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Clustering Algorithm in Wireless Sensor
Network: A Survey
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Abstract--In this survey paper, various challenges to
wireless sensor networks are considered and Clustering as
a solution to one of them has been introduced. The
wireless sensor network is divided into clusters in order to
reduce energy consumption as well as to increase
coverage area to larger extent. The various clustering
schemes with different parameters and in different
environments such as static and mobile are discussed.
The fuzzy approach in cluster head selection has
overcome uncertainty of wireless sensor network at
different levels.
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I. INTRODUCTION

The easy deployment in hazardous environment,
miniaturization of sensor devices, and wireless
connectivity with base station and other similar nodes
and mobility in order to increase coverage area have
made wireless sensor network (WSN) a prominent
choice in various application domains. Environment
monitoring, battlefield surveillance, smart home,
health analysis, agriculture are some examples [1].
With the use of sensor nodes to measure temperature,
pressure, humidity, light conditions etc early
precautions against draught, frost, and flood in
agriculture might be taken. Sensor networks face a
challenge of irregular topology as they are deployed
randomly in the area of attention where set-up and
maintenance of network is done autonomously. For
the organization of monitoring of the target the whole
area is divided into small units called clusters as
shown in Fig 1. Clustering is an efficient technique
for reducing energy consumption in the designed
network [2] in which a leader Cluster Head (CH) is
selected to control the activity within the cluster or to
communicate with other CHs or base station. In the
further discussion, the proposed algorithms for
Cluster Head selection will be highlighted. Here, our
objective is to use clustering for reducing energy
consumption leaving other benefits as secondary.
There is no facility of recharging or replacing of the
batteries of nodes once they are deployed; therefore
energy scarcity becomes a major issue during
sensing, processing and communication. In such an
environment, energy expenditure should be
minimized at three levels: microprocessor-level,
node-level and network-level [3]. All parts of a
sensor, in addition to the network as a whole, must
work together to lessen energy consumption in order
to form an energy optimized sensor network.
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Figure 1. Clustered wireless sensor network
WSN challenges—

Since wireless sensor nodes have no facility of
recharging their cells as they are deployed in diverse
situations, energy conservation becomes main issue
in order to keep alive the sensor network. Suppose a
node dies in a particular area, that area might remain
unmonitored unless that node is replaced by another
energized node. Hence for efficient working of
network and for proper outcome from the sensed data
the energy need to be consumed in each process at
each level. For example, [1] at MAC layer energy got
wasted in different forms like packet collisions, idle
listening, control packet overhead. The nodes
especially those come on forwarding paths face
serious battery depletion and proper protocols for
collision avoidance requires enough energy. The
above example is related to only one part of wireless
sensor network but at each part such as routing,
clustering, sensing, processing energy consumption is
needed.

Sensor networks need to be self-configurable and
scalable as there is need to replace damaged or
discharged nodes form working nodes. And in the
case of mobile sensor networks, mostly targets need
to be monitored with scaling architecture because it is
difficult to put sensor nodes on the particular target
location. The nodes need to adjust themselves in
various different conditions aroused according to
environment. The architecture of network should be
designed by sensor nodes in such a way that single
node failure should not affect the working of whole
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network. It becomes tedious task with infrastructure
less architecture and a limited energy resource as
system is constrained to communicate with limited
messages in order to set-up the topology among
them.

Wireless sensor networks possess the challenge of
security as they have liability of keeping data and
themselves safe from external attacks. Although they
use encryption scheme for data safety, though the full
security of data means prevention from unauthorized
access and alteration, maintaining data integrity
requires security scheme to be applied at broad level
which consumes a high energy. The probability of
denial of service is also there as the communication
line is kept busy, thereby true information cannot be
sent to the desired node resulting in drainage of
energy.

While taking a look over several challenges of
wireless sensor network, energy management has
been considered as most prominent concern.And
Clustering is taken here as a solution to most of those
challenges.

1. TERMINOLOGY

1. Wireless sensor network: A wireless sensor
network is a group of sensor nodes and base
station which is designed to sense the
environmental conditions like temperature,
pressure, humidity, sound, light, air speed,
direction, movement, vibration etc.. A
wireless sensor network may be bi-
directional implying that sensors send data
to base station or main station and base
station might control the activity of sensors.

2. Sensor Node: A sensor node is the core
component of a WSN. Sensor nodes can
take on multiple roles in a network, such as
simple sensing; data storage; routing; and
data processing.

3. Base Station: The base station is at the upper
level of the hierarchical WSN. It provides
the communication link between the sensor
network and the end-user. The base station
is assumed to have unlimited power,
processing capability and storage capacity.

4. Clustering-Clusters are the organizational
unit for WSNs. The dense nature of these
networks requires the need for them to be
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broken down into clusters to simplify tasks
such a communication.

5. Cluster head- Cluster heads are the
organization leader of a cluster. They often
are required to organize activities in the
cluster. These tasks include but are not
limited to data-aggregation and organization
the communication schedule of a cluster. A
network organizer can choose a node as
Cluster Head or there are algorithms form
which sensor nodes can elect their cluster
head.

6. Hop-Hop is total number of sensor nodes
between source node and Cluster Head
including source sensor node. If source node
directly communicates with Cluster Head it
is referred as single hop and if there are
intermediate nodes, it is multi hop.

7. Node degree- node degree is the number of
nodes with which a particular node is
connected.

. TYPES OF CLUSTERING
A. BASED on authority-

= Centralized clustering scheme- In the centralized
clustering scheme base station keeps the right of
determining the Cluster Head by judging the
battery level and node location [4].

Fuzzy-logic for Cluster Head selection

In [5], the authors have taken three parameters
for defining fuzzy rules: node concentration,
energy level at each node and node’s centrality
with respect to entire cluster. As this algorithm
comes under centralized algorithm, the cluster
head is chosen by base station on the basis of
earlier defined parameters. Similar to LEACH
this scheme also contains two steps i.e. set-up
phase and steady phase. In set-up phase base
station selects cluster head and in steady state
phase the cluster head processes the data sent by
other nodes and after compressing it sends to
base station.

In set up phase the fuzzy inference engine uses
Mamdani method with three input variables
energy, concentration and centrality. For node
concentration and energy three linguistic
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variables are taken low, medium and high and to
calculate centrality base station calculates the
square of distance between selected node and
other nodes in cluster because transmission
energy is proportional to square of distance.
There are three levels for node centrality close,
far and adequate and seven types of chances for
being elected as Cluster Head i.e. very small,
small, rather small, medium, rather large, large,
and very large. With the fuzzy rules, three input
variables, the outcome chance of being a node as
Cluster Head comes. The node with the highest
probability is selected as Cluster Head.

= Distributed clustering scheme - In
distributed clustering scheme sensor nodes
take autonomous decision of choosing
Cluster Head without intervention of base
station.

HEED (Hybrid energy-efficient distributed) -
HEED (Hybrid Energy-efficient distributed)
clustering scheme is a clustering scheme for
homogenous network where hybrid refers to the
balance between energy and communication cost
[6]. HEED uses residual energy as primary
parameter because our main concern is to
prolong network lifetime leaving node degree
and distance to neighbors as secondary
parameters.

Assumethat there are ‘N’ nodes in a wireless
homogenous sensor network. With the primary
clustering parameter i.e. residual energy, we select a
set of possible cluster heads and with secondary
parameter we choose one Cluster head from the set
i.e. the cluster head with lower intra-cluster
communication cost are favored. As energy required
for sensing, processing and communicating one bit
information is known thereby we can estimate the
residual energy. At the end of HEED protocol either
a node is chosen as Cluster Head or remains a regular
node.

B. Based on functionality and
characteristic of sensor nodes-

With the design and feature of wireless sensor
networks clustering algorithm also varies. There are
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two types of networks:
heterogeneous network.

homogenous  and other nodes in the cluster using CSMA protocol.

= In homogenous wireless sensor networks, all
the sensor nodes have identical capacity,
computing power, sensing range and
hardware complexity. In such a network the
CH dies before other nodes as it possesses
the extra responsibility of transmitting
information up to base station as well as data
aggregation and processing.

LEACH (Low Energy Adaptive Clustering Hierarchy)

LEACH is one of the most accepted distributed
cluster-based routing protocols in wireless sensor
networks. LEACH allows the use of several data
aggregation techniques within the cluster in
order to get more précised data for forwarding,
as it relies on the concept that nodes closer to
each other contains correlated data [7]. LEACH
selects a few nodes as cluster heads and rotates
this role to balance the energy dissipation of the
sensor nodes in the networks. As we know in the
network, Cluster Head becomes over-burned and
prone to be drained fast than others, therefore
LEACH operates in rounds to rotate the cluster
head responsibility [8].

Suppose there are N numbers of nodes in the
network and k is the expected number of cluster
heads in a round. Each node needs to be cluster
head in N/k rounds with the purpose of
maintaining energy balance in the network,
therefore there is an indicator function Ci (t)to
keep count that was node ‘i’ recently Cluster
Head or not i.e. Ci (t)=0 if node was recently a
cluster head otherwise 1 . Hence probability Pi
(t) of being chosen as a Cluster head of node ‘i’
at round r is given as below:

L
N-ke(rmod ) °

0 :

.................... Equation (1)

)=

The node with highest probability is chosen as
Cluster Head. Once a node is chosen as Cluster
Head, it broadcasts advertisement message to all
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The other nodes decide that in which cluster they
want to reside on the basis of received signal
strength from cluster heads.

Fuzzy-logic based clustering approach-

This clustering scheme is based on energy
prediction, unlike other clustering scheme it
considers expected residual energy as a fuzzy
descriptor where other clustering schemes were
considering residual energy and rotation of
cluster heads. The clustering includes two
phases: set-up phase and steady-state phase as

shown below.
Steady state

Set-up phase

Cluster formation Frame transmission

Figure2. Phases of clustering

This algorithm can also be called as extension of
LEACH with expected energy residual where
inference engine takes into account two
parameters such as residual energy and expected
residual energy to decide the probability of being
chosen as cluster head. Suppose at time‘t’ a node
has RE (t) residual energy, then we can calculate
ERE (expected residual energy) after time ‘r’
with the following formula:

ERE (t+r) = RE (f) - EEC ()

Where EEC (r) is Expected Energy Consumption
during time ‘r’> which can be computed from
earlier known energy consumption of sensing
nodes.

In heterogeneous network, there are different
types of node in respect to their functionality and
hardware complexity. Some nodes are specially
designed to perform as a Cluster Head (CH) with
more battery power and more computing and
communicating ability. In that network cost of
designing the network is less than homogenous
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network because only few nodes are established
or deployed with hardware capabilities of being
Cluster Head whereas rests are general nodes of
low cost. But the deployment of nodes needs a
special care to cover the whole area as only some
nodes can act as a Cluster Head [9].

EEHC (Energy efficient heterogeneous clustered
scheme) - EEHC is designed to choose a Cluster
Head in uniformly distributed heterogeneous
wireless sensor network. This algorithm uses the
concept of optimal number of clusters formation
with the calculation of signal to noise ratio and
energy dissipation with distance because it has
been seen that if less number of clusters are
formed than optimal size, then energy
consumption increases exponentially [10]. For
the selection of Cluster head, firstly initial
energy of node is taken into account [11]. As
heterogeneous network is being dealt, suppose
there are three types of nodes out of ‘n’ nodes:
super node having b times more power than
normal nodes, advance node having ‘a’ times
more power than normal nodes, normal node. As
there are three different types of nodes and with
different powers, the node will be alive more
than general clustering network. For example
EEHC scheme increases the lifetime of network
by 10% in comparison to LEACH [12].

c. Based on communication
between Cluster head and sensor
nodes

=  Single hop clustering scheme

- In a single hop network sensor nodes use only
one hop to contact the cluster head. The nodes
which are at large distance from cluster head
need to consume more energy for transmitting
data to Cluster Head with respect to nodes which
are closer to the Cluster Head. LEACH can be
used for single hop network.

Fuzzy clustering approach for mobile sensor nodes—

In [13], dynamic clustering is used to deal with
mobile sensor nodes. The algorithm mainly
emphasizes on mobility management and decision
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making of a node for choosing its best parent. Beside
the Cluster head (CH) there is a concept of Zone
Head (ZH) where Zone is a collection of one or more
clusters. If a ZH receives a join message from any
node (n), it includes it in neighbors and checks that if
it can provide its services to node n. if the ZH is able
to provide services it joins node n otherwise ask
anyone of its node having less reliability to the
connection with ZH than node n to join other ZH. If
other node becomes ready to join other ZH, the node
n is added to set of cluster heads. The same clustering
process is followed in case of CHs. At the node level,
node n will send hello_message to node ¢ and add
node c to its neighbors, after that node n will send
join_message to node c. if the node c is CH and able
to keep node n it will send ok message, otherwise
join_other message will be sent.

During advertisement of a ZH or CH, a node may
receive more than one request to join cluster or zone.
In such a situation, a node uses fuzzy logic to decide
best parent node. There are four fuzzy logic
descriptors: Energy level of the node (Battery
charge), Mobility, Quality of Link - QoL (Reliability
between a node and his parent) and the Quality of
Received Signal — QoRS(Received Strength Signal
Indicator) with three possible values low, medium,
high.

= Multi hop communication

Ina multi —hop wireless network, there may be
intermediate nodes between sensor nodes and
cluster head. It provides an advantage towards
scalability of network. It surely decreases the
energy consumption but simultaneously creates
delay in messaging. In case of multi hop sensor
network, the cluster head near to base station
bears extra burden of transforming information
from other cluster head to base station which is
called unequal clustering [13]. To overcome such
problem, we form clusters of small size near to
base station in comparison to clusters which are
far from base station.

Multi-hop LEACH

Multi-hop LEACH is used in multi hop sensor
network when the network is extended beyond a
certain level. It is an extension of LEACH protocol.
In set-up phase the cluster head is selected like
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LEACH but in steady state phase the Cluster Head
far from base station transfers its information to other
Cluster Head [14].

iv.Conclusion

Clustering provides an efficient solution of reducing
energy consumption up to some extent, but there is
very little number of algorithms in the area of mobile
sensor network. Although, there is a proper
algorithm for mobile sensor networks discussed
above which provides a suitable Cluster head for a
node, though energy utilization can be minimized by
replacing two parameters Quality of link, Quality of
received signal with direction of mobility. If the
direction of a Cluster Head is away from centre, the
cluster head need to be replaced as quality of link and
quality of received signal with other nodes will
decrease obviously. In dynamic clustering, energy
consumption for clustering is increased due to regular
change of topology of sensor nodes.
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