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Abstract: The tremendous development in communication
technology has led to the rise of a new topic called Big Data.
Large Scale Wireless Sensor Network (LS-WSN) is one of the
key contributors to big data that produce a remarkable amount
of data. Data collection pose a hnumber of challenges to Wireless
Sensor Networks (WSNs). To overcome these challenges various
energy efficient routing algorithms are proposed. An energy
efficient algorithm is proposed in this paper for LS-WSNs. The
establishment of clustering communication is based on the
remaining energy of sensor nodes and distance among them. In
the proposed technique, network lifetime is evaluated and
enhanced. Utilizing the concept of density-based clustering
communication, network lifetime is enhanced and hence
minimized energy consumption. Simulation results indicate that
the proposed approach enhanced the network lifetime and can be
a useful approach for WSNs in military applications. The
efficacy of proposed technique is demonstrated via experimental
results in terms of network lifetime acquired in MATLAB.

Index Terms: Wireless Sensor Networks (WSNs), Big Data,
Energy Efficiency, Clustering, Network Lifetime.

I. INTRODUCTION

Development in diverse fields of Information and
Communication Technology (ICT) has resulted in a
tremendous increase in data volume. In 2012, IBM published
a report [1] according to which in the years 2010 and 2011,
90 percent of data was produced in the world. As a result of
which, big data came into view as a highly acknowledged
trend which is seeking focus from all sectors like
government, industry, and academia [2]. Huge volume, high
velocity and profoundly differing data resources of huge
information make it challenging to accumulate, process,
send and store enormous information by utilizing the
existing innovations. Variety demonstrated that information
involves generally differing structures, that is, information
delivered from a general classification of sources like
Machine to Machine, Radio Frequency ldentification
(RFID), Sensors, etc. Velocity is identified with information
gathering, handling, and transmission speed. Volume
uncovers that a lot of information needs to be gathered,
analyzed and transmitted. Despite the fact that
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administrations like interpersonal organizations, cloud
storage, network switches, and so forth are producing a
colossal measure of information, sensors/RFID gadgets (for
example thermometric sensors, barometrical sensors,
proximity sensors, etc) additionally produce much volume of
Big data. Oracle published a report [3] as indicated by which
data generated by sensors and RFID devices are ventured to
ascend to the order of petabytes. Subsequently, Large Scale
Wireless Sensor Networks (LS-WSNs) are considered
among numerous sources of Big Data. WSNs consist of
numerous sensor nodes deployed either randomly or in a
predetermined manner in an area. These nodes cooperatively
monitor the environmental quantities, process the sensed
data and send information of the monitored area to the base
station (BS). Although WSNSs, consisting of wireless sensor
nodes, which are cheap, small in dimension, light weight and
low power devices, enable multiple applications including
environmental monitoring [4-5], military surveillance [6-7],
health monitoring [8], agriculture surveillance [9-10] and
many more [11]. The limited, mostly non-rechargeable
power supplies degrade the network lifetime. Also, the
amount of data to be transmitted is proportional to the energy
consumption. In the big data environment (such as
industries, borders, mountains and forests and so on), two
major challenges are faced in gathering data from thousands
of sensors. First, due to the limited wireless communication
range, the network is partitioned into sub-networks. For
example, sensor nodes deployed on one side of a mountain
may be unable to communicate with the sensor nodes
deployed on the other side. As a consequence, the restricted
communication range may cause a hurdle in gathering data
from all the sensors. Second, although an individual sensor
node does not generate much significant volume of data, each
sensor node needs sufficient energy to relay the data
gathered from neighboring sensor nodes particularly in dense
WSNSs containing millions of nodes. To solve these
challenges, energy efficient data gathering schemes need to
be employed to gather high volume of data efficiently and
disseminate it to the sink in order to minimize total energy
consumption in the process of transmission. Katti et al. [12]
proposed a data compression technique that has the ability of
reducing the voluminous transmitted data. Even though this
technique is easy to be implemented, the sensor nodes
require to be equipped with high computational power and a
huge volume of storage.
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Moreover, the topology control strategies [13-14] can
estimate the finest logical topology and minimize
transmission of redundant data. The reduced redundant
transmissions result in reduced wireless transmission energy.
Flow control and routing schemes [15-16], in addition, select
the route consisting of nodes with higher residual energy.
However, these schemes are unable to handle divided
network problems. In this paper, a framework is proposed
that aims for border surveillance where millions of sensor
nodes are randomly deployed. In such a random deployment
scenario there might be some small areas with dense count of
nodes and other areas with less count of nodes. Hence
concept of density-based clustering communication is
utilized. Previous research work utilized the concept of,
increased cluster count lead to less energy consumption.
However, in this paper, the idea that higher cluster count
results in degraded performance is favored. The residual
energy of sensor nodes and distance among them is used data
transmission and reception process. A clustering algorithm
is proposed to gather data for border surveillance application.
In this algorithm, the election of Cluster Heads (CHs),
Cluster Coordinators (CCOs), and Relay Nodes (RNSs) is
performed based on remaining energy of nodes. The
proposed algorithm enhances energy conservation by
sharing data burden on CHs, CCOs, and RNs for effective
data collection. Simulation results reveal that our proposed
scheme works well in terms of network lifetime. The rest of
paper is presented as follows. Section Il reviews the related
work. In section Ill, proposed scheme is given. Section IV
presents the simulation output and result discussion. Lastly,
Section V concludes the paper.

Il. LITERATURE REVIEW

WSNs have gained much attention from the past few
decades because of its indispensable role in both civilian and
military applications. However, very few works are there in
analyzing large scale WSNs generating big data. Harb et al.
[17] presented a concept for data reduction in densely
distributed WSNs. A model called Pearson Coefficient
model is developed which works in two levels, in the first
level the collected data is compressed and in the second level
K-means and TopK clustering methods are used to remove
redundant data. Kim et al. [18] extended unicast m k- firm
stream to multicast m,k-firm stream which can be applied to
multicast communication where many nodes are interested
in receiving data packets from the sink node. Big
Data-oriented Energy Aware Routing (BEAR) [19] is an
energy-aware protocol which proves to be efficient in routing
large volume of data and in enhancing network connectivity.
Meng et al. [20] performed Bayesian-based trust
management with traffic sampling that enhances trust
management in an environment with high data traffic by
detecting the malicious nodes and reduce the burden of
handling high traffic of data. Lin etal [21] developed a new
clustering method which divides the network area into
fan-shaped clusters and provided two benefits: localized
re-clustering process which minimize signaling cost, and
robust routing scheme. Data aggregation approach used
widely by many applications provide significant results in
reducing the volume of big sensory data to be transmitted
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hence save energy, yetis time- consuming when employed in
large scale WSNs. Distributed multi-power and
multi-channel (DMPMC) [22] is a novel algorithm proposed
for minimizing the latency of data aggregation process in
multi-power and multi-channel WSNs. Gathering of
voluminous and widely varying data efficiently from the
sensor nodes is challenging. To address this challenge
Takaishi et al. [23] employed mobility of the sink node to
facilitate big data gathering by introducing a new clustering
method based on modified expectation maximization
technique. An energy efficient algorithm named big data
efficient gathering (BDEG) is developed by Rani et al. [24]
for gathering big data for military, industrial applications. A
cluster-based strategy is developed for dense WSNs which
aims to reduce the wireless communication distance as
distance traveled is proportional to energy depletion. Zhou et
al. [25] aimed to increase the lifetime of data-gathering trees
with different aggregation modes. In order to collect big data
in large scale WSNs, efficiently Ang et al. [26] developed
energy efficient techniques using mobile data collectors
which compute the energy utilization of nodes and discover
the optimal count of clusters for two models named MULE
and SENMA. Many applications pose strict constraints in
order to ensure the collection of data in a real-time manner
but the collection of real-time data is a challenging task.
Abdelhakim et al. [27] developed mobile access coordinated
WSN architecture for reliable, energy-efficient and
time-sensitive data exchange. Because of wireless
communication channel and inaccuracy of hardware in
sensor nodes, big sensory data is often prone to losses and
errors. For an appropriate result, the data received must be
accurate and lossless. However, the detection of big sensory
data errors is a challenging issue that demands efficient
solutions. To address it, Yang et al. [28] developed an
efficient error detection which explores cloud computing for
finding errors in big data sets. The literature uncovers that
the key aim of above-said techniques is to enhance the
lifetime of LS-WSNSs, by employing efficient clustering,
routing, and secure algorithms. However, in some
applications such as border surveillance with random and
dense deployment of nodes, there are some areas that might
be densely deployed with sensor nodes whereas some areas
with lesser count of nodes. For such a scenario handling the
regions with varying count of nodes is challenging.
Therefore, designing an efficient algorithm for such
deployment scenario is of prime consideration. In the present
work, the focus is on the scenario of a densely and randomly
deployed network with thousands of sensor nodes for border
surveillance. In this paper, the algorithm is proposed to
handle regions with varying count of sensor nodes. The
network is partitioned into smaller grids of two types, lightly
dense and heavily dense, forming clusters of two types. The
goal of this paper to reduce the complexity of lightly dense
and heavily dense regions in a network and prolong the
network lifetime of LS-WSNSs.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



International Journal of Innovative Technology and Exploring Engineering (IJITEE)

I11. DENSITY BASED CLUSTERING ALGORITHM
FOR LS-WSNs

In this section, firstly the clustering problem is outlined.
The network model is introduced in next sub-section
followed by the overview of proposed algorithm.

A. Clustering Problem

In WSNSs. the selection of the optimal scheme to collect
the data, minimization of energy consumption and to find the
location of data collection at one point needed to be resolved
efficiently. These challenges resulted in two issues, how
nodes are distributed into clusters and optimal cluster count.
Since data transmission energy has a direct relationship with
distance, a lot of energy is required in data transmission
process when sending node is at a farther distance from BS.
This problem can be solved either by utilizing relays selected
in the path between source node and BS or by utilizing any
shortest path routing algorithm. In densely deployed WSNs
finding of the shortest path will be time- consuming thus the
second approach is less optimal. The optimal approach is
designing a transmission strategy to form the clusters and to
ease multi-hop routing through load balancing on nodes. It
will facilitate a reduction in transmission distance of far away,
even though the distance of route calculated through the sum
of all relay nodes selected in the path to BS can be more. The
proposed technique utilizes hop-to-hop communication for
data transmission.

B. Proposed Network Model

In the proposed algorithm, a network is considered which is
comprised of BS located at the center of border field where
thousands of sensor nodes randomly distributed in a target
area. Each node computes its location by utilizing
localization technology. Sensor nodes have restricted
communication range, and hence communication is only
possible if the nodes are in each other’s range. The proposed
methodology suppose that network is deployed in large and
dense area for border surveillance application. The network
model is shown in Figure 1 where N number of sensor nodes
are distributed randomly into the LxB target area. The area is
firstly divided into M number of small grids of 50x50 with
respect to the x and y-axis of the given area. The grids
forming clusters are of two types, lightly dense with lesser
count of nodes and heavily dense with higher count of nodes.
Clusters are highlighted by dark black color. CHs, CCOs, and
RNs are represented by blue, black and green colors
respectively. CHs are elected in all the clusters. CCOs are
elected in the clusters surrounding the BS for balancing the
load of data received from boundary clusters and RNs are elected in
heavily dense clusters. Each CCO collects data of clusters that are
not close to the BS and forward the received data to BS. In heavily
dense clusters RNs are elected for sharing the burden of data traffic.

C. Overview of the Proposed Algorithm

In this paper the proposed technique can be used for
border surveillance application, where thousands of nodes
are distributed randomly in a large field, it is highly possible
that some regions are heavily dense and some are lightly
dense in terms of node count. Therefore, this scenario has
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inspired to propose an algorithm for handling lightly dense
and heavily dense clusters in a network. The data
transmission process is as follows:

1) In each cluster CH is selected. CCO is selected in the
clusters that are near to BS and RN is selected in the heavily
dense clusters. A threshold value is set for deciding lightly
dense and heavily dense clusters as:

Thresh. Val.= Total no. of nodes/ Total no. of clusters (1)

If no. of nodes in a cluster > Threshold
value, Indicates heavily dense

Otherwise lightly dense

o ©
@ o

ol

Fig. 1: Data communication structure in the proposed
algorithm

Table 1 Proposed Network Setup with respect to parameters

Network Parameter Value
Network Area 200m*200m
Location of Sink 100m*100m
Number of Nodes 1055

Data Length 4000 bits
Initial Energy 0.2joule

1502

2) Atregular intervals data from the nodes are gathered

at theCHs.

3) Datareceived at CH is transmitted directly to the BS if

BS is nearby otherwise via CCO elected in the clusters

near to BS.

4) In heavily dense clusters RN is selected to share the

burden of data traffic in that particular cluster.

5) Iftheenergy level of CCOs, CHsand RNs is found less

than the threshold at any time, then re-election is made

based on residual energy.

e Grids forming clusters are of fixed dimensions. In
simulations, the network of 200200 m2 area is divided into
16 clusters each of 50x50 m? dimension.
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e In the initial stage of transmission round, BS broadcast
its information (RSSI), the information about clusters and
CHid, CCOid, and RNid to all the sensor nodes (SN) and SNs
calculate their information with the help of a localized
algorithm. SNs calculate whether they can have direct
transmission to BS or not. If SN and BS are in range, they can
communicate directly otherwise via CH. The calculations are
done based on the following equation [29]:

BSRSSI — NRSSI BSi < NRSSI_f —NRSSI_min (2)

The symbols used in the proposed scheme and their meanings
are given in Table 1.

eEach CH transmit the data of its cluster and CCO
balance the burden of a network by transmitting data of the
cluster away from BS.

e Election of RN, CCO and CH is done with the help of
transmission algorithm. The election of RNs in the heavily
dense clusters is based on minimum distance algorithm of
LEACH [30] in which data of nodes is forwarded to CH if the
distance to selected RN is more than CH.

e Each SN compare its residual energy with other SNs and
SN with the highest energy is elected as CH, SN with second
energy is elected as CCO. In the developed scheme, energy is
conserved in deciding which cluster non-cluster nodes belong
to as clusters are pre-decided based on dimensions, as
mentioned earlier. Also, CCO help in lowering the burden on
CHs around the BS by forwarding the data to BS received from
farther CHs.

o After the cluster set-up phase, data is transmitted to BS.
Each SN in all the clusters forward data to CH elected in the
lightly dense cluster.

e However, in heavily dense clusters if the distance
between SN and CH is large data is forwarded to CH via RN
elected in heavily dense clusters otherwise SNs have a direct
transmission to CH.

o CH forwards data to BS if BS is near otherwise via CCO
elected in BS’s nearby clusters. The transmission process and
cluster configuration depend on distance and remaining
energy of SNs.

nodes and number of dead nodes in the network is evaluated.
Proposed algorithm, BDEG, and ERP protocols are used for
data transmission to the BS. Table 1 shows the simulation
parameters.

Network Lifetime: Network lifetime is defined as the time till
first node death, or the time till 50 percent of the nodes die out
or the time till the last node death. This parameter tells about
the energy efficiency of nodes that is, an increase in energy
efficiency leads to prolonged network lifetime.

Analysis of Network Lifetime: Various parameters such as
imbalanced load, long-distance data transmission, etc. affect
network lifetime. In proposed algorithm two communication
strategies are selected, one for heavily dense clusters in which
RNs are elected and other for lightly dense clusters where there
are not RNs. Also, the burden of data coming from far away
clusters is balanced by electing CCOs in the clusters surrounding
BS which is located at the center of the target field. Multi-hop
and multi-layer communication take place with the help of
RNs, CCOs, and CHs which optimize energy consumption
throughout the network. Distance for SNs has been decreased
that is data transmission takes place at small distances and
thus require small energy. For instance, in heavily dense
clusters if SN has to send data to BS but BS is situated far
away it will try to find its distance to CH. If the distance
between SN and CH is larger, then SN transmits data to RN
which further transmit to CH. The CH then forward gathered
data to CCO of the cluster near to BS and finally to BS.

Data communication in heavily-dense cluster occur as
follows:

SN —» RN—» CH—» CCO—» BS ?3)
Data communication in lightly-dense cluster occur as
follows:

SN— CH —» CCO —» BS ()

For WSNs, developing a routing algorithm face a major
constraint which is minimizing energy consumption, hence
lifetime maximization. Fig. 2 shows network lifetime for
three algorithms. It can be clearly observed that network
lifetime for proposed algorithm (Red Color) is longer as
compared to other algorithms as it transmits data for more
than 7000 rounds which is more than BDEG (Black

Color) and even more than ERP (Green Color) protocol.

Symbol Used Meaning
SN, RN Source node, Relay node
CCO, CH Cluster Coordinator, Cluster Head
RSSI Received Signal Strength Indicator
NRSSI_f Fixed Transmission power
NRSSI_min Minimum RSSI value
BSRSSI Received signal strength of BS

Both proposed algorithm and BDEG are stable in terms
of dead nodes after 7711 and 5000 rounds of data
transmission respectively, as compared to ERP in which
nodes die very early and at most in 2000 rounds. This
huge enhancement in network lifetime and optimization
in network stability is because of employing two
strategies for heavily dense and lightly dense clusters and

Table 2 Symbols and their meanings used in our proposed
approach.

IV. SIMULATIONRESULTS

An algorithm is developed in this paper for border
surveillance application. The proposed algorithm s
implemented and evaluated on MATLAB simulation
platform. The performance evaluation is done in terms of
network lifetime and for this purpose, the number of alive
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load balancing (as all CHs and CCOs handle the burden
of each cluster). When CH and CCO energy falls below the
threshold value, other nodes with high residual energy play
their role. In previous research works, CHs communicate
directly with BS and cluster count is obtained on the basis of
the algorithm used in LEACH protocol [31].
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Also, an increased cluster count result in more energy
conservation. But in the proposed scheme cluster count is 16

and data transmission takes place in multi-hop and >
multi-layer manner. The round history of dead nodes in 4
terms of first node dead (FND), half node dead (HND) and
last node dead (LND) in proposed algorithm, BDEG and
ERP is presented in Table 3 according to which network
lifetime enhancement is clearly observed. 6
1200
Propgsed Algorithm
1000 225 1 £
. 8.
% 800 - ,
z 9.
% 600 [ R
% 10.
E 400 [ T
11.
200 [ *
12.
0 0 10‘00 2000 30‘00 40‘00 50‘00 60‘00 70‘00 8000
Number of Rounds 13.
Fig. 2: Comparison of Network Lifetime
14.
Table 3 Round history of dead nodes
Dead ERP BDEG Proposed 15
Nodes Algorithm
FND 67 1500 2680
HND 863 3850 4000 16.
LND 1900 5000 7711
17.
V. CONCLUSIONS AND FUTURE SCOPE
18.
In this work, the study and amendments are done on a
wireless network that comprised of a large number of sensor 19
nodes deployed randomly for military applications. An '
algorithm is proposed for border surveillance application. In
the proposed approach the concept of density-based clustering ~ 2%-
communication is utilized and RSSI values determine direct or
indirect communication of SNs and BS. The performance of 21
the proposed approach is compared with a few other
algorithms. The obtained simulation results prove the ,,
efficiency of proposed algorithm over traditional BDEG and
ERP approach in terms of network lifetime. The obtained
output concludes that the network lifetime of the proposed 23
algorithm is 60% to 70% better than the lifetime of the BDEG
and ERP approaches. Future work will focus on factors such 24
as performance reliability, data delivery ratio, etc. For this
purpose, the criteria for CH selection can be improved by 25,
enhancing the list of parameters like delay, congestion level
on the route etc. 2.
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