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During last decade, wireless communication technologies have grown drastically and have been adopted
widely for

various real-time applications. Wireless sensor network based communication

has attracted researchers' attention due to its significant nature of adaptability in

diverse application. Wireless sensor networks are widely used in applications such as environment
monitoring,

military application, weather forecasting etc. However, numerous researches have been carried out in these
monitoring systems. Recently, mining industries are also adopting WSN based

communication for monitoring underground coal miners for

worker safety purpose and better production. In order to achieve better convergence analysis of coal mine, a
proper data transmission from sensor to the destination node is required, which is possible only if the accurate
positions of sensor nodes are known. Finding the accurate position is a crucial task, which is also known as
sensor node localization. In this study, we have focused on the underground coal mining monitoring, where first
of

all, we present a novel approach for sensor network localization

to establish hassle free communication. According to proposed approach, initially a sensor network localization
problem is formulated where node distance measurement and signal strength measurement models are
developed. Later RSSI based signal strength model is developed, which is further improved by introducing a
probability density function, which helps to reduce the distance

error. Complete experimental study is carried out using MATLAB simulation tool

where a

scenario of underground coal mining

is considered. Experimental study shows that proposed

model outperforms Gaussian model and Statistical

Mean Model by achieving average range error of 3.67, average localization error of 4.85 in terms of
communication radius and average range error of 6.972 for varied number of nodes.Keywords: WSN, coal -
mine monitoring, localization, localization error, signal strength Introduction
In last two decades
, the demand and applications of various communication systems have grown drastically. In this

context of communication system, wireless

communication is considered as a most promising technique of communication and it has significant impact on
real-time communication systems [1]. Various researches have been presented to delineate the wireless
communication which also embodies the discussion about advantages

and disadvantages of wireless communication [2]. In this field of wireless communication, sensor network
based communication plays important role and it is considered as an

active area of research. These sensor nodes are used to formulate a sensor network, called as Wireless
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sensor network which

utilizes small sensor nodes. Since, these sensor nodes are very s

mall in size, hence, various limitations are also constrained such as limited memory capacity, battery capacity
and processing time etc. [3]. Generally, these sensor networks are deployed in distributed manner for sensing
the physical conditions of the outer world and monitor the environmental conditions such as light, weather
conditions and pollution etc. These sensor networks enormously prolong the user's ability to monitor the
environmental and physical activities.

Moreover, wireless sensor networks are

anticipated to accommodate the solution for various applications on real-time systems such as monitoring,
military purpose, disaster management and patient tracking and monitoring etc. The augmented study of WSNs
helps to serve communication better by introducing automated monitoring system. Due to increased capacity of
sensor nodes, these sensor nodes are used for wide

range of applications such as agriculture, geological analysis, navigation purpose and security and along with
this, these networks can be used for

monitoring underground conditions. Moreover, sensor networks are adopted for examine the conditions of
underground infrastructures and process such as landslide detection, earthquake monitoring and information
acquisition from the sensor network which is deployed in underground tunnels or mines [4]. In this work, we
focus on the monitoring the underground environmental condition which can be used for various mining
industries such as coal mining. Environment monitoring and efficient communication is considered as a crucial
task which helps to ensure

the safety in underground coal mines and improves the productivity. Generally, in underground coal mines,

poor visibility, lower ventilation and toxic gases are present which may cause explosion resulting in huge
damage and loss of capital and severe causalities. Industries urge for a significant system for provisioning
advanced monitoring system which can accommodate real-time information about underground mines and
miners, specifically it helps to procure the real-time location parameters of the miners which can be used for
ensuring the safety of miners in emergency. In order to guarantee the safety in underground coal mining
systems, Cable Monitoring System has shown a significant effect on various issues [5] but due to complexity in
underground environments, CMS technique fails to monitor the various parameters which have impact on the
coal mining safety such as underground temperature, pressure, speed of wind and carbon monoxide level
measurement. Moreover, it is difficult to identify the hidden dangers which become a complex task for CMS
systems to overcome.

In contrast, wireless sensor network based techn

iques can efficiently, insistently and flexibly monitor the underground mine areas which are not possible to
measure by CMS systems. These systems have various limitations such as: these techniques are vulnerable to
failure due to cable breakage, bad design or connectivity may lead to the sparks or flame resulting in fire, in
wired systems connection cannot be established from the desired location wirelessly etc. Generally, in
dangerous situations such as disaster (fire, landslide), WSN can be considered as more reliable comparative to
the

wired communication systems. Wireless sensor network systems

can be deployed rapidly and it has multi-hop transmission system which can provide more scalable and reliable
information for underground monitoring. Furthermore, WSNs can be used to localize the miner in underground
mines where other techniques require a pre-defined infrastructure for monitoring where GPS (Global
Positioning Systems) are not available and implementation of GPS systems for underground coal mining
becomes crucial due to implementation cost. However, WSN suffer from various issues which are responsible
for affecting the performance of WSN such as medium access, deployment of

sensor network, network layer, securit

y and localization of sensor node. In this process of underground mine monitoring, sensor node localizationism
considered as important task which helps to perform network routing, location awareness and location based
tacking. In underground coal mining systems, obtaining the accurate information is a challenging task hence
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localization technique need to be implemented for any underground WSN monitoring system which can provide
the information about miners. According to WSN, any information is collected from source node and transmitted
towards the destination

nodes with the help of anchoring nodes. If the position of anchor node, source node and destination

node is not known then the collected information may not be transmitted efficiently or information may become
useless due to loss of the packets. In order to deal with this issue, GPS is a promising technique but
implementation cost and complexity is a challenging task. Hence, we focus

on the wireless sensor network

based

localization scheme. WSN localization techniques can be divided into two classes: anchor-based and anchor-
free

algorithm for WSN localization. According to anchor based approach, it is assumed that all reference nodes are
anchor nodes whose positions and coordinates are known in advance whereas anchor-free localization
algorithms need few anchor nodes where coordinates of these reference nodes are computed automatically.
These algorithms of WSN

localization in underground coal mines

may face various challenges due to water vapor and coal dust which may degrade the signal and lead to the
localization error. Along with this, underground mines have complex structure due to that, a complex network
topology require where conventional localization approach may fail to work. In order to deal with this issue,
here we present a novel approach for WSN localization for underground coal

mining. The main contributions of this work are as follows:

First of all, we present distance measurement and signal strength

measurement models In the next

phase, RSSI based model is used for node localization measurement Finally, a probability density function
based improved RSSI model is used to reduce

the localization error. Rest of the manuscript is organized as follows: a brief study about recent techniques in
this field of underground coal mine monitoring is discussed in section II, section III presents proposed
approach for sensor node localization, based on the proposed approach, we present comparative
experimental analysis which is depicted in section IV and finally, section V

presents concluding remarks regarding proposed approach. Literature Survey In this section, we discuss about
recent

techniques of underground coal mining

monitoring using wireless sensor network localization where multiple techniques of sensor network
localization

are discussed along with their key finding, advantages and disadvantages. Moridi et al. [6], discussed about the
underground monitoring and communication system for mining systems. Generally, underground mining
systems are challenging to complex terrain and changing network topology may cause reliability and
performance issues. In this work, automated process of monitoring is adapted using ZigBee networking
process. This study shows the advantages of ZigBee for monitoring of underground mine. Moreover, ZigBee
radio waves attenuation is also analyzed which helps to find the suitable distance for ZigBee node placement
for curved and straight tunnels. It shows better performance but the main limitation of this work is that it can be
implemented for short range of underground monitoring and the cost of implementation also becomes a
challenging task. Wang et al. [7] presented a novel combined approach for underground monitoring using the
ZigBee and Wi-Fi communication models. The main aim of this work is to divide the study based on the rational
utilization of network resources where different data types can be transmitted using ZigBee and Wi-Fi
techniques. According to this process, the data which doesn't contain any video, audio and image type of
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information; will be transmitted through the ZigBee network and the data with video and audio will be
transmitted through Wi-Fi network. This realization of data transmission helps to preserve the energy for
transmission and helps to reduce the energy consumption during data transmission. Similarly, Bedford et al. [8]
evaluated the issues

of underground mine monitoring and

presented low cost ZigBee based modules for position estimation using radio frequency (RF) techniques. This
work is considered for two tunnel scenarios where various conditions are present for location based technique.
In order to estimate the accurate position, time of flight measurement technique is used. This study shows that
RF waves experiences various interferences from the microwave type of networks which are deployed in
mines. These localization and underground coal mine monitoring systems which are based on the ZigBee
communication, RF communication and Wi-Fi can be adopted for coal mine monitoring purpose but the
implementation cost and complexity remains an unaddressed issue in this field. Recently, Qin et al. [9]
presented Ultra Wideband (UWB) communication

technology for underground coal mine monitoring. In underground mine monitoring

scenario diffraction, reflection and diffusion on sidewall causes measurement error. Hence, authors discussed
about UWB systems which are capable to provide precise ranging for accurate measurement using time of flight
measurement technique. Prior to this work of [9], Chehri et al. [10] also discussed about the significance of
UWB for real-time communication systems. UWB systems have several advantages such as low cost of
implementation, low complexity and significant nature to provide time domain resolution which helps to achieve
location estimation and tracking applications. This work aims on the characterization of underground mines,
ToA estimation, location based fingerprinting and positioning algorithms. In this field

of underground coal mine monitoring, wireless sensor networks

also play important role for monitoring the conditions of mines and providing safety to the miners. Based on

the concept of wireless sensor network

communication, Li et al. [11] presented WSN based coal mine monitoring system where a Structure-Aware
Self-Adaptive

sensor network is developed. In this process the sensor network is deployed in mesh net

work form and beacon strategy

is used for establishing the communication.

Moreover, this system is robust for managing the queries in various circumstances where environmental
conditions are changing. This study shows that

use of wireless sensor network

can provide better

performance for underground coal mine

monitoring system when compared with other wireless communication technologies. Several researches have
been presented for underground coal mining using wireless sensor network technique. Wu et al. [12] presented
a comprehensive approach for

routing in underground coal mine

environment using WSN. Conventional protocols of WSN are built on the layered protocol architecture for
dividing the complexity based on each layer but optimal performance becomes a challenging task in layered
protocol. To overcome this issue, authors presented a holistic approach for underground communications. For
underground coal mining monitoring and safety purpose, Bhattacharjee et al [13] presented a novel approach
which is used for firedetection, monitoring and alarming purpose. This study is carried out for Bord-and-Pillar
coal mine panel using WSN which helps to identify the location of fire and its spreading direction. Moreover, it
helps to prevent the fire

https://Plagiarism-Detector.com             5/12

https://www.researchgate.net/publication/232630275_Hybrid_
https://www.researchgate.net/publication/260515384_Evaluation_of_ZigBee_IEEE_802154_Time-of-Flight-Based_Distance_Measurement_for_Application_in_Emergency_Underground_Navigation
https://globaljournals.org/GJRE_Volume17/2-Issues-Challenges-and-Techniques.pdf
https://www.researchgate.net/publication/232630275_Hybrid_
https://www.ripublication.com/ijaer18/ijaerv13n10_149.pdf
https://www.sitesbay.com/interview/java-interview-question3
https://www.researchgate.net/publication/232630275_Hybrid_
https://www.researchgate.net/publication/260515384_Evaluation_of_ZigBee_IEEE_802154_Time-of-Flight-Based_Distance_Measurement_for_Application_in_Emergency_Underground_Navigation
https://slidelegend.com/underground-mining-technology-systems-for-safety-and-coal-age_59d729771723dd89667e192e.html
https://globaljournals.org/GJRE_Volume17/2-Issues-Challenges-and-Techniques.pdf


id: 38Plagiarism detected: 0.12% https://english.stackexchange.com/q...

id: 39Plagiarism detected: 0.35% https://globaljournals.org/GJRE_Vol... + 2 more resources!

id: 40Plagiarism detected: 0.91% https://www.ripublication.com/ijaer... + 4 more resources!

id: 41Plagiarism detected: 0.1% https://www.researchgate.net/public...

id: 42Plagiarism detected: 0.45% https://www.ripublication.com/ijaer... + 2 more resources!

id: 43Plagiarism detected: 0.52% https://globaljournals.org/GJRE_Vol... + 2 more resources!

spreading with the help of early detection of fire. Chen et al. [14] discussed about coal mining monitoring
system

and analyzed that coal mine tunnels have a good spatial-
temporalcorrelation. In this work, authors focused on the energy consumption reduction and efficiency
improvement for network monitoring of underground tunnels. Hence, network node correlation based method is
used along with Bayesian decision formulation. Based on the movement of the miners, a choice is made
between tunnels and pathways and Bayesian decision based technique is used for prediction of path in the
underground environment. Recently, Zhou et al. [15] discussed about coal mine tunnel monitoring using
wireless sensor networks. Proper deployment of sensor node is mostly demanded in WSN which can help to
obtain the significant information. To deal with this, 3D band-type node deployment process is implemented

where various features and characteristics are

considered such as sensing efficiency, coverage feature, redundancy principles and radio features. In next
phase, target node deployment is discussed and finally, simulated annealing based optimization scheme is
discussed for providing optimal performance. This section presents a brief study about the recent techniques of
underground coal mine monitoring. In this study, we discussed about several techniques where some of the
techniques are based on the ZigBee communication, Wi-Fi communication and RF etc. These have been
widely adopted for monitoring the underground mines but due to complex terrain and underground tunnel
complexities, these techniques fail to provide the accurate monitoring. To overcome this issue, sensor networks
technique is introduced which shows a significant improvement in underground monitoring systems. However, if
the location of source, anchor and destination node is not known then the collected information may lose
resulting in inaccurate monitoring hence, sensor network localization is an important task for achieving better
performance of underground coal mine monitoring systems. Proposed

Model In this section, we present the proposed model for sensor node localization for underground coal
mining

applications. The complete section is divided into three main parts: (a) problem formulation where distance
measurement and signal st
rength measurement based problem formulation is modeled based on maximum likelihood method. (b) In next
phase, we apply maximum likelihood which helps to reduce the mean square error. In this phase, maximum
likelihood matrix selection method and finally (c) we present maximum likelihood model for finding the
maximum probable value from the previously obtained result. Let us consider that a set of known position are
given in dimensional vector given as and unknown single source location is given by and based on the
proposed approach, the estimated source location is denoted by . Node distance measurement model
In this model, we measure the distance from source node to
each destination node which can be computed as:Where denotes the noise which is distributed identically with
zero mean and variance. For this

measurement, the conditional probability density function can be expressed as: And the maximum likelihood
of this distance measurement can be computed as:
Measurement of signal strength Here we present a model for measuring the signal strength during data
transmission. Let us consider that sourc

e node transmits a signal with power then sensor at location can receive a signal power as:Where denotes the
path loss coefficient, by considering a log-normal

fading, the received signal strength

at any sensor node can be computed as:Where denotes the noise which is distributed identically with zero
mean and variance. Similar to the node distance computation model, here we compute

probability density function, which can be computed as: /w:t /w:r w:r (6)Based on this model, the maximum
likelihood function can be expressed as:

RSSI based ranging model
Previous sub-section described the problem formulation for distance measurement and signal strength

measurement with the help of probability density function and maximum likelihood computation. In this
section, we present the ranging model for underground coal mining system
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using RSSI (Received Signal Strength Indicator)

. As discussed before, that sensor nodes localization can be divided into two categories where coordinates of
reference nodes are known initially and the location of blind node need to identify. Reference nodes are also
known as anchor nodes which are placed in the known location and these nodes are responsible for
broadcasting the signal to surrounding space in a fixed range of frequency. However, these signals carry
various information along with the information about their own coordinate. Later, unknown node receives this
information i.e. RSSI from the anchor nodes and performs the coordinate computation by using localization
algorithms. In this process of data transmission, transmission node and receiving node require some power.
The relationship between transmitting node power and receiving node power of transmitting signal can be
given as:Where denotes the power of receiver node, is used for transmitter node

power and the distance between

these nodes is given by and denotes the path loss factor which depends on the condition of underground
environment. The power required for data transmission and receiving, it should be measured in dB hence we
apply logarithmic computation on both side Eq. (8) and it can re-write as: 
denotes the required power expression in dB and it can be called as RSSI and let us denote the power with a
constant value and the RSSI based ranging mode can be expressed as:Generally

, the value of C is considered the value of RSSI computed at 1 meter away from the transmitting node. The
value of final

RSSI depends on the distance if the distance is increasing then the RSSI value will decrease. Let us consider
that the anchor nodes are given as and according to the coordinate system, the location of these nodes can be
expressed as. It is assumed that blind or unknown node coordinates are. Based on

this, distance between unknown node and

reference node can be computed as:From node 1 to node it

subtracts and it can be repre

sented such as:In other terms, this equation can be expressed as where ,and
Based on this RSSI ranging model, distance values can be computed Equation, can be solved with the help of
MMSE computation and the coordinates of unknown node can be given as: Improved localization approach

using probability density function In wireless sensor network based communic

ation, the senor data is transmitted to the server or destination node. In this work, we use maximum likelihood
techniques for location

estimation with the help of

anchor nodes. This technique provides the maximum probable value for better location estimation by utilizing
previously obtained values. A probability density function is formulated as discussed in previous sections.
Based on these probability values we determine whether the current coordinates of node belong to which
anchor node. In order to perform this, first of all we formulate trilateration group which is denoted by where
denotes the total number of trilateration group available. To determine the closest relationship of coordinates
with the anchor node, we compute the conditional probabilities as:This conditional probability value provides
the relationship of coordinates with the reference node and determines whether estimated locations belong to
the correct trilateration group. These anchor nodes can be categorized using decision rule as:This decision rule
helps to correlate between desired and projected data using Bayes computation

as: is the probability of

movement of anchor node from its trilateration group, is the final probability to identify the anchor node with the
reference location which can be

given as: . With the help of

(16), Eq. (15) can be re-written as:Based on this decision rule, final probabilities are computed and sorted
based in descending order for current reference/ anchor node. Experimental Results
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This section provides the detailed description of experimental study for underground coal mining sensor
network localization. We used MATLAB simulation tool to carry out the experimental study. in this scenario, we
have considered a tunnel type of track with size of 100mX100m where multiple sensor nodes are deployed.
Initial coordinates are considered as and the path attenuation factor is considered as 3.5, A Gaussian
distribution with 0 mean is considered here along with a standard deviation of 6. It is considered that miners are
moving with a constant speed of four beacon

nodes. Based on these assumptions, we compute the RSSI based performance measurement and compared
the localization performance with the proposed approach.

A network deployment model is given in figure 1.Fig .1.
Initial node deployment In this case, we have considered varied number of range of communication to estimate
the RSSI based ranging model.

In order to measure the performance of proposed

approach, ranging error is computed. The communication range is varied from 5 meter
s to 45 meters. Figure 2 shows sensor node localization performance for 100 nodes scenario where 4 anchor
nodes are present.Fig.2. Sensor Node localization Based on this localization study, we compute ranging error
performance and compared the performance of RSSI based Gaussian model, Statistical Mean model and
proposed approach. This performance is depicted in figure 3. Fig.3. Range error performance According to the
ranging error performance, average error using Gaussian model is obtained as 5.56, average error of statistical
mean model is 4.71 and proposed model achieves average error of 3.6
7 which shows better improvement in range error reduction. The detailed performance is given in table 1. This

experiment shows that the proposed approach achieves better performance when compared with the state-of-
art techniques. Proposed approach achieves 33% percent better performance when compared with the
Gaussian model and 22% improvement when compared with the statistical mean model of localization. Table
1. Range error performanceCommunication Radius Range
Range Error
Gaussian Model
Statistical Mean Model

Proposed Approach
5
0.3
0.25
0.12
10
1.6
1.22
0.87
15
2.68
1.92
1.53
20
3.86
2.96
2.06
25
5.29
5.04
3.26
30
7.09
5.37
4.11
35
8.66
7.2
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5.9
40
9.28
8.21
7.11
45
11.27
10.27
8.01
Average Error
5.5
64.71
3.6
7In next case, we measure the range error performance by

varying the number of nodes where total number of nodes are varied up to 500 nodes. Performance for varied
number of no

des is depicted in figure 4. Fig.4. Range error performance for varied nodesSimilarly
, we computed the performance of proposed approach for varied number of nodes and presented a
comparative study in terms of range error.Average error using proposed technique is obtained as 6.97,
Gaussian model as 11.30 and statistical mean model is 10.79. Thus, this

study shows that proposed approach achieves better performance in reducing the ranging error. According to
this experiment, proposed approach shows 38.31% and 36.46% improvement when compared with the

Gaussian and statistical mean model respectively. Table.2. Range error performance for varied number of
nodes.
Number of Nodes
Range Error
Gaussian Model
Statistical Mean Model
Proposed Approach 50
16.3
15.89
11.27
100
15.22
14.86
10.99
150
14.84
13.2
9.28
200
13.02
12.83
8.26
250
11.92
11.67
7.46
300
10.6
10.22
6.54
350
9.3
8.33
5.28
400
8.223
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7.6
4.23
450
7.21
7.11
3.29
500
6.33
6.21
3.12
Average
11.
3010.79
6.97
Finally, we present the performance of proposed system in terms of localization error based on the
communication radius as discussed before. A comparative performance is presented in figure 5 where
proposed approach is compared with the existing techniques. Fig.5. Localization error performance for varied
range of communicationTable 3 demonstrates the localization error performance comparison. Here, the
average errorusing proposed technique is obtained as 4.85, Gaussian model as 6.85 and statistical mean
model as 6.00. Thus,

this study shows that proposed approach achieves better performance in reducing the ranging error.
Experimental study shows that proposed approach achieves 29.19% and 19.16% better performance when
compared with the

Gaussian model and statistical mean model. This performance is measured in terms of localization error
reduction. Table.3. Localization Error Performance comparisonCommunication Radius Range
Localization Error Performance comparison Gaussian Model
Statistical Mean Model
Proposed Approach 5
2.6
2.2
1.23
10
2.9
2.45
2.28
15
3.66
3.69
3.23
20
6.3
5.01
4.16
25
6.92
6.2
5.22
30
7.21
7.1
6.1
35
8.33
7.6
6.2
40
10.23
8.6
7.13
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45
13.56
11.23
8.12
Average Error
6.85
6.00
4.85
The above mentioned experimental study shows a comparative performance analysis for sensor node
localization in underground coal mining systems. This performance measurement is carried out in various terms
such as localization error and range error etc. Conclusion In this work, we have focused on wireless
communication and used wireless sensor network based communication. WSN communication is

introduced for underground coal mine

monitoring purpose. In order to

monitor the coal mine roof

convergence, first of all we develop a methodology for better

communication for underground coal mine

to earth base station. In order to perform this task, we present WSN localization scheme using RSSI based
distance measurement model which is further improved by introducing a probability density function which
provides robust values of node coordinates for finding the accurate position of communicating nodes. An
extensive experimental study is carried out by considering an underground coal mining scenario where multiple
sensors are deployed and localization scheme is implemented. Experimental study achieves better
performance in terms of localization error. References Yetgin
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