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ABSTRACT Energy consumption always represents a challenge in the ad hoc networks which spurred
the researchers to benefit from the bio-inspired algorithms and their fitness functions to evaluate nodes
energy through the path discovery stage. In this paper we propose energy efficient routing protocol based
on the well-known Ad Hoc On-Demand Multipath Distance Vector (AOMDV) routing protocol and a
bio-inspired algorithm called Elephant Herding Optimization (EHO). In the proposed EHO-AOMDV the
overall consumed energy of nodes is optimized by classifying nodes into two classes, while paths are
discovered from the class of the fittest nodes with sufficient energy for transmission to reduce the probability
of path failure and the increasing number of dead nodes through higher data loads. The EHO updating
operator updates classes based on separating operator that evaluates nodes based on residual energy after each
transmission round. Experiments were conducted using Ns-3 with five evaluation metrics routing overhead,
packet delivery ratio, average energy consumption, end-to-end delay and number of dead nodes and four
implemented protocols the proposed protocol, AOMDV and two bio-inspired protocols ACO-FDRPSO and
FF-AOMDV. Results indicated that the proposed EHO-AOMDV attained higher packet delivery ratio with
less routing overhead, average energy consumption and number of dead nodes over the state of art while in
the end-to-end delay AOMDV has outperformed the proposed protocol.

INDEX TERMS AOMDV, elephant herding optimization, MANET, routing protocol.

I. INTRODUCTION
Mobile Ad-Hoc Networks are multi hop, self-organizing net-
works with highly dynamic and random topology where each
node could be a sender, a receiver or a router. In MANET,
peer-level communications between nodes are enabled with-
out relying on centralized resources or fixed infrastructure.
Mobile nodes mainly rely on batteries for energy, so energy
efficient routing protocols have been widely investigated in
MANET.

Routing in MANET is one of the major research areas with
huge number of studies introducing routing protocols which
we can mainly classify based on path discovery into reactive,
proactive and hybrid routing protocols. In reactive routing
protocols, routes are only discoveredwhen it is needed so they
could be also called on-demand routing. Different reactive
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routing protocols have been investigated as Dynamic
Source Routing (DSR) [1]–[4], Ad-Hoc On Demand Vec-
tor Routing protocol (AODV) [5]–[9], Global State Rout-
ing (GSR) [10], [11], and Associativity-Based Routing
(ABR) [12]–[14].

On the other hand, nodes in proactive routing protocols
maintain a single or multiple routing tables that are regularly
updated by sending broadcasting message to all other nodes
to detect updates in network topology. Proactive routing
protocols are also known as table-driven protocols. Destina-
tion Sequence Distance Vector (DSDV) [15]–[18], Optimized
Link State Routing (OLSR) [19]–[21] and Wireless Routing
Protocol (WRP) [22], [23] are some of the most investigated
proactive routing protocols. Finally hybrid routing protocols
combines the advantages of proactive and reactive routing
protocols as the Zone Routing Protocol (ZRP)) [24]–[26]
and Zone-based Hierarchical Link State Routing Protocol
(ZHLS) [27], [28].
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Each type of these routing protocols could be further
classified into single path as AODV, DSR and ZRP and
multipath routing protocols as Ad hoc on-demand multi-
path distance vector routing (AOMDV) [29]–[33], Multipath
Dynamic Source Routing (MP-DSR) [34], [35] and Routing
On-demand Acyclic Multipath (ROAM) [36], [37].

Bio-inspired algorithms (BIAs) emulate principles of the
nature and how different organisms react to different situ-
ation in life as a group or individually. BIAs proved to be
more efficient and autonomous than other Artificial intelli-
gence algorithms in unknown and changing environments as
MANET. BIAs as routing protocols in MANET was inves-
tigated in many proposed studies as in [38]–[43]. While
other researchers believe that the main objective of using
BIAs in MANET is to optimize nodes energy as it is one
of the main factors that affect the Quality of Service (QoS)
Metrics. Somany studies have proposed energy efficient rout-
ing protocols relying BIAs, emulating the living organisms as
ants, bees or even bats in finding the shortest path with less
consumed energy as Ant Colony [44]–[47], Particle Swarm
Optimization [48]–[52], Bee Colony [53]–[57], Immune
System [58], Fish swarm [59] and Bat algorithm [60].

Most of the BIAs proposed as routing protocols for
MANET, have been proposed as a hybrid with one of the
knownmultipath routing protocols as AOMDV andMP-DSR
for balancing between discovering the best and shortest paths,
balancing data load among these paths and conserving nodes
energy to reduce the number of the dead nodes and saving
network from portioning. So in this study we present an
energy efficient hybrid routing protocol of the on-demand
multipath routing protocol AOMDV which had proved very
promising results in different previous studies and one of the
powerful BIAs, the Elephant Herding Optimization (EHO)
algorithm. EHO is one of the most investigated bio inspired
optimization algorithms in the last decade in different fields
as solving benchmark problems [61], Energy-Based Local-
ization [62], image thresholding [63], proportional integral
derivative controller tuning [64] and Scheduling in Smart
Grid identification [65]. As far as we know EHO hasn’t been
investigated before as a routing protocol in MANET.

EHO is inspired by elephant social behavior through living
in clans containing only the fittest elephants where the weak
elephant are excluded. So in this paper we tried to simulate
the elephants’ behavior by classifying nodes into two clans or
classes where the fittest nodes for transmission with enough
nodal residual energy will be classified in class one while
the rest will be in class two. The shortest paths discovery
will be proceeded using AOMDV where incase of any path
failure nodes will be reevaluated using EHO updating oper-
ator. All discovered paths will be sorted discerningly before
data transmission as the data load will be balanced among the
discovered paths based on the path energy with respect to all
paths energy.

This paper is organized as following. Section 2 covers
the related work. While section 3 introduces both the
Elephant herding optimization algorithm and the proposed

Elephant herding optimization- Ad hoc on-demand multipath
distance vector routing protocol (EHO-AOMDV) in details.
Section 4 presents the experimental setup and performance
analysis. Section Finally Section 5 outlines main conclusions
and presents some future work.

II. RELATED WORK
As we mentioned in the previous section that BIAs played
an important role in the research field of MANET routing
protocols and optimizing energy, so through this section we
will present some of the recent studies that discuss BIAs
in MANET. Sathiamoorthy & Ramakrishnan in [66] intro-
duced an improved version of ACO based on two strategies
for reducing overhead through expecting nodes movements
through the network. The proposed algorithm dynamically
determines network heuristic parameters for selecting the
suitable node for each cluster to allow faster formation
of clusters and selection of head. Also in [67] Alleema
and Kumar tried to reduced overhead and delay in Peer to
Peer MANETs through introducing Volunteer Nodes of Ant
Colony Optimization Routing (VNACO). In the proposed
protocol the peer node can volunteer to transmit data between
source and destination nodes based on her aptitude that is
calculated by iterating node connectivity, transmission pro-
cessing time, node energy and available bandwidth. Results
indicated that the proposed protocol reduces 22% out of the
network delay and 14% out of the lost packets compared
to the state of art. In [68] ACO was used to introduce a
routing protocol called A-EEBLR based ACO for selecting
the next hop using some metrics including delay, energy
drain rate, congestion, link quality through which the optimal
path is formed. The results indicated that the A-EEBLR
outperformed the state of art. Malar et al., in [69] pre-
sented an energy efficient routing protocol based ACO called
multi-objective constraints applied energy efficient
routing-Ant Colony Optimization (MCER-ACO). The pro-
posed protocol picks the next hop based on node energy,
topology dynamic movement and number of packet in path.
Results indicated that the proposed protocol outperformed the
state of art.

In [70] Chaudhry et al., proposed a hybrid routing pro-
tocol based PSO to maximize the network life time called
Forwarding Zone Adaptive Particle Swarm Optimization
(FZ-APSO). Through the proposed technique the forward-
ing zone is selected between source and destination using
forwarding search space heuristic technique which improves
PSO computational time and performance and overcomes
its convergence. Results indicated that the FZ-APSO outper-
formed the state of art in reducing energy consumption, end
to end delay and PSO computational time while increasing
the network lifetime. In [71] a hybrid algorithm based PSO,
clustering algorithm and differential algorithm is proposed
for selecting cluster head nodes considering the energy of
these nodes. Results indicated that the proposed hybrid out-
performed the state of art inmaximizing network life time and
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packet delivery ratio while minimizing the average number of
re-clustering required and consumed energy.

Bee Colony was investigated in [72] to modify DSR for
ameliorating the optimal path discovery process through
eliminating misbehaving nodes causing black hole attacks.
The proposed Bee-Mimetic Dynamic Source Routing
(BM-DSR) performance was compared with DSR and
AODV, achieving superiority in increasing packet delivery
ratio but only to some extent. In [73] Babu and Balasub-
ramanie discussed the selection of optimal route through
merging fuzzy logic with hybrid optimization approach based
on 2-Opt algorithm and the Artificial Bee Colony. Fuzzy rules
were used to classify nodes based on end-to-end delay when
node intends to leave network which may cause more packets
to be lost. Results indicated that using fuzzy rules enhances
the hybrid optimization approach performance over Artificial
Bee Colony.

In [59] Artificial fish swarm optimization ability to select
the best cluster head in MANET based on mobility and
remaining energy and degree of connectivity was discussed.
Where a hybrid of low energy adaptive clustering hierarchy
protocol and artificial fish swarm optimization was proposed
to maximize network life time and minimize energy con-
sumption. Results indicated that the proposed hybrid outper-
formed the state of art. Finally in [60] the bat algorithm was
used to enhance the performance of OLSR through introduc-
ing Bat Optimized Link State Routing (BOLSR) protocol.
The BOLSR selects the optimal path based on the nodes
energy dynamics achieving superiority over the state of art in
reducing the consumed energywhile maximizing the network
life time. Finally in [74] the artificial spider silk was used
through building the spider web to match the network topol-
ogy to choose the available paths to the destination where the
transmission-latency model was applied to select the best of
these available routes to forward packets. Experiments were
conducted using Ns2 where results indicate that the spider
silk algorithm outperforms the state of art in packet delivery
ratio with moderate transmission delay. More studies could
be found in [75]–[79].

III. ELEPHANT HERDING OPTIMIZATION- AD HOC
ON-DEMAND MULTIPATH DISTANCE VECTOR
ROUTING PROTOCOL (EHO-AOMDV)
A. ELEPHANT HERDING OPTIMIZATION
Elephant herding optimization (EHO) is one of the BIAs,
emulating herding behavior of elephant group. Different
clans of female elephants and young males live together
under the leadership of a matriarch, where the grown up male
elephants tend to be isolated while still contacting elephants
in their family with low-frequency vibrations. Two operators
identify the behavior of the elephants in clans, the Clan
updating operator for tracking and updating the elephants
position in clan and the separating operator for modeling
the movement of grown up males elephants out of clans and
enhancing the population diversity at the later search phase
as shown in figure 1.

We can simply summarize the EHO into four steps

1) The division of elephants population into clans
2) Matriarch is the oldest cow and the fittest elephant in

each clan
3) The herding behavior of elephant is customized based

on two operators Clan updating operator for updating
the position of each elephant in the clan influenced by
the matriarch (the fittest elephant in the clan) while
the matriarch position is updated based on information
obtained by all clan elephants.

4) The adult males (the worst performing male in each
generation) leave the clan based on separating oper-
ator calculated using the upper and lower bound of
the position of elephant. The leaving adults can still
contacting elephants in their family with low-frequency
vibrations.

From the previous, the researchers believe that EHO as an
optimizer can handle the nodes energy consumption problem
the MANET faces. All nodes in the MANET could be con-
sidered as the elephant population, which will be classified
into two clans. The separating operator based on nodal energy
will determine which class each node will belong to while the
updating operator representing nodes residual energy that will
be updated after each transmission which will be described in
details in next section.

B. EHO-AOMDV ROUTING PROTOCOL
EHO-AOMDV is an energy efficient multipath load bal-
ancing routing protocol based EHO and AOMDV. EHO is
mainly used for optimizing nodes energy by classifying nodes
population into two clans based nodal energy which could
be considered as the separating operator. Nodes with higher
energy than the needed to transmit the total number of packets
through the nodewill be set into the first clan, while the others
will be set into the second.

The AOMDV protocol is used for discovering T multilink
disjoint paths through propagating RREQ messages from
source node S to destination D, establishing multiple reverse
paths both at intermediate nodes as well as the destination.
Duplicated RREQs from the same Source Address and ID
will replace RREQs with less nodal residual energy and
higher hop counts. The discovered paths from S to D will
be sorted descending based maximal nodal residual energy
of each path.

The data load is balanced on the T discovered paths
according to the path energy percentage with respect to all
discovered paths energies. In case of all paths failure or an
update in any node energy from the first clan (calculated
using updating operator) all nodes in first and second clans
will be checked and the clans will be updated by switching
nodes. For details we can discuss the EHO-AOMDV in four
main phases: Nodes Classification, Paths Discovery, Data
load balancing and Paths Maintenance.

a. Nodes Classification: As mentioned before the EHO is
trying to optimize nodes energy consumption through
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FIGURE 1. EHO Pseudo code [80].

FIGURE 2. Node Classification phase pseudo code.

classifying the nodes on the network based nodal resid-
ual energy which is used as the updating operator
(update node residual energy after each transmission),
where the nodes with residual energy Eni exceeding
the energy needed for transmitting all packets PTEni
(the separating operator) through the node ni will be
classified into the first clan else it will be classified into
the second clan.

Figure 2 clarifies the pseudo code of the nodes classification
into C1 and C2 clans, where TP is total number of packets; β
is the energy consumed in transmitting and receiving a packet
over one hop and PTEni is the energy needed for transmitting

all packets over one hop. This phase is important for reducing
the number of the dead nodes by assuring that only the nodes
with sufficient energy for transmitting will be involved in
transmission.

b. Paths Discovery: After classifying the nodes, the dis-
joint paths discovery process (as in figure 3) starts
based AOMDVprotocol where a flood of RREQs prop-
agates from the source Node S to the destination D
(supposing that the source and the deamination are
in C1 to be able to proceed with the transmission).
Redundant RREQs with the same source and ID will
be evaluated to keep the RREQwith the maximal nodal
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FIGURE 3. Pseudo code of path discovery process.

FIGURE 4. Paths Maintenance and load balancing phases.

residual energy and less hop count, so we can guarantee
discovering the shortest paths with sufficient energy for
transmitting the whole data load.

c. Paths Maintenance: In case of all paths failure
(as in figure 4), or a loss in any of the discovered paths
nodes energy, nodes classification phase should start
over again. Through this phase the updating operator
re-evaluates all nodes energy in the two clans to update
the position of the dead nodes, the nodes lost energy
and turned out to have insufficient energy for transmis-
sion and finally the nodes gained energy and turned out
to have sufficient energy for transmission from the first
clan to the second and vice versa before restarting the
paths discovery process.

d. Data load balancing: the T discovered paths, are sorted
in a descending order where themaximal nodal residual
energyPet of each path t is calculated using theminimal
nodal residual energy of all the X nodes on the path.
Where data load TP is then balanced on the T discov-
ered paths (NPt : number of packets to be transmitted
on path t) according to the path energy percentage
in respect to all discovered paths energies as clarified
in figure 4 line 17.

Figure 5 provides a graphical description of the nodes clas-
sification and paths discovery phases over a simple MANET,
where the green nodes are the nodes that were classified into
C1 as their residual energy is higher than the energy needed

to transmit all packets over one hop while the others were
classified into C2. As clarified in part (c) RREQs are only
forwarded among all nodes in clan C1 except node J as it did
not have any predecessors in C1. In part (d) we have only
two discovered paths marked with red links t1=[S-A-B-G-D]
and t2=[S-C-F-H-D] that will be sorted in a descending order
based their nodal residual energy. Finally the data load of
each path will be calculated as clarified based on the energy
percentage of each path related to the total energy of all paths
so if we have 100 packets for example 60 of them will be
forwarded on t1 and 40 packets on t2.

IV. EXPERIMENTAL SETUP AND PERFORMANCE
ANALYSIS
A. PERFORMANCE METRICS
For evaluation; five performance metrics were used

- Routing overhead (in Pkts): indicates the number of
routing packets transmitted over the network
Routing overhead

- Packet delivery ratio (PDR in %): indicates ratio
between the number of successfully delivered packets
to the destination to the total number of sent packets.

PDR=
number of successfully delivered packets

total number of sentpackets
∗100

- Average energy consumption (in Joule): indicates the
average of the consumed energy by all nodes

Average energy consumption for n nodes

=

∑n
i=1 Intiial energyi − Residual energyi

n

- End-to-end delay (EED in seconds): indicates the time
spent for a packet to be transmitted from source to
destination.

EED for M packets =
∑M

i=1
EEDi

EEDi = Received time of packeti - Sent time of packeti
- Number of dead nodes (in nodes): indicates the number
of dropped nodes in each transmission round.

Number of dead nodes

= Total numbers of nodes-Number of residual nodes
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FIGURE 5. Example on Nodes classification and Path discovery phases.

TABLE 1. Simulation parameter.

B. EXPERIMENTAL SETUP
In addition to the proposed EHO-AOMDV three protocols
were implemented; two BIAs including AOMDV with the
Fitness Function (FF-AOMDV) [33] and hybrid Ant Colony
Optimization CombinedWith Fitness Distance Ratio Particle
Swarm Optimization (ACO-FDRPSO) [52] and the original
AOMDV for evaluation purposes. The evaluation were per-
formed using NS-3 [81] which is a discrete-event network
simulator for developing free and open source simulation
environment suitable for scientific networking research. The

simulation parameters were set during the experiment are
clarified in Table 1.

C. EXPERIMENTALRESULTS AND DISCUSSION
Routing Overhead: is one of the evaluation metrics that we
expected to be reduced due to the reduction of the num-
ber of the control packets transmitted among nodes as they
were only transmitted among fitted nodes. The routing over-
head was evaluated with respect to the number of nodes.
Figure 6 clarifies that the proposed EHO-AOMDV routing
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FIGURE 6. Routing overhead versus no of nodes.

FIGURE 7. Packet delivery ratio versus pause time.

overhead increases at a lower rate than ACO-FDRPSO and
AOMDV protocols while in case of 50 and 100 nodes
it is nearly comparable to FF-AOMDV. For example at
150 nodes the EHO-AOMDV, ACO-FDRPSO, FF-AOMDV
and AOMDV overheads are 0.24, 0.3, 0.24 and 0.35
respectively.

- Packet delivery ratio: was evaluated versus the network
pause time with respect to two packet sizes 512 byte
and 1024 byte. Figures 7a and 7b demonstrated that the
proposed EHO-AOMDV attained higher packet delivery
ratio increasing rate than the rest three protocols while
the AOMDV attained the least packet delivery ratio
increasing rate with respect to all different pause time
values through the experiment and with respect to the
two different packet sizes. We can also observe that
the higher the packet size the less the packet deliv-
ery ratio. For example at 10 seconds pause time and
512 bytes packet size, EHO-AOMDV, ACO-FDRPSO,
FF-AOMDV and AOMDV packet delivery ratios are
0.829, 0.732, 0.779 and 0.72 respectively; while at
10 seconds pause time and 1024 bytes packet size,
EHO-AOMDV, ACO-FDRPSO, FF-AOMDV and

AOMDV packet delivery ratios are 0.711, 0.631,
0.645 and 0.622 respectively.

- Average energy consumption: as we mentioned before
that our main concern through this study is to propose
and energy efficient routing protocol to reduce the con-
sumed node energy and preserve the network life time
as much as possible so the average energy consump-
tion is the most important metric we need; to evaluate
our proposed protocol through. Figure 8 demonstrates
that the proposed EHO-AOMDV average energy con-
sumption increasing rate is less than the rest imple-
mented protocols. Alsowe can observe that the proposed
EHO-AOMDV consumed less energy 0.19, 0.33, 0.43
and 0.51 joule when compared to the others, while the
AOMDV attain the most consumed energy 0.24, 0.41,
0.62 and 0.89 joule at 50, 100, 150 and 200 nodes. The
two BIAs protocols attained nearly comparable results
with unpretentious superiority for FF-AOMDV.

- End-to-end delay: most of the energy efficient rout-
ing protocols suffer from high end to end delay due
to the energy calculations performed at every round,
where higher number of packets and packets size means
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FIGURE 8. Average energy consumption versus number of nodes.

FIGURE 9. End-to-end delay versus no of packets.

higher delay which is obvious from Figures 9a and 9b.
We can notice from Figure 9 that the three BIAs pro-
tocols EHO-AOMDV, ACO-FDRPSO and FF-AOMDV
attain higher delay than the AOMDV for example at
2000 packets of 1024 byte size the delays of EHO-
AOMDV, ACO-FDRPSO, FF-AOMDV and AOMDV
are 0.986, 1.23, 1.011 and 0.887 respectively. It is also
noticed that the delay increasing rate of the AOMDV is
much less than the three BIAs protocols.

- Number of dead nodes: the number of dead nodes is a
reflection of the protocol energy consumption rate as
the higher the consumed energy the higher the number
of dead nodes. Figures 10a, 10b, 10c and 10d demon-
strate the number of dead nodes out of 50, 100, 150
and 200 nodes with respect to the number of rounds.
From these figures we can observe that the proposed
EHO-AOMDV attain more stable number of dead nodes
increasing rate at the 50, 100 and 150 nodes and a
decreasing number of dead nodes increasing rate at
the 200 nodes unlike the oscillatory increasing rate

of the other protocols. For example EHO-AOMDV,
ACO-FDRPSO, FF-AOMDV and AOMDV at 1000
rounds attain 6, 12, 13 and 14 nodes respectively out of
50 nodes.

From the previous metrics, we can indicate that the
proposed EHO-AOMDV has attained superiority over the
ACO-FDRPSO, FF-AOMDV and AOMDV in routing over-
head, packet delivery ratio, average energy consumption and
number of dead nodes while in the end-to-end delay AOMDV
has gained superiority. The authors due this to the less calcu-
lations and processing needed for the AOMDV to discover
paths and the packets routing over these paths while the rest
three protocols consider the energy of the nodes before paths
discovery and packets routing.

Through this study the authors have believed that the
EHO separating and clan updating operators can enhance the
AOMDV protocol performance, when considering to deliver
the maximum number of packets with the minimum number
of dead nodes and therefore the less energy consumption.
Finally the authors recommend that EHO-AOMDV could
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FIGURE 10. Number of dead nodes versus number of rounds.

be effective in systems demanding higher delivery rate with
less energy consumption and tolerable delay as banking,
marketing and management.

V. CONCLUSION
Optimizing energy consumption in mobile ad hoc networks is
a major research field that has developed recently with highly
concentration of benefiting from bio inspired algorithms and
their optimization abilities. From here the researchers in this
study propose an energy efficient routing protocol based
AOMDV protocol and elephant herding algorithm. Experi-
ments were conducted using Ns-3, implementing four proto-
cols the proposed EHO-AOMDV in addition to the AOMDV
protocol and two bio-inspired protocols ACO-FDRPSO,
FF-AOMDV. The results indicated that the proposed proto-
col surpasses the others in four metrics out of five; routing
overhead, packet delivery ratio, average energy consumption
and number of dead nodes, while in the end-to-end delay the
EHO-AOMDV have attained tolerable delay compared to the
AOMDV. Results also clarified that the proposed protocol
attained better performance than the other implemented pro-
tocols in terms of load balancing which was obvious in its
superiority in the packet delivery ratio. The authors recom-
mend that the EHO-AOMDV could be effectively applied in
systems preferring higher packet delivery ratio over delay as
marketing and management.
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