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Abstract—This paper describes the development of innovative wireless safety device for workers working beneath the 
ground using ZigBee wireless network. Our safety device system incorporates of an Arduino Uno Microcontroller, Zigbee 
wireless module, Methane sensor, buzzer alarm and X-CTU software. Arduino and wireless ZigBee has advantages in terms 
of its long battery life and much cheaper compared to the others wireless sensor network. There are several objectives that 
need to be accomplished in developing this project which are to develop wireless safety device for workers working below 
the ground using ZigBee wireless network and to evaluate the effectiveness of the safety device by testing it in different 
spots beneath the ground and the functionality of methane sensor. It can also detect methane when goes in prodigious 
amount and alarm triggered when methane compostion in the local atmosphere is beyond a specified level. Furthermore, this 
review paper provides a guideline where all this safety device can be implemented and recommendation on future studies for 
wireless safety device for workers working beneath the surface of earth. 
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I. INTRODUCTION 
 
It has been noticed and observed that lots and lots of 
workers which are working under the ground have 
died due to collapsing of land beneath which they 
usually worked. This is due to the lack of tendency of 
soil to hold itself. The tendency of soil to hold itself 
along with all the nutrients is known as soil binding 
capacity. The reduction of soil binding capacity 
occurs when there is presence of toxic gases above an 
optimized level which eventually leads to soil 
loosening and further causes the collapsing of land.  
 
These fatal accidents have been greatly observed in 
many parts of the world and especially in India. 
Based on statistical fatal accidents cases furnished by 
US Department of Health and Human Services, most 
of the deaths have occurred due to the presence of 
toxic gases out of which methane carries the 
dominancy.  
 
This methane gas when inhaled by someone in excess 
causes Cardiovascular Collapse due to the acute 
Myocardial Ischemia. So, apart from affecting the 
soil binding capacity it directly affects the human life. 
Therefore, this device should be considered as safety 
equipment which could be implemented almost 
everywhere where some underground maintenance or 
construction activity is being carried on in order to 
reduce these fatal accidents and reduce mortality. 
 
Statistics shows that the fatal accidents which 
occurred due to fall of lands has the greatest 
contribution in the total fatal accidents that had taken 
place specifically in underground mining operations. 
Here are some the stats of no of people died in 
underground mining. 

 

 
 
Out of whole, the no of people died due to collapsing 
of land upon them contributes the greatest. On the 
other hand, no of people died due to direct contact 
between them and the gases contributes at the third 
position .Thus, a wireless safety device can be 
implemented for workers safety and to reduce the 
mortality rates particularly in this sector. This would 
help workers prevent themselves from danger and 
will further provide them a riskless condition. 
 
This review paper focuses on the manifestation of a 
dedicated wireless safety device using ZigBee 
wireless network, which is based on existing system. 
However, instead of using cabling structure for the 
implementation, the system will utilize wireless 
network. The reason of using Zigbee wireless device 
is one its impeccable quality of long battery backup 
and long life. The device will be ineffective if it goes 
out of battery and need to be charged. Therefore, 
instead of using wireless sensor network it will use 
ZigBee wireless technology network which need 
wireless module to cooperate with the microcontroller 
board and also power supply for communicating 
between those components and operates well. 
Furthermore, the ZigBee module is less complicated 
and more economical than Bluetooth. 
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ZigBee wireless networking, 802.15.4 is a standards-
based technology for remote monitoring, control and 
sensor network application. This technology was 
created to address the need for a cost-effective, 
standards-based wireless networking solution that 
supports low data-rates, low-power consumption, 
security, and reliability. ZigBee wireless network can 
be implemented in any monitoring and control 
application that requires a wireless link such as home 
control and security, medical monitoring, sensor 
networks and active RFID. Table I shows the 
characteristics of Zigbee wireless network. 
 

TABLE I. CHARACTERISTICS OF ZIGBEE 
WIRELESS NETWORK 

Standard 802.15.4 
Applications Monitoring based and 

control 
System Resources 50 to 60 Kbytes 
Network Size 65,536 

Bandwidth (Kbp/s) 
20 to 250 depending on 
frequency used 

Maximum Transmission 
Range(m) Approx 75-100 

Addressing Space 
Up to 64 bit IEEE 
Address devices 

Topologies Star, peer to peer, Mesh 
Success Metric Reliability, low-power 

Consumption and cheap 
Besides Zigbee, the gist element of this entire setup is 
the Methane Sensor which will measure the methane 
content in the atmosphere which affects the workers’ 
health and the soil binding capacity. This review 
paper attempts to be more dedicated towards the 
manifestation of such a device which would be 
effective in detecting a prodigious amount of methane 
heat that contributes to fatal accidents. This wireless 
device not only focus on the detection system but will 
develop an alarm to give an alert when the content of 
methane gas crossing the specified optimized level is 
detected. In addition, the safety device’s alarm will be 
triggered if the above stated condition is acquired. 
 
II. METHODOLOGY 
 
The development of this project was divided into two 
main parts which were hardware architecture and 
software development. In order to make this system 
works properly and effectively, both hardware and 
software parts play an important role. 
 
A. Hardware Architecture 

 
Fig. 1. Overall Hardware Equipment 

The Arduino Uno microcontroller is a microcontroller 
board dependent upon the ATmega328 which has 14 
digital I/O pins (of which 6 can be used as PWM 
outputs). 
 
It also has 6 analog inputs, a 16 MHz ceramic 
resonator, a USB connection, a power port, an ICSP 
header, and a reset button . 
 
 It holds everything would have been wise to support 
the microcontroller which is essentially connect it to a 
PC with a USB cable or power it with a AC-to-DC 
adapter or battery to get started. 
 
Arduino methane sensor used in this safety device 
acts as a methane gas sensor to detect, measures the 
methane gas content and traces of smoke, other 
combustible gases like butane etc . This gas sensor is 
fitted on a Gas sensor board which allows for the 
electronic detection of methane (CH4) concentration 
in the air.  
Zigbee(Xbee) module is a radio module intended for 
point-to-point and multipoint network and star 
communication by utilizing radio waves to allow very 
reliable and simple communication between 
microcontrollers, computer systems, really anything 
with a serial port. 
 Buzzer alarm is used in this device as to generate 
alarm to the workers when the gas sensor detect the 
methane gas is crossing the specified optimized level. 
The Buzzer alarm used in this safety device will be 
interfaced to the arduino board as well, which will 
give the alarm or flares the sound outside when the 
concentration of the methane gas crosses the 
specified optimized level. . Figure 1 show overall 
hardware equipment used. 
 

 
Fig. 2. Hardware Architecture 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-3, Issue-2, Feb.-2015 

Wireless Safety Device For Workers Working Underground 
 

70 

Figure 2 shows the hardware architecture for 
developing the circuit for Safety device system. The 
architecture design consists of the connection of two 
main parts which are connection between Zig Bee 
wireless network (XBee module) and Arduino Uno 
microcontroller board. Xbee wireless module has 
transmitter and receiver. Transmitter used for sending 
the data collection from the methane sensor through 
Zigbee wireless network communication standard 
802.15.4. The Xbee receiver module is attached with 
the laptop using USB cable to receive the data and 
will display it in the monitoring software inside the 
laptop. The connection between Xbee wireless 
modules & Arduino Uno microcontroller is shown in 
Figure 2. 
 

 
 

 
 
Fig. 6 Connection between Arduino Uno, Buzzer and methane 
gas sensorFig. 3. Connection between Xbee Wireless Module 

and Arduino Uno 
 
Figure 3 shows the connection structure of Arduino 
uno with the Zigbee(Xbee) module. This module will 
act as the transmitter and the receiver both. This 
module will send the the information collected to the 
laptop (Ground station).    

 
 

Fig. 4 Connection between the Gas sensor  and the gas sensor 
board 

This Figure shows the interface between the Gas 
(CH4) sensor and the Gas sensor board. The Gas 
sensor is mounted on the sensor board. 
 

 
Fig. 5 Connection between the Buzzer and the Arduino Uno 

 
This figure shows the interface between the Buzzer 
alarm and Adruino Uno microcontroller board.  
 
This buzzer will flare out the sound when the warning 
is given by the gas sensor to the ground station and 
further the X-CTU program will make all the buzzers 
to give the alarm. 
The last process is to interface the buzzer alarm and 
the gas(CH4) sensor altogether to the Arduino Uno 
board. 
 
 Figure 6 shows the connection for the Arduino Uno, 
Buzzer and the Methane Gas Sensor. This circuit 
along with the Zigbee(Xbee) module will turn out to 
be a safety device which would effectively work for 
the safety of workers working beneath the ground. 
Let it be mining workers, sewage maintenance 
workers, workers indulged in underground 
construction activity. It would work efficiently and 
smartly in these specified spots.  
 
B. Software Development: 
Once the hardware is set up. Then the methane sensor 
is calibrated to procure a trip level below which it is 
safe for the workers to work and above which it is 
hazardous for the workers to work.  
 
Whenever the specified optimized level will be 
crossed, then the information will be sent to the 
ground station (laptop) where the data will be 
received by Zigbee(xbee) receiver and with the help 
of X-CTU software the message will be displayed as 
ALARM.  
 
The coding which makes the methane gas sensor 
decide the moment at which it is supposed to send the 
information to the ground station which will further 
make the buzzer give an alarm is as follows: 
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CONCLUSION 
 
In conclusion, from the data collected a safety device 
for the workers working underground can be 
manifested and can also be implemented where the 
underground activities will be carried on. This device 
can be placed everywhere at an interval distance of 
(20-30)m in the tunnel or cave under the ground 
where the activity is going on. Further if there is 
presence of specified toxic gases or there are chances 
of land collapsing then there will be an alarm flared 
out which will alert all the workers working. This 
device will turn out to be an effective and easy to use 
device as it only needs to be calibrated once. Thus, it 
is a safety device which is flexible, feasible, cheap 
and especially with a very long battery life unlike 
other sensors and control devices. 
  
FUTURE WORK 
 
This review paper can be improved by testing and 

analysing the performance of the safety device when 
built and used in practice. The alarm sound can be 
enhanced by implementing some other Buzzer 
keeping the battery usage in mind as once 
implemented, should not be disturbed again. If 
possible instead of using MQ2 methane (CH4) 
sensor, one can use a gas sensor of another version if 
it happens to detect more number of combustible and 
toxic gases. It can be upgraded by adding humidity 
sensor, temperature sensor, pressure sensor so that its 
usage can be done in a multidisciplinary way. 
Moreover, it can be interfaced with GPS Technology 
for tracking the number of workers working at a 
particular spot beneath the ground. 
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