Paper

A Survey of State-of-the-Art Energy Efficiency Routing
Protocols for MANET

https://doi.org/10.3991/ijim.v14i09.13939

Vu Khanh Quy 9, Vi Hoai Nam and Dao Manh Linh
Hung Yen University of Technology and Education, Hung Yen, Vietnam
quyvk@utehy.edu.vn

Abstract—In recent years, the Mobile Ad Hoc Network (MANET) has a vital
role in many fields such as healthcare, military, rescue and smart city. Because
of'its mobility and ad hoc, each mobile network node acts as a router with limited
battery energy. The out of energy network node not only affects its own ability
to transfer/receive packets but also affects the overall performance of the entire
network. Therefore, an energy-efficient routing protocol will optimise the effi-
ciency of MANET. Many routing protocols have been proposing to solve this
problem. In this paper, we surveyed the proposed energy-efficient routing proto-
cols in the last decade for MANET. Based on the survey results, we propose open
research directions. We hope that this work will make a strong motivation in the
field of energy-efficient routing research for MANET. The survey results are also
a vital basis to serve the in-depth researches in the routing field for MANET of
our research team.
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1 Introduction

With the vigorous development of mobile communication systems, according to ex-
pect of Cisco VNI (Visual Network Index), by 2023, over 29.3 billion global devices
will be networked, up from 18.4 billion in 2018. Moreover, there will have over 13
billion mobile devices connected to the network, up from 8.8 billion in 2018. Its also
expect that each capita will have 1.6 mobile devices connected. Especially mobile de-
vices equipped with M-to-M modules are the basis for forming Mobile Ad hoc Network
(MANET) [1]. These devices will consume enormous energy. Therefore, energy effi-
ciency becomes a vital standard for the all communication system. A next-generation
network just introduced is the 5G network. Its energy efficiency has been defined as
one of the main requirements targeting 100 fold improvement over the 4G systems [2-
3]

Due to its mobility and ad hoc, each mobile node act as a router for receiving and
forwarding packets with the limited battery energy level. When an out of energy node
not only affects its own ability to receive/transmit packets but also affects the overall
performance of the network. In a MANET, since network nodes must cooperate to
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transmit packets, routing protocols are particularly crucial in saving energy [3-5]. The
traditional routing protocols used for MANET such as AODV (Ad-hoc On-demand
Distance Vector) [24] or DSR (Dynamic Source Routing) [25] using hop count routing
metric are ineffective [4-5].
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Fig. 1. An illustration of MANET application as a communication platform in smart cities

In this study, we survey routing protocols for MANET approached towards energy
efficiency over the last decade published in the IEEE Explore Digital Library. The rout-
ing protocols in this survey are arranged based on two different approaches: Minimum
the total energy consumption and Maximum Network Lifetime. Based on the surveyed
results, we proposals many open research directions in the Discussion section. In the
next section, we analysis and discussion to the surveyed protocols.

2 Review of Energy Efficiency Routing Protocols

Because of the characteristic of MANET, mobile network nodes use batteries to store
energy. Therefore, saving-energy is a particularly important issue. Minimum the energy
consumed per packet is the most basic approach of saving-energy routing protocols [4,
6-9]. First, we analyse the fundamental issues of energy consumption in MANET. The
energy of a network node is consumed by two primary factors, such as:

e The process of transmitting/receiving packets.
e Energy consumed by listening on from the radio environment (overhearing).

The survey results show that many saving energy routing protocols have been pro-
posed [10-23], focusing on the following two approaches:
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e Minimum the total energy consumption (Power Control)

e Maximum Network Lifetime (Network Lifetime). Network lifetime is calculated
from the time the network starts operation until the first node runs out of power; in
other words, it is not enough power to send or receive packets.

Table 1. Saving Energy Routing Protocols for MANET in IEEE Digital Library, 2010 — 2019

Protocol Year | Metrics routing Compare with Energy| Delay | PDR |Overh.

AEADMRA . ADRA, AOMDV, DSR,

[10] 2010 [Residual Energy EC-GRID Yes Yes Yes Yes
Link State, Drain  |GPSR, E-GPSR, PERRA,

LAER [11] 2012 Rate LAER Yes No Yes Yes

MAODV, RMAODYV, Par-

PDTMRP [12] | 2012 [Hop Count, Power allel MNTMR Yes Yes Yes Yes

LRPH [13] 2013 |Power LRPS, MC, DSR Yes Yes Yes Yes

ERBA [14] 2013 |[Link State AODV, ROMSGP Yes Yes Yes [No

EPRDSR [15] | 2014 |Power DSR, MPTR Yes Yes Yes No

DEL-CMAC Location, Power Al-|IEEE 802.11 DCF, Coop-

[16] 2015 location MAC Yes Yes No No

FE-AOMDV | 517 [Hop count, Residually iy AOMRLM  [yes  [ves |Yes |Yes

[18] Energy, Location

OEFS [19] 2017 |Residual Energy E-CHANET Yes Yes Yes No
Link State,Residual

CRCPR [20] 2018 DEHAR, AODV-EHA Yes Yes Yes No

Energy,

Bandwidth, Life- |[EFMMRP, ETX,LOADng,
time, Reliability EELB-Mega

SynFAnt[21] | 2018

MEQSA- . Several OLSR based proto-

OLSRv2 [22] 2018 [Residual Energy cols Yes Yes Yes Yes
EIMO- Bandwidth, Resid- ..

ESOLSR [23] 2019 ual Encrgy Tradition Protocols Yes Yes Yes Yes

2.1 Power control direction

The goal of this strategy is to minimise overall energy consumption. Approaching in
that direction, one of the first protocols proposed by Singh et al. [8] was MTPR (Mini-
mal Total Power Routing). Let ¢, is the energy portion consumed to transmit or receive
a packet on the link [ . So, the total energy consumed to transmit a packet from the
source node S to the destination node D on the route p can be determined as follows:

E, = ZlEp € (D

This routing metric will prioritise route that has many shorter hops than the route has
fewer hop numbers, but the distance of each hop is longer. Although this solution is
more efficient energy and less interference, it will cause bottlenecks due to traffic con-
centrated going to low energy cost routes.

According to this research direction, in this recent time, many studies are proposed,
in [12], Wang et al. (2012) proposed a routing protocol, called PDTMRP (Power-aware
Dual-Tree-based Multicast Routing Protocol) for MANETS. This focus of research is
the load-balance is used to improve the lifetime of the network. To solve this problem,
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all nodes are randomly classified into two types, group-0 and group-1. To achieve the
load balance, two multicast trees (tree-0 for group-0 and tree-1 for group-1) are con-
structed. Results show that the packet delivery ratio and the time delay of the proposed
protocol outperform that of MAODV, RMAODV and Parallel MNTMR protocols.
Moreover, the traffic load can be balanced, and the network lifetime can be prolonged.

In [13], Peng Zhao et al. (2013) proposed a routing protocol, called LRPH (Loose-
virtual-clustering-based (LVC) Routing Protocol for power heterogeneous MANETS.
This focus of research is to reduce the interference raised by high-power nodes, by the
way, avoid packet forwarding via high-power nodes. Via the combination of analytical
modelling, simulations, and real-world experiments, authors show that the effectiveness
of LRPH on improving the performance of power heterogeneous MANETSs.

In [15], Shiva Shankar et al. (2014) proposed a routing protocol, called EPRDSR
(Efficient Power Routing DSR) purpose improve performance overall network, extend
the lifetime of each node and prolong the lifetime of each connection. This focus of
research proposes an efficient power scheme in the whole MANET. In the route dis-
covery phase, the EPRDSR constraints the bandwidth and power metrics into the route
select schema. The simulation results have indicated that the performance of the
EPRDSR protocol increases the network lifetime by 60-65% as compared with the
DSR and the MTPR protocols.

In [16], Wang et al. (2015) proposed a routing protocol, namely DEL-CMAC (Dis-
tributed Energy-adaptive Location-based CMAC protocol) for MANET, with the ob-
jective is to improve the performance of the MANETS in terms of network lifetime and
energy efficiency. The focus of research takes the energy consumption into account and
propose a relay selection strategy to choose the best relay terminal and a cross-layer
optimal power allocation scheme to set the transmitting power. The simulation result
shows that the DEL-CMAC significantly prolongs the network lifetime compares with
the IEEE 802.11 DCF and CoopMAC under various circumstances.

2.2 Network lifetime direction

The goal of this strategy is to extend the maximum lifetime of all nodes throughout
the network. The solution is to balance the energy consumption of all nodes in the net-
work. One of the first routing protocols proposed to follow this direction is Chao et al.
(2003) [17]. The focus of this proposal is to use remaining battery capacity as the rout-
ing metric instead of the traditional hop number. The ratio of the remaining battery
capacity of a node, R, is determined, as follows:

E; __ Battery remaining capacity

@)

R = =
bre Emax Battery full capacity

Also in this direction, to improve efficient energy, C.-K. Toh (2001) [9] proposed a
routing metric, called MBCR (Minimum Battery Cost Routing), which purpose to se-
lected the route has richer energy. The authors define cf, is the battery capacity of a
node n; at time t. The battery cost function of node n; can be determined, as follows:

file)) =1/c; 3)
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As the battery capacity decreases, the value of cost function for the node n; will in-
creases. Let R; is the total cost on the route j has D nodes, authors obtained:
Ry =325 fileh )
Therefore, to find the route with the maximum remaining battery capacity, authors
select the route i that has the minimum battery cost, R;=min{R; | jEA}, where A is the
set containing all possible routes. By directly incorporate the battery capacity in the
routing protocol, MBCR always finds the route with the maximum remaining battery
capacity. However, because only consider the total remaining battery capacity, the se-
lected route still can contain the exhausted node. To solve this problem, the authors
proposed MMBCR (Minimal Maximum Battery Cost Routing) metric for purpose ex-
cludes the exhausted node in the selected route. The objective function (Eq. 4) is mod-
ified, as follows:

Ri = maxieroute]- fl(clt) (5)
Where, like the MBCR metric, the route i obtained, as follows:

This metric always tries to avoid routes containing the energy exhausted node.
Therefore, the network lifetime can be improved.

Since there is no yet guarantee that the transmission power total on the route is se-
lected is minimum. To solve this issue, in [9], C.-K. Tok (2001) proposed the
CMMBCR (Conditional MMBCR) scheme. The basic idea behind CMMBCR is using
a concept called Threshold to increasing the lifetime of each node and using the more
efficient battery, as follows:

o If all of the nodes in the candidate routes of the source-destination pair have the
remaining battery capacity is higher than the threshold value, then, the route has the
minimum transmission power will be selected.

o If the candidate route contains the node wich remaining battery capacity is lower
than the threshold value, then, uses the MMBCR metric to select the route.

Based on these research directions, in recent time, many works are proposed. Ac-
cordingly, Wu et al. (2010) [10] proposed an AEADMRA (Ant-based Energy-aware
Disjoint Multipath Routing Algorithm) protocol for MANETs. The routing algorithm
is based on swarm intelligence and especially on the ant colony-based meta-heuristic.
This protocol can discover multiple energy-aware routing paths with a low routing
overhead. The simulation experiments indicated that the performance and network life-
time of AEADMRA outperform other some traditional protocols.

In [11], Floriano De Rango et al. (2012) proposed a routing protocol based on the
joint metric of link stability and energy drain rate, called LAER (Link-stAbility and
Energy-aware Routing protocols). It bases on the local topology knowledge; use a
greedy technique based on a joint metric and a modified perimeter forwarding strategy
for the recovery from the local maximum. The performances of the proposed protocol
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have been compared with the other three protocols, such as GPSR, E-GPSR, and
PERRA. The result simulation shows that LAER protocol inherits the scalability of
GPSR and E-GPSR, improving the performance and lifetime outperforms comparison
with other protocols.

With the objective is to improve the performance of the VANET, in [14], Zhang et
al. (2013) proposed ERBA (Energy-Efficient Routing) protocol using movement
trends. To solve this issue, the research proposed scheme employs the driving patterns,
vehicle category and intersection information to build reliable and stable routes among
vehicles. Experimental results over real urban scenarios extracted from ShanghaiGrid
project demonstrate that ERBA outperforms the compared routing schemes in VANETs
in terms of the end-end delay, the packet delivery ratio and the path duration time.

In [18], Taha et al. (2017) proposed an efficiency energy routing protocol, called FF-
AOMDYV (AOMDYV with the Fitness Function) for MANET. The focus of research is
to improve the AOMDYV routing protocol by applying the fitness function technique to
optimise energy consumption. The fitness function is used to the optimal path from a
source node to a destination node to reduce energy consumption. The simulation results
on NS2 clearly show that the proposed FF-AOMDYV improve outperform performance
metrics such as throughput, packet delivery ratio and end-to-end delay compare
AOMDYV and AOMR-LM routing protocols.

In [19], Rehman et al. (2017), proposed a novel routing protocol, called OEFS (On-
demand Energy-based Forwarding Strategy). The focus of research takes the residual
energy of the nodes into account during the entire communication process. The OEFS
has four main characteristics follow as: Take the residual energy of the node into ac-
count in entire processing and using a forwarding mechanism based on energy. When
a node in the ‘Danger’ status, it will focus on the delivery data and reduces the Interest
and Data packets flooding in the network to mitigate packet collisions. The simulation
results show that the OEFS outperforms the state-of-the-art protocol in terms of down-
load time, the total number of interest propagation, and data redundancy in the network
and enables nodes to consume less amount of energy.

In [20], Bai et al. (2018), proposed a routing protocol, called CRCPR (Constructive-
Relay-based CooPerative Routing) for MANETS. The focus of research is proposing
topological information stored and maintained in the CooPerative Table and Relay Ta-
ble and a new route selection mechanism which takes into account energy consumption,
energy harvesting, and link break probability, to determine an appropriate route across
a network. Simulation results show that CRCPR improves up to 60% network through-
put and 40% prolonged network lifetime than traditional protocols.

In [21], Kacem et al. (2018) proposed a routing protocol, called SynFAnt (Synchro-
nized Fuzzy Ant System) with the main objective is to find the least-cost investment in
nominal capacities that ensures the routing of nominal traffic. The objective of the pro-
posal is to guarantees packets survivability in any case of an arc or node failure in
MANET by using a synchronised fuzzy transition approach, where the ant system is
used to find a solution for the problem of uncertainty events in ad hoc networks. This
proposed solution to intelligently control the flow in MANETS. It has the advantages
such: preventive and quickly adapted to the changes that occur; detect faulty nodes and
speedily propose new routing tables, to avoid high transmission delays that lead to
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packet losses. The simulation results show that this protocol improves the packet deliv-
ery ratio, the throughput, the end-to-end delay, and the acceptance rate of the QoS flows
compared to four other protocols.

In [22], Jabbar et al. (2018) proposed a routing protocol, called MEQSA-OLSRv2
(Multipath Energy and Quality of Service Aware OLRSv2), improved from OLSRv2
protocol with the objective are saving energy and QoS guarantees for the data transmis-
sion in the MANET-WSN convergence scenarios of loT networks. The focus of re-
search is the proposal a method to node rank according to MCNR (Multi-Criteria Node
rank Metric), which is formed base on multiple parameters such as the lifetime, residual
battery energy, idle time, speed, queue. Besides, this study also proposed a method to
select a multipoint relay (MPR) set of nodes by using energy and QoS-aware MPR
selection mechanism for flooding topological information. Simulation results show that
the performance of the MEQSA-OLSRvV2 outperforms comparing with the conven-
tional routing protocols in terms of QoS, saving energy, and decreases the energy cost
per packet.

In [23], Kanagasundaram et al. (2019) proposed a routing protocol, called EIMO-
ESOLSR (Enhanced Intellects Masses Optimiser - Energy-efficient and Secure OLSR),
improved from the tradition OLSR protocol to efficiency energy and security for
MANET. The focus of research proposes energy and security-aware routing model for
MANET including an Enhanced Intellects-Masses Optimiser (EIMO) and, a Composite
Eligibility Index (CEI) which inbuilt by multimetric as available bandwidth, queue oc-
cupancy, and lifetime. The result simulation shows that the EIMO-ESOLSR outper-
forms other state-of-the-art protocols in terms of the performance metrics like energy
consumption, total remaining time, average network lifetime.

3 Discussion and Future Research Directions

In this work, we surveyed routing protocols towards energy efficiency published
over the last tens year (the period 2010-2019) on the IEEE Xplore Digital Library. We
arrange the studies into two sets, correspond with two main approaches direction: 1)
Power control and 2) Maximum network lifetime.

The survey protocols are summarised in Table 1. The survey results show that many
efficiency energy routing protocols have been proposed over the past decade. The sur-
vey shows some exciting results, specifically as follows:
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Fig. 2. Statistics of proposed protocol numbers according to periods.

The protocols number in the maximum network lifetime direction account over 70%
of the total number of the proposed protocol, while the protocols in the power control
direction only account for about 30%, especially the recent few years, stage: 2017-2019,
the protocols number in the maximum network lifetime direction huge dominate. 100%
of protocols are improved from traditional known routing protocols such as AODV,
DSR. The two most common routing metrics are residual energy and power, in partic-
ular, the residual energy metric is considered in over 50% of the studies. Over 90% of
the studies use tradition simulation software (NS2) to evaluation performance. The typ-
ical performance criteria are network lifetime, packet delivery ratio, end-to-end delay
and overhead. The network lifetime criterion is used in 100% of the studies while the
two criteria: the packet delivery ratio and end-to-end delay are used in over 95% of the
studies. 100% recently routing protocols in stage: 2015-2019 use multi-metric which
use metrics such as residual energy, hop count, link-state and incorporate them in a cost
function to select the optimum route.

The survey results show that most of the routing protocols incorporated energy met-
rics (such as power or residual energy) in a cost function to ensure that the route has the
lowest power consumption will be selected or to avoid exhausted nodes. Moreover,
many studies combined energy information with other information such as location,
hop numbers or link-state to achieve superior performance.

Survey also shows that due to the dynamic topology of MANET, no specific protocol
can operate well in all situations. Each direction approach has its merits and drawbacks,
as above described. The network topology and routing metrics play vital roles in decid-
ing which protocol should be used to obtain the best performance in terms of energy
efficiency. The approach base on link-state may be a good ideal for a small network.
However, this approach becomes infeasible in MANET have large topology and the
nodes have high mobility, due to the system need an amount of large bandwidth and
traffic for send packet control as well as consumption much energy. The approach based
on improvement from the dynamic source routing protocol better operation in large
MANETS and high mobility due to they use less control traffic than link-state approach.
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However, due to no use a topology map, the approach may cause higher delay because
the nodes must spend time in the route discovery when they need to deliver data pack-
ets.

Others
Bandwidth
Energy Residual
Power

Location

Routing Metrics

Hopcount
Link Stage

0 1 2 3 4 5 6 7

Number of Research

Fig. 3. Statistics of basic Routing Metrics in the Surveyed Protocols.

After the survey and analytic the routing protocols above, we see emerging many
challenges and open issues in energy efficiency routing field in MANET. These issues
require the development of more and more efficient and flexibly protocols. Based on
these analyses, we propose some research direction in the future. We believe that, in
the next future, with the booming development of the new generation networks and IoT
networks, the most of devices joint in the network are smart mobile devices, use M-to-
M communication and saving energy solutions. Therefore MANET will continue to be
research topics of special interest, in particular, routing protocols to maximize network
lifetime.

The survey results show that each routing metric is designed for a specific purpose
[26]. Fig. 3 is a statistical chart of the routing metrics used for protocols surveyed in
Table 1. The results show that common routing metrics are: Energy Residual, Hop
count, Link-state, and Power. Besides, observing Table 1, we find that the recent pro-
posed studies tend to use integrated metrics, which are combined from different metrics.
In our view, in order to meet the various goals of the network, this trend is inevitable.
Therefore, choosing the appropriate routing metrics to incorporate in the cost function
will be an exciting study topic.

With the rapid development of multimedia applications, today, many voice call,
video call applications allow operation on IoT systems with a charge or no fee. Re-
searching and proposing routing protocols for multimedia applications operate on
MANET is indispensable [27]. However, in practice, QoS guarantee protocols tend to
choose the route with the highest throughput and lowest end-to-end delay, whereas sav-
ing energy protocols tend to choose routes to extend network lifetime. Therefore, the
research of the trade-off [28] or clustering [29] methods are necessary.
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In order to expand the efficiency and capacity of MANET, hybrid architectures such
as Cloud-assisted MANET proposed in many recent studies [30]. However, with lim-
ited battery energy and device configuration, offload routing techniques from MANET
to the Cloud, and the Internet needs to be studied to forward complex calculate prob-
lems from MANET to the Cloud or the Internet. Therefore, researching routing tech-
niques between MANET and other network architectures to optimise performance and
energy efficiency for MANET also will be interesting topics.

4 Conclusion

Due to its limited battery energy and highly dynamic network architecture, the en-
ergy-efficient routing is a challenging issue for MANET. Survey of recently state-of-
the-art routing protocols in the direction of energy efficiency shows a general frame-
work for approaching solutions to this problem. The results show that, in recent years,
many routing protocols for MANETS in this direction have been studied and proposed.
In this work, we surveyed routing protocols over the last decade published in the IEEE
Xplore Digital Library Database from 2010 to 2019. We divided the protocols into two
groups, corresponding with each purpose of the protocols, include: 1) Minimum the
total energy consumption (Power Control) 2) Maximum Network Lifetime.

Besides the analyses, comparisons, we also discussed open issues about the routing
protocols under consideration. Moreover, based on survey results, we have found
changes in study trends over the last years as well as the identification of promising
research directions in the future. The main purpose of this study is to provide an over-
view of the proposed energy-efficient routing protocols for MANET. We hope this
work will be promoting the launch of new saving energy routing protocols for the
MANET-WSN convergence scenarios of IoT networks.
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