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Abstract: This paper presents a novel coal mining safety monitoring and auto-alert system 

leveraging LoRa technology for robust communication in remote underground environments. 

The system integrates multiple sensors, including MQ4 gas sensor, DHT11 temperature 

sensor, fire sensor, and MQ135 gas sensor, to continuously monitor crucial parameters such 

as methane levels, temperature variations, and fire outbreaks. The collected data is wirelessly 

transmitted to a receiver section equipped with LoRa receiver, Arduino Uno, NodeMCU, and 

GSM module. Upon detection of hazardous conditions, the system triggers audible alerts 

using a buzzer and sends notifications to designated personnel via SMS, ensuring timely 

response and enhanced safety for miners operating in challenging mining environments. 

Keywords: Coal mining safety, LoRa technology, Hazardous conditions, Real-time 

detection, GSM notification, underground mining 

I. Introduction 

 

The coal mining industry remains one of 

the most vital sectors globally, providing 

essential energy resources. However, it 

also presents significant occupational 

hazards, particularly in underground 

mining environments where conditions can 

rapidly become hazardous. Despite 

advancements in safety protocols, 

accidents related to gas leaks, fires, and 

unstable environmental conditions still 

pose significant risks to miners' lives and 

well-being. Traditional safety monitoring 

systems often struggle to provide real-time 

data in remote underground locations, 

limiting the effectiveness of timely 

interventions. Thus, there is an urgent need 

for innovative technologies to enhance 

safety monitoring and response capabilities 

in coal mining operations. 

In response to these challenges, this paper 

introduces a cutting-edge coal mining 

safety monitoring and auto-alert system 

utilizing LoRa (Long Range) technology. 

LoRa offers distinct advantages for 

communication in underground 

environments, including its long-range 

capabilities, low power consumption, and 

ability to penetrate obstacles such as rock 

and soil. By leveraging LoRa technology, 

our system aims to overcome the 

limitations of traditional wired or short-

range wireless communication systems, 

enabling comprehensive safety monitoring 

even in remote areas of coal mines. This 

system integrates a variety of sensors to 

detect critical parameters such as methane 

levels, temperature variations, and fire 

outbreaks, providing miners and safety 

personnel with real-time insights into the 

environmental conditions within the mine. 

The implementation of this advanced 

safety monitoring system holds the 

potential to revolutionize safety practices 

in coal mining operations. By enabling 

timely detection of hazardous conditions 
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and automatic alerts, miners can be 

promptly evacuated or provided with 

necessary precautions to mitigate risks. 

Furthermore, the integration of GSM 

(Global System for Mobile 

Communications) notification capability 

ensures that designated personnel receive 

immediate alerts, facilitating rapid 

response and intervention. Through this 

introduction of innovative technology, we 

aim to enhance safety standards, minimize 

accidents, and safeguard the lives of 

miners working in challenging 

underground environments. 

II. Existing System 

Traditional coal mining safety monitoring 

systems often rely on wired sensors or 

short-range wireless communication 

technologies, which may be limited in 

their effectiveness, particularly in remote 

underground environments. These systems 

typically involve a network of sensors 

installed throughout the mine to detect 

parameters such as gas levels, temperature, 

and potential fire outbreaks. However, the 

reliance on wired connections can be 

costly to install and maintain, and may 

also pose safety risks in the event of 

damage to the wiring infrastructure during 

mining operations. Similarly, short-range 

wireless communication systems may 

struggle to provide reliable connectivity in 

the presence of obstacles or over long 

distances, limiting their utility in 

expansive underground mines. As a result, 

there is a growing demand for more robust 

and versatile safety monitoring solutions 

capable of overcoming these limitations. 

In response to these challenges, some coal 

mining operations have begun exploring 

the integration of advanced technologies 

such as LoRa (Long Range) 

communication for safety monitoring 

purposes. LoRa technology offers distinct 

advantages in terms of its long-range 

capabilities, low power consumption, and 

ability to penetrate obstacles, making it 

well-suited for use in underground mining 

environments. By deploying LoRa-based 

systems, mines can achieve real-time 

monitoring of critical parameters over 

extensive distances without the need for 

complex wiring infrastructure. This shift 

towards more innovative and adaptable 

safety monitoring solutions reflects a 

growing recognition of the importance of 

leveraging technology to enhance safety 

standards and protect the well-being of 

miners in hazardous working conditions. 

III. Proposed System 

The proposed coal mining safety 

monitoring and auto-alert system represent 

a significant advancement over traditional 

approaches by integrating state-of-the-art 

LoRa technology for robust 

communication in remote underground 

environments. By leveraging LoRa's long-

range capabilities, low power 

consumption, and obstacle-penetrating 

characteristics, our system aims to 

overcome the limitations of wired and 

short-range wireless systems, providing 

comprehensive safety monitoring coverage 

throughout the mine. The system 

integrates multiple sensors, including those 

for detecting methane gas levels, 

temperature variations, and fire outbreaks, 

ensuring real-time data collection and 

analysis to proactively identify and 

mitigate potential hazards. 
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Fig.1. Transmitting section Block diagram 

 

Fig.2. Receiver section Block diagram 

Furthermore, our proposed system 

incorporates automatic alert mechanisms, 

including audible alarms and GSM 

notifications, to promptly notify miners 

and designated personnel in the event of 

hazardous conditions. This proactive 

approach to safety monitoring not only 

enhances the protection of miners' lives 

and well-being but also facilitates rapid 

response and intervention to mitigate risks 

effectively. By implementing this 

advanced safety monitoring system, coal 

mining operations can achieve improved 

safety standards, reduced accident rates, 

and enhanced overall efficiency in 

managing safety-related incidents in 

challenging underground environments. 

IV. Components used and 

description 

Arduino Uno (Transmitter and Receiver): 

Arduino Uno serves as the main 

microcontroller for both the transmitter 

and receiver sections. It collects data from 

various sensors, processes it, and controls 

the operation of other components in the 

system. 

 

Fig.3. Arduino Uno 

MQ4 Gas Sensor: 

The MQ4 gas sensor detects methane gas 

levels in the environment, providing 

crucial information to prevent potential 

explosions, a significant hazard in coal 

mining. 

 

Fig.4. MQ4 Gas Sensor 
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DHT11 Temperature Sensor:  

The DHT11 temperature sensor measures 

ambient temperature, aiding in identifying 

overheating conditions which could pose 

risks to miners or machinery. 

 

Fig.5. DHT11 Temperature Sensor 

 

 

Fire Sensor : 

The fire sensor detects the presence of fire 

or elevated temperatures, providing an 

early warning to prevent accidents and 

minimize damage. 

 

Fig.6. Fire sensor 

MQ135 Gas Sensor: 

The MQ135 gas sensor detects various 

gases, including carbon monoxide and 

nitrogen dioxide, which are hazardous 

byproducts of combustion and can pose 

health risks to miners. 

 

Fig.7. MQ135 Gas Sensor 

Buzzer: 

The buzzer serves as an audible alarm to 

alert miners of hazardous conditions 

detected by the sensors. It provides a 

crucial warning signal in noisy or low-

visibility environments. 

 

Fig.8. Buzzer 

LoRa Transmitter/ Receiver:  

The LoRa transmitter module facilitates 

wireless communication over long 

distances, transmitting sensor data from 

the transmitter section to the receiver 

section reliably and efficiently. 
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  Fig.9. LORA Transmitter/Receiver 

Receiver: 

The LoRa receiver module receives sensor 

data transmitted by the transmitter section. 

It forms the backbone of the wireless 

communication system, enabling data 

transfer between the transmitter and 

receiver sections. 

NodeMCU: 

NodeMCU is a microcontroller with built-

in Wi-Fi capabilities, enhancing the 

receiver section's functionality. It can 

process received sensor data, connect to 

the internet for remote monitoring or data 

logging, and facilitate integration with 

other systems. 

 

Fig.10. NodeMCU 

GSM Module: 

The GSM module provides an alternative 

communication method via SMS. In case 

the LoRa connection is unavailable or 

unreliable, the GSM module ensures that 

designated personnel receive timely 

notifications of hazardous conditions 

detected in the mine. 

 

Fig.11. GSM Module 

V. Working Algorithm 

The working algorithm for the coal mining 

safety monitoring and auto-alert system 

with LoRa technology involves several 

steps to ensure efficient data collection, 

processing, and alert generation. Here's a 

high-level overview of the algorithm: 

Initialization: 

Initialize all sensors, microcontrollers 

(Arduino Uno, NodeMCU), and 

communication modules (LoRa 

transmitter/receiver, GSM module). Set up 

initial configurations and parameters, such 

as sensor thresholds and communication 

settings. 

Data Acquisition: 

Continuously read sensor data from the 

various sensors in the transmitter section 

(MQ4 gas sensor, DHT11 temperature 

sensor, fire sensor, MQ135 gas sensor). 

Store the sensor readings in variables or 

arrays for processing. 

Data Processing: 

Analyze the sensor data to detect abnormal 

conditions or hazardous situations. This 

may involve comparing sensor readings to 

predefined thresholds or using algorithms 

to identify patterns indicative of danger. 

Determine the severity of detected 
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conditions based on predefined criteria 

(e.g., gas concentration levels, temperature 

thresholds). 

Alert Generation: 

If hazardous conditions are detected: 

Trigger the buzzer in both the transmitter 

and receiver sections to provide audible 

alerts to nearby miners.Activate the LoRa 

transmitter to send the alert message along 

with relevant sensor data to the LoRa 

receiver in the receiver section. 

Optionally, activate the GSM module to 

send SMS notifications to designated 

personnel if the LoRa communication is 

unavailable or unreliable. 

Alert Reception and Response: 

Receive the alert message and sensor data 

from the LoRa transmitter using the LoRa 

receiver in the receiver section. Process the 

received data using the NodeMCU or 

Arduino Uno in the receiver section to 

verify the alert and extract relevant 

information. 

If necessary, trigger additional actions 

based on the severity of the alert, such as 

initiating evacuation procedures or 

activating safety protocols. 

Monitoring and Maintenance: 

Continuously monitor the system's 

operation to ensure proper functioning of 

sensors, microcontrollers, and 

communication modules. 

Implement mechanisms for error detection 

and recovery to handle any potential 

failures or malfunctions. 

Regularly calibrate sensors and update 

system parameters as needed to adapt to 

changing environmental conditions or 

operational requirements. 

Shutdown and Power Management: 

Implement power-saving mechanisms to 

conserve energy and prolong the system's 

battery life, especially in remote or off-

grid mining locations. 

Provide options for manual or automatic 

shutdown of non-essential components 

during periods of inactivity to reduce 

power consumption. 

VI. RESULTS 

The implementation of the proposed coal 

mining safety monitoring and auto-alert 

system demonstrated promising outcomes 

in enhancing safety standards and 

mitigating risks in underground mining 

environments. Through extensive testing 

and evaluation in simulated and real-world 

conditions, the system consistently 

exhibited reliable performance in detecting 

critical parameters such as methane levels, 

temperature variations, and fire outbreaks. 

The integration of LoRa technology 

facilitated robust wireless communication 

over long distances, ensuring timely 

transmission of sensor data and alerts 

between the transmitter and receiver 

sections. 

Moreover, the automatic alert mechanisms, 

including audible alarms and GSM 

notifications, proved effective in promptly 

notifying miners and designated personnel 

of hazardous conditions, enabling swift 

response and intervention to prevent 

accidents. 
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Fig.12. System Implementation with 

Cloud storage and Alert. 

Overall, the results highlight the potential 

of the proposed system to revolutionize 

safety practices in coal mining operations, 

reducing the likelihood of accidents and 

enhancing the overall well-being of miners 

working in challenging underground 

environments. Continued refinement and 

optimization of the system based on 

feedback from field trials and real-world 

deployment are expected to further 

enhance its effectiveness and reliability in 

ensuring miner safety. 

VII. CONCLUSION 

The coal mining safety monitoring and 

auto-alert system presented in this study 

represents a significant advancement in 

safety technology for underground mining 

operations. By leveraging LoRa 

technology and integrating multiple 

sensors, the system enables real-time 

detection of hazardous conditions such as 

methane gas levels, temperature variations, 

and fire outbreaks, while also providing 

prompt alerts to miners and designated 

personnel through audible alarms and 

GSM notifications. The successful 

implementation and evaluation of the 

system underscore its potential to enhance 

safety standards, minimize accidents, and 

safeguard the lives of miners in remote and 

challenging underground environments.  
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