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In recent years, Wireless Sensor Networks (WSNSs) are attracting more attention in
many fields as they are extensively used in a wide range of applications, such as
environment monitoring, the Internet of Things, industrial operation control, electric
distribution, and the oil industry. One of the major concerns in these networks is the
limited energy sources. Clustering and routing algorithms represent one of the critical
issues that directly contribute to power consumption in WSNs. Therefore, optimization
techniques and routing protocols for such networks have to be studied and developed.
This paper focuses on the most recent studies and algorithms that handle energy-
efficiency clustering and routing in WSNs. In addition, the prime issues in these
networks are discussed and summarized using comparison tables, including the main
features, limitations, and the kind of simulation toolbox. Energy efficiency is compared
between some techniques and showed that according to clustering mode “Distributed”
and CH distribution “Uniform”, HEED and EECS are best, while in the non-uniform
clustering, both DDAR and THC are efficient. According to clustering mode
“Centralized” and CH distribution “Uniform”, the LEACH-C protocol is more

effective.

1. INTRODUCTION

Wireless Sensor Networks (WSNs) are attracting increasing
attention in many fields as their demands are increased in
many scientific and industrial applications. The WSN is a
network of close sensor nodes that are deployed in a
geographical region of interest. The WSN usually contains a
sensing unit, which measures the environmental parameters, a
processing unit having memory, a transceiver that collects and
transmits the sensed information to a central base station, and
a power supply unit that supplies all other units. WSN has
three main elements: nodes of the sensor, a tool to gather data
(which consists of a base station and a Cluster Head (CH)),
and an external system. Sensor nodes can be considered the
basic units of WSN. They usually have constrained power
supply sources, small storage capacity, low data-processing
power, and limited transmission bandwidth.

Sensor nodes are deployed in random positions and their job
is to monitor, sense, and explain a natural event or a physical
phenomenon. They can supervise external conditions (such as
temperature, humidity, wind ... etc.) for alarm systems [1] or
greenhouse applications [2] and periodically transmit the
recorded data to the base station. The sensor nodes have
batteries as the energy sources and their batteries usually
cannot be replaced after a deployment. Therefore, energy
utilization is a major concern and an open-research area in
WSNs. Long communication distances between the sensor
nodes and the sink base station will lead to rapid draining of
the node’s remaining energy and will reduce the lifetime of the
network. As aresult, extending the network lifetime, balancing
the load among all deployed sensor nodes, and increasing the
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scalability of the network are the main challenges when
designing and implementing WSNss.

Several research studies of WSNs have been conducted in
the field of WSNs. In 2005, Yoneki and Bacon [3] categorized
WSNs and their technologies. They also described some
existing research WSNs prototypes, as well as their future
enhancements.

Yick et al. [4] 2008 compared different algorithms and
proposals, in terms of their platform, operating system,
communication protocol stack, and issues related to services
and deployment. In 2010, Katiyar et al. [5] investigated the
effect of heterogeneous structures of WSNs and compared
many clustering algorithms in terms of objectives,
characteristics, and complexity.

In 2013, Sara and Sridharan [6] discussed various issues
related to mobile WSNs, related to energy efficiency and
mobility. They also classified the routing protocols and
highlighted their main features and possible enhancements. In
2014, Gupta and Sinha [7] conducted a literature survey on the
WSN architecture and focused on network standards, protocol
architecture of communication, and energy performance.

In 2015, Igbal et al. [8] analyzed different optimization
paradigms for WSNs alongside a set of different constraints.

Several surveys for WSN have been published. The authors
presented a review of the available optimization techniques in
WSN, they focused on existing clustering protocols in WSNs
to solve all existing problems and make WSN as optimal as
possible in general [9]. They analyzed the -clustering's
characteristics and parameters and looked at the goals,
advantages, and significant characteristics of several
clustering optimization techniques.


https://crossmark.crossref.org/dialog/?doi=10.18280/mmep.090631&domain=pdf

In another survey conducted by Merabtine et al. [10], the
existing feature-based classifications of clustering protocols
are reviewed and elaborated into a more generic and unified
classification. They also analyzed and discussed the relevant
design factors that may influence the energy efficiency of
clustering protocols and proposed a new energy-oriented
taxonomy.

This review, however, differs from the previous works in
that it focuses on energy optimization clustering and routing
algorithms in WSNs, which is a crucial issue when deploying
and deploying such sensors. In addition, this survey analyzes
the related works in terms of mobile nodes. This mobility has
extra challenges to the clustering and routing protocols.
Furthermore, the cluster head selection method of each recent
proposal is discussed and its limitations are argued.

This paper investigates the recent approaches in clustering
and routing algorithms in WSNss. It focuses on energy-efficient
techniques that extend the network lifetime and eliminates
failure. This paper is organized as follows: in Section 2, WSN
structure, mobility, energy, and clustering are discussed. Then,
in Sections 3 and 4, energy-efficient clustering-related works
are discussed, focusing on their main features, limitations, and
simulation tools.

2. PRELIMINARIES OF THE WIRELESS SENSOR
NETWORK

This section includes a concise explanation of the key
components of WSN architecture.

2.1 Wireless sensor network architecture

The current state-of-the-art technology used in WSNs aims
to build new types of wireless application-specific sensors.
Traditional sensors have two types of nodes multi-purpose and
bridge. The task of the general-purpose sensor node is
periodically read measurements from its environment. It can
be supplied with a variety of sensors that can measure various
physical characteristics, such as temperature, light, humidity,
velocity, acceleration, barometric pressure, magnetic field, etc.
Gateway (bridge) nodes, on the other hand, gather the recorded
data from nearby sensors and send it to the base station.
Gateway nodes usually have higher processing capability,
more battery power, and a longer radio transmission range.
WSN is formed by joining both gateway and generic nodes.

To develop WSN applications, the sensing challenges can
be organized into specific sets [4] as shown in Figure 1. The
first set is the system with its details. Every node represents a
separate system. It is needed to develop new systems with
operating tools and memory for supporting various
applications on a sensor system. The second task set is
protocol communications that permit communication among
the nodes of sensors and sensors and applications. The third
set is the services. These tasks enhance the application
performance and improve network efficiency.

It is worth mentioning that Set 2 is essential for
communication with other sets and for exchanging data
between the application and the sensor technology. Services
are a bridge between communication aspects and the system.
The system will manage the services with feedback to the
system for the best performance of the application, and the
system is also connected directly to the sensor technology.
This structure is needed and basic for any development in
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WSN.

Considering the network management and requirements of
the applications, sensor nodes must have the capability of self-
organization. In other words, each group of nodes can organize
sensors in a cluster and can control the communication among
them efficiently [11]. Because of the limited processing
capacity, storage, and power of sensor nodes, specific routing,
and communication protocols are needed to fulfill these
requirements. Not only mobile sensors are used, other sensors
such RFID [12].
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Figure 1. Application details in WSN [4]

Figure 1 above shows system details, some services, and
some protocols in the communication set.

Designing WSN protocol techniques in any random layer
can decrease energy and end-to-end delay [11]. Also, it can
enhance system efficiency. This leads to the importance of
optimizing the communication to make energy using
minimum as possible. Traditional networking protocols, on
the other side, have low performance in WSN because they are
not built to meet specific requirements in WSN. To get desired
specific requirements of WSN, new protocols for energy-
efficient are used and developed; not in a specific layer but all
different layers.

Since nodes of sensors work with limited power,
optimization of using energy is a critical issue in a WSN.
Many types of research are existed and focused on minimizing
consumed energy. The sensor node will turn off when its
power is run out and then disconnected from WSN. This might
make the application perform badly. WSN Lifetime is
determined based on how many nodes are active and work in
the network. Therefore, power usage needs to be optimized
and this will lead automatically to a rise in network lifetime.

2.2 Mobile wireless sensor networks

Recently, WSNs are deployed in many environments, such
as land areas, metros (navigation applications [13]), and
underwater vehicles. According to the nature of the
environment, five kinds of WSNs have existed:

*Underground.



*Land Terrain.

*Multi-media such as cloud networks for different uses [14,
15].

*Mobile.

*Underwater.

The latter includes a set of different nodes, they are moved
and interacted with their neighboring in the networks.

Nodes in mobile nodes can sense, communicate and
compute just like static nodes. But nodes in mobile nodes are
characterized by their ability to organize and relocate
themselves in the network. The mobile WSN can be started
with some initial configuration and then the nodes can then be
relocated within the network. Data that is acquired by a node
of mobile nodes can be transmitted to another node in the same
range of communication. There is another difference in the
distribution of data. In static WSN nodes, information is
distributed by a static-network routing protocol. On the other
hand, mobile WSNs use dynamic routing to cope with network
changes.

The mobile WSN architecture is similar to that of the static
WSN. However, additional protocols and techniques are
required for mobile sensors, such as localization and position
estimators, mobilization mechanisms, and power harvesting.
The architecture of a typical mobile sensor node is shown in
Figure 2. The position finder unit is used to estimate the
position of the sensor node within the global coordinates
system and the mobilizer provides mobility. Due to the fact
that finding accurate positions may be dependent on the GPS,
which already consumes high power. Therefore, the position
finder in the MWSN is consumed more power compared to the
static sensor since the mobile node has to search for its new
position by the GPS. The power generator unit generates the
power to run all the required node services. One example of a
power-generating unit is the solar cell [16].

There are many mobile WSN application examples, such as
environment monitoring, search and rescue, animal and bird
watching, and tracking targets. Sometimes, manual
deployment of sensor nodes might not be possible, such as in
disaster areas. Using mobile sensor nodes in these conditions
ensures that the node will move to the area of interest after
deployment, providing complete area coverage. In the military,
applications such as tracking and monitoring require nodes
that work in real-time to make decisions immediately. In
addition to the features mentioned before, mobile sensors can
not only relocate their positions but also avoid obstacles by
applying obstacle detection and avoidance algorithms.
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Figure 2. Mobile sensor node architecture [16]
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2.3 Node mobility

Dynamic node positioning in WSNSs is occurring due to the
mobility of the nodes as well as the appearance of new nodes
and the dying out of old nodes in the network. The network
dynamics require frequent updates of the neighborhood
information and the channel occupancies. Furthermore, due to
the low data rate requirements of WSNs, a topology-based
technique for assigning different channels to every part of the
network becomes an impractical solution due to the high
control information overhead. The update rate is highly
dependent upon the degree of mobility of the network. The
higher mobility in the network, the more frequent the nodes
need to update the neighborhood channel information and vice
versa [17].

2.4 Energy utilization methods in WSN

Energy is the most vital asset to perform all functions in
WSN. Each node requires a power supply. Power supply will
directly affect node size and sensor network structure
depending on the energy capacity related to communication
range, computation, and storage capability. One of the main
design goals in WSNs is to reduce energy depletion. The
network design directly follows the sensor node performance,
mobility of the sensor node within the network, clustering
strategy of the sensor node, and power utilization. Structural
WSNs have two types: heterogeneous and homogenous.
Nodes in the homogeneous configuration have the same
storing, computing, and sensing performance, and the nodes
are assumed to deplete their energy uniformly, which is the
main challenge that reduces the network life of WSNs. This
will lead to collapsing the whole network life after all nodes’
energy is depleted. In a heterogeneous system, on the other
hand, WSN scheme nodes with different resources per node
are used. The benefit of this type of WSNs is the ability to
increase the network lifetime and the main roles of the network
are delegated to nodes with higher residual energy, usually
called cluster heads [18]. Resource allocation is an important
issue in WSN, optimal allocation will help increase the
lifetime of WSN [19]. Nodes with lower energy and less
computational power are used for sensing and recording
conditions to optimize power consumption. To effectively
manage the heterogeneous WSN, nodes are grouped into non-
overlapping groups called clusters. The cluster head is either
selected after network startup or statically specified. Nodes in
heterogeneous WSN with higher residual power are elected to
be CH candidates, the remaining are used for sensing. It is
proven that it is a reliable method to save power in WSN nodes
[20].

In WSN, energy utilization is the most important factor that
affects network performance and lifetime. During WSN
operation, every electrical-mechanical part of the node
consumes energy continuously. This energy is consumed in
sensing, analog data to digital conversion, processing,
communication, and storing. The lifetime of the network is
directly dependent on the residual energy and consumed
power. The limitation of Power consumption for nodes is an
important issue since nodes use batteries. WSNs usually use
rechargeable or non-rechargeable batteries.

Some algorithms are suggested for Distributed Energy
Saving Clustering (DEEC), the Development of Distributed
Energy saving Clustering (DDEEC), Enhanced Distributed
Energy Saving Clustering (EDEEC), and clustering in



Threshold Distributed power saving (TDEEC) clusters. All of
them aim to save power and increase the lifetime of WSNs
[21].

2.5 Clustering technique

In WSNs, there are many kinds of sensor nodes, those are
[22]:

*Source sensor node (normal node).

*Intermediate sensor node (especially Cluster-Heads (CHs)
in clustered networks).

*Base Station (BS).

Clustering, combined with data aggregation, is an efficient
method to balance energy in WSNs. Clustering routing
protocols are used in WSNs to increase energy efficiency
because clustering reduces the size of data routed in the
network. In WSNs, clustering has many advantages, such as
increased scalability, reduced load, and energy consumption,
data aggregation, collision avoidance, load balancing, latency
reduction, fault-tolerance, higher robustness, increased
connectivity, and maximizing the network lifetime [23, 24]. It
is worth stating that robustness in general means how the
system is resistive toward external perturbations such as noise,
node failure, harsh environment and network scalability.
Clustering is one of key factors that can maintain the
robustness of WSN in achieving the desired functionality and
prolong the life span of the network. Figure 3 summarizes the
main attributes of the WSN clustering. This paper focuses on
the role of clustering in energy reduction in WSNs. Therefore,

therefore rely on current optimization techniques to
accomplish the task of choosing the appropriate algorithm to
employ in given case.

Table 1 shows a simple review of techniques respecting to
cluster with summarized problems and solutions techniques to
be used to solve these problems.

Internet
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Figure 4. Clustering architecture in a WSN [9]

Table 1. Clustering algorithms comparing
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Figure 3. Main attributes of the WSN clustering algorithm

Zeng et al. [25] have addressed the problem of a lack of
consideration for using the Low-Efficiency Adaptive
Clustering Hierarchical (LEACH) protocol in heterogeneous
energy network environments. They suggested the Energy-
Coverage Ratio Clustering Protocol (ECRCP) to handle this
issue, it depends on decreasing the consumption of system
power. They designed an energy model. They choose the best
clusters to count depending on the role of “minimum energy
consumption”. Each CH with the lowest residual energy from
the previous cluster. The results showed that this method will
increase the lifetime of WSN.

Jubair et al. [9] worked on optimization techniques for
clustering in WSN to connect to the internet through a base
station as shown in Figure 4. The authors made a useful survey
and they studied all research and have resulted that hybrid
optimization techniques are optimal solutions for all issues in
WSNs. It is assumed that at least two algorithms have been
used to achieve the same optimization. Hybrid optimizations
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WIRELESS SENSOR NETWORKS

To be able to make consumption of energy minimum of
WSNs, small disjoint cluster groups of nodes are formed.
These groups are formed by combining nodes depending on
measures of similarity such as distance and Communication
Range (CR). Clustering improves the robustness and
scalability of the network. In general, sensor nodes have two
basic tasks, namely:

*Sense and record the environmental parameters.

* Transmit the recorded information to the base station.

Compared with the sensing process performed by these
nodes, data communication among these nodes usually
consumes higher energy. Therefore, to maintain the operation
of the nodes due to high-energy dissipation, a proper
mechanism to optimize the node's energy dissipation is
required. Moreover, other terms such as security and reliability
have an important role to ensure reliable delivery of data and
its accuracy at the base station node [26, 27].



4. ENERGY OPTIMIZATION-BASED CLUSTERING
ALGORITHMS

One of the most used clustering routing protocols in WSN
is Low-Energy Adaptive Clustering Hierarchy (LEACH) [28].
In LEACH, sensor nodes are split into groups of clusters. Each
cluster uses an algorithm to select one node to become cluster-
head and the rest of the nodes are working as the cluster
members. Every cluster node collects its readings from the
surrounding environment and then sends the readings to its CH.
The CH aggregates the received data and compresses it, then
transmits compressed data to the BS.

LEACH-centralized (LEACH-C) is an enhancement of
LEACH. In this routing protocol, sensor parameters such as
residual energy and their locations are sent to BS before CH is
selected. The BS calculates the residual energy of nodes and
eliminates the weak sensors list of CHs. The basic limitation
of LEACH-C is that the built topology is not the best and
power consumption is too high [29].

Power-Efficient Gathering in Sensor Information Systems
(PEGASIS) [30] is a clustering algorithm depending on chain
topology. All nearby sensors in the network that lies within
one region are gathered via connection to form several chains,
and then the leader of every chain is elected dynamically.
Chains are designed and built by a greedy algorithm and every
node has a role to serve as a leader. In addition, every node
needs only to connect with the nearest neighbor. However,
there is a constraint with the algorithm, because of chain
construction.

Hybrid Energy-Efficient Distributed (HEED) Clustering [31]
is yet a different proposed hierarchical routing algorithm. It
explains a smart approach of CH choosing by tournament
among nodes. The residual power of sensor nodes is
considered for choosing CHs. Every sensor node computes its
Average Minimum Reachability Power (AMRP) to find which
CHs can join the cluster next.

Numerous studies have shown that HEED has four main
goals: (1) extending network lifetime by distributing energy
consumption; (2) terminating the clustering process within a
fixed number of iterations; (3) minimizing control overhead
(to be linear in the number of nodes); and (4) producing well-
distributed cluster heads. Dasgupta and Dutta [32] suggested a
new method for CH choosing depending on Fuzzy C-Means
Clustering (FCM) algorithm. The optimization was performed
based on minimum distance criteria and maximum node
residual power. Razzaq et al. [33] suggested a k-mean based
on the clustering technique, that can determine if a sensor node
could become a CH using two-weight functions. They also
consider the best packet size to ensure flexibility.

Arumugam and Ponnuchamy [34] suggested a power
routing technique that calculates a term to select the best CH.
However, the proposed routing protocol can only select nodes
with the most remaining energy and does not take any other
factor into optimization. Shokrollahi and Mazloom-Nezhad
Maybodi [35] introduced a clustering algorithm that can save
energy. This algorithm combines both FCM with ECAFG
algorithms to optimize choosing of CH based on these factors:

*Residual power.

*Distance between node and center of the cluster.

*BS.

Murali and Gupta [36] presented a smart sensor clustering
algorithm, based on the relation of communication and the
degree of cooperation between nearby nodes. The results
showed less energy, compared to the case where no
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cooperation is done among nodes.

Jung et al. [37] suggested the CH method that is depending
on the fuzzy logic technique. The proposed algorithm used
some parameters as optimization parameters:

*The density of nodes.

*Rate of data exchange.

*System power.

Rahimi and Chrysostomou [38] suggested a load-balancing
method that can optimize the distribution of energy
consumption among nodes. The proposed algorithm used a
fuzzy logic controller to form a priority queue depending on
optimization parameters to allocate CH among nodes within a
cluster.

Shaikh et al. [39] introduced Group based Trust
Management Scheme (GTMS) for cluster formation in WSNSs.
They proposed to compute the trust level of each node in one
cluster rather than for each member node. As a result, the trust
is evaluated by listening to the transmission of each packet
sent, resulting in decreased energy consumption for all the
nodes.

Shao et al. [40] proposed the Dependable and Lightweight
Trust System which is a trust system for clustered WSNs. The
researchers evaluated the trust level of the nodes based on both
direct and indirect trust. However, the downside of this
algorithm is that the evaluations are sampled via the
communication of node-to-node, which affects the node's
energy.

Ci et al. [41] proposed an algorithm for clustering that can
both save power and extend the lifetime of the network. It
considers the factors related to power, the density of node, and
communication for choosing CH. For the phase of cluster-
joining, both the distance factor and the residual energy are
used to make the non-uniform distributed cluster set of the
network. The results show good performance to reduce and
balance energy consumption.

Hasan and Mohammed [13] proposed a new effective trust-
based energy clustering protocol based on the Whale
Optimization Algorithm (WOATCA). This algorithm selects
trusted nodes to represent cluster heads with five parameters:

*The residual energy of each node.

*The number of packets each node forwards.

*The average cluster distance.

* Transmission delay.

*The density of the nodes.

After simulating the network, results showed that
WOATCA outperformed the existing protocols by decreasing
the selection of compromised, unsecured nodes that lose their
energy faster than secure nodes. As a result, only secure nodes
will be selected as cluster heads. Therefore, the results
outperform other existing trust-based algorithms [42].

Wang et al. [43] introduced an Affinity Propagation-based
Self-Adaptive (APSA) clustering algorithm. They combined
the benefits of K-medoids with the Affinity Propagation (AP)
algorithm, achieving higher clustering performance. The
proposed AP is first used to estimate how many CHs are
existed and to optimize the initial cluster centers for K-
medoids. Afterward, the modified K-medoids are used to
iteratively build network topology. The proposed algorithm
successfully overcomes the drawbacks of the typical K-
medoids in terms of both the homogeneity of clustering and
the rate of convergence.

Cuevas-Martinez et al. [44] introduced a centralized, smart,
unequal clustering approach for WSNs. This algorithm



guarantee that the network will be more reliable and longer life
while the data transmission is kept uncompromised. The basic
idea is that BS decides which node becomes the cluster head,
based on the evaluated best scores obtained from a Type-2
Fuzzy system. The input parameters to that system are
calculated by the base station or gathered from the network
nodes while reducing the control message exchange. The base
station controls all of the sensor nodes in the network in a
round-based scheduling scheme that alternates rounds when
the base station selects cluster heads, with other rounds in
which the cluster heads were previously elected, collects data
from their surrounding nodes, and forwards them to the base
station. The simulation results showed major improvement in
performance that is done to the suggested algorithm when
compared to other current clustering protocols.

Sujith et al. [45] proposed a zone-based clustering algorithm
that is energy-efficient and performs efficiently in large-area
WSNs. In this algorithm, the sensing field is clustered into
zones of equal size, and a single zone is chosen per each zone
to monitor all other zones. The cluster heads are selected based
on their uniform distribution inside each zone, which
ultimately leads to conserving their energy. Simulation results
showed that the suggested clustering algorithm performs
better than other methods.

Meena and Singh [46] proposed a Hierarchical Clustering
Algorithm in WSNs based on firefly optimization. The Cluster
formation and the selection of CH are applied using the firefly
optimization algorithm with the constraint to minimize the
power consumption. This optimization can escape from local
optima, provide high-performance solutions and improve the
network lifetime. It also can reduce energy utilization. The
results showed that the proposed algorithm gives better results
compared to other methods.

Yao et al. [47] proposed Energy Balanced Clustering
Routing (EBCR). In the first step, a lightweight cluster head
selection and a distributed clustering technique are introduced
by using dynamic cluster radius and intersection region node
division schemes with new parameters. Then the cluster
cooperative routing algorithm is optimized, and the
optimization enhances the efficiency of transmission between
cluster heads. The simulation results show that the EBCR
algorithm has increased performance in terms of less network
energy consumption, and an increased number of surviving
nodes in the scenario where no energy-harvesting is used. The
results give the EBCR algorithm higher performance under
various energy harvesting conditions, which is beneficial in
energy utilization ability compared with the DCEM method.

Rawat and Chauhan [48] proposed a Particle Swarm
Optimization-based Energy Efficient Clustering protocol
(PSO-EEC) to increase both the network lifetime and
performance. The proposed algorithm uses the PSO algorithm
to select the CH and the relay nodes in the sensor network. The
PSO fitness function accounts for the energy ratio of each node,
the distance between CH and nodes, and the degree of the node
for selecting the best node for the CH. The performance of the
proposed algorithm is compared with the many existing
algorithms in terms of energy expenditure, network lifetime,
and throughput. The suggested scheme has improved the
lifetime of the network. The period when the network is stable
is better than the existing protocols.

Enhancing network lifetime and performance is one of the
main research directions in WSN. The PSO algorithm is used
in the proposed strategy to choose the best CH for the clusters
and relay nodes for data transfer to the base station. The CH
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selection procedure employs the fitness function to select the
best CH for overseeing cluster activities by taking into account
the energy ratio of nodes, the distance between nodes and the
cluster head, and node degree [48]. In addition to the
previously mentioned routing protocols, there exist many
clustering algorithms, such as the Threshold-sensitive Energy-
Efficient Sensor network protocol (TEEN), the Saving Energy
Clustering Algorithm (SECA), Energy Aware Unequal
Clustering (EAUC), the Energy-Efficient Unequal Clustering
(EEUC) and Unequal Cluster-based Routing scheme for
multi-level Heterogeneous WSN (UCR-H) [43]. Bavaghar et
al. [49] proposed a clustering algorithm for WSN that has a
two-phase clustering model. That is CH selection and CH
optimization.

Wei et al. [50] proposed a cluster head energy-based
algorithm that constructs energy density function and assigns
the node with higher remaining energy as CH. Hence, no
random CH selection is done. Singla et al. [51] proposed a CH
selection algorithm for mobile sensor nodes with RF energy
harvesting, using a K-means clustering algorithm. Dhanusha
[52] proposed a Weighted Rendezvous Planning (WRP)
algorithm to control the movement of mobile sink in WSN to
reduce consumed energy. Gharaei et al. [53] proposed a two-
stage genetic algorithm for cluster head election and
determining the optimal cluster size.

Ren et al. [54] presented an artificial bee colony
optimization for cluster head selection and path optimization
of data transmission with a mobile sink. Aydin et al. [55]
proposed a greedy approach and neural network algorithm for
CH selection and a genetic algorithm for optimal route
selection to the mobile sink. Gharaei et al [56] described a
novel routing protocol for heterogeneous consumer home
networks. This protocol uses a Robotic Vacuum as a mobile
sensor to enhance the energy consumption of consumer
devices.

Gautam et al. [57] explained dynamic clustering and
distance aware routing protocol (DDAR). DDAR considers
distances for CH choosing with the super cluster head (SCH)
technique depending on how the node is close to the BS. This
algorithm explains the role of SCH in saving the power of CHs
when nodes are too far from the BS. It consumes about 15.5%
less energy than the conventional LEACH protocol, 15.4%
less energy than LEACH-C. Moreover, the simulation showed
that the number of alive nodes for the proposed DDAR
protocol is 96 nodes after 450 seconds of simulation time,
while in LEACH and LEACH-C, the number of nodes is less
than 7 at the same time of the simulation.

Sirsikar and Wankhede [58] compared many techniques and
results in using Two Hop Clustering (THC) because it is a
protocol that employs a 2-hop clustering method, this will
decrease the needed power of nodes in the network to
exchange data with CH nodes. Two-hop member nodes send
data to the CH nodes through one-hop nodes; this will save
power. CH selection in THC is based on remaining energy and
node degree. THC working is divided into three phases initial,
distributed node clustering, and actual data transmission.

Sirsikar and Wankhede [58] also explained Energy Efficient
Clustering Scheme (EECS) and its clustering algorithm in
which cluster head candidates compete to get the ability to
elevate to cluster head for a specific round. This competition
contains candidates that broadcast their residual energy to
neighboring nodes. By dynamically scaling clusters based on
cluster distance from the base station, EECS created the core
of the LEACH algorithm. The approach is an algorithm that



clarifies the issue that clusters farther from the base station

demand more energy for transmission than clusters that are

nearby. In the end, this results in better energy distribution
throughout the network and better resource utilization. Other
studies were related to our research that can be used for more

information [59-63].

Table 2 shows a comprehensive review of each of the
related works. The review summarizes each study with the
cluster head selection method, constraints, simulator, and
mobility support.

Table 2. Comprehensive review of each of the related works

Ref. CH Selection method ';/Iu%t;gg Constraints Simulator
Static nodes All sensors observe the environment at a
[28] Random rotation, distributed and sink fixed rate and do not work as event- MATLAB
driven.
In centralized selection, all nodes are within Static nodes Clustering infrastructure is assumed,
[29] communication range of each other, and the BS, and sink where data aggregation is used to reduce NS
centralized. the data sent from the cluster to the sink.
Each node only communicates with neighbors, the Static nodes Since the nodes are organized into
[30] reedv-chain protocol and sink chains, nodes must have global NS2
greedy P ' knowledge of the network.
The network model does not specify the
[31] Cluster selection is according to the node residual Static nodes  homogeneity of nodes, network density, Not specified
energy and node proximity to its neighbors. and sink and diameter, node synchronization, or P
energy consumption
Based on the Fuzzy c-means algorithm with Static nodes Non-realistic assumptions: fixed
[32] minimum distance and maximum residual energy and sink number of clusters and same initial C language
criteria satisfied. energy
Static nodes Simple assumptions are made: all
[33] K-means with clustering- routing protocol. and sink sensors are homogenous and both delay MATLAB
and retransmissions are not considered.
The concentration of nodes is required
[34] Cluster head with maximum residual energy is Static nodes  in CH selection. Besides, the work does Not specified
elected. and sink not consider confidentiality and P
integrity of data.
Strict assumptions: all nodes have the
[35] Fuzzy c-means algorithm and genetic fuzzy system. Static n_odes same sensing and processing capablllty. MATLAB
and sink Also, all nodes can communicate
directly with BS.
[36] Cooperative con;g;zgléa:; Zgég?onnq nodes, TOMA- St:;'g Sni?]dkes A cooperative network is assumed. Not specified
[37] CH based on fuzzy inference system. Static n_odes Fuzzy is I'm.'tEd '”_teTmS_Of multi- MATLAB
and sink objective optimization.
Load-balance for selecting CH using fuzzy logic, .
[38] and TDMA scheduling to reduce intra-cluster St:rt]'g ;(r)]dkes Sensor nodes nlt;stotl)g aware of network MATLAB
communication. pology.
Sensor Network
[39] Lightweight Group-based Trust Management Static nodes Nodesstaar Suassﬁs%edg%sfgﬁ;?rﬁd at the Simulator and
Scheme for CH selection, distributed scheme. and sink P al %rithms g Emulator
g : (SENSE)
Uses node identities (roles) to reduce networking Static nodes Clustering nodes when a program is The NetLogo-
[40] consumption while malicious, selfish, and faulty and sink started into a specific number of based trust
CHs. clusters. simulation engine
Based on the energy threshold, node’s residual . .
[41] energy, sensor nodes density distribution, and the Static n.OdeS Node density must be calculated, and MATLAB
communication factor. and sink network topology must be known.
. . . . . Static nodes Each node must be aware of all other
[43] K-medoids combined with affinity propagation and sink nodes and their positions. MATLAB
The base station selects the CHs according to the . Lo .
[44] best scores factor calculated using a Type-2 Fuzzy Static n_odes Careful network design is required to MATLAB
system and sink reduce message exchange.
The network is split into zones of equal size, and a
single zone is chosen per zone to monitor all other Static nodes The sensing field is divided into zones,
[45]  zones. The CHs are selected based on their uniform and sink and each zone is to be monitored by a MATLAB
distribution inside each zone to conserve their zone monitor.
energy.
The clustering and CH selection are performed using Static nodes The algorithm is a population-based
[46] a firefly optimization algorithm, considering and sink meta-heuristic, which is complex to run MATLAB
minimum power consumption in WSN. on sensor nodes.
. . . . The energy of the sink node is assumed
[47] The cluster head is selected using dynamic cluster Static nodes unlimited and the communication range Not specified

radius and intersected-region node division schemes.

and sink

covers all networks.
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(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[63]

Thus, distributed clustering will balance the load of
cluster heads and eliminate the hot zone problem.
The cluster head is selected by applying the PSO
fitness function, accounting for the energy ratio of
nodes, the distance between nodes and CH, and node
degree to select the best node for the cluster head
role.

Two phases: CH selection and optimization

Selection is based on energy density function and
LEACH.

K-means algorithm to cluster mobile nodes.

Weighted rendezvous planning algorithm to control
the motion of mobile sinks.

Genetic algorithm with two stages to control cluster
size.

Bee colony optimization for CH selection and data
routing to mobile sink.

Greedy approach and neural network algorithm for
CH selection and genetic algorithm for optimal route
selection to the mobile sink.

The energy depletion time of consumer devices
(used in home network environments) is balanced,
leading to increased coverage time and better
network performance.

Enhanced approach for decreasing power
consumption in WSNs, TDMA scheduled.

Static nodes

and sink PSO requires more calculation power. MATLAB
Static nodes . .
and sink Considers static nodes only. C Language
Static nodes No errors in transmission power, fixed
and mobile  sensor nodes, and a single mobile sink is MATLAB
sink assumed.
Mobile . .
nodes and Nodes with RF energy harvesting are MATLAB
. assumed.
mobile sink
Static nodes . . .
and mobile Only a single sink n_od_e is assumed and Not specified.
sink no cluster head is implemented.
Static nodes Complex to run on a simple-resource
and mobile  sensor node and only a static network is MATLAB
sink considered.
Static nodes Complex bee algorithm relative to
and mobile moderate node resources, only static MATLAB
sink nodes are assumed.
Static nodes .
and mobile Complex to be run on sensor node with MATLAB
sink moderate calculation power.
Static nodes
and mobile Static nodes are assumed. OMNET++
sink
Static nodes Homogeneous nodes are assumed, and
no data privacy nor security is MATLAB

and sink

considered.

3%
e = Mohile nodes and
mobile smk
= Static nodes and
mohile zml

Static nodes and
smk

% (blank)

Figure 5. The most mobility support
= C language
= MATLAB
NS
NS2
= OMNET+

= Sensor Metwork

= Simulator and
Emulator (SENSE)

= The NetLogo-based
trust simulation
engine

Figure 6. The most used simulator
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Figure 5 and Figure 6 below summarize the most studies
with the most used simulator and most mobility support.

Table 3 introduces a comparison of the energy efficiency of
the most common clustering techniques in WSN. In Table 3,
it can be noticed that there are many effective energy
algorithms, so according to these parameters (clustering mode,
distribution channel and residual selection and Energy
efficient), it can be used as a criterion for choosing the best
clustering technique.

Table 3. Energy efficient clustering scheme (EECS)

. CH

. Clusterin, CH . Ener

Algorithms mode ¢ Distribution Remdt}al efﬁcigr}l/t
Selection

LEACH Distributed Non Uniform No No

LEACH-C  Centralized Uniform Yes Yes

TL-LEACH Distributed Non Uniform No Yes

HEED Distributed Uniform Yes Yes

EECS Distributed Uniform Yes Yes

DDAR Distributed Non Uniform Yes Yes

THC Distributed Non Uniform Yes Yes

5. CONCLUSIONS

This paper presented the theory and details of WSN. It
analyzed many research studies and discussed the main
characteristics and structural elements of WSN networks.
Then, it discussed the main limitations and constraints of such
networks, which is limited energy. Several research studies
have been conducted in this area. This paper listed the most
recent works that are related to energy optimization in WSN.



It highlighted the main features and limitations of each related
work. The main subject that is almost missing from those
works is sensor node mobility. This issue is very important,
particularly in cases where mobile nodes are to be
implemented rather than static nodes and a single mobile sink
node. Hence, it is essential to conduct more research in this
area and to present suitable clustering and routing algorithms
that can handle both mobility and energy efficiency. The study
results by which best techniques in power saving according to
clustering mode or distribution type.

REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

Salman, A.D., Khalaf, O.I., Abdulsahib, G.M. (2019).
An adaptive intelligent alarm system for wireless sensor
network. Indonesian Journal of Electrical Engineering
and Computer Science, 15(1): 142-147.
https://doi.org/10.11591/ijeecs.v15.i1.ppl42-147
Khudhur, D.D., Croock, M.S. (2021). Application of
Self-Managing System in Greenhouse with Wireless
Sensor  Network. Iragi Journal of Computers,
Communications, Control and Systems Engineering,
21(1): 53-61. https://doi.org/10.33103/uot.ijccce.21.1.5
Yoneki, E., Bacon, J. (2005). A Survey of Wireless
Sensor Network technologies. Computer (Long. Beach.
Calif). 646: 961-2.

Yick, J., Mukherjee, B., Ghosal, D. (2008). Wireless
sensor network survey. Computer Networks, 52(12):
2292-2330.
https://doi.org/10.1016/j.comnet.2008.04.002

Katiyar, V., Chand, N., Soni, S. (2010). Clustering
algorithms for heterogeneous wireless sensor network: A
survey. International Journal of applied Engineering
research, 1(2): 273.

Sara, G.S., Sridharan, D. (2014). Routing in mobile
wireless sensor network: A survey. Telecommunication
Systems, 57(1): 51-79. https://doi.org/10.1007/s11235-
013-9766-2

Gupta, S.K., Sinha, P. (2014). Overview of Wireless
Sensor Network: A Survey. International Journal of
Advanced Research in Computer Communication
Engineering, 3: 5201-5207.

Igbal, M., Naeem, M., Anpalagan, A., Ahmed, A., Azam,
M. (2015). Wireless sensor network optimization: Multi-
objective paradigm. Sensors, 15(7): 17572-17620.
https://doi.org/10.3390/s150717572

Jubair, A.M., Hassan, R., Aman, A.H.M., Sallehudin, H.,
Al-Mekhlafi, Z.G., Mohammed, B.A., Alsaffar, M.S.
(2021). Optimization of clustering in wireless sensor
networks: Techniques and protocols. Applied Sciences,
11(23): 11448. https://doi.org/10.3390/app112311448
Merabtine, N., Djenouri, D., Zegour, D.E. (2021).
Towards energy efficient clustering in wireless sensor
networks: A comprehensive review. IEEE Access.
https://doi.org/10.1109/ACCESS.2021.3092509
Hashim, S.A., Jawad, M.M., Wheedd, B. (2020). Study
of energy management in wireless visual sensor
networks. Iragi Journal of Computers, Communications,
Control and Systems Engineering, 20(1): 68-75.
https://doi.org/10.33103/uot.ijccce.20.1.7

Al Shimmary, M.K., Al Nayar, M.M., Kubba, A.R.
(2015). Designing smart University using RFID and
WSN. International Journal of Computer Applications,

1701

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

112(15): 34-39.

Hasan, H.M., Mohammed, T.H. (2017). Implementation
of Mobile Robot’s Navigation using SLAM based on
Cloud Computing. Engineering and Technology Journal,
35(6): 634-639.

Nasser, A.R., Mahmood, A.M. (2021). Cloud-based
Parkinson’s disease diagnosis using machine learning.
Mathematical Modelling of Engineering Problems, 8(6):
915-922. https://doi.org/10.18280/mmep.080610
Nasser, A.R., Hasan, A.M., Humaidi, A.J., Alkhayyat, A.,
Alzubaidi, L., Fadhel, M.A., Duan, Y. (2021). IoT and
cloud computing in health-care: A new wearable device
and cloud-based deep learning algorithm for monitoring
of diabetes. Electronics, 10(21): 2719.
https://doi.org/10.3390/electronics10212719
Ramasamy, V. (2017). Mobile wireless sensor networks:
An overview. Wireless Sensor Networks—Insights and
Innovations. https://doi.org/10.5772/intechopen.70592.
Ansari, J., M&dnen, P. (2010). Channel selection in
spectrum agile and cognitive MAC protocols for wireless
sensor networks. In Proceedings of the 8th ACM
International Workshop on Mobility Management and
Wireless Access, 83-90.
https://doi.org/10.1145/1868497.1868511

Sabah, S.H., Croock, M.S. (2021). Increasing life-time of
wireless sensor network using energy-efficient and fault
tolerance algorithms. Indonesian Journal of Electrical
Engineering and Computer Science, 23(2): 1093-1099.
https://doi.org/10.11591/ijeecs.v23.i2.pp1093-1099
Farhan, M.K., Croock, M.S. (2021). Optimal resource
allocation for route selection in ad-hoc networks.
Telecommunication Computing Electronics and Control,
19(4): 1197-1207.
https://doi.org/10.12928/telkomnika.v19i4.18521
Sachan, V.K., Imam, S.A., Beg, M.T. (2012). Energy-
efficient communication methods in wireless sensor
networks: A critical review. International Journal of
Computer Applications, 39(17): 35-48.
https://doi.org/10.5120/4915-7484.

Getahun, M., Azath, M., Sharma, D.P., Tuni, A., Adane,
A. (2022). Efficient energy utilization algorithm through
energy harvesting for heterogeneous clustered wireless
sensor network. Wireless Communications and Mobile
Computing, 2022. https://doi.org/10.1155/2022/4154742
Kaur, M., Munjal, A. (2020). Data aggregation
algorithms for wireless sensor network: A review. Ad
Hoc Networks, 100: 102083.
https://doi.org/10.1016/j.adhoc.2020.102083

Sahoo, B.M., Amgoth, T., Pandey, H.M. (2020). Particle
swarm optimization based energy efficient clustering and
sink mobility in heterogeneous wireless sensor network.
Ad Hoc Networks, 106: 102237.
https://doi.org/10.1016/j.adhoc.2020.102237

Sabah Sabah, S.H., Croock, M.S. (2020). Software
engineering based fault tolerance method for wireless
sensor network. Iragi Journal of Computers,
Communications, Control and Systems Engineering,
20(4): 21-28. https://doi.org/10.33103/uot.ijccce.20.4.3
Zeng, M., Huang, X., Zheng, B., Fan, X. (2019). A
heterogeneous energy wireless sensor network clustering
protocol. Wireless Communications and Mobile
Computing, 1-11. https://doi.org/10.1155/2019/7367281
Sharma, R., Vashisht, V., Singh, U. (2020). WOATCA:
A secure and energy aware scheme based on whale



[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

optimisation in clustered wireless sensor networks. IET
Communications, 14(8): 1199-1208.
https://doi.org/10.1049/iet-com.2019.0359

Raafat, S.M., Mahmood, A. (2021). Robust energy
efficient control for wireless sensor networks via unity
sliding mode. Journal of Engineering Science and
Technology, 16(1): 65-84.

Heinzelman, W.R., Chandrakasan, A., Balakrishnan, H.
(2000). Energy-efficient communication protocol for
wireless microsensor networks. In Proceedings of the
33rd Annual Hawaii International Conference on System
Sciences: 10. https://doi.org/10.1109/hicss.2000.926982

Heinzelman, W.B., Chandrakasan, A.P., Balakrishnan, H.

(2002). An application-specific protocol architecture for
wireless microsensor networks. IEEE Transactions on
Wireless Communications, 1(4): 660-670.
https://doi.org/10.1109/twc.2002.804190

Lmdsey, S., Raghavendra, C.S. (2001). Power-efficient
gathering in sensor information system. Proceedings,
IEEE Aerospace Conference, 2002: 3-3.
https://doi.org/10.1109/AER0.2002.1035242

Younis, O., Fahmy, S. (2004). HEED: A hybrid, energy-
efficient, distributed clustering approach for ad hoc
sensor networks. IEEE Transactions on Mobile
Computing, 3(4): 366-379.
https://doi.org/10.1109/tmc.2004.41

Dasgupta, S., Dutta, P. (2011). An improved leach
approach for head selection strategy in a Fuzzy-C Means
induced clustering of a wireless sensor network.
Proceedings of the IEMCON Organised by IEM in
Collaboration with IEEE, pp. 203-208.

Razzag, M., Ningombam, D.D., Shin, S. (2018). Energy
efficient K-means clustering-based routing protocol for
WSN using optimal packet size. In 2018 International
Conference on Information Networking (ICOIN), pp.
632-635. https://doi.org/10.1109/ICOIN.2018.8343195
Arumugam, G.S., Ponnuchamy, T. (2015). EE-LEACH:
development of energy-efficient LEACH Protocol for
data gathering in WSN. EURASIP Journal on Wireless
Communications  and  Networking, 1.  1-9.
https://doi.org/10.1186/s13638-015-0306-5
Shokrollahi, A., Mazloom-Nezhad Maybodi, B. (2017).
An energy-efficient clustering algorithm using fuzzy C-
means and genetic fuzzy system for wireless sensor
network. Journal of Circuits, Systems and Computers,
26(1): 1750004.
https://doi.org/10.1142/S0218126617500049

Murali, V., Gupta, S.H. (2016). Analysis of energy
efficient, LEACH-based cooperative wireless sensor
network. In Proceedings of the Second International
Conference on Computer and Communication
Technologies, pp. 353-363. https://doi.org/10.1007/978-
81-322-2517-1_35

Jung, K., Lee, J.Y., Jeong, H.Y. (2017). Improving
adaptive cluster head selection of teen protocol using
fuzzy logic for WMSN. Multimedia Tools and
Applications, 76(17): 18175-18190.
https://doi.org/10.1007/s11042-016-4190-8

Rahimi, P., Chrysostomou, C. (2019). Improving the
network lifetime and performance of wireless sensor
networks for 10T applications based on fuzzy logic. In
2019 15th International Conference on Distributed
Computing in Sensor Systems (DCOSS), pp. 667-674.
https://doi.org/10.1109/DC0SS.2019.00120

1702

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

Shaikh, R.A., Jameel, H., d'Auriol, B.J., Lee, H., Lee, S,,
Song, Y.J. (2008). Group-based trust management
scheme for clustered wireless sensor networks. IEEE
Transactions on Parallel and Distributed Systems, 20(11):
1698-1712. https://doi.org/10.1109/TPDS.2008.258
Shao, N., Zhou, Z., Sun, Z. (2015). A Lightweight and
Dependable Trust Model for Clustered Wireless Sensor
Networks. In: Huang, Z., Sun, X., Luo, J., Wang, J. (eds)
Cloud Computing and Security. ICCCS 2015. Lecture
Notes in Computer Science, 9483.
https://doi.org/10.1007/978-3-319-27051-7_14

Ci, X., Wen, K., Sun, Y., Sun, W., Deng, W. (2021). An
Energy Efficient Clustering Algorithm in Wireless
Sensor Networks for Internet of Things Applications. In
Journal of Physics: Conference Series, 1881(4): 042035.
https://doi.org/10.1088/1742-6596/1881/4/042035.
Kubba, A.R., Al Shimmary, M.K., Al Nayar, M.M.
(2015). Simulating efficient power wireless sensor
network over smart university campus. International
Journal of Computers & AMP; Technology, 14(10):
6168-6175. https://doi.org/10.24297/ijct.v14i10.1838
Wang, J., Gao, Y., Wang, K., Sangaiah, A.K., Lim, S.J.
(2019). An affinity propagation-based self-adaptive
clustering method for wireless sensor networks. Sensors,
19(11): 2579. https://doi.org/10.3390/s19112579
Cuevas-Martinez, J.C., Yuste-Delgado, A.J., Leon-
Sanchez, A.J., Saez-Castillo, A.J., Trivifb-Cabrera, A.
(2019). A new centralized clustering algorithm for
wireless sensor networks. Sensors, 19(20): 4391.
https://doi.org/10.3390/5s19204391

Sujith, A., Dorai, D.R., Kamalesh, V.N. (2021). Energy
efficient zone-based clustering algorithm using fuzzy
inference system for wireless sensor networks.
Engineering Reports, 3(4): e12310.
https://doi.org/10.1002/eng2.12310

Meena, N., Singh, B. (2021). Firefly optimization based
hierarchical clustering algorithm in wireless sensor
network. Journal of Discrete Mathematical Sciences and
Cryptography, 24(6): 1717-1725.
https://doi.org/10.1080/09720529.2021.1880146

Yao, Y., Chen, W., Guo, J., He, X,, Li, R. (2020).
Simplified clustering and improved intercluster
cooperation approach for wireless sensor network energy
balanced routing. EURASIP Journal on Wireless
Communications and Networking, 2020(1): 1-33.
https://doi.org/10.1186/s13638-020-01748-8

Rawat, P., Chauhan, S. (2021). Particle swarm
optimization-based energy efficient clustering protocol
in wireless sensor network. Neural Computing and
Applications, 33(21): 14147-14165.
https://doi.org/10.1007/s00521-021-06059-7

Bavaghar, M., Mohajer, A., Motlagh, S.T. (2020).
Energy efficient clustering algorithm for wireless sensor
networks. Proceeding 2017 International Conference
Wireless Communication Signal Processing Networking,
7(4): 238-247. https://doi.org/10.7508/jist.2019.04.001
Wei, Q., Bai, K., Zhou, L., Hu, Z., Jin, Y., Li, J. (2021).
A cluster-based energy optimization algorithm in
wireless sensor networks with mobile sink. Sensors,
21(7): 2523. https://doi.org/10.3390/s21072523

Singla, J., Mahajan, R., Bagai, D. (2022). An energy-
efficient technique for mobile-wireless-sensor-network-
based 1oT. ETRI Journal, 44(3): 389-399.
https://doi.org/10.4218/etrij.2021-0084



[52]

[53]

[54]

[55]

[56]

[57]

Dhanusha, K.P. (2015). An Energy-Efficient Multiple
Mobile Sink Based Approach in Wireless Sensor
Networks, 3(15): 1-5.
https://doi.org/10.17577/1IJERTCONV31S15024
Gharaei, N., Abu Bakar, K., Mohd Hashim, S.Z.,
Hosseingholi Pourasl, A., Siraj, M., Darwish, T. (2017).
An energy-efficient mobile sink-based unequal
clustering mechanism for WSNs. Sensors, 17(8): 1858.
https://doi.org/10.3390/s17081858

Ren, G., Wu, J., Versonnen, F. (2019). Bee-based
reliable data collection for mobile wireless sensor
network. Cluster Computing, 22(4): 9251-9260.
https://doi.org/10.1007/s10586-018-2116-0.

Aydin, M.A., Karabekir, B., Zaim, A.H. (2021). Energy
Efficient Clustering-Based Mobile Routing Algorithm
on WSNs. IEEE Access, 9: 89593-89601.
https://doi.org/10.1109/ACCESS.2021.3090979
Gharaei, N., Malebary, S.J., Abu Bakar, K., Mohd
Hashim, S.Z., Ashfaq Butt, S., Sahar, G. (2019). Energy-
efficient mobile-sink sojourn location optimization
scheme for consumer home networks. IEEE Access, 7:
112079-112086.
https://doi.org/10.1109/ACCESS.2019.2932086
Gautam, N., Lee, W.I1., Pyun, J.Y. (2009). Dynamic
clustering and distance aware routing protocol for
wireless sensor networks. In Proceedings of the 6th ACM
Symposium on Performance Evaluation of Wireless Ad
Hoc, Sensor, and Ubiquitous Networks, pp. 9-14.
https://doi.org/10.1145/1641876.1641879

1703

[58]

[59]

[60]

[61]

[62]

[63]

Sirsikar, S., Wankhede, K. (2015). Comparison of
clustering algorithms to design new clustering approach.
Procedia  Computer  Science,  49: 147-154.
https://doi.org/10.1016/j.procs.2015.04.238

Al-Hilfi, H.1.M., Al-Nayar, M.M.J. (2022). Increase the
WSN-lifespan used in monitoring forest fires by PSO.
Mathematical Modelling of Engineering Problems, 9(3):
583-590. https://doi.org/10.18280/mmep.090304

Sadik Croock, M., Salman Mahmood, S. (2022).
Management System of Smart Electric Vehicles Using
Software Engineering Model. International Journal of
Electrical and Computer Engineering Systems, 13(5):
369-377. https://doi.org/10.32985/ijeces.13.5.5
Mahmood, A.M., Kareem, AR. (2021). A new
processing approach for scheduling time minimization in
5G-1oT networks. International Journal of Intelligent
Engineering & Systems, 14(3): 481-492.
https://doi.org/10.22266/ijies2021.0630.40

Hasan, M.A., Oglah, A.A., Marie, M.J. (2022). Packet
loss compensation over wireless networked using an
optimized FOPI-FOPD controller for nonlinear system.
Bulletin of Electrical Engineering and Informatics, 11(6):
3176-3187. https://doi.org/10.11591/eei.v11i6.4345
Elshrkawey, M., Elsherif, S.M., Wahed, M.E. (2018). An
enhancement approach for reducing the energy
consumption in wireless sensor networks. Journal of
King Saud University-Computer and Information
Sciences, 30(2): 259-267.
https://doi.org/10.1016/j.jksuci.2017.04.002


https://doi.org/10.1016/j.jksuci.2017.04.002



