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ABSTRACT

Wireless Sensor Network (WSN) is the compounding of sensor devices (i.e. sensing unit, processing unit,
communication unit and energy unit) connected through wireless medium. The applications and diversity of WSNs have
greatly increased due to its deployment in environments difficult or nearly impossible for human to operate. However,
owing to its limited batter power of sensors, these networks have shorter operational life span. To address this issue,
various techniques are in vogue to improve network lifetime, such as clustering technique, in which a network is divided
into various clusters where a single node is selected as Cluster Head (CH), where each CH sends aggregated
information to a Base Station (BS). These CHs consume more energy comparatively and die earlier due to higher
processing and communication load. AS a result, the performance and operational objective of the network is
significantly affected. The existing approaches, such as LEACH, uses a static criterion to select a CH throughout the
network lifetime, whereas the dynamics of the network changes due to many reasons. In this paper, a new CH selection
technique has been proposed, where the CH selection is in accordance with the dynamic behaviour of the network. In
the proposed technique, the CH selection is performed in three phases with each phase designed according to current
status of the network. Each phase gets activated as soon as a defined criterion is met. The implementation and
simulation results showed that our new proposed technique outperform the LEACH protocol in terms of network life
span, energy consumption and throughput.
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INTRODUCTION
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A typical Wireless Sensor Network (WSN) consists of
a large number of low powered, energy-constrained tiny
devices, named sensor nodes also known as motes,
deployed within a specific area to monitor a target
enviornment. Generally, there is a dedicated resource rich
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node, commonly known as a “Base Station (BS)” in every
WSN, where the whole data of the network is collected[1]
[1]. Applications of WSNs include both in Civil and Military
domain [2]. For example, WSN for environmental
monitoring  [3], area surveillance [4], smart
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farming/agricultural [5], Internet of Things (loT) [6],
medical and industrial monitoring [7], disaster detection
[8], commercial applications [9] and many more. Besides
their widespread use, WSNs have some design issues
and challenges. These challenges are Energy-constraints,
Security, Fault Tolerance, Scalability, Self-Management,
Heterogeneity, Quality of Service (QoS) etc., [1013].

WSNs are highly recourse and energy constrained,
and most of the energy is consumed by in data gathering
and communication. Since long, clustering techniques
and algorithms are widely used in WSNs for better
network management. In Clustering, sensor nodes are
grouped into clusters, with every cluster having and
Cluster Head (CH), The other nodes in a cluster are
known as member nodes [13]. CH locally aggregate/fuse
data and further send the data to a BS for their respective
cluster. Clustering proves to a good technique in network
management and minimizes unnecessary communication
in WSNs. A typical scenario of a clustering based sensor
network is shown in Figure Error! No text of specified style in
document..1 [14].
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Figure Errorl No text of specified style in document..1: A
typical scenario of a clustered sensor network

Since, CHs play important role in data gathering and
communication, therefore, CH in WSNs are selected
according to certain parameters e.g. energy, location and
so on [15]. Suitable selection of CH can guarantee
prolonged network lifetime. While random selection of CH
- on the contrary such as in LEACH [16] protocol - can
lead to higher energy consumption and overhead,
resultantly, re-clustering of the network. This frequent re-
clustering consumes more energy of sensor nodes [17].
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Therefore, the random selection of CHs and re-clustering
of a network results in depletion of energy of a network
unnecessarily, and reduction of overall network’s lifetime.

Furthermore, the circumstances of a sensor network
do not remain constant throughout a network lifetime and
change according to various factors such as energy
depletion, mobility, location of nodes, and self-
organization etc., over the application lifetime [18]. In
other words, the status of a network is not the same at the
beginning, mid, or end of a network lifetime. Most of the
existing solutions fall short in considering the dynamic
behaviour of a sensor network. They only consider a
single criterion throughout the network life for the
selection of a CH, which affect network’s overall efficiency
[19]. For CH selection, the use of random selection and
following some criteria that do not consider the dynamic
behaviour of a sensor network throughout a network
lifetime may lead to frequent re-clustering of the network
and hence may result in communication overhead and
increased energy consumption. [20].

LEACH is one of the most widely-used and famous
clustering protocol [16], which randomly selects CHs by
ignoring present energy resources of sensor nodes,
ultimately the overall network lifetime is decreased. Given
the motivation, to address this important issue, in this
paper, we propose a novel solution called a New Energy
Efficient Technique for Cluster Head Selection (NEETCH)
to increase network lifetime. In NEETCH, a CH election is
based on the following three main parameters:

= Distance from the BS (as compared to received

signal strength intensity (RSSI)

= Mobility of the sensor nodes

» Remaining energy of the sensor

Moreover, along with the above, the selection in
NEETCH is carried out Phase wise considering the
current dynamic circumstances of a network. The results
of simulation based evaluation attest that NEETCH
significantly improves WSNs lifetime.

BACKGROUND

Over the recent past, Clustering Model/Technique
has been proved to be more efficient that flat network
model. However, cluster head (CH) selection is the most
challenging task in clustered WSN. Pertaining to the
design and development of WSNs, various routing
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protocols have been proposed by researchers to fulfil
every possible need of WSNs [21]. Nonetheless, due to
the growing application domain to WSNs, enhancement in
the existing protocols are also in progress. Related to this,
Energy-Efficiency is one of the most important factor in
any protocol aiming to prolong the lifespan of WSN with
goal to achieve the application target. There are several
research articles and survey papers in literature on
routing protocols in WSNs. However, to the best of our
ability, the most relevant and updated literature for review
has been selected and critically analysed as follows:

A. LEACH (Low Energy Adaptive Clustering

Hierarchy)

W.B. Heinemann et al. [22] proposed an energy
efficient cluster based routing protocol to increase
network lifetime known as LEACH. In LEACH, each node
in a cluster has a chance to act as a CH. Furthermore,
each sensor node in a cluster directly communicates to
the CH which performs aggregation on the collected data
and sends the fused data to the base station (BS). The
network operations of LEACH protocol are completed in
rounds like other hierarchical protocols. Moreover, in each
round, cluster member nodes collect data from the
environment and send it to the CH, and the CH sends the
aggregated or fused data to the BS. However, in case the
node having little residual energy is selected as the CH,
the lifetime of the WSN decreases accordingly.

B. Two-Level LEACH

V. Loscri et al. [23] proposed energy efficient and
high throughput routing protocol known as Two Level
LEACH (TL-LEACH) as an improvement to LEACH. In
this solution, a CH gets data from the cluster members,
the CH sends the data to an intermediate CH, rather than
sending the data to the BS directly. However,
transmission delay issue has not been addressed in TL-
LEACH.

C. CH-VCH Approach

A. Mehmood et al. [24] proposed CH-VCH, a vice
cluster heads to maximize performance of the network. In
this technique when a CH consumes its energy up to
some threshold, a high energy node as CH updates all
the member nodes of the network with a broadcast. Then,
the CH selects a member node, which has the maximum
energy in the cluster to be Vice CH (VCH). The VCH
transmits aggregated information of the member nodes to
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BS for further use. VHC minimizes additional round in
steady-phase, which also improves performance of the
network in terms of lifetime and throughput. However, to
evade sudden death of VCH, new advertisement phase
takes places, resultantly increase communication
overhead.

D. Discrete Particle Swarm optimization scheme

J. Li et al. [25] proposed a novel routing algorithm
based on centralized clustering, named as discrete
particle swarm optimization (DPSO). Initially DPSO
generates different clusters with the help of random
particles called a swarm. To get a promising initial
swarm, Base Station (BS) selects cluster head from the
available swarm having highest energy, while remaining
of the nodes become member nodes of WSN. In this way
particle/ nodes are coded into two types as cluster head
and member nodes. However, no restriction has been
implemented on particles/ swarm updates. This improves
the performance of WSN by selecting CH having highest
energy, however this mechanism also selects sleeping
nodes as CH which degrades the performance.

E. Self CH

S. Deng, J. et al. [26] proposed a scheme in which a
node select itself as a CH based on residual energy and
mobility. It is a time division multiple Address (TDMA)
approach in which all the nodes are assigned a time slot
to send their sensed data and broadcast a joint request
message. After two consecutive frames, a node does not
receive message from its cluster head, and the node
automatically understood that it has moved out of cluster.
Then the node broadcast a cluster joint message. Thus, it
joins a new cluster to avoid more packet loss.

The existing research work uses the same criteria for
CH selection throughout the lifetime of a WSN. Although
the importance and availability of various factors in WSNs
changes with respect to its lifetime. The mobility factor
has been ignored in most of the proposed solutions for
selection of cluster head, which may cause degradation in
performance of WSNs. Therefore, a need of different
criteria arises for selection of CH with respect to the
lifetime of WSNs which also considers other factors such
as remaining energy, mobility and distance from the base-
station.

PROPOSED SOLUATION
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In this section, we present our new energy-efficient
technique for cluster head selection. The preliminary
details and parameters of the proposed solution are
discussed are detail as follows:

A. Preliminary Concepts

According to our proposed technique, the lifetime of a
WSN can be divided into three phases i.e. initial startup
phase, mature mid phase and near to end phase. The
selection of CH in these phases solely depends upon the
residual energy, received signal strength intensity (RSSI)
i.e. the distance from base-station and mobility of a node.
In this section a few preliminary important concepts have
been explained before providing a detailed explanation of
the proposed solution.
= RSSI Qualifier

By RSSI qualifier (RSSIQ) we mean the highest
signal strength of the sensor node. Distance from the
base station and CH can easily be obtained from RSSI.
Highest value of RSSI may be considered near to base
station and can be used for CH selection.
= Mobility of node

The selection criteria also depend upon nodes
mobility. A certain number of nodes in the network move
with certain speed from one location to another.
= Energy level

Energy or battery life of the sensor device plays an
important role in network life time. CH selection also
depends on the highest remaining energy of the device. A
new CH is selected as soon as its remaining energy drops
below certain threshold value. Upon initial deployment, all
nodes are supposed to have the same highest energy
reserves.

B. A New Energy-Efficient Technique for Cluster-

Head Selection (NEETCH)

The proposed NEETCH scheme modifies and
improves the conventional LEACH protocol, by having a
new CH selection criterion and technique. The lifetime of
a sensor network changes with time. So, a dynamic
approach is needed to select a cluster head according to
the network’s present conditions. Therefore, NEETCH
uses various criteria for the selection of CH all through the
lifetime of a mobile WSNs. The CH selection is carried out
according to the present status of the network. The
lifetime is categorized into three phases the initial startup
phase, the mature mid phase and near to end phase.
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= |nitial Startup Phase

This phase starts the deployment of nodes. At the
initial, sensor nodes are deployed all having same energy.
In the meantime, all the sensor nodes of cluster advertise
their location to base station (BS) polling as carrier sense
multiple access (CSMA) protocol. The BS, then set
clusters using LEACH protocol and measures signal
strength of each sensor thus creating cluster head (CH) in
each cluster. This selection is made on RSSI i.e. distance
from the BS. The node when selected as CH, announces
itself to be a part of the clusters. The only criteria
followed at this stage is that the CH should be closer to
the BS. This is because all the nodes have same energy
and the network behavior is unknown.

During first phase, sensor nodes start communication
via the selected CHs. As the energy of a CH may reduce
before the remaining nodes, so whenever the energy of a
CH reaches certain threshold value, the second phase
starts.
= Mature mid Phase

In the Mature Mid Phase, when the above mentioned
condition meets, a new CH is selected. The selection
criteria depend upon the remaining energy and the lowest
mobility of the node. In this phase, it is not necessary that
a node should be closer to BS although nodes may have
more than enough energy to carry out long range
communication. However, the lowest mobility keeps a
node as a CH for longer period of time. Avoiding frequent
selection of CH will reduce energy consumption.

The transition from first phase to the second phase
occurs gradually. The second phase begins for only those
clusters where the CH energy is lower than the threshold
value. So both phases can coexist where some clusters
might be in the first phase and others in second phase but
eventually all will be moved to second phase.
= Near to end Phase

The network remains in the second phase as long as
nodes are available with enough energy to continue as
CH. As energy of nodes deplete the third phase, called
Near to End Phase starts.

In this phase, nodes having higher remaining energy
and closer to base station are selected as cluster heads.
Since nodes’ energy is already at its limit, so a node can
die sooner if it is selected far from a BS because longer
communication consumes more energy.
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C. Algorithm for the proposed scheme
The algorithm developed for the selection of CH is
based on three parameters i.e. Remaining Energy,
Distance from BS and Mobility of nodes. Table 1.1 shows
the parameters and their details that are used in the
algorithm.
Table Error! No text of specified style in document..1:
Details of the parameters in the algorithm for the
NEETCH
Parameters Details
=] the initial energy of each node
N=(n1, n2, n3...,nn) | No. of Nodes
E=(E1,E2,ES....,.En) | Energy of each node

R Number of rounds

Eavg The average energy of all nodes in a
particular cluster

ECh The energy of channel head

Tr The threshold of energy for CH

Eavg The average energy of all nodes in a
particular cluster

Ep Probability using energy
considerations

Er Reaming energy

RSSI - (10nlog10d + A ) : Receive Signal

Strength Intensity

d= distance travelled in meters, a =
continuous friction losses in joules
per minute, ¢ = kinetic energy of
node (E= I/2 mv2)

Etr The energy required for transmitting
and receiving data

Time division multiple access

Mo =a *d +c

TDMA

The steps performed to select a CH are given as below:

Algorithm: NEETCH {A New Energy-Efficient Technique
for Cluster Head selection}
Step-1: Inputs: Er, Emax, N, R, E0, CH=0.
topology
Step-2: Outputs: Number of CHs with balanced clusters,
CH= {}, CHi . // Output from Topology
Step-3: Random selection of CH near to BS. Il
Directly connected node will be selected as CH randomly

Repeati=1to N

Rand (n (i)

CH ==n(i)
Step-4:  IF (Tr<Tr0) Then // Calculate Residual
Energy of nodes probabilistically when CH energy
reaches to certain level

Repeati=1to N Then

EO (i) =Ep* (EO-Er)

(Tr>=Tr0)

I/ Input to
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EO (i) = EO (i-1) Break
Step-5: Repeati=to N //Calculate Distance by using
RSSI of each output of Step-3;
IF (RSSI (EO (i)) > RSSI (EO (i-1)) Then
Rs = ( RSSI (EO (i)) Break
Step-6: Repeati=to N ://Calculate Mobility of each
output of Step-4;
IF ( Mo (i) <= Mo(i+1)) Then
Mo = Mo (i) Break
Step-7: IF (E0 && Rs > Max of N && Mo = = Min of N)
Then // based on three parameters CH will be select
CH < ni Simulation setup comprising parameters,
metrics and result of the simulation will be explained in
details. The results will be evaluated in terms of
throughput, residual energy and number of alive nodes.
This scheme will also be compared with an existing
scheme.
Step- 8: Repeat i=1 to Rmax
network Step-1 to Step-5
Step-9: End if /I End of if condition
End Repeat
End if
End Repeat
End if
End Repeat
Step-10: Finish

I No. of iterations for

The above CH selection process is also explained and
presented in the flow chart below in the Error! Reference
source not
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Figure Error! No text of specified style in document..2: Flow
chart of the NEETCH

SIMULATION AND EVALUATION

We evaluate NEETCH, and with the simulation
results justify that NEETCH outperforms LEACH protocol,
and significantly increase the WSN's lifetime. In this
section, we further discuss our simulation setup
comprising parameters, and metrics. The results are
evaluated in terms of throughput, residual energy and
number of alive nodes.

A. Simulation Setup

For the evaluation of proposed scheme, we have
used NS-2.35 and list of parameters as shown in Table
Error! No text of specified style in document..2. We have
developed different scenarios to analyse the performance.
A number of simulation scenarios are designed using NS-
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2 as mentioned in the table.

Table Error! No text of specified style in document..2:
Simulation parameters

S/No. | Parameters Vales
1 Initial Energy of Each Sensor Node 2 Joules
2 Number of Base Station 1 (Base station)
3 Total Number of Clusters 5
4 Number of Nodes 4575.95
5 Mobility Model Random Way Point (RWP)
6 Mobility Speed 5-10 (m/Sec)

7 Pause Time 2 (Seconds)

8 Simulation Time 500 Seconds

9 Routing Protocol LEACH /NEETCH

10 | Application/Transport Layer Protocol Constant Bit Rate (CBR) / User Datagram Protocol

1 Simulation Area

700 % 700 (m2)

B. Performance Metrics

Following parameters are considered for evaluation
purpose.
= Throughput: The amount of data moved effectively

from one place to another in specific time period

measured in bits per second.
= Alive Nodes: The number of nodes that are alive or
functional, in terms of energy, in the network.
» Residual energy: The remaining energy of a node.
C. Result and discussion

This section presents the simulation results of
NEETCH and its comparison with LEACH. In the first
section, the network lifetime has been explained with the
help of graphs obtained from simulation results. The
second section explains energy consumption in the
network during varying nodes’ densities. The throughput
of each network has been shown graphically and then
explained in the third section. The details are given below:
= The effect on alive nodes vs time with varying

node densities

Nodes' densities in LEACH and the proposed
NEETCH schemes are evaluated to know its effect on the
efficiency of the networks. Networks of size 45, 75 and 95
nodes have been used in simulation.

Alive nodes vs time is depicted in Figure Error! No
text of specified style in document..3 with low density i.e. 45.
It can be observed from the figure that with the passage
of time, both the schemes show significant fall in number
of alive nodes. However, NEETCH shows better
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performance than LEACH. NEETCH improves the
network life time, but the LEACH drops sooner.

Alive Nodes Comparison

15 \
o 40
3 \—\

20 40 60 80 100 120 140 160 180 200 220 240 260
Time

=== NEETCH LEACH

Figure Error! No text of specified style in document..3: Alive
Nodes vs Time (45 Nodes)

Alive nodes vs time are shown in Figure Error! No text
of specified style in document.4 with medium density.
NEETCH keeps the nodes alive as time passes, but the
LEACH fails to keep the nodes alive for a longer time. It
can also be noted from the graph that as the number of
nodes increases, NEETCH presents better performance
because with a great number of nodes the network
lifetime increases.

Alive Nodes Comparison
80
70
o R\\A
50
40
30

20
10

No. of Alive Nodes

20 40 60 80 100120140160180200220240260

Time

=@ NEETCH LEACH

Figure Error! No text of specified style in document..4: Alive
Nodes vs Time (75 Nodes)

The efficiency of NEETCH in terms of alive node vs
time with high density is shown in Figure Error! No text of
specified style in document.5. The graph clearly
demonstrates that as the number of nodes increases,
NEETCH presents better performance. On the other
hand, LEACH performance is very weak.
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Alive Nodes Comparison
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Figure Error! No text of specified style in document..5: Alive
Nodes vs Time (95 Nodes)

It can be concluded from the table 11.3 that in overall
evaluation the NEETCH performs better than LEACH
during varying network densities and hence keeps the
nodes active for longer.

Table Error! No text of specified style in document..3:
Overall Result of Alive Nodes

No. of Alive nodes LEACH NEETCH
45 Average Above average
75 Average Above average
95 Average Above average

= The effect on energy consumption vs time with
different number of nodes
The energy in a network is consumed due to

communication, sensing, and management of the network
i.e. CH selection in this case. If a CH selection is not
proper, then re-clustering occurs frequently and hence
consumes most of the energy of a network. This section
explains and compares the energy consumption of
NEETCH and LEACH protocol for different network sizes
i.e. 45,75 and 95.

The result of Energy consumption vs time for the low-
density network is depicted in Figure Error! No text of
specified style in document... It can be noted from the
graph that both the schemes show a decrease in residual
energy as time passes. However, due to the high energy
consumption of LEACH protocol the overall energy of the
network drops sooner whereas the NEETCH performs
better.
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Analysis of Energy Consumtion

Energy Consumtion (mili joule)
O =]
s & & & 8 &

o

0 20 40 60 80 100 120 140 160 180 200 220 240 260

Time
e=@e==NEETCH === EACH

Figure Error! No text of specified style in document..6: Energy
consumption vs Time (45 Nodes)

The effect on residual energy with medium density
can be observed from Figure Error! No text of specified style
in document..7. With medium density, residual energy
decreases by both schemes linearly. However, the
LEACH consumption rate is higher than NEETCH.

Analysis of Energy Consumtion
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[¥¥)

Figure Error! No text of specified style in document..7: Energy
consumption vs Time (75 Nodes)

As the number of nodes increases both LEACH and
NEETCH present similar behavior in term of energy
consumption as shown in Figure Error! No text of specified
style in document..8.
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Analysis of Energy Consumtion
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Figure Error! No text of specified style in document..8: Energy
consumption vs Time (95 Nodes)

It is obvious that NEETCH performs well with low
density. Though, when nodes’ densities increase the
NEETCH does not perform efficiently as compared to
LEACH. However, there can be a number of factors that
may affect the performance of NEETCH such as cluster
size, etc. Therefore, it needs further investigation.

Table Error! No text of specified style in
document..4: Overall Result of Alive Nodes
No. of Alive nodes | Time Elapsed Time Elapsed
(LEACH) (NEETCH)
45 200 260
75 220 240
95 220 240

= The effect on throughput vs time with different

densities

The effect on throughput with low density is
presented in Figure Error! No text of specified style in
document..9. The throughput of NEETCH protocol
increases with time, in contrast to LEACH. As re-
clustering consumes a considerable amount of resources
hence it affects the throughput of the LEACH. The
throughput of NEETCH is increased by almost 22% than
LEACH.

Throughput
5000

4000
3000
2000
1000

0
20 40 60

Throughput (Bits/Second)

80 100 120 140 160 180 200 220 240 260

Time

=@==NEETCH  ==@=|EACH

Figure Error! No text of specified style in document..9:
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Throughput vs Time (45 Nodes)

The effect of medium density on throughput is shown
in Figure Error! No text of specified style in document..10.
Again, NEETCH's throughput increases with time and the
nodes participate rarely in communications thus the
throughput of NEETCH is increased by almost 28% than
LEACH.

Throughput

£ 6000

=== NEETCH LEACH

Figure Error! No text of specified style in document..10:
Throughput vs Time (75 Nodes)

In Figure Error! No text of specified style in document..11
the effect on throughput with time is depicted in a higher
density scenario. In a higher dense network, NEETCH
performs well as compared to LEECH. Summing up,
NEETCH shows better performance in all scenarios and
the throughput is increased by approximately 22% than
LEACH.

Throughput

20000 M
= T
ac o
2 0
gé’l 0 40 60 80100120140160180200220240260
= U
£ ‘5 Time

—&—NEETCH LEACH

Figure Error! No text of specified style in document..11:
Throughput vs time(95 Nodes)

The above discussion shows that NEETCH's overall
performance is better than LEACH. The reason is that CH
selection is done according to the current circumstances
of the network. As a result, there is no need of re-
clustering and hence resource consumption is avoided.
However, there are two situations worth noting. First, in
most cases, in the start LEACH and NEETCH show same
behavior because NEETCH initial CH selection criteria is
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same as that of the LEACH. Second, energy consumption
of NEETCH does not show much improvement as
compared to LEACH because network density increases
and as already mentioned, it needs further investigation

Conclusion and Future Work

The aim of this research work is to increase the
network WSN'’s in terms of cluster head (CH) selection.
The behaviour of a sensor network changes with time.
While using the same criteria, e.g. in LEACH protocol,
throughout a network lifetime for the CH selection may
result in frequent re-clustering of the network. In this
paper, we proposed a new technique called NEETCH that
selects a CH using received signal strength intensity
(RSSI), mobility of nodes and residual energy of nodes. In
the proposed scheme, three phases have been used to
carry CH selection process where each phase is activated
as soon as change in network behaviour occurs. On the
contrary, the simple LEACH protocol selects CH randomly
which do not improve performance of the WSN in terms of
network lifetime and throughput. The proposed NEETCH
technique was implemented and simulated in NS-2.35
simulator, and our simulation results show better
performance in terms of throughput and network lifetime
as compared to normal LEACH protocol.

In the future, we will investigate as to why the
NEETCH efficiency is affected as network becomes
denser, Moreover, further investigation is required to find
what other parameters can be used for shifting phases for
the purpose to improve network efficiency.

REFERENCES

1. H. M. A. Fahmy, "Wireless Sensor Networks," in Signals and
Communication Technology: Springer Singapore, 2016.

2. S. Biswas, R. Das and P. Chatterjee, "Energy-Efficient
Connected Target Coverage in Multi-hop Wireless Sensor
Networks," in Industry Interactive Innovations in Science,
Engineering and Technology: Springer, 2018, pp. 411-421.

3. K. P. Ferentinos, N. Katsoulas, A. Tzounis, T. Bartzanas and C.
Kittas, "Wireless sensor networks for greenhouse climate and
plant condition assessment," Biosystems Engineering, vol.
15370-81, 2017.

4. M. Hammoudeh, F. Al-Fayez, H. Lloyd, R. Newman, B. Adebisi,
A. Bounceur and A. Abuarqoub, "A wireless sensor network
border monitoring system: Deployment issues and routing
protocols," IEEE Sensors Journal, vol. 17, no. 8, pp. 2572-2582,
2017.

5. D. Shinghal and N. Srivastava, "Wireless sensor networks in
agriculture: for potato farming," 2017.

JICTRA 2018 | 60 |



6.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

0. Ojuroye, R. Torah, S. Beeby and A. Wilde, "Smart textiles for
smart home control and enriching future wireless sensor network
data," in Sensors for Everyday Life: Springer, 2017, pp. 159-183.
R. Amin, S. H. Islam, G. Biswas, M. K. Khan and N. Kumar, "A
robust and anonymous patient monitoring system using wireless
medical sensor networks," Future Generation Computer
Systems, vol. 80483-495, 2018.

M. Erdelj, E. Natalizio, K. R. Chowdhury and I. F. Akyildiz, "Help
from the sky: Leveraging UAVs for disaster management," IEEE
Pervasive Computing, vol. 16, no. 1, pp. 24-32, 2017.

J. R. Mary and N. Kannammal, "A Comparative Study of Security
protocols in Wireless Sensor Networks," 2017.

M. Matin and M. Islam, Overview of wireless sensor network, vol.,
ed. INTECH Open Access Publisher, 2012.

J. Tavares, F. Velez and J. Ferro, "Application of wireless sensor
networks to automobiles," Meas. Sci. Rev., vol. 8, no. 3, pp. 65-
70, 2008.

R. V. Biradar, V. Patil, S. Sawant and R. Mudholkar,
"Classification and comparison of routing protocols in wireless
sensor networks," Sp. Is. Ubiquitous Comput. Secur. Sys., vol. 4,
no. 2, pp. 704-711, 2009.

T. D. Maheshwari, "Selection of Efficiently Adaptable Clustering
Algorithm upon Base Station Failure in Wireless Sensor Network"
College of Engineering, Pune, 2012, (Accessed:

D. Goyal and M. R. Tripathy, "Routing protocols in wireless
sensor networks: A survey," Advanced Computing &
Communication ~ Technologies  (ACCT), 2012  Second
International Conference on, 2012, pp. 474-480.

A. S. Malik and S. A. Qureshi, "Analyzing the factors affecting
network lifetime for cluster-based wireless sensor networks,"
Pak. J. Engg. & Appl. Sci, vol. 69-16, 2016.

W. R. Heinzelman, A. Chandrakasan and H. Balakrishnan,
"Energy-efficient  communication  protocol ~ for  wireless
microsensor networks," Proceedings of the 33rd annual Hawaii
international conference on System sciences, 2000, pp. 10-pp.

P. Neamatollahi, M. Naghibzadeh, S. Abrishami and M.-H.
Yaghmaee, "Distributed clustering-task scheduling for wireless
sensor networks using dynamic hyper round policy," |EEE
Transactions on Mobile Computing, vol. 17, no. 2, pp. 334-347,
2018.

A. Ellaboudy and K. Pister, "Outlet Power Monitoring Using
Wireless Sensor Networks," 2012.

S. Ganesh and R. Amutha, "Efficient and secure routing protocol
for wireless sensor networks through SNR based dynamic
clustering mechanisms," Journal of Communications and
Networks, vol. 15, no. 4, pp. 422-429, 2013.

G. Sharma and V. Sahni, "Performance analysis of energy
efficient clustering protocolusing Tabu in wsn," International

pISSN: 2523-5729; elSSN: 2523-5739

21.

23.

24.

25.

26.

Journal for Science, Management and Technology (IJSMT), vol.
15, 2018.

S. P. Singh and S. Sharma, "A survey on cluster based routing
protocols in wireless sensor networks," Procedia computer
science, vol. 45687-695, 2015.

W. R. Heinzelman, A. Chandrakasan and H. Balakrishnan,
"Energy-efficient communication  protocol ~ for  wireless
microsensor networks," System sciences, 2000. Proceedings of
the 33rd annual Hawaii international conference on, 2000, pp. 10
pp. vol. 2.

V. Loscri, G. Morabito and S. Marano, "A two-levels hierarchy for
low-energy adaptive clustering hierarchy (TL-LEACH)," IEEE
vehicular technology conference, 2005, pp. 1809.

A. Mehmood, J. L. Mauri, M. Noman and H. Song, "Improvement
of the Wireless Sensor Network Lifetime Using LEACH with Vice-
Cluster Head," Ad. Hoc. Sens. Wirel. Ne., vol. 28, no. 1-2, pp. 1-
17, 2015.

J. Li and D. Liu, "DPSO-based clustering routing algorithm for
energy harvesting wireless sensor networks," Wireless
Communications & Signal Processing (WCSP), 2015
International Conference on, 2015, pp. 1-5.

S. Deng, J. Li and L. Shen, "Mobility-based clustering protocol for
wireless sensor networks with mobile nodes," IET Wirel. Sens.
Syst., vol. 1, no. 1, pp. 39-47, 2011.

JICTRA 2018



