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Abstract: Wireless sensor network has a large number of sensors, which is used to collect
the data from the environments. The sensor devices have a limited energy, memory,
transmission range, and computation power. In this paper, we present a model called design
and development of a sensor model for coalmines. The proposed model automatically
detects the harmful gases such as Methane and Carbon Dioxide using PLS41 and KG]J
sensors. It sends the sensing data to the control room through support node over the
network. The control room takes necessary steps to prevent the accidents by considering
threshold values of gasses. The proposed model is an efficient method to reduce the control

message packets over the network.
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I. INTRODUCTION

Raw material like coal is used to make
many products in the world. Discovering
coal in different parts of India is
responsible for many communities that
have sprouted inland and brought many
immigrants from the world to India[l].
The coalmines are very deep and the
detection of harmful gases such as
Methane and Carbon Dioxide is major
task. It will reduce the loss of products
and maximizes the coalminers safety[2].
Insufficient-light, presence of smoke and
external problems can be occurred at the
place where the coalminer works.

Methane gas is an odotless, tasteless,
colorless and light weight. The dangerous

mixture is between 5% and 15% when an
explosive occurs[3]. The oxygen is
depleted from the atmosphere by
oxidation of coal, wood and others. The
oxygen deficiency can be occurred as
contaminant gas is liberated from the coal.
In the coalmine[4], the low-cost portable
devices have been used for detection of
Methane gas. Various testing methods
have been used to alert the miners about
the security in the coalmine[5]. Wireless
Sensor Network(WSN) plays an important
role to collect the data from the
environments like building, industrial,
automation, home, shipboard, transport,
etc¢. In a Jarge scale networking
environments, one of the most important
factors is that it is self-organizing and
interoperability between the sensors.
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Many studies have shown that there are
varieties of sensors used to collect the
data efficiently. It transfers the data to the
sink node. Thousands of sensors are
expected in auto configuration and are
operated to extend the period of time
without human intervention. In many
systems, it can be expensive or impossible
to replace the batteries. In the WSN, there
are three main functions such as sensing,
controlling and actuating. Each node does
several tasks in addition to the normal
operation. Here, each node performs as a
logical repeater to route the data
packets[0].

This paper presents a sensor model to
detect the harmful gases at coalmine. The
paper is arranged as follows. Section II
presents some of the existing models.
Proposed method and its needs are
discussed in section III. Simulation of the
proposed model is presented in section
IV. Section V discusses the results of the
proposed method. Conclusion and further
work are discussed in section VI.

II. EXISTING WORK

This section deals with some of the
existing models. Simplified system, which
is used to monitor the miners of
underground in the coalmines[7]. It
performs like an intelligent system to
collect the valuable information about the
accidents. Personal safety system was
developed for the coalminers[8]. It
accesses the data about the locations and
personal safety of each coalminer over the
network. It uses a flat-based routing to
send the samples to the control room
periodically. Drawback of this model is
that it does not keep the record of
historical information. In fact, it is suitable
for small networks. These limitations
make traditional database systems, which
are not appropriate for WSN:ss.

A signal processing system was developed
for detection of events using the low-
power devices. It increases the system
performance[9]. The signal processing
architecture for WSNs was discussed
in[10]. Implementation of parallel paths
with the shared arithmetic elements for
higher throughput at low clock rate was
presented in[11]. Here, it uses the micro-
sensor spectrum to analyze the samples
and generate more number of control
message packets over the network. The
model has consumed more amount of
bandwidth while forwarding the data
packets.

III. PROPOSED WORK

The main focus of this work is to detect
the Methane and Carbon Dioxide gases
using the PLS41 and KGJ sensors at
underground  without disturbing the
miners in coalmine. In this work, it uses
two types of nodes namely regular and
support. The support node has enough
battery power(4000mAh) to transmit the
data packets. It covers more graphical
coverage area than the regular node. In
fact, the regular node does not have
enough battery power(800mAh) to route
the data packets. The proposed model is
shown in the figure 1. The regular nodes
are equipped with the PLS41, and KG]J
sensors for detection of Co, and CH,
respectively. The regular node senses the
data and forwards to the control room
with the help of support node by
considering threshold values of certain
gasses as shown in the table 1.

ITII.A. Communication System

In this work, the proposed model uses
IEEE 802.154 as a communication
channel. The IEEE 802.15.4 is a wireless
multi-hop network protocol and provides
a low bit rate, low cost and less power
consumption. The proposed model uses



MAC and PHY protocols. All the regular
nodes give electrical output signals either
in digital or analog form in order to
perform the scanning operation. Each
regular node senses the data periodically.
The sensing data is analyzed with respect
to the threshold wvalues. If the data
suggests any eventuality in nearby future,
then the control room takes necessary
steps to avoid/vacate the personnel. The
sensing data is transmitted from the
accident place to support node as
explained in Theorem 1.

Theorem 1: A directed graph is G=(1",E)
with  weight  function W.E>T1,
DP={v, 0050t is a path from  the
accident place », to support node #, for 7
and j such that 1=/S/<k. p,={n, 1,0} is
a sub-path of p from the # to . The p, is
the shortest path from the vertexes 2, to 2.

Proof:

Let us assume that a path is decomposed

into n22P202p? ”/epfk9 v, and

y

w(p)=w(p,,) +y/(p‘1./)+w(‘pjk).‘ It assumes that
there is a path p7; from the 2, to », with a

weight wp )<n(p). So
WP 2p 20 v, is a path from
the » to vy whose  weight

w(p,)Fu(p ) tw(p,) is less than w(p).

Theorem 2: G=(IJE) is a weight
functon W:E->R, if a path p form the
support node s to control room v is
decomposed into s>p Du#>v, then the
weight of a path is 8(s,2)=08(s,) +w(u,v).

Proof:

Based on Theorem 1, p is a path from the
s to # Thus,
3(s,0) = W(p)
= Wp)+W(up).
= W(s,u)+W(u,p).

IV. SIMULATION RESULTS

In simulation, we have considered an area
of 500 m X 500 m with a set of 330
sensors placed randomly. It used 300
regular nodes and 30 support nodes over
the network. The simulation has carried
out for 36 hours. The regular node
powered with 800 mAh and 4000 mAh
for support node. The proposed model
uses the constant traffic bit rate. The
simulation parameters are shown in the
table I.

Detection of CH, is shown in the figure 2.
Here, the red-box indicates the detection
of the Methane gas position by
considering threshold value when it
reaches 1,000 PPM. The proposed model
uses a set of predefined values. The
density of Co, in the sampled area has
compared with the set of predefined
values. If the amount of Co, value in
sampled area exceeds the maximum limit,
then it makes an alarm accordingly.
Detection of Co, is shown in the figure 3.
The red-box indicates the position of Co,.
In the figure 3, the value of Co, is 5,243
PPM and the model makes an alarm over
the network.

VI. CONCLUSION AND FUTURE
RESEARCH WORK

In this paper, it presented a model called
design and development of a sensor
model for coalmines. The proposed
model used fixed topology with the area
of 500 m X 500 m. The proposed model
automatically detects the Methane and
Carbon Dioxide using the PLS41 and
KGJ sensors. It sends the sensing data to
the control room through support node
over the network. The proposed model is
an efficient method to reduce the control
message packets over the network.
However, it is observed that low
transmission range will not provide



communication among all the nodes. The
proposed model has not considered
channel interferences. In fact, it generated
few control message packets over the
network. In this work, it does not
consider fault cases and packet loss but in
real situation, there is a packet loss and
fault cases in the network. To design a
sensor model for coalmines with respect
to the packet loss, bad-light and fire are
further research work.
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Table I. Threshold values of gases.

List of gases PPM | MG/M3
Carbon dioxide(CO0,) 5,000 | 9,000
Methane(CH,) 1,000 | 800

Table I. Simulation parameters.

Number of the support nodes 10
Number of the regular nodes 200
Simulation time 6 hours
Traffic type CBR
CBR packet size 500 bytes
Transmission range of support node | 250 m
Transmission range of regular node 150 m
Channel capacity 128 Kbps
Regular node battery with 5V
Support node battery with 10V
Work Station
=

i5as Monitoring system é g 8 Temperature Monitoring System

Sensor node
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Figure 2. Detection of CH,.

Figure 3. Detection of Co,.
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