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Abstract- Thousand of people die due to underground accidents every year. The death rate of underground workers 

increases every year. The safety measures to prevent the accidents is very less. Our aim is to provide a costless, more 

efficient system to protect the life of underground workers. We have developed a system which monitors the hazardous 

environment condition alerts the workers about it. The hazardous parameter in underground are temperature, gas, fire, 

smoke. Apart from above condition vibration is a major issue which is caused due to drilling or digging of underground 

system such as mines, well. Our intelligent system consists of three units namely field unit, data monitoring unit, workers 

unit. The field unit consists of wireless sensing network which is used to monitor the hazardous condition. The detected 

information is transmitted using Xbee module to the workers unit and the alert is made using voice. The detected 

information is again passed to the data monitoring unit and an alert is also made from here. In addition to this we have 

also placed a limit switch to detect whether the workers wears an helmet or not. This system completely ensures on the 

safety of underground workers.. 
Keywords: sensor networks, Coal mine safety, Xbee Module,Temperature sensor. 
 

I. INTRODUCTION 
 

Mining as defined by the Oxford Dictionary is the processor industry of obtaining coal or other minerals from a mine. 

The number of coal mining Enterprises increases year by year[3].The activities carried out in order to obtain these 

mineral shave a dangerous element to them. The average mine worker is exposed to the harsh underground environment 

which can sometimes incur an injury or cause loss of life. A portion of these injuries/fatalities can be attributed to 

human error. Personnel tracking in underground coal mines was typically limited to a simple brass[5]. However, there 

are circumstances that are dictated by the ambient conditions underground which can be blamed for these accidents. 

These conditions are difficult to monitor without placing someone’s life at risk. The older methods of mine condition 

monitoring involved using a person to go down and report back. This method is however dangerous as the person who is 

monitoring a specific hazard could be harmed by that very same hazard[1].This type of first hand monitoring is 

invasive. There is an existence of specific systems or schemes which are put into place for these hazardous 

environments in order to protect the worker from harm. The higher level term for these systems/schemes is the 

Occupational Health and Safety. The International Organization of Standardization or ISO have a standard namely the 

ISO 45001. This standard aims to reduce the liability of occupational injuries and diseases not only to benefit the 

workers but also the economy upon which this work builds . These accidents can lead to losses due to early retirements 

and increased insurance premiums for the mine. Keeping this in mind we have designed an intelligent system which can 

be used of these underground coal miners and can monitor/analyze a few major hazardous parameters found in these 

mines in real time[2]. 

The cooperation of this standard is crucial and is observed by the certification to a majority of the major mining 

companies in South Africa. This standard can be reinforced through the implementation of modern technology along 

side policies to obtain the best possible result.The technology which is central to the implementation of anon-invasive 

mine safety system is wireless sensor networks. These networks work by reading some data and transmitting these to a 

central computer or processing terminal for post processing. There are a number of sensor nodes which reside in 

different locations and communicate with each other. The method of communication is largely dependent upon the 

network topology or architecture that is implemented. The two main topologies which will be considered in the scope of 

this project is the mesh and star network topologies[3]. A mesh topology sees each node connected to a minimum of two 

nodes. The star network node connected to a hub or central node therefore each node can only communicate with this 

hub directly. The use of wireless sensors networks provide a variety of advantages including but not limited to a 
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reduction of wiring ease of implementation and it provides a non-invasive method monitoring the state of the mine’s 

conditions i.e. monitoring without having to expose a person to the potentially hazardous environment. In addition to 

these, control can be imposed on the environment from a remote location allowing a person to interact with the 

surrounding environment without having to be in that environment. The growth of mineral resources as an emerging and 

existing economic sector, the increase in mining activity has become essential to this sector and to the economies these 

markets are built on. The practice of mining can be dangerous and unsafe[4].The previous statement is only true for 

mines that do not monitor conditions inside the mine. There exists relationship between three entities namely a hazard, 

latent danger and an accident which find their existence due to this dangerous and potentially unsafe practice 

 
II.OBJECTIVE AND IMPORTANT OF THE DESIGN OF COAL MINE 

 

The main aim is to design and develop a cheaper , more precise and smarter underground safety system. To detect the 

hazardous environment condition in the underground working area. To transmit the data more fastly and alert the 

workers. The main aim of our project is to ensure complete security for the workers in the underground. If any fault is 

being detected an alert is made from the data monitoring unit and workers unit. The data is transmitted using Xbee . 

Xbee is a wireless end-point connectivity to devices. Xbee devices can transmit and receive data through itself, acting as 

a node for the network. Xbee technology is low-cost , low-power consumption making the communication best suited 

for several embedded applications, industrial control, and home automation, and so on. The alert is made using voice. 

Voice broadcasting is an effective method of communicating with multiple people at one time. Voice messaging enables 

a higher response rate. Voice broadcasting is a cheaper method to broadcast bulk messaging[3]. In addition to all these 

benefit we have placed limit switch which checks for helmet. If not an alert is made using voice. The wireless sensing 

network senses the dangerous environment condition and alert the worker with an voice alert.  
 

III.DESCRIPTION OF THE PROPOSED COAL MINE SYSTEM 

Our methodology consists of three units namely field unit, workers unit, data monitoring unit. The field unit consists of 

wireless sensing network. The sensing networks consists of temperature sensor, gas sensor, fire sensor, smoke sensor, 

MEMS .MEMS is used to detect vibration. If any fault is defected the information is processed using Arduino and it is 

transmitted using x bee. The workers unit consists of Arduino and xbee module. The workers unit is the alerting unit. 

Data monitoring unit is the unit where the conditions are being displayed. The environment condition in the 

underground are monitored using wireless sensor network and if any fault is detected the information is processed using 

arduino and the information is transmitted using xbee. The information passed from the field unit is received using xbee 

and processed using arduino and the alert is made using voice. The detected information in the field unit is passed to the 

data monitoring unit using xbee and displayed in the LCD[2]. Again an alert is made from the data monitoring unit. A 

limit switch is placed in the workers unit. If the workers is not wearing the helmet an alert is made by voice. 

 

 

 

 

 
 

 

 
Fig 1: Monitoring unit 
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Fig 2:Field unit 

 

a. Working 

Using the above mentioned components we implement our system on a breadboard. The microcontroller device with the 

Bluetooth module and relay circuit needs to be attached with the switch board. Then we need to launch the android 

based application-“Auto Home” on our Smartphone. Through the application we can instruct the microcontroller to 

switch on/off an appliance. After getting the instruction through the Bluetooth module the microcontroller gives the 

signal to the relay board. The application first searches for the Bluetooth device. If it is available then it launches the 

voice recognizer. It reads the voice and converts the audio signal into a 11 string. It produces a value for each appliance 

which will be given to the microcontroller device. The microcontroller uses the port in serial mode. After reading the 

data it decodes the input value and sends a signal to the parallel port through which the relay circuit will be activated. In 

this work we use Bluetooth module. We can also attach a GSM module to do the work, using which the application can 

be used anywhere where a mobile network is available. 

b. Power Supply 

Most of the electronic equipment and devices require a DC source for their operation. We can get this DC power from 

storage batteries. But they are costly and require frequent maintenance and replacement. The easily available power is 

AC. There are circuits which can easily convert the AC into DC[4]. Such electronic circuit is called as power supply. A 

typical DC power supply consists of five stages. All power supplies have a power input connection, which receives 

energy in the form of electric current from a source and one or more power output connections that deliver current to the 

load. The source power may come from the electric power grid, such as an electrical outlet, energy storage devices such 

as batteries or fuel cells, generators or alternators, solar power converters, or another power supply. The input and 

output are usually hardwired circuit connections, though some power supplies employ wireless energy transfer to power 

their loads without wired connections.                                            

 
fig 3: Block diagram of Power supply 

 

c. Ac Input  

This block is used to give the ac supply to the transformer. Here we use the available main AC power. 

TRANSFORMER:Its job is either to step up or (mostly) step down the AC supply voltage to suit the requirement of the 

solid state electronic devices and circuits fed by the DC power supply. It also covers isolation from the supply line an 

important safety consideration.  

d. Rectifier 

It is a circuit in which employs one or more diodes to convert AC voltage into pulsating DC voltage.  
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e. Filter 

The function of this circuit element is to remove the fluctuations or pulsation (called ripples) present in the output 

voltage supplied by the rectifier. Of course, no filter can, in practice, give an output voltage as ripple-free as that of a 

DC battery but it approaches it so closely that the power supply performs as well.  

f. Voltage Regulator  

It’s main function is to keep the terminal voltage of the DC supply constant even when AC input voltage to the 

transformer varies and the load varies. Zener diodes and transistors are used for voltage regulation purposes. It is 

impossible to get 100% constant voltage but minor variations are acceptable. 
IV.LABVIEW SOFTWARE 

Laboratory Virtual Instrument Engineering Work bench (LABVIEW) is a system design platform and development 

environment for a visual programming language from National Instruments. 

a. Data Flow Programming 

The programming paradigm used in Lab VIEW, sometimes called G, is based on data availability. If there is enough 

data available to a sub VI or function, that sub VI or function will execute. Execution flow is determined by the 

structure of a graphical block diagram (the Lab VIEW source code) on which the programmer connects different 

function-nodes by drawing wires. These wires propagate variables and any node can execute as soon as all its input data 

become available. Since this might be the case for multiple nodes simultaneously, Lab VIEW can execute inherently in 

parallel. Multi-processing and multi-threading hardware is exploited automatically by the built-in scheduler, which 

multiple OS threads over the nodes ready for execution.   

b. Graphical Programming 

Lab VIEW integrates the creation of user interfaces (termed front panels) into the development cycle. Lab VIEW 

programs-subroutines are termed virtual instruments (VIs). Each VI has three components: a block diagram, a front 

panel, and a connector panel. The last is used to represent the VI in the block diagrams of other, calling VI s. The front 

panel is built using controls and indicators. Controls are inputs: they allow a user to supply information to the VI. 

Indicators are outputs: they indicate, or display, the results based on the inputs given to the VI. The back panel, which is 

a block diagram, contains the graphical source code. All of the objects placed on the front panel will appear on the back 

panel as terminals. The back panel also contains structures and functions which perform operations on controls and 

supply data to indicators. 
V.HARDWARE INFRASTRUCTURE 

 The field unit is the underground environment condition.These conditions are monitored using wireless sensor network. 

The processing unit is arduino and the information is transmitted using xbee module. 

 
                                                                           fig 4:.Field Unit 

The processed information is transmitted using xbee. If any fault is detected the workers get the alert using audio play 

back recorder using loud speaker. In addition to this we have placed a limit Switch which detects for helmet wearing 

and if not an alert is made using audio playback recorder. 
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fig 5:Workers Unit 

The environment condition detected in the field unit is displayed in the LCD screen and if any fault is detected an alert 

is made 

 
fig 6:Data Monitoring System 

 

Laboratory Virtual Instrument Engineering Workbench (LabVIEW) is are system-design platform and development 

environment for a visual programming language from national instrument. LabVIEW integrates the creation of user 

interfaces into the development cycle. Lab VIEW has three virtual instruments components a block diagram, a front 

panel and a connector pane. The front panel build using controls and indicators were controls are input and indicators 

are output. Lab VIEW programming environment is simple to create small applications. 

. 
Table 1 

Cost Estimation 

 
 

VI.CONCLUSION 

In this we present a low cost and energy efficient prototype of an intelligence support system for underground workers. 

The prototype system consists of a wireless sensor network. It has been designed using wireless transmission capable 

application processor modules because wireless transmission are more flexible and we can avoid the working problem 

and also help in improving the efficiency of transmitting signal and performance of the system and also reduces the cost. 

The wireless transmission used here is xbee which can transmit the data without any intervention in the underground. X 

bee is a low power wireless sensor network and require minimal power and provide reliable delivery of data between 

devices. The above proposed methodology can be used in any underground working area such as subway construction, 

manufacturing industries, drainage system, well digging by adding or removing any component in the field unit. Future 

work can be done in increasing intensity of light placed in workers helmet and further improvement can be developed in 

tracking the workers in underground. The health of the workers can also be monitored by placing blood pressure sensor 
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and heartbeat sensor. 
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