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Abstract - This paper presents a real-time mine safety
monitoring and alarm system utilizing a robust Wireless
Sensor Network (WSN) based on LoRa technology. The
system integrates a diverse array of sensors, including gas
sensors (methane, carbon monoxide), temperature and
humidity sensors, smoke detectors, and seismic activity
monitors, strategically deployed within the mine
environment. LoRa technology enables long-range, low-
power communication, facilitating reliable and efficient
data transmission from the sensors to a central monitoring
station. Advanced data analytics algorithms at the station
process data in real time to identify patterns and discover
anomalies. Upon identifying hazardous gas levels,
temperature fluctuations, abnormal seismic activity, or
other critical events, the system triggers immediate alerts
via multiple channels, including visual alarms, audible
notifications, and SMS alerts to designated personnel. This
integrated approach, leveraging the capabilities of LoRa
technology, aims to enhance mine safety through
continuous monitoring, early warning capabilities, and
improved situational awareness, ultimately minimizing
risks and safeguarding the lives of miners.[1].

Keywords: Fire, Gas, water, Temperature, Internet of things,
LoRa Technology.

Key Features:

= Real-time monitoring: Continuous data collection and
analysis.

= Multi-sensor integration: Comprehensive monitoring of
various environmental parameters.

= LoRa-based communication: Long-range,
wireless communication.

= Data analytics: Advanced algorithms for anomaly
detection and pattern recognition.

= Multi-channel alerts: Rapid notification through multiple
channels.

low-power
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I. INTRODUCTION

Mining is an inherently hazardous industry, with potential
dangers like gas leaks, fires, rockfalls, flooding, and exposure
to harmful environments. Traditional safety measures often
rely on manual inspections and periodic checks, which can be
time-consuming, labor-intensive, and may not provide real-
time insights into developing hazards. To address these
challenges, a real-time Wireless sensor network (WSN)-based
mine safety monitoring and alarm systems have become a
viable option. This innovative system leverages the power of
interconnected sensors strategically deployed throughout the
mine environment to continuously monitor critical parameters
such as gas concentrations, temperature, humidity, seismic
activity, smoke, fire, air quality, water levels (for flood
detection), and miner heart rate (for early detection of
distress).

These sensors wirelessly transmit real-time data to a
central monitoring station, where sophisticated algorithms
analyze the information for anomalies and potential hazards.
Upon detecting an abnormal condition, the system triggers
immediate alerts via multiple channels, including visual
alarms, audible warnings, and SMS notifications. By
providing continuous, real-time monitoring and rapid alerts,
this WSN-based system aims to significantly enhance mine
safety, minimize risks, and improve emergency response
capabilities. This project proposes a real-time mine safety
monitoring. The system will continuously monitor critical
parameters in the mine environment and provide real-time
alerts to miners and safety personnel in case of anomalies or
potential hazards. This will significantly enhance mine safety,
minimize risks, and improve emergency response capabilities
[2,3].
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Figure 1: Mine Monitoring Safety System Using LoRa WAN Architecture

Il. REAL-TIME MINE SAFETY MONITORING AND
ALERT SYSTEMS: A LITERATURE REVIEW

2.1 WSN Fundamentals and Technologies

Sensor nodes: tiny gadgets that have communication,
computing, and sensor capabilities.

Network topologies: Star, cluster-based, etc., chosen based on
mine environment and communication needs.

Communication protocols: Zigbee, Wi-Fi, LoRa, Bluetooth,
etc., selected for their range, power consumption, and data
rates.

2.2 Monitored Mine Safety Parameters

Gas detection: Methane, carbon monoxide, hydrogen sulphide,
etc.

Temperature and humidity: Crucial for fire and humidity-
related hazards. Seismic activity: Monitors for rockfalls and
tremors.

Air quality: Tracks dust particles and other pollutants.

Miner health: Heart rate sensors for early detection of distress
(optional). Water levels: Monitors for potential flooding [4].

2.3 Data Analytics and Processing

Real-time monitoring: Continuous data stream analysis for
quick insights.

Anomaly detection: Algorithms identify unusual patterns and
deviations from normal conditions.

Predictive modelling: Estimates potential threats based on
real-time data and past trends.

Data fusion: Combines information from various sensors for a
more comprehensive assessment [5].
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2.4 Key Research Areas

Sensor node design: Prioritize resilience, miniaturization,
energy efficiency, and deployment simplicity..

Self-organization:  Networks that adjust to shifting
circumstances and deal with malfunctioning sensors. Energy-
efficient routing: Optimizing data transmission to conserve
battery power.

Secure communication: Guaranteeing data integrity and
confidentiality.

Human-computer interaction: User-friendly interfaces for
effective monitoring and response.

Integration with mine management systems: Seamless

information integration for operational efficiency [6].
2.5 Prospects for the Future

Resolving deployment issues in challenging subterranean
settings.

Ensuring reliable communication with minimal signal
attenuation.
Information  security:  Securing sensitive data from

unauthorized access and cyberattacks.

Integration with existing frameworks: Consistent integration
with mine safety protocols and workflows..

Autonomous support and response: Systems that can take
independent actions in critical situations

Overall, WSN technology offers significant potential for
enhancing mine safety. Continuous research focuses on
improving sensor technology, network performance, data
analytics, and system integration. Addressing challenges
related to deployment, reliability, security, and integration is
crucial for effective implementation [7].
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. SYSTEM

The system employs an array of sensors strategically
placed throughout the mine to gather critical environmental
data. These sensors, which may include gas detectors,
temperature probes, and humidity sensors, are interconnected
and transmit data wirelessly to a central hub.

The core functionality revolves around continuous data
acquisition. If the gas concentration surpasses established
safety thresholds, an alarm system is triggered to alert mine
personnel. This immediate notification allows for timely
evacuation or mitigation strategies to be implemented.
Fluctuations in these parameters can indicate potential hazards
such as fire outbreaks or ventilation issues. By monitoring
these environmental conditions, the system provides valuable
insights to ensure mine safety.

This station acts as a data repository, storing the
information for further analysis and trend identification. The
data can be visualized on user-friendly dashboards, enabling
mine operators to gain a comprehensive understanding of the
mine's environmental conditions.

This alternative WSN system offers a robust and scalable
approach to real-time mine safety monitoring. By leveraging
wireless communication and centralized data management, the
system provides crucial information for proactive hazard
detection and improved mine safety practices [8].
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Figure 2: Block Diagram of Mine Real-Time Safety Monitoring and Alert
System Using WSN

3.1 LoRaWAN
Mining is an inherently hazardous industry, with risks

such as gas explosions, rockfalls, and worker safety concerns.
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Traditional monitoring systems often face challenges like
limited coverage, high installation costs, and power
constraints. LoORaWAN (Long Range Wide Area Network)
technology, with its long-range communication, low power
consumption, and cost- effectiveness, offers a compelling
solution for real-time mine monitoring and safety systems.
Long Range: LoRa signals can penetrate deep underground,
overcoming the challenges of signal attenuation in tunnels and
mineshafts.

Low Power Consumption; vital for sensors that run on
batteries and are placed in isolated areas of mines. Cost-
Effectiveness: LoRa networks are relatively inexpensive to
deploy and maintain, making them suitable for large-scale
mine monitoring [9].

3.2 Arduino uno

The Arduino Uno, introduced in 2010 by Arduino.cc,
revolutionized electronics prototyping for beginners and
hobbyists. Built around the ATmega328P chip, it provides a
user-friendly platform for creative projects Versatile digital
and analog input/output (1/0) pins for connecting with a
variety of sensors and devices are among its key
characteristics. communication capabilities (UART, 12C, SPI)
for connecting to external modules, effortless programming
with the Arduino IDE and its vast library of pre-written code
and versatile alternatives for powering through a DC power
supply or USB. The Uno's affordability, open-source nature,
and extensive community support make it a cornerstone of
electronics exploration and experimentation, empowering you
to translate your creative ideas into reality.

3.3 ESP Wi-Fi Module

Expressive Systems' inexpensive Wi-Fi microcontroller
chip, the ESP8266, has completely changed the Internet of
Things (1oT) environment. Its built-in Wi-Fi connectivity,
combined with microcontroller functionality, enables it to
connect to the internet and interact with various sensors,
actuators, and other devices. This versatility, coupled with its
low power consumption and affordability, makes the ESP8266
an ideal platform for a wide range of loT applications,
integrating fast prototyping, wearable technology, industrial
automation, home automation, and environmental monitoring
[10].

3.4DHT 11

The DHT11 is a low-cost and easy-to-use digital sensor
that measures both temperature and relative humidity, making
it a popular choice for beginners and hobbyists in electronics
projects. It uses little power and has an easy-to-use single-
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wire interface. Inside, it houses an 8-bit microprocessor, a
resistive humidity sensor, and an NTC thermistor to measure
temperature. Microcontrollers can simply interpret the single
digital signal that is created from these analog outputs.. While
it may have limitations such as slower response time and
lower accuracy compared to more advanced sensors, its
affordability and ease of use make it an excellent starting point
for learning about sensors, data acquisition, and basic
electronics. The DHT11 finds applications in various areas,
including home automation, basic weather stations,
greenhouse monitoring, and educational projects.

3.5 Gas Analyzer

The MQ-7 sensor is a gas sensor made especially to find
atmospheric carbon monoxide (CO). It operates by utilizing a
chemical reaction. serves as the basis for detecting and
quantifying the presence of this potentially harmful gas.

The MQ-7 sensor is known for its high sensitivity and rapid
response time, making it a crucial component in various
applications, including home CO detectors, automotive
exhaust systems, and industrial safety monitoring systems.

3.6 Fire Sensor

An alarm system or control panel receives a signal from a
fire sensor when it senses the presence of fire or smoke. The
sensor helps prevent significant damage and injuries in a
closed area. These sensors find application in a variety of
settings, such as homes, businesses, and industrial facilities
.While photoelectric smoke detectors employ a beam of light
to detect smoke. Heat detectors pick up temperature changes,
whereas flame detectors pick up the presence of flames [11].

3.7 Vibrate Sensor

An apparatus that recognizes and quantifies mechanical
vibrations is called a vibration sensor. It detects and records
the frequency and amplitude of an object's or material's
movement. These sensors are used in a wide range of
industries, such as consumer electronics for motion sensing in
gadgets like smartphones, security systems for intrusion
detection, automotive applications for engine monitoring and
stability control, industrial machinery monitoring for
predictive maintenance, and seismic activity detection.

3.8 Water Sensor

Water sensors are essential to mine safety monitoring
because they can identify and reduce water-related risks such
seepage, floods, and groundwater intrusion. Real-time
information on the water conditions inside the mine is
provided by these sensors, which include conductivity sensors,
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flow meters, and water level sensors. This information makes
it possible to react quickly to possible dangers, including
starting evacuations or modifying dewatering procedures.
Mine operators can increase operational effectiveness, reduce
environmental impact, and improve safety by integrating
water sensors into their monitoring systems.

3.9 Heart Rate sensor

A heart rate sensor is a gadget that uses minute variations
in blood volume to determine how quickly your heart beats.
These sensors are used in many different industries and
frequently  employ  optical  techniques such as
electrocardiogram (ECG) methods or LED-based light
emission and detection. Heart rate sensors are used by fitness
trackers, medical monitoring devices, and even sleep tracking
wearables to give important information about a person's
physical health. This information enables stress monitoring,
customized fitness tracking, and enhanced general well-being

3.10 Embedded C

Nonetheless, assembly language continues to be quite
important, especially for DSPs (Digital Signal Processor).

Assembly language is frequently chosen by developers
for DSP systems because of its potential to achieve optimal
performance, particularly when working with intricate signal
processing algorithms. Assembly programming has a
performance benefit over high- level languages, but at the
expense of greater development complexity and less
portability.

This performance discrepancy between conventional C
and the particular needs of embedded hardware and
applications was filled by embedded C. By adding
characteristics that are frequently present in DSP processors,
like named address spaces and fixed-point data types, it
expands on the C language and allows programmers to write
more abstract code that is both hardware-optimized and
efficient than assembly language.

3.11 10T Server

The Arduino Uno transformed electronics prototyping for
novices and enthusiasts when it was released by Arduino.cc in
2010. It is built on the ATmega328P processor and provides
an easy-to-use platform for artistic endeavors. Adaptable
digital and analog input/output (1/0) pins for interacting with a
variety of sensors and devices, communication capabilities
(UART, 12C, SPI) for connecting to external modules, easy
programming with the Arduino IDE and its extensive library
of pre-written code, and flexible powering options via USB or
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DC power supply are some of the key features. Because of its
open-source nature, cost, and vibrant community, the Uno is a
fundamental component of electronics research and
experimentation, enabling you to realize your imaginative idea

[12].
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Figure 3: Flowchart for the mine monitoring and safety
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IV. RESULTS AND DISCUSSION

Improving worker safety in the mining environment
requires a real-time mine safety monitoring and alarm system.
Gas, temperature, and humidity sensors are among the
network of sensors used by this system, which are carefully
placed throughout the mine., water level sensors, geotechnical
sensors, and even heart rate sensors (for miner health
monitoring). A strong communication network carries the data
from these sensors to a central processing unit, where
abnormalities are examined.

The Arduino microcontroller integrates and tests these
sensors as part of the system's ongoing mine monitoring. The
system immediately sends out alerts in the event of dangerous
situations, such as gas leaks, excessive temperatures, rising
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water levels, strong vibrations that could indicate landslides,
or unusual heart rates that could indicate distress. These
notifications could include voice playback systems alerting
miners to the particular threat. This proactive strategy, which
includes a multi-sensor system, guarantees ongoing
monitoring and prompt reactions to possible dangers, greatly
enhancing worker safety and lowering the possibility of
mishaps in the coal mine environment. The system offers
miners a complete and effective safety solution by utilizing
technologies like as gas, fire, LDR (light dependent resistor),
and DHT11 sensors.

Figure 3 shows the coal mine safety working process
flow conversation. At first, sensors have installed throughout
the mine to keep an eye on gas concentrations, temperature,
humidity, water level, fire detection, and mine vibration.
Sensor data collection and transmission to the cloud are
handled by the LoRa WAN gateway... The If any sensors
identify a risky situation, the cloud instantly analyses the data
and sounds an alarm. circumstance or if safe operational
parameters are not followed. Notifications are sent to the mine
control centre so that measures can be taken to guarantee the
workers' safety. The data can be used by the control center to
enhance mine safety procedures and conduct more efficiently.
The system can be reviewed and modified on a regular basis to
ensure peak performance and safety [13,14].

Figure 4: Circuit diagram for Humidity

In Fig. 4 shows about the Hardware Kit's humidity
symbolizes how miners may find it uncomfortable and more
difficult to breathe when working in confined spaces due to
extreme humidity. Miners may find it more difficult to notice
and avoid hazards if fog or mist is produced as a result of high
humidity. Sensor identify the humidity changes . After that,
the buzzer begins to sound.
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Figure 5: Graphical representation of the Humidity

The graph in Figure 5 indicates that the threshold is "50."
When the humidity rises, the buzzer will activate, alerting
those on the transmitter and receiver sides that they are in
danger and should leave right away. Conversely, when the
threshold value falls, the buzzer will activate, alerting those on
the transmitter side and receiver side that the humidity is
falling and that workers are underground. The data will appear
in Thingspeak after it uploads to the cloud.

It depicts the water level sensor that is part of the
hardware package. Mining operations may be halted by
flooding caused by water buildup in coal mines from natural
sources like groundwater or heavy rainfall. There is a greater
chance of mine explosions when water interacts with
particular chemicals and gasses to produce hazardous
conditions. To regulate water levels, additional water is
removed from coal mines using pumps and drainage systems.
Additionally, monitoring equipment is installed to track water
levels and identify any peaks or fluctuations [15].

Coal Mine Water Level Monitoring System
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Figure 6: An illustration showing the water level

Figure 6's graphs display the mine's water level. As the
water level drops during mining, work will stop, and when the
person's chances of dying are high enough—the project
threshold value is "1"they will get an idea and leave the coal
mine. A methane buildup-induced explosion could cause
serious injury or perhaps death and when the digger threshold
is raised, the buzzer starts to sound.
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At the moment, miners can only wear helmets for head
protection. This project seeks to assist coal mine workers who
can transmit data via Lora to a base station mines use
semiconductor gas sensors to measure the quantities of
hazardous gases as SO2, NO2, CO, etc.

The below graphical figure is shows that the Methane,
carbon dioxide, and carbon monoxide are among the gases
that can seriously jeopardize miners' safety in coal mines. The
graphs in Figure 8 show several gases that can explode,
causing damage to the lungs, death, and various skin
conditions. The CO threshold is 40, the SO2 threshold is 30,
and the NO2 threshold is 20. The gas explosion threshold
value is dependent on the gas. Once over that threshold, the
buzzer will activate and the sound will accompany the
individual leaving the coal mine. Methane, the most
combustible and explosive gas, is the most common gas in
coal mines. To demonstrate how the laborers live underneath,
details regarding the plots are taken out. After uploading to the
cloud, the information will become visible [16,17].

simplified Coal Mine Gas Level Monitoring System
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Figure 7: An lllustrated Diagram of Gas

Heart Rate Zones and Alert Thresholds for Miners
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Figure 8: An illustration showing the heart rate

Real-time mine safety systems that use WSNs for heart
rate monitoring are crucial for preventing health-related
emergencies among miners. The vital signs of miners are
regularly monitored by wearable heart rate monitors, which
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promptly notify them of any anomalous patterns. These
sensors wirelessly send data to central monitoring stations
when they are incorporated into wearable technology or safety
gear. Individual heart rates are tracked by the system against
preset thresholds while taking ambient factors and task
intensity into account. The technology automatically notifies
the miner and safety supervisors if the miner's heart rate rises
above acceptable bounds or exhibits anomalous trends. This
early warning system is especially important for preventing
cardiac problems, heat stress, and events connected to
exhaustion. With carefully positioned relay nodes, the WSN
design allows real-time data transfer even in subterranean
environments. The technology offers a complete health
monitoring solution by correlating heart rate data with other
environmental factors like temperature and humidity.

Fire Alert Threshold Levels

Critical

0 20 a0 60 80
Temperature (*C)

Figure 9: Graphical representation of the Fire Alert

Miner safety can be revolutionized by integrating fire
sensors into wireless sensor networks (WSNs)-based real-time
mine safety monitoring and alert systems. Mines are
dangerous places by nature; Structure collapses, fires, and gas
leaks are possible.

Continuous temperature, smoke, and other fire-related
parameter monitoring is made possible by fire sensors
integrated into a WSN. These sensors send data wirelessly
to a central monitoring system and identify irregularities
in real time. A thorough coverage of the mine is ensured by
the WSN, which facilitates smooth communication between
several sensors. In order to facilitate prompt evacuation and
mitigation efforts, the system immediately notifies miners and
control centers when a fire or other abnormal condition is
detected. The network is cost-effective and flexible enough to
accommodate changing mining conditions because it is
wireless and does not require substantial cabling.

The system can also be integrated with other sensors,
such humidity and gas sensors, to offer a comprehensive
safety solution. Based on past data, sophisticated algorithms
and machine learning can further improve the system by
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forecasting possible fire threats. Because of this proactive
strategy, which drastically cuts down on response times,
minimizes casualties, and guarantees mine operations, WSN-
based fire monitoring systems are a crucial breakthrough in
contemporary mining safety [18,19].

V. CONCLUSION

The mine safety and health monitoring system project,
LoRa WAN, is a tremendous advancement for the industry
and is executed using embedded system technologies. Using
LoRa WAN technology, this project wirelessly sends data
from Internet of Things sensors to an embedded system. In
order to generate alerts for possible safety concerns, the
embedded system analyzes the data. Adoption of this
initiative will help reduce the number of mine accidents,
injuries, and fatalities by offering real-time monitoring of
working conditions. Furthermore, it will support the early
identification of health issues caused by dust and silica
exposure, two dangerous substances present in mines [20].
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