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Abstract - Mining environments are highly prone to the 

accumulation of hazardous gases such as methane (CH₄) and 

carbon monoxide (CO), which pose serious risks including 

explosions and health hazards to workers. This paper presents a 

Smart Mine Guard System with Methane and CO Alarm and 

Automatic Ventilation Fan, designed to enhance safety in 

underground mines. 

The system uses gas sensors to continuously monitor the 

concentration of methane and carbon monoxide in the 

environment. A microcontroller processes the sensor data and 

compares it with predefined safety thresholds. When the gas 

concentration exceeds safe limits, the system immediately triggers 

an alarm using a buzzer and visual indicators to alert workers. 

Simultaneously, an automatic ventilation fan is activated through 

a relay module to reduce the concentration of harmful gases. 

 

The proposed system ensures real-time monitoring, quick 

response, and reduced human intervention, thereby minimizing 

the chances of accidents. Additionally, it can be extended with 

IoT capabilities to send alerts to remote monitoring stations. This 

project provides a cost-effective, reliable, and efficient solution to 

improve safety standards in mining operations. 
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I.  INTRODUCTION  

Mining is one of the most hazardous industries due to the 

presence of harmful gases such as methane (CH₄) and carbon 

monoxide (CO). These gases are highly dangerous, as 

methane is flammable and can cause explosions, while carbon 

monoxide is toxic and can lead to serious health problems or  

 

 

even death. Since these gases are colorless and odorless, it 

is difficult for workers to detect them without proper 

equipment. 

Traditional safety systems in mines often rely on manual 

monitoring, which may not provide timely warnings in critical 

situations. With advancements in technology, there is a need 

for an automated system that can continuously monitor gas 

levels and take immediate action to prevent accidents. 

This project proposes a Smart Mine Guard System with 

Methane and CO Alarm and an Automatic Ventilation Fan. 

The system uses gas sensors to detect the concentration of 

hazardous gases in real time. A microcontroller processes the 

sensor data and, when the gas level exceeds a predefined 

threshold, it activates an alarm system to alert workers. At the 

same time, an automatic ventilation fan is turned on to reduce 

the concentration of harmful gases in the environment. 

A. Need for the System 

Mining environments are highly risky due to the presence 

of hazardous gases such as methane (CH₄) and carbon 

monoxide (CO). These gases are colorless and odorless, 

making them difficult to detect without proper equipment. 

Methane is highly flammable and can cause explosions, while 

carbon monoxide is extremely toxic and can lead to serious 

health issues or even death. 

Traditional safety methods in mines mainly rely on manual 

inspection and basic detection systems, which may not provide 

accurate or timely warnings. Human errors, delays in 

response, and the lack of continuous monitoring can 

significantly increase the chances of accidents. 
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The proposed Smart Mine Guard System addresses these 

issues by providing real-time gas detection along with an 

automatic response mechanism. When gas levels exceed safe 

limits, the system activates an alarm and turns on a ventilation 

fan to reduce gas concentration. This approach reduces human 

intervention, improves response time, and significantly 

enhances safety in mining operations. 

II. PROBLEM STATEMENT 

Mining industries face serious safety challenges due to the 

presence of hazardous gases such as methane (CH₄) and 

carbon monoxide (CO). These gases are difficult to detect as 

they are colorless and odorless, and their accumulation can 

lead to dangerous situations such as explosions, suffocation, 

and poisoning. 

There is a lack of an efficient system that can not only 

detect harmful gases in real time but also take automatic 

action to prevent accidents. Delays in identifying gas leaks 

and responding to them can result in severe consequences, 

including loss of life and property. 

This project aims to develop a Smart Mine Guard System 

that continuously monitors methane and carbon monoxide 

levels, provides instant alerts, and automatically activates 

when gas concentration exceeds safe limits, thereby reducing 

risks and improving overall mine safety. 

A. System Overview 

The Smart Mine Guard System with Methane and CO 

Alarm and Automatic Ventilation Fan is designed to provide 

continuous monitoring and enhanced safety in mining 

environments. The system mainly consists of gas sensors, a 

microcontroller, an alarm unit, and a ventilation fan. 

Gas sensors (MQ-4 for methane and MQ-7 for carbon 

monoxide) are used to detect gas levels in the mine. These 

sensors send data to a microcontroller (such as Arduino or 

Raspberry Pi), which processes the information and compares 

it with predefined safety thresholds. If the gas concentration 

exceeds the safe limit, the system immediately triggers an alert 

through a buzzer and LED indicators to warn workers about 

the danger. 

B. Functional Flow 

The functional flow describes the step-by-step operation of 

the system, from gas detection to automatic safety actions. 

Initialization and Monitoring: The system begins by 

initializing all components such as gas sensors, 

microcontroller, alarm unit, and ventilation fan. The methane 

(MQ-4) and carbon monoxide (MQ-7) sensors continuously 

monitor gas levels in the mining environment and send real-

time data to the microcontroller. 

Detection and Analysis: The microcontroller processes the 

sensor data and compares it with predefined safety threshold 

values. If the gas levels are within safe limits, the system 

continues normal monitoring. If the methane or CO levels 

exceed the threshold, the system identifies it as a hazardous 

condition. 

Alert and Automatic Action: When a dangerous gas level 

is detected, the system activates a buzzer and LED to alert 

workers. Simultaneously, the relay module turns ON the 

ventilation fan to reduce gas concentration. Once the levels 

return to normal, the system automatically stops the alarm and 

switches OFF the fan, resuming regular monitoring. 

Data Logging and IoT Monitoring: The system can be 

extended with IoT technology to store and transmit gas data to 

a remote server or mobile application. This enables real-time 

monitoring from a control room and helps maintain records for 

safety analysis and future improvements. 

III. WORKING PRINCIPLE 

The Smart Mine Guard System operates based on the 

principle of continuous gas detection and automatic safety 

control. It is designed to monitor hazardous gases such as 

methane (CH₄) and carbon monoxide (CO) in mining 

environments to prevent accidents and ensure worker safety. 

Gas sensors such as MQ-4 and MQ-7 are used to detect 

methane and carbon monoxide levels, respectively. These 

sensors continuously sense the surrounding air and convert gas 

concentrations into electrical signals, which are then sent to 

the microcontroller. 

The microcontroller (Arduino or Raspberry Pi) analyzes the 

sensor data by comparing it with predefined safety threshold 

values. If the detected gas levels are within safe limits, the 

system continues normal monitoring. However, if the gas 

concentration exceeds the threshold, it is identified as a 

hazardous condition. 

When a dangerous situation is detected, the system 

immediately activates an alarm using a buzzer and LED 

indicators to alert workers. Simultaneously, a relay module 

turns ON the ventilation fan to reduce gas concentration. Once 

the environment returns to safe conditions, the system 

automatically switches OFF the alarm and fan, ensuring 

continuous and reliable operation. 

IV. HARDWARE COMPONENTS 

The hardware components are the physical devices used in 

the system to perform sensing, processing, and control 

operations. 

Methane Gas Sensor (MQ-4): The MQ-4 sensor is used to 

detect methane (CH₄) gas in the mining environment. It 

continuously senses the gas concentration in the air and 

converts it into an electrical signal that can be read by the 

microcontroller. 

Carbon Monoxide Sensor (MQ-7): The MQ-7 sensor is 

designed to detect carbon monoxide (CO), a highly toxic gas. 

It provides accurate readings of CO levels and helps in 

identifying dangerous conditions at an early stage. 

Published by : International Journal of Engineering Research & Technology (IJERT)
https://www.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 03 , March - 2026

IJERTV15IS031364 Page 2

(This work is licensed under a Creative Commons Attribution 4.0 International License.)



Microcontroller (Arduino Uno): The microcontroller acts 

as the brain of the system. It receives data from the sensors, 

processes it, compares it with predefined safety limits, and 

controls output devices such as the alarm and ventilation fan. 

Relay Module: The relay module is used to control high-

power devices such as the ventilation fan and siren. It acts as a 

switch that turns these devices ON or OFF based on the signal 

received from the microcontroller. 

Ventilation Fan (12V): The ventilation fan is used to 

remove harmful gases from the mining area. When dangerous 

gas levels are detected, the fan is automatically activated to 

reduce gas concentration and improve air quality. 

Siren/Buzzer (12V): The siren provides an audible alert 

when hazardous gas levels are detected, warning workers to 

take immediate action. 

LED Indicators (Red and Green): The LEDs provide 

visual indication of system status. The green LED indicates 

safe conditions, while the red LED indicates a hazardous 

condition. 

Push Button (Reset): The push button is used to manually 

reset the system after an alert condition. 

Toggle Switch (Mode Selection): The toggle switch is 

used to select between automatic and manual modes of 

operation. 

Resistors (220Ω): Resistors are used to limit current and 

protect the LED components from damage. 

Power Supply (12V Adapter): The system is powered 

using a 12V adapter, which provides the required voltage for 

all components. 

V. BLOCK DIAGRAM

Fig. 1. Block diagram of the Smart mine guard: methane & co 

alarm with auto fan 

    Figure 1 represents a Smart Mine Guard System designed to 

detect hazardous gases such as methane using the MQ-4 

sensor and carbon monoxide using the MQ-7 sensor in mining 

environments. The gas sensors continuously monitor the air 

and send signals to the microcontroller for processing. 

    The sensor signals are provided to the Arduino Uno 

microcontroller, which acts as the brain of the system. It 

analyzes the gas levels and determines whether they are within 

safe limits or hazardous by comparing them with predefined 

threshold values. The Arduino is connected to both control 

and alert components to ensure proper system operation. 

    If a dangerous gas level is detected, the Arduino activates 

safety mechanisms. It triggers a siren/buzzer and LED 

indicators to alert nearby workers. The red LED indicates a 

hazardous condition, while the green LED indicates safe 

conditions. At the same time, the Arduino controls a relay 

module to turn ON the 12V ventilation fan, which helps 

reduce the concentration of harmful gases. 

    The system also includes a toggle switch for selecting 

between automatic and manual modes of operation, and a push 

button for resetting the system after an alert condition. The 

entire system is powered using a 12V power supply. 

    This integrated system ensures quick response, improved 

safety, and continuous monitoring in mining environments. 
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VI. ADVANTAGES 

The proposed system offers several benefits that improve 

performance, safety, and usability in mining environments. 

    Early Gas Detection: The system detects methane and 

carbon monoxide at an early stage, preventing dangerous 

situations before they become critical. 

    Improved Safety: It protects mine workers by continuously 

monitoring harmful gases and providing immediate alerts 

during hazardous conditions. 

    Automatic Operation: The system operates automatically 

without human intervention, reducing delays and minimizing 

human errors. 

    Real-Time Monitoring: Gas levels are continuously 

monitored and can be viewed instantly through an IoT 

dashboard. 

    Quick Response System: When gas levels exceed safe 

limits, the system quickly activates alarms and ventilation to 

control the situation. 

    Cost-Effective Solution: Compared to complex industrial 

safety systems, this project provides an affordable and 

efficient safety mechanism. 

Remote Alert System: Using GSM or Wi-Fi, the system 

can send alerts to users or control rooms, even if they are not 

present at the site. 

 

VII. RESULT AND DISCUSSION 

The system successfully detected methane and carbon 

monoxide gases in real time and responded effectively to 

hazardous conditions. When gas levels exceeded safe limits, it 

quickly activated the alarm and ventilation fan. The system 

demonstrated reliable performance with continuous 

monitoring and fast response. 

Gas Detection Performance: The system accurately 

detects methane and carbon monoxide gases using MQ 

sensors. It continuously monitors the environment in real time, 

helping to identify dangerous gas levels at an early stage. The 

sensor readings are stable and reliable, and proper calibration 

ensures better accuracy. 

System Response: The system responds immediately when 

gas levels exceed safe limits. It activates the buzzer and LED 

to alert workers. At the same time, the ventilation fan is 

automatically turned ON. This quick action helps reduce 

danger, and the response time is fast and effective. 

Reliability and Efficiency: The system operates 

continuously without interruption and provides consistent and 

dependable performance. All components work efficiently 

together as a unit, reducing the chances of system failure. 

Overall efficiency is suitable for safety applications. 

Safety Improvement: The system significantly improves 

safety in mining environments by reducing the risk of gas-

related accidents. Workers receive early warnings during 

hazardous situations, and automatic ventilation helps maintain 

safe air quality, ensuring a safer working environment. 

Overall, the experimental results confirm that the proposed 

system delivers reliable performance, timely alert 

transmission, and stable real-time monitoring, making it 

suitable for deployment in real-world safety-critical 

environments. 

VIII. CONCLUSION 

The Smart Mine Guard System with methane and carbon 

monoxide detection and automatic ventilation has been 

successfully developed to enhance safety in mining 

environments. The system effectively monitors hazardous gas 

levels in real time and provides immediate alerts through 

alarms when dangerous conditions are detected. Its ability to 

automatically activate the ventilation fan ensures rapid 

reduction of harmful gases, thereby minimizing risks to 

workers. 

Overall, the system proves to be a reliable, cost-effective, 

and efficient solution for mine safety. It reduces human 

intervention, improves response time, and helps prevent 

accidents caused by toxic and flammable gases. With further 

improvements such as advanced sensors and IoT integration, 

the system can be expanded for large-scale industrial 

applications and provide enhanced safety management. 
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