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ABSTRACT 

Rock fall incidents in underground mines 

pose significant threats to the safety of 

workers and the stability of mining 

operations. These hazards can result in 

serious injuries, fatalities, and equipment 

damage, making early detection and 

prevention strategies essential. This project 

presents an intelligent monitoring and 

predictive system for identifying potential 

rock fall hazards using a combination of 

environmental sensing, IoT technology, and 

real-time alerts. The proposed system 

integrates multiple sensors including a 

DHT11 sensor to measure environmental 

temperature and humidity, a vibration sensor 

to detect ground tremors and minor seismic 

activities, and an MQ-3 gas sensor to 

monitor the presence of gases such as 

alcohol vapors that may be indicative of 

chemical reactions or leaks. These 

parameters are crucial in evaluating the 

conditions that precede rockfalls, such as 

changes in moisture content, underground 

air quality, and unusual ground movements. 

A buzzer is used to provide immediate local 

audio alerts when abnormal readings are 

detected. The system features an I2C-based 

LCD display for on-site data monitoring, 

which shows real-time values of 

temperature, humidity, gas levels, and 

vibration intensity. The data collected from 

all sensors is processed by an ESP8266 Wi-

Fi microcontroller, which also transmits the 

information to a cloud-based IoT platform. 

This enables remote monitoring through a 

web interface or mobile app, allowing 

mining personnel and safety officers to 

receive updates and alerts from any location. 

INTRODUCTION 

Mining is a critical sector that 

contributes to economic development 

by supplying essential raw materials. 

However, underground mining  

 

 

operations are inherently dangerous due to 

the confined spaces, unstable geological 

formations, and hazardous working 

conditions. One of the most serious safety 

concerns in underground mines is the 

occurrence of rock falls, which can lead to 

fatalities, injuries, equipment damage, and 

costly operational downtime. Rockfalls 

occur when fractured rock masses become 

dislodged from the roof or walls of a mine 

tunnel. These events are often unpredictable 

and can be triggered by various factors such 

as seismic activity, temperature and 
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humidity changes, gas build-up, mining-

induced vibrations, and weakening of rock 

support systems. Therefore, monitoring 

these influencing factors and predicting 

possible rockfall events is vital to enhance 

mine safety and prevent accidents. 

Traditional methods for rockfall detection 

rely on visual inspections, manual logging, 

and geotechnical instruments like 

extensometers and convergence meters. 

While effective, these methods are labor-

intensive, costly, and often limited in 

providing real-time data. In the modern 

digital era, advancements in IoT (Internet of 

Things) and sensor technologies provide an 

opportunity to develop intelligent and 

automated systems capable of real-time 

hazard detection and prediction. This project 

proposes an integrated system that uses 

multiple low-cost sensors and a 

microcontroller to continuously monitor 

environmental and geological conditions 

within an underground mine. The system 

uses a DHT11 sensor to measure ambient 

temperature and humidity, as these 

parameters influence rock stability and 

moisture-induced degradation. A vibration 

sensor is deployed to detect tremors and 

slight ground movements, which often 

precede rock failure. Additionally, an MQ-3 

gas sensor monitors the presence of volatile 

organic compounds or gases that might 

signal chemical changes or leaks in the 

environment. 

The core of the system is the ESP8266 Wi-

Fi-enabled microcontroller, which processes 

sensor data and transmits it to a cloud-based 

IoT platform. This allows real-time data 

visualization and remote monitoring through 

web dashboards or mobile apps. An I2C-

based LCD display is used locally to show 

real-time sensor readings, ensuring that 

workers in the mine are constantly informed 

about the environmental conditions. If the 

system detects conditions that exceed 

predefined safe thresholds, a buzzer is 

activated to provide immediate audible 

alerts, warning personnel to evacuate or take 

preventive action. The key innovation in this 

system is the development of a predictive 

model that analyzes historical sensor data to 

forecast the likelihood of rockfall events. By 

applying statistical analysis and threshold-

based logic, the model identifies trends and 

abnormal behavior patterns that indicate 

potential hazards. This data-driven approach 

enables a proactive safety strategy rather 

than reactive responses. Moreover, the 

system's modular and scalable design allows 

it to be easily implemented in various mine 

settings. The use of open-source hardware 

and readily available sensors makes it cost-

effective and accessible, especially for 

small- and medium-scale mining operations. 

Future enhancements may include 

integrating GPS for location-specific hazard 

tracking, tilt sensors for structural movement 

detection, and machine learning algorithms 

to improve prediction accuracy. 

Incorporating IoT and predictive analytics in 

underground mining not only enhances 

safety but also improves operational 

efficiency by reducing unplanned 

downtimes. The ability to remotely monitor 

underground conditions in real-time 

supports better decision-making and 

resource allocation. The system also 

facilitates continuous data logging, which is 

valuable for audits, compliance, and 

research into mine safety.In summary, this 

project aims to bridge the gap between 

traditional mining safety practices and 
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emerging smart technologies. By leveraging 

affordable sensors, IoT connectivity, and 

predictive modeling, it offers a robust 

solution for monitoring and mitigating 

rockfall hazards in underground mines. The 

development of such systems marks a 

significant step forward in the evolution of 

intelligent mining infrastructure and 

workplace safety standards. 

EXISTING SYSTEM 

Underground mining is one of the most 

hazardous professions, especially due to 

unpredictable geological events like 

rockfalls. Traditionally, various methods and 

technologies have been used to detect and 

monitor rockfall hazards in mines. However, 

most of these systems come with limitations 

in cost, accuracy, scalability, or real-time 

feedback. The existing systems can be 

broadly categorized into manual monitoring 

techniques and semi-automated geotechnical 

instruments. One of the most common 

practices in existing systems is manual 

inspection, where trained personnel conduct 

regular visual surveys of mine tunnels. They 

inspect the walls and ceilings for cracks, 

deformation, or loosened rock. While this 

method is cost-effective and simple, it is 

highly dependent on human judgment and 

often fails to identify hidden or sudden 

threats. Moreover, it exposes personnel to 

dangerous conditions, increasing the risk of 

accidents during the inspection process. In 

addition to manual inspection, many mining 

operations use geotechnical monitoring 

instruments such as convergence meters, 

stress gauges, extensometers, and seismic 

sensors. These tools measure stress changes, 

displacement of rock surfaces, and seismic 

activity within the mine. While these 

instruments are capable of providing reliable 

data, they are often expensive to deploy 

and maintain. Moreover, they require 

expert interpretation of the data, and 

real-time monitoring may not always 

be available unless integrated with an 

advanced data system. Some mines 

employ laser scanners or LIDAR 

systems to create 3D models of tunnel 

structures. These systems help in detecting 

changes in rock surfaces over time. 

Although highly accurate, LIDAR-based 

solutions are expensive and generally used 

only in large mining operations due to their 

cost and complexity. They are also not ideal 

for continuous, real-time hazard detection. 

DISADVANTAGES 

1. Lack of Real-Time Monitoring 

• Most traditional systems do not offer 

real-time data collection or alerts. 

• Hazard detection and response are 

delayed, increasing the risk to 

workers.  

2. High Cost of Equipment 

• Instruments like LIDAR, 

extensometers, and seismic sensors 

are expensive. 

• Not feasible for small- or medium-

scale mining operations with limited 

budgets. 

3. Manual Dependency 

• Regular visual inspections are labor-

intensive and prone to human error. 
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• Relies heavily on worker experience 

and intuition, which can be 

inconsistent. 

4. Limited Predictive Capability 

• Existing systems primarily detect 

current conditions, not future risks. 

• No effective predictive analytics or 

trend analysis to forecast rockfalls. 

5. Poor Integration 

• Different instruments function 

independently without centralized 

control. 

• Lack of integration with IoT or cloud 

systems for centralized data access. 

PROPOSED SYSTEM 

The proposed system aims to address the 

limitations of existing rockfall monitoring 

techniques in underground mines by 

leveraging IoT and real-time environmental 

sensing. This intelligent system integrates 

various sensors with an ESP8266 

microcontroller to continuously monitor 

critical factors that can lead to rockfall 

events. The DHT11 sensor is used to 

measure ambient temperature and humidity, 

which are key indicators of moisture buildup 

and rock weakening over time. A vibration 

sensor detects subtle ground movements and 

tremors that may precede a rockfall. 

Additionally, an MQ-3 gas sensor monitors 

the presence of alcohol-based or volatile 

gases, which, although not directly causing 

rockfalls, may signal the presence of 

chemical activity, overheating, or system 

leaks that compromise underground 

stability. 

The ESP8266 microcontroller serves as the 

central unit that collects sensor data and 

transmits it wirelessly to an IoT platform 

such as Blynk, ThingSpeak, or Firebase. 

This enables real-time remote monitoring 

via web dashboards or mobile applications. 

An I2C LCD display is placed on-site to 

provide mine workers with live updates of 

temperature, humidity, gas concentration, 

and vibration levels.  

ADVANTAGES 

1. Real-Time Monitoring 

• Continuously tracks environmental 

parameters like temperature, 

humidity, vibrations, and gas levels. 

• Helps in detecting early signs of 

danger, allowing for quick action and 

prevention. 

2. Instant Alerts and Notifications 

• Buzzer provides immediate on-site 

warnings in case of abnormal 

conditions. 

• Alerts can also be sent remotely 

through IoT platforms and mobile 

apps for rapid response. 

 3. Remote Accessibility 

• Data can be accessed in real-time 

from anywhere using a smartphone 

or computer. 

• Enables safety officers and engineers 

to monitor underground conditions 

without being physically present. 
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4. Predictive Hazard Detection 

• Analyzes historical data to forecast 

potential rockfall risks. 

• Allows preventive measures to be 

taken before an actual hazard occurs. 

5. Cost-Effective Solution 

• Uses low-cost sensors and open-

source microcontrollers like 

ESP8266. 

• More affordable than traditional 

geotechnical instruments or LIDAR 

systems. 

 

BLOCK DIAGRAM 

 

HARDWARE COMPONENTS  

ESP8266

 

The NodeMCU ESP8266 is a low-cost, Wi-

Fi-enabled microcontroller that serves as the 

central processing and communication unit 

in the underground rock fall hazard 

detection system. It reads data from various 

connected sensors—such as the DHT11 for 

temperature and humidity, the MQ-135 for 

gas detection, and the vibration sensor—and 

processes this data in real time. Using its 

built-in analog and digital pins, the ESP8266 

receives sensor inputs, compares them 

against predefined thresholds, and takes 

action accordingly by activating output 

devices like the buzzer and I2C LCD for 

alerts and display. One of its key features is 

its ability to connect to the internet via Wi-

Fi, enabling real-time data transmission to 

cloud-based IoT platforms like ThingSpeak 

or Blynk. This allows remote monitoring of 

underground environmental conditions and 

supports the development of predictive 

models for rock fall hazards. Its compact 

design, low power consumption, and 

wireless connectivity make the NodeMCU 

ESP8266 ideal for smart mining applications 

where real-time alerts and remote data 

access are critical for enhancing safety and 

response time. 
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DHT11 Sensor 

 

The DHT11 sensor plays a crucial role in 

monitoring environmental conditions within 

underground mines by accurately measuring 

temperature and humidity levels. It consists 

of a capacitive humidity sensor and a 

thermistor, which detect changes in the 

surrounding atmosphere. These analog 

signals are internally converted to digital 

data and transmitted to a microcontroller, 

such as the ESP8266, through a single data 

pin. In the context of rock fall hazard 

detection, variations in temperature and 

humidity can serve as early indicators of 

potential structural instability. For instance, 

excessive humidity can weaken rock 

formations and support structures, while 

high temperatures can cause expansion and 

stress within the rock. By continuously 

capturing this data, the DHT11 sensor 

enables real-time monitoring, which is 

displayed on an LCD and transmitted via 

IoT platforms for remote analysis. This 

helps in early detection and prevention of 

hazardous conditions in underground mining 

environments, enhancing worker safety and 

enabling predictive modeling for rock fall 

risks. 

MQ-135 GAS SENSOR 

 

The MQ-135 gas sensor is designed to detect 

a variety of harmful gases such as ammonia, 

benzene, carbon dioxide, and smoke, 

making it highly suitable for monitoring air 

quality in underground mines. The sensor 

contains a sensitive layer made of tin 

dioxide (SnO₂), whose electrical 

conductivity changes in response to the 

concentration of certain gases in the air. 

When toxic gases are present, the resistance 

of the sensing material decreases, allowing 

more current to flow through the circuit. 

This change in voltage is then read by a 

microcontroller like the ESP8266, which 

processes the data and can trigger alerts or 

display readings. In underground mining 

environments, the detection of such gases is 

critical, as the accumulation of toxic or 

flammable gases can lead to explosions, 

suffocation, or trigger geological shifts that 

may result in rock falls. By continuously 

monitoring air quality, the MQ-135 sensor 

contributes to early warning systems, 

improves worker safety, and supports the 

predictive model aimed at preventing rock 

fall incidents. 

Buzzer 
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The buzzer is an essential output device in 

the underground rock fall hazard detection 

system, used to provide immediate audible 

alerts when abnormal or dangerous 

conditions are detected. It operates on the 

principle of converting electrical energy into 

sound using piezoelectric or electromagnetic 

mechanisms. When the microcontroller, 

such as the ESP8266, receives data from 

sensors like the DHT11, MQ-135, or 

vibration sensor that exceed predefined 

safety thresholds, it sends a signal to activate 

the buzzer. The buzzer then emits a loud 

beeping sound to warn nearby workers of 

potential hazards such as toxic gas presence, 

unsafe temperature or humidity levels, or 

abnormal vibrations that could indicate an 

impending rock fall. This real-time warning 

enables workers to evacuate or take 

necessary safety measures promptly. By 

acting as a first line of alert, the buzzer plays 

a critical role in enhancing safety and 

minimizing risks in underground mining 

operations. 

 

 

 

I2C LCD (Liquid Crystal Display) 

 

 

The I2C LCD (Liquid Crystal Display) is a 

key output component used to visually 

present real-time sensor data in the 

underground rock fall hazard detection 

system. Unlike traditional parallel LCDs, the 

I2C LCD uses the I2C communication 

protocol, which requires only two wires—

SDA (data line) and SCL (clock line)—to 

communicate with the microcontroller, 

significantly reducing wiring complexity. 

Internally, the LCD contains a liquid crystal 

layer that changes its alignment when an 

electric field is applied, controlling the 

passage of light through polarized filters to 

display characters on the screen. In this 

project, the I2C LCD is interfaced with the 

ESP8266 microcontroller to display readings 

from the DHT11 sensor (temperature and 

humidity), MQ-135 gas sensor, and 

vibration sensor. When sensor values cross 

critical thresholds, the LCD shows 

corresponding alerts, helping workers 

visually understand the environmental 

conditions inside the mine. This visual 

feedback complements the buzzer alerts, 

providing a clear and immediate display of 

hazardous parameters to enhance situational 

awareness and safety in underground mining 

operations. 

SOFTWARE  

The Arduino IDE (Integrated 

Development Environment) is the primary 

software tool used for programming the 

NodeMCU ESP8266 microcontroller in this 

project. It provides a simple and user-

friendly interface for writing, compiling, and 

uploading code written in embedded C/C++ 

to the hardware. The IDE supports a wide 

range of libraries, such as DHT.h for 

temperature and humidity sensing, MQ135.h 
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for gas detection, LiquidCrystal_I2C.h for 

LCD control, and ESP8266WiFi.h for 

enabling Wi-Fi communication. With the 

help of the Arduino IDE, developers can 

easily define how the system should respond 

to various environmental conditions, such as 

triggering a buzzer if dangerous gas levels or 

abnormal vibrations are detected. The IDE 

also allows for real-time debugging using 

the serial monitor, which is useful for 

viewing live sensor data and diagnosing 

issues during development. Additionally, the 

flexibility of the Arduino IDE enables 

integration with IoT platforms like 

ThingSpeak or Firebase by writing code that 

pushes sensor data to the cloud. This data 

can later be used for visualization, remote 

monitoring, or training predictive models. 

Overall, the Arduino IDE plays a central 

role in implementing the logic, control, and 

communication mechanisms of the system, 

making it an essential tool for developing 

reliable and intelligent embedded solutions 

for mine safety applications. 

APPLICATIONS 

• Underground mining operations for 

real-time rock fall and gas hazard 

detection 

• Tunnel construction and maintenance 

safety monitoring 

• Subterranean railway and metro 

systems 

• Cave exploration and underground 

archaeological sites 

• Chemical plants and gas-leak 

sensitive industrial areas 

• Disaster-prone zones such as 

landslide or earthquake regions 

• Remote monitoring via IoT in large 

mining or infrastructure projects 

• Government safety and inspection 

agencies 

• Academic research and 

environmental data collection 

• Development of AI-based predictive 

models for hazard forecasting 

FUTURE SCOPE 

The underground rock fall hazard detection 

system holds vast potential for future 

development and expansion. One key area is 

the integration of advanced artificial 

intelligence (AI) and machine learning 

(ML) algorithms to analyze historical sensor 

data and accurately predict hazardous events 

before they occur. The system can be further 

enhanced by adding more types of sensors, 

such as carbon dioxide (CO₂), methane 

(CH₄), or barometric pressure sensors, to 

provide a more comprehensive 

environmental assessment. In the future, a 

dedicated mobile application could be 

developed to allow workers and supervisors 

to receive real-time alerts and monitor mine 

conditions remotely. The entire system 

could be made more sustainable by 

incorporating solar-powered modules, 

especially for use in remote or power-

constrained underground environments. 

Additionally, incorporating automatic 

ventilation systems or emergency lighting 

that respond to sensor data could further 

enhance safety. By leveraging edge 

computing, faster data processing can be 

achieved locally without relying entirely on 

cloud services. As the technology matures, 

deploying multi-node sensor networks 

across large mining areas and tunnels could 

offer broader coverage and more detailed 

environmental mapping. Overall, these 

advancements would significantly improve 

hazard prediction, real-time response, and 

the overall safety of workers in high-risk 

underground operations. 
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CONCLUSION 

The underground rock fall hazard detection 

system using sensors and IoT technology 

provides a practical and effective solution to 

enhance safety in underground mining and 

other hazardous environments. By 

integrating the DHT11 sensor for monitoring 

temperature and humidity, the MQ-135 

sensor for detecting harmful gases, and a 

vibration sensor for identifying ground 

movements, the system offers real-time 

awareness of critical environmental 

conditions. The NodeMCU ESP8266 

microcontroller serves as the central unit for 

processing data and transmitting it to cloud 

platforms for remote monitoring. Visual and 

audible alerts via the I2C LCD and buzzer 

ensure timely warnings to on-site workers, 

potentially preventing accidents and saving 

lives. The use of IoT enables continuous 

data logging and supports the development 

of predictive models that can forecast 

hazards based on historical trends. Overall, 

the system demonstrates how embedded 

systems and smart technologies can be 

leveraged to improve safety, increase 

operational efficiency, and support proactive 

decision-making in high-risk underground 

settings.  

IMPLEMENTATION SCREENSHOT 
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