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ABSTRACT: The dispersed nature and element topology of Wireless Sensor Networks (WSNs) presents
exceptionally extraordinary prerequisites in routing conventions that ought to be met. Wireless sensor
networks are turned out to revolutionary area that urges to countless nodes with restricted energy
resources. So therefore, deciding the most imperative component of a routing convention, to be productive
for WSNs, is the augmentation of the system's lifetime and the energy utilization. In sensor networks, the
network layer manages the routing issues. As gathering and radio transmission expends tremendous
volume of power, energy is a critical component to be explored on. In wireless sensor networks preservation
of energy is prime area i.e. yet to be explored. To increase the lifetime and to limiting the energy utilization an
optimal clustering technique is essential in wireless sensor network. Energy is one of the important
parameter for the consideration. In this paper, various clustering based energy efficient routing protocols
have been studied. This paper aims at facilitating research work and consolidating the existing solution and
developing a more energy-efficient routing mechanism. Later, it concentrated on different components that
are identified with energy, security, sensor networks, clustering and reliability issues of routing conventions
are discussed.
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. INTRODUCTION

Wireless sensor networks (WSN) have seen a
substantial refinement and usage in the previous few

lifetime of the limited power source of the nodes.
Associating the extensive amount of small sensor
nodes, it is probably going to assemble figures about

decenniums. Capable arrangement and execution of
WSNs has turned into a sizzling field of examination in
cutting edge time, brought on accordingly of the
enormous potential of wireless sensor networks to allow
interfaces that join the considerable world to the
practical world [1]. Considering from mining,
investigating petroleum, foreseeing climate, ftraffic
control, home robotization and smart war zone
operations requires sensor applications. Wireless
Sensor Networks (WSNs) more alluded to as actuator
systems can be characterized as a self-arranged and
framework less wireless networks to monitor ecological
or physical conditions, which incorporate sound,
temperature, vibration, motion, pollutants or pressure
and to agreeably go their information through the
system to a principle area and sink where the
information can be observed and dissected. A base
station or sink acts like an interface amongst the system
and clients. Required data can be recovered from the
system by infusing inquiries and gathering results from
the sink. Commonly wireless sensors network joins
different sensors that are tiny devices that are
disseminated around a specific node for accomplishing
the computational operations. Sensor nodes are
constrained to limit of batteries and the energy utilization
of a sensor node must be firmly established because of
this limitation. WSN lifetime notably relies upon the
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physical actuality and the reality was unpredictable and
very unfeasible to accomplish in more reactionary ways.
In the coming years, undertaking innovation allows the
charge of creating detecting nodes to hold on to drop;
rising arrangements of WSNs are anticipated, with the
systems, at last, developing to more prominent
quantities of nodes [2-4].

In WSN, routing is an imperative undertaking that will be
handled deliberately. To set up communication, the
routing system is vital entity, which sharing of
information from nodes to different base stations. In this
paper the fundamental rule, which is involved, is about
the convention routing that changes because of the
application diversity of the systems. The routing issues
raise the concern of consuming higher energy, which
led to reduce the system’s lifetime. So, as to reduce
energy utilization of devices and to amplify the system's
lifetime, different routing conventions are been
researched. The routing conventions can be classified
based on the clustering protocols, node’s investment,
system structure and method of working. The different
obstacles in routing incorporate energy utilization,
scalability, connectivity, node deployment, scope,
security. A WSN normally has practically zero
foundation. It encompasses several sensor nodes (a
couple of tens to thousands) contributing to monitoring
an area to acquire information about the environment.
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There are two classes of WSNs: unstructured and
organized. An unstructured WSN is one that contains a
thick collection of sensor nodes. Sensor nodes might be
sent in an impromptu manner into the field. Once sent,
the system is left unattended to perform checking and
announcing capacities. In unstructured WSN, organize
support, for example, overseeing availability and
distinguishing failures is troublesome since there are
such a variety of nodes. In an organized WSN, all or a
portion of the sensor nodes are sent in a pre-arranged
manner. The benefit of an organized system is that
fewer nodes can be conveyed with lower administration
costs and organize support. Fewer nodes can be
conveyed now since nodes are placed at particular
areas to give scope while the specially appointed
organization can have revealed regions [5-7].

The displayed paper collectively audits thorough review
of energy-efficient routing convention scrutiny, which is
presented in the WSNSs, for instance, the mobile ad hoc
network, to optimize energy utilization of system and to
amplify the system lifetime. The arrangement is
configured in four principal classes: Network Structure,
Communication Model, Topology Based and Reliable
Routing Schemes. The audit is done utilizing 64
research papers that possess an incomparable position
in the main journals of the previous 10 years. The
journals that depend on routing and its streamlining are
generally chosen. Section Il is deal on energy-efficient
routing with the brief thought, also outlines in the survey
the affiliated work of routing protocols for WSN. Section
lll gives a thorough examination of the progressively
based routing conventions, clarifying different
simulators, QoS parameters, system configurations, and
their applications. Section IV uncovers the correlation of
LEACH, PEGASIS. Next, Section V passes on the
exploration holes and the challenges. At last, Segment 6
closes the audit with an instructive conclusion.

Il. ISSUES IN WSN

In addition to wireless unreliable communication, WSN
nodes need to work with restricted resources, for
example, limited processing and computation capacity,
limited battery power, limited memory and limited
capacity for communication. The nodes utilized in
sensor networks are minor and have constraints in
energy. The major issues in the hardware design of
sensors are:

- Power intake of the sensor must be limited and nodes
must be power productive since their resources of
limited power decide the system lifetime. To control
power, the node must stop when not being used. The
type of battery is noteworthy as it can affect the
structure of sensor nodes. A battery protection circuit
should be added to the sensor nodes to stay away from
the discharge or overcharge issue.

- Radio Range of nodes must be about 2-5 km. It is
noteworthy for ensuring data gathering and network
connectivity in a system as nature being inspected
might not have an introduced infrastructure for
communication.

- Utilization of Memory devices in sensor networks like
flash memory is attractive as they are non-volatile, non-
expensive and in this manner electrically erased and
reprogrammed. WSNs expends around as immense
power as executing 800—1000 guidelines. Along these,
the transmission is more exorbitant than algorithms in
WSN. Additional, in WSN for cryptographic capacities
higher security levels commonly contrast with more
vitality use. In this way, at various security levels WSNs
can be isolated, contingent upon vitality cost. Message
augmentation brought about by security frameworks
comes at a huge expense [8].
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Fig. 1. Infrastructure of the routing convention in wireless sensor network [8].
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- Memory: The memory in a sensor node, for the most
part, incorporates RAM and memory. RAM is utilized for
intermediate computations, storing sensor data and
application programs and the memory is utilized for
putting away application code. After loading application
code and OS, there is normally insufficient space to
pursue complex algorithms. For instance, in the Smart
dust venture, TinyOS utilize guidance memory around
3500 bytes, for applications and security leaving just
4500 bytes. To utilize the dominant part of present
security calculation makes it unrealistic. The
circumstance through an Intel Mote, is marginally
enhanced, yet at the same time a long way from
meeting the necessities of numerous algorithms [9].

- Computation: In sensor nodes, the embedded
processors are usually not as powerful as those in
nodes of ad hoc and wired system. Al things
considered, algorithms of complex cryptographic can't
be utilized in WSNs.

- Transmission range: The transmission range of sensor
nodes is restricted and need to save energy. The range
accomplished from guaranteed transmission signal
quality is reliant on different ecological factors, for
example, terrain and weather [10].

There are different hardware platforms which are as of
now formed considered the above talked about structure
issues like MicaZ, Mica2, BT Node and Imotes and MIT
MAMPS. Among propositions the Berkeley Motes, which
is economically made accessible by Crossbow
Technologies is exceptionally mainstream and is
likewise for a few research work.

The sensor node may go through a lot of energy
previously and come up short on energy and stop at a
schedule vacancy in this manner right now it gets short
of energy because of forceful allotment. The above sort
of energy portion plot implies the sensor node has
utilized excessively energy previously and is at present
sort of energy. The battery dimension of some sensor
nodes may achieve the greatest and furthermore very
little energy might be exhausted whereby the energizing
open door can be missed and is preservationist. In the
above plan the sensor node does not exhaust much
energy so the sensor nodes can't store all the collected
energy because of the constrained limit of the battery.
Both the above sorts of cases limit the possibility to
enhance the WSN and sensor node execution [11]. The
limitation regularly connected with sensor organize
configuration is that sensor nodes work with restricted
energy holds. Normally, they are fuelled through
batteries, which must be either supplanted or revived
when exhausted. A few nodes basically are disposed of
when their energy source is drained. Regardless,
whether the battery can be revived or not fundamentally
influences the system connected to energy utilization.
Subsequently the imperative plan test for a WSN is
energy proficiency. This prerequisite saturates each part
of sensor node and system plan [12].

A. Routing Protocols Classification

In WSN’s routing could be additional inquiring than
distinct wireless networks, similar to cell systems and
mobile ad-hoc systems for some purposes to such an
extent that Sensor nodes request cautious resource
administration because of the limitations in handling,
capacity limits and energy. From various origins to a
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selective base station all utilizations have required an
information. Outline necessities of WSNs depend upon
the application, considering the way that it is application
especially. In WSN’s nodes are generally static following
their arrangement that brings about unsurprising and
non-visit topological alternations. In order to manage the
alarming concern in routing in WSN’s, a couple of new
routing components have been made and suggested, A
few routing methods have considered in WSNs employ
several notable routing strategies, suitable for sensors
network, to minimize energy utilization alongside the
application and engineering prerequisites [13-15].
Routing protocols are ordered in view of the Topology
schemes, Communication conspires, Network structure
and Reliable routing schemes (Fig. 2). Additionally, the
exhibited arrangement can be seen as four diverse
ways to deal with order the protocols, as opposed to
four parallel classes.

Network Anatomy. By node consistency, the anatomy
of a system can be requested. In a few systems, the
nodes are supposed to be communicated regularly and
equivalent to each other, and dissimilar systems build
refinements among various nodes. In routing protocols,
the fundamental trait is affined to this classification way
that nodes are associated and based on the network
architecture they route the information. In this
classification, two types of nodes are addressed in this
scheme, node structures or arrangements: nodes with
different hierarchy and nodes with a similar level of
association [16]. Consequently, the stratagem on this
classification can be moreover named as follows:

Flat Protocols. In the network to perform the sensing
tasks, all the nodes are given equal roles. The base
station in data centric routing, sends queries to specific
areas and waits for information from sensors exhibit in
that locale is taken after. Flat system design exhibits a
couple of focal points, of unnecessary overheads that
are required among imparting nodes.

Hierarchical Protocols. The traditional routing
protocols based on hierarchical protocols are based on
the framework aiming to gain Vvitality versatility,
effectiveness, and, strength. In this category of
conventions, all the system nodes are divided into a few
groups and the node with elevated leftover energy turns
into the mass head. In every group, mass head is
responsible for sending data between group and
planning other exercises. They can adjust the energy
utilization and have possible high ratio of versatility and
conveyance proportion. Clustering can possibly
augment lifetime of system and decrease the energy
utilization. The nodes spread throughout base station
will absorb the energy sources from the alternative
nodes. However, system detachment is one concern
where definite sectors of system will not be able access
the different sectors of cluster. A single node interfacing
a part of system to flops and rest, then this segment will
get cut off from the rest of the system.

Communication Replica. The Communication Replica
adjusted in a routing convention is identified with
method that principle performance of convention is
stalked with a precise end goal to route packets in the
system and concentrate on conveying more information
for a given measure of energy. Along with that, a
dispersal velocity plus energy use the categorization of
convention methodologies as well as it can also
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eliminate the idea of hypothetical extremities of the
transmit systems. In this scheme, the main drawback is
low delivery ratio for the information. The Classification
of protocols as detailed below:

Query-based protocols. In the network a query from
the target nodes proliferate for sensing information from
a node and a node containing this particular information

necessary information back to the node, which can
initiate the query.

Coherent-based protocols: In this routing protocol, the
data is dispatched to connectors of the network and
further sorted on the basis of base handling.
Negotiation-based protocols: In this routing protocol,
before real data transmission, series of negotiation

connects with the coordinate query and sent the messages are sent to prevent redundant data.
Routing Protocols in WSN
v | %l
| Network Anatomy | | Protocol Operation|
Flat Hierarchical Communication Topology Reliable
Protocols Protocols Replica Based Routing
v v
SPE')’?#fD'TGCted LEACH, PEGASIS,
musion, TEEN, APTEEN
Rumor
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Qg?g){otz;%‘?;d based based
Protocols Protocols
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Blfrfectled Assignment SPIN
usIoN 1} Routing (SAR)
v | y y
Mobile-Agent Location based Multipath QoS
based Protocols Protocols based based
7 Protocols Protocols
GAF, GEARI, v v -
SPIN Maximum Sequential
Lifetime Asggguqmge”t
Routiing (SAR)

Fig. 2. Classification Routing Protocols in WSN.

B. Reliable Routing Protocols

Under this scheme, the protocols accomplish load
balancing routes and fulfill specific Quality of services
(QoS) metrics, for example, energy, delay and data
transfer capacity subsequently turning out to be stronger
to route failures. In system, there is a possibility that
connected nodes would experience the ill effects due to
availability of overhead that led to QoS requirement and
tables that could be kept for each nodes connected
within sensor network [17]. Under this scheme
classifications are:

QoS-based protocols. Transmission of information
needs to meet a specific point of quality, alongside
effective energy utilization. In the network when a sink
require information from particular node, it will only
receive the information after particular level of quality is
reached.

Multipath-based protocols. These types of protocols
Singh et al.,

accomplish load balancing and upgrades unwavering
quality, thereby getting to be distinctly versatile to
failures.

C. Topology Based Protocols

Conventions are setup by the operations performed on
the topology, and later can be utilized by using the rules
in order to develop the system. Some of the conventions
being used for plan is described below:

Mobile agent-based protocols. Portable specialist
relocates itself among the connected nodes of system to
play out an assignment brilliantly furthermore, this
convention gives adaptability to organize and also new
capacities as opposed the routine operations of WSNs
that depend upon customer server processing replica.
As a part, mobile agent protocols are used with wireless
sensor networks that furthers help to transfer
information between the sensed nodes, and the origin,
and considered as a fascinating segment [18].

International Journal on Emerging Technologies 11(1): 43-53(2020) 46



Location-based protocols. In this protocol, node’s
area is identified, and exploited further to transfer the
received information to particular nodes as compared to
transfer the information to all the nodes of wireless
sensor networks. From this class, the protocols discover

lll. ENERGY EFFICIENT ROUTING IN WSNS

Energy efficiency is a major concern in WSN. The
current energy productive routing conventions regularly
utilize remaining energy, transmission power or
connection distance as measurements to choose an
ideal path. The devices utilized as a part of WSNs are
asset grateful and have a little handling speed, a
constrained correspondence data transmission and a
low stockpiling limit. In addition, the system has to work
for longer stretches of time, however nodes are battery
power-driven, as a result the approachable energy
assets constrain large operation. To reduce vitality use,
by far most of the device section, including radio, which
can allow to exchange information more frequently and
efficiently. A further imperative trademark are sensor
nodes that can handle only a restricted troupe only.
Nodes need to deal with themselves, supervising and
managing with the system altogether and likewise; it is
impressively harder than controlling individual gadgets.
Also, nodes encounter fluctuation in connectivity where
a network is deployed due to changes in physical
environment moreover in this manner affecting the
network protocols.

Networking protocol stack in WSN, sensor nodes
requires energy cognizance at all layers because sensor

a track against an origin toward a target and lessen the
consumption of energy. Because the nodes are mobile
in that case they have constrained versatility. Also the
locations of the other nodes must be known by the node
[19].

nodes are obliged in energy supply and transmission
capacity. The network layer points in discovering
strategies for reliable transferring of information and
energy proficient route setup between the sensor nodes
to sink keeping in order to augment the lifetime. In
WSN'’s, determining routing system is another major
issues, for example all routing conventions offers same
objectives for example, change of administration,
accessibility and network survivability; effective energy
utilization control; diminishment of complexity; reducing
the time delay for transfer the basic mission data;
increment of sensor network lifetime and improvement
of performance in WSN [20, 21].

In an expansive number of works, the routing issues of
WSNs have been tended. On exploring the work,
different energy efficient routing conventions are
recognized. This area gives a talk on the works, relating
to energy highlight, in a different way.

A. Energy Efficient Protocols

Energy Efficient Protocols are the fundamental
requirements in the WSN and numerous approaches
had been proposed by various researchers to select the
best route and to minimize the energy as shown in
Table 1.

Table 1: Approaches for Efficient Energy Protocols.

Au\}r;:: & Approach Pros and cons
Heinzelman - _ Advantage: This approach improves the lifetime
et al., (2002) To understand the energy utilization issue in the sgbmerged _ of multi-hop approaches.
[’22] sensor systems have built up a shrewd based routing model. Disadvantage: It rc_aduces the amount of
transmitted data.
Advantage: This approach is balanced and
Guha et al., Proposed a reasonable coalition routing calculation and effective.
(2006) [23] have inspected power aware routing plans in WSNs. Disadvantage: This approach only works on
large number of nodes.
Advantage: This approach reduces the
?/aeili(a?lg? Focused on th(_a trade—o_ff i_mprovement issue to accomplish probabnm;ﬁgretg;r %’;&egﬁ?iﬁg_m case of
(2007) [24] energy effectiveness in impromptu system frameworks. Disadvantage: This approach does not support
load balancing.
. Proposed routing calculations for effective energy use with Advantage: This gpproach Is used to reduce
Lin et al. incredible focused proportion, which is asymptotically ideal routing overhead.
(2007) [25] to the quantity of nodes Disadvantage: It does not assume statistical
' information on packet arrival.
Ki Proposed the circulated joint routing and medium get to Advantage: This algorithm increases the
im et al, ntrol calculation and have attempted to expand the litetime of wireless sensor network.
(2007) [26] co irel P p Disadvantage: This approach increases the
wireless sensors arranges. overhead.
Luo and Developed lterative distributed algorithm and Fixed tree Advantage: This approach reduces the
Pottie (2007) Relaxation based algorithm to solve the issues of the power communication cost.
[27] distribution. Disadvantage: It gives worst case performance.
Advantage of this approach is that if this routing
technique is analysed effectively then it can
Wang et al., To enhance routing in Distributed Source coding (DSC), a minimize the complexity of optimization
(2008) [28] multi-rate routing plan is used. problem.
Disadvantage: This approach is only effective
in case of saving energy.
Phan et al., For proficient routing and energy dispersion to meet the QoS | Advantage of this approach is that it maximize
(2008) [29] necessities, proposed joint cross-layer optimization strategy. the network utility within desired lifetime.
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Disadvantage is that it is difficult to meet quality
of service.

Proposed streamlined the routing and recognition in a

Advantage: This approach can easily detect
performance and energy consumption over

\((za(?ggﬁaaé]’ combination community for course pre-calculation and routing metrics.
proposed three routing measurements. Disadvantage: This approach is not utilised for
tracking purpose.
Chamam and They tended two fundamental issues in wireless sensor Advantage: This mechanism Exhibit low
Pierre (2009) networks, in particular less energy dissemination and computational time and low complexity.
[31] expanded system lifetime. Disadvantage: Reduces the network lifetime.
Luo and _ _ Advantage: This _applfoa_ch maximizes the
Hubaux Proposed the issue of life span of wireless sensors arranges _ routing lifetime.
(2010) [32] and proposed a primal-double calculation. Disadvantage: Thl_s approgph does not support
sink mobility.
Valentini et y I _ Advantage: This approach is reliable and time
al, (2010) They have utll_lzed the elgment multl—objec_:tlve routmg_ _ convergence. _
"[33] calculation to outline the basic crossover routing convention. Disadvantage: It retguwes more processing
ime.
. They have concentrated the double enhancement issue of Advantage: This algorithm optl_m|ses the
Li et al, lifetime and mutilation to build up a generalized power network cost and capacity.
(2011) [34] Utilization demonstrate Disadvantage: This approach does not deal
) with energy conservation.
Advantage: This algorithm is able to employing
Habibi et al. They have proposed an improvement techniquc_e to survey the available reé?f)i/gi;?lér;crement energy
- the immediate transmission's inclination in a given node . . ; -
(2013) [20] design then again in a cooperative transmission Disadvantage: While enhancing performance
' metric would have a negative impact on the
other one.
Al-Hamadi They have used the trade -off among the convenience and A?gfp;gﬁ(nadzﬂfy?g;%z%hn:Z;te:('g?ﬁ}:;zzre
and Chen, the energy utilization_to deal with the repetition in sensor network
(2013) [35] heterogeneous wireless sensor networks. Disadvantage: This approach causes intrusion,
Advantage: This approach maximize the
Long et al., They have built up another routing plan, called tree-based privacy and protectllci)fr;t\i/vn:lge improving network
(2014) [36] diversionary, to raise the system lifetime. Disadvantage: This approach increases the
energy consumption.
Advantage: This approach is optimal and offers
Chen et al., Expanded the framework utility with energy assignment in low complexity solution.
(2013) [37] routing. Disadvantage: It provides only low complex
solution.
Gong et al., Presented a secure and energy ware routing protocol that Advantage: This _approach s eneérgy efficient
(2015) [38] aims the routes the data using utility theory and trustworthiness of routing protocol.
) Disadvantage: It does not provide security.
Ghaderi et Introd_uceq tackled the issues re_s@rained in base energy Advantage: This approach_ reduces the energy
al, (2014) routing in wireless n_etworks_, by raising necessary quest!ons _ cor_lsumptlon. _
"[39] for pseudo-polynomial multifaceted nature and its e-optimal Disadvantage: Th_|s approach increases the
guess technique. jamming.
They have connected an energy effective homogeneous
Gupta et al. grouping technique_ on_the wireless sensors system to Advantage: This approach reduces_the packet
(2014) [401" augment the system lifetime. Also, the Dijkstra's short path delay and energy consumption.
calculation was acquainted with perform course Disadvantage: It reduces the clustering.
enhancement in the clustered system.
Proposed a multi-target enhancement issue, which fathoms s . )
Zhang et al., ; Advantage: It give efficient load balancing.
(2015) [41] the trade- off betw%ir)ldlgggvﬁaancmg and energy Disadvantage: Overhead.
Advantage: It gives efficient network lifetime
Luo et al., Proposed spared energy by means of an opportunistic and energy efficiency.
(2014) [42] routing calculation to build the systems' lifetime. Disadvantage: Limited non-rechargeable
battery power.
Tang et al. They ha_ve built up a cos_,t_—ayvare secure routing ca_IcuIation, Ad_vantage: It is secure and cost effective.
(2014) [43']’ which includes probabilistic-based irregular strolling and Disadvantage: It approach only supports
energy balance control, to fathom the system lifetime issue. routing in terms of energy consumption.
Gupta and _ Qr_eated double Iea:_;t aggregate power te_chniques to Advantage: This approe_lch_improve relay and
Bose (2015) dlmlnlsh the consurr_1pt|on of energy in the wireless sensors _ netvyork In‘e_nme.
[44] by focusing on boosting the path lifetime and least aggregate Disadvantage: This algorithm can further be
weighted power procedure. enhance to improve energy
Introduced an innovative multi-objective routing
Rahat ef al enh_ancem_ent for sensor bgsed network for the purpose of Advant_age: The given approach reducc_as the
(2015) [45j’ increasing system’s lifetime. The novel space graph fI_oodlng delay and_er_lergy consumption.
Disadvantage: Maximise the flooding cost

depends on shortest path pruning and graph depletion
strategy was utilized to recognize the paths normally.
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Maddali [46] Proposes a multi-thrown routing c_onvention for boosting Adgrgzge?é;rlﬁrsﬁgﬂ%ﬁzIeﬂr;rg\éfﬂ;?fni;é to
system execution. Disadvantage: It increases throughput rate.
Alanis et al. Proposes an ideal qgantu_m—assisted calculation, cglled as pgg;f;ffceé Z::('js;ES;';’;";XQ;Z&?OD;'?”?L_
’ non-ruled quantum iterative advancement calculation, for h o
(2015) [47] remote multi-hop systems Disadvantage: It increases the power
i consumption.
Sangulagi et Proposed a new routing_technique, comb_in_ati_on of ant based Advantage: This appr_oac_:h augment the
al, (2015) and cIust_er base_d routing. In ord_er to minimize the energy _ networks lifetime.
"[48] consumption multiple agents are introduced and also reduce Disadvantage: It approach only supports
the data redundancy. routing in terms of energy consumption.
Discussed the issues related to when nodes dead and there
is need to find some other path for data transmission. To . . .
Brar et al,, solve these issues, combination of power efficient gathering AdvaS_tagde. It frov'_dss nkettwork ::]calgblllty.
(2016) [49] sensor information system and DSR routing protocols, along Isadvantage: Facket overnead.
with the directional transmission based energy aware routing
protocols.
Proposed a thought of as of late proposed algorithms by P .
Mehta and applying improvement strategy utilizing genetic algorithm is Advantage: Thr|]s tapprrli)le_l]f:r:_::prove relay and
Pal (2017) portrayed in the wake of corresponding engineering Disadvantage: '(Ia'r;’\ils?al Io?itlhn?.can further be
[50] applications and challenges to deals with proficient energy enﬁqarice to imgprove energ
stabilizing and balance systems. y
Plan the issue as an undetermined-delay-obliged least Advantage: The approach based reducing the
crossing tree (UDC-MST) issue, where the defer requirement ener cohsum tion as well as increase the
Cheng et al., is known a posteriori. Because of the NP-fulfiiment of the 9y IifeFt)ime of system
(2018) [51] UDC-MST issue, we outline an appropriated Minimum-Delay . ; S : )
Energy-productive flooding Tree (MDET) calculation to build Disadvantage: Maximise the flooding cost
a vitality ideal tree with flooding delay bouncing.
Proposed virtual bunching strategy has been connected in
the directing procedure, which uses the firecracker
Ali enhancement calculation. Still now, FWA-ATF calculation is Advantage: This approach minimize the
ietal, -
(2018) [52] considered yet not con_necte_d by any analyst for RWS_N. _ . energy. o
Moreover, the approval investigation of proposed technique Disadvantage: It maximize the vacation time.
utilizing Artificial Neural Network back propagation
calculation joined in the present examination.
Proposed underwater line sensor network protocol. A single Advantage: Good anti-multipath fading, high
Xi et al. _ transqeiver is_proposed “SFM—I\/_IAC" fo_r effectively _ frequency Utilization, anti—intel_'f_ere_nce.
(2019) [5’3] implementing multi-channel mechanism which could handle Disadvantage: Greater energy utilization and
the challenge of triple terminal problem caused by long appropriate for low density networks
propagation delay.
Discussed different machine learning (ML) based algorithms Advante_lg%: This ap;?ro?ch in&pro&/e theh
Kumar et al., that maximize the network lifetime. It is the method of self- accuracy In etec;trlrno% rzltjets and reduce the
(2019) [54] learning from the erudition and acts without re-program or Disadvantage: It increaées the power
human intervention. cdnsumption

IV. ENERGY EFFICIENT CLUSTERING BASED
ROUTING PROTOCOLS

For the wireless sensor network, it is considered that the
information transmission consumes more energy, and
provides a design in which the transmission to base
station is kept to minimum for which the decisions for
each node is taken at node level. Moreover, scalability
feature is considered to be more critical due to nodes
development, and further helps to expand the system
measurement. An appropriate and reasonable approach
could be numerous levelled design. Here, developed
system is further partitioned into layers (virtual clusters),
and further have same part for other nodes connected
with system as well. As a result, some nodes portion will
be selected as a cluster head (CH) of every cluster
through which a request to viably oversee errands for
the connected nodes. The process of clustering
significantly decrements overall load on the system with
the help of connection among the information, bringing
about proficient energy utilization. Cluster heads are
dependable mainly for the purpose of social affair &
totaling information from a wide range of nodes, and
further transmit it to the BS. Primary objective
associated with hierarchical based routing conventions
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relates to effectively keep up energy utilization for
sensor nodes by including them in multi-bounce
correspondence inside a cluster and by executing
information collection and combination. It will decrease
overall quantity of being used for the sinking transmitted
messages and separation of transmission of a number
of sensor nodes. Every grouped WSN mainly comprises
of three different aspects: cluster, CH and clustering
process properties. Cluster properties mainly comprises
of a wide range of clusters, intra and inter cluster
correspondence, and cluster estimate. Various cluster
heads could be divided into two categories namely
stationary or portable, system can be further divided into
two different categories-homogenous or heterogeneous
and the chosen cluster head tend to have significant
impact over calculation execution. Such critical
calculations can be disseminated or brought together.
Further, every critical calculation possesses own
decision component of cluster head. A wide range of
clustering based protocols exists, some of them have
been discussed below:

A. LEACH Protocol
Low-Energy Adaptive Clustering Hierarchy (LEACH)
protocol, a clustering based convention, mainly utilizes
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random turn of base stations with local clusters.
Available nodes are clustered individually as compared
to other, and further comprises of cluster members
along with CH. Static way has not been utilized for
selecting the CHs as it leads to quick die of sensor
nodes in the system. Nonetheless, random convention
has been greatly utilized as an inseparable component
request for the purpose of adjusting utilization among
the nodes by appropriating the CH's role to alternate
nodes. Moreover, LEACH utilizes TDMA (Time Division
Multiple Access) convention to direct the channel inside
cluster [55]. CHs have the responsibility of allocating
TDMA to multiple cluster individuals. Shared
correspondence between the CH and a part is done
quite recently amid the availability that allotted to that
part, and alternate individuals will be in their rest state.
Thus, it diminishes the vitality dispersal.

B. Power-Efficient Gathering in Sensor Information
Systems (PEGASIS)

PEGASIS convention could be understood as a chain-
based convention and a change of the LEACH [56]. In
PEGASIS every single node discusses just with close-
by neighbor in request for the purpose of sending and
obtaining information. This greatly  substitutes
exchanging with the associated base station,
subsequently decreasing energy spent per round. Such
nodes are composed with an objective to frame a
particular chain, that either can be refined by different
sensor nodes on their own, simultaneously insatiable
calculation that originates from some node, on other
hand BS could figure that tie moreover communicate it
to all the sensor nodes. As a rule, the PEGASIS
convention shows twice or more execution in
examination with the LEACH convention.
Notwithstanding, the PEGASIS convention causes the
excess information communication after all a singular
out of all nodes at chain has been optimally chosen. In
comparison to LEACH, transferring separation for the
vast majority of the nodes is decreased in PEGASIS.

C. Distributed Energy-efficient Clustering Protocol

The algorithm of clustering defines a sort of key method
that is prominently utilized to decrease consumption of
overall energy. This can build lifetime & scalability
related to system. Protocols associated with energy
efficient clustering tends to be intended with
characteristics for heterogeneous WSN. We propose
and evaluate another scheme of heterogeneous WSN is
known by the name of DEEC [57]. In its context, various
heads of clusters can be chosen with the likelihood
dependent mainly on proportion in between residual
energy associated with every node and the normal
energy of the system. Ages of obtaining cluster heads
towards various nodes are highly distinctive as per their
residual and initial energy. Nodes having significantly
high residual and initial energy tends to have a larger
number of opportunities to be the cluster heads than the
nodes with low energy.

D. Density-Based Mean Grid Energy Efficient Clustering
Algorithm

Clustering is a vital strategy in Mobile WSN to decrease
the overall extent of communication overhead and
lessen the energy consumption. A new and distinctive
algorithm  for clustering has been suggested,
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DMGEECA (Density-Based Mean Grid Energy Efficient
Clustering Algorithm for Mobile Wireless Sensor
Networks) [58]. Target of the calculation relates to
choosing a distinctive CH & increase the overall number
of cluster heads that are directly dependent on
thickness of different nodes in region for the purpose of
diminishing consumption of energy and in this manner
expanding the system overall duration i.e. lifetime.
Multiple simulations have been done to assess
execution of clustering algorithm with the help of
contrasting its execution and the past work. The
consequences show that the proposed algorithms
outperform  the alternate  algorithm  regarding
consumption of energy and lifetime of Network Lifetime.

E. Particle swarm optimization

WSNs (Wireless sensor network) is comprising of
different sensor nodes which collect information from
their environment and transmit them to the end clients
since they have less battery framework. To build the
battery lifetime, we need to implement and propose
different techniques which will expand the network
lifetime. A large portion of these new methods and
techniques depend on grouping and furthermore
dependent on algorithms of routing. In light of routing
and clustering algorithms, the system will be
progressively efficient and stable. The low energy
algorithm of adaptive clustering hierarchy is the primary
calculation where every single node presents within the
cluster send their information to local CH. The mobile
sink is utilized in this paper, which lessens the
consumption of energy and rendezvous nodes is utilized
that act as a store point for the mobile sink. In this
paper, we are utilizing the algorithm of PSO for the
routing that upgrades the system lifetime of a network
[59].

F. Time-Based Energy Efficient Clustering Scheme

The principal challenge of Wireless Sensor Networks is
to save considerable energy of multiple sensor nodes
while simultaneously expanding overall system lifetime.
Protocol of energy efficiency relates to stand out
amongst the most engaged issues in WSNs. Routing
protocol of the network layer are ended up being energy
efficient at the time it utilizes schemes of clustering.
With a goal to drag out timespan of the network we have
proposed an energy efficient clustering, distributed and
time-based scheme for WSN and we have likewise
introduced the implementation comparison and details
of the TEECS protocol with the existing protocol of
LEACH [60].

G. H-LEACH

WSN comprise of autonomous multiple sensors which
consistently monitors, supervises & sense region related
to deployment & organization and distributed
communication of data to particular base station.
Desirables of WSN needs to significantly have high
reliability and longevity alongside enhancement of
overall coverage. LEACH is a standout amongst various
cluster and hierarchical based routing protocols for
sensor systems attributable to wide range of
characteristics associated with load balancing. We aim
to display a hybrid approach (H-LEACH) that comprises
of fixed clusters [61]. However, multiple heads of
clusters could be picked progressively. Methodology
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demonstrates improved performance which is defined
and supported by results utilizing MATLAB. The paper
finishes up with a wide range of limitations and degree
in context of development in the protocol.

H. Multi-Clustering algorithm dependent on Fuzzy Logic
In this investigation, an MCFL (Multi-Clustering
algorithm dependent on Fuzzy Logic) with different
methodologies are displayed to make clustering in the
wireless sensor networks [62]. This methodology limits
energy dissemination and, therefore, drags out system
lifetime. Previously, various algorithms are entrusted
with clustering nodes in WSN. The shared factor of
every one of these methodologies is the consistence of
algorithm in every one of the rounds of system lifetime
that lead to identification of cluster heads in each round.
Choosing cluster heads in every round will display
through procedure the most qualified nodes are not
chosen.

l. Rotating Energy-Efficient
Heterogeneous Devices

The research suggests WSN’s are made out of
heterogeneous WSN (i.e., heterogeneous WSNSs).
Similarly, a likewise protocol which joins different
devices of 10T, such as RFID is consider along with its
capabilities of energy harvesting. A novel REECHD
(Rotating Energy-Efficient Clustering for Heterogeneous
Devices) is considered that ensure proficient protocol for
novel clustering for heterogeneous WSNs [63].
REECHD is contrasted with physical world simulation
techniques for clustering different level of information.

V. RESEARCH GAPS AND SUMMARY

Routing strategies in WSNs need to manage diverse
difficulties and configuration issues. Regardless of
headway in field of data innovation, constrained battery
power, transmission capacity impediment, inadequate
processing power and restricted memory are a few
confinements confronted by systems having wireless
sensors. Because of these reasons, routing conventions
ought to be profoundly versatile and more mindful about
resources. A portion of the difficulties confronted by
routing convention are:

Clustering for

A. Random or pre-decided node organization

The plan of directing conventions dare is to deal with the
association of the sensors. Numerous conventions
accept the fact that sensors are either issued with GPS
collectors or utilize few restriction strategy to get some
answers concerning their sectors.

B. Trade-off between utilization of energy and precision
of information gathered

After all sensor nodes are battery controlled in order that
they have constrained strength limit. The sensor will
wind up noticeably defective and couldn't be equipped
for work properly while sensor energy could achieve a
specific edge, so it will primly affect the overall system
working. In this manner, directing conventions focuses
for sensors must be as energy effective for meeting an
suitable protract of their lifetime, and therefore expand
the cluster lifetime as well as ensure suitable
performance.
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C. Fault Tolerance control for failure of node in the
system

Sensor nodes are endured to disappointments because
of brutal organization situations and unattended
operations. So the sensor nodes must be blame
tolerant. Sensors have the talents of self-adjusting, self-
looking at, self-repairing and self-showing signs of
improvement.

D. Routing strategy should be sufficiently scalable to
have the capacity to work with substantial systems

Routing conventions must be equipped for scale with
the system length. The sensors won't generally have the

equivalent capacities in expressions of handling,
detecting, power and uniquely communication.
Therefore, the correspondence connect between

sensors may not be aligned to have correspondence in
both headings. The steering conventions ought to be
watch these things.

E. The convention utilized should maintain information
accumulation to decrease the information that is
repetitive

The sensor nodes might be additionally create great
unnecessary facts and comparable packets from a
couple of nodes might be sum total to diminish the
variety of transmissions. To procure energy execution
and information transfer optimization in a number of
directing conventions the information aggregation
technique has been utilized.

F. Routing based communication

In order to foster the WSN system lifetime, frequent
recharging of nodes is impractical based on the results
of cost. However, in a few applications, continuous
charging can be option, but still it is not an optimal
solution [64]. However, routing include recovery of the
paths to transmit message from source node to
destination node. Moreover, it can be conveyed that
with no course coordinating in table era routing is
significantly innovative technique. Be that as it may, in
the receptive routing strategies, the courses are
subjected to calculation. What's more, the positive of
both the routing techniques are connected in the
densely deployed systems to eliminate from substantial
memory usage of the routing tables. Nonetheless, with
the help of clustering technique, memory usage can be
optimized.

VL. CONCLUSION AND FUTURE SCOPE

Because of their adaptability and proficient
characteristics in WSNs, routing protocols plays an
imperative function in the operation of energy efficiency.
Consequently, such research areas are promising.
Myriad routing protocols guarantee energy efficiency to
extend the network, based on network design and
application area. This research gives a brief review of
cluster based routing protocols. Routing protocols which
are cluster based, separate the network into numerous
clusters. Nodes that serve as cluster heads have high
energy level in comparison to the normal nodes as they
carry out data processing and data aggregation. In order
to keep the energy consumption and latency at the
minimum level, various cluster formation, cluster head
election and data communications are designed.
However, there are some undisputed areas along the
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technology of wireless sensors such as security of
devices, energy requirements as well as complex
features of multi-objective routing.

REFERENCES

[1]. Akyildiz, I. F., Su, W., Sankarasubramaniam, Y., &
Cayirci, E. (2002). Wireless sensor networks: a survey.
Computer networks, 38(4), 393-422.

[2]. Al-Karaki, J. N., & Kamal, A. E. (2004). Routing
techniques in wireless sensor networks: a survey. I[EEE
wireless communications, 11(6), 6-28.

[3]. Yick, J., Mukherjee, B., & Ghosal, D. (2008). Wireless
sensor network survey. Computer networks, 52(12), 2292-
2330.

[4]. Keerthana, S., & Pamila, J. M. J. (2015). A survey on
fault node detection and recovery mechanisms in wireless
sensor network. In 2015 International Conference on
Advanced Computing and Communication Systems (pp. 1-
5). IEEE.

[5]. Oh, H., Bahn, H., & Chae, K. J. (2005). An energy-
efficient sensor routing scheme for home automation
networks. IEEE Transactions on Consumer Electronics,
51(3), 836-839.

[6]. Oh, H., & Chae, K. (2007). An energy-efficient sensor
routing with low latency, scalability in wireless sensor
networks. In 2007 International Conference on Multimedia
and Ubiquitous Engineering (MUE'07) (pp. 147-152). IEEE.

[7]. Bazan, O., & Jaseemuddin, M. (2011). A conflict
analysis framework for QoS-aware routing in contention-
based wireless mesh networks with beamforming antennas.
IEEE Transactions on Wireless Communications, 10(10),
3267-3277.

[8]. Sarkar, A., & Murugan, T. S. (2016). Routing protocols
for wireless sensor networks: What the literature says?.
Alexandria Engineering Journal, 55(4), 3173-3183.

[9]. Gupta, K., & Sikka, V. (2015). Design issues and
challenges in wireless sensor networks. International
Journal of Computer Applications, 112(4), 26-32.

[10]. Wang, Y., Attebury, G., & Ramamurthy, B. (2006). A
survey of security issues in wireless sensor networks 1-23.

[11]. Patel, D. K., Patel, M. P., & Patel, K. S. (2011).
Scalability analysis in wireless sensor network with LEACH
routing protocol. In 2011 International Conference on
Computer and Management (CAMAN) (pp. 1-6). IEEE.

[12]. Anasuya, M., & Jadagerimath, N., (2014). Battery
Capacity Management in Wireless Sensor Network
Rechargeable Sensor Nodes. International Journal of
Engineering and Computer Science, 3(9), 8129-8135.

[13]. Khan, A., Ali, I, Ghani, A., Khan, N., Alsager, M.,
Rahman, A.; & Mahmood, H. (2018). Routing protocols for
underwater wireless sensor networks: Taxonomy, research
challenges, routing strategies and future directions.
Sensors, 18(5), 1-30.

[14]. Yessad, N., Omar, M., Tari, A., & Bouabdallah, A.
(2018). QoS-based routing in Wireless Body Area
Networks: A survey and taxonomy. Computing, 100(3),
245-275.

[15]. Shirazi, F., Simeonovski, M., Asghar, M. R., Backes,
M., & Diaz, C. (2018). A survey on routing in anonymous
communication protocols. ACM Computing Surveys
(CSUR), 51(3), 1-39.

[16]. Srivastava, S., Singh, M., & Gupta, S. (2018, October).
Wireless Sensor Network: A Survey. In 2018 International
Conference on Automation and Computational Engineering
(ICACE) (pp. 159-163). IEEE.

[17]. Faheem, M., & Gungor, V. C. (2018). Energy efficient
and QoS-aware routing protocol for wireless sensor
network-based smart grid applications in the context of
industry 4.0. Applied Soft Computing, 68, 910-922.

Singh et al.,

[18]. Kumar, U., & Gambhir, S. (2018). MABFWA: Mobile
Agent Based Framework for Wireless Authentication. In
2018 8th International Conference on Cloud Computing,
Data Science & Engineering (Confluence) (pp. 219-224).
IEEE.

[19]. Jiang, H., Wang, H., Zheng, Z., & Xu, Q. (2019).
Privacy preserved wireless sensor location protocols based
on mobile edge computing. Computers & Security, 84, 393-
401.

[20]. Habibi, J., Ghrayeb, A., & Aghdam, A. G. (2013).
Energy-efficient cooperative routing in wireless sensor
networks: A mixed-integer optimization framework and
explicit solution. |IEEE Transactions on Communications,
61(8), 3424-3437.

[21]. Yan, J., Zhou, M., & Ding, Z. (2016). Recent advances
in energy-efficient routing protocols for wireless sensor
networks: A review. IEEE Access, 4, 5673-5686.

[22]. Heinzelman, W. B., Chandrakasan, A. P., &
Balakrishnan, H. (2002). An application-specific protocol
architecture for wireless microsensor networks. [EEE
Transactions on wireless communications, 1(4), 660-670.
[23]. Guha, R. K., Gunter, C. A., & Sarkar, S. (2006). Fair
coalitions for power-aware routing in wireless networks.
IEEE transactions on mobile computing, 6(2), 206-220.

[24]. Baek, S. J., & de Veciana, G. (2007). Spatial energy
balancing through proactive multipath routing in wireless
multihop networks. IEEE/ACM Transactions on Networking
(TON), 15(1), 93-104.

[25]. Lin, L., Shroff, N. B., & Srikant, R. (2007).
Asymptotically optimal energy-aware routing for multihop

wireless networks with renewable energy sources.
IEEE/ACM Transactions on Networking (TON), 15(5),
1021-1034.

[26]. Kim, S. J., Wang, X., & Madihian, M. (2007).

Distributed joint routing and medium access control for
lifetime maximization of wireless sensor networks. |[EEE
transactions on wireless communications, 6(7), 2669-2677.
[27]. Luo, H., & Pottie, G. J. (2007). Designing routes for
source coding with explicit side information in sensor
networks. |IEEE/ACM Transactions on Networking (TON),
15(6), 1401-1413.

[28]. Wang, H., Peng, D., Wang, W., Sharif, H., & Chen, H.
H. (2008). Cross-layer routing optimization in multirate
wireless sensor networks for distributed source coding
based applications. [IEEE Transactions on Wireless
Communications, 7(10), 3999-4009.

[29]. Phan, K. T., Jiang, H., Tellambura, C., Vorobyov, S.
A., & Fan, R. (2008). Joint medium access control, routing
and energy distribution in multi-hop wireless networks.
IEEE Transactions on Wireless Communications, 7(12),
5244-5249.

[30]. Yang, Y., Blum, R. S., & Sadler, B. M. (2009). Energy-
efficient routing for signal detection in wireless sensor
networks. |IEEE Transactions on Signal Processing, 57(6),
2050-2063.

[31]. Chamam, A., & Pierre, S. (2009). On the planning of
wireless sensor networks: Energy-efficient clustering under
the joint routing and coverage constraint. [EEE
Transactions on Mobile Computing, 8(8), 1077-1086.

[32]. Luo, J., & Hubaux, J. P. (2010). Joint sink mobility and
routing to maximize the lifetime of wireless sensor
networks: the case of constrained mobility. /[EEE/ACM
Transactions on Networking (TON), 18(3), 871-884.

[33]. Valentini, G., Abbas, C. J. B., Villalba, L. G., &
Astorga, L. (2010). Dynamic multi-objective routing
algorithm: a multi-objective routing algorithm for the simple
hybrid routing protocol on wireless sensor networks. IET
communications, 4(14), 1732-1741.

International Journal on Emerging Technologies 11(1): 43-53(2020) 52



[34]. Li, C., Zou, J., Xiong, H., & Chen, C. W. (2011). Joint
coding/routing optimization for distributed video sources in
Circuits and Systems for Video Technology, 21(2), 141-
155.

[35]. Al-Hamadi, H., & Chen, R. (2013). Redundancy
management of multipath routing for intrusion tolerance in
heterogeneous  wireless  sensor  networks. IEEE
Transactions on Network and Service Management, 10(2),
189-203.

[36]. Long, J., Dong, M., Ota, K., & Liu, A. (2014). Achieving
source location privacy and network lifetime maximization
through tree-based diversionary routing in wireless sensor
networks. IEEE Access, 2, 633-651.

[387]. Chen, S., Sinha, P., Shroff, N. B., & Joo, C. (2013). A
simple asymptotically optimal joint energy allocation and
routing scheme in rechargeable sensor networks.
IEEE/ACM Transactions on Networking, 22(4), 1325-1336.
[38]. Gong, P., Chen, T. M., & Xu, Q. (2015). ETARP: An
energy efficient trust-aware routing protocol for wireless
sensor networks. Journal of Sensors, 1-10.

[39]. Ghaderi, M., Goeckel, D., Orda, A., & Dehghan, M.
(2014). Minimum energy routing and jamming to thwart
wireless network eavesdroppers. IEEE Transactions on
Mobile Computing, 14(7), 1433-1448.

[40]. Gupta, H. P., Rao, S. V., Yadav, A. K., & Dutta, T.
(2014). Geographic routing in clustered wireless sensor
networks among obstacles. IEEE sensors Journal, 15(5),
2984-2992.

[41]. Zhang, X., Wang, S., Zhao, Y., Xu, S., Wang, X., Gao,
X., & Qiao, C. (2015). Multiobjective optimization for green
network routing in game theoretical perspective. IEEE
Journal on Selected Areas in Communications, 33(12),
2801-2814.

[42]. Luo, J., Hu, J., Wu, D., & Li, R. (2014). Opportunistic
routing algorithm for relay node selection in wireless sensor
networks. IEEE Transactions on Industrial Informatics,
11(1), 112-121.

[43]. Tang, D., Li, T., Ren, J., & Wu, J. (2014). Cost-aware
secure routing (CASER) protocol design for wireless sensor
networks. I[EEE Transactions on Parallel and Distributed
Systems, 26(4), 960-973.

[44]. Gupta, S., & Bose, R. (2015). Energy-efficient joint
routing and power allocation optimisation in bit error rate
constrained multihop wireless networks. IET
Communications, 9(9), 1174-1181.

[45]. Rahat, A. A., Everson, R. M., & Fieldsend, J. E.
(2015). Hybrid evolutionary approaches to maximum
lifetime routing and energy efficiency in sensor mesh
networks. Evolutionary computation, 23(3), 481-507.

[46]. Maddali, B. K. (2015). Core network supported
multicast routing protocol for wireless sensor networks. IET
Wireless Sensor Systems, 5(4), 175-182.

[47]. Alanis, D., Botsinis, P., Babar, Z., Ng, S. X., & Hanzo,
L. (2015). Non-dominated quantum iterative routing
optimization for wireless multihop networks. I[EEE Access,
3,1704-1728.

[48]. Sangulagi, P., Patne, S., & Sutagundar, A. V. (2015).
A New Approach for Energy Efficient Routing and
Aggregation in Wireless Sensor Network. International
Journal on Emerging Technologies, 6(2), 320-326.

[49]. Brar, G. S., Rani, S., Chopra, V., Malhotra, R., Song,
H., & Ahmed, S. H. (2016). Energy efficient direction-based

wireless visual sensor networks. IEEE Transactions on

PDORP routing protocol for WSN. IEEE access, 4, 3182-
3194.

[50]. Mehta, K. & Pal, R. (2017). Energy Efficient Routing
Protocols for Wireless Sensor Networks: A Survey.
International Journal of Computer Applications, 975, 41-46.
[51]. Cheng, L., Niu, J., Luo, C., Shu, L., Kong, L., Zhao, Z.,
& Gu, Y. (2018). Towards minimum-delay and energy-
efficient flooding in low-duty-cycle wireless sensor
networks. Computer Networks, 134, 66-77.

[52]. Ali, A., Ming, Y., Si, T., Iram, S., & Chakraborty, S.
(2018). Enhancement of RWSN lifetime via firework
clustering algorithm validated by ann. Information, 9(3), 1-

[53]. Xi, Z., Kan, X., Cao, L., Liu, H., Manogaran, G.,
Mastorakis, G., & Mavromoustakis, C. X. (2019). Research
on Underwater Wireless Sensor Network and MAC Protocol
and Location Algorithm. |[EEE Access, 7, 56606-56616.
[54]. Kumar, D. P., Amgoth, T., & Annavarapu, C. S. R.
(2019). Machine learning algorithms for wireless sensor
networks: A survey. Information Fusion, 49, 1-25.

[55]. Younis, O., & Fahmy, S. (2004, March). Distributed
clustering in ad-hoc sensor networks: A hybrid, energy-
efficient approach. In [EEE INFOCOM, 1, 629-640. IEEE.
[56]. Khamforoosh, K., & Khamforoush, H. (2009). A new
routing algorithm for energy reduction in wireless sensor
networks. In 2009 2nd IEEE International Conference on
Computer Science and Information Technology (pp. 505-
509). IEEE.

[57]. Qing, L., Zhu, Q., & Wang, M. (2006). Design of a
distributed  energy-efficient clustering algorithm  for
heterogeneous wireless sensor networks. Computer
communications, 29(12), 2230-2237.

[58]. Angel, K. J. C., & Raj, E. G. D. P. (2018). A Strategic
Review of Energy Efficient Clustering Algorithms in Mobile
Wireless Sensor Networks, 138-145.

[59]. Singh, S. P., & Sharma, S. C. (2018). A PSO based
improved localization algorithm for wireless sensor network.
Wireless Personal Communications, 98(1), 487-503.

[60]. Pradhan, N., Sharma, K., Singh, V. K., & Tamang, N.
D. (2018). Teecs: A time-based energy efficient clustering
scheme in wireless sensor networks. In Advances in
Electronics, Communication and Computing (pp. 263-272).
Springer, Singapore.

[61]. Gupta, V., & Doja, M. N. (2018). H-leach: Modified and
efficient leach protocol for hybrid clustering scenario in
wireless sensor networks. In Next-generation networks (pp.
399-408). Springer, Singapore.

[62]. Mirzaie, M., & Mazinani, S. M. (2018). MCFL: An
energy efficient multi-clustering algorithm using fuzzy logic
in wireless sensor network. Wireless Networks, 24(6),
2251-2266.

[63]. Cacciagrano, D., Culmone, R., Micheletti, M., &
Mostarda, L. (2019). Energy-efficient clustering for wireless
sensor devices in internet of things. In Performability in
Internet of Things (pp. 59-80). Springer, Cham.

[64]. Niharika, Yadav, H., & Agrawal, C. (2019). A Review
of Enhancing Energy Efficiency of Wireless Sensor
Network. International Journal of Electrical, Electronics and
Computer Engineering, 46-49.

How to cite this article: Singh, Harmeet, Bala, Manju and Bamber, Sukhvinder S. (2020). Taxonomy of Routing
Protocols in Wireless Sensor Networks: A Survey. International Journal on Emerging Technologies, 11(1): 43-53.

Singh et al.,

International Journal on Emerging Technologies 11(1): 43-53(2020) 53




