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ABSTRACT

Coal mines are one of the most important industries in the country, as they are used as fuel in the steel and cement industries to
extract iron from the stone and create cement. The coal mining industry is known for its hazardous working environment, requiring
stringent safety measures to protect miners and prevent accidents. The coal mine safety and monitoring project provides a
comprehensive solution to enhance safety within coal mines. The objective of this project is to continuously monitor critical
parameters such as temperature, gas concentration, and their position to ensure a safe working environment in coal mines. The
continuous monitoring of temperature, gas concentration, and their position, along with remote communication capabilities and
alerting mechanisms, contribute to minimizing the risk of accidents, improving response times, and overall safety standards within
coal mining operations.

KEYWORDS: The Project Utilizes Various Components, Including the ESP12E Microcontroller, 12C LCD, Buzzer, Falling
Sensor, MQ Gas Sensor, LM35 Temperature Sensor.

. INTRODUCTION

The mines are the world’s most dangerous mining operation, with thousands of workers dying each year as a result of massive
explosions. The course of Underground digging activity for human workers could be a very risky circumstance where the dangers
increment with the ascent in separation from the underground. Coal is an important asset to every country since it has a few
applications. It is used for nuclear energy, concrete, and creation and as a fuel IV.for different applications. Safe production level of
coal mine is still low, disasters in coal mine occur frequently, which lead to great loss of possession and life. The disasters happening
in coal mine are due to the complexity of mine environment and the variety of work carried out in coal mine, so it is very
necessary to monitor the working environment of coal mine.

. PROBLEM STATEMENT

In the realm of coal mining, safety and efficiency are paramount concerns. Despite advancements in technology and safety
protocols, the coal mining industry still faces significant challenges in ensuring the well-being of its workers in the hazardous
underground environment. The miles of tunnels and galleries present a complex operational landscape where traditional safety
measures often fall short. Accidents, including collisions, falls, and exposure to harmful gases, remain persistent threats to the
workforce. Moreover, the vast expanse of underground mines poses logistical challenges in monitoring and communicating with
miners in real time. In response to these pressing issues, there arises an urgent need for innovative solutions that can revo lutionize
safety standards

and operational efficiency in coal mining. This paper explores the development and implementation of a Smart Helmet tailored
specifically for coal mines. By integrating cutting-edge technologies such as 10T sensors, real time monitoring systems, and
communication modules, the Smart Helmet aims to provide miners with enhanced situational awareness, early hazard detection, and
seamless communication capabilities. Through a comprehensive analysis of the challenges faced by coal miners and the potential of
emerging technologies, this paper delves into the design, functionalities, and anticipated benefits of the Smart Helmet system. It
highlights the transformative impact such a solution could have on mitigating risks, optimizing operations, and safeguarding the
lives of coal miners in the depths of underground mines.

. LITERATURE SURVEY
1. “Integration of IoT and Wearable Technology in Coal Mining Safety: A Review”
Reference: Sharma, A., Kumar, V., & Singh, R. (2020). Integration of 10T and Wearable Technology in Coal Mining Safety: A
Review. Journal of Coal Science & Engineering, 26(4), 765-778. This review explores the integration of 10T (Internet of Things)
and wearable technology in enhancing safety measures in coal mining environments. It examines various sensors and
communication protocols used in smart helmets, along with their effectiveness in monitoring environmental conditions and
detecting hazards.
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2. Smart Helmet Systems for Enhanced Worker Safety in Underground Coal Mines: A Comprehensive Survey” Reference:
Zhang, L., Wei, D., & Li, H. (2019). Smart Helmet Systems for Enhanced Worker Safety in Underground Coal Mines: A
Comprehensive Survey. International Journal of Mining Science and Technology, 29(6), 889-900. This survey provides a
comprehensive overview of smart helmet systems designed for improving worker safety in underground coal mines. It discusses
the integration of advanced technologies such as real-time monitoring, gas detection, and communication systems into helmets to
mitigate accidents and ensure a safer working environment.

3. “Advancements in Sensor Technologies for Smart Helmets in Coal Mining: A Literature Review”
Reference: Chen, Y., Wang, S., & Liu, L. (2018). Advancements in Sensor Technologies for Smart Helmets in Coal Mining: A
Literature Review. Safety Science, 110, 363-375.This literature review examines recent advancements in sensor technologies
integrated into smart helmets for coal mining applications. It discusses the capabilities of sensors such as accelerometers, gyroscopes,
and gas detectors in detecting and alerting miners to potential hazards, thereby improving safety outcomes.

4. “Wireless Communication Systems for Smart Helmets in Underground Coal Mines: A Survey”

Reference: Gupta, S., Sharma, R., & Jain, P. (2017). Wireless Communication Systems for Smart Helmets in Underground Coal
Mines: A Survey. Journal of Mining and Environment, 8(3), 541-553. This survey focuses on wireless communication systems
integrated into smart helmets for underground coal mines. It evaluates various communication protocols, such as Zigbee and Wi-Fi,
and assesses their suitability for transmitting real-time data from helmets to control centers, facilitating prompt response to
emergencies.

5. “Integration of loT and Wearable Technology in Coal Mining Safety: A Review”

Reference: Sharma, A., Kumar, V., & Singh, R. (2020). Integration of 10T and Wearable Technology in Coal Mining Safety: A
Review. Journal of Coal Science & Engineering, 26(4), 765-778. Sharma et al. (2020) present a review focusing on the integration
of loT and wearable technology in enhancing safety measures in coal mining environments. The review explores various sensors and
communication protocols used in smart helmets, examining their effectiveness in monitoring environmental conditions and
detecting hazards.

4, METHODOLOGY
The coal mine safety and monitoring system project utilizes various components to create a comprehensive monitoring system.
Here’s a block diagram for the coal mine safety and monitoring system project: The block diagram above represents the components
and their connections in the coal mine safety and monitoring system project.
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Fig 1. Block Diagram

Here block diagram illustrates the major components and their interconnections in the coal mine safety monitoring and alerting
system. The system is built around the ESP32 Microcontroller, which serves as the central control unit. The ESP32 is responsible
for gathering data from various sensors, analyzing it, and triggering appropriate actions based on the sensor readings. At the core of
the system, there are three primary sensors: the MQ Gas Sensor for smoke detection and gas monitoring, the LM35 Temperature
Sensor for temperature measurements, and the Fall detector Sensor for falling detection. These sensors are connected to the ESP32,
which The ESP32 also interfaces with other components, including an 12C LCD and a Buzzer. The 12C LCD is used to display
real-time information such as sensor readings, alerts, and status updates. The Buzzer provides an audible alarm in case of emergencies
or abnormal sensor readings. To enable wireless communication, the system incorporates the NRF24L01 Wireless Transmitter and
Receiver modules. These modules establish a wireless connection between the coal mine monitoring system and a central control
unit located outside the mine. The central control unit is another ESP32 connected to a display or monitoring system. The
communication between the ESP32 and the central control unit is bidirectional. The ESP32 transmits sensor data wirelessly to
the central control unit, allowing real time monitoring and analysis of the mine’s safety parameters. The central control unit can
observe the alerts from the ESP32, enabling remote control and emergency response. The power supply for the system is not
explicitly shown in the block diagram but is an essential component. It ensures a stable and reliable power source for all the system
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components, considering the mine’s challenging environment. Overall, the block diagram depicts the integration of various
components, sensors, and wireless modules to create a comprehensive coal mine safety monitoring and alerting system. The ESP32
acts as the brain of the system, collecting sensor data, processing it, triggering alarms if necessary central control unit for real- time
monitoring. generating electricity stored in batteries for future use.

IMPLEMENTATION

It is a difficult challenge to the employees who is working underground mine area to communicate with each other an also their
many harmful gases present inside it. For them it

is difficult to survive. Augmented reality, a technology that overlays the system on the real world has its smart hardware system that
has been used to tackle real world problems. ‘Coal Mine Safety Monitoring And Alerting System’ a hardware project system that
will overcome the problems facing the employees in real time. The setup is done in a hardware format it can easily connected to the
undermine area for the safety purpose without any disturbance in the surrounding area and it easily detects and shows the percentage
of gases present inside. The user/admin just have to login in the Thing speak server to get the corresponding values shows in the
screen for the safety of the workers who is working inside the mine. Our Hardware system will provide solution to all these problems
by providing the users a virtual way of placing our setup in to the coal mine. The intent of our project is safety of the workers who
works in mines. As mines contains dangerous gases by which death issues occurs in a large scale.

We are using Arduino Nano it will act as mini computer, GP2Y 1010 sensor detect the amount of dust present in the mine, DHT11
sensor detect the humidity and temperature, MQ-5 semiconductor sensor will sense the methane contain in the coal mines, MQ-7
sensor senses carbon monoxide, ESP8277 is a WIFI module by which admin will get information .

6. RESULTS & DISCUSSION

IoT concepts and sensors are used to create a small, effective, and cost-efficient prototype. The temperature was successfully
measured using LM35 sensors during the testing phase, and the output was satisfactory. The DTH11 sensor was also used to monitor
humidity accurately. The MQ2 gas sensor detected gas concentrations in the area and successfully displayed a warning message on
the screen. The IR flame sensor also detected fire and displayed an alert message informing the user of its presence. For wireless
communication, the Zighee Protocol was developed and tested in various locations and distances. Wireless communication was
functional, and Zigbee delivered the best results and was fully functional. Prototype in coal mine can be seen in Fig.5, and prototype
of control room can be seen in Fig 6. Smart helmet, on the other hand, was working correctly and displaying a help message on the
screen.

During an emergency, the smart helmet communicates signals to the control room. The smart helmet is fitted with a push- button
and a ZigBee module, as illustrated in fig.8. When the amount of carbon dioxide or methane in a coalfield rises, miners begin to
feel dizzy. In this case, they can hit the panic button on their helmet, which alerts the workers in the control room and effectively
reduces the time it takes for individuals to be rescued.

The result obtained via the monitoring system has been analyzed and represented in Table 2 and Table 3, respectively, whereas
results obtained are shown in fig 7. Whereas Table 2 describes the output of the monitoring system when conditions are under control,
compares the output from all the sensors with their respective thresholds set and shows the hardware changes and their current state.
Whereas table 3 describes output in an emergency situation and what hardware changes will take place

in that situation. Fig.7. shows the actual readings obtained from the monitoring system prototype. Arduino UNO is programmed so
that the readings of all the sensors are displayed on the user interface at an interval of 5 seconds. When the threshold value has
crossed, warnings like ‘high gas concentration’, ‘close fire’, ‘high humidity” and ‘high temperature’ are displayed.
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Fig 2. Result analysis of monitoring system

Fig. 3 shows the final prototype image of the smart helmet. During an emergency, the smart helmet communicates signals to the
control room. The smart helmet is fitted with a push- button and a ZigBee module. When the amount of carbon dioxide or methane
in a coalfield rises, miners begin to feel dizzy or Any feeling of uneasiness in health or injury in the body, they can hit the panic
button on their helmet, which alerts the workers in the control room and effectively reduces the time it takes for individuals to be
rescued as help will reach faster due to quick action.

[JRTI2503152 International Journal for Research Trends and Innovation (www.ijrti.org) b364



http://www.ijrti.org/

© 2025 IJRTI | Volume 10, Issue 3 March 2025 | ISSN: 2456-3315

Figure 3: Prototype of Smart HeImt

Sr.no Sensor reading |Hardware changes Remark
1 0 Buzzer OFF Safe Condition
2. 1 Buzzer ON emergency

Table 1: result analysis of smart helmet

The discussion surrounding the implementation of the Smart Helmet system in coal mines highlights significant benefits and
challenges. Enhanced safety measures, including real-time hazard detection and collision prevention, promise to minimize
accidents and injuries. Improved communication facilitated by the helmet fosters better coordination among miners and
supervisors, enhancing emergency response and task management. Furthermore, the system offers potential gains in operational
efficiency through reduced downtime, data- driven decision-making, and predictive maintenance. However, challenges such as
technological integration, data privacy concerns, and workforce acceptance need to be addressed to ensure successful
implementation and maximize the system’s benefits.

. CONCLUSION
The system ensures the safety of miners and personnel by continuously monitoring the sensor readings and triggering the
piezoelectric buzzer in the event of hazardous conditions exceeding predefined thresholds. The audible alerts serve as immediate
warnings, enabling prompt action and evacuation if necessary.

The coal mine safety and monitoring system offers an efficient solution to mitigate potential risks and enhance safety in coal mines.
The project demonstrates the effective utilization of microcontroller-based systems, wireless communication, and sensor technology
to ensure the well-being of miners and facilitate proactive safety measures in coal mining operations.
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