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ABSTRACT

This paper discuss the structural design of staff positioning
techniques in unsafe places in underground mines, this paper
also highlights the gains and weaknesses of wireless sensor
network technology and address an economical, continuous
monitoring system of covert mine workers security. It can
realize the effective management of precise positioning of
man and machine. This article presents the composition of
system, the enactment and management of network formation.
The actual application shows that the ZigBee technology can
play an important role in underground personnel information
and security management.
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1. INTRODUCTION

Mining industry is the chief industry of our country, Miners
work underground under the earth, so positioning and
monitoring are important for safe production®. These
industrial sites have a lot of hazardous areas and due to
environmental situations; sometimes it is challenging for
personnel monitoring system to preserve security. Negligence
in the safety may cause harm to high value equipment or loss
of human existence. Now because the underground underpass
are crisscross and the staff working area is widespread so to
get underground personnel real-time dynamic information the
real time locating management is particularly important.
Communication is the most dynamic key factor, to monitor
different constraints constantly and to take necessary actions
accordingly, To enhance security, safety and efficiency in
underground mines, a reliable communication system must be
established between workers, moving in the mine, and a fixed
base station or control center on the earth. The communication
network must not be disturbed at any moment and at any state.
The wired communication network system is not so effective,
because the installation charge as well as maintenance charge
is high, it is very difficult to re-install the wired
communication system after destruction due to any reason.
The damage may cause temporary interruption or may cause a
long duration break down of the system.

Wireless communication is the actual idea for mine safety
monitoring; many diverse research ideas are projected on
wireless communication. Wireless positioning subsystem is
the elementary idea of the system. There are numerous
operational positioning and navigation technologies like GPS
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(global positioning system) and the positioning technologies
based on ZigBee or RFID, CWUMSN (chain-type wireless
underground mine sensor network), and so on. it is a 2-way
wireless communications technology which have diminutive
distance, little complexity, small power use, less data rate,
comparatively low-cost, great reliability, modest networking
and flexibility P\ This positioning system can return exact
staff changing aspects to the intelligent monitoring system on
earth and command center.

2. RELATED WORK

Recently underground mining technology communication is
the obvious need, for this several techniques are applied many
research papers have been written, some of them are discussed
here. In 2008, Hauli Chen and Zhifen Feng has done research
on design of data acquisition and record system based on
ZigBee and GPS. After that in 2011, Zhiyong Cao, Hanyu Lu
and Quimin  has done research on underground staff
positioning system based on wireless sensor network
technology. In 2013, Li Zhi and team members worked on the
research staff position system of wireless sensor networks in
dangerous places, and so on. After so much research work
already done;

In this paper, several underground navigation technologies
which are possible are studied and investigated and find out in
which situation which technology is best suited. section 1, is
introduction part, then we have described the related work in
section 2,after that section 3 consist of description of various
technologies, section 3.1 discuss about GPS technology &sec.
3.1.1 consist its advantages and disadvantages, in section3.2
we discussed about RFID technology and then about ZigBee
in section 3.3, section 4 consist of conclusion of the survey,
and section 5 has acknowledgement part,and the last one is
the refrences.

3. Technologies Description
3.1 GPS Technology

Gps technology is most frequently used. The satellites send
the signals, after that the distance is estimated between the
receiver and satellites with time variance, the triangulation
process are used to estimate a client’s location 1. GPS works
truthfully in all climates, day and night, and around the world.
No payment needed for using GPS signals. GPS signals could
be jammed by walls, dense forest, and multistory building.
They don’t enter indoor spaces well; therefore some places
may not document exact GPS navigation technology.
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Figure 1—Gps working diagram

GPS satellites revolve around our planet (earth) twice a day in
a specific orbit and transfer signal information to ground. GPS
receivers use these signals and the triangulation method to
compute the user's precise location. Basically, the GPS
receiver equates time, a signal was transferred by a satellite
with the period it was acknowledged. The time variance tells
the receiver how far the satellite is. Now, the distance
measures from a few other satellites, with this the receiver can
conclude the user's location and presents it on the electronic
map. The receiver should be locked on to the signal of at least
three satellites to calculate a two dimensional locus and with
four or more satellites in sight; the receiver can govern the
user's three dimensional location. Once the user's location has
been calculated, the GPS unit can analyze other information,
like speed, tour distance, sunrise and sunset time and distance
to destination, etc. signals from only three satellites are
necessary to carry-out trilateration procedure; determining of
your position on ground is based on your distance from the
three satellites. The signals from the fourth satellite are fired
and are used to approve the results of the preliminary
calculation. If the position determined from distances of
satellites “A-B-C” don’t match with the calculation based on
“A-B-D” then other arrangements are tried until a reliable
result is achieved.

3.1.1 Advantages and disadvantages of GPS

GPS is enormously stress-free to navigate as it tells you the
route for each turn you should take or you have to; to reach to
your last stop. GPS works in all-season so you don’t need to
fear about the environmental conditions as in other directing
devices. GPS is cost effective in contrast with the other map
reading systems. The most striking quality of GPS system is
its 100% coverage on the globe. It also aids us in hunting the
nearby restaurants, gas stations, petrol pumps, bank branches
etc. and it is very valuable for a new place. Because of its less
cost, it is very easy to assimilate in another technology for e.g.
mobile phone. The GPS system is frequently updated by the
US government and therefore it is very advance. It is the
finest directing system in water also; as in larger water bodies
we are often deluded due to absence of proper instructions.
Sometimes it may be unsuccessful due to certain reasons and
for that situation you should bring a backup map. If you are
using a battery functioned device for GPS, there could be a
battery letdown and you may need some outside power supply
which is not always conceivable. Sometimes these signals are
not precise due to some hindrances to the signals like trees,
buildings, and climatic conditions for e.g. geomagnetic
rainstorms.
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3.2 RFID Technology

RFID is a non-contact and two-way communication
technology, which can bring about the automatic ID and data
exchange to people and equipment. The positioning and
navigation system based on RFID system has been encoded
the data transported by wireless through the random sequence,
it also has a fairly perfect communication protocol with the
intimate anti-collision mechanism so that it can identify
multiple fast-moving targets concurrently 24, Generally this
system can work in the 433MHz band. While sources of the
disruption are more than it works in the 2.4GHz band, the
communication distance will be even better, which will be up
to 100m. The choice of frequency will affect communication
speed and position error. The positioning could be within 10-
30m and transmission speed at 64kbps when it works in the
433MHz band, which also fulfills the necessity in the absence
of voice and video transmission. However most of the base
station launching capacity is over 15W and the price of it is
higher than other types of sources.

3.2.1 The working principle of the positioning

and navigation system based on RFID

Positioning and navigation system founded on RFID is mainly
built with control center and the underground part. Control
center is contains server, printers, monitors and other
components. Control center processes the information
returned from the underground stations. Underground portion
comprises of base stations (card reader) and mobile navigating
instruments. Base station not only can launch the wireless
signal to activate the ID card and receive the message from
the ID card, it also can display itself 3-D location because it
was added to monitor module. Mobile navigating instrument
as well as the ID card module and has been added the
navigation system module. Navigation system module is made
up by regularly updated three-D electronic map of the
underground mine and has the basic navigation roles. The
card reader intermittently launches RF (Radio frequency)
signal to intellects the ID module, then it will couple with 1D
card and collect ID card information (card numbers and
miners information). The card reader guides this message to
the control center over fiber-optic. So the control center can
determine the precise information (location information, basic
information) of the miner after processing the information,
and the dynamic information of the underground miner can be
organized in real-time by the control center.
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Figure 2—RFID Operation

3.2.2 Advantages and disadvantages of RFID

Technology
In the RFID technology there is no need that the tags should
to be in line of eyesight with the receiver to be read. These
tags can store a lot of statistics, and could follow commands.
They Has the capability to determine the position. This is a



flexible technology: it can be reduced to thumb tack or can be
of a tablet size, dependent on its use. According to a report, it
was determined that the can RFID actually enriched each
supply chain’s system presentation and augmented projected
profit. But on the other hand Active RFID could be costly due
to the use of batteries, it still needs to regulate RFID
strategies, with RFID devices there is a privacy concern.
RFID could be easily interrupted, even if it is encoded. We
have to invest a long time to build RFID device’s suits
Because of geographical complexity and bad environment
wired connection has problems in data transfer. RFID
technology also has personnel positioning inaccuracy
problem.

3.3 ZigBee technology

ZigBee is a wireless communication protocol. The ZigBee
architecture is made by the application layer, network layer,
application support layer, data link layer, the media access
layer and physical layer. ZigBee is a communication
technology with low power, low complication and low cost,
bidirectional. The range of the system is from 10 meters to
200 meters, and the card readers’ speed is 20m / s or more.
This system uses the 2.4GHz band and the strong DSSS
(Direct Sequence Spread Spectrum) communication
technique, the transmission rate is 20kbps to 250kbps (which
can meet the needs of voice communications). This system
has low cost base stations, its network capacity is so larger
that it can accommodate up to 65,500(approx)® devices.

In ZigBee technology identity cards are used so the accurate
work of mine workers could be calculated every day, their
time of coming in and going out of the mine. Moreover,
supervisory department could also monitor remotely with the
help of Internet. When the monitoring system is not working
normally, The system automatically controls the personnel
location and after computing the nearest safe place, It guides
the persons to the safe ground before the complete disaster of
communication systems. The ZigBee system usually
separated into two portions: ground monitor system and
underground equipment. On the basis of genuine application
environment, the system based on Zigbee has a control center
on the ground, base stations and navigators are underground.

Control center: The control center is accountable for the
storage calculation and examination of the information
transmitted throughout the network. The control center has
three-dimensional electronic map of the underground mine.

Base station (card reader): Underground base station's main
function is to collect information from nodes and to judge the
location of the miners. In addition, the base stations also
provide voice information transmission.

Navigator: Navigators carried by miners are built up of two
parts, one is the position node and the other is speech
communication.
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Figure 3—ZigBee Technology based Model

Mine workers carries Micro-communications module fixed
ZigBee chip, which are power-driven by 2 AA batteries, also
known as the mobile node . Positioning nodes launch the
signals which were received by the base station. Base station
governs the location of the positioning node (According to the
signal strength) and transmits the location to the control
center. Control center examine the terminal location
information and underground circumstances and then directs
to the terminals in the electronic map and passes the message
through the voice communications 7). Terminals also can
demand control center for the navigation by voice
communications when required. According to this principle
the navigation system can reach real-time navigation. If
during transmission any data packet fails to send, then the
system will itself resend those packets. Its network structure is
distinctly appropriate, like mesh, star, cluster-tree, adhoc and
P2P topology in Network layer. For altering the network
topology into other practices, Network layer permits routing
and multihopping. Encoded security keys are established and
swapped in MAC, Application and network layer for
trustworthy communication. In couple of years ZigBee will be
used in the area of Industry control, Industry wireless
location, Home network , Building mechanization, Medical
apparatus control, Mine safety, Analyze and calculate
electricity consumption of users, Home automation or smart
home etc.

3.3.1 Problems with ZigBee

ZigBee is a advanced and effective technology but still there
are some areas that needs improvement. The coordinator
brings too much nodes, particularly in the large scale wireless
network. The nodes carries batteries, there are some places
where it is difficult for humans to change the batteries of
nodes. And a large number of nodes cause problems in
changing presents and enhanced design. the coordinator only
deal with the charge on the Zigbee network, the rest tasks will
be processed by alternative processor.

Table 1 Comparison of ZigBee, RFID & GPS Technologies

S. characteristics ZigBee RFID GPS
No.
Battery life (days) 100-1000+ No battery 1-7
(passive tags)
2. Range (meters) 1-75m im 1000+
3. Power consumption Low Low high
4. Data transfer rate low high low
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5. Nodes per network 255-65k+ 650+ 1000
6. Key attributes Reliable, No human | Reach
cost interference, ,
effective cost efficient. | qualit
Y,
min.
cost
compa
rativel
y.
7. distance medium short long
8. Cost High Medium low
4. CONCLUSION 6. REFERENCES
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improve the level of present-day management of mine
enterprises
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