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ABSTRACT 

The IoT Server-Based Underground Coal Mine Monitoring System using Arduino is 

designed to enhance safety and operational efficiency in coal mining environments. By 

integrating various sensors with Arduino, the system monitors critical parameters such as gas 

concentration, temperature, humidity, and structural integrity within the mine. The data is 

wirelessly transmitted to a centralized IoT server, where it can be accessed by mine operators 

and safety personnel in real time. This enables proactive monitoring of hazardous conditions, 

such as gas leaks or dangerous temperature fluctuations, allowing for swift responses to 

prevent accidents. The system provides a cost-effective, reliable, and scalable solution to 

ensure the safety of workers and optimize mining operations by providing constant, remote 

surveillance of underground conditions. 
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I.INTRODUCTION 

Coal mining remains one of the most 

dangerous occupations worldwide, with 

workers constantly exposed to various 

hazards such as gas leaks, temperature 

fluctuations, and structural instability within 

the mine. Ensuring the safety of workers 

and maintaining the operational efficiency 

of mining activities are critical challenges 

faced by mining companies. Despite 

advancements in safety protocols and 

equipment, accidents related to these 

hazards still occur, leading to significant 

loss of life and damage to property. As a 

result, there is a pressing need for 

innovative solutions that can enhance safety, 

provide early warnings, and improve the 

overall monitoring of underground 

conditions in real-time. With advancements 

in technology, particularly in the Internet of 

Things (IoT), there is a significant 

opportunity to improve safety measures and 

automate the monitoring of hazardous 

underground conditions. IoT technology has 

the potential to transform traditional mining 

practices by allowing continuous monitoring 

and providing real-time data to mine 

operators, allowing for more proactive and 

data-driven decision-making processes. IoT-

based systems can not only monitor 

environmental factors but can also detect 

anomalies in equipment, track the 

movement of workers, and help identify any 

sudden changes that could signal a potential 

danger. The IoT Server-Based Underground 

Coal Mine Monitoring System using 

Arduino is a technological solution designed 

to address these challenges. This system 

leverages IoT technology to collect real-

time data from various sensors integrated 

with an Arduino microcontroller. The 
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sensors monitor key parameters such as gas 

concentration, temperature, humidity, and 

the structural integrity of the mine 

environment. These critical parameters are 

continuously monitored and transmitted 

wirelessly to a centralized IoT server, where 

the data can be accessed remotely by mine 

operators and safety personnel. 

By providing real-time access to 

underground data, the system allows for 

quick responses to hazardous conditions, 

such as gas leaks, dangerous temperature 

fluctuations, or structural weaknesses. This 

reduces the risk of accidents and enhances 

worker safety. Additionally, the system can 

be set up to send automated alerts to mine 

operators if the monitored parameters 

exceed predetermined thresholds, further 

reducing the time to react to emergencies. 

This proactive monitoring system not only 

helps ensure the safety of workers but also 

assists in optimizing the mine's operations 

by enabling real-time decision-making and 

reducing downtime caused by unforeseen 

accidents or hazardous conditions. The 

system’s cost-effectiveness, scalability, and 

reliability make it an attractive solution for 

coal mining companies looking to improve 

safety standards while minimizing 

operational costs. Through the 

implementation of such smart technology, 

the mining industry can embrace the future 

of safety, efficiency, and sustainability, 

ensuring that workers are well-protected and 

that mining operations run smoothly and 

securely. This introduction outlines the 

critical components of the system and 

emphasizes the importance of adopting 

innovative, technology-driven solutions to 

make mining environments safer and more 

efficient. 

 

II.LITERATURE REVIEW 

The integration of technology in the mining 

sector has increasingly been recognized as a 

key factor in enhancing operational 

efficiency and safety. The application of the 

Internet of Things (IoT) in underground coal 

mine monitoring systems has garnered 

considerable attention due to its potential to 

revolutionize safety standards, particularly 

in hazardous work environments. In this 

section, we review the existing literature 

surrounding the implementation of IoT-

based monitoring systems in coal mines, 

highlighting key technologies, approaches, 

and challenges. 

IoT in Mining Applications 

The Internet of Things (IoT) has been 

widely adopted in various industries, and its 

use in mining is no exception. IoT facilitates 

the continuous monitoring of environmental 

and operational parameters in real time, 

thereby enabling timely decision-making 

and proactive management. Several studies 

have focused on the use of IoT sensors to 

monitor hazardous conditions in mining 

environments. For example, Hussain et al. 

(2018) explored the role of IoT in enhancing 

safety in coal mines by using wireless 

sensor networks to monitor gas 

concentrations, temperature, and humidity 

levels, enabling early detection of dangerous 

conditions such as gas leaks or fire risks. 

The study highlighted that IoT systems 

could provide continuous, real-time 

monitoring and quick alerts to improve 

worker safety and prevent accidents 

(Hussain et al., 2018). 
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Wireless Sensor Networks in Mine Safety 

Wireless sensor networks (WSNs) are 

essential components of IoT-based mine 

monitoring systems. These networks consist 

of a collection of sensors that monitor 

various environmental parameters and 

communicate wirelessly with a central 

server. WSNs are particularly valuable in 

environments like coal mines, where wiring 

can be difficult and hazardous. Lee et al. 

(2017) designed an IoT-based monitoring 

system using a WSN to monitor 

underground mining environments. The 

system successfully monitored temperature, 

gas concentration, and humidity and 

provided real-time alerts when thresholds 

were exceeded. This approach demonstrated 

the ability to monitor mining conditions 

remotely, improving worker safety and 

reducing the risk of underground accidents 

(Lee et al., 2017). 

Arduino in Industrial Applications 

Arduino, a microcontroller platform widely 

used in IoT applications, has become a 

popular choice for developing embedded 

systems in industrial settings, including coal 

mines. Several studies have demonstrated 

the effectiveness of using Arduino for 

monitoring environmental conditions. For 

example, Singh et al. (2019) developed an 

Arduino-based monitoring system for 

detecting toxic gases in a coal mine. The 

system used Arduino to control gas sensors 

and send alerts when the gas levels 

exceeded safe limits. The low cost, ease of 

programming, and versatility of Arduino 

make it an ideal platform for developing 

scalable monitoring solutions for industries 

like coal mining (Singh et al., 2019). 

 

Safety and Hazardous Gas Monitoring 

One of the critical safety concerns in coal 

mines is the presence of hazardous gases 

such as methane, carbon monoxide, and 

carbon dioxide, which can pose significant 

risks to workers' health and safety. Several 

studies have focused on the development of 

IoT-based gas detection systems. In a 

similar study, Chien et al. (2017) introduced 

a methane detection system using an IoT 

platform. The system monitored methane 

concentrations in real time, sending alerts 

when levels exceeded the permissible 

threshold. The study demonstrated how IoT-

based systems can provide continuous 

monitoring and ensure that mining 

environments remain safe for workers. 

These systems can also help in detecting 

early signs of gas leaks, preventing 

accidents such as explosions or suffocation 

(Chien et al., 2017). 

Temperature and Humidity Monitoring 

Apart from gas monitoring, temperature and 

humidity are crucial parameters that need 

constant monitoring in underground coal 

mines. Excessive heat can cause discomfort, 

increase the risk of heatstroke, and damage 

equipment, while humidity can lead to 

equipment failure and promote the growth 

of harmful mold or bacteria. According to a 

study by Jain et al. (2016), IoT-based 

systems can efficiently monitor temperature 

and humidity levels in real time. These 

systems alert operators to any significant 

fluctuations that may indicate potential 

hazards, allowing for timely intervention 

and preventing catastrophic outcomes (Jain 

et al., 2016). 
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Challenges in IoT-Based Coal Mine 

Monitoring Systems 

Despite the promising results of IoT-based 

monitoring systems, there are several 

challenges in implementing such solutions 

in coal mines. These challenges include 

network reliability, sensor calibration, and 

power supply issues. Coal mines are often 

located in remote areas with limited access 

to reliable power sources, which can affect 

the continuous operation of IoT devices. 

Additionally, the harsh environmental 

conditions, such as dust, moisture, and 

temperature extremes, can affect the 

performance of sensors and the network. 

According to a study by Zhang et al. (2018), 

one of the main challenges in implementing 

IoT in coal mines is maintaining a stable 

and reliable wireless communication 

network. This is due to the physical 

obstructions and interference caused by the 

mine's underground structure, which can 

disrupt the wireless signals (Zhang et al., 

2018). 

Another significant challenge is the power 

consumption of IoT devices. Given that coal 

mines are often located in remote areas with 

limited power sources, energy-efficient 

solutions are crucial for ensuring the long-

term viability of these systems. Solar power, 

energy harvesting techniques, and low-

power sensors have been proposed as 

solutions to address power supply issues in 

IoT-based mining systems. For example, Li 

et al. (2017) suggested using low-power 

sensors and energy harvesting technologies, 

such as piezoelectric or thermoelectric 

generators, to power IoT devices in mines, 

ensuring uninterrupted monitoring without 

relying on an external power supply (Li et 

al., 2017). 

Problem Statement 

Many industries still rely on traditional fire 

safety mechanisms, which depend on a 

network of interconnected sensors within a 

designated area to alert safety officers of a 

fire emergency. These systems only provide 

notifications within a specific region, and 

safety personnel must manually walk 

through the area to locate the fire, making it 

difficult to identify the origin of the fire or 

the precise location of smoke and 

temperature changes. Additionally, 

extinguishing the fire promptly remains a 

challenging task. To address these issues, 

there is a need for an advanced, IoT-based 

automated fire notification system. This 

system must be capable of detecting the 

fire’s location and origin while instantly 

notifying the fire-fighting team or safety 

personnel, as well as others in the affected 

area. Furthermore, many individuals are 

unaware of the different types of fire 

extinguishers, which makes it difficult to 

respond quickly and efficiently. Since 

various fire extinguishers are designed to 

tackle specific types of fires, selecting the 

right one can significantly simplify the 

firefighting process. Therefore, it is essential 

to have a system that not only detects fire 

efficiently but also ensures the correct 

extinguisher is deployed based on the type 

of fire. 

Objectives 

The objectives of this study are: 

1. Compare existing IoT-based fire 

detection systems implemented in 

developed countries. 

2. Analyze and design an IoT-based 

network system tailored for industrial 

applications. 



 

Volume 09, Issue 4, April 2025                      ISSN 2581 – 4575 Page 366 

 

3. Develop a prototype of a fire alarm 

system to evaluate the effectiveness of the 

proposed system. 

4. Create a smart fire alarm application for 

mobile devices. 

5. Test and evaluate the prototype and 

system in real-world environments. 

III.METHODOLOGY 

The IoT Server-Based Underground Coal 

Mine Monitoring System is designed to 

improve the safety and operational 

efficiency of coal mining by leveraging real-

time data collection and wireless 

communication. The system consists of 

several critical components, including gas 

sensors that measure the concentration of 

gases like methane, carbon monoxide, and 

other hazardous substances commonly 

found in mining environments. Additionally, 

temperature and humidity sensors are 

deployed to monitor environmental 

conditions, which can play a key role in 

detecting fire hazards or equipment 

malfunction. Structural integrity sensors, 

such as accelerometers and strain gauges, 

are used to track the health of mine 

infrastructure, identifying potential risks of 

collapse or subsidence. Once the sensors 

capture the required data, the Arduino 

microcontroller processes the information 

and performs initial analysis. It checks if the 

measured parameters exceed predefined 

thresholds that indicate potentially 

dangerous conditions, such as an excessive 

gas leak or critical temperature rise. In cases 

of abnormal readings, the system 

immediately triggers a notification system to 

alert safety officers and operational staff. 

This ensures that safety measures can be 

taken promptly before the situation escalates. 

The processed data is then transmitted 

wirelessly to a centralized IoT server via 

communication technologies such as Wi-Fi, 

LoRa, or NB-IoT, depending on the mine’s 

infrastructure. The server serves as a central 

hub that stores, analyzes, and visualizes the 

incoming data, offering real-time insights. A 

dedicated web interface or mobile 

application provides mine operators and 

safety personnel with access to live data, 

historical logs, and instant alerts about 

hazardous events. These tools help in the 

ongoing monitoring and decision-making 

process. The system's ability to detect 

dangerous conditions such as gas leaks, high 

temperatures, or structural weaknesses 

allows for preventive measures to be 

activated immediately. For example, in the 

event of an elevated gas concentration, the 

system can automatically trigger the mine's 

ventilation system or send an evacuation 

alert to all personnel. The historical data 

logs stored in the cloud enable detailed 

analysis and reporting, aiding in incident 

investigations and ensuring compliance with 

safety regulations. Furthermore, the system 

is scalable, meaning it can be expanded as 

the mining operation grows or as new safety 

requirements emerge. This adaptability 

makes it a sustainable and cost-effective 

solution for maintaining safety in complex 

underground environments. By providing 

real-time monitoring, automated alerts, and 

data-driven insights, the IoT Server-Based 

Underground Coal Mine Monitoring System 

significantly enhances the overall safety and 

productivity of coal mining operations, 

helping to prevent accidents and ensure 

compliance with industry standards. 
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IV.CONCLUSION 

The IoT Server-Based Underground Coal 

Mine Monitoring System demonstrates a 

highly effective approach to improving the 

safety and operational efficiency of coal 

mining environments. By integrating real-

time monitoring with advanced sensor 

technology, the system is capable of 

providing early warnings on hazardous 

conditions, such as gas leaks, extreme 

temperature fluctuations, and structural 

weaknesses. The wireless transmission of 

critical data to a centralized IoT server 

ensures that mine operators and safety 

personnel are informed in real-time, 

enabling rapid responses to dangerous 

situations. The use of Arduino 

microcontrollers, along with a wide array of 

environmental and structural sensors, offers 

a cost-effective, scalable solution for 

underground mine monitoring. The system's 

ability to detect and alert operators about 

potential safety risks allows for preventive 

actions to be taken before accidents occur, 

significantly improving mine safety. 

Additionally, by enabling remote 

surveillance, the system reduces the 

dependency on manual inspections, 

enhancing efficiency and ensuring 

continuous monitoring without the need for 

on-site personnel. In conclusion, this IoT-

based monitoring system is a promising 

technology for the mining industry, with the 

potential to not only reduce risks but also 

optimize overall mine operations. As 

technology evolves and more advanced 

sensors and wireless communication 

methods become available, this system can 

be further enhanced to meet the growing 

demands for safer and more efficient mining 

operations. The integration of cloud 

computing, data analytics, and artificial 

intelligence into mining safety systems 

represents the future of the industry, paving 

the way for a more automated, intelligent, 

and secure mining environment. 
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