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Abstract
Mobile Ad-hoc Networks (MANETs) are multi-hop ad hoc networks of mobile battery-charged devices
designed for emergency use. There is source preparation with regards to a potential disconnection whilst
occurrence of a path breakage. The source will commence with discovery of the path and evade complete
disconnection. When there is a decrease in the availability of links, there may be path breakage.
Breakages of links because of energy drain and node mobility are managed by reactive MANET routing
protocols. Also, multi-hop communication can be more e�cient in terms of the routing protocols for large
area networks. The Ad hoc On-Demand Multipath Distance Vector protocol (AOMDV) is modi�ed by this
study in a way that link availability estimates lead to route handoff. An optimal AOMDV route can be
detected by the novel Bat Algorithm hybridization with Harmony Search (BAT-HS) algorithm depending on
rate of bit error, velocity, neighbouring node’s queuing delay, and link quality. In this work, the proposed
algorithm Hybrid Bat (HBAT) to enhanced the AOMDV with Hybrid Bat is optimizes the routing
outperforming the Packet Delivery Ratio (PDR), End to End delay reduction and in order to reduce routing
control overheads and route discovery that are proved by simulation results.

1 Introduction
MANETs are wireless networks with self-con�guration by mobile routers that are wireless link-connected
to set up an absolute topology. Routers are the participating nodes which have free and random motion.
These nodes also arbitrarily manage themselves in the router. In a wireless network topology, this leads to
swift variations. These networks may also be connected to a bigger Internet. Quality of Service (QoS)
provisioning’s purpose is achievement of deterministic network behaviour for better utilization of network
resources as well as better information delivery by the network [1].

Host and router in MANETs are the mobile nodes for packet forwarding to other nodes since they may not
be within each other’s ranges of transmission [1]. Reactive and proactive routing protocols are
classi�cations of MANET routing which are route discovery time dependent. There is systematic route
discovery and renewal in table-driven (proactive) routing protocols. Node routing tables are employed for
storage of every data related to routing. A tra�c source utilizes the routing table’s accessible route when
required. However, in on-demand routing protocols, the process of route discovery is admitted by the
tra�c source only when there is a route requirement [2].

The reactive or on-demand route discovery is offered by AODV. Route discovery will identify paths from
source to destination and also when routing information is not present in the source node’s routing table.
The neighbours are broadcasted with a route request (RREQ) message by a node for requesting a
destination route. The RREQ packet directly broadcasts a path replay (RREP), which is a unicast reply
message, to the source from which the RREQ message was received [3].

A multi-path AODV extension is the AOMDV routing protocol. Three aspects of the AOMDV are
comparable with the on-demand multi-path routing protocols. At �rst, it may not seem to have intermodal
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coordination overheads like other protocols. Later, without source routing, it can secure alternative route
disjointness via distributed calculation. In the end, AOMDV will assess substitute routes with nominal
extra overhead over AODV through potential alternate path routing data utilization [2].

Links with high reliability for participating nodes in route establishment/maintenance are ensured by the
routing scheme. Ergo, MANETs face the issue of designing reliable routing protocols. Physical conditions,
mobility, received signal strength, and node power are factors that depend on link reliability. Surveillance
applications, audio/video conferencing are a few groups of communication services that require reliable
nodes along the multicast path to continuously transmit non-prioritized/prioritized packets. Redundancy
in sensing/communicating nodes help in the accomplishment of reliability in the nodes of these
applications [4].

For research purposes, routing appears as a prominent issue. An optimal path between a
source/destination set is decided by the frequently used single path routing protocols. It is required to �nd
new paths during route breaks which results in high latency/overhead [7]. During route maintenance,
breakages in the MANET links are identi�ed by AOMDV and AODV. After this, there is election of a new
route. There is delay, active path’s packet loss, and performance degradation because of the time taken
for a new route’s election. For instances of breakages because of lower energy level and mobility, there is
analysis of AODV/AOMDV. Whilst the AODV places multiple paths on route, the AOMDV places multiple
paths in the routing table.

Alternate route election on link failure must not cause a new route discovery initiation. Without loss of
data, there is election of an alternate path from the succeeding hop list [5]. The AOMDV routing protocol
may be potentially optimized by maintenance of alternate routes which are found at the time of route
discovery, and e�cient load distribution so as to prevent overburdening of the nodes. This holds true only
during an alternate route’s availability. Transmission of data along alternate routes will maintain them as
well as prevent timeout issues [6].

In this work Bat Algorithm is applied for AOMDV’s enhancement for the occurrence of route handoff
utilizing the estimation of link availability. Bat Algorithm also has other variations and enhancements. A
hybrid Bat Algorithm for function benchmarks’ numerical optimization is a duct of the Hybridized Bat
Algorithm with Harmony Search [8]. Depending on factors like rate of bit error, velocity, neighbouring
node’s queuing delay, and link quality, the novel hybrid optimization algorithm based on Bat Algorithm
and Harmony Search (BAT-HS) will identify an optimal AOMDV route. The article is divided into different
sections; Section 2 discusses AOMDV optimization works, Section 3 describes the various techniques on
which the proposed method is based, Section 4 presents the results and conclusion in Section 5.

2 Related Works
Routing process control and leaving of hops which only had maximum permissible distances in a route
that relied on each node’s received signal strength was proposed by Lalitha & Rajesh [9]. A maximum
transmission range-based, power-ware, and topology-aware AOMDV routing protocol was recommended
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by the authors. This AOMDV_Range Routing (RR) model was NS2 deployed by the standard AOMDV
protocol’s improvement. Testing was done on the standard AOMDV and the latest AOMDV_RR under
diverse network densities, and there was inclusion of the performances for metrics that were favourable.
There was realization of measurable performance differences. Compared to the standard AOMDV, the
AOMDV_RR demonstrated improved QoS like higher throughput, and lower network overhead and also
conservation of energy.

Avoidance of congestion by better route identi�cation could boost the AOMDV’s performance by
combining with Su�cient Bandwidth Aware (AOMDV+SBA) which was proposed by Wannawilai &
Sathitwiriyawong [10]. Outcomes of the NS2 simulations demonstrated increased PDR below medium-to-
high tra�c loads, decreased power consumption, decreased data packet delay, and network performance
enhancement and endurance. The proposed protocol’s performance in low-to-medium tra�c loads, was
near to that of the standard AOMDV routing. NS2 Simulations were used for analysis of differences in the
performance of the AOMDV and the Optimized Link State Routing (OLSR) routing protocol by Oo &
Othman [11]. The authors compared the bene�ts and drawbacks of both protocols using normalised
routing load, and measured packet loss.

Modi�ed RREP in order to select dependable routes based on Bit Error Rate (BER) was done by Yelemou
[12]. There was study of the effectiveness of this protocol with regards to terms of these developments
under realistic conditions. Comparisons were also drawn against the standard AOMDV/AODV protocols.
Outcomes demonstrated that, even in di�cult conditions such as multi-communication or mobility, they
could boost the standard AOMDV’s performance.

There was a presentation of a scheme that was stable link-based and consisting of a mobility prediction-
based node election process and a battery power ratio by Kant & Awasthi [13]. This scheme could set up
stable routes for carrying out routing discovery, broadcasting messages, packet transmission, and
maintenance of multicast routing in MANETs. For illustration of the consequence of node failure on
MANET performance, Choudhary et al., [14] has proposed a node failure model incorporated in the
network. This was represented as a node failure model to assess the behaviour of the MANETs in
scenarios like variations in topology, and realistic momentary node failures. Gap analysis execution and
strategy preparations were done to boost the reliability and the performance of MANET.

A novel AOMDV protocol that contains an energy threshold for optimization of the forwarding technique
whilst simultaneously constructing an energy-cost function for utilization as a multiple path selection
criterion. For balancing the multiple path energy at the time of transmission, it employs multiple paths
one by one. NS2 simulation tool compares the performances of AOMDV and MRNLM Liu et al., [15].

The misbehaviour in Transmission Control Protocol (TCP) was examined in detail by Kathiravan & Radha
[16]. Based on their analysis, a cross layer mechanism which employed AOMDV was proposed by them.
In the protocol, multiple link disjoint paths were identi�ed utilizing AOMDV and the next-hop was chosen
based on existing wireless channel conditions for wireless channel error minimization. When there was
failure in the initial route failure, new window size for a substitute route was preferred by the TCP source.
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The distance between the alternate path/destination’s origins formed the basis of this opportunistic
window size election. NS2 was used to evaluate this protocol’s performance with the AOMDV for metrics
like BER, PDR, size of window, and TCP throughput. Signi�cant developments were observed by
assessing these outcomes.

Performance optimization of the AODV routing protocol was done with usage of link availability
prediction in urban areas via Ghanbarzadeh & Meybodi’s [17] Hello message mechanism for modelling
urban areas with the Manhattan mobility model for movement of nodes. Presentation on link availability
probability was done by Kumar et al., [18]. For simulation work, the Nakagami model is employed, and the
model is evaluated in an urban environment with a variety of velocity between nodes. The link availability
between nodes is also determined.

Yuet al., [19] presented Link Effective Available Time (LEAT) protocol for getting available link-time
through an epoch through estimation of distance between nodes instead of utilizing the total localization
information. Then, for link breakage reduction, the product of link availability and available time was
proposed as a novel link cost for routing. Simulations con�rmed that LEAT could support network
performance in throughput, hop count, and delay, which are associated with well-known routing
algorithms. LEAT could also signi�cantly minimize the link breakages

Investigations were done by Houaidia et al., [20] on effective routing metrics design for optimizing
network resources and for ful�lling the QoS requirements of users. Actual experiments were conducted to
uncover the Expected Transmission Count (ETX) metric’s de�ciency in subsequent optimization for
routing that was effective. The OLSR routing protocol was used to perform simulations. These
simulations demonstrated the ETX’s various de�ciencies that led to inaccurate link quality estimation and
routing decisions. Link availability-based enhancements for the ETX metric were presented in this work
for accurate detection of high-throughput paths in wireless mesh networks which are multi-hop.

3 Methodology
In this work, the AOMDV is optimized using a heuristic method to �nd the optimal route. The proposed
technique is based on Hybrid BAT optimization. To �nd the optimal route, the link quality, BER, node
velocity and neighbouring node queuing delay are considered. In this section methods like link availability
and Hybrid BAT Harmony Search Algorithm are presented.

3.1 Link Availability Estimation
If nodes A and B have an active link at time t, link availability being active between them at time t+T. A
link can recover or fail one or more times in the time span [t, t+T]. For path selection between nodes, this
metric is not a practical criterion. This is because, if there is link failure, there must be immediate
rerouting instead of waiting for a failed link’s re-availability. This evaluation’s concept is summarized
below [21]:
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Provided that T is the prediction of expiration time (time available continuously) for an active link {a, b}
between A and B at time t. Then, the de�nition for availability L(T) of link {a, b} will be:

L(T) = PR{link{a, b} active between time t to t+T given that it was active at time t}

A prediction-based link viability prediction allows a node to provide a continual time period that an
accessible link lasts from beginning time, assuming that both link nodes have no alterations and
maintain their current motion in speed and distance. Below are the basic assumptions in the
derivation of continuous link availability: [25].

The de�nition of an epoch is given as the random length interval when a node traverses with
constant velocity.

For the sake of simple discussions, the assumption is that a node will have the same mean epoch

length λ −1. Despite that, the derivation, L tp = P T > t0 + tp T > t0 can be extended to

different mean epoch lengths for nodes in which t0 is the initial time from when the prediction
begins.

The prediction tp is given on continuous availability of a linkL tp  between two exponential nodes

which are identical.

Uncorrelation of node mobility [22].

3.2 Enhanced AOMDV Routing with Hybrid Bat
Sonar echoes are utilized by bats for obstacle detection. Short, loud sound pulses (with pulse rates of 0 to
20 times/second) are emitted by the bats during their �ight. Upon hitting the obstacles, the sound pulses
undergo transformation into a frequency. These are then re�ected upon hitting any object. The bats use
the delay between the emission and re�ection for navigation. Bats will convert their pulses into useful
information to assess the distance from their prey. Wavelengths with a range of 0.7 to 17 mm or inbound
frequencies of 20-500 kHz are utilized by the bats [26].

Harmony Search (HS) is developed on the basis of natural musical performance processes that take
place when an optimal harmony state is sought by the musician. Operators that are used for specifying
the HS algorithm optimization are: bandwidth of pitch adjustment (bw), rate of pitch adjustment (PAR),
rate of harmony memory consideration (HMCR), Harmony Memory (HM) and the harmony memory size
(HMS) - it shows the solution vector stored in the HM.

HS was motivated by the improvisation of Jazz musicians who individually re�ne their individual
improvisation through a piece of music variation resulting in musical variations that produce aesthetic
harmony. Stages of HS protocol are:

( ) ( ( ) / )

( )
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Begin

HM initialized and �tness evaluated.

do

for 1-D in d do

Compare rand and HMCR // memory

assign 𝑥𝑎 to 𝑥new of (𝑑)

Compare rand and PAR // pitch adjustment

𝑥new (𝑑) = 𝑥old (𝑑) + 𝑏𝑤 × (2 × rand − 1)

end

𝑥new(𝑑) = 𝑥min,𝑑+ rand × (𝑥max,𝑑− 𝑥min −𝑑)

end

end for d

Updating HM as 𝑥𝑤 = 𝑥new, if (𝑥new) < (𝑥𝑤) (minimization objective)

Updating best harmony vector

Step 4. end

End

The steps of the protocol are detailed below:

Stage 1. Setting up of the optimization issue as well as algorithm variables

In the initial stage, the optimization issue is given by

Min (or Max ) f(x)
_

subject toxiϵXi, i = 1,2, . . . . , N.

The solution is obtained by either maximizing or minimizing as required. In this work, for a speci�ed
source to destination, several paths are identi�ed through the link measure in AOMDV by modifying path
discovery procedure. For maintaining a balance between network loads as well as QoS, the aim is the
minimization of packet loss rate, estimated load, and the delay in route.
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F(i) are scalar objective functions to be optimized Xi refers to the range of values of all continuous
decision variables xi.

Additionally, the control variables of HS are also given in this particular stage. The variables are the HMS
that is the quantity of solution vectors (Chakraborty et al., 2009 and Amiri et al., 2010).

Stage 2. HM initialization

Every member of every matrix in the concurrent population of HM that is the extent of HMS is assigned a
random integer that is equitably spread between upper and lower bounds at this phase.

The following equation is used to achieve this for the i-th element of the j-th solution vector:

[Lxi, Uxi], 1 ≤ i ≤ N

xj
i = Lxi + rand(0,1). (Uxi − Lxi)

Stage 3. New Harmony improvisation:

A Harmony vector x
_

= (x'
1, x'

2, . . . . x'
N) is created on the based on

(1) Memory,

(2) Pitch adjustments, and

(3) Arbitrary selection.

Creating a novel harmony known as ‘improvisation’ helps to explore the solution space for better
solutions.

Stage 5. Check terminating criteria: Last stage is to check the criterion for continuing the process the
terminating criteria (maximal NI) is ful�lled, computations are stopped. Else, stages 3 and 4 are iterated.

Although the Bat Algorithm is effective in exploitation (local search), it does fall into the local optima
sometimes. As a result, it loses its capability to carry out proper global search. As BAT relies on random
walks for searching, it is unable to ensure rapid convergence. By hybridizing BAT with HS by maximizing
BAT’s population diversity, the issue of falling into the local optima can be avoided. Addition of pitch
adjustment in HS is an enhancement which acts as a mutation operator for making convergence faster
so as to extend the approach’s feasibility for even more practical applications whilst ensuring that the
basic BAT’s attractive characteristics are preserved.
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A hybrid metaheuristic approach that incorporates pitch adjustment in HS as an evolutionary algorithm
into the BAT allows for benchmark function optimization. The distinction between HS/BAT and BAT is
that the mutation operator improves the original BAT, resulting in a unique solution for each bat [26]. As a
result, this strategy will use HS algorithms to seek out new search space, as well as BAT to leverage
population information in order to avoid falling into the local optima in BAT [25, 27].

The BAT-HS critical operator is a hybrid harmony search mutation operator that improvises harmony in
HS with BA. Following considerations form the basis behind this new hybrid mutation operator: the new
search space’s exploration is enhanced by the mutation operator. Thus, there is full development of the
BAT’s exploitation capabilities as well as the strong exploration capabilities of the original HS.

Bat Algorithm (BAT) is unable to ensure rapid convergence as the search wholly depends on random
walks. BAT can be enhanced by the addition of the mutation operator which also includes three minor
enhancements for speeding up convergence so as to make the method feasible for practical applications
whilst retaining the attractive feature of the original method.

4 Results And Discussion
The simulations were performed on the MATLAB platform. the number of nodes 200 to 1000 nodes have
been experimented with and the transmit power of each node is 0.005 watts. Table 1. shows the
simulation parameters. The network is simulated and the proposed algorithm is evaluated for the
achieved packet delivery speed and the end-to-end delay. Table 2 to 4 and Figure 3 to 8 illustrate the
results obtained.

Table 1
Simulation Parameters

Parameter Values

Number of nodes 200-1000

Simulations area (m) 1000 x 1000

Transmission range (m) 100

Tra�c model CBR

Packets size (bytes) 512

Simulation time 2000 sec

Bandwidth 2Mbps
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Table 2
Packet Delivery Ratio for HBAT-AOMDV

Node pause(Sec) AOMDV LQ AOMDV BAT AOMDV HBAT AOMDV

200 0.7391 0.7333 0.7381 0.7542

400 0.7597 0.8617 0.8871 0.9171

600 0.7852 0.8741 0.8889 0.9043

800 0.8442 0.9509 0.9657 0.9712

1000 0.9191 0.9643 0.978 0.9956

Table 1 and �gure 2 it is observed that for node pause time of 200, Packet Delivery Ratio of HBAT-AOMDV
improves by 5.49% than LQ-AOMDV and by 3.54% than BAT-AOMDV. For node pause time of 800, Packet
Delivery Ratio of HBAT-AOMDV improves by 2.11% than LQ-AOMDV and by 0.57% than BAT-AOMDV. For
node pause time of 1000, Packet Delivery Ratio of HBAT-AOMDV improves by 1.79% than LQ-AOMDV and
by 0.38% than BAT-AOMDV.

Table 3
Average Jitter

Node pause (Sec) AOMDV LQ AOMDV BAT AOMDV HBAT AOMDV

200 0.003833 0.004191 0.004465 0.004085

400 0.00218 0.001128 0.002497 0.002367

600 0.002012 0.001624 0.001259 0.001216

800 0.000812 0.001221 0.00057 0.000547

1000 0.001087 0.000785 0.000754 0.000702

Table 2 and �gure 3 it is observed that for node pause time of 200, Jitter of HBAT-AOMDV is reduced by
0.15% than LQ-AOMDV and by 6.63% than BAT-AOMDV. For node pause time of 800, Jitter of HBAT-
AOMDV is reduced by 76.24% than LQ-AOMDV and by 4.12% than BAT-AOMDV. For node pause time of
1000, Jitter of HBAT-AOMDV is reduced by 11.16% than LQ-AOMDV and by 7.14% than BAT-AOMDV.
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Table 4
Average End to End delay

Node pause (Sec) AOMDV LQ AOMDV BAT AOMDV HBAT AOMDV

200 0.8709 0.9235 0.8262 0.7706

400 0.5107 0.4711 0.485 0.4687

600 0.4035 0.3318 0.377 0.3598

800 0.2815 0.3076 0.2606 0.246

1000 0.207 0.265 0.1928 0.1836

Table 3 and Figure 4 it is observed that for a node pause time of 200, the mean end-to-end delay of HBAT-
AOMDV is reduced by 18.16% than LQ-AOMDV and by 7.04% than BAT-AOMDV. For node pause time of
800 the end-to-end delay of HBAT-AOMDV is reduced by 22.25% than LQ-AOMDV and by 5.46% than BAT-
AOMDV. For node pause time of 1000 the average end-to-end delay of HBAT-AOMDV is reduced by
36.29% than LQ-AOMDV and by 4.89% than BAT-AOMDV.

In Figure 5 it is observed that the routing control overhead of proposed HBAT-AOMDV is decreased when
contrasted with BAT-AOMDV and LQ-AOMDV and incremented when contrasted with AOMDV. Average
values of BAT-AOMDV are increased by 18.8% than AOMDV but decreased by 11.76% than LQ-AOMDV.
Average values of HBAT-AOMDV are increased by 20.4% than AOMDV but decreased by 13.52% than LQ-
AOMDV.

Figure 6 shows that the HBAT-AOMDV number of route discoveries has decreased on average from 7.65–
32.09% when contrasted with AOMDV, LQ AOMDV and BAT AOMDV.

In Figure 7 it is seen that the HBAT-AOMDV for routing/Data bits decreases by the average of 0 to 26.08%
as opposed to AOMDV, LQ-AOMDV and BAT-AOMDV.

5 Conclusion
To avoid node overload, there is maintenance of alternative routes found during path discovery. and
effective load distribution in the AOMDV routing protocol. Positive outcomes were demonstrated when
performance comparisons were done against commonly known population-based algorithms.
Simulations are conducted to evaluate the Hybrid Bat AOMDV (HBAT-AOMDV) and compared with LQ
AOMDV and BAT AOMDV. The experiment was performed with 1000 nodes and the transmitting power of
each node was 0.005 watts. Simulation results of this work for PDR, end to end delay and jitter achieved.
The proposed HBAT AOMDV optimizes the routing based on the link availability and is based on
hybridization of BAT and HS algorithms. In comparison to other algorithms, high-quality solutions are
found by the Hybrid BAT-HS. The results show the hybrid algorithm compared to traditional, the average
end to end delay of Hybrid BAT AOMDV is improved by reducing delay as opposed to LQ AOMDV and
BAT AOMDV. Average values of HBAT AOMDV are reduced by 12.54% than LQ AOMDV and reduced by
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5.4% than BAT AOMDV. It is observed that the average jitter of Hybrid BAT AOMDV reduces jitter as
opposed to LQ AOMDV and BAT AOMDV. Average jitter for HBAT AOMDV is reduced by 0.77% than LQ
AOMDV and reduced by 5.75% than BAT AOMDV. Future work could include integrating the proposed
solutions into a single framework and developing new techniques based on fuzzy mathematical
programming for multi-metric optimization, taking variations into account.
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Figure 1

Ad hoc On-Demand Multipath Distance Vector
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Figure 2

Flowchart of the HBAT Algorithm
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Figure 3

Packet Delivery Ratio for HBAT-AOMDV

Figure 4

Average Jitter
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Figure 5

Average End to End Delay for HBAT-AOMDV

Figure 6

Routing Control Overheads
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Figure 7

Number of Route Discovery

Figure 8

Routing/Data Bits


