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Abstract- Mining operations, especially in underground coal 

mines, pose significant risks to workers due to hazardous 

environmental conditions such as high temperatures and the 

presence of toxic gases like methane and carbon dioxide. 

Ensuring miners' safety remains a critical challenge due to the 

lack of real-time monitoring and communication systems. This 

paper proposes a Smart Helmet equipped with an advanced 

sensor-based system for detecting air quality and hazardous 

events in mining environments. The helmet incorporates gas 

sensors, temperature sensors, collision detectors, and location 

tracking modules, all integrated with an ESP32-based circuit. 

The collected data is transmitted in real-time via Wi-Fi-based 

cloud monitoring, allowing for continuous surveillance of 

miners' working conditions. In case of dangerous gas levels or 

potential hazards, the system triggers an alert mechanism 

using a buzzer and cloud-based notifications, enabling swift 

response and preventive actions. This IoT-enabled solution 

enhances miners' safety, reduces the risk of accidents, and 

ensures a more secure working environment in underground 

mines. 
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I. INTRODUCTION 

 

  Mining plays a crucial role in the economic 

growth of any country by providing raw materials essential for 

various industries [1]. The extraction and processing of these 

resources create employment opportunities and contribute to 

technological advancements. However, mining operations, 

particularly in underground environments, pose significant 

safety and health risks to workers. Harsh working conditions, 

exposure to hazardous gases such as methane (CH₄) and 

carbon dioxide (CO₂), high temperatures, and risks of cave-ins 

make it imperative to develop smart safety solutions to protect 

miners [2]. 

 

Ensuring the safety of miners has always been a 

priority in the mining industry. Conventional safety systems 

rely on manual monitoring and wired communication, which 

are often inefficient and costly to maintain in underground 

environments [3]. A reliable, real-time, and automated safety 

system is necessary to prevent accidents and provide 

emergency alerts. With advancements in Internet of Things 

(IoT) technology and wireless sensor networks (WSN), new 

approaches have been developed to enhance occupational 

safety in mining operations [4]. 

 

This paper proposes a Smart Helmet for Air Quality 

and Hazardous Event Detection in the mining industry, 

integrating IoTbased real-time monitoring and safety alert 

mechanisms. The helmet is equipped with gas sensors, 

temperature sensors, collision detectors, and an emergency 

alert button, all interconnected using an ESP32-based 

microcontroller. The collected data is transmitted through a 

Wi-Fi-based cloud monitoring system, allowing for 

continuous tracking of workers’ health and environmental 

conditions [5]. The system is designed to detect hazardous 

conditions, including toxic gas leaks, excessive heat, and 

sudden impacts, and immediately trigger an alarm and send 

alerts to a cloud server for rapid response [6]. 

 

Additionally, each helmet features a panic/emergency 

button that allows miners to send a distress signal in case of 

emergencies such as gas inhalation, physical injuries, or mine 

collapses. The integration of wireless communication and 

cloud-based monitoring ensures that safety alerts reach the 

control center in real time, enabling prompt rescue operations 

[7]. 

 

The primary objectives of this study are: 

 

• Real-time environmental monitoring using gas 

sensors and temperature sensors. 

• Accurate location tracking of miners using Wi-Fi-

based positioning. 

• Immediate hazard detection and emergency response 

through automated alert systems. 

• Integration of IoT and cloud computing for efficient 

safety management. 
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By leveraging wireless sensor networks (WSN), IoT, 

and cloud computing, this system enhances the safety of 

miners by providing continuous monitoring, early warning 

mechanisms, and quick response systems. The proposed 

solution aims to reduce the risks associated with underground 

mining operations and improve the overall safety and 

efficiency of the mining industry [8]. 

 

II. LITERATURE SURVEY 

 

IoT-Based Mining Safety Systems: 

 

IoT technology has significantly improved real-time 

monitoring and safety in various industries, including mining. 

IoT-based smart helmets and wearable devices have been 

developed to monitor toxic gases, worker health, and 

environmental conditions [9]. Gupta et al. (2021) proposed an 

IoT-enabled smart helmet equipped with gas sensors, 

temperature sensors, and Wi-Fi-based communication to 

provide real-time monitoring and safety alerts [10]. This 

system effectively reduced accident rates by sending alerts to 

the control room whenever hazardous conditions were 

detected. 

 

In another study, Kumar and Singh (2020) developed 

a real-time monitoring system for underground mines using 

ESP32 microcontrollers and cloud computing [11]. Their 

system successfully monitored methane (CH₄) and carbon 

monoxide (CO) levels, temperature fluctuations, and worker 

locations, significantly improving the response time to 

emergencies.  

 

Wireless Sensor Networks (WSN) for Mining Safety: 

 

Wireless Sensor Networks (WSNs) have been widely 

used in remote monitoring applications due to their low power 

consumption, flexibility, and scalability [12]. White et al. 

(2020) demonstrated a WSN-based monitoring system that 

deployed distributed sensor nodes to detect cave-ins, gas 

leaks, and sudden pressure changes in underground tunnels 

[13]. 

 

Similarly, Zhang et al. (2023) developed an 

automated WSN model that used multi-hop wireless 

communication to transmit real-time sensor data from 

underground mines to a cloud-based centralized control 

system [14]. Their study highlighted the effectiveness of 

WSNs in remote safety monitoring, particularly in harsh 

environments where wired communication is not feasible. 

 

Cloud-Based Mining Safety Systems: 

Cloud computing has enabled efficient data 

processing and storage for real-time safety monitoring in 

hazardous industries. Chen et al. (2017) proposed a cloud-

based mining safety system that collected real-time gas 

concentration, temperature, and worker movement data, and 

stored it in the cloud for faster emergency response [15]. The 

study emphasized how cloud integration improves 

decisionmaking efficiency in accident scenarios. 

 

A similar approach was presented by Patel (2022), 

who introduced a cloud-integrated IoT safety system for 

underground mines [16]. Their system enabled automated 

alerts, real-time monitoring dashboards, and predictive 

analysis, making proactive safety management possible. 

 

GPS and GSM-Based Emergency Response Systems: 

 

In addition to IoT and WSNs, GPS and GSM 

technologies have been integrated into safety systems to 

improve worker tracking and accident response times [17]. 

Wilson (2018) developed a GPSbased mine tracking system 

that monitored worker movements and sent emergency alerts 

in case of accidents or hazardous conditions [18]. 

 

Furthermore, Brown (2019) proposed a GSM-based 

accident detection and reporting system that automatically sent 

accident location details to rescue teams when an emergency 

occurred [19]. Their study proved that real-time location 

tracking significantly reduces emergency response times and 

saves lives in mining operations. 

 

III. METHODOLOGY 

 

The proposed IoT-based smart helmet for miner 

safety integrates multiple sensors, real-time data transmission, 

cloud storage, and an emergency alert system to ensure 

continuous monitoring and accident prevention. This section 

outlines the system design, hardware and software 

components, data processing approach, and implementation 

strategy. 

 

System Architecture 

 

The proposed system architecture consists of the following 

key components: 

 

• Smart Helmet Unit: Equipped with gas sensors (MQ-

2, MQ-7), temperature sensors (DHT11), 

accelerometers (MPU6050), and heart rate sensors 

(MAX30100) to monitor environmental and worker 

conditions. 
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• Microcontroller Unit: The ESP32 microcontroller is 

used for sensor data acquisition, preprocessing, and 

wireless transmission via Wi-Fi/Bluetooth [20]. 

• Wireless Communication: The system uses LoRa, 

Wi-Fi, and GSM modules for real-time data 

transmission to the central monitoring station [21]. 

• Cloud-Based Data Processing: A cloud database 

(Firebase/AWS IoT) is used for real-time data 

logging, analysis, and visualization [22]. 

• Alert System: If hazardous conditions are detected, 

instant alerts (SMS, app notifications, alarms) are 

sent to miners and supervisors [23]. 

 

Hardware Components The hardware implementation consists 

of: 

 

Sensors: 

 

• Gas Sensors (MQ-2, MQ-7) – Detects toxic gases 

like CO, CH₄, and smoke [24].  Temperature and 

Humidity Sensor (DHT11) – Monitors heat levels 

and humidity [25]. 

• Accelerometer (MPU6050) – Detects sudden falls, 

shocks, or unusual movements [26]. 

• Heart Rate Sensor (MAX30100) – Monitors miner’s 

health conditions [27]. 

• Microcontroller: ESP32 with built-in Wi-Fi and 

Bluetooth connectivity [28]. 

• Communication Modules: LoRa/GSM module for 

longrange transmission [29]. Software 

Implementation 

• Data Acquisition and Processing: 

• Sensor data is read via ESP32 and using edge 

computing techniques [30]. 

• Threshold-based decision-making is applied to detect 

hazardous conditions [31]. 

 

Data Transmission: 

 

• LoRa/GSM sends real-time alerts to the cloud and 

emergency contacts [32]. 

• Cloud Computing & Dashboard:  The data is stored 

in a cloud database (AWS IoT, Firebase) [33]. 

• A mobile and web dashboard (Node.js, React, and 

Flask-based backend) displays real-time data [34]. 

 

Alert Mechanism: 

 

• If toxic gas levels exceed safety limits, temperature 

crosses a threshold, or a miner collapses, an 

emergency alert is triggered and sent via SMS/email 

through the Twilio API [35]. Implementation 

Strategy: 

 

System Design & Component Selection: 

 

• Selection of appropriate sensors, communication 

modules, and cloud services. 

• Hardware Integration & Testing: 

• Interfacing sensors with ESP32 microcontroller. 

• Testing individual sensors for accuracy and response 

time [36]. 

 

IV. SOFTWARE DESCRIPTION FOR MODELSIM 

 

• Embedded firmware is developed in Arduino IDE 

&Micropython. 

• Cloud API integration for data storage and retrieval 

[37]. 

 

Prototype Development & Field Testing: 

 

• Helmet is tested in controlled environments for 

sensor response and data transmission. 

• Final prototype is tested in a simulated mining 

environment to analyze system performance [38]. 

 

Deployment & Evaluation: 

 

• Real-time evaluation in mining environments for 

system validation. 

• Comparison with existing safety systems for 

performance metrics [39]. 

 

Block Diagram: 

 

 
Fig .1.Blockdiagram 

 

 

 

 



IJSART - Volume 11 Issue 3 – MARCH 2025                                                                                            ISSN [ONLINE]: 2395-1052 

 

Page | 130                                                                                                                                                                     www.ijsart.com 

 

V. CONCLUSION 

 

The IoT-based smart helmet for miner safety 

provides an effective real-time monitoring system to enhance 

worker safety in hazardous mining environments. By 

integrating multiple sensors (gas, temperature, humidity, 

accelerometer, and heart rate), wireless communication (LoRa, 

GSM, Wi-Fi), and cloud-based data processing, the proposed 

system ensures continuous environmental and health 

monitoring of miners. 

 

The system detects toxic gases, extreme 

temperatures, worker falls, and abnormal heart rates, instantly 

triggering alerts via SMS, emails, and alarms to miners and 

supervisors. The use of ESP32 microcontroller-based edge 

computing optimizes data processing and transmission 

efficiency, while cloud integration (AWS IoT, Firebase) 

allows for remote monitoring and historical data analysis. The 

developed web and mobile dashboards provide real-time 

safety insights, making mining operations more secure and 

efficient. 

 

Through testing and evaluation in simulated 

environments, the prototype demonstrated high reliability in 

detecting hazards and transmitting alerts. The low-cost and 

energy-efficient design makes this system scalable and 

suitable for underground mining safety applications. 

 

Future Scope 

• AI and ML Integration: Predictive analytics for early 

hazard detection. 

• Blockchain-Based Data Security: Secure sensor data 

logging for tamper-proof safety records. 

• 5G Implementation: Faster real-time communication 

for remote mine operations. 

• Enhanced Wearability: Lightweight materials and 

wireless charging for improved usability. 
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