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An Energy Efficient Data Aggregation Technique
Using Multi-Sink Infrastructure in Heterogeneous
Wireless Sensor Network
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Abstract: The energy consumption of sensors adjacent to sink
or upon critical paths remains excessively fast along with
additional drawbacks in wireless sensor networks using single
sink node. Therefore, we propose Energy-efficient secondary level
base station (EE-SLB) based data aggregation in wireless sensor
network. Multi-sink infrastructure permits sensor nodes for
choosing various sink nodes with respect to their individual
situation compared to single-sink topology. As a result, the usual
transmission distance amid sensor nodes as well as sink nodes
may be decreased. The benefits of dispersion, stability as well as
robustness are given by the deployment of multi-sink nodes.
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Network code method, Energy level routing, Secondary level base
station, mobile agent, Data aggregation, Data integrity.

I. INTRODUCTION

A WSN includes a huge quantity of minute and small power
sensor nodes that remain aimlessly or physically arranged
above an unattended objective area. WSNs guarantee
possible submissions in atmosphere monitoring, disaster
alerting systems, healthcare, defence investigation as well as
reconnaissance systems [1]. Nevertheless, the major
limitation of WSNs is restricted power sources of the sensor
nodes. Consequently, energy preservation of the sensor nodes
remains the utmost stimulating concern for the extended
course of WSNs. Many concerns are assumed for this
resolution which comprises low-power radio communication
hardware [2], energy-aware medium access control (MAC)
layer protocols [3,4], etc. Moreover, energy efficient
clustering as well as routing algorithms [5, 6] remains the
supreme capable regions that are assumed broadly by the
way. Within a dual-tier WSN, sensor nodes remain
distributed into numerous collections termed as clusters.
Each single cluster has a leader recognised by means of a
cluster head (CH). The entire sensor nodes identify local
information and later forward that one towards their resultant
CH. At that time, the CHs combine the local information and
lastly direct it towards the base station (BS) otherwise
through additional CHs. The performance of a cluster-built
WSN is presented in Figure. 1. Clustering sensor nodes
consumes the resulting benefits: (1) it allows information
collection at cluster head towards discarding the redundant as
well as uncorrelated information; here, in the
above-mentioned preserves energy of the sensor nodes.
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(2) Routing may be accomplished definitely since only CHs
are necessary for maintaining the local route arrangement of
additional CHs and therefore require small routing
information; this in turn progresses the scalability of the
network expressively. (3) The above-mentioned similarly
maintains communication bandwidth as the sensor nodes just
interconnect by their CHs and therefore stops interchange of
redundant messages amongst themselves.Nevertheless, CHs
withstand certain additional amount of work assured by
means of their participant sensor nodes as they obtain the
sensed information from their participant sensor nodes,
combine them as well as interconnect it towards the BS.
Furthermore, in several WSNs, the CHs remain commonly
elected amongst the usual sensor nodes that may die quickly
for this added amount of effort. In this perspective, numerous
investigators [7-11] have offered the usage of certain
distinctive nodes named as gateways that remain delivered by
additional energy. These gateways perform similar to cluster
heads and remain accountable for the identical performance
of the CHs. Thus, gateways as well as CHs remain employed
conversely in the remainder of the paper.
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Figure 1: A Wireless sensor network model
Nevertheless,  certain  submissions remain  exactly
time-critical by nature. Therefore, they must fulfil strict delay
limitations as a result that the BS could obtain the sensed
information in a definite time limit. Nevertheless the delay
remains comparable to the amount of forwards on the
distribution route in the middle of a source as well as the BS.
With the intention of minimizing the delay, it remains
essential to decrease the amount of forwards that can remain
attained by increasing the distance in the middle of
successive forwards. While designing routing algorithms we
must include a trade-off distance amid CH and SINK,
therefore we consider certain objectives. Particularly,
depleting energy at mobile agents is a serious problem when
the sensor nodes are not distributed in a uniform manner. In
this paper we address the problems mentioned below:
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1. In larger networks, the distance between SINK and CHs
are more.

2. As a result, the mobile agents have to travel longer
distances, which is also depleting energy at mobile
agents.

3. Long distance travel may increase the delay in
delivering the data to BS.

In Multi-hop LEACH offered by Fan et al. [12], energy
effectiveness has remained enhanced as multi-hop routing
occupies smaller amount of energy than direct information
towards the BS openly, particularly in huge sensor systems
every CH chooses the adjoining CH in single hop series by
means of its succeeding hop. However the major
disadvantage of multi-hop LEACH and certain additional
solutions which simply combined clustering and multi-hop
transmission [13-14] is that CHs around the SINK tends to
include great relay traffic and the nodes would expire shortly,
therefore reducing the lifetime of the network. Here exist
certain resolutions that target at exploiting the interval till the
leading node turn out of energy in addition to the work
towards reducing energy consumption [15-16]. The
difficulty of these max-min lifespan routing procedures is
that they may not safeguard energy on the base of complete
system measure. Preserving energy aimed at the complete
system remains more significant compared to that of distinct
node in a big measure sensor system. Finally, though there
exists a proportion of investigation effort on energy-aware
routing in sensor systems, limited preceding mechanisms has
deliberated the objectivity in energy consumption amongst
sensor nodes.In some cases, particularly in large networks,
the moving agent has to travel for longer distances which
seriously affect the network performance in terms of delay
and energy consumption. So here we introduce secondary
level base station to reduce the travel time of the moving
agents as well as to reduce the energy consumption. Here our
paper presents three objectives performing which is shown
below:

1) Data gathering between CHs and member nodes using
energy aware routing protocol.

2) Involving Secondary Level Base station (SLB) in the
network.

3) Mobile Agent is used to collect maximum data in routing
and send it to near BS.

Il. EXISTING WORK

On behalf of dynamic grouping of wireless sensor systems,
[17] have offered an evolutionary aware routing protocol
(EAERP). In selecting a customary of effective group heads
commencing the standard sensor nodes and complete
non-CH sensor nodes define adjoining CH towards joining,
here the writers have prepared a challenge for minimizing the
energy consumption all over the system. Furthermore,
EAERP involves re-clustering in every single round for
rotating the additional load of CH. Miserably, being an
integrated method; EAERP involves complete system data in
every single round aimed at re-clustering. Singh [18] and [19]
have employed the PSO for CH selection amongst the usual
sensor nodes and do not pay attention towards the cluster
establishment. PSO as well as ant colony optimization (ACO)
are employed in WSNs aimed at additional optimization
difficulties correspondingly and they can remain found in
[20], [21], and [22]. Nevertheless, not a bit of the exceeding
procedures deliberate the overhead of the information routing
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in group establishment stage. Moreover, none of them
excludes [23] attention on cluster establishment by means of
nature-motivated method. Numerous workings have
remained projected aimed at CH collection. Nevertheless,
collection of the CHs simply cannot practice the groups. Here
exists no nature-stimulated grouping procedure such as PSO
that deliberates cluster establishment instead of CH
assortment aimed at WSNs for the finest of our
understanding. In [24], author’s contribution towards EECCP
is to further influence the calculation ability of sensor nodes
in computing and considering a joint optimization of both
computation as well as communication energy across mobile
wireless sensor node for transferring and processing sensor
data and distribute results to suitable parties. To the best of
knowledge, this is the primary effort that considers sensor
node as a service and realize cooperative calculating in
MWSN. Its limitation includes the computational cost of this
algorithm is very high and increases the overhead. Also, the
candidate node (CN) selection affects overall energy
consumption. In [25], a secured recoverable CDA scheme in
heterogeneous WSN was proposed by author. In this method,
only a common node can produce valid cipher text if not the
node is compromised as the basis for producing cipher texts
is only shared in-between the node as well as the base station
that remains useful to avoid DoS attacks near the base station
as specified previously. In order to protect the data privacy as
well as recoverability, we use a symmetric HEBDA scheme.
The base station can acquire overall original information and
implement arbitrary aggregation operations. Additionally, we
apply an effective signature scheme supporting batch
verification that not only delivers data reliability check, but
moreover can obtain in-network false data filtering as well as
approved aggregation. Its limitation includes that, data
aggregation creates overhead when an enormous amount of
data are collected from a huge amount of sensor nodes.In
[26], a Novel energy aware hierarchical cluster-based routing
protocol (NEAHC) was proposed by the author for extending
the lifespan of the WSNs by combining clustering technique
as well as an optimal relay selection procedure. The objective
is to find an optimal routing path from the source towards the
destination by favoring the maximum remaining battery
power, minimum energy consumption in multi-hop path, as
well as optimum fairness among sensor nodes. Its limitation
increase the work load among the cluster head nodes and
energy is depleted more quickly in the CH nodes, which leads
to frequent re-clustering and CH rotation. Also this method
would increase the traffic at the nodes surrounding near to the
sink node.

I1l. PROPOSED FRAMEWORK

In order to improve efficiency, we propose a method called
EE-SLB which involves secondary base station in a network.
It reduces the overhead and improves the data delivery
process. The introduction of MA’s reduces the load among
the CHs and the surrounding nodes. Also energy is not a
primary parameter for CH selection. So CH rotation is
limited and prolong for a long time. The network coded
methods is used for data aggregation. In this method, we use
two base stations. In order to verify the data between the base
stations, this data integrity check is used.
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The data integrity is nothing but ensuring the sent data is
received without any loss or any alteration and also to check
the authenticity of the data at the receiver side. The working
process of proposed method shows in figure 2.In this paper,
to simplify scheduling for the mobile agent, we accept that
the information gathered by sensor nodes remains the
deferral tolerant information, i.e., they can wait for the
mobile agent to arrive and lift them up. Here mobile agent
receiving data, send it to base station. In this paper, mobile
agent will deliver the data to secondary level base station, in
case primary base station is not nearby. As a result, maximum
data delivery progresses in network. Here cluster head node
forwards the data towards nearest base station so time saving
in routing level.We consider the network remains collected of
N sensor nodes, represented as: 1 2 {sl, s2, s3........ Sn}
correspondingly. They unceasingly supervise their adjoining
atmosphere and remain equally distributed in a rectangle
field. There exist k sink nodes (or Base Station, BS) that have
remained arranged by indiscriminate location, signified by
means of 1 2 BS1, BS2....BSk}. We build the succeeding
suppositions:Entire nodes remain heterogeneous and fixed
after the deployment. The sink node remain pre-located in the
sensing field indiscriminately. Nodes may modify their
transmitting power along with the relative distance towards
its receiver and Links remain there uniformly.In every cluster
there exists only one cluster head. The additional nodes in
similar cluster direct information towards the cluster head. At
that moment, cluster head forwards combined information
towards the aforementioned significant sink. Firstly,
information combination decreases traffic load. Additionally,
the cluster heads located in similar mode compares itself with
the probabilistic deployment in LEACH. The aforementioned
remains additionally relevant on behalf of the large-scale
deployed networks. Lastly, it may extend the network
lifespan, by means of a majority of nodes near the
communication module aimed at comparatively lengthy
period. We will then select every single cluster head once
similarly distributing the sensing field into numerous
identical regions. We define every single cluster head using
its residual energy since the network remains deliberated
towards being heterogeneous. We motivate the sensor node S;
that is placed at the center of each cluster, when the selection
process starts. The aforementioned remains considered by
means of the cluster head. In the vicinity of radius R, it
transmits single message. Aimed at the struggle of the cluster
head, this message wishes towards motivating additional
nodes. The aforementioned comprises the node’s id as well as
the aforementioned residual energy. Though the external
nodes stay futile, only in the communication range, the nodes
may obtain the message and turn out to be dynamic. If any
node Sj consumes greater residual energy compared to S;, it
turns out to be a new cluster head applicant and transmits
novel message by its individual data towards others. If Sj
consumes equivalent residual energy by S;, then relate the ID,
then the node by a lesser ID succeeds. If Sj consumes lesser
residual energy compared to Si, the aforementioned still
transmits the message of Si. When the assessment remains
achieved, the unselected node turn out to be idle once more.
Entire nodes in the cluster must be paralleled merely one
time. Thus, the node is selected as cluster head by the leading
residual energy. The cluster-selection procedure may be
expressed in the same way to find MAX (Eresiguar)-

3.1 Inter cluster routing
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The cluster heads must send collected data towards sink
nodes after the data fusion. We can make better usage of the
secondary level-sink topology. Every single cluster head
chooses one optimum sink individually in our procedure. Our
topmost interest is to minimize the energy consumption. For
any cluster head CH, the energy consumption towards sink:
BS is represented as E (CH, BS). Its calculation follows the
energy model. E (CH, BS) == d (CH, BS), where d is the
distance between the CH and BSFrom the above mentioned
formula we can observe that the energy consumption i.e., E
(CH, BS) is reduced if the distance, d (CH, BS) between CH
and BS is low. In this scenario, the data from cluster head can
be sent directly towards the sink node within single hop.
Hence, we must compare the distances from every cluster
head towards various sinks and then select the shortest path.
In this manner, the cluster head will determine the optimal
sink with minimum energy consumption.

3.2 Intra cluster routing

Sensor nodes in the identical cluster transmit information
straightly towards the cluster head in numerous clustering
procedures. Certain sensor nodes might consume relatively
huge quantity of energy because of long-distance
communication owing towards the point of their numerous
locations. As a result, we fix a multi-hop routing protocol.
Aimed at every participant node Si in single cluster, the
energy consumption charges towards sending information
openly towards its cluster head CHsi remains characterized
by means of E (S;, CHS;)Meanwhile, it remains promising
that Si attempts towards finding additional sensor node Sj to
forward information for saving energy through openly
avoiding communication by CHS;.En route for delivering a
I-length packet towards the cluster head and the energy
consumption E(S;, Sj, CHS;) remains intended in this manner
as well as the optimal relay node remains defined grounded
on the least assessment of E(S;, S;, CHSi) where € and o
differ in dissimilar circumstances along with the energy
model.[E(S;, S, CHsi) = Etx (1,d, (S;,Sj) + Erx (1) + Etx (1, d,
(S;, CHS;y))Every single Si selects S; by the least value of E(S;,
S;, CHS;) by means of the relay node if needed.E (S;, CHSS)
= Min (E (S;, Sj, CHS;))Nevertheless, the sink nodes remain
accidentally situated in our procedure. Hence, certain nodes
might consumption a smaller amount of energy by
transmitting information openly towards the sink instead of
towards its cluster head. Therefore it remains essential for
comparing E (S;, CHS;) as well as E (S;, BSKk) and decides the
ultimate route.Aimed at easiness, the intra-cluster procedure
can remain expressed as towards finding MIN (E (Si, CHS)),
E (Si, BSk)).
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Figure. 2: Flowchart of Proposed system

IV. RESULT AND DISCUSSION

A. Simulation Environment & Parameters

The simulation  environment parameters are
summarized in table 1 and considered as default values
unless otherwise specified in the paper.

Table 1
The Simulation Environment Parameters
PARAMETER VALUE
Application Traffic CBR
Transmission rate 1000
bytes/0.1 ms
Radio range 250m
Packet size 1000 bytes
Initial energy 100j
Simulation time 10s
Number of nodes 77
Area 1000x500
Grid size 50m
No. Clusters 8
Base stations 2
Routing protocol AODV
Routing methods EE-SLB,
EE-CCP,
HEBDA,
NEAHC

In this paper, we consider that 77 sensor nodes are
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Network

randomly spread over a 1000x500m? field. In this paper, we
accept that no gap is present in the detecting field and static
sensors remains equal in their abilities. In the meantime, we
assume that the mobile agent is located initially in the top-left
corner of the two-dimensional territory and its coordinates
are (50 m, 50 m). After cluster head collecting the data from
cluster member, the mobile agent initiates its periodical
movement from beginning point and running towards to
cluster heads and finally returns. Tablel presents the system
parameters utilized in our simulations.

B. Performance metrics

The performance of the proposed optimal solution is
evaluated via simulation results using Network simulator-2.
Number of simulation experimentations has been conducted
to calculate the performance of our algorithm. For evaluating
the performance of our proposed algorithm, we use key
metrics named energy consumption, delay and throughput
based on which the performance from first deployment till
the last node is carried out.

B
-
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Figure. 3: Network deployment

Figure 3 demonstrates that all nodes are placed in the network
(1000x500m) and the deployment of nodes is properly done
in the network. At this point, the entire nodes that are
represented are on the basis of random topology values and it

should mention the overall properties of NAM window.
* W/ e B e
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Figure. 4: Cluster level routing

Figure 4 displays that, all nodes participate and which node is
to be considered and the type of the node is mentioned in
NAM. All cluster heads which are considered based on
distance parameter are displayed. At this point, cluster
member to cluster head data transmission is performed.
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Figure 5 represents the data collection of mobile agent. In EE-SLB - —@—REAHC
NAM, node 7d5 |; conl_sllde(rjed ials mo(;alle ?gent ﬁnﬂ it Istarts Figure. 8: Delay performance in network
E““é'ng towards the CH and collects data from all the cluster e gefine that processing delay denotes the execution time
€ads. T — versus varying delay in network. Figure 8 represents the
o0 @ @L@ delay of sensor node that is processing the data and it is much
) ) lower compared to others, since it allocates the traffic load
@) () D through the CHs in the network to balance their transmission
@ charge._ B_ut after few rounds, it rises rapidly due to the_rise in
i . transmission cost as some number of CHs reaches their level

and starts data transmission directly towards the BS. If there
exist long distance communication between CH and BS,
‘ mobile agent moves towards to CH and collects the data and
gets it back to BS.
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Figure. 6: MA to SBS data link routing Energyconsumption
Figure 6 represents the data link between the mobile agent
and secondary level BS. Here we consider node 0 as primary
base station, as it is located at far distance from the mobile
agent. Therefore, we choose secondary level base station to
collect the data from mobile agent. Here Bandwidth and
delay demonstrates the data transmission between two nodes
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e Figure 9 represents the energy consumption in network and it

‘ is much lower than others, as it allocates the traffic load

through the CHs in the network to balance their transmission

cost. But after few rounds, it rises suddenly due to rise in the

Figure. 7: MA to SBS data processing transmission cost as some number of CHs reach their energy

Figure 7 demonstrates the data level routing process between ~ level and start sending data straight towards the BS.

MA and SBS (secondary Base station). Here CBR indicates ~ Whenever the CHs are near to BS, it directly transmits the

traffic level protocol and measures the number of iterations, data otherwise searches for the nearest BS without the loss of
dual communication, packet size, and time interval. In this ~ €nergy.

NAM, node 76 is considered as SINK (secondary BS).
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Figure. 10: Network performance

Figure 10 represents the overall network performance. Here,
the number of data packets received by the BS in EE-SLB is
higher at all times compared to existing methods. The
average number of data packets received by BS and their
network performance is computed using various humber of
sensor nodes as well as estimates how much data is to be
stored in each sensor node for future transmission purpose.
Secondary level BS is helpful for increasing the data in
network in the proposed system.

V. CONCLUSION

The main design encountered in routing protocol aimed at
WSNs is efficient energy usage as well as operational
network lifespan. This paper defines the benefits of the
secondary level base station in the network. The projected
EE-SLB protocol precedes the benefits of clustering as well
as secondary level base station towards optimizing the energy
consumption in intra cluster routing. Simulation result proves
that proposed EE-SLB outperforms equivalent procedures
similar to EECCP, HEBDA as well as NEAHC protocols in
terms of energy consumption and data distribution. In this
paper, 38% improvement of the proposed method over the
existing methods considered is observed with respect to the
performance parameters given.
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