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Abstract

The trend toward the adoption of 10T is increasing in recent years because of its diverse applications in
various domains. In the next-generation technology with the Internet of Things (loT), billions of smart
objects will communicate with others and acquire information by themselves. We are looking at the
development of an Internet of Things (IoT), where actual devices are in touch with computing devices
sensors and actuators are in touch with the Internet, allowing them to host their created data on the 10T-
based network. A mature loT environment involves heavy data transmission causing bottleneck problems
because factors like heterogeneity of devices, the Energy level of devices, and scalability affect the 10T-
based network. The clustering algorithm put an important role in minimizing the consumption of energy
and enhancing the lifetime of the network. This paper put a review of various clustering algorithm and
suggest the best clustering algorithm for loT-based Networks.
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protocols that are important components to hike
data transmission, energy efficiency, and
scalability in loT-based networks. In this way
development of a suitable routing mechanism is
a crucial research domain. For solving such kind
of problem clustering can be considered as a
suitable mechanism.

Introduction

10T connection has a meaningful impact on the
state of life of people and also leads to economic
benefits. Thus, loT is attracting valuable
identification from universities, industries, and
governments in assisting the creation of new-

born technologies and applications, such as Role of Clustering in loT

modern homes and enterprises, healthcare,
environmental monitoring, and smart cities. For
such kinds of numerous loT purposes, the
sensed data must be sent to the Base Station
(BS) for further operations. This should be
accomplished  through  efficient  routing

o At the cost of cluster head (CH) in
clustering, Energy consumption can be
minimized.

o Clustering can be minimized topology
maintenance overhead.
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° Clustering enhanced the scalability of
the network for 10T applications.

. Clustering enhances bandwidth
utilization.

o Clustering enhances the stability of

sensor nodes.
Clustering Technique

There are two techniques for clustering:

o Centralized Clustering: Centralized
clustering involves the selection of CH in each
cluster by central BS. The BS selects the cluster
on the basis of some parameters such as hop
count, node type, remaining energy, and
minimum distance from BS, etc. The CH is
static for a complete network lifetime. Thus, for
every there is pre-defined CHs that perform
data aggregation and forwarding tasks.

. Distributed Clustering: In this
mechanism selection of clusters does not
depend on the BS.ie there is no fixed CH. The
nodes that match higher to specified parameters
become cluster heads. After a certain interval of
time when another member node becomes more
eligible to form a cluster head, it forms the CH
on its own.

Classification of clustering Algorithm
On the basis of cluster head selection and

cluster range computation, the algorithm can be
classified into the following category.

. Probabilistic

. Deterministic

. Fuzzy logic-based algorithm
Probabilistic Algorithms: Generally,

probabilistic type clustering algorithms are
simple and have less time and message
complexity. This type of clustering algorithm
selects the CHs randomly and have nearly
optimal overhead, but can be combined with
some standard parameter like node density,

remaining energy, etc.., to create the cluster.
The probabilistic Algorithm can be classified
into two categories.

e Equal size probabilistic  clustering
algorithms.

e Unequal size probabilistic clustering
algorithm.

a) Equal size probabilistic algorithms:
Equal size clusters are generated with the help
of an equal size probabilistic algorithm. These
are some important probabilistic algorithms.

1. LEACH: Leach means low energy
adaptive clustering algorithm. It is the well-
known clustering approach for WSNs. In this
approach, some nodes are elected as cluster
heads and other nodes join this cluster as cluster
nodes if it is under the range of CHs.
Responsibility CHs range is the communication
of data between the nods and the transfer of data
from sensor node to sink. In this mechanism,
each node S; generates a random number
between 0 and 1 compared with the defined
threshold for that cluster. If the generated
number is less than the defined threshold then
node S; considers as CHs; otherwise, it acts as a
non-cluster head for that round.

2. Centralized LEACH(C-LEACH): To
overcome the drawback of the LEACH
algorithm a new algorithm C-LEAH is derived.
In the case of C-LEACH algorithms are
executed at the BS. In the case of the LEACH
algorithm, some low-energy nodes may be
selected as CHs, which further depletes their
energy. In the C-LEACH mechanism, each
sensor sends its information like position and
energy to the BS, which uses this information
to form the cluster head. This cluster is formed
by considering the objective to minimize the
energy consumption of non-CHs during the
data communication between the cluster nodes.

3. HEED Algorithm [10]: Heed means
hybrid energy-efficient distributed clustering
algorithm. In this mechanism CHs are selected

www.raftpubs.com

Page: 11


https://doi.org/10.36811/rjcse.2022.110005
http://www.raftpubs.com/

=

( 1|y

="Mt A Comprehensive Review of Different Clustering algorithm for

10T Based Networks

DOI: https://doi.org/10.36811/rjcse.2022.110005

RJCSE: April: 2022: Page No: 10-20

on the base of the remaining energy of nodes
and the non-CH node can join the cluster by
considering inter-cluster communication cost.

4. Stable Election Protocol (SEP) [11]:
In the SEP mechanism the node which has
higher energy are called an advanced node.
These advanced nodes are deployed in the
defined area and act like CHs. Using the SEP it
has been observed that the duration of the first
and last node die increased nearly two times.

b) Unequal size probabilistic clustering
algorithm: In this paradigm, the clustering
algorithm forms the cluster of unequal size. The
energy holes problem can be solved with the
help of this mechanism. Cluster size can be
energy-dependent or location-dependent.

1. Energy Driven Unequal Clustering
(EDUC) [12]: It is one kind of distributed
clustering algorithm that efficiently reduces the
energy consumption problem and avoids the
hurdles of hotspot formation for unequal size
clusters. This algorithm is split in two phases:
cluster formation and data collection phases. In
the phase of cluster formation, CHs are selected
randomly and these CHs served as cluster heads
till the end of the network. During the data
collection phase data, CHs transfer the data
directly to the base station but such single-hop
communication is not feasible for large size
networks.

2. Unequal HEED [13]: It is the upgrade
version of HEED that solves the problem of
hotspot formation. In the case of HEED, each
CH has the same cluster radius ignoring its
distance from the BS, which points out the
hotspot problem. UHEED defines unequal size
cluster based on the distance of CH from the
base station, the size of the cluster is bigger
compared to those clusters formed near to BS.
In this way, inter-cluster traffic communication
is significantly reduced for the CHs nearest to
BS.

3. Energy-Efficient Unequal clustering
(EEUC) [14]: It is one kind of Hybrid
algorithm, which is generally applied for
periodic data collection for WSNSs. In this case,
cluster heads are selected randomly but
deepened on the distance CHs from BS. This
algorithm was able to support multi-hop routing
for forwarding the data packet from CHs to BS.
In this CHs are selected considering two
parameters: residual energy and distance of
forwarding CH to BS.

Deterministic Algorithms: In the case of
deterministic algorithms CHs selection and
cluster formation depend on some metric like
residual energy, node degree, node centrality,
distance from BS, etc. A node can get this
information by exchanging the information
with its neighbors. Because these clusters are
formed in a manageable way due this reason it
is called a deterministic algorithm. The
deterministic Algorithm can be classified into
two categories.

e Equal size deterministic clustering
algorithms.

e Unequal size deterministic clustering
algorithm

a) Equal Size deterministic clustering
algorithm: These are some algorithms that
generate clusters of equal size.

1. Energy-aware Routing  Algorithm
[ERA] [15]: In this routing algorithm CH has
multiple next-hop nodes to forward its data then
data is forwarded in proportion to their
remaining energy. But ERA forms an equal size
cluster due to this reason it forms a hot spot
problem.

b) These are some algorithms that generate
clusters of unequal size.

1. EADUC [16]: It is the balanced distributed
multi-hop routing protocol that has minimum
time and message complexity. In this paradigm,
the CHs are selected by considering the ratio of
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the average energy of the node to the remaining
energy of the node to avoid the problem of the
hotspot. In this mechanism, unequal size
clusters are formed by considering the residual
energy and the distance from BS. On the way of
routing, if the distance of the cluster head is less
than the defined threshold then CH transmits it
data directly to BS; otherwise, data is
transmitted to BS by using some other nodes.

2. Arranging Cluster size and data
Transmission WSNs (ACT) [17]: It is one
type of unequal cluster-based routing protocol
which able to balance the problem of energy
dissipation in CHs.

Fuzzy-Based Algorithms: In a recent study, it
has been observed that clustering for WSN
depends on various parameters like residual
energy, node degree, node centrality, distance
from BS, etc. In this way, we can say that
concept of fuzzy is very useful for clustering in
WSN. Fuzzy-based clustering approaches can
be classified into two categories: equal size and
unequal size clustering approaches.

o FEqual size Fuzzy based clustering
algorithms
e Unequal size fuzzy-based clustering
algorithms

a) Equal size Fuzzy-based clustering
algorithms: These are some fuzzy-based
clustering algorithms that generate a cluster of
equal size.

1. Cluster Head Election Mechanism using
Fuzzy logic: In this method, some tentative
CHs are selected from an active node with the
help of a probabilistic mechanism. CHs are
selected with considering parameters like the
energy of tentative nodes and their distance
from the neighbor as fuzzy input. But such type
probabilistic CHs selection mechanism leads to
some low-energy nodes as CH, which will
produce inefficient WSN.

2. Energy-aware distributed Clustering
Protocol using Fuzzy logic (ECPF)[18]: In
this fuzzy-based paradigm at the beginning of
clustering, a set of tentative CHs are selected
based on the residual energy of the node. Then,
final CHs are selected considering the
parameter like residual energy of node and node
centrality of CHs.

b) Unequal size fuzzy-based clustering
algorithms: Unequal size cluster has been
defined to handle the hotspot problems, yet the
size of the cluster is defined only considering
the parameter like distance of CHs from BS. In
recent years, some distributed clustering
algorithm has been defined by considering
some facts. These are some existing unequal
clustering algorithms based on fuzzy logic.

1. EAUCF [19]: It means energy aware fuzzy
approach unequal clustering algorithm and it is
one kind of distributed clustering algorithm. In
this algorithm residual energy of the node and
distance of CHs from BS consider as fuzzy
inputs.

2. DFCR algorithm [20]: It means
distributed fuzzy logic based on unequal
clustering and routing algorithm. It is the
extended approach of EAUCF. In this
approach, two parameters like node degree and
node centrality are considered as fuzzy input for
cluster range calculation. The cluster head
selection is also performed considering residual
energy and distance from BS as the selection
parameter.

3. DECUC algorithm [21]: It means
distributed fuzzy logic-based energy-aware and
coverage preserving unequal clustering
algorithm for WSN. In this approach, coverage
significance considers as fuzzy input which
ensures total coverage of the network. This type
of algorithm is useful for that type of
application where coverage is the primary
concern.
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Clustering  Algorithm for 1oT Based
Networks.

Apart from above discussed clustering
algorithm number of clustering algorithms are
available which suitable for loT-based
networks which are as follows.

Linked Cluster Algorithm (LCA): One of the
early clustering algorithms was the Linked
Cluster Algorithm. It was first designed for
wired sensors, but it was later adapted for use in
wireless sensor networks. This approach
minimizes communication conflicts between
nodes by utilizing TDMA frames for inter-node
communication, with each frame including a
communication slot for each node in the
network. A node becomes the CH in the Linked
Cluster Algorithm if it has the greatest identity
among all nodes within one hop of it or among
all nodes within one hop of one of its neighbors.
Each node in LCA is given a unique 1D number,
and there are two ways to become a cluster
head. The first is whether the node has the
highest ID number across all neighbor nodes as
well as the node itself. It becomes a cluster head
in a second way if none of its neighbors are
cluster heads.

LEACH and LEAC-C: Leach refers to a low-
energy adaptive clustering hierarchy that
divides the network into clusters using a
distributed method. Each node calculates his or
her chances of becoming a CH and broadcasts
the results. A node chooses its cluster so that
reaching the CH involves the least amount of
communication energy. By leveraging random
rotation among CHs, the algorithm allows for
energy balancing among nodes. CH nodes serve
as routers, relaying data to the base station
while also performing data fusion and
aggregation on the data collected by the cluster.
Leach conserves energy by requiring each node
to select a cluster based on the least amount of
communication energy. Furthermore, there is
no overhead in selecting a cluster head because
each node makes its own decision. Because CH
selection in LEACH is probabilistic, a situation

could arise where a node with little energy is
chosen as CH, putting the entire cluster in
jeopardy. Furthermore, even when nodes can
communicate directly with CH, LEACH may
result in one-hop intra- and inter-cluster
topology.

Hybrid Energy Efficient Cluster Algorithm
(HEEC): Younis and Fahmy's Hybrid Energy-
Efficient Distributed Clustering (HEED) [22] is
a multi-hop WSN clustering technique that
solves the LEACH algorithm's drawbacks of
unevenly distributed CH. In terms of CH
selection, the HEED algorithm differs from
LEACH. In the CH election, a node's residual
energy is introduced as a parameter. When
compared to member nodes in HEED, elected
CHs to have a relatively high average residual
energy. Instead of sending aggregated data to
the BS in a single-hop form as in LEACH, CHs
communicate the data to the BS in a multi-hop
fashion in HEED. In contrast to the LEACH
protocol's single-hop approach, this encourages
higher energy conservation and scalability.
Even yet, the HEED algorithm has some flaws,
as follows:

1) Cluster head rivalry may prevent some nodes
from joining any clusters [23].

2) To generate clusters with a lot of packet
broadcast, HEED requires numerous iterations.
3) Due to the relaying network traffic near the
BS, the CH nodes closest to the BS consume
significantly more energy. As a result, the CH
nodes that are closer to the BS may fast deplete
the battery.

Energy Efficiency Load-Balancing
clustering (EELBC): EELBC is a clustering
algorithm that uses a min-heap approach. The
number of sensor nodes given to the cluster
heads (CHSs) is used to create a min-heap. We
show that for n sensor nodes and m CHs, the
algorithm executes in O (n log m) time.

Energy-efficient unequal clustering (EEUC):
[24] is a competitive distributed uneven
clustering technique in which cluster-heads are
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chosen based on their neighbor's high residual
energy and distance from the base station (BS).
Because the node could not interact directly
with the BS due to the limited transmission
range, EEUC divides the nodes into clusters of
uneven size, with clusters closer to the base
station having smaller sizes than those farther
away from the BS. The competitive range is
assigned to each node. This competitive range
reduces the distance between the base station
and the user. As a result, clusters closer to the
base station are smaller in size, allowing the CH
to conserve more energy for inter-cluster
transmission while using less energy for intra-
cluster communication because each node
generates a random number between 0 and 1 in
each cluster construction round to select
whether or not to participate in the cluster-head
election, the EEUC method is also a
probabilistic clustering algorithm. If a sensor
node chooses to participate in the cluster head
election, it is designated as a tentative cluster
head. In order to become a genuine cluster head,
tentative cluster heads in local regions
participate. The residual energy of each
tentative cluster head is used in this
competition. The remaining sensor nodes join
the closest cluster when the cluster-head
election is completed.

Energy Efficient multi-level clustering
algorithm for large-scale WSN (EEMC): A
cluster setup phase is followed by a data
transmission phase in the EEMC[36]. Nodes
transfer their residual energy to the sink, and
level-1 CHs are elected based on higher
residual energy and shorter distance to the sink,
whereas neighbors of CH1 are elected based on
distance and residual energy. At various levels,
distinct Chs are formed, and data is transmitted
in a multi-hop method.

Distributed Weight-Based Energy-Efficient
Hierarchical clustering protocol (DWEHC):
Each node in this algorithm [35] first locates its
neighbors (in its enclosure region) before
calculating its weight, which is dependent on its
residual energy and distance from its neighbors.

A cluster head is the greatest weight node in a
neighborhood. The cluster head hierarchy will
then be joined by neighboring nodes. The
clustering procedure takes O (1) iterations to
complete and is unaffected by network
topology or size. The performance
characteristics of DWEHC clusters are
excellent.

Energy Efficient Clustering Schemes
(EECS): The EECS [26] main goal is to extend
the network’s lifetime and increase the number
of packets sent to mobile sinks in the network.
The node's leftover energy, distance, and the in
this approach, data overhead is taken into
account while choosing a cluster head. The
mobile sink's waiting time is approximated. The
role of the sensor node is represented as a finite
state machine based on the mobility model. The
state transition is achieved using the Markov
model.

Algorithm for cluster establishment (ACE):
Sensor nodes are frequently joined into clusters
to reduce channel contention, support
scalability, and extend the lifetime of sensor
networks. The Technique for Cluster
Establishment (ACE) [27] is a sensor network
clustering algorithm that uses three rounds of
feedback to create a highly efficient cover of
homogenous clusters across the network.

Grid clustering routing protocol for WSN
(GROUP): A grid-clustering routing technique
for large-scale wireless sensor networks that
provides scalable and efficient packet routing In
GROUP [28], the sink creates a cluster grid
structure  proactively, dynamically, and
randomly. Only a small percentage of all sensor
nodes will vote for cluster chiefs. GROUP can
divide the energy burden throughout the
network’'s sensors and provide in-network
processing to limit the quantity of data that must
be sent to the sink.
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Energy-Aware clustering scheme with
transmission power control (EACLE):
EACLE [29] for wireless sensor networks is
made up of three parts: "EACLE clustering” is
a distributed clustering method based on
transmission power control, "EACLE routing"
builds a tree rooted at a sink node and sets the

paths from sensor nodes while considering
energy efficiency, and "EACLE transmission
timing control" changes the transmission timing
with different levels of transmission power to
avoid packet collisions and facilitates paddling.

Table 1: Comparison of clustering algorithms.
Algorith Control Energy | Data Scala | CH CH Mob | Network
m Manner Efficien | Aggre | bility | Selection Rotati | ility | Type
cy gation on

LEACH Distributed | Low No No Probabilistic | Yes Yes | Homogeneous

LEACH-C | Centralized | Low No No Probabilistic | Yes No Homogeneous

EELBC Centralized | Medium | No No Probabilistic | Yes No Homogeneous

EEDC Centralized | High No No Probabilistic | Yes No Homogeneous

LCA Distributed | Low No No Id-Based Yes Yes | Homogeneous

EEMC Distributed | High Yes Yes Probabilistic | Yes No Homogeneous

PEACH Distributed | Medium | Yes Yes Probabilistic | Yes Yes | Homogeneous

DWEHC | Distributed | High Yes Yes | Weight Yes No Homogeneous
Based

ACE Distributed | Low No Yes Connectivit | No Yes | Homogeneous
y

GROUP Hybrid High No No Weight No No Homogeneous
Based

HEED Distributed | Medium | Yes Yes Probabilistic | Yes Yes | Homogeneous

EEHCA Distributed | High Yes Yes | Probabilistic | Yes No Homogeneous

WBCHN | Distributed | High No Yes | Weight No No Homogeneous
Based

EACLE Distributed | Medium | Yes No Connectivit | Yes No Homogeneous
y

MWBCA | Distributed | High Yes Yes | Weight Yes No Homogeneous
Based

EECS Distributed | Medium | No Yes | Weight Yes No Homogeneous
Based

EEUC Distributed | High Yes Yes | Probabilistic | Yes No | Homogeneous

S-WEB Distributed | High No Yes Probabilistic | No Yes | Homogeneous

MCEEC Centralized | Yes Yes No Probabilistic | No No Homogeneous
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Power-efficient and adaptive clustering
hierarchy (PEACH): The PEACH [30-37]
protocol is a wireless sensor network clustering
hierarchy protocol that is both power-efficient
and adaptive. PEACH builds clusters without
additional overhead and provides adaptive
multi-level  clustering by utilizing the
overhearing properties of wireless
communication. PEACH can also be utilized in
both location-aware and location-insensitive
wireless sensor networks. When compared to
conventional clustering methods, PEACH
considerably reduces node energy usage and
increases  network longevity. PEACH's
performance is less influenced by sensor node
dispersion than other clustering techniques.

Passive clustering (PC): The PC protocol is
designed for mobile nodes in a passive
clustering wireless sensor network. This
approach does not rely on a packet control
protocol and does not necessitate the
reconstruction of the cluster topology after each
CH exit or when its energy level falls below a
certain level. The goal of this approach is to
reduce overhead and conserve energy.
Furthermore, it enables balanced energy
consumption by network nodes and allows for
the cluster architecture to be maintained for
longer than passive clustering.

Table 2: 10T Application requirements.

IoT Application | Energy Data Mobility | Network Type | Control Manner
Efficiency | Aggregation

Smart Yes No Heterogeneous | Centralized/Distributed

HealthCare

Smart No Yes/No Homogeneous | Distributed

Transpiration

Smart Building | Yes Yes No Homogeneous | Centralized

Smart Home Yes No Yes Homogeneous | Centralized

Agriculture Yes Yes No Homogeneous | Distributed

Environmental | Yes Yes No Homogeneous | Distributed

Monitoring

Industrial No Yes Yes/No | Homogeneous | Centralized/Distributed

Automation

Surveillance Yes/No Yes No Homogeneous | Centralized/Distributed
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Table 3: Clustering algorithms for 10T Applications.
Algorithm | Smart Smart Smart Smart Agricult | Environme | Industrial | Surveil
Healthcare | Transpir | Building | Home ure ntal Automati | lance
ation Monitoring | on
LEACH No Yes No No No No No No
LEACH-C | No No No No No No No No
EELBC No No Yes No No No No No
EEDC No No No No No No No No
LCA No Yes No No No No No No
EEMC No No No Yes Yes Yes No Yes
PEACH No Yes Yes Yes No No No Yes
DWEHC No No No Yes Yes Yes No Yes
ACE No Yes No No No No No No
EEHMC Yes No No No No No No No
HEED No Yes Yes Yes Yes Yes No Yes
GROUP No No No No No No Yes No
WBCHN Yes No No No No No No No
EACLE Yes No No No No No Yes No
MWBCA No No No No No No No No
EECS No No No No No No No No
EEUC No No No No No No No Yes
S-WEB No No No No No No No No
MCEEC Yes No No No No No Yes No
Conclusion Smart Home, and others encounter obstacles

We analyzed numerous clustering algorithms
often employed in the context of WSNs in this
research. Al algorithms were classed based on
energy efficiency, mobility, data aggregation,
and network type. We also looked into the
routing requirements of several 10T domains,
such as smart healthcare, smart transportation,
and environmental monitoring. It was
discovered that applications like environmental
monitoring, agriculture, and surveillance
behave similarly to normal WSN applications,
whereas applications like Smart Healthcare,

such as varied node types and mobility
requirements. We recommended applicable
clustering methods suitable for a certain domain
based on the requirements of various IoT
applications. Clustering algorithms appear to be
a promising solution to the loT's topology
maintenance, energy requirements, and data
aggregation problems. However, issues such as
fault tolerance, service quality, and secure
communication must be addressed
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