International Journal of Computational and Experimental "9‘??‘

Science and ENgineering B (e
(IJCESEN) -
Vol. 11-No.1 (2025) pp. 87-96 —
http://www.ijcesen.com -

|§SN: 2149-9144

Copyright © IJCESEN
Research Article

Artificial Intelligence Technique Based Effective Disaster Recovery Framework
to Provide Longer Time Connectivity in Mobile Ad-hoc Networks

Nismon Rio Robert!", A. Cecil Donald? and K. Suresh?
1Department of Computer Science, Christ University, Bangalore-560029, India
* Corresponding Author Email: nismon.rio@christuniversity.in-ORCID: 0000-0001-9238-4125

2Department of Computer Science, Christ University, Bangalore-560029, India
Email: cecil.donald@christuniversity.in-ORCID: 0000-0002-1453-9192

3Department of Computer Science, Christ University, Bangalore-560029, India
Email: suresh.kalaimani@christuniversity.in-ORCID: 0000-0003-0534-9909

Article Info: Abstract:
DOI: 10.22399/ijcesen.713
Received : 02 October 2024
Accepted : 14 December 2024

Communication plays a vital role for effective management and for the execution of
disaster response and emergency recovery efforts must be able to exchange information
with each other from anywhere, at any time to successfully fulfill their missions.
Therefore, it is important to configure emergency communications networks in disaster
conditions using ad-hoc networks. This proposed framework collects the information and
communication before or after a disaster. The aim of this research work is to propose a
possible practical communication model by using ad-hoc network configuration
technologies using Greedy Randomized Adaptive Search Procedure (GRASP) with the
proposed algorithm. The development of this research work is to improve information
exchange and facilitate coordination among emergency services and disaster field offices,
state/level entities and private industry. This is accomplished by the integration of
existing information systems, implementation of new efficient technologies and
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interconnection of established networks with artificial based techniques.

1. Introduction

A natural disaster is an unforeseen and inevitable
event that can occur anywhere in the world. Natural
disasters, floods, hurricanes, tornadoes, earthquakes
and tsunamis. Once disasters occur all the
telecommunications facilities will not be available.
Telecommunication may not be possible after a
disaster, which can lead to cut off from information
exchange. Nowadays many people connect through
the internet using smart phones and make calls and
send text messages through social network
operations such as facebook, instagram, etc.,
Rendering services through mobile towers after a
massive disaster is expensive and can take a long
time. A Mobile Ad-hoc Networks (MANETS) is a
decentralized network of mobile devices that
communicate with each other without the need for a
centralized infrastructure as depicted in Figure 1.
The network is dynamic and self-configuring,
allowing devices to join or leave the network at any
time. Nodes are the devices in the network that

communicate with each other, such as smartphones,
laptops, and tablets. Links are the wireless
connections  between nodes that enable
communication within the network. In a MANET,
the source is the node that initiates the
communication by sending data packets. It is where
the data originates from and is transmitted to other
nodes in the network.The destination is the intended
receiver of the data packets sent by the source. It is
the node that the source wants to communicate with
and where the data packets are ultimately
delivered. The transmission range refers to the
maximum distance within which a node can
communicate directly with other nodes in the
network. Nodes within the transmission range can
exchange data packets directly, while nodes outside
this range may require intermediate nodes to relay
the packets.The salient feature of this technology is,
it can be established without any infrastructure
support. During disaster situations, people regularly
make calls with their family and friends to update
their situations. Since the density of people in a
mobile network will come up with heavy traffic.
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Though the mobile towers are not damaged and
overburdened and unable to handle the flow of
communication. Hence, an effective routing scheme
is important to reduce the traffic congestion. The
topography of the network in disaster areas is always
unpredictable in changes because the people move
around with mobile devices. There are some
common obstacles and change in the device
direction may happen as people disconnect from a
network. As mobile battery power is limited, victims
are not generally connected to a network for a longer
time. Still, a problem occurs when other devices
don't have any single neighbor to act as a ground to
the destination device.

The main technical objectives in context of disaster
management study are summarized as follows: (1)
To develop and enhance sustainable institutional
disaster risk management capacities, frameworks
and its mechanisms, and supporting the development
and implementation of government policies, (2) To
provide uninterrupted communication in the disaster
affected places to expedite the rescue operation, (3)
To provide the exact geographical position of
victims to the rescue team and facilitate the
dissemination and exchange of disaster risk
management expertise, experience and information,
(4) To provide emergency communication and
timely relief and response measures. After reviewing
the previous works related to the risk management,
a new algorithm focusing on the wireless device, ad-
hoc network and longer time connectivity are
formulated as a code format. Then, computer
simulation is carried out to validate the effectiveness
of the proposed method showing the end-to-end
delay and packet loss.
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Figure 1. Mobile Ad-hoc Networks

This paper focuses on implementing a framework for
enhancing the dissemination of the communication
effectively without any interruption in MANETS.
There are two types of wireless networks, viz.,
infrastructure  and  infrastructure-less  based
networks. The infrastructure-based networks work
with the help of a centralized device such as access
points or mobile towers but infrastructure-less
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networks do not require any fixed infrastructure
support. It can be set up quickly at any time when it
is needed. Ad-hoc wireless sensor architecture is
developed for disaster survivor detection to take
necessary measures in a limited span of time [1]. The
outcomes of this research work focus on integration
of wireless sensor network architecture and
telecommunication infrastructure, very much useful
to save the life of thousands of people in critical
emergency situations. Smartphone and Personal
Digital Assistant (PDA) based disaster management
systems  were proposed for  peer-to-peer
communication only [2]. The path can be highly
unstable and may change (make or break) quickly.
Computer mediated disaster communication systems
using rapidly deployable mobile computing and
wireless communication technology and to realize a
prototype of a decentralized disaster management
system and information network. The methodology
used for their work such as structured
guestionnaires, unstructured interviews, country
case studies, regional case studies, interactive
discussions with the stakeholders and technological
development including simulations [3]. The
management of rescue and relief operations using
wireless mobile ad hoc technology architecture was
explored. The manager of rescue operations
represents the server in this architecture [4].
Whereas the clients are the rescuers involved in the
operation. Post disaster situations demanding
efficient communication and coordination among
rescue teams were examined. Exchange of real time
information among responders and emergency
management centers is crucial for saving lives. In
such scenarios, MANETS are suitable for providing
communication mechanisms, as they are easy to
deploy and do not require elaborate infrastructure
[5]. However, their simulation results showed that
both the mobility model and routing protocols affect
the communication between the stages.

Each node operates as an end system and also as a
router for all other nodes in the MANETSs
communication. MANETS have difficulty in sending
and receiving data packets when nodes are not in
communication range [6]. Stable path is identified
by using parameters such as delay, hop, reliability
and security, etc. But node density plays a vital role
in affecting the Quality of Service (QoS) parameters
of the network. Linear optimization-based quality
analysis splits the load according to quality of the
routes [7]. It was framed by considering the network
parameters such as Peak-Signal-Noise-Ratio
(PSNR) and path cost. Initially, source node finds N
nodes disjoint paths till destination. Probe packets
from source to destinations are sent to know the
network condition. MANETS routing protocol takes
the responsibility to coordinate and control the
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mobile nodes for delivering the data packets from
source to destination. It begins MANETS
transmission by broadcasting requests to the
neighboring nodes during route discovery process. It
is performed in different ways based on the
functionalities of routing protocols. To improve
routing, link quality was evaluated using Dynamic
Source Routing (DSR) protocol [8]. When a node
receives Route Request (RREQ) from neighboring
nodes, it matches the node’s ID with received
RREQ. Then, it sends back a Route Reply (RREP)
packet to the sender node for establishing a path.
Otherwise, it keeps on sending RREQ packets until
it reaches the destination. In MANETS, there are
many critical issues such as energy consumption,
high End-to-End Delay, low Packet Delivery Ratio
(PDR), security attacks, unstable links, etc., that
need to be addressed for improving the routing
performance. Unstable links is an important issue
because radio links are likely unreliable due to
nodes’ mobility. These unstable links lead to
rerouting which creates more routing overhead. Link
stability refers to the ability of a link that can survive
for a longer time. In other words, it is the ability to
take less time for repairing the link locally through
the selection of an alternate link. The link stability
between any two nodes depends on when they are
within the communication range or if the signal
strength crosses the certain threshold. Mobility
causes link failure which leads to path rediscovery.
A link is said to be active when the radio range of a
link satisfies with the minimal requirements of the
successful transmission. Path stability depends on
the availability of all links for establishing the path.
A lightweight Proactive Source Routing protocol
(PSR) [9] for forwarding the data in MANETS. In
PSR, each node maintains breadth-first search
spanning tree which was periodically exchanged
among neighboring nodes for updating network
topology information. It allows a node to have full-
path information to all other nodes in the network. In
PSR, if a link failure occurred at any node, it found
the failure of the link from the source node.
Predicted Probabilistic Coefficient Link Stability
(PPCLSS) scheme routing was developed for
MANETS [10], in which, link loss was found based
on the number of packets forwarded from a mobile
node to the average dynamic distance between two
mobile nodes with the mobility proportion. It
considered the energy utilized paths for transmission
of a packet and the average path lifetime. An
algorithm is developed [11] to select a set of
neighbors with respect to link stability and battery
capacity. It has stronger route stability and lower
probability of link failure because it selects links
with higher Link Expiration Time (LET). Cross
layer design algorithm is implemented [12] based on
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stable and energy-efficient routing technique in
which QoS monitoring agents collected and
calculated the link reliability metrics viz., LET,
Probabilistic Link Reliable Time (PLRT), Link
Packet Error Rate (LPER) and Link Received Signal
Strength (LRSS). These types of metrics assisted to
find the most reliable link and to reduce the number
of path reconstructions. In addition, Residual Battery
Power (RBP) metric was implemented to maintain
the energy efficiency in the network. Finally, Route
Selection Probability (RSP) was calculated based on
these estimated parameters using fuzzy logic.

The stability-oriented routing algorithm was used
[13] to discover the stable paths for transferring data
packets via intermediate nodes. Focus was given to
discover a stable route that should flood only the
minimum number of control packets. Two important
parameters were considered for neighboring node
stability [14], i.e., Mobility and Link loss path
mobility. The node link loss was measured by using
Signal-to-Noise Ratio (SNR) and Bit Error Rate
(BER). Trustworthy nodes were used to build a
stable route between source and destination. Secure-
dEd-Reflection-Inducement-eState (SERIeS)
implemented [15] to enhance the link stability and
security in MANETS. The path between source and
destination was discovered with the help of a
learning agent after network formation. This agent
used the link state database to identify the correct
path which contained the detailed information about
the node’s bandwidth, queue length and energy.
Once the path had been established, the data
communication was performed between the
corresponding nodes. Cluster based Multicast Ad-
hoc on-Demand Routing Protocol developed [16] for
increasing link stability in MANETs (LSMAODV)
to select the reliable neighboring nodes. The
predictable information of nodes in the network
decreased the delay and enhanced the efficiency. In
LSMAOQODV, three clusters were created, and one
node from each cluster was selected as cluster head
based on the packet priority. Finally, a link with high
probability of longer lifetime between the nodes was
selected. The QoS metrics such as delay, energy
consumption, End-to-End delay, packet loss and
overhead were minimized. The stability is predicted
[17] of links to enhance the reliability of the
communication between source and destination.
Individual link stability was computed between two
neighboring nodes to extend the link connectivity
with minimum link updated time. To avoid link
failures, there is the need to clearly predict the
mobility of all the nodes. The stable link was chosen
based on availability of path for maximum time.
Moralism technique predicted the nodes’ total travel
time in the communication range of requesting nodes
[18]. The successful transmission of periodic packets
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was used to enhance the link stability for stable path
selection. An algorithm for Local Link Failure
Recovery (LLFR) developed [19] for ad-hoc
networks that established the path locally at the point
of link failure. In such cases, a reliable link-failure
recovery was the main criteria that determined the
performance of the network in terms of QoS
parameters. The LLFR was used in each node to
collect RREP. In the RREP, Buffer Table (RBT)
stacks in the highest order of signal strength, which
gets triggered during link failures. Once the link
failure was detected, the intermediate nodes
searched for an alternate path around the faulty area
by choosing the first RREP, which was stacked in
RBT and established a new route to the intended
destination for sending the data packets without any
time delay. Multipath routing based on link
availability, neighboring nodes queuing delay,
nodes’ mobility and bit error rate was considered
[20]. AODV protocol to find the path of the data
transfer [21,22].

Initially, authentication was required between the
mobile nodes to prevent the various inside and
outside attacks. When the mobile nodes were
mutually authenticated, it led to the reliable data
transmission between the mobile nodes. It was
designed to provide the best path according to signal
strength. The path which has maximum signal
strength was chosen as a final path. It helped to
reduce the link failure problem. Several metrics to
find the node and link lifetime with energy-
depletion rate and mobility-evaluation rate of the
nodes [23], respectively. Lifetime prediction routing
and signal stability-based adaptive routing were two
mechanisms used to implement DSR. Estimated link
stability based on link connectivity changes [24]
which were performed on the network layer.

2. Material and Methods
2.1 EDRF: A Proposed Algorithm

The Geographical Information System (GIS)
enabled mobile phones as base stations to know the
status of the victim places and update the victim
information. Researchers have already explored the
advantages of using ad-hoc networks for several
critical applications like, military communication,
disaster communication, vehicular networks etc.
smartphones are now coming up with increasing
computing capability, high storage capacity and
multiple  wireless communication interfaces
(GSM/Wi-Fi/Bluetooth etc.). This paper aims to
create an alternative mobile communication
backbone in a disrupted communication
environment like disaster using GRASP.
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2.2 Set up Wireless Devices

The first step of this project is to set up sensor
devices (smart phones) that are able to discover the
services offered in the working platform and interact
with all of them. In disaster occurred areas there will
be some wireless devices to represent a group of
rescue teams who must collaborate to recover the
people.
# Initialize data structures
Node ID = @; Neighbor(s) = ®; LET =
Max LET = ®; Min_LET = ®; Max_CL = ®;
#’S* Computes Max ML on link [i], link [i+1],..,
link[n]and link [j], link [j+1],.., link[m]
for each node in MANETS:

node.RoutingTable = empty
struct Node {

ID

RoutingTable
¥
# Create a Route Request (RREQ) packet

RREQ = create. RREQ (source, destination)

# Broadcast the RREQ to neighbors

Broadcast (RREQ)
# Wait for RREP or timeout
# When a node receives an RREQ
function ReceiveRREQ(RREQ), sender):

if RREQ.destination is this node:

# Create a Route Reply (RREP) and send it

back to the source

®@;

RREP = create. RREP (RREQ.source, this
node)
Unicast (RREP, sender)
else:

# Forward the RREQ to neighbors (if not
already processed)
if not already_processed(RREQ):
forward (RREQ)
struct RoutingTableEntry {
Destination
NextHop
HopCount
Valid
SequenceNumber
Link Expiration Time (LET)
Maximum Links (ML)
}

2.3 Deploying the Ad-hoc Network (GPS/GIS)
Enabled Device

The smartphones control each mobile device on the
location. Initially, one smart phone acts as a main
device. Every mobile device knows exactly which
device stores and exchanges the information and
where it is located.
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Begin
for (i O;i<total_ links;i++)
for (j O;j<total_links; j++)
If (link [iJof ML > link [jJof ML) then
CALL Max_ML (ML)
Else (link [iJof ML == link [j] of ML) then
CALL Max_LET (LET)
Endif
End
End
CALL Link_Est(); //Check whether the calculated
links fails or does not
End {EDRF}
function RouteDiscovery(source, destination):
if source is destination:
return
# When a node receives an RREP
function ReceiveRREP(RREP, sender):
if RREP.destination is this node:
# Update routing table with the new route
information
update_routing_table(RREP.source,  sender,
RREP.hop_count, RREP.Link Expiration Time,
RREP.Number of Connected Links)
else:
# Forward the RREP towards the source (if not
already processed)
if not already_processed(RREP):
forward(RREP)

2.4 Longer Time Connectivity

In case the main device gets a failure that must be
effectively managed to ensure the platform remains
fully operational even in the main device failure.
This is achieved by combining the following two
features;

Main Device Backup: This feature allows the main
device to keep all data copy fully to ensure that if it
fails another device can take over for continuous
communication.

2.5 Connection Continuity

In the case of a main mobile device failure, another
new mobile is automatically started as the new main
controller and can recover its data from the stale
main mobile device. In the EDRF algorithm, nodes
collect information such as Link Expiration Time
(LET), Connected Links (CL), Min_LET,
Max_LET, Node ID and Max_CL in order to ensure
stable links to construct a path. These metrics are
used to enhance the stability links MANETS. Proc
EDREF (total_links).

Proc Max_CL (CL)
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Figure 2. Flowchart for Disaster Recovery Resilience

Begin
If (n (link[i])) > (n (link[j]))
Max (ML) (n (link[i])) Else if (n (link[i])) < (n
(link[iD)
Max (ML) (n (link[j]))
Else
Establish the link with Maximum LET End if
End {Max_ML}
Proc Max_LET (LET)
Begin
If (n (link[i])) > (n (link[j]))
Max (LET) (n (link[i])) Else if (n (link[i])) < (n
(link[i]))
Max (LET) (n (link[j1))
End if
End {Max_LET}
Proc Link_Est ()
Begin
If (Link_Fails on Link [i]) then
Select alternate link locally from routing table End if
End {Link_Est ()}
# Route maintenance process
function RouteMaintenance():
for each entry in routing table:

if entry.Valid and route is not used for a long

time:
entry.Valid = false

/I Identify the link failure
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3. Results and Discussions

Network Simulator (NS-3) is deployed to evaluate
the operations of the proposed EDRF algorithm. The
EDREF calculates the results with a higher number of
connected nodes such as 50, 100, 150, 200, 250,300
as depicted in Table 1. The computed results for
LSMAODV, LLFR and the proposed EDRF are
provided in this section and comparison is also done.
This simulation used the same model of disaster area
as in [19]. In this scenario for disaster recovery,
2,000 * 2,000m of area in the city of Bangalore has
been simulated. To obtain the best scheme, it has
been simulated LSMAODV [18], LLFR [19] and our
proposed routing selection scheme using NS-3
simulation tools to verify our work.

In this simulation, performance analysis was carried
out by an increment of the number of nodes in the
simulation area and the increased number of
connection nodes. Three schemes were considered
for comparison: LSMAODV, LLFR and the
proposed EDRF scheme. The performance metrics,
end-to- end delay and packet loss ratio were
presented and analyzed.

3.1 End-to-End Delay

Performance metrics are used to evaluate the
performance of the proposed algorithm. The EDRF
is compared with LSMAODV, LLFR and EDRF
based on the various performance metrics like End-
to-End Delay and Packet Delivery Ratio (PDR). It is
defined as the average time of the data packet to be
successfully transmitted from the source to
destination. End-to-End delay is significantly

Table 1. Simulation Parameters

Parameter(s) Value(s)
Simulation area (mxm) 2000x2000
Simulation time (s) 1000
Mobility model Random way point
Mobile node placement Random
Pause time (s) 0-2

Transmission range (m) 250

Number of nodes 50, 100, 150, 200, 250, 300

Number of connections 20

Network schemes LSMAODV, LLFR and EDRF

Transport layer protocol Transmission Control Protocol (TCP)

Nodes speed (mps) Uniform (0 - 2)
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reduced in EDRF compared to LSMAODV and
LLFR even as the number of link connections is
increased whereas, the minimization of delay is less
in EDRF due to the chosen path with Max_CL which
reduces the link re-establishment delay and link
failure. LSMAODV and LLFR suffer from a
frequent link failure and need link reestablishment
frequently as it chooses a path with Max_LET and
maximum energy which result in an increasing
average End-to-End delay. As a result, End-to-End
Delay of EDRF is improved relative to AODV and
DSDV. This is because of the link selection strategy
carried out by the EDRF. It chooses the links
considering the Max_CL and Max_LET. In case the
existing protocols, select a link with the maximum
LET, maximum energy and minimum hop count as
the best path. It leads to the disconnection of links
during mobility. The End-to-End delay of EDRF is
reduced compared to LSMAODV and LLFR. This is
due to the reduction in link re-establishment. As a
result, EDRF selects the most stable path during link
failure occurrence. It considerably reduces the total
number of required messages for link re-
establishment. The comparison of the proposed
algorithm EDRF with LSMAODYV and LLFR with
respect to average End-to-End delay under varied
number of links in a given path is shown in Figure 2.
End-to-End delay is the time that packets take to
travel from the source to the destination. This
includes the delay caused by route discovery, buffer
queuing because of congestion and packet
retransmission. Figure 2 presents the results of 50 -
300 nodes density in the Bangalore city area. From
the line chart, it can be seen that the proposed
scheme slowly increased the end- to-end delay as the
number of nodes increased. However, the proposed
scheme had a smaller delay than LSMAODV and
LLFR. Figure 2 shows that the link reestablishment
delay needed for LSDMAODV, LLFR and the
proposed EDRF to establish a stable path during the
distinct number of links connection. There are
different scenarios used for simulation as depicted in
Figure 2. When the Scenario 1 has fifty nodes in a
path, the path establishment delay for LLFR,
LSMAODV and EDRF are 0.5ms, 0.2ms and
respectively whereas the proposed EDRF needs
0.0001ms. When the scenario 2 has hundred
connections in a path, the path establishment delay
for LLFR, LSMAODV need 0.25ms, 0.23ms,
respectively whereas the proposed EDRF needs
0.21ms. In the scenario 3 has hundred and fifty
connections in a path, the path establishment delay
for LLFR, LSMAODV need 0.29ms, 0.25ms,
respectively whereas the proposed EDRF needs
0.22ms. In the scenario 4 has two hundred
connections in a path, the path establishment delay
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for LLFR, LSMAODV need 0.35ms, 0.33ms,
respectively whereas the proposed EDRF needs
0.25ms. In the scenario 5 has two hundred and fifty
connections in a path, the path establishment delay
for LLFR, LSMAODV need 0.45ms, 0.43ms,
respectively whereas the proposed EDRF needs
0.41ms. In the scenario 6 has three hundred and fifty
connections in a path, the path establishment delay
for LLFR, LSMAODV need 0.5ms, 0.48ms,
respectively whereas the proposed EDRF needs
0.43ms.Explain the result of figure 2 in detail (three
curves).

v LR Im oo @+« [SMAODV (m

Figure 3. End-to-End delay for 20 connections
3.2 Packet Loss

It is defined as the ratio of the total number of data
packets received at destination to the total number of
packets sent by the source. The performance of the
EDRF packet loss under various numbers of links in
a given path as shown in Figure 3. In EDRF, multiple
parameters with maximum connected links of the
paths are taken into account which avoids frequent
link failure due to the node’s mobility and the most
stable path is also identified with Max_CL. Hence,
the packet drop due to link failure is reduced and this
enhances the PDR when compared to LSMAODV
and LLFR. When the Scenario 1 has fifty nodes in a
path, the path loss for LLFR, LSMAODYV and EDRF
are 20%, 18% respectively whereas the proposed
EDRF loss is 15%. When the Scenario 2 has
hundred nodes in a path, the path loss for LLFR,
LSMAODV and EDRF are 25%, 23% respectively
whereas the proposed EDRF loss is 20%. In the
Scenario 3 has hundred and fifty nodes in a path, the
path loss for LLFR, LSMAODV and EDRF are
28%, 27% respectively whereas the proposed EDRF
loss is 25%. In the Scenario 4 has two hundred nodes
in a path, the path loss for LLFR, LSMAODYV and
EDRF are 29%, 28% respectively whereas the
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proposed EDRF loss is 26%. In the Scenario 5 has
two hundred and fifty nodes in a path, the path loss
for LLFR, LSMAODV and EDRF are 30%, 27%
respectively whereas the proposed EDRF loss is
23%. In the Scenario 6 has three hundred and fifty
nodes in a path, the path loss for LLFR, LSMAODV
and EDRF are 45%, 38% respectively whereas the
proposed EDRF loss is 30%.

Figure 4. Packet Loss-Ratio for 20 connections

4. Conclusions

In this paper, EDRF algorithm has been proposed to
reduce the delay and packet loss during data transfer.
There are six network scenarios used for the network
simulation. According to the Figure 4, the existing
algorithm has to repair eight links for stable path
construction whereas proposed has to repair three
links for stable path construction. Hence, the
proposed algorithm yields better results than the
existing algorithms. The Proposed EDRF selects a
stable path from failure links to destination for
sending data packets. It reduces the delay and packet
transfer to transfer the data packets.The simulation
results prove that the proposed EDRF reduces the
End-to-End delay and decreases packet loss. In
general, the proposed EDRF enhances the link
stability with respect to a higher number of
connected links.Verification methods in parameter
choice and computer simulation have proved stable
in path selection, thereby enhancing the link stability
in MANETSs. Each node computes the metrics such
as Node ID, Min_LET, Max_LET and CL, which are
mainly used to reduce the number of link
reestablishment delay. The scenarios and
discussions show that the proposed EDRF algorithm
reduces link re-establishment delay to find an
alternate path for routing the packets.
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The main results in the proposed EDRF overcome
the challenges like reducing the delay and packet
loss in data transfer. It also reduces the packet loss
which is very important for data transmission in
MANETS. Besides, if the number of link or nodes
are increased, the proposed EDRF gives better
results. It also avoids the unnecessary link failures.
The simulation reveals that the proposed EDRF
reduces the number of link failures among the
multiple paths by maximum number of connected
links. Ultimately, the proposed EDRF enhances the
link stability in MANETS with respect to maximum
connected links and link expiration time.

Future works in MANETS, there are issues such as
energy consumption, QoS, security attacks, link
stability, etc., that need to be addressed for
improving communication. Link Stability is
important because radio links are likely to be
unreliable due to node mobility. This instability
leads to increase rerouting which further escalates
routing overhead. The evaluation of link stability
and its availability in wireless network is an
important feature to consider the link or path
establishment.

The major challenges in designing routing protocols
for MANETs are mobility of nodes, resource
constraints and error prone radio channel.
Eventually, the proposed path selection algorithm
helps to enhance the link stability in MANETS. In
EDRF, the interference issue is involved in
establishing a stable path, as it has more neighboring
nodes which can be examined. The topic discussed
in the paper is interesting and reported a number of
works [25-40].

Author Statements:

o Ethical approval: The conducted research is not
related to either human or animal use.

e Conflict of interest: The authors declare that
they have no known competing financial interests
or personal relationships that could have
appeared to influence the work reported in this
paper

¢ Acknowledgement: We would like to express
our gratitude to the Indian Council of Social
Science Research (ICSSR), New Delhi, India, for
providing funding support for this research work.
Your financial assistance has been instrumental
in the successful completion of this study.

e Author contributions: The authors declare that
they have equal right on this paper.

e Funding information: The authors declare that
there is no funding to be acknowledged.

e Data availability statement: The data that
support the findings of this study are available on

94

request from the corresponding author. The data
are not publicly available due to privacy or
ethical restrictions.

References

[1] Ahmad, N.; Riaz, N.; Hussain, M. (2011). Ad hoc
wireless Sensor Network Architecture for Disaster
Survivor  Detection. International Journal of
Advanced Science and Technology. 34; 9-16.

[2] Debanjan Das Deb, Sagar Bose and Somprakash and
Bandyopadhyay. (2012). Coordinating Disaster Relief
Operations Using Smart Phone / PAA based Peer-to
Peer Communication. International Journal of
Wireless & Mobile Networks. 4(6); 27-44.
DOI:10.5121/ijwmn.2012.4603.

[3] Scalem, M., Somprakash Bandyopadhyay, Ashok K
Sircar and Sushanta Sinha. (2005, July 10-13). A
Decentralized Disaster Management Information
Network (DDMIN) for Coordinated Relief
Operations. Asian Applied Computing Conference.
9th World Multiconference on Systemics, Cybernetics
and Informatics (WMSCI 2005), Orlando, USA.

[4] Lyes. Khoukhi, Soumaya Cherkaoui, Rida Khatoun
and Dominique Gaiti. (2010). Management of Rescue
and Relief Operations Using Wireless Mobile Ad Hoc
Technology. International Journal of Next-
Generation Networks. 2(3); 119-132.
DOI:10.5121/ijngn.2010.2310.

[5] Srivastava A, Kumar D, and Gupta S. (2014). Mobile
Ad-Hoc Network Performance in a Disaster
Management Scenario. African Journal of Computing
& ICT. 7(1); 1-10.

[6] Ravindra. E and Pooja Agraharkar. (2014). QoS-
Aware Routing Based on Bandwidth Estimation for
Mobile Ad Hoc Networks. International Journal of
Advance Electrical and Electronics Engineering. 3(2);
11-16.

[7] K aroly Farkas, Dirk Budke, Bernhard Plattner, Oliver
Wellnitz and Lars Wolf. (2006). QoS Extensions to
Mobile Ad Hoc Routing Supporting Real-Time
Applications. pp. 1-8.
DOI:10.1109/AICCSA.2006.205067.

[8] Surjeet, Arun Parkash and Rajeev Tripathi. (2013).

QoS Bandwidth Estimation Scheme for Delay
Sensitive  Applications inMANETs. Journal of
Communications and  Network. 5(1); 1-8.

DOI:10.4236/cn.2013.51001.

[9] M. Ali, B. G. Stewart,A. Shahrabi and A. Vallavargj.
(2014). QoS Aware Multipath Threshold Routing for
Mobile Ad hoc Networks. International Journal of
Applied  Information  Systems.  7(1);  8-15.
DOI:10.5120/ijais14-451118.

[10] Surjeet, Arun Parkash and Rajeev Tripathi. (2014).

Bandwidth Constrained Priority-Based Routing
Algorithm  for Mobile Ad Hoc Networks.
International Journal of Communications, Network
and System Sciences. 7(5); 141-150.

DOI:10.4236/ijcns.2014.75016.

[11] R. Nismon Rio and P. Calduwel Newton. (2017).
AASOP: An Approach to Select Optimum Path for
Minimizing Data Transfer Delay in Mobile Ad-hoc


http://dx.doi.org/10.5121/ijngn.2010.2310
http://dx.doi.org/10.4236/cn.2013.51001
http://dx.doi.org/10.4236/ijcns.2014.75016

Nismon Rio Robert, A. Cecil Donald and K. Suresh / IJCESEN 11-1(2025)87-96

Networks. Advances in Computer and Computational
Science. 1; 239-249. DOI:10.1007/978-981-10-3770-
2 22.

[12] Sameeksha Gupta and Dinesh Goyal. (2014). Link-
Stability Based QoS Provisioning in MANETSs: A
Review. International Journal of Engineering,
Management & Sciences. 1(6); 1-5.

[13] Ankur Jain and Ritu Choudhary. (2014). Improving
The Quality of Service in Mobile Ad- hoc Network
Using ant Colony Optimization. International Journal
of Advance Research in Computer Science and
Software Engineering. 4(6); 1174-1178.

[14] Ms. Apoorva P, Kumar Sharath.B.C and Manu
Bhargav.M.R. (2015). Enhancing Bandwidth in Route
Recovery — An Approach Based on Forward and
Reverse Path Routing with Hop-Count. International
Journal of Computer Science and Information
Technologies. 6(3); 2509-2511.

[15] P.Calduwel Newton, L. Arockiam. (2009). An
Intelligent Technique to Improve Quality of Service
(QoS) in Multihomed Mobile Networks. International
Journal of Advanced Science and Technology. 7; 11-
20.

[16] P. Calduwel Newton and R. Nismon Rio. (2014).
Smart Prediction Technique (SPT) to Reduce Data
Transmission Delay in Heterogeneous Wireless
Networks. Proceedings of the UGC Sponsored
National Conference on Data Science and
Engineering (NCDS), S.T. Hindu College, Nagercoil-
India. 307-313.

[17] P. Sivanesan and S. Thangavel. (2015). HMM based
resource allocation and fuzzy based rate adaptation
technique for MANETS. International Journal for
Light and Electron Optics. 126(3); 331-336.
DOI:10.1016/j.ijle0.2014.09.004.

[18] Tripti Sharma and Dr. Vivek Kumar. (2014).
Bandwidth Aware On Demand Multipath Routing in
MANETS. International Journal of Wireless & Mobile
Networks. 6(4); 101 - 111.
DOI:10.5121/ijwmn.2014.6408.

[19] J. Jeni, V. Julie, and M. Bose. (2014). An Enhanced
Route Failure Recovery Model for Mobile Ad Hoc
Networks. Journal of Computer Science. 10(8); 1561-
1568. DOI:10.3844/jcssp.2014.1561.1568.

[20] Prabha R. & Ramaraj N. (2015). An improved
multipath MANET routing using link estimation and
swarm intelligence. EURASIP Journal on Wireless
Communications and Networking. 1-9.
DOI:10.1186/s13638-015-0385-3.

[21] Ali Moussaoui, Fouzi Semchedine and Abdallah
Boukerram. (2014). A link-state QoS routing protocol
based on link stability for Mobile Ad hoc Networks.
29; 117-125. DOI: 10.1016/j.jnca.2013.05.014.

[22] Sharmila, Pramod Kumar, Shashi Bhushan, Manoj
Kumar and Mamoun Alazab. (2023). Secure Key
Management and Mutual Authentication Protocol for
Wireless Sensor Network by Linking Edge Devices
using Hybrid Approach. Wireless Personal
Communications. 130; 2935-2957.
DOI:10.1007/s11277-023-10410-7.

[23] Alamgir Naushad, Ghulam Abbas, Ziaul Hag Abbas
and Aris Pagourtzis. (2019). Novel strategies for path
stability estimation under topology change using

95

Hello messaging in MANETSs. Ad hoc Networks. 87;
76-99. DOI:10.1016/j.adhoc.2018.12.005.

[24] Baidaa Hamza Khudayer, Mohammed Anbar, SAbri
M. Hanshi and Tat-Chee Wan. (2020). Efficient Route
Discovery and Link Failure Detection Mechanisms for
Source Routing Protocol in Mobile Ad-Hoc Networks.
IEEE Access. 8; 1-14.
DOI:10.1109/ACCESS.2020.2970279.

[25]J. Prakash, R. Swathiramya, G. Balambigai, R.
Menaha, & J.S. Abhirami. (2024). Al-Driven Real-
Time Feedback System for Enhanced Student
Support: Leveraging Sentiment Analysis and Machine
Learning Algorithms. International Journal of
Computational and Experimental Science and
Engineering, 10(4);1567-1574.
https://doi.org/10.22399/ijcesen.780

[26]MOHAMMED, H. A., Adem, Sevki, & SAHAB, K.
S. (2023). Optimal Examination Ways to follow up
patients effected by COVID-19: case study in Jalawla
General Hospital in Irag. International Journal of
Applied Sciences and Radiation Research, 1(1).
Retrieved from
https://ijasrar.com/index.php/ijasrar/article/view/5

[27]Nuthakki, praveena, & Pavankumar T. (2024).
Comparative Assessment of Machine Learning
Algorithms for Effective Diabetes Prediction and
Care. International Journal of Computational and
Experimental Science and Engineering, 10(4)1337-
1343. https://doi.org/10.22399/ijcesen.606

[28MOHAMMED, H. A., Adem, Sevki, & SAHAB, K.
S. (2024). Estimation the Biochemical parameters
Changes in Blood of Corona Virus Patients in Iraq in
Order to Support the Timely Decision Needs .
International Journal of Applied Sciences and
Radiation  Research, 1(1). Retrieved from
https://ijasrar.com/index.php/ijasrar/article/view/4

[29IM, V., V, ], K, A., Kalakoti, G., & Nithila, E. (2024).
Explainable Al for Transparent MRI Segmentation:
Deep Learning and Visual Attribution in Clinical

Decision  Support.  International  Journal  of
Computational and Experimental Science and
Engineering, 10(4);575-584.

https://doi.org/10.22399/ijcesen.479

[30]0zlen, M. S., Cuma, A. B., Yazicy, S. D., Yegin, N.,
Demir, Ozge, Aksoy, H., ... Giinay, O. (2024).
Determination of Radiation Dose Level Exposed to
Thyroid in C-Arm Scopy. International Journal of
Applied Sciences and Radiation Research, 1(1).
Retrieved from
https://ijasrar.com/index.php/ijasrar/article/view/13

[31]0ZNACAR, T., & ERGENE, N. (2024). A Machine
Learning Approach to Early Detection and
Malignancy Prediction in Breast Cancer. International
Journal of Computational and Experimental Science
and Engineering, 10(4);911-917.
https://doi.org/10.22399/ijcesen.516

[32]J. Anandraj. (2024). Transforming Education with
Industry 6.0: A Human-Centric Approach
International Journal of Computational and
Experimental Science and Engineering, 10(4);1851-
1862. https://doi.org/10.22399/ijcesen.732

[33]ERTEKIN, R., RODOPLU, H., & GURSEL, S.
(2024). The Use of Artificial Intelligence in Aviation:



http://dx.doi.org/10.1007/978-981-10-3770-2_22
http://dx.doi.org/10.1007/978-981-10-3770-2_22
https://doi.org/10.1016/j.ijleo.2014.09.004
https://doi.org/10.1016/j.adhoc.2018.12.005
https://doi.org/10.22399/ijcesen.780
https://doi.org/10.22399/ijcesen.606
https://doi.org/10.22399/ijcesen.479
https://doi.org/10.22399/ijcesen.516
https://doi.org/10.22399/ijcesen.732

Nismon Rio Robert, A. Cecil Donald and K. Suresh / IJCESEN 11-1(2025)87-96

A Bibliometric Analysis. International Journal of
Computational and Experimental Science and
Engineering, 10(4);1863-1872.
https://doi.org/10.22399/ijcesen.747

[34]Tirkmen, G., Sezen, A., & Sengil, G. (2024).
Comparative Analysis of Programming Languages
Utilized in Artificial Intelligence Applications:
Features, Performance, and Suitability. International
Journal of Computational and Experimental Science
and Engineering, 10(3);461-469.
https://doi.org/10.22399/ijcesen.342

[35]Venkatraman Umbalacheri Ramasamy. (2024).
Overview of Anomaly Detection Techniques across
Different Domains: A  Systematic  Review.
International Journal of Computational and
Experimental Science and Engineering, 10(4);898-
910. https://doi.org/10.22399/ijcesen.522

[36]Jafar Ismail, R., Samar Jaafar Ismael, Dr. Sara Raouf
Muhamad Amin, Wassan Adnan Hashim, & Israa
Tahseen Ali. (2024). Survey of Multiple Destination
Route Discovery Protocols. International Journal of
Computational and Experimental Science and
Engineering, 10(3);420-426.
https://doi.org/10.22399/ijcesen.385

[37]guven, mesut. (2024). Dynamic Malware Analysis
Using a Sandbox Environment, Network Traffic Logs,
and Artificial Intelligence. International Journal of
Computational and Experimental Science and
Engineering, 10(3);480-490.
https://doi.org/10.22399/ijcesen.460

[38]Serap CATLI DINC, AKMANSU, M., BORA, H.,
UCGUL, A., CETIN, B. E., ERPOLAT, P., ...
SENTURK, E. (2024). Evaluation of a Clinical
Acceptability of Deep Learning-Based
Autocontouring: An Example of The Use of Artificial
Intelligence in Prostate Radiotherapy. International
Journal of Computational and Experimental Science
and Engineering, 10(4);1181-1186.
https://doi.org/10.22399/ijcesen.386

[39]Giinoglu, K., & AKKURT, iskender. (2023).
Gamma-ray attenuation properties carbide compounds
(WC, Mo2C, TiC, SiC, B4C) using Phy-X/PSD
software. International Journal of Applied Sciences
and Radiation Research, 1(1), 1-8. Retrieved from
https://ijasrar.com/index.php/ijasrar/article/view/6

[40]S. Esakkiammal, & K. Kasturi. (2024). Advancing
Educational Outcomes with Artificial Intelligence:
Challenges, Opportunities, And Future Directions.
International Journal of Computational and
Experimental Science and Engineering, 10(4);1749-
1756. https://doi.org/10.22399/ijcesen.799

96


https://doi.org/10.22399/ijcesen.747
https://doi.org/10.22399/ijcesen.342
https://doi.org/10.22399/ijcesen.522
https://doi.org/10.22399/ijcesen.385
https://doi.org/10.22399/ijcesen.460
https://doi.org/10.22399/ijcesen.386

