desorption of moisture on a dielectric
material. The humidity-dependent
dielectric constant of the material is used
to calculate relative humidity.

Resistive Humidity Sensor: Resistive
humidity sensors utilize the moisture-
dependent resistance of certain materials
(like polymers or salts) to measure
humidity levels. They change resistance as
moisture is absorbed or desorbed from the
sensing material.

Fig -5 Humidity Sensor
Features:

Accuracy: The accuracy of temperature
and humidity sensors is a crucial feature,
especially in applications where precise
measurements are required, such as
climate control systems and scientific
experiments.

Response Time: Faster response times are
desirable in applications where rapid
changes in temperature or humidity need
to be detected, such as HVAC systems or
environmental monitoring.

Calibration: Some sensors may require
periodic calibration to maintain accuracy
over time. Calibration ensures that the
sensor's readings remain consistent and
reliable.

Range: The operating range of the sensor
indicates the minimum and maximum
values of temperature and humidity it can
measure accurately. Sensors with wider
ranges offer more versatility.

Size and Package: Sensors come in
various sizes and packages, including
surface-mount, through-hole, and module
form factors, to suit different installation
and integration requirements.

Temperature and humidity sensors play
critical roles in various industries and
applications, contributing to comfort,
safety, and efficiency in diverse
environments.

Bluetooth

Bluetooth is a wireless communication
technology that enables devices to
exchange data over short distances using
radio waves. It's commonly used for
connecting devices such as smartphones,
tablets, laptops, headphones, speakers,
smartwatches, and more

Fig.6. HC05 module

Radio Communication: Bluetooth operates
in the 2.4 GHz ISM (Industrial, Scientific,
and Medical) band, using frequency-
hopping spread spectrum (FHSS) to
reduce interference from other wireless
devices operating in the same frequency

Fig -6 Bluetooth
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range. Bluetooth devices transmit data in
short-range bursts using radio waves.

VII. RESULTS & DISCUSSIONS
IoT ideas & devices are utilised to build a
compact, efficient, yet low-cost prototype.
Throughout in this validation process,
LM35 detectors were able to accurately
detect the heat, and the results were good.
Additionally, the DTH11 detector was
employed to keep a close eye on humidity
levels. Upon detecting elevated gas levels,
the Mq2 detector effectively triggered the
display's alert system. The infrared gas
sensor might potentially identify burning
and issue warning to the user. The Zigbee
System was created for data transmission
after extensive testing over a variety of
locations & ranges. Uwb was the most
action and achieve protocol, and it worked
perfectly. Figure 5 depicts the coal mine
prototype, while Figure 6 depicts the
command center working model. However,
the bike helmet was functioning normally
and showing a signal of assistance.

Fig -7 Results
VIII. CONCLUSION

In this work, we will discuss the Zigbee-
based tracking network. Coal tragedies
may be avoided with the help of the
suggested method, which monitors the
subterranean features of a mine. ZigBee is
a low-power, low-size communication
network that may easily be adapted to new
situations. As an added bonus, the
suggested solution eliminates the
drawbacks of traditional powerline
networking entirely. Therefore, this is an
improvement above the standard method
of ensuring workers rights in mining
towns. In addition, a distress beacon sent
via the smart helmet might be helpful in
extreme weather or evenwhen emergency
treatment is required. The security of
several sectors may benefit from this
technology. There is a low barrier to entry
for additional improvement and
customization in light of future
developments.
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