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Abstract-WSN are the group nodes and these nodes are
grouped into several clusters, each cluster has its own CH
(Cluster Head). Moreover, each cluster Head collects the data
and sends either through the corresponding CH or through the
CH. Moreover, the clustering plays one of the eminent role in
WSN, since Clustering reduces the energy consumption in the
cluster Head and improvises the lifetime and scalability of WSN.
However, this maximizes the burden on the CH and certainly, it
causes the coverage loss. Hence, in this paper we design a model
named as EE-NCT (Energy Efficient model for maximizing the
network coverage time) which helps in increasing the Network
Coverage time for the non-deterministic model, i.e. Sensor nodes
location are not known. Non —deterministic model makes hard to
maximize, as the node placement is not known. Moreover, thisis
achieved through monitoring the sensor node location and
applying the routing based clustering scheme. Our model is
evaluated by considering the various constraint such as first
sensor node death, 75% of node death and loss of connectivity by
considering the parameter as energy consumption and average
number of failed nodes.

Keywords- Energy Efficient, Non-deterministic model,

WSN, Network Coverage Time.

[ INTRODUCTION

Wireless sensor networks (WSNSs) are composed of a
large number of communication nodes with limited sensing,
processing and computational capabilities and one or more
data sinks located either at the center or out of the sensing
field [1, 2]. The sensor nodes are deployed in a desired area
to monitor environmental parameters or to detect some
specific events (e.g., forest fire [3], battlefield surveillance
[4], target moving [5] and other application [6-8] where the
data are sensed and then sent to the sink or sinks through
single-hop or multi-hop wireless routing [9]. Distinguished
from traditional wireless networks, the sensor nodes of
WSNSs are limited in power, computational capacity and
memory. In harsh and inaccessible deployment
circumstances, sensors are necessarily powered by energy-
constrained, often non-rechargeable batteries. With time
elapsing, some nodes will run out of battery and let the
WASN in adisconnected state.
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This makes the energy consumption [11] become a
critical factor in the design of a WSN and calls for energy-
efficient communication protocols that maximize the
lifetime of the network [11].

Wireless sensor network is the composition of huge
finite number of sensor nodes located at the sensor field, it
has the restricted computational capabilities processing
speed and sensing capabilities. Moreover these sensor nodes
has been deployed for monitoring the severa phenomena
such as target moving, surveillance etc. and these data are
sent to the sink through the routing, the routing can be either
multi-hoping or single routing . Moreover, sensors in WSN
are organized into various cluster for flexible transmission
of data, these clusters have cluster head. Hence, instead of
directly transferring the data to sink it is transmitted via
cluster Head. This in terms helps in reducing the energy
consumption [12]. However this phenomena puts more load
on the Cluster Head, this causes the more energy
consumption by Cluster head and need for the more power
supply. Moreover, this results in non-complete coverage of
sensing region.

Figure 1 clusteringin WSN

The above figure shows the clustering approach which
consist of Cluster Head, sensor nodes, clusters and base
stations. In the literature review of balancing the load and
energy at first the LEACH protocol [13] is proposed which
uses the distributed clustering method, here the CH were
selected randomly as well as probabilistically in the
distributed, this guarantees the whole nodes is chosen at
least once in the given N/k rounds. K denotes the number of
cluster head and N denotes the number of nodes in the given
network. However, energy factor was not considered while
selecting the Cluster Head. Moreover, other variants of
LEACH such as [14, 15, and 16] were proposed to
improvise the performance of LEACH. [17] Proposed the
Dynamic CH selection, this method tries to discard the
overlapping network coverage.
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In [18] a technique named as DECH is presented, this
improvises the previous LEACH technique, TEEN [19],
DEEC [20] and [21] was proposed for energy consumption
and improvising the network lifetime. Here, at first DECH
chooses CHS by helping the conventional protocols. The
methods selects the CH in random and few CHs are placed
closer to each other this reduces the network performance.
Moreover, DECH observes and replaces those nodes with
the new CHs. However the main issue it facesis re-selection
process, this increases the overhead. Moreover, EEPCT [22]
integrates the distributed and centralized algorithm and
selects the Cluster Head based on the closeness of nodes;
this modifies the selection of CH threshold to improvise the
performance.

MOTIVATION AND CONTRIBUTION OF THIS
RESEARCH WORK

Sensor node in WSN are organized into various
clusters, these clusters have their own CH, so instead of
direct communicating to the base station , these nodes
submits their data to the CH then CH forwards the data to
the Base station either directly or through the intermediate
Cluster Heads. Moreover the reduces the power load on the
particular node. Clustering provides the various advantage
apart from reduction in energy consumption such as
security, scalability and network management. However
clustering causes the more load to the Cluster Head, which
causes their battery to drain in first place, this directly
affects the more energy consumption by CH and once the
CH is dead there is no communication between the node and
the base station. Hence, it is important to maximize the
Network Coverage time. Our scheme considers the non-
deterministic model of WSN, asit is more complicated since
the node placement are unknown. It involves the hop count
based where the location as well as the cluster of size is
taken into consideration. The contribution of the research
work are listed below
Increase the Network Coverage time through the
optimization technique.

Developing the energy efficient model for Non-
deterministic model
More robust considering the non-deterministic

model.
e EE-NCT reduces the energy consumption and
failed nodes

Extensive simulation has been performed to
evaluate EE-NCT

Our research work is organized in various section, first
section discuss about the background of WSN and addresses
several problems related to the WSN such as limited
functionality of sensor nodes. Moreover, in the same
section, method such as clustering is discussed and later
section discusses the few existing methodology. Second
section focus on the motivation and contribution of this
research article, third section focuses on the proposed
methodology. Performance evaluation is done in the fourth
section, followed by that our research work is concluded.
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. PROPOSED MODEL

NETWORK MODEL

Let us consider a model of particular region Y of given
angle @, sink is located, moreover the sink is located the
vertex of the graph. Here we have considered a cone like
structural field. Sensors are distributed in a uniform manner
across the given region i with density p. Moreover, only
the node with distance r, can communicate in a direct
manner with the sink and remaining sensors communicate
through the CH; this happens by designing the clusters.
Cluster can be designed based on the severa parameter such
as distance based. Here it is assumed that each cluster head
is placed at the center of the cluster.

Problem Statement

Let there be Ei which indicates the Energy consumption for
theith structure, then the following model is considered as
the energy, where the receive circuit is eng,,, which depicts
the energy consumed in the receiver mode and the
eng;, indicates the energy consumed in transmission mode.
Yri istheinter-cluster traffic, y,; isintra-cluster traffic. Er,
is the power transmitted.

Ei = enGrey (YDL' + Yri )
+ eNnGx (}/oi + yri)
+ Ep; (Vai + Vn',RS)

1)
EE-NCT model
2

Minimize max {E,, E,, E; ..., E}

Equation (14) leads to the optimization problem and solved
using

Hop-based routing

In this section we solve the clustering problem through
Hop-by-Hop routing , in this routing scheme , here cluster
head in the rth ring transmits the particular data to the
adjacent Cluster head in the given (r-1) ring. Let us consider
any variable dist; which is the distance between the two
Cluster Head, hence the Power transmission between these
two can be written through the below equation.

Err = TE.(Vicr + Vrer ) (3)

TE, is the energy transmitted per bit, hence the power
consumption of cluster Head in the given ring ris given
through the below equation.

E, (engrc + engue + TE)(Vicr + Vrer ) 4

Moreover, the energy received is given as

engger = TEM(eg) (fo)_t rand ®)
Moreover the reliability requirement is expressed through
the below equation

e dist]

eng enggi L

(eo) eé‘

.
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Here we have considered minimum Hop routing; the
maximum number of link of the path from source to
destination is K. Moreover, to guarantee the constraintd,
the minimum link reliability should be as given in equation.

Nret = 775_1 (7)

Moreover equating (18) and (19), we get the reliability
requirement, which is given by:

e .
Let’s calculate the approximation which gives the upper
bound on the given time and it is obtained through replacing
x; in equation (20) along with the lower bound and it is
given as

K1+K
%, forr=1

dist, pin =
Tmin Ki—Kj—:
=2 2‘ 2, forr=2,..,P.

©)

Moreover thelb is retrieved through adding the cluster
radius in theith circle and the radius of nearest cluster in
(i — Dthring. Let us consider the X;yrqi, Which denotes
the hit rate of aggregate traffic which is derived from the
given clustersin the rings i through K.

¢

Viow = (K2 =12y o=, 0= 1P

(10

Since the relaying is done through hop-to-hop, the traffic
load carried is same as the traffic volume originated from
the clustersinthering i to K. the number of CH is computed
through the below equation.

2mi,. ¢ (12)

rE @)K, —Kr—y

Moreover, the average traffic load on cluster Head in the
givenring | isgiven by

Ytotati
Yicr tYrer = t;f.a : 12
13

The above eguation (24), (20)

Yeotali (R? =) tri=riy) <y
T; 2ri )

and (21) in (16),since

Energy consumption is given as:

£ = + + P{ (r1 + r(,)‘
1= |eNGier T €NYGRer —L(d,)d}1ogs, 2

(K? = K§) ey = ko)
T{y,forr

=2, P (13)

E,

_ + N r (ri + ri—2>n
e TR T M e, yeg In(ng) 2 y
(KZ - kl%—l)(kr - kr—l) . ( )
{y,fori=2,..,P
2k,

Optimization of this problem is given as in the below
equation.
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such that (15)
ko <ky < <k,=K
WhereE,, r=1... P, are given by (25) and (26), later the
auxiliary variable is introduced in the above equation which

forms the below equation.

{minimize[k1 ) kp]{max{El, . Pk}}

( minimizeg , qyyar
| Such that
var/'E, <1, i=1,..,P (16)
ik,lk;1 <1, i=1,....,P
kp=27

Objective function is power product and above equation
presents the optimization problem and can be optimized
through the below equation.

[i. PERFORMANCE EVALUATION

In this section, we evaluate the proposed energy
efficient and load balanced model we have performed the
extensive simulation and compare with the existing
methodology. Simulation was perform on the visua studio
2017 version on the windows platform by using C sharp as
a programming language. Moreover, the evaluation was
performed on the single system which has the configuration
of 1 TB SATA hard disk packed with 2 GB NVidia graphics
and 8 GB RAM.

For the evaluation process we have considered the two
main parameter i.e. energy consumption, number of failed
Nodes and four different number of nodes were considered
as 450, 550, 650 and 750. Moreover, for the further
evaluation we have considered three different constraint
described later in the same section as 75% node death, first
sensor node death and network connectivity issue. These
three were the primary constraint where the existing
methodology discuss in the introduction section fails.

Energy Consumption

Energy consumption is one of the key parameter, which is
considered, as the most of the WSN are battery based and it
has the limited energy supply, hence energy consumption
should be as less as possible. Meanwhile it is also obvious
that we consider the number of failed nodes as one of the
parameter.

First sensor node death

We have considered this as one of the constraint while
evaluating the proposed methodology, when a model is
designed severa constraint has to be considered it is one of
the main constraint. A model is said to be efficient if it
passes through the fault —tolerant property. Hence, to test the
fault tolerance property we have considered this as one of
the parameter i.e. when model is designed, how model
performs if the first node itself is dead. In graph, i.e. Fig 2
we observe that energy consumed by existing methodology
is comparatively more than the proposed one .Similarly fig 3
presents the comparison analysis of number failed nodes, the
less number of failed nodes indicates the more efficient.
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Moreover, we observe that in case of first sensor node death
our model consumes nearly 13%, 10%, 29% and 12 % less
energy than the existing model.

Energy Consumption
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Figure 2: comparison of exisitng and proposed model
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Figure 3: comparison of exisithg and proposed model

75 % node death

Another constraint we have consider is the performance of
the model when 75 % node is dead, below figure 4 and
figure 5 shows the comparative analysis of existing and
proposed model. The energy consumption for 450, 550, 650,
and 750 are nearly 2%, 10%, 18% and 21% less when
compared to the proposed model.
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Figure 4: comparison of existing and proposed model
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Figure 4: Comparison of exisitng and proposed model

Loss of Network connectivity

Network connectivity is one of the eminent parameter; loss
of network connectivity can take place due to several reason
such as physical entity. Figure 6 and Figure 7 represents the
energy consumption and number of falled nodes
respectively, from graph we observe that proposed
methodology is more efficient than the existing one.
Moreover our model consumes 2%, 2%, 4% and 3% less
energy than the existing model while considering the
number of nodes as 450, 550, 650 and 750 nodes.
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Figure5 energy consumption comparison betweem
existing model and proposed model
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Published By:
Blue Eyes Intelligence Engineering

30 & Sciences Publication



OPEN anccess
V. CONCLUSION

In this paper, we have proposed a model named as EE-NCT,
which maximizes the Network coverage time in Non-
deterministic model. To achieve that we have routing based
clustering, were used, Our modd is evaluated through
extensive simulation using the several number of nodes such
as 450, 550, 650 and 750 based on the two parameters i.e.
energy consumption and average number of failed nodes by
considering the various constraint such as death of first
sensor node, average number of failed nodes and loss of
connectivity. In the comparison analysis, we observe that
our model consumes the less energy when compared to the
existing model in al this constraint, similarly our model has
less number of failed nodes. Moreover in future work we
would be considering more constraint and observe how the
model performs and parameter selected is limited hence in
the next work we would be considering several number of
parameter.
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