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Abstract: Mobile ad hoc networks (MANET) are self-launching and self-building multichip wireless networks in
which the system's construction deviates significantly owing to the mobility of the nodes. Network nodes serve as both
hosts and routers, transferring data from other network nodes. MANETS necessitate an efficient routing protocol with
a quality of service (QoS) component. They do not consider mobility as a potential restriction for routing concerns. It
is challenging to maintain the necessary QoS in the network due to node mobility, which frequently causes connection
failures and high error rates. The aim of the proposed study is to develop an effective MANET framework with
dynamic routing and enhanced clustering. In this work, Fuzzy C means clustering is utilized to form the clusters
identifying communities or groups of nodes with similar characteristics or behavior, whereas sea lion optimization
(SLnO) is utilized to attain the best routing path for data transmission. The proposed model is empirically tested and
compared with particle swarm optimization (PSO), ant colony optimization (ACO), grey wolf optimization (GWO),
and genetic algorithm (GA) in terms of factors such as throughput, packet loss, energy consumed and end to end delay.
The findings demonstrate that SLnO algorithm outperforms other protocols in terms of efficient routing generating a

throughput of 680Mb/s and a packet delivery ratio (PDR) of 93.6%.
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1. Introduction

A mobile Ad Hoc network (MANET) is a
decentralized and self-configuring wireless network
comprising numerous nodes that are capable of
dynamic movement, leading to a constantly changing
network topology. MANET facilitates
communication without the need for centralized
administration and operates using wireless
technologies like WiFi, ZigBee, and WiMAX. The
primary application of MANET is in scenarios where
establishing a fixed infrastructure is impractical, such
as battlefields, vehicles, disaster areas, military
operations, ships, and aircraft. In these situations,
MANET enables devices to create temporary
networks, allowing seamless communication both
within and beyond the network coverage area [1].
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The MANET, however, might make the system more
vulnerable to attacks because of its decentralised
control, resource limitations and poor connectivity.
To increase network's resilience to purposeful attacks,
it is vital to first identify and then protect the critical
nodes in a MANET network. As a result, the
connection between MANET and I0oT generates a
new MANET network that increases end users'
mobility and lowers the network's development costs
[2].

MANET is a collection of self-governing nodes
that can dynamically learn and update their network
topology, allowing them to route packets between
nodes. In this network, packets are transmitted in a
multi-hop manner from source to destination.
However, due to the mobility of nodes in MANETS,
routing path frequently changes, leading to packet
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drops. Consequently, the packet delivery rate in
MANETS tends to be low [3].The routing protocol
plays a vital role in MANETS due to the numerous
constraints posed by the network and node
conditions[4]. MANET suffers from fast network
fluctuating mobile density, topology change and
frequent connection ruptures, all of which lead to
unpredictable network connectivity. In order to tackle
this issue and to attain efficient routing, various
optimization algorithm and clustering techniques are
employed [5]. Because of the enormous traffic
created by comprehensive access and multimedia
applications with QoS needs, MANETSs consume a
significant amount of energy. The continuous high
volume of traffic in mobile ad hoc networks not only
depletes energy but also leads to network congestion
and potential data loss, thereby impacting network
performance negatively [6].

MANETS can have a huge number of nodes, and
typical flat routing techniques may become
inefficient as the network increases. Hence,
clustering is used which divides the network into
smaller, more manageable groups, reducing the
overhead associated with routing and maintaining
neighbor information. The unlabeled dataset is
separated into various groups using an unsupervised
learning technique called K-Means clustering. In
order to facilitate efficient routing, the K-means
clustering structure groups and shares routing
information [7, 8]. However, it is significantly
dependent on the original positioning of centroids.
Varied initializations may result in varied final
cluster assignments, resulting in suboptimal or
inconsistent clustering results. K-means clustering is
also ineffective in detecting clusters with non-convex
forms [9, 10]. The network's lifetime is also
maximized by employing a cluster head selection and
formation approach based on fuzzy logic. As the
network size grows, the algorithm's scalability may
be limited, and it may struggle to handle large scale
networks effectively. Moreover, they may not
necessarily consider global optimization criteria.
Hence, this work uses Fuzzy C means approach for
clustering which provides soft clustering, meaning
that data points can belong to multiple clusters
simultaneously with different membership degrees.

Bio-inspired algorithms are computational
techniques that mimic the behavior and principles
found in nature, where various organisms react to
different situations either as individuals or as a group.
These algorithms have proven to be more efficient
and autonomous in the setting of MANETSs than
conventional Artificial Intelligence algorithms,
particularly in new and dynamic contexts. As aresult,
there have been numerous research studies exploring
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the use of these bio-inspired algorithms as routing
protocols in MANETSs [11, 12]. The GA possess a
best solution and a feasible solution for routing. Both
solutions result in a string of nodes connecting source
and destination nodes. The operators of GA involve
selection, crossover and mutation and it works on its
own internal rules. However, for dynamic data sets
the rules of GA are not applicableand the algorithm
may converge too slowly, leading to longer
optimization times and potentially getting stuck in
suboptimal solutions [13, 14]. In such condition,
improved GA is introduced for routing. The
effectiveness of improved genetic algorithms can
heavily depend on how the routing problem is
represented. Selecting an appropriate representation
that captures the problem's characteristics is essential
for achieving good results. It also fails to yield local
optima when the fitness function isn’t precise [15].In
PSO, the swarm simultaneously searches and
analyses alternative locations based on survival
criteria. Once the best location has been identified,
it is shared with other members to gather at a suitable
spot at the same time [16, 17]. In PSO algorithm,
dealing with circumstances such as out of bounds is
extremely challenging. PSO's performance is
sensitive to the values of its parameters, such as the
acceleration coefficients, inertia weight, and
population size. Also, it lacks the capacity to
extract ideas into mathematical calculations and it
necessitates a thorough understanding of the issues
[18, 19].The ACO is introduced to identify the most
efficient routing path in MANET. In ACO, multiple
travel paths are stored in routing table based on the
pheromone information. The ACO possess low
communication cost and it supports both wired and
wireless network. [20, 21]. Anyway, it relies on
exploration and exploitation, making it susceptible to
getting trapped in local optima and not exploring
other potentially better solutions.In the event of a
network loss, planned path becomes unsuitable and
the ideal way becomes unavailable. In addition, the
option of choosing an alternate path is limited in
ACO [22, 23]. Grey Wolf Optimization (GWO) is a
promising algorithm that has been applied to various
optimization problems, including routing in
MANETs. GWO can converge prematurely, meaning
that it might settle on suboptimal routing paths before
exploring the entire solution space thoroughly. This
can result in suboptimal or inefficient routing
decisions in MANETs [24]. Whale optimization
algorithm  (WOA) is another  bio-inspired
optimization technique for solving various
optimization problems. In spite of its numerous
merits, it may take longer to adapt to new network
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Figure. 1 MANET structure

topologies, leading to potential inefficiencies in
routing decisions. [25].

To tackle all the above mentioned issues, Fuzzy
C means clustering and sea lion optimization (SLnO)
algorithm are utilized for attaining best path in
multimedia network access. The Fuzzy C
meansclusters the sensor nodes based on their
characteristics such as sensor readings or energy
levels. This facilitates data aggregation, routing and
energy management in the network.The SLnO aids in
finding more optimal routes in large and complex
MANETS, leading to reduced latency and better
resource utilization. The simulation of the suggested
technique is implemented using NS2 software.
Finally, the suggested technique is compared with
GWO, GA, PSO and ACO in terms of factors such as
throughput, packet loss, energy consumption, and
end to end delay. When compared with these existing
literatures the proposed one offers better results for
clustering and routing with improved convergence
outputs.

The structure of the paper is given as follows:
Methodology of proposed model in section 2, results
and discussion in section 3 and conclusion in section
4,

2. Methodology of proposed model
2.1 MANET

The wireless network known as a MANET is
infrastructure free, self-organizing and quick to
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construct, making it particularly suitable during
special communications in areas lacking radio
infrastructure, outdoor events, crises, natural
catastrophes and military operations. The IEEE
802.11 MANET swarm for mobile hydropower plant
monitoring, under SDN control. Cameras, different
sensors and other components are included in the
affordable wheeled mobile hardware. To build the
MANET node and provide sensitivity and mobility.
Fig. 1 depicts the structure of a MANET.

The network design of MANET becomes more
dynamic as multimedia wireless networks become
more mobile, causing network congestion.
Congestion occurs when there is an excess of
communications within a network. As a result,
enhancing dynamic routing algorithms  for
multimedia wireless networks is critical, since
routing is directly related to network and user service
guality. Hence, Fuzzy C means clustering and SLnO
is utilized for attaining effective dynamic routing
approach in multimedia networks.

2.2Fuzzy C means clustering

The clustering of nodes by Fuzzy C means
algorithm is represented in Fig. 2.

2.2.1. Collision detection

A formal measurement based technique is
employed to determine the occurrence of collision in
the channel path during the collision detection phase.
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Figure. 2 Clustering by Fuzzy C means algorithm

In general, a measurement based technique uses
characteristics such as the channel occupancy
duration, the amount of messages in the queue and
the amount of channel utilisation to identify
collisions. In the proposed study, the amount of
messages in the queue waiting to be delivered to the
automobiles are examined. When the amount of
messages in the queue exceeds the number of
messages transferred per second, the detector
identifies a collision and reports it to the data control
unit, which takes appropriate action.

2.2.2. Data control phase

Gathering of data, filtering of data and clustering
of data are used in the data control phase. The
communications sent between mobiles are collected
in the data gathering sub-phase. In our collision
avoidance technique, data collection has been
handled in two ways. After the identification of
congestion, the data to be shared among the
automobiles is gathered for filtering and clustering in
the first technique. The data previously transferred
between the automobiles are collected in RSU in the
second approach, allowing the training process to be
handled. The redundancy in the gathered data
is removed during the filtering process to reduce the
computing time. The filtered data from both
approaches is forwarded in the data clustering step.

When there is a chaotic state, Fuzzy logic is one
of the most current advances in clustering and
decision making. A real number between the binary
values 0 and 1 has been defined as Fuzzy logic by
definition. The Fuzzy c-means clustering technique
divides unlabelled data into a number of
predetermined clusters, allowing the priority of
messages to be defined and processed for
communication. Since the messages in MANET are
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different in their categories and also unlabelled,
Fuzzy logic has been utilised to cluster them.

The Fuzzy C-means clustering technique is
utilized to cluster MANET signals in this study. The
Fuzzy technique differs from other standard
clustering algorithms, which group messages
according to their degree of truth. The goal of
clustering method is to reduce distance between the
cluster’s centroid G and the
message x;.Mathematically, the goal is expressed as
follows:

Orem = iy Z;y=1 Ui X d (xg,¢p) 1)

Such that VieP, VieN

Here, Oy denotes the objective function, the
number of messages to be clustered is denoted byP,
U[’]‘ represents the membership value, the number of
clusters is denoted by N, d(x;c;) indicates the
distance between x; and ¢; and the coefficient each
element in matrix Uyyp is denoted bym.

_ 1, lf X €0
Uij = {0, otherwise (2)

Ujp Uz .U
U1'1 . YL

The Euclidean distance between the messages x;
tog; is given by d (xj,¢;) and it is determined as
follows,

d (xi,¢1) =
\/(xi,l — G2+ (X2 — Cip)* + -+ (X1, — C2)?
4)
Here,

The number of characteristics that constitute the
message x;isz and c; is the centroid of each cluster.
Each coefficient is computed in the following way:

1
S TSy ©
k=1\ d(xip.cji)
Every cluster’s centroid is modified at each
iteration to minimize the aim of the function specified
in Eq. 1 as follows:

m —
Utk =

C = 21 (UG exxi)
e O il
J Tt Uik

(6)
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Figure. 3 Sea lion hunting behaviour

Cjxdenotes the k —th component of the cluster
center of cluster j. The pseudocode for clustering
MANET messages using the Fuzzy C means
technique is presented in Algorithm 1 based on the
previously mentioned equations.

2.2.3. FCM-MANET clustering

When choosing cluster heads, it’s necessary to
seek the fastest way for transferring data between the
automobiles or servers. For this process, the Sea Lion
Optimized algorithm is utilized in the proposed
model.

Input: X « {X;, X, ..., X;, ...,. X, } Where P is the
number of messages to be clustered
X; < [Xi1, Xi2, -, Xiz| Where z is the number of
features of message
C «{cy, ¢, wes Cj, e, .Cy JWhere N represents the
number of Clusters.
¢j < [¢j1, 62, - ¢j ] Where Z is the number of
features of cluster center

G
Max_IT represents the maximum number of
iterations
Assign values for m,c,z,N
begin
Initialize Uy,
Repeat
For each jeN do
Compute mean value of each cluster for ¢; using Eq.
)
End for
Compute U; ;Vi € P, Vj € N using Eq. (2)

International Journal of Intelligent Engineering and Systems, Vol.16, No.6, 2023

Until (termination condition not satisfied)
Compute U; ;Vi € P, Vj € N using Eq. (2)
Until (termination condition not satisfied)
End

Output: C

2.3 Sea lion optimization (SLnO) algorithm

One of the most intellectual creatures on the
planet is sea lion. Sea lions exist in massive colonies
with 1000 of associates. Sea lions manoeuvre their
way around their groups various times throughout
their lifetimes. They lions have the capacity to detect
fish and respond quickly, gathering them in deep
water along the coast. The mathematical models for
tracking, social hierarchy, attacking prey and
surrounding is described below.

2.3.1. Detecting and tracking phase

The most distinguishing feature of sea lions is
their highly intricate whiskers. These whiskers let
them identify prey placements, shape, and size more
precisely. The preys produce wakes or waves behind
them as they swim around them. As a result, sea
lions tracks them with their whiskers. Whenever the
position of whiskers is in an opposite direction of the
water waves, it aids at sea lion in sensing and
detecting prey. On the other hand, the low vibration
occurs in whiskers when they were in the same
direction. The hunting behaviour of sea lion includes
encircling, chasing, tracking prey, approaching,
attack and stationary situation are represented in Fig.
3.
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The sea lion detects the presence of target and
summon other followers to pursue and attack the
target. The hunting mechanism’s leader is this sea
lion and the other members adjust their locations in
relation to the intended prey. According to the SLnO
algorithm the target prey is now the finest or nearly
optimum option. This behavior is mathematically
represented by Eq. (7).

Dist = [2B. P(t) — SL(t) (7)

Here, a target prey and sea lion distance is given
byDs, the sea lion and target prey position vectors
are given by P(t)and SL(t), tis the present iteration
and the random vector in [0, 1] is Bthat is multiplied
by two to expand a search space, allowing search
agents to identify the best or near best solution.

On each additional iteration, the sea lion gets
closer to the desired target. The tendency is
numerically characterized in Eq. (8).

SL(t+1) = P(t) — Dy .C (8)

Here, the next iteration is denoted by (¢t + 1) and

over the course of repetitions, C is reduced linearly
from two to zero since this forces a sea lion’s leader
to approach towards and encircle current target.

2.3.2. Vocalization phase

Sea lion sounds travel four times as quickly in
water as they do in the air. When sea lions are rushing
and attacking as a subgroup, they utilize a variety of
vocalizations to communicate with one another. They
also utilize their voice to summon other members
who remain on the beach. As a result, sea lions hunt
and constrain prey in order to get near to the ocean’s
surface. They also have tiny ears that is able to sense
noises both above and below water. When it spots a
prey, it calls on other sea lions to surround and attack
it. The behavior is numerically described in Egs. (9),
(10) and (11) respectively.

SProader = | (V2 (1 + V) /V2)| 9)
V, =sinf (10)
V = sin @ (11)

Here, sound speed of sea lion leader is given
bYSPieqder, @ SOUNd speed in water and air is denoted

by V; and V, respectively. When a sea lion produces
asound, it is reflected by another medium, such as air,
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and used to call members who are submerged. As a
result, the first instance is represented by (sin@),
whereas the second instance is represented by (sin @).

2.3.3. Attacking phase or exploitation phase

The attacking in sea lion is led by the finest search
agent, who spots the target and informs the other
followers. Generally, the target prey is regarded as
the best available option. However, a new search
agent is introduced that finds and encircles better
preys.Two phases, diminishing encircling technique
and circle updating location, are used in mathematics
to describe sea lion hunting behaviour.

Dwindling encircling method

This is determined by the Cvalue in Equation
(8).To be more precise throughout the period of
rounds, C is lowered linearly from two to zero.
Because of this reduction, the sea lion's leader
approaches the prey and encircles it. Then a search
agent approaching location might be in any place
among the agent’s best position and the current best
agent’s place.

Circle updating position

The sea lions pursue and hunt bait balls of fish,
starting at the edges, as illustrated in Fig. 4.
Based on this, Eq. (6) is proposed,

SL(t+1) = |P(t) — SL(¢)|.cos(2rmm) + P(¢)
(12)

Here, the best finest solution and search agent
distance is denoted by|P(t) — SL(t)|, entire value is
denoted by | | and m is a random number in [1, -1].
Sea lion swims in a circle around prey to begin a
target that are near a bait ball’s edge. Finally,
cos(2mm) is used to numerically represent this
phenomenon.

2.3.4. Searching phase or exploration phase

Generally, sea lions hunt for food by using their
whiskers and swimming in zigzagging patterns. As a
result, the random values are used with C in this
investigation. If Cis larger than 1 or < than negative 1,
then the sea lions are compelled to flee from the
targeted prey and the sea lion’s leader. As a result, sea
lions are forced to seek out alternative sources of food.

Throughout searching phase, the sea lions move
into different locations in relation to a best search
agent.In other words, an algorithm executes a global
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Table. 1 Simulation parameters

S.No | Parameters Values
1 Simulator NS-2
2 Road length 3 Km
3 Number of Lanes 2

4 Number of nodes 25-50
5 Transmission range 300 m
6 Maximum node speed 35m/s

search agent as well as finds global best option when
Cis larger than one. In this regard, Egs. (13) and (14)

are proposed.

Dist = |2B.SLyma — SL(t)| (13)

SL(t +1) = SLypa(t) — Dy - C (14)

Here, the random sea lion that is chosen from

present population is denoted asﬁmd(t).ln Fig. 5
flowchart of SLnO algorithm is represented.

This optimization approach is used for the
determination of an efficient path for routing among
the clusters in MANET. The best solution obtained
from the optimization algorithm indicates the finest
routing path for the data transmission. The selected
path provides improved data transfer with reduced
packet loss delay and energy utilization indicating the
efficacy of proposed optimization algorithm.

3. Result and discussion

The network architecture in MANET becomes
more dynamic as a result of rising mobility in
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Figure. 4 Sea lion circle updating

multimedia wireless networks, resulting in network
congestion. As a result, because routing is closely
tied to network and user service quality, establishing
a better flexible routing method for multimedia
wireless networks is crucial. Hence, Fuzzy C means
clustering and SLnO is utilized for attaining effective
dynamic routing approach in multimedia networks.
The simulation is implemented using Network
Simulator (NS2) software. The SLnO algorithm
proposed is empirically tested and compared with
different optimization algorithms in terms various
factors which are discussed below. The parameter
used for simulation in NS2 software is represented in
Table 1.

3.1 End to end delay

In Fig. 6, the suggested SLnO algorithm's total
latency is contrasted with that of GWO, GA, PSO and
ACO. End-to-End Delay, also known as end-to-end
latency, is a critical network performance indicator
that counts the time it takes a data packet in a network
to transit from the source node to the destination node.

The graph shows that alternative optimisation
algorithms trail the SLnO method. The SLnO
technique is more efficient than the remaining
protocols because it requires less time to transfer
packets to their destination.

3.2 Energy consumption

Energy consumption refers to the amount of
electrical energy utilized by the individual nodes and
the network infrastructure to perform their
communication and routing functions. Fig. 7 shows a
comparison of a proposed SLnO algorithm's energy
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Figure. 5 Flow chart of SLnO Algorithm
usage with that of the GWO, GA, PSO and ACO The ACO algorithm uses more energy than the

algorithms.

other algorithms, as seen in the graph. However, the
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routing protocol and energy consumption is
decreased to a certain amount by using SLnO
algorithm.The energy needed by SLnO algorithm is
low when compared to all the other protocols. Hence,
SLnO algorithm is more efficient than the other
protocols.

3.3 Packet loss

Packet loss in MANETS refers to the situation
where data packets transmitted between nodes within
the network fail to reach their intended destinations
successfully. Fig. 8 compares the packet loss of the
proposed SLnO algorithm to that of GWO, GA, PSO,
and ACO.
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Table 2. Comparison with existing works
Methods Packet Delivery Delay
Ratio
GA [14] 85% -
PSO [18] 86.8% 4s
ACO [20] 88% 12s
GWO [24] 55% -
Proposed SLnO 93.6% 1ms

From the graph it is clear that, the GA experiences
high packet loss as compared to all the other
algorithms. However, the packet loss is decreased to
a certain amount by using SLnO algorithm. Hence,
SLnO algorithm is more efficient than the other
protocols.

3.4 Throughput

Throughput refers to the amount of data that can
be transmitted successfully over the network within a
given period of time. The throughput analysis of the
suggested SLnO algorithm is contrasted with
conventional models like GWO, GA, PSO and ACO
which is represented in Fig. 9.

The graph makes it clear that clustering behaviour
of the recommended SLnO algorithm makes its
throughput far more efficient than that of the other
protocols.

Table 2 represents the comparison of the
proposed work with existing works considering the
packet delivery ratio and delay. The SLnO generates
an enhanced delivery ratio of 93.6% and a delay of 1
ms. Thus the algorithm is effective in finding and
maintaining reliable routes, leading to a high
percentage of successful packet deliveries.

4. Conclusion

The goal of the proposed study is to develop an
effective dynamic routing approach for multimedia
networks. Fuzzy C means clustering is utilized to
form the clusters and share routing information for
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efficient clustering, while sea lion optimization
(SLnO) is utilized to attain the best path for
multimedia access. The simulation is implemented
using network simulator (NS2). The proposed model
is empirically tested and compared with GWO, PSO,
GA, and ACO in terms of various factors. The
obtained results conclude that the proposed SLnO
algorithm generates an enhanced PDR of 93.6% and
a throughput of 680Mb/sthereby delivering most of
the transmitted packets to their destinations. On
comparing with other conventional ones, SLnO
algorithm generates only a reduced delay of 1 ms and
ensures that data packets reach their destination
quickly, minimizing the time it takes for users to
interact with applications and receive responses.
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