
 

 

SURVEILLANCE OF UNDERGROUND MINES WITH IOT BASED SYSTEM 

 
V.Sailakshmi

1
    S.Nivash

2 

1
M Tech Embedded System Technology, SRM University, Chennai, India  

1
sai261192@gmail.com

 

2
Assistant Professor, ECE Department, SRM University, Chennai, India 

2
nivash.s@ktr.srmuniv.ac.in 

 

 

Abstract: The scientific objective of this paper is 

to parent out a complicated platform for personnel 

supervision and renovation duties. Underground 

mining surveillance plays a critical role in the 

safety and security of man and machine. 

Currently, sensors and analog cameras are used 

for environmental condition monitoring. In order 

to sense and remotely access the mining 

conditions, Internet of Things has been applied. 

This paper focuses on an internet connected mine 

monitoring system that streams live camera 

images and other information about the 

underground environment and make it available 

on the web. This system uses an Ethernet 

connection and acts as a web server over the 

internet. The system is fully digital including the 

camera sensor which uses IP based MJPEG video 

streaming to monitor. It also contains accidental 

help request, night vision mode and local 

monitoring without internet. Ground control 

person requires a connected device for effectively 

monitoring the mine. 

 

Keywords: Ethernet, Live Video streaming, 

Mining, Sensor systems, Web Server. 

1. Introduction 

Prior, it seemed like mission difficult to interface 

everything in this universe together by means of 

web, yet Internet of Things (IoT) in the long run 

changes our life by making beyond the bounds of 

possibility being possible. Underground mine 

operations goes far more profound into the ground 

confronting troublesome terrain and poor 

environment and vulnerable against mishaps. It is 

hard to screen the conditions underground without 

setting somebody's life at stake. 

First, the video monitoring equipment is 

mostly analog camera, having poor signal quality 

and no long distance transmission [1]. Second, the 

function of coal mine monitoring equipment is 

single and different manufacturers’ software and 

hardware is not compatible. The information 

channel is not shared and the equipment cannot 

combine image, voice and data together, which is 

difficult to improve information availability, and 

causes wastage of human and material resources 

[2]. Most of the existing underground monitoring 

equipment has high power consumption and large 

volume. 

    At present, mining industry utilizes CCTV 

analog cameras as a remote video observing 

arrangement and utilizes ground control faculty to 

screen and record the underground work site 

wellbeing [3]. These arrangements are absolutely 

analog based and subsequently experience the ill 

effects of poor signal quality and short distance 

transmitting drawbacks. To exchange this video 

content over web, a costly DVR (computerized 

video recorder) gadget is required. Different 

answers for bringing the data over the ground, in 

light of remote advancements additionally 

experience the ill effects of a comparative 

arrangement of issues considering the profundity 

of the site beneath the ground [4]. To increase the 

communication range inside the mine, more 

number of sensor nodes from end sensor node to 

pass the data to collection node is required [5]. 
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     In observing or controlling gear situated in 

underground coal mines, the equipment 

dependability of a framework is from time to time 

perceived as a potential wellbeing peril [6]. It is 

exceptionally fundamental to enhance wellbeing, 

diminish blunders and abatement the time required 

for planned or sudden mediations in extraordinary 

situations including elements, techniques and 

apparatuses. The exploration challenges lie in the 

advancement of momentary examination of 

information originating from various sources of 

info, neighbourhood insights in low power inserted 

framework, cooperation with numerous on 

location clients, complex interfaces, and versatility 

[7]. The plan and development of a mine security 

framework model utilizing a remote sensor 

coordinate with the goal of building a wellbeing 

framework to screen the encompassing attributes 

of the mining environment is proposed. A survey 

of the present writing identifying with the 

wellbeing and security of excavators and mine 

wellbeing frameworks is finished. The subsystems 

of the model framework are then recreated [5]. 

The proposed framework can be utilized as a 

part of an underground mine to guarantee 

wellbeing and security of the miners and other 

significant gear. This venture points of interest in 

comprehension the mine condition remotely from 

anyplace on the globe. Next will be to screen the 

ecological condition and take clear choices in view 

of live video sustain and give crisis 

administrations. The IoT door will permit the 

online sensor checking and warning framework.  

2. Component Description 

2.1 ARM Cortex-M4 STM32F429 

The ARM Cortex-M4 with FPU processor is the 

latest range of ARM processors for embedded 

systems. It is evolved to deliver a low-cost 

platform which meets the needs of MCU 

operation, with a lessened pin count and low-

power consumption, while delivering superior 

computational performance and an advanced 

response to interrupts. The ARM Cortex-M4 with 

FPU core is a 32-bit RISC processor that attributes 

exceptional code-efficiency, dispensing the high-

performance expected from an ARM core in the 

memory size usually associated with 8- and 16-bit 

devices. 
The processor supports a set of DSP 

instructions which enables efficient signal 

processing and complex algorithm execution.  Its 

single precision FPU (floating point unit) 

stimulates software development by using meta-

language development tools thereby avoiding 

saturation. 

2.2 Temperature and Pressure Sensor 

This Sensor is designed to measure the ambient 

temperature and pressure inside the mine. The 

component used for this design is BMP 180 

Digital Pressure Sensors. It is designed to be 

connected directly to a microcontroller via the I2C 

bus. The pressure and temperature data is 

compensated by the calibration data of the 

EEPROM of BMP180. The temperature 

measurement range is -20
0
C to 65

0
C and

 
the 

measuring pressure range is 300hPa to 1100hPa 

with a supply voltage of 1.8V to 3.6V. This sensor 

has High accuracy and linearity, ultra-low power 

and low voltage specifications. 

2.3 Gas Sensor 

This sensor is designed to measure the ambient gas 

concentration inside the underground mine. The 

component used for this design is MQ2 gas 

sensors. These sensors are suitable for detecting 

the leakage of gases like methane, carbon 

monoxide, propane, i-butane, LPG. These sensors 

have a wide detecting scope, simple drive circuit, 

fast response, high sensitivity, stable and long life. 

The gas sensor module comprises of a steel 

exoskeleton under which a detecting component is 

housed. This detecting component is subjected to 

current through interfacing leads. This current is 

known as warming current through it. The gasses 

approaching the detecting component get ionized 

and are consumed by the detecting component. 

This alters the resistance of the detecting 

component which adjusts the estimation of the 

current leaving it. The detecting concentration 

range for methane gas is 5000ppm to 20000ppm. 

2.4 Vibration Sensor 

The component used for this design is LIS302DL 

MEMS Accelerometer. This sensor is designed to 

measure the vibration using accelerometers. This 

sensor is an ultra-compact,  low-power three axes 

linear accelerometer that comprises of a sensing 

element and an IC interface in order to provide the 

measured acceleration to the external environment 

through I2C/SPI serial interface. They have a high 

shock survivability of 10000g. 
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2.5 Image Sensor 

The sensor has the functionality of both camera 

and image processor. This low voltage CMOS 

camera chip is OV2640, interfaced through the 

serial camera control bus (SCCB). It has set of 

standout features like high sensitive low

operation, automatic image control and image 

quality control. It also does the image processing 

functions like color saturation, hue control and 

noise cancelling, and more.  

2.6 Infrared LED 

The IR LED Array provides an active illumination 

source in near infrared band, which provides 

ability to see in low light conditions. The LED can 

also be used for smoke detection. The IR LED has 

high reliability and high radiant intensity with blue 

lens color. 

3. Experimental Work 

 

Figure1. Block diagram of the System 

Architecture with sensors, camera and IR LED 

Arrays. 

The distinctive sensors that sense parameters 

like pressure, temperature, vibration and gas are 

actualized on an ARM Cortex M4 STM32F429 

Board. This microcontroller can run up to 180 

MHz has 2MB Flash memory and 256 KB RAM 

memory. More importantly it has got a DCMI 

(Digital Camera Interface) peripheral to interface 

with cameras. BMP 180 sensor is utilized to 

quantify both temperature and in addition pressure. 

MQ2 gas sensor is utilized to check the methan

carbon monoxide content in air. A MEMs 

Accelerometer is utilized as a vibration sensor to 

check the successive shocks amid mining 

operations. All these sensor readings are accessible 

on the website page for the control individual to 

The sensor has the functionality of both camera 

and image processor. This low voltage CMOS 

camera chip is OV2640, interfaced through the 

serial camera control bus (SCCB). It has set of 

standout features like high sensitive low-light 

n, automatic image control and image 

quality control. It also does the image processing 

functions like color saturation, hue control and 

The IR LED Array provides an active illumination 

band, which provides 

ability to see in low light conditions. The LED can 

also be used for smoke detection. The IR LED has 

high reliability and high radiant intensity with blue 

 

 

Block diagram of the System 

Architecture with sensors, camera and IR LED 

distinctive sensors that sense parameters 

like pressure, temperature, vibration and gas are 

actualized on an ARM Cortex M4 STM32F429 

Board. This microcontroller can run up to 180 

mory and 256 KB RAM 

memory. More importantly it has got a DCMI 

(Digital Camera Interface) peripheral to interface 

with cameras. BMP 180 sensor is utilized to 

quantify both temperature and in addition pressure. 

MQ2 gas sensor is utilized to check the methane or 

carbon monoxide content in air. A MEMs 

Accelerometer is utilized as a vibration sensor to 

check the successive shocks amid mining 

operations. All these sensor readings are accessible 

on the website page for the control individual to 

envision. Further, Live video streaming is 

additionally done. 

At the point when demand is made by the 

client, the installed microcontroller catches the 

JPEG pictures from the camera utilizing the 

implicit DCMI fringe and begins to stream it once 

again the web in Motion

generally utilized video gushing organization, at a 

worthy rate in the vicinity of 10 and 15fps. Also, 

Night Vision On/Off choice is accommodated 

successful observing. A variety of IR LEDs driven 

by a high ebb and flow driver circuit gives the 

night vision capacity. 

 

Figure2. Voice announcement facility using ARM 

Cortex M3

A FAT-32 formatted MicroSD card (2GB) 

stores the voice messages in MP3 format. 

LPC1313, an ARM Cortex-M3 microcontroller is 

chosen as the second MCU which is dedicated to 

playback the audio tracks stored in the memory 

card with the help of VS1011E, an MP3 audio 

decoder DSP chip. 

Figure3. Interfacing cortex M3 with cortex M4

The overall setup is obtained by interfacing 

ARM Cortex M3 with STM32F429 Cortex M4. 

Communication with external environment is 

brought about by using Ethernet wired 

communication. 

4. Attributes of the system design

4.1 IP based MJPEG video streaming
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The device is able to stream a clear live video feed. 

When request is made by the user, the onboard 

microcontroller captures the JPEG images from 

the camera using the built-in DCMI peripheral and 

starts to stream it over the web in Motion-JPEG 

format, a widely used video streaming format, at 

an acceptable rate between 10 and 15fps. The 

image resolution is fixed at either 470 x 272 or 640 

x 480. The microcontroller has a large RAM 

memory area, about 256KB. 

4.2 Environment Monitoring 

The device consists of a suite of different sensors 

to capture the local environmental conditions. A 

temperature sensor is used to check local 

temperature value and provide a warning during a 

fire breakout. A pressure sensor is used to check 

ambient air pressure, a gas sensor to check 

methane or carbon-monoxide content in the air. A 

MEMS accelerometer is used as a vibration sensor 

to check the frequent shocks received during the 

mining operations. All these sensor readings are 

available on the web page for the control person to 

visualize. 

4.3 Accident Help Request 

During an emergency situation, the mine worker 

can simply press a push button to alert the ground 

station about a mine accident event. This feature 

enables the workers to request for help in a swift 

manner. 

4.4 Voice Announcement 

The device can store any number of pre-recorded 

voice tracks in the memory card and could be 

played back on the speaker. The ground control 

person can use this feature to store voice based 

announcements to instruct the workers on 

important events and could play a vital role during 

an emergency situation. 

4.5 Night Vision Mode 

An array of IR LEDs driven by a high current 

driver circuit provides the night vision capability. 

This feature helps the user to see the mine 

condition both during day and night. 

4.6 Password Protection 

Before connecting with the device the user has to 

enter the login username and password which is a 

much needed security measure to prevent others 

from spying the content. Once logged in, the user 

is now fully able to access all the features of the 

device. 

4.7 Local Monitoring without Internet 

Even when an internet connection is not available, 

the user can monitor the mine provided the user is 

nearer to the mine site and the monitoring device is 

connected on the same network as the Open-MINE 

device. 

4.8 Web Server 

The device acts as a tiny web server responding to 

the user requests through HTTP application layer 

protocol. Here the web browser on the mobile 

device acts the client. Upon receiving the request 

from the client the web server running on the 

device serves the HTML webpage and returns the 

respond messages to the client over a dedicated 

TCP/IP connection. The web pages are stored in 

the non-volatile section of the microcontroller 

memory area. 

4.9 Embedded RTOS 

A real time operating system is necessary to 

handle the timely events and other multitasking 

requirements of the project. Here FreeRTOS is 

chosen to provide us with this ability. FreeRTOS is 

the market leading real time operating system in 

the world. 

5. System software design 

The software of mine safety monitoring system 

uses Atollic TrueSTUDIO software with J link 

debugger. System software is composed of 

Embedded C language and application program. 

The application program is mainly divided into the 

following modules namely the video acquisition 

and coding module, the audio module, the 

environmental parameters access module and the 

network transmission module. 

6. Results and Discussions 
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Figure4. Experimental setup 

This figure shows the overall hardware setup and 

connections in corresponding port pins. Sensors 

have been implemented successfully on an ARM 

Cortex M4 board with a power supply of 18V. 

Live video streaming is set up using a camera 

sensor OV2640, Night vision mode is accessed 

using IR LED Arrays, Ethernet is used to interface 

the hardware and software. 

 

Figure5. Mine status monitoring 

The sensors adequately provide the underground 

mine conditions and demonstrates the status 

whether it is typical or anomalous in light of the 

pre-settled set point esteem. On the off chance that 

anomalous it gives an alert indication alongside 

their particular sensor values. 

 

Figure6. Live video streaming 

7. Conclusion 

The mine security observing framework 

effectively screens the underground mines with 

help of live video gushing, audio monitoring, and 

natural conditions measuring and system remote 

transmission. High picture quality is accomplished 

with the hardware video codec and gives low 

power utilization. In particular the framework is 

appropriate to the observing of mine safety being 

and security. The Overall outline verifies that the 

framework has a more significant application and 

expansive prospect. 
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