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Abstract:  The technological advances in  wireless
communication systems and digital data processing techniques
has given rise to many innovative intelligent networks. One such
network is wireless sensor network (WSN). In recent past, huge
growth has been perceived in the applications of WSN. In wireless
sensor network, the battery powered sensor nodes are scattered in
a monitoring area and it is impossible to replace the batteries of
sensor nodes after deployment. Therefore, energy efficiency
remains a prime concern in design of WSNs. The routing
protocols help to find energy efficient routes and increases the
lifetime of WSNs. The cluster-based routing techniques play an
important role in design of energy efficient WSNs. However,
authors analyzed two types of sensor networks in the literature
such as homogeneous and heterogeneous networks. In
homogeneous clustering, all sensor nodes possess same level of
initial energy and cluster head (CH) formation probability of each
node in such networks remains equal. In heterogeneous
clustering, the nodes are bifurcated into three energy levels such
as normal node, advanced node and super node. Therefore, the
CH formation probability of a node in such network depends on
the type of node. This paper presented a survey on recent energy
efficient routing protocols in homogeneous as well as
heterogeneous wireless sensor networks. The energy efficient
routing protocols are classified based on some quality of service
(QoS) metrics such as energy efficiency, network lifetime, network
stability, cluster head selection threshold and heterogeneity levels.

Keywords : Energy efficient routing protocols, Wireless Sensor
Networks, Heterogeneous networks, Clustered Routing.

I. INTRODUCTION

The Wireless Sensor Networks consist of many low power
sensor nodes which sense and collect information from the
environment and communicate with the nearby nodes for
multi-hop transmission. The emanate applications of WSNs
involved intelligent transportation, smart buildings, smart
houses, defense reconnaissance, intelligent surveillance,
geographic directed queries and distributed situation
recognition etc. [1]. For occasion, WSNs find use in habitat
monitoring and disaster control applications such as landslide
detection, fire detection, air pollution detection [2-4]. The
WSNss are also preferred in human health monitoring such as
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cancer detection, glucose measurement and large casualty
disaster management. Many different advantages of WSNs
technology  involved accuracy  scalability, lesser
implementation cost and proficiency of implementation to
new networking technology. The sensor nodes communicate
with each other through single-hop communication or multi-
hop communications for data transfer to Base Station (BS).
The node hardware architecture shown in figure 1 involves a
sensor node, a microcontroller unit, an analog to digital
converter, a transmitter, a receiver and a memory unit.
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Fig. 1. Node hardware architecture
Due to the limitations of a sensor node in terms of processing
capability, limited bandwidth and low battery power, the
energy efficient routing remains a critical aspect in WSNs.
The routing algorithms in wireless sensor networks are used
to discover and maintain the energy efficient routes from
source node to the destination node. Based on literature, the
routing protocols can be broadly categorized into three types
such as clustered or hierarchal routing: flat routing and
location-based routing. The routing techniques classification
is given in [5]. These classifications are based on
communication technique, topology technique and link
reliability techniques and presented in figure 2. The routing
protocols design also influenced by energy consumption,
deployment method, and security. The routing protocols are

shown in figure 2.
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The flat routing protocols assign same role to every node in
terms of sensing environmental data. In this routing
procedure the base station transmits query-based applications
to sensor network and wait for reply from sensor nodes. The
hierarchical based routing protocols maintains scalability,
stability and energy efficiency by arranging nodes into
different clusters. The basic idea is to elect the CH having
higher remaining energy.
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Fig. 2. Routing protocols in WSN.

The WSNs collect information with the help of sensor nodes
(SNs) and convey this information to BS in a distributed
manner without any pre-designed infrastructure [10]. The
SNs are randomly deployed in a remote location whereby
they sense information and transmits this information for
measuring a physical phenomenon as shown in figure 3.

In figure 3, every SNs convey the sensed information to the
base station based on some rules. The set of these rules is
called routing protocol. The routing protocols clarify the
communication procedure among SNs and identify the
cost-efficient routes in order to transmits the collected
information towards the base station [11]. The routing
algorithm specify the most optimized route based on some
QoS parameters. Most of the routing algorithms are based
clustering techniques. The primary objective of the
cluster-based routing scheme is to improve the energy
efficiency and enhances the network lifespan. As a result, the
most challenging feature of a routing protocol is to create a
balance among various QoS requirements.

The energy efficiency of SNs must therefore be properly
managed to improve the network lifetime. The numerous
energy-balanced and energy-efficient protocols have been
presented for wireless sensor networks. These protocols
attempt to improve the network lifetime by decreasing the
energy dissipation in every SN. However, the
energy-efficient may result in network partitioning despite of
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enough remaining energy in SNs.
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Fig. 3. An example of simple WSN.

For instant, consider the WSN clustering of figure 4. In this
clustering procedure, the non-cluster head (nCH) nodes
transmits the information to the base station through their CH
via single-hop communication. As shown in figure, the nCH
of cluster 3 (C3) have enough energy to communicate but CH
node depleted its energy. Therefore, in spite of enough SN
energy, the cluster remain isolated from the entire network.
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Fig. 4. An example of clustered WSN.

The main contribution of this paper lies in the complete
analysis of the energy efficient routing protocols in terms of
concepts, importance and principles of energy efficiency in
WSNs. There have been numerous research papers published
on energy efficient routing in past and are described in
section 2. However, this paper presents contrasting picture of
energy-balanced and energy-efficient routing protocols in
WSNSs.
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Fig. 5. Clustered WSN in single-hop mode.

Hence, in this paper we present an extensive survey of
various state-of-art protocols that optimize the energy
dissipation in SNs and increase the lifetime of network. In
addition, we combined these routing protocols based on
decision variables, solution types, strength of decision
variables and weakness of the decision variables.
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Fig. 6. Clustered WSN in multi-hop mode.

We are sure that this survey helps researchers to select the
most appropriate routing protocol based on network
formulations and application requirements. The energy
efficient routing protocols can further be classified as single
hop communication, multi-hop communication, single-path
communication and multipath communication. The single
hop data transmission from CH to the BS is shown in figure
5.
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Fig. 7. Single-path routing in WSN.

The multi-hop communication mode is shown in figure 6. In
multi-hop mode, the CH which is far away from BS forward
its segregated data after taking help from other CH. The
single-path scenario of WSN is shown in figure 7. In this
routing technique, a single path is used by SNs to transmit its
information towards the BS. However, multi-path routing
shown in figure 8 provide realistic solution to achieve quality
of service (QoS) requirements.
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Fig. 8. Multi-path routing in WSN.

The multi-hop routing for two different scenarios are shown
in figure 9. Path (a) is the shortest path from SN to the BS
while path (b) is the energy efficient path from SN to BS.
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Table 1. Summary of related works

Year

Survey
Paper

Contributions

2002

2004

2005

2006

2007

2008

2009

[34

v Discussed the potential applications and factors affecting the
design of WSNs.
v Outlined the communication architecture for WSNs

v Analyzed the difficulties in designing a routing protocol for
WNs.

v Classified routing strategies into flat, hierarchical, end
location-based roufing.

v Defined some mefrics such as negotiation-based, QoS-based
and multipath-based to classify routing protocals.

v Compared the different routing protcols for WSN, stating
thetr strengths and weaknesses.

V' Provided a general survey on routing protocols for WSNs.
v Classified routing protocols ino data-centric, herarchical, and
location-based.

V' Discussed the challenges and logic in developing a clustering
algorithm for WSNs.

v Discussed the problems that face the practical design of
clustering routing techniques for WSN applications.

V' Classified clustering routing algorithms for WSNs based on
the clustening objectives and design principles.

v Tntroduced taxonomy to classify clustering routing protocol.

v Discussed the strengths and weaknesses of different clustering
routing algonithms.

v Compared different clustering techniques using some
measures such as cluster stability, location-awareness,
convergence rate

v Provided an overview of different WSN applications.

v Classified the challenges in WSNs into three categories.

v Presented the main research development in the mentioned
categories.

v Provided a survey on energy consumed by SN hardware
components.

v Divided SN's hardware into four main components.

v Classified the energy saving schemes for WSNs info duty-
cycling, data-driven, and mobility-based.

v Elaborated on the importance of conserving energy consumed
by SN hardware components.
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V' Discussed and compared different energy-efficient hierarchical
cluster-based routing profocols for WSNs.

v Provided a suvey on energy-efficient routing protocols for
TWMSNs.

v Defined the design challenges and limitations of energy-
efficient roufing protocols for WMSNG.

V' Classified the energy-efficient routing protocols for WMSNs
based on some metrics such as QoS requirement, data delivery
model.

v Provided a survey on swam intelligence-based routing
profocols for WSNs.

v Discussed the general principles and applications of swam
nfelligence-based routing for WSNs.

v Proposed a taxonomy fo classify swam intelligence-based
routing protocols for WSNs

v Provided a survey on energy-efficient clustering routing
protocols for heterogencous WSN.

v Compared fifteen routing protocols based on the clustering
method, clustering  attibutes,  locafion-awareness, and
heferogeneity level

V' Classified clustering routing protocols based on their objectives
and methods.

V' Provided taxonomy to the studied clustering routing protocols

V' Discussed the strengths and weaknesses of the techniques used
in the studied clustering routing profocols.

v Summarizes the issues and solutions of the attributes and
characteristics of clustering approaches.

v Presented the advantages and applications of clustering
techniques for WSNs.

V' Tntroduced taxonomy to classify clustering routing protocols
for WSNs.

v Compared different clustering routing protocols based on
measures such as scalability, energy efficiency, cluster
stability, load balancing.

v Classified enerpy-efficient routing protocols into three
cafegories, stafing their strengths and weaknesses.

v Explained the areas of application of different eneroy-efficient
routing profocols

v Discussed the notion and challenges of multipath routing
protocols for WSNs.

v Classified the surveyed multipath routing protocols while
outlming their pros and cons.
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2012 (1M v Classifid multipath routing protocols for WSNs into
infrastructure-based, non-infrastructure-based, and coding-
based.

Y Explained the evaluation metric, objectives, and challenges in
designing a multipath routing protocol for WSNs.

2013 (18] v lnvestigated the advantages of different multipath routing
profocols for WSNs.

v Classified different multipath routing protocols for WSNs
based on their feafures.

2013 [4] v Provided a survey on energy-efficient routing protocols for
WSNs.

Y Classified energy-efficient routing protocols for WSNs based
on the topology, communication model, network structure, and
reliable roufing schemes.

Y Compared different energy-efficient routing protocols for
WSNs, stating their advantages and disadvantages.

2014 [10] ¥ Provided a general overview of WSN, stating the aeas of
application and challenges of WSN.

V' Reviewed the prime research work and testbeds, standards and
platforms, and the techniques and principles of WSNs.

Y Outlined the cument happenings in WSN' research that
considers the possible nferaction between WSNs and ofher
technologies.

2016 [19] v Compared different multipath routing protocols for WMSNs
based on their working operations.

v Provided the advantages and disadvantages of different
multipath routing protocols for WMSNs.

07 M Y Classified the different types of routing protocols based on their
working.

v Provide an energy efficient heterogeneous routing protocol
(ATEER) for WSNs by removing the redundancy in the
network.

2018 [41] ¥ Provideastudy onthe energy efficiency of therecent proactive
routing protocols from different angles.

v Proved that energy overhead and route selection are the most
effective aspects of network lifetime and network efficiency.

2019 [42] Y Proposedanenergy efficient genetic algorithm-based approach
with the concept of Virtual Grid based Dynamic Routes
Adjustment  (VGDRA) which  enhances the  overall
performance of wireless sensor networks.

Il. RELATED WORK

The benefits of designing energy-balanced and
energy-efficient routing protocols for wireless sensor
networks cannot be ignored. There are lot of ongoing work on
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energy-efficient protocol for wireless sensor networks. The
primary goal of the energy-efficient routing protocol is to
optimize the energy dissipation while performing the
network activities. In this section we discuss few of the
existing survey papers on WSNs and explain the difference
between our work and the existing work. The related work on
routing in WSNs is summarized in Table 1.

08

L
I8 Ih
W (b

Fig. 9. Routing of packets in multi-hop mode (a) Shortest
path to Base Station (b) Energy-efficient path to Base
Station.

I11.  SURVEY FINDINGS AND RESEARCH
DIRECTIONS

The purpose of research on energy-efficient routing is to
suggest permanent solution to the energy efficiency
optimization problem in wireless sensor networks. The
option to choose a set of decision variables for
energy-efficient routing is still an open research area. We
conclude that one variable such as residual energy of SNs
cannot guarantee an energy-balanced and energy-efficient
path in maximum cases. As explained, all the decision
variables have merits and demerits. Hence, integrating the
decision variables into a fitness function and choose the
cluster head based on this function ensure an optimized
energy-efficient path towards base station. In addition, the
trade-off between the variables sometimes makes the
route-finding problem NP-hard and involve high complexity
delay and computational time. Moreover, the decision
variable choice depends on the type of application.
Therefore, the researchers must consider the network
requirements while choosing the input variables.
Furthermore, most of the researchers used hop distance,
residual energy and hop count as the critical factors while
formulating the mathematical fitness function of the protocol.
We also observed that BS position play an important role in
energy-efficient routing protocol design.

Therefore, many existing protocols may not work efficiently
if the position of BS is changed. In the end, we presented a
detailed survey on routing variables used to optimize the
routing related to energy aware WSNs.
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IV. CONCLUSIONS

Energy efficiency is a primary optimization problem in
WSNs due to dependency of SNs on battery power. The
power consumption rate of sensor devices through efficient
routing should be properly managed for long network
lifetime and network reliability. The energy management
issues pose challenges in WSNs due to complex formulations
and network structure. However, Practitioners and
researchers have developed various techniques to reduce
energy consumption in WSNs. The various techniques
worked on energy savings either by SN devices hardware or
during data transmission. This study presented the survey of
different energy-balanced and energy-efficient routing
protocols which attempts to improve the network lifetime
after reducing the energy consumption of sensor nodes. Table
1 in section 2 summarized the existing survey papers on
energy-efficient routing protocols in WSNs. In section 3, we
also explained the taxonomy, findings and research
directions related to routing in WSNs. Furthermore, we
classified the routing protocols based on decision variables,
algorithm type and solution types used to successfully solve
energy optimization problem. Therefore, this survey work
opens new research directions in developing energy-efficient
routing protocols in WSNs.
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