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ABSTRACT: Mining operations pose significant safety challenges due to hazardous environmental conditions such as 

high temperatures, toxic gases, fire outbreaks, and water inundation. Coal Safe: Integrated Monitoring and Alerting 

System for Enhanced Mine Worker Safety is an IoT-based solution designed to continuously monitor these critical 

parameters and provide real-time alerts to ensure worker safety. The system integrates multiple sensors, including 

DHT11 (temperature and humidity), gas sensors (for toxic gas detection), fire sensors (for flame detection), and water 

level sensors (for flood monitoring). These sensors collect environmental data, which is processed using an ESP8266 

microcontroller. The data is then displayed on an LCD module for on-site monitoring and transmitted to a cloud-based 

IoT platform for remote access. In case of hazardous conditions such as excessive gas levels, fire, high temperatures, or 

rising water levels, the system activates a buzzer alert and sends real-time notifications via IoT to safety personnel, 

enabling immediate response and preventive action. This proactive approach enhances mine safety, reduces the risk of 

fatal accidents, and ensures a secure working environment for miners. By leveraging IoT technology, Coal Safe 

provides an efficient, automated, and scalable solution for real-time mine safety monitoring, helping to mitigate risks 

and improve worker protection in underground and open-pit mining operations. 
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I. INTRODUCTION 

 

Mining has long been recognized as one of the most hazardous industrial occupations in the world. Despite 

advancements in safety protocols, miners continue to face significant risks due to unpredictable environmental 

conditions within underground and open-pit mining operations. These risks include high ambient temperatures, 

accumulation of toxic gases such as methane and carbon monoxide, fire hazards, and sudden water ingress that can lead 

to flooding. Such conditions not only jeopardize the safety of workers but also compromise the efficiency of mining 

operations and can result in devastating accidents if not addressed promptly. 

 

Traditionally, safety monitoring in mines relies heavily on manual inspections or basic alert systems, which are often 

reactive rather than proactive. These methods may not provide real-time information or early warnings, limiting the 

ability of safety personnel to intervene before conditions become dangerous. As the mining industry evolves, so too 

must the safety technologies that protect its workforce. 

 

The emergence of the Internet of Things (IoT) offers a transformative approach to mine safety. IoT enables the 

integration of sensors, communication devices, and cloud platforms to create intelligent systems capable of real-time 

environmental monitoring, data analytics, and automated alerting. Leveraging this potential, the Coal Safe: Integrated 

Monitoring and Alerting System for Enhanced Mine Worker Safety has been developed to provide a modern, 

efficient, and scalable solution to safety challenges in mining environments. 

 

This system is designed not only to monitor critical environmental parameters but also to take immediate action 

when unsafe conditions are detected, thereby enhancing worker protection and reducing the risk of fatal incidents. By 
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combining sensor technology with real-time communication and cloud computing, Coal Safe represents a significant 

step forward in creating a safer and smarter mining industry. 

 

II.PROPOSEDSYSTEM 

 

The Coal Safe system is an IoT-based environmental monitoring and alerting solution tailored for mining operations. 

Its primary objective is to ensure continuous surveillance of key safety-related parameters and provide instant alerts to 

both on-site and remote personnel in the event of hazardous conditions. The system consists of several core 

components that work together seamlessly to detect, process, and communicate safety threats: 

1. Sensor Array 

A variety of sensors are deployed throughout the mining site to monitor specific environmental conditions: 

• DHT11 Temperature and Humidity Sensor: Tracks the ambient temperature and humidity, which is 

essential for detecting overheating and maintaining a safe working climate. 

• Gas Sensors (e.g., MQ series): Identify the presence of toxic or combustible gases such as methane (CH₄), 
carbon monoxide (CO), and others. These gases can be lethal in enclosed spaces and must be detected early to 

prevent suffocation or explosions. 

• Fire/Flame Sensor: Detects the presence of open flames or high heat sources, enabling immediate alerts in the 

event of a fire outbreak. 

• Water Level Sensor: Monitors water accumulation in mine shafts or tunnels to detect potential flooding or 

water ingress. 

 

2. Microcontroller (ESP8266) 

At the heart of the system is the ESP8266 microcontroller, a low-cost, Wi-Fi-enabled module responsible for: 

• Collecting data from all connected sensors. 

• Processing and analyzing the data to identify abnormal or dangerous conditions. 

• Displaying real-time environmental readings on an LCD module for on-site workers. 

• Transmitting sensor data to a cloud-based IoT platform for remote monitoring and logging. 

 

3. Alert Mechanism 

When the system detects conditions that exceed predefined safety thresholds, it triggers the following alerts: 

• Buzzer Alarm: Provides immediate on-site audio warnings to alert workers nearby. 

• IoT Notifications: Sends real-time alerts to remote safety personnel or supervisors via the cloud platform, 

ensuring that decisions can be made and action can be taken swiftly, even from off-site locations. 

 

4. Cloud Integration 

The integration with a cloud-based IoT platform (such as Blynk, ThingSpeak, or Firebase) ensures that all sensor 

data is: 

• Continuously logged for historical analysis. 

• Accessible remotely in real-time via mobile or web interfaces. 

• Used to generate visual dashboards and trends, which can aid in predictive maintenance and safety planning. 

• Key Benefits of the Coal Safe System 

• Real-time Monitoring: Continuous, live feedback from the mining environment helps prevent accidents 

before they occur. 

• Immediate Alerts: Both local (buzzer) and remote (IoT notifications) alerts enable quick response times. 

• Scalability: Can be expanded to cover larger areas or integrate additional sensors as needed. 

• Remote Accessibility: Allows safety personnel to monitor multiple sites from anywhere with internet access. 

• Data-Driven Insights: Historical data can be analyzed to identify patterns, predict risks, and improve long-

term safety strategies. 
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III. EXPERIMENTAL RESULTS 

 

 
 

Fig.1: Temperature output 

 



© 2025 IJIRCCE | Volume 13, Issue 4, April 2025|                                        DOI: 10.15680/IJIRCCE.2025.1304189 

 
   

IJIRCCE©2025                                                       |     An ISO 9001:2008 Certified Journal   |                                                   9338 

 
 

Fig.2:  Methane output 

 

 
 

Fig.3: Humidity Output 
 

IV. CONCLUSION 

 

The CoalSafe: Integrated Monitoring and Alerting System is a revolutionary IoT-based solution designed to 

enhance mine safety by monitoring environmental parameters in real-time. By integrating temperature, gas, fire, and 

water level sensors, the system ensures a safe working environment for miners and prevents fatal accidents. With 

real-time alerts, cloud-based remote access, and IoT-driven automation, Coal Safe is a cost- effective, scalable, and 

efficient safety solution for mining operations. While challenges like network dependency and sensor calibration 

exist, future advancements in AI, edge computing, and wearable integration can further enhance system capabilities 
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