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ABSTRACT: Undergroundmining environments are highly prone to hazardous gas accumulation, posing serious risks 

to worker safety and operational efficiency. This paper presents a Smart Mine Gas Monitoring System that integrates 

Internet of Things (IoT) technology with Machine Learning (ML) techniques for real-time detection and prediction of 

dangerous conditions. The proposed system utilizes multiple sensors to measure environmental parameters such as 

temperature, humidity, and concentrations of harmful gases including carbon dioxide (CO₂), carbon monoxide (CO), 

and methane (CH₄).The collected sensor data is transmitted through a microcontroller-based system to a Python-based 

monitoring platform via serial communication. A trained machine learning model is employed to classify the 

environmental conditions into three categories: Normal, Warning, and Critical. The model demonstrates high accuracy, 

ensuring reliable prediction of hazardous situations. A user-friendly graphical dashboard is developed to display real-

time data and system status. 

 

In addition, the system incorporates automated alert mechanisms including buzzer activation, voice notifications, and 

email alerts to ensure immediate response during critical conditions. The data is also uploaded to a cloud platform for 

remote monitoring and analysis. The integration of IoT and AI enhances the efficiency, accuracy, and responsiveness of 

mine safety systems, significantly reducing the risk of accidents. 

 

This proposed solution offers a cost-effective, scalable, and intelligent approach for improving safety in underground 

mining environments. 
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I. INTRODUCTION 

 

Mining industries play a crucial role in global economic development by providing essential raw materials for various 

sectors. However, underground mining environments are inherently dangerous due to the presence of hazardous gases, 

unstable geological conditions, and limited ventilation. Among these risks, the accumulation of toxic and combustible 

gases such as carbon monoxide (CO), carbon dioxide (CO₂), and methane (CH₄) is one of the leading causes of fatal 

accidents. These gases can result in explosions, suffocation, and long-term health hazards for mine workers. Hence, 

ensuring continuous monitoring and early detection of such conditions is of paramount importance for improving mine 

safety. 

 

Conventional mine monitoring systems primarily rely on manual inspections and threshold-based detection techniques. 

In such systems, predefined limits are set for gas concentrations, and alarms are triggered when these thresholds are 

exceeded. Although simple to implement, these approaches suffer from several limitations, including lack of 

adaptability, delayed response, and high false alarm rates. Moreover, they fail to capture complex relationships between 

multiple environmental parameters, which are often critical in predicting hazardous situations.With the rapid 

advancement of technology, the integration of Artificial Intelligence (AI) and Internet of Things (IoT) has 

revolutionized the field of industrial safety and monitoring. IoT enables real-time data acquisition through 

interconnected sensor networks, while AI techniques provide intelligent data analysis and predictive capabilities. By 

combining these technologies, it is possible to develop smart systems that not only monitor environmental conditions 

but also predict potential hazards before they occur.In this research, a Smart Mine Gas Monitoring System is proposed, 

which leverages IoT-based sensors and Machine Learning algorithms for real-time hazard detection and classification. 
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The system collects environmental data such as temperature, humidity, and gas concentrations using multiple sensors 

deployed in the mining environment. This data is transmitted via a microcontroller to a centralized processing unit, 

where it is analyzed using a machine learning model. 

 

Among various machine learning techniques, the Random Forest algorithm is employed in this work due to its high 

accuracy, robustness, and ability to handle complex and nonlinear relationships between input features. Random Forest 

is an ensemble learning method that constructs multiple decision trees during training and outputs the class that is the 

mode of the predictions of individual trees. This approach reduces overfitting and improves generalization performance 

compared to single decision tree models. Additionally, Random Forest can effectively handle noisy and imbalanced 

data, which is common in real-world sensor-based applications. 

 

The proposed model is trained using historical sensor data and is capable of classifying environmental conditions into 

three categories: Normal, Warning, and Critical. This classification enables proactive decision-making, allowing timely 

preventive measures to be taken before a hazardous situation escalates. The performance of the model is evaluated 

using a confusion matrix, demonstrating high classification accuracy and reliability, especially in identifying critical 

conditions. 

 

Furthermore, a real-time monitoring dashboard is developed using a graphical user interface to display sensor readings 

and prediction results. The system also incorporates multiple alert mechanisms, including buzzer activation, voice 

notifications, and email alerts, to ensure immediate response during emergencies. In addition, cloud integration is 

implemented using IoT platforms for remote monitoring, data storage, and analysis. 

 

II. LITERATURE REVIEW 

 

Mine safety has been a significant area of research due to the hazardous nature of underground environments. Over the 

years, various approaches have been proposed to monitor and detect dangerous conditions, particularly focusing on gas 

leakage and environmental monitoring.Early research primarily focused on traditional monitoring systems based on 

wired sensor networks and manual inspections. These systems used fixed threshold values to detect abnormal gas 

concentrations. Although such methods were simple and cost-effective, they lacked real-time responsiveness and 

adaptability. Researchers identified that these systems were prone to false alarms and were unable to predict hazardous 

situations in advance.With the advancement of wireless communication technologies, several studies introduced 

Wireless Sensor Networks (WSNs) for mine safety applications. These systems enabled real-time data collection and 

transmission from remote locations. Various sensors were deployed to monitor parameters such as temperature, 

humidity, and gas levels. While WSN-based systems improved data accessibility and reduced human intervention, they 

still relied heavily on threshold-based decision-making, limiting their intelligence and predictive capabilities. 

 

The emergence of the Internet of Things (IoT) further enhanced monitoring systems by enabling seamless connectivity 

between sensors, devices, and cloud platforms. Researchers proposed IoT-based mine monitoring systems that allowed 

real-time visualization and remote access to environmental data. Cloud platforms were used for data storage and 

analysis, improving system scalability. However, most IoT-based solutions focused only on data collection and 

visualization, without incorporating advanced data analytics for decision-making. 

 

In recent years, the integration of Artificial Intelligence (AI) and Machine Learning (ML) techniques has significantly 

improved the effectiveness of mine safety systems. Several studies have explored the use of machine learning 

algorithms such as Decision Trees, Support Vector Machines (SVM), and Neural Networks for gas detection and hazard 

prediction. These approaches demonstrated better accuracy compared to traditional methods by learning patterns from 

historical data and identifying complex relationships between environmental parameters. 

 

Among the various machine learning techniques, the Random Forest algorithm has gained considerable attention due to 

its robustness and high accuracy. Random Forest is an ensemble learning method that combines multiple decision trees 

to improve prediction performance and reduce overfitting. Researchers have shown that Random Forest performs well 

in classification tasks involving environmental monitoring and gas detection, particularly in handling noisy and 

nonlinear data. 

 

Despite these advancements, many existing systems still face challenges such as limited real-time implementation, lack 

of integrated alert mechanisms, and insufficient focus on user-friendly interfaces. Additionally, some systems do not 

effectively combine IoT and AI into a unified framework for continuous monitoring and intelligent decision-making. 



International Journal of Engineering & Extended Technologies Research   (IJEETR) 

               |ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal | 

| Volume 8, Issue 2, March - April 2026 | 

DOI:10.15662/IJEETR.2026.0802250 

IJEETR©2026                                                    |     An ISO 9001:2008 Certified Journal   |                                                       2675 

 

To address these limitations, the proposed work integrates IoT-based sensor networks with a Random Forest-based 

machine learning model for real-time gas monitoring and hazard prediction. The system not only provides accurate 

classification of environmental conditions but also incorporates automated alert mechanisms and cloud integration, 

offering a comprehensive and intelligent solution for mine safety. 

 

III. RESEARCH METHODOLOGY 

 

The research adopts an experimental and system-based design to develop an intelligent mine safety monitoring system 

using the integration of Internet of Things (IoT) and Machine Learning techniques. The primary objective is to design a 

real-time system capable of detecting and predicting hazardous gas conditions in underground mining environments. 

 

The proposed system is structured into multiple layers, including sensing, data transmission, data processing, and 

decision-making. The sensing layer consists of various gas and environmental sensors that continuously monitor 

parameters such as temperature, humidity, carbon monoxide (CO), carbon dioxide (CO₂), and methane (CH₄). These 

parameters are critical indicators of mine safety.The collected data is transmitted through a microcontroller (Arduino 

Nano) to a centralized processing system. The processing layer is implemented using a Python-based platform, where 

data preprocessing and machine learning-based analysis are performed. A supervised learning approach is adopted, in 

which a Random Forest classifier is trained using labeled historical data. 

 

The Random Forest algorithm is selected due to its robustness, high accuracy, and ability to handle nonlinear 

relationships between multiple features. It operates by constructing multiple decision trees and combining their outputs 

to generate a final prediction. The model classifies environmental conditions into three categories: Normal, Warning, 

and Critical.The system also incorporates a user interface for real-time monitoring and integrates alert mechanisms 

such as buzzer activation, voice alerts, and email notifications. Cloud integration is implemented for remote monitoring 

and data storage. This research design ensures a comprehensive and intelligent framework for real-time hazard 

detection and decision-making in mining environments 

 

The sensors used in the system include temperature and humidity sensors (DHT11) and gas sensors capable of 

detecting carbon monoxide (CO), carbon dioxide (CO₂), and methane (CH₄). These sensors are deployed in the 

monitoring environment to continuously measure the concentration levels of gases and other environmental parameters. 

The microcontroller (Arduino Nano) reads the sensor values at regular intervals and transmits the data to a computer 

via serial communication. The transmitted data is received by a Python-based application, where it is logged and stored 

for further processing.In addition to real-time data, historical datasets are generated and labeled based on predefined 

safety conditions and domain knowledge. Each data sample is categorized into one of three classes: Normal, Warning, 

or Critical, depending on the gas concentration levels and environmental conditions. This labeled dataset is used to train 

the Random Forest model. 

 

Data preprocessing techniques are applied to improve data quality, including removal of noise, handling of missing 

values, and normalization of sensor readings. The final dataset consists of structured feature vectors representing 

temperature, humidity, CO, CO₂, and CH₄ levels. 

 

The combination of real-time data acquisition and historical dataset generation ensures that the machine learning model 

is well-trained and capable of making accurate predictions in real-world scenarios. This data-driven approach enhances 

the reliability and effectiveness of the proposed mine safety monitoring system. 

 

IV. RESULTS AND DISCUSSION 

 

The proposed Smart Mine Gas Monitoring System was successfully implemented and evaluated using real-time sensor 

data and a machine learning model based on the Random Forest algorithm. The system was tested under various 

environmental conditions to analyze its performance in detecting and classifying hazardous gas levels. 

 

The performance of the machine learning model was evaluated using a confusion matrix, which provides a detailed 

comparison between actual and predicted classifications. The model classifies the environmental conditions into three 

categories: Normal, Warning, and Critical. The confusion matrix results indicate that the model achieved high 

classification accuracy, with the majority of instances correctly predicted. 
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For the Normal class, the model correctly classified 29 instances, with only one misclassification as Warning. In the 

case of the Warning class, all 180 instances were correctly identified, showing perfect classification performance. 

Similarly, for the Critical class, all 990 instances were accurately predicted without any misclassification. The overall 

accuracy of the model was calculated to be approximately 99.9%, demonstrating its high reliability in identifying 

hazardous conditions, particularly in critical scenarios where accuracy is crucial. 

 

The real-time monitoring dashboard developed using a graphical user interface provided continuous visualization of 

sensor data, including temperature, humidity, and gas concentrations. The system successfully displayed live updates 

and prediction results, allowing users to monitor environmental conditions effectively. During testing, the system was 

able to classify conditions as Warning when gas levels exceeded safe limits, indicating its responsiveness to changing 

environmental conditions.In addition to prediction, the system effectively triggered alert mechanisms based on the 

classification results. When a Warning or Critical condition was detected, the system activated alerts such as buzzer 

notifications, voice alerts, and email messages. This ensured timely communication of potential hazards, enabling quick 

response and preventive action. 

 

Furthermore, the integration of cloud services enabled remote monitoring and data storage, enhancing the scalability 

and accessibility of the system. The data uploaded to the cloud platform allowed for further analysis and long-term 

monitoring of environmental conditions. 

 

The results demonstrate that the integration of IoT and the Random Forest algorithm significantly improves the 

accuracy and efficiency of mine safety monitoring systems. Compared to traditional threshold-based approaches, the 

proposed system provides intelligent decision-making capabilities, reduces false alarms, and ensures real-time 

responsiveness. 

 

However, certain limitations were observed during system testing. Occasional inconsistencies in sensor data, such as 

noisy or incomplete readings, affected data quality. These issues can be addressed by incorporating advanced filtering 

techniques and using higher-precision sensors. Future improvements may also include the integration of deep learning 

models and wireless communication technologies to further enhance system performance and flexibility.Overall, the 

proposed system proves to be an effective, reliable, and intelligent solution for real-time mine safety monitoring and 

hazard prediction. 

 

 

 

 
 

FIG: 1 

 

 



International Journal of Engineering & Extended Technologies Research   (IJEETR) 

               |ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal | 

| Volume 8, Issue 2, March - April 2026 | 

DOI:10.15662/IJEETR.2026.0802250 

IJEETR©2026                                                    |     An ISO 9001:2008 Certified Journal   |                                                       2677 

 

V. CONCLUSION 

 

Smart Mine Gas Monitoring System based on the integration of Internet of Things (IoT) and Machine Learning 

techniques has been successfully developed and implemented. The proposed system utilizes multiple sensors to 

continuously monitor environmental parameters such as temperature, humidity, and hazardous gas concentrations 

including CO, CO₂, and CH₄. The collected data is processed in real time and analyzed using a Random Forest 

classifier to predict the safety condition of the mining environment. 

 

The experimental results demonstrate that the proposed model achieves high accuracy in classifying conditions into 

Normal, Warning, and Critical categories, ensuring reliable detection of hazardous situations. The real-time monitoring 

dashboard provides clear visualization of sensor data, while the automated alert mechanisms, including buzzer, voice, 

and email notifications, enable immediate response during emergencies. Additionally, cloud integration allows remote 

monitoring and data storage, enhancing system accessibility and scalability. 

 

Compared to traditional threshold-based systems, the proposed approach offers improved accuracy, reduced false 

alarms, and intelligent decision-making capabilities. This makes the system more efficient and reliable for ensuring 

worker safety in underground mining environments. 

 

In conclusion, the integration of IoT and Machine Learning provides an effective and scalable solution for modern mine 

safety systems. The proposed system has the potential to significantly reduce accidents and improve overall safety by 

enabling real-time monitoring and early hazard prediction. 

 

VI. FUTURE WORK 

 

1. Integration of Advanced AI Models Implement deep learning techniques (like CNN or LSTM) for more accurate 

prediction of hazardous gas levels and accident risks. 

2. Real-Time Mobile Application Develop an Android/iOS app to monitor mine conditions live and send instant alerts 

to workers and supervisors. 

3. Wireless Communication Upgrade Replace RS232 with advanced wireless technologies like Zigbee, LoRa, or 5G 

for long-range and reliable communication. 

4. Addition of More Sensors Include sensors for dust (PM2.5), temperature, humidity, and oxygen levels for complete 

environmental monitoring. 

5. Cloud Data Analytics Use cloud platforms (like ThingSpeak, AWS, or Firebase) for big data analysis and long-

term safety predictions. 

6. Automated Emergency Response System Integrate automatic actions such as activating ventilation systems or 

alarms when dangerous conditions are detected. 

7. Wearable Safety Devices for Workers Develop smart helmets or wearable devices to monitor worker health (heart 

rate, movement, fall detection). 

8. GPS-Based Worker Tracking Implement real-time location tracking inside mines to quickly locate workers during 

emergencies. 
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