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Abstract

In present scenario of wireless sensor networks and communications, efficient sensed data
transmission among nodes is being a great confrontation because of the impulsive and vol-
atile nature of sensors in the network. For providing that and enhancing network lifetime,
there are several approaches are developed, specifically using clustering techniques. Still,
there are requirements for energy based efficient routing in WSN. With that note, this paper
develops anEnergy Aware Efficient Data Aggregation (EAEDAR) and Data Re-Schedul-
ingwith the incorporation of clustering techniques. Moreover, the model used energy based
cluster formation and cluster head selection for increasing the network stability and data
delivery rate. The model comprises four main phases, namely, Energy factor based clus-
ter formation, Aggregator_SN (Sensor Node) Selection, Efficient Data Aggregation (EDA)
and Data Re-Scheduling based on delay and processing time. Furthermore, the model is
updated with respect to the status of the nodes and links, for providing consistent network
with improved reliable data transmissions. The simulation results portrays the effectiveness
of the proposed model over other compared works in terms of the performance factors such
as, throughput, packet delivery ratio, network lifetime, transmission delay and packet drop.
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1 Introduction

Wireless Sensor Network (WSN) is commonly defined as the collection of closely distrib-
uted sensor nodes for the accumulation and propagation of sensed data about the environ-
ment. There are several applications of WSN in environmental sensing such as Pollution
Monitoring, Military Applications, Industrial Monitoring, Fire Detection, etc. [1]. Moreo-
ver, the sensor networks observe and controls their surrounding area using remote loca-
tions also. However, the sensor nodes that are used in the network for environmental sens-
ing are with some limitations on storage, computational ability, power and energy. Hence,
required models are to be designed that provides efficient resource utilization in WSN [2].
The General Mode of Wireless Sensor Network is showed in the Fig. 1.

In WSN, data aggregation process is incorporated for enhancing the network lifetime by
collecting and aggregating the sensed data from various distributed sensors with efficient
energy utilization and also by minimizing the conflicts over medium access layer. Further,
the aggregated sensed data are forwarded to the sink node through some routes [3].That
is, the real sensed data are transmitted from the source to sink are performed with multi-
hop transmissions through the neighbour sensors. Moreover, the data transmission should
be established with the consideration of energy efficiency with reduced power consump-
tion. In general, the data aggregation in WSN can be categorized into two as Lossless and
Lossy Data Aggregation [4, 5]. Lossless Aggregation is performed when the payload is not
exceeding the threshold, whereas, the Lossy aggregation is done, when the data crosses its
threshold rate that are fixed based on the system capacity.

Base Station

. Cluster Head

‘ Sensor Node

Fig. 1 Wireless sensor network model
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In the WSN model, sensor nodes are combined into groups and termed as clusters and
having a leader called Cluster Heads (CHs), as in Fig. 1. The distributed sensors are used
to identify the local environmental data and the data are forwarded to their correspond-
ing heads. Further, the data aggregation process is carried out at the cluster head and for-
warded to the base station. Clustering in WSN is performed for the following reasons,

1. It permits data collection at head nodes towards eliminating the repeated data and also
the unrelated data.

2. The network stability is managed, since the routing is established with the cluster heads.

3. The communication bandwidth is similar between the sensors that are connected with
their corresponding heads and hence, reduces the redundant data exchange.

Since the direct data transmission between nodes make some transmission delay and
also increases the energy consumption of nodes in the network. And also, the multi-hop
data transmission between nodes is not energy efficient, since, the node energy utilization
is directly proportional to the hop-distance travelled by the data [6, 7]. For reducing energy
utilization of nodes, clustering model is incorporated in WSN. Hence, Energy Aware Effi-
cient Data Aggregation (EAEDAR) with Data Re-Scheduling model is proposed in this
paper. The contribution of the proposed model is given as follows,

1. In (EAEDA- DR), Energy factor based cluster formation is performed for reducing the
node energy utilization.

2. Aggregator_SN (Sensor Node) Selection model is computed for aggregating the col-
lected sensed data from various sensor nodes.

3. Efficient Data Aggregation model is defined using the A_SNis.

4. Based on the processing time and transmission delay, transmissionRe-Scheduling model
is provided and which also minimizes the time-bloated state problem.

5. An analytical model is derived for evaluating the proposed work and the results are
compared with the existing models.

The remainder of this work is arranged as follows: Sect. 2 narrates about the various
data aggregation and routing models in WSN. The work process of the proposed Energy
Aware Efficient Data Aggregation (EAEDA- DR) with Data Re-Scheduling model is
described elaborately in Sect. 3. The results and discussions with comparative analysis are
presented in Sect. 4. The conclusion and future work is written in the final part Sect. 5.

2 Related Works

The authors of [8] developed a model called Low Energy Adaptive Clustering Hierarchy
(LEACH) for establishing dynamic clustering in WSN. The model used random energy
balancing technique between sensors. In a different manner, the work presented in [9]
developed a random cluster head rotation model for ensuring efficient resource utilization
in all sensor nodes in the defined network. In [10], delay aware data aggregation model has
been developed based on clustering. The results showed that the model was moderately
fusible and could be enhanced with delay and energy efficiency. Energy Delay Index for
Trade-Off (EDIT) was the model developed in [11] for enforcing energy efficient routing in
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WSN. Moreover, the distance travelled by the sensed data was estimated using Hop counts
and Euclidean Distance.

A model for balanced energy utilization in WSN has been derived in [12]. Queuing
theory based data aggregation has been used for data aggregation and energy efficiency
has been effectively achieved in that model. In order to provide better Quality of Service
(QoS) in Mobile Wireless Sensor Networks (MWSNSs), real time routing model has been
proposed in [13]. Geographic routing has been enforced for deriving the present location of
the sensors. The transmission delay was reduced in this model by computing the hop count
of the node that is adjacent to the destination. Based on the integrated touring strategy and
data aggregation using clustering, a model has been proposed and presented in [14]. Using
the integrated work, the data latency has been reduced significantly without conceding the
benefits of Mobile Data Collector (MDC) model.

An Energy-efficient Delay Aware and Lifetime Balancing (EDAL) model has been
developed in [15] for addressing the issues on energy utilization in packet forwarding in
WSN. Load balancing has been carried out in each sensor of the network for increasing
the network longevity. Different models have been proposed in papers [16-20] for cluster-
ing with uneven cluster sizes for handling energy hole problem. In [21], Ring Zone based
Routing Algorithm (RARZ) has been proposed for enhanced energy utilization in the
sensing area. And, tree based data aggregation model was presented in [22] for improved
resource utilization in WSN. In the same manner, Tree based Clustering (TBC) model
has been developed in [23] using the distance parameter, but the model resulted in higher
delay. Enhanced Threshold Sensitive Stable Election Protocol (ETSSEP) for cluster head
selection in sensor networks has been given in [24]. In another work, weight probability
factors were used to define a new work called Energy Efficient Heterogeneous Clustering
Scheme [25].

In a different manner, the clusters were further divided into squares for sensing the envi-
ronmental data and given as Fault Tolerant Energy-Efficient Clustering (FT-EEC) [26].
The model involved in enhancing a number of links by detecting the faulty nodes. Link
aware Clustering Model (LCM) [27-32] developed for increasing network longevity. The
Link aware routing model is performed based on status of the node, links and clustering
factors and so on. Re-clustering was performed periodically, that increased the additional
energy consumption and overheads.

3 Proposed Model

In the proposed Energy Aware Efficient Data Aggregation (EAEDAR) with Re-Scheduling
model, the distributed sensor nodes in the sensing area are divided into clusters. In each
cluster, an aggregator node is presented for data fusion from other nodes in the correspond-
ing cluster. It is eminent the sensor nodes are static and the defined location coordinates
remains unchanged throughout the complete process. In a multi-hop data transmission pro-
cess, the data that are sensed are transmitted to the sink through the neighbour nodes. It is
to be stated that all neighbour sensor are deployed at same communication range and the
distance between SNs are same. For attaining efficient data collection from the sensors, the
proposed EAEDA- DR functions in four phases, as follows,

1. Energy Factor based Cluster Formation.
2. Aggregator_SN Selection.
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3. Efficient Data Aggregation.
4. Re-Scheduling process.

Figure 2 presents the pictorial representation of the complete work process and the
operations performed in the proposed model and the detailed process is explained below.

3.1 Energy Factor Based Cluster Formation

Through proper clustering formation, the network longevity can be increased and data loss
can be reduced effectively. In each cluster A_SN is selected for data accumulation from
sensors and transmitting that to sink node. Here, the sensor nodes in the defined WSN is
mentioned as SN;. All sensors are embedded with a battery for energy source and proper

Network Initialization

Energy Factor based Cluster f 3

. _— i
Formation i . . i

Aggregator_SN (A_SN) Selection — . ‘

Efficient Data Aggregation '

Re-Scheduling Process —

. Sensor Node (SN)

. Aggregator_SN (A_SN)

Fig.2 Operations involved in EAEDAR
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utilization of energy is a significant confrontation in WSN. Energy consumption of (SN;)
can be computed as follows,

E (SN) _ (EeeXPRi+EpebeiX ||SNi_ASN||4)a lf”SNz_ASN“ Zdisra 1
coms AN TN (E,e X PR+ Ep, X by, X |ISN; — Agy 1), if 1SN, — Agy || < dist, )

where ‘E,,’ denotes the electronic energy, ‘PR;” power range at each node, ‘by;” is the
bytes that are transmitted by the sensors, ‘E,,,’ is the power amplifier energy, ‘E;,’ is the
free space energy and ‘dist,’ is the distance between the sensor node and aggregator node.
And, the electronic energy is calculated as,

Eee = Etrans + EAGG (2)

where ‘E,. .’ is the energy consumed for data transmission, ‘E,;;’ energy used for data

accumulation. ||SN; — Agy ||’ is the distance between the ‘i’th SN and ‘j’th A_SN node.
J

When ‘SN;’ node links with ‘A_SN’ at jth position, there is an energy loss, which is com-

puted as,

Ep (ASN,) =E,, X by, 3)

The information about the aggregator nodes and the SNs are updated based on the
energy consumed for data transmission and reception. The formula for updating SNs and
A_SNs are presented below in (4) and (5).

EYr7,,(SN;) = E¢(SN;) + Ep(SN;) 4)

EYry (ASNj> =Er (ASNj) +Ep (ASN/> (&)

where ‘T’ is the time factor. The process of updating information loops till the energy
level of an SN becomes 0 or can be mentioned that the node become dead. Based on these
energy factor evaluations, the clustering process is carried out, that is, the sensor nodes
that are with same characteristics are combined here to form clusters. Initially, the cluster
formation is decided at the first node. The characteristics of each SN are observed and the
nodes with similar features are combined to form clusters.

3.2 Aggregator_SN Selection for Efficient Data Aggregation (EDA)

In this model, the data transmission is performed in multi-hop levels, in which, each SN
forwards the data packets to their corresponding neighbours. Moreover, the sensor nodes
that are very closer may obtain similar data and removing repeated data may cause a great
impact on increasing the network lifetime in WSN. For that, in the proposed work, the data
that are collected in each cluster with their SNs will be transmitted to their respective head
nodes and aggregation is performed there. That process also utilizes energy at its level;
therefore, the head node may lose its energy earlier and become dead. Hence, Aggregator
sensor nodes are selected in this proposed model to conserve energy resources of sensor
nodes.

The A_SN selection is employed at different levels of node selection. In the process
of data aggregation at each level, time intervals are allotted. Based on that, the nodes
can transmit their observed data to their parent nodes. In order to avoid the data latency
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and intrusion, the nodes at each level is further separated into ‘n’ number of parts. It is
assumed that the data packets are forwarded from SN; to SN;,; and can be mentioned as,
{P,P,,...,P,}. Itis observed that the sensed data from part P; can be allotted to transmit
data from ith time interval. The main intention of this process of to divided sensors at dif-
ferent levels from their parallel parts. When all the SNs of certain level are allotted at a
particular time interval for forwarding sensed data to their parents, process scheduling is
performed, in which, the SNs that are not on level sectors are considered as in aggregation
sets. Moreover, the node selection process performed from the bottom level, in which, the
principal SNs are considered as to be in even levels, whereas, the linked SNs are assumed
to be in odd levels. The principal node in the level sector LS, is divided into ‘n’ number of
sub parts, when ‘LS;’ is even. Likewise, the LS is divided into ‘m’ number of sub-parts,
when the level is odd. Here, the node SN € LS is generally allotted to jth part in ith level,
where the scheduling time based on the time interval of node SN; is derived as,
ro ki T+ T s ifi = even
AT\ ek iy s, + Dy s, i = 0dd ©

where ‘k’ latency of A_SN and ‘H’ denotes the depth of aggregation. Based on the above
equation, the level sector that is having the principal node is located and the principal node
is taken as the aggregator sensor node. Hence, the data aggregation process is performed
with that node is each cluster.

3.3 Transmission Re-scheduling Based on Processing Delay
3.3.1 Network and SNs Setup

In this proposed model, the network is modelled with level sectors, which assumes that the
complete sector having ‘A’ number of sensors. Each LS contains a node collection, which
is denoted as ‘C’ and the communication links are denoted by ‘L’. Moreover, the level
sectors are further divided into concurrent parts that are given as {P, P,,...,P,}. Each
Part contains node clusters that are framed as explained in Sect. 3.1. And, each cluster has
an Aggregator_SensorNode A_SN for data accumulation from other nodes. The respective
base station will receive the aggregator data from the aggregator nodes. In the process of
data aggregation, the certainty rate of each A_SN is considered, which is computed based
on the following factors.

e Sensor Node_Energy:

The Energy utilized by the entire WSN network can be calculated as,

M
mEG)= Y. (1-E(SN,) * E(SN;)),1 <j <N @
i=Ligj
M
CE(CompleteEnergy)(m) = N * Z E(SN;) = E(SNj) 3)

i=1
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where E(SN;) denotes the energy consumed by the ‘i’th node and E(SN;) is the energy

utilized by node at ‘j’. ‘m’ is the number of nodes and ‘n’ is the number of nodes in the
cluster.

e Transmission Delay (TD):

The transmission delay of each SN is more significant factor in computing the certainty
rate of nodes and the value ranges from O to 1. When the network clusters are less, the TD
will also be small. And, the complete delay is determined here as,

C _ Z?LIE<SN!') 9)
delay M

In all aggregator sensors, the data sensed by other nodes are aggregated and forwarded
to the base station, which is at the next time interval. After accomplishing the first time
interval, the data from different SNs may collide and energy loss and TD occurs. Moreo-
ver, the process of data transmission is looped for each time interval till the base station
obtains the final aggregated data. Because of energy loss and TD, data loss may also occur
in transmitting the data to the next level. That can be solved by planning to retransmit the
data, when high rate of end to end delay and waiting time is observed. The process for cal-
culating the Waiting time for the data packet to be transmitted based on delay is computed
as below,

_ Maxy,,;, — EED

WT =
1+ (SNM—I )" (10)
SNy,

where ‘Max,,;," is the deadline time for the data packet to reach its target node, ‘EED’ is
the end to end delay that is required for transmitting the data from one node to sink, ‘SN,,’
is the intermediate sensor and ‘@’ is the constant factor.

The priority provision is given based on the data aggregation effectiveness and the
receivers may cause random time delay in receiving packets to reduce collision. Selection
of data packets with minimal delay can be given as more priority. Furthermore, for reduc-
ing Clear To Send collision, the target node executes random delay process. The higher
node priority as node fitness rate is calculated as follows,

PR=WGx (1- ——)+(-WwG) Ers® (an
Y(C,i) E,;, (D)
where
_d(C, sink)
x= Max;,,;, (12

_d(C, sink) — d(N, sink)
= L,

Jr

Y (13)

where ‘d’ denotes the distance between nodes, ‘E;’ energy consumed for data forward-
ing from a sensor to the next relay node. And, E,,, and E, . is the remaining energy at

res init

SNs and initial energy at each node, and ‘WG’ is given as the node weight. Based on
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these computations, the fitness value for node priority is obtained. The sensed data by the
deployed SNs are induced to transmit data based on this prioritization for avoiding data
collision. The algorithm for the entire work process of the proposed Energy Aware Effi-
cient Data Aggregation (EAEDAR) with Re-Scheduling model is presented in the follow-
ing Table 1.

4 Results and Discussion

Since the deployed SNs are homogeneous in nature, the implementation is carried out
in NS-2 simulation tool with Omni-directional antenna setup with equal communication
range. Moreover, the network is designed with 300 sensor nodes with the sensing area
100m x 100 m. The results are evaluated based on the performance evaluation factors
of WSN such as, Energy Efficiency, Transmission delay, Network lifetime, Throughput,
Packet Delivery Ration and Packet loss. For evidencing the efficiency of the proposed
work, the obtained results are compared with existing models such as Energy-efficient
Delay Aware and Lifetime Balancing (EDAL) and Fault Tolerant Energy-Efficient Clus-
tering (FT-EEC). And, the parameter initialization for simulation and domain values are
provided in Table 2.

For performance evaluation of the model, the analysis is employed with two factors
such as SN density and payload with respect to the aforementioned evaluation param-
eters such asEnergy Efficiency, Transmission delay, Network lifetime, Throughput,
Packet Delivery Ration and Packet loss.

4.1 Node Based Evaluation

This section provides the evaluation results of the above mentioned parameters based on
number of deployed sensors. Figure 3 presents the energy consumed by the models with
respect to the number of sensor nodes. It is explicit from the figure that the proposed
EAEDAR model utilizes minimal energy than other compared works. Further, the graph
displayed in Fig. 4 gives the energy evaluation based on simulation time. That shows,
the energy consumed by the proposed model lesser than others. Hence, it can be stated
that the adduced model provided efficient energy consumption of energy with respect to
node density and simulation time.

Figure 5 displays the results of analysis for network lifetime based on the node den-
sity. The network lifetime in the proposed model is effectively increased with the incor-
poration of efficient clustering and aggregation model. The proposed model increases
the network lifetime for about 36% in average than the compared models. Another eval-
uation parameter called throughput is evaluated with respect to the number of sensors
and the results are presented in Fig. 6. And, the graph shows that the proposed work
achieves better throughput than others. For all efficient network models, the transmis-
sion delay should be minimal and that is analyzed in this work based on sensor node
density. Hence, the Fig. 7 portrays the results on evaluating transmission delay in the
proposed and compared models. It can be observed from the graph that the model
attained minimal delay than others.
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Table 1 Pseudo code for proposed model

@ Springer

//Energy Factor based Cluster Formation
Input: SN;, EYpy (SN, EYys (Asw,)
Output: Clusters

Begin

Initialize sensor nodes

Calculate node’s initial position
Compute EYy,1(SN;) and EYy 4 (ASN],)
Calculate the distance between SN; and A SN

Update neighbour nodes with similar characters
Frame clusters

End

Return Clusters

//Aggregator_SN Selection

Input: Level Sectors

Output: Aggregator_ SN

Begin

Initialise level sectors

Divide the LS into parts {Py, Py, ..., P, }
Calculate Tspeq = {

Determine the principal node and select
End

Return Aggregator_SN

// Re-Scheduling Process

Begin

Initialize node SN

Divide sectors into {P;, P,, ..., B, }
Compute certainty rate

Compute X and Y

Calculate Node fitness rate

If (PR; > PR))

PR; has the higher fitness

Update the PR; as PR;

End

k+j+ Y55 s, + XiZhmys, if i = even
k+j+ XiZims, + Xeshings,, if | = odd
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Table2 Values and parameters
for simulation settings

Simulation parameters

Initial values

Sensing area 100m x 100 m
Number of sensor nodes 300
Transmission range 50m
Size of packet 100 bytes
Initial energy 18,720 Joules
Simulation time 1000 s
Payload size 1024 bytes
Band width 2.4 GHz
Data rate 200 kbps
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Fig.4 Energy efficiency evaluation

4.2 Payload Based Evaluations

In this section, the simulations are performed based on the maximum payload in the
network design. Figure 8 provides the energy efficiency evaluation results and the
results show the EAEDAR model consumed lesser energy than other models. The
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Fig. 7 Transmission delay versus node density

lifetime of sensor nodes determines the network lifetime. Here, it is evaluated based
on the payload and the network lifetime is enhanced with this work. The results are
displayed in Fig. 9. And, Fig. 10 displays the results of throughput analysis based on
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Fig. 10 Throughput analysis on payload

@ Springer



3284 D. Loganathan et al.

10.0
9.0 7t 8l6
7

8.0 6|7 3 79—
710

7.0 515

6.0 :q//sz 54 5.3

5.0 /

. M EDAL
a0 22 —— _— B FT-EEC
10 21!/ L_—" H EAEDAR
2.0

1.0
0.0

Transmission Delay
(sec)

0.50 0.100 0.200 0.300 0.400
payload

Fig. 11 Transmission delay versus payload

throughput. It is observed that the model produces higher throughput than other com-
pared works.

Transmission delay is analyzed with payload is displayed in Fig. 11 and the EAEDAT
produces lower delay than others and the delay rate increases when the size of payload
increases. Further, packet delivery ratio of the proposed model is evaluated in accordance
with the simulation time and the results are given in Fig. 12. It is shown than the EAEDAR
model produces higher rate of packet delivery in data transmission of sensed data.

5 Conclusion and Future Work

In this work, Energy Aware Efficient Data Aggregation (EAEDAR) and Data Re-Sched-
uling for Wireless Sensor Networks is proposed. The model derives energy factor based
cluster formation for reducing the transmission time and enhancing the efficiency of data
aggregation. Appropriate Aggregator SN selection and EDA is processed for reducing the
energy consumption rate of sensor nodes, thereby enhancing the network lifetime. Trans-
mission Re-scheduling is for reducing data packet loss. The results are analyzed with
respect to the payload size and the number of deployed nodes in NS-2. The results show

100.0 -

90.0 4 ) b
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Fig. 12 Packet delivery ratio analysis
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that the proposed model produces higher rate of throughput, packet delivery rate, energy
efficiency, with reduced delay and enhanced network longevity. In future, the work can be
further enhanced with Quality of Service based factors.

References

10.

11.

12.

13.

14.

15.

18.

19.

20.

21.

Vass, D., & Vidacs, A. (2007, July). Distributed data aggregation with geographical routing in wireless
sensor networks. In IEEE international conference on pervasive services.

Kohonen, K. (2004, Nov). Data gathering in sensor networks. Helsinki Institute for Information Tech-
nology in Finland.

Selvaraj, J., & Mohammed, A. S. (2020). Mutation-based PSO techniques for optimal location and
parameter settings of STATCOM under generator contingency. International Journal of Intelligence
and Sustainable Computing, 1(1), 53.

TarekAbdelzaher, T., He, & Stankovic, J. (2004). Feedback control of data aggregation in sensor net-
works. In IEEE conference on decision and control.

Kumar, K. V., Jayasankar, T., Eswaramoorthy, V., & Nivedhitha, V. (2020). SDARP: Security based
Data Aware Routing Protocol for ad hoc sensor networks. International Journal of Intelligent Net-
works, 1,36-42.

Nguyen, N. T., Liu, B. H., Pham, V. T., & Luo, Y. S. (2016). On maximizing the lifetime for data
aggregation in wireless sensor networks using virtual data aggregation trees. Computer Networks, 105,
99-110.

Haseeb, K., Bakar, K. A., Abdullah, A. H., & Darwish, T. (2017). Adaptive energy aware cluster-based
routing protocol for wireless sensor networks. Wireless Networks, 23, 1953-1966.

Heinzelman, W. B., Chandrakasan, A. P., & Balakrishnan, H. (2002). An application-specific protocol
architecture for wireless microsensor networks. IEEE Transactions on Wireless Communications, 1(4),
660-670.

Junping, H., Yuhui, J., & Liang, D. (2008). A time-based cluster-head selection algorithm forLEACH.
In IEEE symposium on computers and communications, 2008. ISCC 2008, pp. 1172-1176. New York:
IEEE.

Cheng, C. T., Leung, H., & Maupin, P. (2013). A delay-aware network structure for wireless sensor
networks with in-network data fusion. IEEE Sensors Journal, 13, 1622—-1631.

Thakkar, A., & Kotecha, K. (2014). Cluster head election for energy anddelay constraint applications
of wireless sensor network. IEEE Sensors Journal, 14, 2658-2664.

Cai, H., Zhang, Y., Yan, H., Shen, F., Zhou, K., & Zhang, C. (2016). Adelay-aware wireless sensor
network routing protocol forindustrial applications. Mobile Networks and Applications, 21, 879—-889.
Li, W., Jia, B., Saruwatari, S., & Watanabe, T. (2016). Waterfalls partial aggregation in wireless sensor
networks. International Journal of Distributed Sensor Networks. https://doi.org/10.1155/2016/23921
49.

Kumar, A. K., Sivalingam, K. M., & Kumar, A. (2013). On reducing delay in mobile data collection
based wireless sensor networks. Wireless Networks, 19, 285-299.

Yao, Y., Cao, Q., & Vasilakos, A. V. (2015). EDAL: An energy-efficient,delay-aware, and lifetime-bal-
ancing data collection protocol for heterogeneous wireless sensor networks. IEEE/ACM Transactions
on Networking, 23, 810-823.

Liao, Y., Qi, H., & Li, W. (2013). Load-balanced clustering algorithm with distributed self-organiza-
tion for wirelesssensor networks. IEEE Sensors Journal, 13, 1498—1506.

Baranidharan, B., Srividhya, S., & Santhi, B. (2014). Energy efficient hierarchical unequal clustering
in wireless sensor networks. Indian Journal of Science and Technology ,7, 301

Selvi, G. V., & Manoharan, R. (2015). Balanced unequal clustering algorithm for wireless sensor net-
work”, i-Manager’s. Journal on Wireless Communication Networks, 3, 327-332.

Zhang, D., Liu, S., Zhang, T., & Liang, Z. (2017). Novel unequal clustering routing protocol consider-
ing energybalancing based on network partition & distance for mobile education. Journal of Network
and ComputerApplications, 88, 1-9.

Rao, P. S., & Banka, H. (2017). Novel chemical reaction optimization based unequal clustering and
routingalgorithms for wireless sensor networks. Wireless Networks, 23, 759-778.

Jadoon, R. N., Zhou, W., Jadoon, W., & Ahmed Khan, I. (2018). RARZ: Ring-zone based routing pro-
tocol for wireless sensor networks. Applied Sciences, 8, 1023.

@ Springer


https://doi.org/10.1155/2016/2392149
https://doi.org/10.1155/2016/2392149

3286 D. Loganathan et al.

22. Ding, M., Cheng, X., & Xue, G. (2003). Aggregation tree construction in sensor networks. Citeseer
(pp. 2168-2172).

23. Kim, K. T, Lyu, C. H., Moon, S. S., & Youn, H. Y. (2010). Tree-based clustering (TBC) for energy
efficient wireless sensor networks, 2010, Yichang. IEEE. (pp. 680-685).

24. Kumar, S., Verma, S. K., & Kumar, A. (2015). Enhanced threshold sensitive stable election protocol
for heterogeneous wireless sensor network. Wireless Personal Communications, 85, 2643-2656.

25. Kumar, D., Aseri, T. C., & Patel, R. (2009). EEHC: Energy efficient heterogeneous clustered scheme
for wireless sensor networks. Computer Communications, 32, 662—667.

26. Yuvaraj, N., Kousik, N. V., Raja, R. A., & Saravanan, M. (2020). Automatic skull-face overlay and
mandible articulation in data science by AIRS-Genetic algorithm. International Journal of Intelligent
Networks, 1,9-16.

27. Wang, S.-S., & Chen, Z.-P. (2013). LCM: a link-aware clustering mechanism for energy-efficient rout-
ing in wireless sensor networks. IEEE Sensors Journal, 13, 728-736.

28. Thiruchelvi, A., & Karthikeyan, N. (2020). A novel pair based sink relocation and route adjustment in
mobile sink WSN integrated [0T. IET Communications, 14(3), 365-375.

29. Bhavadharini, R. M., Karthik, S., Karthikeyan, N., & Paul, A. (2018). Wireless networking perfor-
mance in IoT using adaptive contention window. Wireless Communications and Mobile Computing.
https://doi.org/10.1155/2018/7248040.

30. Shobana, M., Sabitha, R., & Karthik, S. (2020). An enhanced soft computing-based formulation for
secure data aggregation and efficient data processing in large-scale wireless sensor network. Journal of
Soft Computing. https://doi.org/10.1007/s00500-020-04694-1.

31. Raj Kannan, J., Sabitha, R., Karthik, S., et al. (2020). Mouse movement pattern based analysis of cus-
tomer behavior (CBA-MMP) using cloud data analytics. Journal Wireless Personal Communications.
https://doi.org/10.1007/s11277-020-07055-1.

32. Dhanapal, R., & Visalakshi, P. (2016). Real time health care monitoring system for driver community
using ADHOC sensor network. Journal of Medical Imaging and Health Informatics, 6(3), 811-815.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

D. Loganathan obtained his Bachelor of Engineering Degree in Elec-
tronics and Communication Engineering from Government College
of Technology, Coimbatore, Anna University in 2009, Master of
Engineering (M.E.) Degree in Networks Engineering from Anna Uni-
versity Regional Centre, Coimbatore, Anna University, Chennai, in
2013. He has started his teaching profession in the year 2011 in Info
Institute of Engineering, Coimbatore. Now, he is working as an Assis-
tant professor in Department of Electronics and Communication
Engineering in Info Institute of Engineering, Coimbatore. He is a life
member of the Indian Society for Technical Education . His technical
interests in Wireless sensor Networks and IOT.

@ Springer


https://doi.org/10.1155/2018/7248040
https://doi.org/10.1007/s00500-020-04694-1
https://doi.org/10.1007/s11277-020-07055-1

Energy Aware Efficient Data Aggregation (EAEDAR) with... 3287

M. Balasubramani is presently Associate Professor in the Department
of Electronics and Communication Engineering, Info Institute of Engi-
neering, affiliated to Anna University-Chennai, Tamilnadu, India. He
received the M.E. and Ph.D. Degree from Bannari Amman Institute of
Technology, Anna University, Chennai. His research interests include
Neural Networks, VLSI Design, Wireless Sensor Networks, cloud
computing, Digital Image Processing and wireless systems Dr. M. Bal-
asubramani published more than 14 papers in refereed international
journals and 7 papers in conferences and has been involved many
international conferences as Technical Chair and tutorial presenter. He
is a life member of the Indian Society for Technical Education.

R. Sabitha is presently Professor in the Department of Computer Sci-
ence & Engineering, SNS College of Technology, affiliated to Anna
University-Chennai, Tamilnadu, India. She received the B.E and M.E
from Avinashilingam Deemed University and Ph.D. degree from Anna
University, Chennai. Her research interests include network security,
bigdata, cloud computing, web services and wireless systems. She
published more than 87 papers in refereed international journals and
42 papers in conferences and has been involved many international
conferences as Technical Chair and tutorial presenter. She is an active
member of IEEE, ISTE, TAENG, IACSIT and Indian Computer
Society.

@ Springer



	Energy Aware Efficient Data Aggregation (EAEDAR) with Re-scheduling Mechanism Using Clustering Techniques in Wireless Sensor Networks
	Abstract
	1 Introduction
	2 Related Works
	3 Proposed Model
	3.1 Energy Factor Based Cluster Formation
	3.2 Aggregator_SN Selection for Efficient Data Aggregation (EDA)
	3.3 Transmission Re-scheduling Based on Processing Delay
	3.3.1 Network and SNs Setup


	4 Results and Discussion
	4.1 Node Based Evaluation
	4.2 Payload Based Evaluations

	5 Conclusion and Future Work
	References




