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Abstract. This article discusses energy-efficient routing approaches in wireless sensor
networks (WSNs). This follows characterization and exploration with another proposed
scientific classification recognizing certain classes of protocols as specific: delay-based
routing and power efficiency, next-hop selection, network architecture, link initiators,
network topology, protocol operation, delivery. mode, installation path, and application
type. We analyze these classes, discuss representative routing protocols (mechanisms,
advantages, disadvantages..) and compare them based on various parameters within the
respective class.
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1. Introduction

A remote sensor organization (WSN) is a remote organization without a foundation that conveys
an enormous number of remote sensors used to screen the physical or ecological circumstances
in a framework. WSN utilizes sensor hubs with installed processors that oversee and control the
climate in a particular region. They are associated with a base station which goes about as a
processor in the WSN framework. In a WSN framework, a base station interfaces by means of
the Internet to trade information. There are different sorts of remote organizations like portable
impromptu organizations (MANET) and remote sensor organizations (WSN). In these
organizations, there is no foundation where the organization is an assortment of a few remote
bounce hubs speaking with different hubs without a unified manager. MANET and portable
sensor networks give self-coordinated correspondence [1], and each node directly or indirectly
communicates with other nodes through intermediate nodes. In this regard, several points must
be considered, such as multi-hop routing, resource availability, and topology changes.
Therefore, a routing protocol in a mobile network must meet all of these requirements to meet
the high-performance requirements required for efficient data transmission. There are two main
approaches to routing protocols: proactive and reactive protocols. Inactive protocols, mobile
nodes must supplement their routing tables by exchanging network topology information
between nodes. Proactive routing is also recognized by table-based routing because it manages
routes to the final destination whether or not those routes are required [3]. So when a destination
needs routing, the path information is immediately available. In this active limit, sending data
will consume a clear amount of power, and updating information will be sent unnecessarily if
there is no data transfer. Accordingly, the mobile nodes have insufficient power and their service
life is reduced. On the other hand, with a reactive or on-demand routing approach, it has less
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routing overhead since there is no need for route management when there is no data transfer. In
this case, routing data is reduced, which in turn reduces traffic problems and costs.

There are some list of wireless sensor networks characteristics:
a) Dynamic network topology

b) Lack of power.
c) There is no global identity.
d) Heterogeneous nodes.

e) Nodes are perturbed.

A remote sensor network is an organization comprising of a little, complex, and countless
sensors and something like one base station or timing hub. The most troublesome issue in remote
sensor networks is the restricted battery limit of the sensor hubs utilized in the organization. To
expand the energy of the sensor hubs, the energy is ideally conveyed in the organization of
remote sensors. In this manner, the way to expanding the existence of the organization is to
create effective and energy-saving conventions. Directing conventions might be founded on the
organization foundation or convention activity. This article gives an instructional exercise on
existing steering conventions in remote sensor organizations. Complex issues for WSNs are
power utilization and organization lifetime. In the areas underneath, we present the different
existing steering conventions alongside their benefits and weaknesses.

2. Literature Reviews

Jianhua Huang et al. [5] noticed that because of the restricted power utilization of sensor
hubs in remote sensor organizations (WSNSs), it is vital to foster energy-effective directing
conventions for WSNSs. Notwithstanding, most current directing conventions neglect to
appropriately adjust the power utilization of hubs, which can prompt issues with passages
and abbreviate the existence of the organization. This paper proposes a power-productive
multi-jump dissipate ring area directing convention (UASGRP). The proposed convention
utilizes a grouping approach of a lattice of inconsistent ring areas in which a base station
(BS) is taken as the middle and partitions the organization region into frameworks of
inconsistent ring areas to adjust the power utilization of the hubs. Group Header Nodes (CH)
and Link Control Nodes (CM) are associated with lay out a course for information
transmission to diminish the heap on the CH. What's more, a multi-bounce hand-off
instrument is utilized to help network versatility. The closest between layer directing
calculation is intended to make a transmission way with numerous bounces. The hypothetical
examination demonstrates that this calculation can really decrease the power utilization of
the hand-off transmission. The recreation results show that contrasted with other
organization based bunch plots, the UASGRP organization can more readily adjust power
utilization and has more prominent adaptability for organizations of various sizes.

Zahra Khajipour et al. [6] recommended that remote sensor organizations (WSNSs) comprise
of sensor hubs that can distinguish, process different kinds of information, and afterward
send them to a base station. The principle job of sensor hubs is to gather information at
ordinary spans and afterward send it to the base station. Probably the greatest test is the



advancement of low-power steering conventions in WSN. This article proposes an Energy
Efficient Layered Routing Protocol (EELRP). The proposed strategy isolates the
organization into a few concentric circles of various radii. The circles are separated into eight
equivalent regions. Areas are made by crossing points among layers and districts. Each
segment comprises of a few hubs, and the most appropriate of them is chosen as a specialist.
The hubs in each segment send sensor information to their representatives. The specialist
then, at that point, gathers the information, performs blunder identification and remedy as
indicated by the equilibrium's repetitive number framework, and afterward sends the data to
the specialist at the lower part of a similar field. The interaction go on until the data arrives
at the base station. Assuming you contrast the presentation of EELRP and conventional
strategies, you will see that EELRP offers upgrades in network life expectancy, power
utilization, bundle conveyance rate, and number of ways.

Gia Yanfei etal. [7] recommended that in heterogeneous remote sensor organizations, sensor
hubs are arbitrarily circulated in certain locales. In certain applications, they might be
haphazardly dispersed across various locales. Furthermore, hubs of a similar kind have
practically a similar likelihood of being chosen as the head bunch. The bunch head will
consume a ton of ability to get and send information contrasted with different hubs. In the
event that hubs with low lingering energy are picked as the top of the group, this will
influence the productivity because of the early passing of the organization. A better energy -
effective steering convention for heterogeneous remote sensor networks is proposed. In the
first place, it is expected that hubs of various kinds are dispersed in various areas. Second,
by working on the edge, hubs with higher remaining energy are bound to become bunch
heads. At long last, it is an all encompassing strategy for information move. Supernode and
broadened hub group heads send information straightforwardly to the base station. The
common hub utilizes blended techniques in with single and numerous bounces to move
information. This can decrease the correspondence energy from the group head to the base
station. Recreation results show that this calculation gives a more extended lifetime to
remote sensor networks than static political race convention and limit delicate static political
decision convention calculations.

K.Yu. Jung et al. [8] recommended that sensor hubs have restricted power utilization, making
energy-productive directing vital for remote sensor organizations (WSNs). In this article, we
propose a steering plan that enormously works on the exhibition of existing plans like Leach
and IEACH-C. The proposed conspire doesn't arbitrarily choose a group vertex however
considers the excess energy when the energy level falls underneath half of the underlying
energy. For every hub, the associated bunch head is resolved by the sign strength as well as
by the lingering energy of the group head. Also, information move happens when the setting
fulfills the predefined condition. NS-2 recreations show that the proposed plot outflanks
LEACH and LEACH-C by 37% and 30% as far as sensor network lifetime.

Tian He, Sudha Krishnamurti et al. [9] The development of an integrated sensor system for
observation missions is one of the important activities of the network of sensor systems. The
focus of this effort is on obtaining and confirming data on enemy capabilities and the location
of dangerous targets. Such missions often pose a high level of threat to human intelligence
and require a high level of intelligence. As a result, the possibility of conducting unmanned
reconnaissance missions using remote sensor systems is of exceptional practical importance
for the military.



Jay Kumar Jain et al. [10] Threshold Time Slot Scheduling (T-TDMA) and Energy Efficient
and Secure Routing Algorithm (ESRA) developed in the 1oT -WSN environment. A TDMA
system was set up during the planning process to allocate time slots for each SN. ESRA is
designed using a set of "3" methods: (1) Power-Aware Path Detection using Mamdanis Type 2
Fuzzy Logic (2) Path Reliability Detection with Packet Loss Ratio - Throughput. In addition,
the path is reliability-oriented using delay ( 3) routing changes. The old route is replaced when
Sn moves from one location to another, and the new route is found using Sn's current location.
However, for the routing method, this method is very time-consuming.

Zaman et al. [11] proposed that remote sensor organizations (WSN) are described as an
extremely restricted class of organizations, where power utilization is one of the principle issues.
In this review, a cross-layer plan strategy was applied to foster a power-proficient directing
convention called Location-Aware Routing Protocol (PRRP). PRRP is intended to diminish
power utilization at every hub by (1) lessening how much time a sensor hub spends in a
uninvolved listening state and (2) decreasing the normal correspondence distance across the
organization. The presentation of the proposed PRRP was basically assessed as far as
organization lifetime, network transmission capacity, and power utilization on an individual and
per information parcel premise. The consequences of the review were broke down and
contrasted and the notable LEACH and CELRP conventions. The outcomes show a critical
improvement in WSN as far as energy productivity and by and large WSN execution.

Jay Kumar Jain et al. [12] proposed a two-layer WSN design for bunching based dynamic
directing and inclusion hole recognition and recuperation. The proposed work comprises of four
phases group development, bunch head (CH) choice, inclusion break discovery, recuperation,
and directing. Bunches are made utilizing the K-implies calculation. CH is chosen in view of
fixed weight (DW). This DW is determined in view of the leftover energy, the group, and the
separation from the base station to the middle. CH is chosen by weight. The creators carry out
the proposed approach for rural applications in WSN utilizing loT. At last, we investigate the
presentation of our proposed approach as far as power utilization, network lifetime, number of
dynamic hubs, and parcel conveyance rate. Under the proposed approach and the creator's
condition of calculations for recognizing holes in the inclusion of a heterogeneous organization,
recuperation, and rebuilding, the technique we propose gives more exact outcomes. The
proposed approach diminishes power utilization, expands the existence of the organization,
builds the quantity of enduring hubs, and speeds up parcel conveyance.

3 Routing Protocol Design Challenges

Initially, WSNs were primarily used by the military for battlefield surveillance. Since then, civil
applications of wireless sensor networks have been considered, such as the environment,
healthcare, manufacturing, smart homes, etc. To satisfy this diversification, the following
critical sensor network design issues must be considered[15]:

¢ Resiliency: Resiliency is the ability to maintain the functionality of a sensor network
without interruption due to sensor node failures.

e Scalability: Routing protocols must be scalable enough to respond to developments
such as the massive growth of sensor nodes in the environmental sector.



e  Operating Environment: Sensor nodes can be deployed in any environment.
e  Power Consumption: Sensor nodes have limited battery life.

e Data distribution model: The data distribution model determines when the data
collected by a node should be distributed.

o Data aggregation: data from shared nodes must be aggregated and transferred to the
head of the cluster.

e Quality of Service: Quality of Service refers to the quality of service required by the
application.

o Network Dynamics: Sensor nodes are further mobile and therefore sensor network is
not static.

4 Network Design Objectives

Most sensor networks are application-explicit and have different application necessities. Along
these lines, all or part of the accompanying primary plan destinations is considered in the plan
of sensor networks [16]:

Little hub size: Since sensor center points are typically conveyed in an unforgiving or
compromising environment all at once, reducing center size can work with center sending. It
will moreover reduce the power usage and cost of sensor center points.

Low hub cost: Since sensor centers are regularly conveyed in an unforgiving or compromising
environment all at once and can't be reused, lessening the cost of sensor center points is huge
and will achieve the cost diminishing of the whole association.

Low Power Utilization: Since sensor center points are filled by the battery and it isn't unforeseen
certainly testing or even challenging to charge or recharge their batteries, it is critical to diminish
the power usage of sensor centers so the lifetime of the sensor center points, as well as the whole
association, is long.

Versatility: Since the quantity of sensor hubs in sensor networks is in the request for tens,
hundreds, or thousands, network conventions intended for sensor organizations ought to be
adaptable to various organization sizes. Dependability: Network conventions intended for
sensor networks should give blunder control and revision instruments to guarantee solid
information conveyance over uproarious, mistake inclined, and time-changing remote channels.

Self-configurability: In sensor organizations, once sent, sensor hubs ought to have the option to
independently put together themselves into a correspondence organization and reconfigure their
availability in case of geography changes and hub disappointments.

Versatility: In sensor organizations, a hub might come up short, join, or move, which would
bring about changes in hub thickness and organization geography. Consequently, network
conventions intended for sensor organizations ought to be versatile to such thickness and
geography changes.

Channel use: Since sensor networks have restricted transfer speed assets, correspondence



conventions intended for sensor organizations ought to productively utilize the transmission
capacity to further develop channel usage.

Adaptation to non-critical failure: Sensor hubs are inclined to disappointments because of brutal
sending conditions and unattended tasks. Subsequently, sensor hubs ought to be shortcoming
open minded and have the capacities of self-testing, self-adjusting, self-fixing, and self-
recuperating.

Security: A sensor organization ought to acquaint compelling security systems with forestall the
information data in the organization or a sensor hub from unapproved access or malevolent
assaults.

5 Network Design Challenges and Routing Issues

The plan of steering conventions for WSNs is testing a direct result of a few organization
imperatives. WSNs experience the ill effects of the limits of a few organization assets, for
instance, energy, data transfer capacity, focal handling unit, and capacity. The plan difficulties
in sensor networks include the accompanying primary angles [2]:

Restricted energy limit: Since sensor hubs are battery-fueled, they have restricted energy limit.
Energy represents a major test for network architects in antagonistic conditions, for instance, a
war zone, where it is difficult to get to the sensors and re-energize their batteries. Besides, when
the energy of a sensor arrives at a specific edge, the sensor can become broken and won't work
as expected, which will significantly affect the organization execution. In this way, steering
conventions intended for sensors ought to be as energy-effective as conceivable to expand their
lifetime, and thus draw out the organization lifetime while ensuring great execution overall[17].

Sensor Areas: Another test that faces the arrangement of directing shows is to manage the region
of the sensors. By far most of the proposed shows expect that the sensors either are outfitted
with overall arranging structure (GPS) gatherers or use some impediment technique [3] to
discover concerning their regions.

Network qualities and deceitful environment: A sensor network generally works in a dynamic
and conflicting environment. The geology of an association, which is described by the sensors
and the correspondence joins between the sensors, changes constantly due to sensor
development, deletion, center point dissatisfactions, damages, or energy fatigue. Also, the
sensor center points are associated by a distant medium, which is riotous, botch slanted, and
time-evolving. Along these lines, coordinating ways should consider network topography
components in light of confined energy and sensor transportability as well as extending the size
of the association to stay aware of express application necessities to the extent that consideration
and accessibility [20].

6 Energy Efficient Routing in Wireless Sensor Networks

The area of advancement of WSN directing calculations is very huge, and we can characterize
WSN steering calculations in more than one way. As a general rule, directing in WSN can be
partitioned into level steering, order based steering, and area based directing, contingent upon
the organization structure. The main classification is level based or information arranged
steering conventions. In a WSN, hub arranged correspondence is generally not the normal kind



of correspondence. Thus, the directing conventions created for WSNs are more information
driven or geo-driven. With information driven directing, synchronization sends solicitations to
explicit regions and sits tight for information from sensors situated in the chose regions. Since
information is questioned through inquiries, characteristic based naming is important to
determine the properties of the information. Here, information is normally sent from every
sensor hub inside the organization region with huge overt repetitiveness. The subsequent sort is
the progressive or grouped steering conventions proposed in a remote organization. The
progressive directing convention is a characteristic way to deal with heterogeneous
organizations where a few hubs are more remarkable than different hubs, for example high
power hubs can be utilized to process and send data, and low power hubs can be utilized to
process and communicate data. , Hubs can be utilized to decide the closeness of targets. The
order doesn't constantly rely upon the force of the hubs. In these conventions, individual hubs
are gathered to frame a bunch, and information can be joined (amassed) from hubs having a
place with a similar group. Bunching conventions enjoy many benefits like versatility, energy
proficiency in course disclosure, and simplicity of management[18].

The third class is area based steering conventions. In this strategy, the hubs know where they
are in the geographic region. approaching sign

The power can appraise the distance between adjoining hubs. The overall directions of adjoining
hubs can be acquired by trading such data between neighbors. An option in contrast to this is
that assuming the hubs are furnished with a little, low-power GPS recipient, the hubs' area can
be straightforwardly gotten to by speaking with a satellite utilizing the worldwide situating
framework (GPS). Some area based plans expect hubs to be made it lights-out time in the event
that there is no movement to save power. The more noteworthy the quantity of resting hubs, the
more energy is put away in the organization. Hence, they are utilized to improve steering
execution and give new sorts of services[19].
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Figs. 1. Classification of wireless sessions and network protocols

1. Flat Routing Approach
This category of routing protocols defines a specific network topology where sensors are treated
in the same way and perform similar functions. The flat network model is used with a very large
number of sensors, which does not allow the use of a global detection system. In the case of
data-oriented routing, flat routing protocols use a mechanism based on naming and describing
the data in question. In addition, the data-oriented routing protocols presented earlier in this
review, such as ACQUIRE, are flat-based.



2. Hierarchy Based Routing Approach

Hierarchical schemes define a specially structured topology. They divide sensor nodes into
multiple clusters called clusters, with a specially selected node in each group called a cluster
head (CH). These CHs coordinate and communicate directly with each other or with BSs, as
shown in Figure 3. Hierarchical routing protocols use several strategies to select CHs, such as
the node with the highest energy or the maximum number of neighbors a cluster can have.
Hierarchical routing, chosen as CH, is a power-efficient method to maximize network lifetime
and network scalability through a hierarchical structure. These protocols can be divided into a
block, grid, and cluster protocols on the chain.

3. Location-Based Routing Approach
Location-aware GPS uses the received location information or received radio signal strength
from a signal as a forward matrix when forwarding requests to that particular area and
transmitting data to the destination to reduce transmission. This family of protocols includes:

Minimum Hop Routing Protocol

Min-hop is designed as a location-based power routing protocol. It forwards packets with
minimal power consumption based on two phases: initialization phase and routing phase.
During the initialization phase, min-hop builds a routing table to be able to construct the optimal
path to the destination, which is the shortest path used to forward packets to the destination
during the routing phase. By using a shorter path, this protocol increases power consumption,
but the nodes that make up this path will be overused and die quickly, causing various problems
such as isolated regions [13].

Path Energy Weight (PEW)

PEW is designed as a location-based protocol. It uses a global visualization engine to globally
display energy levels in the network [14]. In this protocol, forwarding routes are chosen
according to the distribution of energy across the paths, and routes with balanced energy levels
will be promoted to avoid energy holes and increase network lifetime.

7 Comparative Study of WSN routing protocol

We took four remote sensor network steering conventions from various classifications:

7.1 Bloodsucker: Low Power Versatile Grouping Progressive system

LEACHTI1] is an independent versatile bunching convention that utilizes randomization to
equally disseminate energy loads among sensors in an organization. The hubs are coordinated
into nearby bunches, with one hub going about as the neighborhood base station or group head.
Irregular turn of the place of the great energy bunch head while pivoting between various
sensors, so as not to deplete the battery of one sensor. When the group head hub has gotten every
one of the information from its bunch hubs, the bunch head hub totals the information and
afterward sends the compacted information to the base station. Since this packs how much
information sent from the bunch to the base station, power dispersal is diminished and
consequently the existence of the framework is expanded.

7.2 HUMS: Semi-quadrant development system



This technique involves a development system where the synchronizer visits every sensor hub
to gather tactile information [2]. Versatile sync settles on choices in a hurry in view of Murmurs.
The recipient moves to the hubs with the most elevated remaining energy and starts gathering
information. The communication of the hub and synchronization incorporates three phases. In
the initial step, synchronization sends state data to the hubs, and afterward the hubs send their
separate information to the recipient. In the subsequent advance, it sends through numerous
jumps, and in the last advance, the sync changes to another state in view of the calculation, and
new announcing starts. While utilizing Murmurs, synchronization should be possible
consequently, adjusting to multi-hub organizations. Along these lines, energy dissemination is
controlled and the help life of the framework is significantly expanded. Yet, this convention
must be carried out for occasion driven applications.

7.3 Medium Energy-Based Steering Convention for Versatile Synchronization

This convention [3] is an energy-productive bunch component. It was intended to further
develop energy productivity by lessening the quantity of correspondences. It utilizes a
synchronization routine booking plan in which it haphazardly chooses a bunch head whose
leftover energy surpasses a limit. This convention involves Hi bundles as a sign of the group
visited by portable sync and information parcels, where the bunch head gathers the data and
communicates it to the beneficiary. Since this follows the lining system, versatile sync can not
promptly leap to the top of the group, which is required when hubs pass on.

7.4 Cluster approach in view of centrality

This adopts into account the group strategy in light of centrality [4], where the versatile base
station is utilized to lessen the power utilization of the bunch heads. In this methodology, a hub
equidistant from any remaining hubs in the group is picked as the top of the bunch. As indicated
by the proposed calculation, the base station moves to a particular bunch head and each round
limits the power utilization of the Album. The choice on which basic Album ought to be moved
to is made by the fluffy framework at the base station. Fluffy rationale choices depend on three
boundaries:

Table 1. Comparison of Routing Protocols in WSN.

Routing protocols LEACH HUMS AERP CBCA
Classification Hierarchical | Hierarchical Hierarchical Hierarchical
Movable base station | No Yes Yes Yes

Cluster heads Yes Yes Yes Yes

Energy consumption | Highest Lesser than AERP | Lesser than LEACH | Lowest
Lifetime of nodes Low Moderate Moderate High

Data aggregation Yes Yes Yes Yes

Energy dissipation High Moderate Moderate Low
Variance of energy High Moderate Moderate Low

In this paper, we have compared the four routing protocols according to their design
characteristics. 1. LEACH-Low-Energy Adaptive Clustering Hierarchy, 2. HUMS-Half-
qUadrant-based Moving Strategy (HUMS), 3. AERP-Average Energy Routing Protocol., 4.
CBCA-Centrality-based Cluster Approach (Table 1).



9 Future Research

Future work in the field of steering strategies will zero in on a few headings. Contrasted with
the above steering conventions, the energy change is high in Filter, moderate in Murmurs and
AERP, while it is low in CBCA. While CBCA is generally better compared to other steering
conventions, the power hole should be made more steady. Likewise, broadening the existence
of the organization was critical because of the restricted assets of remote sensor organizations.
Much exploration should be done to expand the lifetime of remote sensors. Work should be
performed all the more effectively while diminishing the power utilization of hubs.

10 Conclusion

Broadening the existence of the organization was vital because of the restricted assets of remote
sensor organizations. Here we did a relative investigation of energy-proficient directing
conventions, specifically Drain, Murmurs, AERP, and CBCA. In correlation, we can see that
CBCA has less power misfortune and sensor influence utilization than other steering techniques.
As far as energy change, it is most noteworthy in Filter, moderate in AERP and Murmurs, but
more steady in CBCA. A similar report in view of the above boundaries shows that the help life
of the CBCA hub is longer. Albeit the CBCA steering convention looks encouraging, the value
of the innovation utilized should be investigated. We have featured a portion of things to come
difficulties and difficulties related to further developing the energy proficiency of sensors.
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