IJCSI International Journal of Computer Science Issues, Vol. 11, Issue 3, No 1, May 2014
ISSN (Print): 1694-0814 | ISSN (Online): 1694-0784
www.lJCSl.org

92

A Review Study of Hierarchical Clustering Algorithms for

Witeless Sensor Networks
Vinay Kumar?, Sanjay B. Dhok? Rajeev Tripathi® and Sudarshan Tiwari*

! Assistant Professor, Department of Electronics Engineering, Visvesvaraya National Institute of Technology, Nagpur,
Maharashtra, India
? Associate professor, Department of Electronics Engineering, Visvesvaraya National Institute of Technology, Nagpur,
Maharashtra, India
? Professor, Department of Electronics & Communication Engineering, Motilal Nehru National Institute of
Technology, Allahabad, Uttar Pradesh, India
* Professors & Director, National Institute of Technology, Raipur, Chhattisgarh, India

Abstract

The hierarchical clustering is an efficient way to reduce the
overall energy consumption within the cluster by
performing aggregation and fusion of data. Hence, the
amount of transmitting information to the base station is
decreased. Clusters create hierarchical Wireless Sensor
Networks (WSNs) which facilitate efficient utilization of
limited resources of sensor nodes and thus extend network
lifetime, reduce energy consumption of the system and
provide overall system scalability. The objective of this
paper is to present a state of the art survey on hierarchical
clustering in WSNs. Our paper also presents a comparison
of different hierarchical clustering algorithms on the basis
of cluster properties, cluster head selection, heterogeneity
and clustering processes.

Keywords: Wireless Sensor Networks, hierarchical
routing, Clustering, clustering algorithms.

1. Introduction

WSNs are made up of individual embedded systems that
are competent of interacting with their environment
through various sensors, processing information locally,
and communicating this information wirelessly with their
neighbors. A sensor node consists of three components:
sensing, processing and communication components and
can be either an individual board or embedded into a single
unit [1, 2, 3, 4]. Deployment of a large number of nodes in
WSNs is one of the main characteristics which makes a
major difference between traditional networks & sensor
networks. In a wireless medium, large number of nodes
have advantages in term of connectivity and coverage but
also have disadvantages in terms of increased collision and
generated overheads. Grouping of sensor nodes is called a
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cluster [5]. Clustering is used in WSNs [6, 7, 8], as it
provides overall network scalability, efficient use of
constrained resources that gives network topology stability
and energy saving characteristics. A large number of
clusters will cover the area with small size clusters and a
very small number of clusters will exhaust the cluster head
with large amount of messages transmitted from cluster
members. In this work, we have surveyed the state-of-art of
different algorithms for hierarchical clustering reported in
the literature of WSNs and have presented some of the
clustering methodologies. We have also discussed the
attributes, advantages and disadvantages of clustering and
compared different clustering algorithms based on cluster
count, heterogeneity, cluster overlapping, role of cluster
heads, objective of sensor node grouping and methodology
[9]. The rest of the paper is organized as follows: In
Section 2, we provide energy efficient routing. Section 3
presents hierarchical routing in WSNs. Section 4 presents a
survey on state-of-art algorithms for hierarchical
clustering, reported in the literature with open issues and
challenges and the final paper is concluded in section 5.

2. Energy Efficient Routing

Lifetime of the network is determined by residual energy
of the system, hence main and most important challenge in
WSNs is the efficient use of energy resources. The
following are the routing challenges unique to WSNs [10]:
fault tolerance, node deployment, and energy consumption
without losing accuracy, link heterogeneity, and data
reporting model, network dynamic, connectivity, security,
transmission media, data aggregation, coverage, scalability
and quality of services. There are mainly two different
ways to achive energy efficient route selection: maximum
network lifetime routing and minimum cost routing
[53,54,55].
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2.1 Taxonomy of Routing in WSNs

Routing in WSNs can be divided mainly into three types
depending on, network structure, routing criteria and
topology which are shown in figure 1. Network structure
based routing can be further divided into hierarchical or
cluster based routing [10, 11], location based routing [12,
13] and flat routing [14]. Hierarchical or cluster based
routing methods, originally proposed in wired networks,
with advantages related to efficient communication and
scalability. In a hierarchical architecture, sensor nodes with
higher energy can be used to process and send the
information, while low-energy nodes can be used to
perform the sensing in the proximity of the target. It
employ some of the well known routing tactics to WSNs
[15-18].

O

Figure 2: Clustering process in WSNs
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Figure 1. Taxonomy of routing protocol in WSNs.

3. Hierarchical Clustering in WSNs

To achieve network scalability, high energy efficieny and
prolong network lifetime in large scale WSNSs, sensor
nodes are often grouped into non-overlapping clusters
called clustering process in WSNs. Hierarchical based
routing is a two level routing where first level involves
selecting the cluster heads in WSNs[56]. The second level
involves the data transmission from nodes to a base station
via cluster heads. A large number of clusters will cover the
area with small size clusters and a very small number of
clusters will exhaust the cluster head with large amount of
messages to be transmitted from cluster members [19].
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Figure 2 shows the clustering in WSNs along with clusters,
cluster heads and base station and figure 3 shows the
classification of clustering in WSNs.

3.1 Why Clustering in WSN?

Clustering enables efficient resource distribution and thus
helps in better designing of power control. It facilitates
data aggression/data fusion and any changes in node
behavior within a cluster affect only that cluster, but not
the entire network, which will therefore be robust to
changes. [20, 21, 22, 23].

Cluster Head

nodes
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Figure 3. Taxonomy of clustering in WSN

3.2 Drawbacks of clustering
Some of the drawbacks of clustering are as follows[22, 23,
24, 25, 26]:

i Range for Clustering: In the selection of the
cluster heads some algorithms select cluster heads
only according to either ID number or residual
energy of the sensor nodes. Yet both methods
cannot guarantee that the cluster heads(CHSs) to be
always at the center of the cluster. If the CHs are
at the edge of the cluster, extra RF range or
number of hops to cover the whole cluster is
needed.

ii. Hot spot in Clustering: All the data in sensor
network are sent to the base station, the traffic
near the base station is higher. The sensor nodes
in these areas will therefore run out energy earlier.
The base station will then be isolated and as a
result, the residual energy stored in the other
sensor nodes will be wasted.

iii. Ripple Effect of Re-Clustering: In ripple effect
of re-clustering, re-election of one cluster head
may affect the structure of many clusters.

iv. Stationary node assumptions for cluster
formation: For moving sensor node networks,
sensor node must be assume to be stationary for
cluster formation phase so that mobile sensor
nodes are able to obtain neighboring information.

V. Constant Computation Round for Clustering:
The number of rounds that are required for a
cluster formation procedure is called computation
rounds. Unbounded time complexity represents a
non computation round of clustering schemes.

Vi. Message Complexity: Message complexity is the
total amount of clustering-related message
exchanged for the cluster formation. For ripple
effect, message complexities for the re-clustering
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are same for both cluster formation and cluster
maintained. But for no ripple message complexity
is much lower for re-clustering.

vii.  Flooding in Clustering: Energy is wasted by
flooding in route discovery and duplicated
transmission of data by multiple routes from the
source to the destination

4. Different Algorithms for clustering in
WSNS

Some of the state of art algorithms for clustering are
reviewed below. Figure 4 shows the taxonomy of various
algorithms for clustering in WSNs.

LEACH: Low Energy Adaptive Clustering Hierarchy
(LEACH) protocol is the oldest clustering algorithm in
WSNs. LEACH builds on the work described in [23]. It
has following design goals: random placement of nodes,
self-configuring and adaptive cluster formation, local
control for data transfers and low-energy MAC and
application specific data processing. LEACH protocol has
different rounds and each round has two phases, a setup
phase and steady state phase. In the steady state phase
transfer of data takes place and in set up phase it provides
cluster formation in an adaptive manner [23].

HEED (Hybrid, Energy-Efficient, and Distributed
Clustering Approach) this algorithm [28] uses an iterative
clustering process for selection of cluster head. In this
approach two features are added to the LEACH protocol
first, the routing protocol is assumed to propagate sensor
nodes residual energy throughout the network which
selects better cluster heads than the original LEACH and
Second, sensor nodes select a cluster head in its cluster
range proximity which convert LEACH into the multi hop
network. HEED approach improves network lifetime over
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LEACH for all cost types. This is because of the fact that
LEACH randomly selects cluster heads. This may result in
faster death of some nodes. This is avoided in HEED as
the final cluster heads are selected such that they are well
distributed across the network. HEED require less energy
in clusters than LEACH because LEACH propagate
residual energy information.

GICR (Global Information based Clustering Routing
Mechanism) In this paper [28] the authors have proposed
a theoretical method for finding clusters in WSNs. LEACH
protocol uses a dynamic cluster head election method for
election of cluster heads. The number of cluster heads,
elected in each round is not always optimal due to dynamic
self elected probability per round, this problem is sorted by
new algorithm called GICR. This algorithm uses the
cooperation of the node in the phase of cluster head
election to collect global information and this done through
cluster interaction algorithm. The total contribution of this
algorithm divided into two parts, first one, it eliminates the
blindness of the dynamic cluster head election algorithm in
LEACH. Second, it enhances the DCEA (Dynamic Cluster
Head Election Algorithms). GICR provide improvement
over LEACH protocol in term of system life time and
effective data delivery to the base station and this happens
because of cluster heads, elected in every round is closer to
the optimal value of the number of cluster heads which will
consume energy more efficiently.

TSCHS (Two Step Cluster Head Selection Routing
Protocol) In LEACH protocol, chosen number of cluster
heads in each round varies around the optimal value which
reduces the lifetime of the network. The cluster head
number variability problem is sorted out by the new
protocol TSCHS. In TSCHS [29], cluster head selection is
divided into two parts: temporary cluster heads selected on
initial selection stage with the number larger than optimal
value and after computing first part, number of clusters
chosen out of temporary cluster heads which is a based on
distance from cluster head to base station and residual
energy. Distribution of cluster heads is more evenly and in
TSCHS than in LEACH. Thus the author found that
TSCHS achieves about 50 percent improvement over
LEACH under different network condition. As a result the
network works with optimal number of clusters. Thus
TSCHS has enhanced the network lifetime by balancing
the energy load in the network.

Table | & Il shows the comparison of different clustering
algorithms.
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4.1 Open Issues and Challenges

v"Interesting issues for routing protocols is the
consideration of mobility of the node. More
recent protocols assume that the sensor node and
the base station are stationary. However, there
might be situations in some application such as
battle environments where the base station and
possibly sensor nodes required to mobile. In such
cases, information processing and frequent update
of the position of the sensor nodes may drain the
energy of the nodes. Therefore new routing
techniques are needed to maintain

v" Hierarchical routing is an old technique to
improve energy efficiency and scalability of
networks. However, new techniques of network
clustering that maximize network lifetime are
growing research area in WSNSs.

v" In cluster based routing protocols, a group of
sensor nodes efficiently transfer the sensed data to
the base station. The cluster heads (CHs) are
sometimes chosen as specialized nodes that are
less energy-constrained. A cluster-head performs
aggregation of data and sends it to the base station
on behalf of the sensor nodes within its cluster.
The research issues regarding such protocols are
how to form the clusters so that the energy
consumption and latency are optimized. The
factors affecting cluster formation and cluster-
head communication are future research areas.

5. Conclusion

Hierarchical routing plays an important role in the
performance of WSNs, and research associated with
routing is always a focus. One major requirement in WSNs
is energy efficiency. We have surveyed the state-of-art of
different hierarchical clustering algorithms reported in the
literature of WSNs and presented the methodologies
utilized by different authors in WSNs from an energy
efficiency point of view. We have discussed the
fundamental concepts of clustering, clustering attributes,
advantages and disadvantages of clustering, different
clustering algorithms with its taxonomy. We have also
compared the clustering algorithms based on cluster count,
heterogeneity, cluster overlapping, role of cluster heads,
objective of sensor node grouping and methodology. We
have also provided the open issues and challenges in
hierarchical routing or clustering
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Table 1: Comparison of Clustering Algorithms based on Cluster count, Inter and Intra cluster communication, and the Role of CH

Algorithm Abbreviation Cluster Intra-cluster || Inter-cluster Role of the CHs
count topology communication
Low Energy Adaptive || LEACH[23] Fixed Fixed (1- hop) Direct Link Relaying
Clustering Hierarchy
Varying Sensing Field VSF[31] Variable Fixed Multi-hop Relaying and
Aggregation
Level Based  Clustering || LBC[32] Fixed Fixed (12 3... Direct link Relaying and
algorithm K) Aggregation
Systemic Cost Based || SCBJ[33] Variable Adaptive Multi-hop Relaying and
algorithm Aggregation
Power On With Elected || POWER[34] Variable Fixed Multi-hop Relaying and
Rotation Aggregation
Stable Election Protocol SEPJ[35] Variable Fixed Direct Link Relaying
Hybrid, Energy-Efficient, and || HEED[27] Variable Fixed (1-Hop) Direct, Multi-hop || Relaying and
Distributed Clustering Aggregation
Approach
Base  station  Controlled || BCDCP[36] Variable Fixed (1-Hop) Multi-hop Relaying and
Dynamic Clustering protocol Aggregation
Step Wise Adaptive || SWATCHI[37] Variable Fixed Direct Link Multi-hop and
Clustering Hierarchy Aggregation
Cluster optimized cooperative || COC- Variable Fixed Multi-hop Relaying
MIMO transmission scheme MIMOI38]
Time Controlled Clustering | TCCA[39] Variable Fixed Multi-hop Relaying and
Algorithms Aggregation
BC-Clustering Algorithm BCCA[41] Variable Fixed Multi-hop Relaying and
Aggregation
Improved LEACH I-LEACHJ40] Variable Fixed (1-Hop) Direct Link Relaying
Proper  Size Hot  Spot || PSHS[42] Variable Fixed (1-Hop) Multi-hop Relaying and
algorithm Aggregation
Optimal Placement of Cluster || OPC[43] Variable Adaptive Multi-hop Relaying and
heads algorithms Aggregation
Dynamic optimum number of || DONCHE[44] Variable Fixed Direct Link Relaying
CH election method
Dynamic  Clustering-binary || DCBMPSOI[45] | Variable Fixed Multi-hop Relaying
Multi PSO algorithm
Energy Efficient || EEHC[47] Variable Adaptive Multi-hop, Direct | Relaying and
Heterogeneous Clustered Link Aggregation
Scheme
Energy Efficient Cluster Head || EECHE[46] Variable Adaptive Multi-hop, Direct || Relaying and
Election Method Link Aggregation
Cross layer approach CROSS[48] Variable Single hop Multi-hop Relaying
Particle Swarm Optimization || PSO[49] Variable Single hop Multi-hop Relaying,
algorithm Aggregation
Virtual Grid Based Clustering || VGCR[50] Variable Single hop Direct Link Relaying,
Routing protocol Aggregation
Distributed Source Coding | DSCB[51] Variable Fixed (1-hop) Multi-hop Aggregation
based algorithm
Gustafson- Kessel clustering GK- Fixed Fixed (1-hop) Direct Link N/A

Clustering[52]

Copyright (c) 2014 International Journal of Computer Science Issues. All Rights Reserved.

1JCSI
www.lJCSl.org



IJCSI International Journal of Computer Science Issues, Vol. 11, Issue 3, No 1, May 2014
ISSN (Print): 1694-0814 | ISSN (Online): 1694-0784

www.lJCSl.org

98

Table 2: Clustering Algorithms comparison based on clustering Method, Heterogeneity, Advantages and CH selection parameters

Algorithm Abbreviation || Heterogeneity Advantages CH selection || Clustering
parameters Method
Low Energy Adaptive Clustering || LEACH[23] No Energy Saving Residual Energy Analytical
Hierarchy
Varying Sensing Field VSF[31] Yes Energy Saving, Network|| Heterogeneous Analytical
Lifetime Sensor
Level Based Clustering algorithm LBC[32] Yes Energy Saving Residual Energy Analytical
Systemic Cost Based algorithm SCBI[33] Yes Energy Saving Initial Energy Analytical
Power On With Elected Rotation POWER[34] Yes Power Efficiency, Residual Energy Analytical
Improvement in Coveragg
Stable Election Protocol SEP[35] Yes Provide Network Stable || Residual Energy Analytical
Region
Hybrid,  Energy-Efficient, and || HEED[27] No Energy Saving Residual Energy Iterative
Distributed Clustering Approach
Base station Controlled Dynamic || BCDCP[36] No Energy Saving, Network|| Initial Energy Iterative
Clustering protocol Lifetime
Step Wise Adaptive Clustering || SWATCH[37] No Energy Saving Residual Energy Analytical
Hierarchy
Cluster optimized  cooperative || COC- No Energy Saving Residual Energy Analytical
MIMO transmission scheme MIMOJ[38]
Time  Controlled  Clustering || TCCA[39] No Energy Saving Residual Energy Analytical
Algorithms
BC-Clustering Algorithm BCCA[41] No Network Lifetime Node ID Analytical
Improved LEACH I-LEACH[40] No Energy Saving Residual Energy || Experimental
Proper Size Hot Spot algorithm PSHS[42] No Enhance Network Life || Residual Energy Analytical
Time
Optimal Placement of Cluster || OPC[43] No Network Lifetime Initial Energy Analytical
heads algorithms
Dynamic optimum number of CH || DONCHE[44] No Energy Saving Residual Energy || Experimental
election method
Dynamic Clustering-binary Multi | DCBMPSO[45 No Energy Saving Residual Energy Analytical
PSO algorithm ]
Energy Efficient Heterogeneous || EEHC[47] Yes Energy Saving Residual Energy Analytical
Clustered Scheme
Energy Efficient Cluster Head || EECHE[46] Yes Energy Saving Residual Energy Analytical
Election Method
Cross layer approach CROSS[48] No Energy Saving, Network N/A Analytical
Lifetime
Particle ~ Swarm  Optimization || PSO[49] No Energy Saving Residual Energy Theoretical
algorithm
Virtual Grid Based Clustering || VGCR[50] No Energy Saving, Network|| Residual Energy Analytical
Routing protocol Lifetime
Distributed Source Coding based || DSCB[51] No Efficient Data Correlatior] Max-Min Hop Analytical
algorithm Number
Gustafson- Kessel clustering GK- No Energy Saving N/A Fuzzy
Clustering[52] Clustering
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