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Abstract—Wireless sensor networks (WSNs) can facilitate
continuous monitoring of patients and increase early detection of
emergency conditions and diseases. High density WSNs helps us to
accurately monitor a remote environment by intelligently combining
the data from the individual nodes. Due to energy capacity limitation
of sensors, enhancing the lifetime and the reliability of WSNs are
important factors in designing of these networks. The clustering
strategies are verified as effective and practical algorithms for
reducing energy consumption in WSNs and can tackle WSNs
limitations. In this paper, an Energy-efficient weight-based
Clustering Protocol (EWCP) is presented. Artificial retina is selected
as a case study of WSNs applied in body sensors. Cluster heads’
(CHs) selection is equipped with energy efficient parameters.
Moreover, cluster members are selected based on their distance to the
selected CHs. Comparing with the other benchmark protocols, the
lifetime of EWCP is improved significantly.

Keywords—Clustering of WSNs, healthcare monitoring, weight-
based clustering, wireless sensor networks.

[. INTRODUCTION

N recent decays, remote sensing systems received

significant attention in electronic and computer science in
innumerable applications. WSNs have a potential to improve
healthcare while reducing the healthcare costs. Wearable and
implantable wireless body sensor network systems are
perceived as effective tool to achieve this goal. The integration
of these sensors allows people to be monitored during their
everyday activities. In [1], authors outlined their views on
application of WSNs inside and outside of human body to
detect emergency situations. WSNs consist large number of
sensor nodes, which are capable of sensing, computing and
transmitting data from harsh environmental to Base Station
(BS) - also called sink. In WSNSs, sensor nodes are the basic
elements of the network, and they consist of transceiver,
microcontroller and power sources [2]. After collecting
information from the environment by sensor nodes, useful
information can be derived from the remote sensing data by
further data processing. Sensor-network technologies [3]
enable the deployment of a huge number of sensors and
generally the communication of these sensors is wireless.

Application of Wireless Body Sensor Networks (WBSN) is
pinpointed in [4]. The article presents a monitoring system
that is able to monitor physiological parameters reading from
multiple patient bodies. In this system, a coordinator node is
attached on patient body to collect all the signals from the
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wireless sensors. The coordinator node sends collected data

further to the BS. In-depth clinical trial that assesses the

feasibility of WSNs for patient monitoring in general hospital
units is presented in [5]. All of these studies highlight the
significance of WSN application in smart healthcare.

In continuous medical monitoring, WSNs are dealing with
very important and critical data, and reliability and lifetime of
such networks are important parameters. Wireless body area
network (WBAN) is a subset of WSN with small node density
and coverage area. Consumed energy plays a vital role to
improve the reliability and lifetime of the WBANS.

Clustering technique is an efficient and reliable routing to
transfer collected data between sensor nodes and BS [6]. In
clustering, since the data transmission domain is limited
between CHs and also the collected data are aggregated, it is
possible to keep the bandwidth usage as low as possible. All
cluster members sense local data and send them to their
assigned CHs using existing routing table. CHs aggregate data
and transmit them further to the other CHs or BS using the
shortest route.

In clustering protocols, the nodes of WSN are divided in
several groups called clusters. Clustering protocols are
effective approaches for improving data collection and
scalability of the network [7]. Each clustered network includes
three pillar components:

e Clusters: They include a group of sensors created to
establish an uncomplicated communication channel to BS.

e CHs: They collect the data from sensor nodes and forward
the aggregated data to BS. Data aggregation techniques
can be used to combine several correlated data signals
into a smaller set of information that maintains the
effective data. CHs are the hearts of every cluster that
controls the activities of clusters. Their activities include
data collecting as well as organizing, and improving the
internal cluster communication program.

e BS: It is a central node (platform to receive data) in
WSNs. BS provides an interface between WSN and end-
users.

The internal and external communication can be a
combination of single- or multi-hop communication protocol
[2], [8]. In single-hop communication protocol, all nodes can
send data directly to BS. However, in multi-hop
communication protocol due to limited transmitting domain of
nodes, they have to send data using several hops to reach BS
ultimately. Since the transmitting domain of CHs is limited,
single-hop communication protocol between CH and BS is not
scalable.

In WSNSs, the CHs consume relatively more energy than the
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ordinary nodes in order to perform data aggregation and
communication with BS. Consequently, the prominent
challenge in existing clustering routing protocols is inefficient
distributed CHs. It is possible that the CHs are located close to
each other in a particular network area. This leads to increased
concentration of data transmission in the area. In this situation,
CHs are burdened with heavy data traffic, and they are
running the risk of draining their energy very fast [9].
Moreover, distribution of CHs in an area close to the edge of a
network increases the data transmitting time, which in return
results in consuming the energy of sensors very fast. On the
other hand, it is plausible that CHs are located in a spars area
and due to the lack of adjacent CHs in the transmitting range
of those CHs, data transmission to BS is not possible, and the
energy of nodes is wasted in an effort to transmit the data,
which will never reach the BS.

The main focus of this paper is to present an optimal
clustering protocol together with routing method in order to
enhance the lifetime of WSNs applied in smart healthcare. The
chief objective of the EWCP applied in a sensor array of
implantable artificial retina is to minimize energy
consumption of the network using new method to select
optimal CHs. The CHs are selected based on their residual
energy level, distance to BS, and network density. Moreover,
cluster members are selected based on their distance to the
selected CHs. Since the routing method based on hierarchical
clustering protocol has more capability for scalability and
communication, this method is adapted in designing of the
protocol.

II. RELATED WORK

In [10], authors investigated the body sensor helping the
chronically ill and elderly people live. The authors provide a
comprehensive overview of technologies applied for medical
application. However, physical limitations of both implant and
wearable sensor set limitation on their usage. As we have
already commented limited energy capacity of WSNs has a
significant impact on their application. In the following, we
reviewed available approached to optimise energy usage of
WSNE.

Low Energy Adaptive Clustering Hierarchy (LEACH)
protocol proposed by Heinzelman et al. [11] is the popular
clustering protocol for WSNs. LEACH is a distributed
clustering protocol in which CHs are randomly chosen based
on their available energy. This decision is broadcasted as a
beacon signal over network to inform all the entire live nodes
that new CHs are selected. The remaining nodes select their
clusters based on the nearest CH that they can access with the
lowest energy consumption. The CHs receive and aggregate
data from cluster members and send the aggregated data to the
BS by single-hop communication. LEACH protocol operation
is divided into several rounds.

LEACH protocol cannot guarantee that CHs are distributed
optimally over the network, and it is possible that some sensor
nodes do not have any cluster in their neighboring. A large
number of improved versions of LEACH have been
developed, e.g., HEED [12], TEEN [13] and PEGASIS [14] to

solve these problems.

The primary goal of proposed Distributed Weight-based
Energy-efficient Hierarchical Clustering (DWEHC) protocol
in [15] is to extend Hybrid Energy Efficient (HEED) protocol
by building the clusters with balanced size and optimizing the
topology of clusters. The main distinguishing feature of
DWEHC protocol in comparison with LEACH and HEED
protocols is that this protocol incorporates a network structure
with several layers for internal cluster communication. The
leading advantage of this protocol over HEED is that, it shows
a great improvement in both intra-cluster energy consumption
and inter-cluster energy consumption. Intra-cluster
communication in this protocol is similar to LEACH protocol,
where data are transmitted directly from CHs to BS.
Consequently, this protocol is not suitable for the network
with big environment due to its large energy consumption.

A decentralized energy efficient hierarchical cluster-based
routing protocol is proposed in [16]. This protocol comprises a
multi-criteria clustering algorithm to prolong the lifetime of
the network. In clustering algorithm, the authors utilize each
node’s local information such as residual energy, distance of
sensor node to BS and distance of sensor node from
neighboring nodes. In this algorithm, the residual energy of
nodes is deemed more important than the other parameters in
order to balance energy consumption among CHs. The
protocol operation is divided into several rounds. Once the
clusters are built, a minimum spanning routing tree is
constructed between CHs and BS, which minimizes message
transmission cost, and prolongs the lifetime of the network.
However, constructing routing tree in each round causes large
overhead in the network.

Classical analyses of WSN clustering methods require
heavy calculation burden especially in large-scale systems.
The computational efforts grow exponentially by the size of
WSN. The major challenge in clustering is to select optimal
CHs. For N nodes distributed in a network, we need to assess
2N — 1 states to select optimal CHs. This indicates that the
problem is Nondeterministic Polynomial (NP) hard [17].
Moreover, the optimization methods should search over a vast
space to find the cluster members, which comes at the expense
of added computational complexity. Hence, the heuristic
optimization algorithms become efficient solutions in dealing
with selecting clusters and cluster members as well.

Authors in [18] have employed centralized clustering
protocol using Particle Swarm Optimization (PSO) approach,
which has been implemented at the BS. It considers multi-
objective optimization problem including both energy and
physical distance between each node and its CH. The
objective is to minimize the maximum average Euclidean
distance between the cluster members and their associated
CHs, as well as the proportion of the total initial energy of the
entire nodes to the total energy sum of the CH candidates. The
approach ensures that the nodes with sufficient energy are
good candidates for CHs. In initialing stage of PSO, all nodes
send information about their current energy status and
locations to the BS. The BS computes the average energy level
of all nodes based on receiving information from nodes. The
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nodes with an energy level above the average are eligible to be
CHs, and they are candidate to enter PSO. Next, the BS runs
the PSO algorithm to determine the best CHs that can
minimize the cost function comprising Euclidean distance and
energy level of nodes.

In [19], a distributed clustering approach using fuzzy logic
is presented. In this approach, the chance of sensor nodes to
take CH role is evaluated by Fuzzy logic taking into account
node density, node energy and node’s centrality. CHs send
their information to the BS using single-hop communication,
and the BS is updated with the energy status of all nodes, the
number of live nodes, and the size of the network. The node
that has the greatest chance among the tentative CHs is
selected as CH. This method is not applicable in the large
networks where CHs cannot communicate directly to BS.

III. PROPOSED METHOD

In this section, an approach adapted for clustering of WSN
is presented. Taking into account the main challenges in WSN
clustering, the CHs are selected. The CHs are distributed in
the network in such a way that network has maximum
coverage. Before we dive into the details of EWCP, we
explain briefly the energy model and the network model that
are adapted in this protocol. First, we explain the model of
dissipated energy in one sensor node and next the general
network model will be explained.

A. Model of Dissipated Energy in One Sensor Node

The presented energy dissipation model in [11], [20] is
applied in this paper in order to model energy consumption of
one node including dissipated energy in transmitter and
receiver. Equations (1) and (2) represent energy dissipation in
the transmitter and receiver, respectively.

ETx(l- d) = lEelec +1 eampdn (1)
Epx(l.d) = Egiec )

where E,j. is the amount of energy needed to run the
electronic circuit of transmitter/receiver in order to transmit/
receive one bit of data. It depends on factors such as the digital
coding, modulation, filtering, and spreading of the signal.
€amp 1s the amount of energy needed to run the radio amplifier
of transmitting node to transmit one bit of data. It depends on
the distance to the receiver and the acceptable bit-error rate. [
is the length of transmitted/received data package. d is the
distance between the transmitter and receiver. n is depending
on the distance between the transmitter and receiver. n is 2 for
free space channel models, and is 4 for multi path fading
channel models.

If the distance is less than a given threshold, i.e., d, the
free space model is used; otherwise, the multi path fading
channel model is applied. The threshold is assumed to be 87.7
throughout simulations in this paper. Equation (3) exposits the
energy dissipation model for both free space and multi path
fading channel models.

if d>d,

if d<d,

{Et = lEgiec + leempd* + 1Ep, 3)

E¢ = lEgiec + lepsd? + 1Ep,

where Ep, is the dissipated energy to aggregate data. The
above energy model can be used for one sensor node.

B. Network Model

In Normal vision, specialized photoreceptor (light-
receiving) in the retina is struck by light entering the eye.
These cells transmute light signals to electric impulses sent to
the brain. In retinal diseases, photoreceptor cells are destroyed.
The artificial retina device can filter destroyed cells and send
out signals to the optic nerve. The device includes a tiny
camera and microprocessor that integrated in eyeglasses, a
receiver placed behind the ear, and an electrode-studded array
that is attached to the retina [27].

The camera captures an image and sends the information to
the microprocessor. Furthermore, the receiver sends the
signals through a tiny cable to the electrode array, stimulating
it to emit pulses. The optic nerve in the eye transfers the pulses
to the brain, which perceives patterns of light and dark spots
corresponding. Schwiebert et al. [21] developed a micro-
sensor array that can be implanted in the eye as an artificial
retina to assist people with visual impairments. A retina
prosthesis chip consisting of 100 micro-sensors is built and
implanted within human eye. In this case study, we investigate
how EWCP can help artificial retina to be more energy
efficient.

We assume that N implanted sensors are distributed
randomly in the squared mxm sensor array of implantable
artificial retina [22]. Every sensor knows its own location and
they should be energy efficient. The source of energy in every
sensor is not rechargeable. The communication channel is
bidirectional and the range of the monitoring is the same as the
range of communicating. This radius is identical in all nodes.
BS knows the positions, energy levels and IDs of all nodes
distributed in the network. Every node is aware of the existing
nodes in its radius of communication, which are considered as
neighboring nodes
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Fig. 1 Sample of network with layer and random node distributed

The network is divided into several layers with a fixed
radius and BS is placed at the fixed point. Nodes are
uniformly dispersed across the layered network. All nodes
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have identical initial energy level, sensing range, and physical
as well as processing characteristics. Consequently, the
network can be deemed as a homogenous network. The
example of the network layout and node distribution is
illustrated in Fig. 1. Fig. 1 is an example of uniformly
distributed 100 nodes dispersed randomly in a 50x50 square
unit. The BS node is located at the coordinate of (50,25) and
the network is divided into six layers, and similarly the nodes
shown by +, 0, ¢ and * are located in second, third, fourth,
fifth and sixth layers, respectively.

As we have already explained, a weight is associated to
every nodes in EWCP. Equation (4) represents the formulation
to compute this weight.

nodeweight =ax E + fxdistance+ 06 x D 4

where, E is the residual energy level in a given node, and
distance is a normalized Euclidean distance (ED) between the
node and BS, which is calculated by (5). D is a density of node
within its communication radius, and can be calculated using
(6). Furthermore, o, f, and J are dynamic coefficients, which
dynamically change by the number of rounds in EWCP, and
can be calculated using (7) to (9).
__ (max ED to BS)—(ED between given CH and BS)

distance = - (5)
(max ED to BS)—(min ED to BS)

Do the number of neighboring CH ©)

the number of all alive nodes

a=0.3333><(( r j+1] 7
rmax

B 0.3333 ®)
+1
rmax
o=1-a-p )

The EWCP operation is divided into several rounds and r is
the number of current round. The total number of rounds is
limited by parameter 7max as the maximum possible round
that the protocol can operate. The defined coefficients in (7)-
(9) are determined dynamically in every round.

As we have already explained, three parameters are
incorporated to assign a weigh to each sensor node. These
parameters are residual energy, distance and density. At each
round, sensor nodes dissipate part of their limited energy
capacity, and since the CHs is more energy intensive than the
other cluster members, a node with larger residual energy is
eligible to become a CH. In general, if there are many nodes
concentrated in a given area of the network, more CHs should
be allocated in that area. This can help WSN to balance
network load, and reduce the possibility of collision, which in
return reduce energy consumption and improve the lifetime of

WSN. The impact of density factor is assumed to be constant

in all rounds of the protocol.

At the beginning of each round, dead nodes, the nodes
whose energy is less than a predefined threshold, are excluded
from the network. In this paper, the threshold level is assumed
zero. The weights of all the live nodes are calculated using (4).
The live nodes exchange control message with their
neighboring nodes, which contain their weight information.
Then, every node selects a number of CH candidates using a
distributed CH selection, where nodes make autonomous
decisions without any centralized control. This selection is
done using multi-layer set-up according to distance between
nodes and BS. The nodes located in the same layer can
autonomously decide on selecting their CH. This selection is
implemented taking into account the following conditions:

e The distance between CH candidates and BS should be
greater than a pre-defined threshold distance, which is
determined based on communication radius of every
sensor node. Consequently, the condition can help the
network to evenly distribute CHs, and enhance the
network coverage.

e The weight of CH i.e. (8) should be greater than the
average weights of its neighbor nodes. The condition can
help the network to balance its total energy consumption.

After this stage, the CH candidates broadcast a control
massage (CH-msg) to their neighbors. In this way, the nodes
in each layer are informed of the number of CH candidates. If
the number of candidates is smaller than one third of the nodes
in a given layer, some CH candidates must be selected from
non-candidate nodes to reach one-third of the nodes existing in
the layer. Once the candidates are selected, these nodes report
their new status to BS by sending a second control massage to
BS. Hence, BS receives and stores the location information
and ID number of each node. In the next step, BS transfers this
information to optimization algorithm. The optimization
algorithm used in this paper is PSO. In this algorithm, the
selected CH candidates are considered as initial swarm of
particles. Along with these nodes their location information,
communication radius and their assigned ID numbers are
transferred to the optimization algorithm. The optimization
routine is operated in an iterative way. At each iteration, in
order to find the best position of each particle, the fitness
value of every particle is calculated using (10).

2
Fitness function= min ((1 — network coverage)

9 the number of selected CH
the number of candidate CH

J(IO)

The fitness function in (10) is a minimization problem, and
the objective is to maximize the network coverage with
minimal number of nodes. Using square value of network
coverage indicates that this parameter is primarily more
important than the number of the nodes. In order to calculate
the network coverage, we have applied “grid base” method
[23].

After the optimal set of CHs and their associated cluster
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members are identified, cluster members sense local data and
send them to their assigned CHs. CHs aggregate data and
transmit them further to BS using multi-hop communication.
Transmitting data from CH to BS is done in such a way that
each CH sends data to the CH in a lower layer until data
packages reach BS. If the CH in the next lower layer is not
accessible, the upper CH can send aggregated data further to
the next accessible CH in the next two lower layer. In this
situation, the upper layer hop over the dead layer. This
situation is mainly valid in the final rounds when all the nodes
of a layer are dead due to fact that their total energy is drained
completely. In this situation, data packages are transferred to
the lower available layers, which encompass live CH.

Once data package is transferred to BS, the associated
weight to every CH is reduced according to (11).

. . cluster _count
weight =weight | R — (11)

where, cluster _count is the number of times the node has
been a CH. rmax is the maximum number of rounds, and

WEIgth is the weight of the node inn previous round. This

1
weight reduction declines the chance of this node to be
selected as CH in the next round. It gives a chance to the other
nodes to be selected as CH, and consequently the load is
evenly divided among nodes.

IV. RESULT AND ANALYSIS

In this section, we investigate the impact of EWCP on
mitigating the constraint of limited energy resources in WSNs.
We compare the results of EWCP with common clustering
protocols. All the clustering protocols are compared with
respect to energy consumption, lifetime and coverage of the
network.

TABLEI
PARAMETERS OF THE NETWORK
Parameters Value

Eolec 50 x 1076 nJ/bit
Epa 5 X 107° nJ/bit /signal
Eemp 0.0013 x 107 pJ /bit /m*
£s 10 X 107® pJ /bit /m?
d, 87 um

l 2000 bits

A 200-node network with initial energy level of 0.5 pJ is
assumed as the first case study. Sensor nodes are distributed
randomly across 200 x 200 sensor array. Implementation of
clustering is iterated based on lifetime of the network (until all
sensor nodes die). In all rounds of simulation, the nodes are
considered in an active mode, and in every round, they collect
sensing data and transmit them to their CHs using single-hop
communication. Once CH aggregates the data, it transmits the
aggregated data further to the BS wusing multi-hop
communication through network layers. The BS is located at
the coordinate (x=100, y=250). The sensing radius of every

sensor (Reensing) €quals 25 pm and their communication radius
(Reommunicatio) 18 50 pm. The parameters of the applied
dissipation energy model are presented in Table I. Moreover,
the tuned parameters of PSO are listed in Table II.

The selected benchmark clustering protocols for
comparison are GCA [24], SCP [25] and UCIFA [26]. In
addition to these common clustering protocols, the research
conducted in Mirsadeghi et al. [19] (Mir) is selected as an
additional benchmark since similar case study is analyzed in
this research work.

TABLEII
PSO TUNED PARAMETERS
Parameters Optimal value

Number of particles 40

Number of Iterations 200
Inertia weight (W) 0.7298
Learning factor 1 (CI) 1.4962
Learning factor 2 (C2) 1.4962

Number of particles 40

A. Energy Consumption Comparison

Increasing the network coverage reduces the number of
orphan nodes and leads to high energy consumption. Orphan
nodes cannot establish a connection to any CH or directly to
BS. Hence, their dissipated energy to collect the environment
information is wasted since this information cannot reach BS.
Consequently, declining the number of orphan nodes can
effectively help the network to save energy consumption. The
rate of network coverage and rate of orphan nodes are
compared in Fig. 2.
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3 40% k] 3
< 4 =
& 289
30%
: 3
20% 2
1.5
10% 0.9 1
0.00038
0% - 0
EWCP Mir UCFIA SCP GCA
® Coverage rate% M Orphan node rate

Fig. 2 Coverage rate and orphan node rate

As shown in Fig. 2, the EWCP has relatively low orphan
node rate compared to the other protocols. Mir protocol has
slightly lower orphan node rate than EWCP, however EWCP
has higher coverage rate than Mir protocol. These results are
valid for coverage rate as well, where EWCP has relatively
high coverage among other protocols. GCA has higher
coverage rate yet lower orphan node rate than EWCP. On the
other hand, an important criterion to evaluate energy
consumption of WSNs is the average number of CHs along all
rounds. If the number of CHs is high, energy consumption
increases. Table III represents the average number of CHs in
each protocol. Based on the results of Table III, it turns out
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that despite GCA has the highest coverage rate, it requires
many CHs at each round. This in return increases energy
consumption of the network drastically. Hence, this protocol
cannot be considered as an effective energy efficient protocol.
As shown in Table III, the number of CHs is optimized in
EWCP and leads to optimal point of coverage and orphan
nodes. Consequently, it is evident that EWCP significantly
improves energy consumption of the network and at the same
time, it offers a relatively high network coverage rate and few
orphan nodes.

TABLE III
AVERAGE NUMBER OF CHS
Method Average number of CHs
EWCP 18
Mir 37
UCFIA 8
SCP 15
GCA 83
—o— GCA UCIF SCP Mir —¥— EWCP
35
j
2 30
225
2 20
c
S 15
& 10
g 5 o
0 >

0O 10 20 30 40 50 60 70 80 90 100

Iterations

Fig. 3 Energy consumed in 100 iterations

Fig. 3 compares the energy consumption of different
clustering protocols in 100 iterations. As shown, EWCP has
the lowest energy consumption in comparison with the other

180
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benchmark protocols. So (4) helps us to extend the lifetime of
networks by tuning the weight of consumed energy during CH
selection procedure.

B. Lifetime Comparison

WSN lifetime enhancement can be attributed to energy
consumption of the network. Hence, it is expected that the
presented method can extend the lifetime of the network
effectively due to its positive impact on decreasing the energy
consumption. In order to compare the lifetime of different
protocols, three criteria are introduced:

e First Node Dies (FND) indicates the number of rounds
before the first sensor node dies

e Half Nodes Die (HND) indicates the number of half
sensor nodes dies

e Last Node Dies (LND) indicates that the last sensor node
dies.

In Table IV, all lifetime criteria, i.c. FND, HND and LND
values of different protocols are compared. This figure
advocates that EWCP exhibits better solution than the other
considered protocols. It is clear especially in FND and HND
criteria.

The number of live nodes in each round is shown in Fig. 4.
This figure validates the previous results that EWCP has more
live nodes in several iterations than the other benchmark
clustering protocols. Mir protocol has more live nodes around
iteration 2500, however EWCP shows longer lifetime than Mir
protocol. Therefore, it turns out that EWCP has an edge over
the other protocols.

TABLE IV
LIFETIME CRITERIA OF WSN
Method FND HND LND
EWCP 933 1811 3242
Mir 122 1118 3077
UCFIA 70 661 2980
SCP 51 554 2609
GCA 61 496 1919
— M
——UCFlA
SCP

GCA

—EWCP

2000 2500 3000 3500
Iterations

Fig. 4 Lifetime of network
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V.CONCLUSION

WSNs are widely used in medical applications. They offer
smart health care for patients, which can significantly improve
the health conditions and lifetime expectation for a large
number of people. However, WSNs are constrained with
limited energy capacity of sensor nodes. Hence, the design of
effective and scalable routing protocols is a crucial aspect to
prolong their lifetime and increase the performance of WSNs.
Clustering protocols are proved as effective approaches to
reduce WSN energy consumption and hence extend the
lifetime of WSN.

In this paper, we have presented an energy-efficient
clustering protocol, i.e., EWCP, using PSO in order to find the
optimal set of CHs and their members. Eligible candidate for
CHs are selected to be fed into PSO based on their residual
energy level, distance to BS, and network density. The
objective of PSO is to minimize energy consumption,
minimize number of orphan nodes and maximize coverage.
Consequently, the lifetime of the network is enhanced.

Using WSNs in implantable artificial retina, the
performance of EWCP is compared with common clustering
protocols. Simulation results confirm that EWCP exhibits
better performance in comparison with the other benchmark
protocols in terms of orphan nodes, network lifetime, and
energy efficiency. It is concluded that including the energy
efficient parameters in selecting CHs and cluster members has
a significant improvement on increasing the performance of
the presented protocol.
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