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Coal mining is a high-risk industrial activity due to the presence of hazardous gases, fire hazards, and unstable environmental
conditions that can endanger the lives of workers. Conventional monitoring systems often lack continuous real-time monitoring, remote
accessibility, and efficient worker identification, reducing their effectiveness in preventing accidents. This paper presents an loT-Based Coal
Mine Monitoring and Alert System using the STM32F446RE microcontroller to enhance safety in mining environments. The proposed
system integrates multiple sensors, including the MQ-4 methane gas sensor, MQ-7 carbon monoxide sensor, DHT11 temperature and humidity
sensor, and KY-026 flame sensor, to continuously monitor environmental conditions. An EM-18 RFID reader is employed for worker
identification and attendance tracking, while a DS1307 Real-Time Clock (RTC) module provides accurate event timestamping. When any
monitored parameter exceeds predefined safety limits, the system activates a buzzer to alert nearby workers immediately. Furthermore, a
WE10 Wi-Fi module enables real-time transmission of sensor data to a cloud-based 10T dashboard, allowing remote monitoring, data
visualization, and historical analysis. Experimental results demonstrate that the proposed system effectively detects hazardous conditions,
provides timely alerts, and supports remote supervision, thereby improving worker safety and operational efficiency. The proposed solution is
cost-effective, scalable, and suitable as a prototype for future smart mine safety applications.

Internet of Things (IoT), STM32F446RE, Coal Mine Safety, Environmental Monitoring, RFID, Gas Sensors, Embedded Systems,
Cloud Monitoring.

Coal mining is one of the most hazardous industrial activities due to the presence of toxic gases, fire hazards, high
temperatures, and poor ventilation. Underground mines often contain combustible gases such as methane (CH4) and toxic gases
such as carbon monoxide (CO), which can lead to explosions, suffocation, and severe health risks if not detected at an early stage.
Ensuring the safety of mine workers requires continuous monitoring of environmental conditions and rapid response to hazardou
S situations.

Traditional mine safety systems mainly rely on manual inspections or standalone monitoring devices. These approaches
are time-consuming, provide limited real-time information, and often fail to deliver immediate warnings during emergency
situations. In addition, many existing systems do not support remote monitoring or efficient tracking of workers inside mining
areas, making rescue operations more difficult during accidents.

Recent advances in Embedded Systems and the Internet of Things (1oT) have enabled the development of intelligent
monitoring systems capable of collecting, processing, and transmitting real-time environmental data. 10T technology allows
sensor information to be accessed remotely through cloud platforms, enabling supervisors to monitor mining conditions
continuously and take preventive actions before hazards become critical.

This paper presents an loT-Based Coal Mine Monitoring and Alert System using the STM32F446RE
microcontroller. The proposed system integrates multiple environmental sensors, including the MQ-4 methane gas sensor, MQ-
7 carbon monoxide sensor, DHT11 temperature and humidity sensor, and KY-026 flame sensor, to continuously monitor the
mining environment. An EM-18 RFID reader is incorporated to identify workers and record their entry and exit, while a DS1307
Real-Time Clock (RTC) module provides accurate timestamping of events. A buzzer is used to generate immediate alerts
whenever hazardous conditions are detected.

To enable remote supervision, the system employs a WE10 Wi-Fi module that transmits real-time sensor data to a cloud-
based 10T dashboard. This allows authorized personnel to monitor environmental conditions, receive alerts, and analyze historical
data from any location. The integration of sensing, worker identification, alert mechanisms, and cloud connectivity provides a
comprehensive, low-cost, and scalable solution for improving mine safety.

The proposed system aims to reduce the risk of mining accidents by providing continuous environmental monitoring,
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early hazard detection, real-time alerts, and remote accessibility. It serves as an effective prototype that demonstrates how
embedded systems and 10T technologies can significantly enhance safety and operational efficiency in coal mining environments.

Materials
The proposed loT-based coal mine monitoring and alert system is developed using embedded hardware and sensing
modules to monitor environmental conditions and improve worker safety. The main components used in the system are listed
below:
e STM32F446RE Nucleo Board: Acts as the central processing unit, acquiring sensor data, processing information, and
controlling all peripherals.
MQ-4 Gas Sensor: Detects methane (CHa4) gas concentration in the mining environment.
MQ-7 Gas Sensor: Measures carbon monoxide (CO) levels to identify toxic gas leakage.
DHT11 Sensor: Monitors ambient temperature and relative humidity.
KY-026 Flame Sensor: Detects the presence of fire or flame hazards.
EM-18 RFID Reader and RFID Tags: Used for worker identification and entry/exit logging.
DS1307 Real-Time Clock (RTC): Provides accurate date and time information for event timestamping.
16x2 LCD with 12C Module: Displays real-time sensor readings and system status.
WE10 Wi-Fi Module: Transmits sensor data to a cloud-based 10T dashboard for remote monitoring.
Buzzer: Generates an audible alarm whenever hazardous conditions are detected.
Breadboard and Jumper Wires: Used for circuit prototyping and hardware interconnections.

Procedure Methodology

The proposed system follows a continuous monitoring approach for detecting hazardous conditions in coal mining
environments. Initially, the STM32F446RE microcontroller initializes all connected peripherals, including sensors,
communication interfaces, LCD display, RFID reader, RTC module, and Wi-Fi module.

The DHT11, MQ-4, MQ-7, and KY-026 sensors continuously acquire environmental data such as temperature,
humidity, methane concentration, carbon monoxide concentration, and flame detection. The analog sensor outputs are
converted into digital values using the internal Analog-to-Digital Converter (ADC) of the STM32 microcontroller, while
digital sensors communicate through GPIO interfaces.

The collected sensor data are processed and compared with predefined threshold values. If any parameter exceeds its
safe operating limit, the controller immediately activates the buzzer to alert nearby workers. Simultaneously, the abnormal
condition is displayed on the LCD screen.

For worker monitoring, each employee carries a passive RFID tag. When the tag is scanned by the EM-18 RFID
reader, the unique identification number is transmitted to the STM32 through UART communication. The DS1307 RTC
module provides the current date and time, enabling accurate logging of worker entry and exit records.

To enable remote supervision, the processed sensor data and RFID information are transmitted through the WE10
Wi-Fi module to a cloud-based 10T dashboard. The dashboard displays real-time environmental parameters, worker
information, and alert notifications, allowing supervisors to monitor mine conditions from remote locations.

The overall methodology integrates environmental sensing, embedded data processing, RFID-based worker
identification, local alert generation, and cloud-based monitoring into a single intelligent safety system. This integrated
approach improves accident prevention, enhances worker safety, and supports real-time decision-making in coal mining
operations.

The proposed loT-Based Coal Mine Monitoring and Alert System was successfully implemented using the
STM32F446RE microcontroller and tested under different operating conditions. The system continuously monitored
environmental parameters, including methane concentration, carbon monoxide level, temperature, humidity, and flame detection.

The MQ-4 and MQ-7 gas sensors successfully detected methane and carbon monoxide gases. When the measured gas
concentration exceeded the predefined threshold values, the STM32 microcontroller immediately activated the buzzer and
displayed a warning message on the 16x2 LCD.

The DHT11 sensor continuously measured temperature and humidity, and the obtained readings were displayed locally
on the LCD as well as transmitted to the cloud dashboard through the WE10 Wi-Fi module. The flame sensor accurately detected
the presence of fire and generated an immediate alert.

The EM-18 RFID reader successfully identified registered RFID tags and recorded worker entry and exit information
along with timestamps obtained from the DS1307 Real-Time Clock module. This information was also uploaded to the loT
dashboard for remote monitoring.

The cloud-based 10T dashboard received real-time sensor data without significant delay, allowing continuous monitoring
of environmental conditions and worker activity. The complete system operated reliably throughout the testing period,
demonstrating stable communication between sensors, the microcontroller, and the cloud platform.

The experimental results demonstrate that the proposed system effectively integrates environmental monitoring, worker
identification, and loT-based remote supervision into a single embedded platform. Continuous monitoring of methane, carbon
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monoxide, temperature, humidity, and flame conditions enables early detection of hazardous situations, thereby improving work
er safety.

The integration of RFID technology enhances personnel management by maintaining accurate entry and exit records,
which can be valuable during emergency rescue operations. The use of the WE10 Wi-Fi module and cloud dashboard enables
supervisors to monitor mine conditions remotely, improving response time and operational efficiency.

Compared with conventional monitoring systems that rely on manual inspection or standalone devices, the proposed
system provides real-time data acquisition, instant alert generation, and remote accessibility. The STM32F446RE microcontroller
efficiently handles multiple sensors and communication modules while maintaining reliable system performance.

Although the prototype demonstrated satisfactory performance, the system has certain limitations. The accuracy of low-
cost gas sensors is influenced by environmental conditions and periodic calibration is required. Future improvements may include
industrial-grade gas sensors, GPS-based worker tracking, Al-based hazard prediction, and automated ventilation control to further
enhance the reliability and scalability of the system.

This paper presented an loT-Based Coal Mine Monitoring and Alert System using the STM32F446RE microcontroller
to improve safety in coal mining environments through continuous environmental monitoring and real-time hazard detection. The
proposed system successfully integrates MQ-4 and MQ-7 gas sensors, a DHT11 temperature and humidity sensor, a KY-026
flame sensor, an EM-18 RFID reader, a DS1307 Real-Time Clock module, and a WE10 Wi-Fi module into a single embedded
platform. The developed system effectively detects hazardous gases, abnormal environmental conditions, and fire hazards while
providing immediate local alerts through a buzzer and LCD display. In addition, RFID-based worker identification enables
accurate entry and exit monitoring, improving personnel management during emergency situations. The loT-based cloud
dashboard facilitates real-time remote monitoring and data visualization, allowing supervisors to access critical information from
any location.

Experimental evaluation demonstrated that the proposed system operates reliably, provides timely hazard detection, and
enhances overall mine safety. The integration of embedded systems and loT technology offers a cost-effective, scalable, and
efficient solution for monitoring coal mine environments. Future enhancements may include the use of industrial-grade sensors,
Al-based predictive analytics, automated ventilation control, GPS-based worker tracking, and standalone 10T gateways to further
improve system accuracy, reliability, and scalability for real-world mining applications.
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