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Abstract

The proliferation of unmanned aerial vehicles
(UAVs) has driven the emergence of Flying Ad-hoc
Networks (FANETs) as distributed cyber-physical
computing systems for surveillance, disaster
management, precision agriculture, and logistics.
Optimizing computational and communication
resource utilization within these constrained aerial
systems is essential to extend network lifespan
and maintain satisfactory quality of service (QoS).
This study proposes integrating the Fisheye State
Routing (FSR) protocol with a 3x3 Manhattan Grid
mobility model as a computing-systems solution
for reliable data exchange in dynamic UAV swarm
networks. FSR maintains distributed topology
tables and applies Dijkstra’s algorithm to compute
optimal routing paths, enabling adaptive resource
allocation across continuously reconfiguring
network architectures. Performance is evaluated
across six metrics—packet delivery ratio, packet
drop rate, end-to-end delay, channel utilization,
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throughput, and jitter—under two scenarios of
twenty and thirty nodes. FSR achieves packet
delivery ratios of 46% and 53% respectively, with
minimal end-to-end latencies of 0.010 and 0.244
seconds and reduced jitter, outperforming five
topology-based protocols (OLSR, AODV, DSR,
TORA, DSDV) in resource utilization across all
evaluated metrics.

Keywords: UAV swarm networks, FSR, FANET, network
and communication systems, internet of aerial vehicles,
cyber-physical systems, resource optimization, green UAV
communications, routing protocol.

1 Introduction

Recent global market studies approximate the present
value of UAVs to be $127 billion [1, 2]. UAVs are
extensively used for many purposes such as search and
rescue missions, surveillance of civil fields, strategic
reconnaissance, and traffic monitoring, among other
applications [3-7]. They are fundamental components
of the Unmanned Aerial System (UAS) or Drones,
allowing Air-to-Air (A2A) and Air-to-Ground (A2G)
communication. Data transfer success in A2A and
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A2G communications is heavily dependent on speed
and 3D mobility capabilities [8]. UAVs are classified
into two primary categories: Rotary-Wing (RW)
and Fixed-Wing (FW). Unmanned Aerial Vehicles
with Rotor Wings can take off from a variety of
locations and fly at low altitudes. These models are
classified into many categories based on their rotor
configurations, including hexacopter, quadcopter,
tri-copter, single-rotor, and hybrid types [9, 10].
However, Fixed-Wing UAVs are highly proficient
in extended surveillance operations owing to their
exceptional aerodynamic structure and wide range
of flight speeds (30-460 km/h). Figure 1 depicts the
predominant categories of commercially employed
UAVs. From a computing-systems perspective,
UAVs function as mobile, resource-constrained
cyber-physical nodes that must simultaneously
manage onboard computation, sensor data processing,
and wireless communication within stringent energy
and payload budgets.

Several types of UAVs commonly used for commercial purposes
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Figure 1. Typical types of UAVs.

These UAVs are appropriate for various deployment
circumstances due to their tradeoffs in attributes
including flying height, battery life, mobility, and
hovering capability. = Table 1 provides a brief
comparison of the primary differences between RW
and FW UAVs.

In recent decades, eco-friendly UAVs have opened
up advanced applications in precision agriculture,
product transportation, and urban monitoring,
positioning FANETs as a distributed computing

infrastructure for next-generation intelligent systems.
Intelligent Transportation Systems (ITS) represent one
prominent application domain where UAV-enabled
aerial computing nodes can augment ground-based
infrastructure [11-14]. The convergence of Sixth
Generation (6G) wireless technologies with Intelligent
Transportation Systems (ITS) is expected to enable
large-scale deployment of autonomous aerial and
ground vehicles in smart cities, with UAVs playing
an essential role as aerial communication nodes
within these emerging 6G infrastructures [15, 16]. To
realize a fully automated ITS, seamless and reliable
communication among aerial and ground nodes is
critical; FANETs provide a promising framework
for enabling such connectivity, with position-based
routing protocols offering efficient data delivery
in highly dynamic UAV-assisted transportation
environments [17]. UAVs play a crucial role in
facilitating automation in ITS, buildings, hospitals,
emergency systems, and security, as illustrated in
Figure 2.
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Figure 2. Urban automation and the role of UAVs.

FANETs have several advantages when compared
to other forms of ad hoc networks, such as those

Table 1. Features of UAVs with fixed and rotating wings.

Dimensions UAV category Energy Usage Movability Hgfaejfilcng Elevation
RW Minimum Nominal Yes Low

Small UAVs FW Maximum-Average Rapid-Moderate No Med-Low
RW Minimum-Average Rapid-Moderate Yes Med-High

Large UAVs FW Maximum Nominal No High
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utilized in maritime vessels, automobiles, or robotics.

FANETSs offer advantages such as simplified hardware
deployment, increased resilience in challenging
environments, and decreased environmental
strain. Advanced routing techniques—including
reinforcement learning-based approaches and
bio-inspired optimization algorithms—have further
enhanced the reliability, adaptability, and energy
efficiency of FANETs across diverse mission
scenarios [18-22].  They are specifically used
for sensitive applications that require assured data
transmission, effectiveness, dependability, and
extremely low latency rates. However, frequent
topology changes in FANETSs can cause signaling cost,
packet loss, and latency problems [23].

Although FANETs have many benefits, their 3D
mobility and speeds ranging from 30 to 460 km/h
make it difficult to employ resources efficiently
and establish connection between UAVs and target
base stations [24]. The main reason for this is
that UAVs need energy for both propulsion and
communication, presenting a dual energy burden on
UAV systems. Theoretical models for both fixed-wing
and rotary-wing UAVs confirm that the energy
consumed by propulsion substantially surpasses
the energy utilized for communication—often by
several orders of magnitude—making propulsion
the dominant factor in UAV energy budgeting [25,
26]. Moreover, the implementation of mobility
models significantly contributes to the improvement
of Quality of Experience (QoE) and Quality of Service
(QoS). This study addresses these computational and
networking challenges by proposing FSR integrated
with a 3x3 Manhattan Grid Mobility Model as an
advanced computing architecture for distributed aerial
network systems. The study of the results shows
that the FSR with the Manhattan Grid (MG) routing
protocol performs better than other routing methods.

This paper contributes to the advancement of network
surveillance and the establishment of green UAV
communications.

e Deployment of FSR as a proactive link-state
computing architecture for distributed FANET
resource management, enabling continuous
topology awareness across dynamically
reconfiguring cyber-physical UAV swarms.

e The 3x3 grid and probabilistic technique of the
Manhattan Grid Mobility Model are used here;
forward and backward directions each with
probability 0.5, and right and left directions each
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with probability 0.25, respectively.

e Two case studies were conducted in the MG,
using twenty and thirty nodes individually. The
simulation duration in the first scenario was
twenty seconds, while in the second scenario, it
was thirty seconds.

e The study was conducted on six protocols
employing specific performance indicators such
as Packet Drop and Packet Delivery Ratio,
Bandwidth Utilization, Throughput, Packet Drop
Behavior, End-to-End Delay, and Jitter.

e Comprehensive performance benchmarking of
FSR against five topology-based protocols within
a network computing systems framework,
quantifying  improvements in  resource
utilization efficiency across packet delivery,
delay, throughput, and jitter metrics.

The present study is structured into several sections
to facilitate a comprehensive understanding of the
proposed research. Section 2 comprises a literature
review aimed at providing the necessary context
for the suggested strategy. Section 3 outlines the
recommended approach. Section 4 contains simulated
data, comparative analysis, and discussions, while
Section 5 presents the conclusion.

2 Related Work

Academics are concentrating more and more on
creating Self-organizing and Self-healing networks
as a result of the use of green UAVs in both
domestic and industrial contexts [27-29]. FANETSs are
networks that consist of nodes capable of movement
in all three dimensions [30]. Disruptions in A2A
and A2G communications may arise from dynamic
alterations in network architecture, including rapid
topology changes, intermittent link connectivity, and
high node mobility, all of which impose significant
routing constraints that existing MANET and VANET
protocols are ill-equipped to address in FANET
environments [31]. Hence, routing protocols,
categorized based on their functional methodology,
are essential for preserving the effectiveness and QoS
of wireless networks.

In topology-based routing protocols, nodes build
a network by exchanging topology data with
their neighbors. FANETs include many routing
types, including Topology-based, Swarm-based,
Hierarchy-based, Position-based, Delay-tolerant,
Heterogeneity-based, and Energy-based [32]. Several
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routing protocols belonging to these classes have
been established and evaluated in various network
scenarios, as demonstrated in different research
articles. This group of routing protocols typically have
three operational steps: neighbor and route discovery,
route exchange messages (RREP and RREQ), and
topology table updating by identifying and sharing IP
addresses with surrounding nodes. Routing protocols
can be classified as static, hybrid, proactive, as well as
reactive [33].

The proactive routing strategy known as Optimized
Link State Routing (OLSR) has proven to be effective
in both 2D and 3D environments. Link State (LS)
techniques, derived from the network’s topology, are
employed by the system to build connections between
nodes. This is achieved by transmitting a specific data
packet referred to as the "H-Packet.” The exchange of
TT information among nodes is vital for maintaining
all crucial network information. The protocol employs
the Multi-Point Relay (MPR) technique to resolve
challenges associated with looping and point-to-point
communication [34, 35].

Directional antennas are incorporated in Directed
Optimized Link State Routing (D-OLSR), an advanced
version of OLSR as described by [36]. The
implementation of this approach enables a decrease in
MPR counts and effectively tackles concerns associated
with overhead. An activation occurs if the Maximum
Distance/2 exceeds half of the value among the
initial and final nodes; otherwise, traditional OLSR
is employed. In [37], the proactive routing approach
known as the Distance Sequence Distance Vector
(DSDV) was detailed. In this technique, nodes
verify their sequence numbers before exchanging
information with nodes in the surrounding area.
The topology database only updates the most recent
sequence number because every node communicates
its current position to every other node. In large-scale
networks, reactive routing methods are employed to
connect specific groups of UAVs; multicast extensions
of on-demand distance vector protocols have been
explored for this purpose, as surveyed in the context
of UAV communication challenges and protocol
limitations [38].

Dynamic Source Routing (DSR) is a reactive
on-demand source routing protocol based on topology
that uses Self-regulating and Self-restoring procedures.
This protocol employs the minimal vertex cost in
conjunction with hop counts to determine routes for
forwarding data packets. The most efficient route

from the source UAV to the ultimate destination is
ascertained with the D-Bellman Ford algorithm. As
part of communication, the network routinely receives
route requests and uses them to keep track of the
paths that go from the source to the destination. In
order to communicate updated route information,
UAVs send a route error packet message whenever the
topology is modified [39].

The reactive topology-based routing protocol,
Temporally Ordered Routing Algorithm (TORA) is
developed for dynamic networks. The system utilizes
a technique that locally modifies information, using
control packets to efficiently manage overhead. TORA
incorporates multipath routing algorithms in order to
reduce the impact of connection failures. Furthermore,
it guarantees that any alterations in the physical
position of a UAV are rapidly transmitted to nearby
nodes in order to avoid excessive data flow in the
network. The network functions similarly to a Directed
Acyclic Graph (DAG), allowing UAVs to communicate
through the broadcasting of route requests that
include the IP address of the destination in order to
establish a routing path [40]. An alternative routing
class, Swarm-based Routing, applies concepts from
ant and insect swarm behavior to unmanned aerial
vehicle (UAV) systems [41]. The Bee-Ad hoc routing
protocol, inspired by bees’ living and communication
ways, assigns equal obligations to nodes, which are
separated into two groups: the Forager Bee and
Scouting Stage. The networked UAVs communicate
with each other in both directions, sending their
unique identification numbers, energy levels, and
Topology Tables. This allows them to choose the best
route from their starting point to their final destination.
Finally, a response is delivered via Forager Bees to
initiate the conversation [42].

To reduce latency between nodes, hierarchically
structured routing protocols use UAV locations to
separate the network into clusters; the development
and evaluation of such hierarchical protocol stacks for
disaster monitoring and similar mission-critical
FANET deployments have been extensively
documented in the literature [43, 44]. Utilizing the
geographic coordinates of UAVs, the Position-Based
Ant Colony Routing Algorithm (POSANT) finds the
shortest and most efficient communication pathways
as a multi-agent protocol. Node clustering efficiently
diminishes energy consumption and enhances
resource usage in UAVs. A hierarchical routing design,
the UAV Mobility Prediction Clustering Algorithm
(MPCA) divides the network into clusters and makes
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location, velocity, and speed predictions for UAVs.
This forecast takes into account the vocabulary’s
composition and the termination of connections. The
initial stage involves evaluating the speed and position
of UAV pairs, thereafter calculating the likelihood
of their remaining inside specified geographical
areas, hence extending the network’s longevity. The
types of communication used for both inter- and
intra-cluster communication include route requests,
which are necessary for communication among UAVs
in a cluster, and direct packet broadcasting inside
the same zone. A three-tier approach is used by the
Extended Hierarchical State Routing Protocol (EHSR)
for UAV networks. The cluster head at each level is
responsible for data transmission among the different
levels of the cluster [45-47]. The UAVs in subordinate
clusters select an intermediary cluster that forms a
backbone network for transmitting data to upper tiers.
The EHSR system utilizes a proactive methodology to
routinely oversee the connectivity status of each UAV
inside a cluster. To achieve this, it exchanges routing
tables with neighboring cluster leaders and creates
a hierarchical structure that associates all possible
routes [48].

The Disruption Tolerant Mechanism (DTM) is a kind
of delay-tolerant routing that deals with problems
like node connectivity issues caused by things like
mobility, energy limitations, long distances, and spotty
radio coverage. Clusters are established in DTM
by employing the AODV routing algorithm, which
leads to minimal network overhead. The cluster
formation considers position, velocity, and speed,
while each cluster head maintains link awareness
through hello packet exchanges with neighboring
heads. The suitability of a delay-tolerant routing
mechanism such as DTM is inherently tied to the
specific FANET application scenario and the mobility
model adopted; different mission contexts—ranging
from urban surveillance to search and rescue—impose
distinct communication requirements that directly
shape routing performance [49-52].

Table 2 outlines the basic constraints of current routing
protocols that are not sufficiently discussed in the
literature. A number of studies have attempted to
improve the QoS and QoE of FANETs by addressing
issues with propulsion and energy consumption.
While performance analysis metrics including
PDR, throughput, end-to-end delay, and jitter are
routinely employed to evaluate routing protocols,
real-time networks like FANETs often fail to meet
these requirements due to their unique operational
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constraints; moreover, the broader technological and
societal implications of deploying FANETs at scale
further motivate the pursuit of more robust and
efficient routing solutions [53-55]. Reliable routing
protocols are crucial in FANETs to maximize UAV
resource utilization and improve the QoS and QoE in
these networks.

3 Proposed Approach

FSR is a proactive link-state computing protocol
that manages distributed network state information
across resource-constrained UAV nodes, improving
data packet flow while maintaining routing table
consistency within the topology-based class of
protocols. As a computing-systems solution,
FSR introduces a hierarchical scope mechanism
that reduces inter-node signaling overhead,
directly lowering the computational burden on
individual aerial nodes. Integrating FSR with the
3x3 Manhattan Grid mobility model creates an
advanced network computing architecture tailored
to the cyber-physical constraints of FANETs, directly
addressing the overhead and latency limitations of
earlier topology-based routing protocols.

Each UAV must handle essential components,
including the Neighbor List (Ln), Topology Table
(TTL) and Routing Table, via FSR, as illustrated in
Figure 3.

Neighbor
List

Figure 3. UAV with FSR technology.

A node is immediately deleted from the list if it
fails to transmit link state data to its neighbors for
a specific amount of time. Furthermore, when the
position of mobile nodes changes, their IP addresses
are distributed by neighboring nodes in a similar
approach. To manage the network’s scalability,
FSR employs a sub-scope decision-making strategy
that minimizes routing cost by executing several
exchange cycles in the routing tables. As the range
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Table 2. Advantages and disadvantages of routing protocols.

Categories Protocols Merits Limitations
AODV On-demand route discovery reduces UAVs detected within a network result
control overhead in significant data delay.
T DSDV Loops are eliminated from networks When a network has congestion and
opology Based del . .
elays, it becomes unsuitable for
critical or real-time applications.
OLSR Multipoint relay helps to reduce Data delivery delays and overhead
overhead issues inside a network. make it ineffective in dense (FANET)
networks.
TORA Enhances the nodes’ organization Unsuitable for high mobility
DSR Establishing a complete route to the A network’s increased latency
destination
D-OLSR Overhead is minimized by using a Network longevity, which is affected
limited quantity of Multipoint relays by higher energy and bandwidth
use, is another indicator of network
performance.
Swarm Class POSANT Fragmentation of networks is also The topology is based on quasi-static
supported
Bee Ad-hoc The UAVs have enhanced memory Sophisticated UAV network modeling
Energy Efficient Class CBLADSR Get a high percentage of packets This leads to severe delays and
delivered overhead
DTM Improves the throughput and packet It is decided to handle delay-related
Hierarchical Class delivery ratio (PDR) issues
EHSR A network’s scalability is taken into The network as a whole will be
account interrupted if the backbone fails
MPCA Potential connectivity failures between Ignoring the UAVs’ moments caused

UAVs are predicted.

problems to arise

decreases, data is transmitted at higher frequencies
by neighbors. The major steps in FSR involve
identifying neighboring nodes and calculating routes
using Dijkstra’s algorithm.

UAVs initiate the neighbor discovery phase by means
of a hello packet (Ba), which is a unique and specific
message. This packet is exclusively received by
adjacent nodes that have response times falling within
the range of the aerial vehicle. In the second step, the
information flooding approach is used to distribute
link-state packets in order to assemble the full topology
table (TTL). At the same time, a UAV broadcasts a
weighted function and the highest sequence (Seq)
number to all neighboring nodes whenever its physical
location changes. The best network path is determined
by selecting edge nodes with the fewest weighted
connections. The data in the topology table is updated
by UAVs using Equations 1 and 2.

dlu] + ¢(u,v) < d[v] (1)

d(v) = d[u] + ¢(u,v) (2)

The flow chart illustrating the FSR protocol technique

is depicted in Figure 4. Algorithm 1 and its
corresponding notation specification are included in
Table 3.

Table 3. Notational Index.

Annotations  Description

TTL Topology table

Lyp, Neighbor list

Be Broadcast message
Nx-hop Next hop

Seq Sequence no. of packets

3.1 Simulating Environment

The development of effective wireless networks in
real-time applications relies heavily on mobility
models [56]. The movement of UAVs is controlled
using the Manhattan Grid mobility concept in this
scenario. This model utilizes a Probabilistic method,
where probabilities of 0.5 are assigned for forward
and backward movement for forward and backward
movement, and probabilities of 0.25 are assigned for
right and left directions for the UAVs, as depicted in
Figure 5.

The omnidirectional antenna properties of each UAV
ensure that radiation covers the geographical area
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Figure 4. Fisheye state routing protocol flow chart.

uniformly, as determined by Equation 3.

(3)

The approach suggested in the MG mobility model,
which was put into operation on a 3 x 3 grid, has
been validated using two case studies. Two scenarios
were considered: one with twenty UAVs and a
twenty-second simulation time, and another with
thirty nodes and a thirty-second simulation time. The
simulations require additional parameters, which are
shown in Table 4.

This paper compares the performance of FSR with the
topology-based routing approaches listed below.

e Optimized Link State Routing (OLSR)

e Ad-hoc On-Demand Distance Vector (AODV)

e Dynamic Source Routing (DSR)

e Temporally-Ordered Routing Algorithm (TORA)

e Distance Sequence Distance Vector (DSDV)

4 Outcomes and Analysis

The network parameters employed to analyze the
optimal routing protocol are detailed in this section.
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Algorithm 1: FSR

Input: —

Output: The most efficient path from the origin to

the destination

Objective: Ascertain the most efficient path from
the origin to the destination;

Configure Ly, seq, TTL, Nx-hop;

if L;, = empty then

B, < Broadcasting of a message within the
spatial range of UAVs;

if UAVs = Acknowledgments then
‘ L,, + Append neighbor;

else
‘ L; <+ Eliminate UAVs;

else
‘ Ly, <+ Table update;
Broadcast LA to every single network;
if seq > previous seq then
‘ Revision;
else
‘ TTL +# Revision;
I = Dijkstra’s route search;
Iterate L;, = empty;

Close;

Table 4. Configuration of simulation.
Specification Value
Simulator NS-2 (2.3 version)
Area of Topology 1000 x 1000 (m)
Mobility Model Manhattan Grid
Simulation time 20 s in first scenario & 30 s in second scenario
Number of nodes 20 & 30
Traffic Type CBR
Radio frequency Two rays grounded
Pause Time One s
Total Bases One
Minimum Velocity Onem/s
Maximum Velocity 10 m/s

4.1 Ratios of Packet Delivery and Dropped

A crucial parameter in FANETSs is the PDR, defined as
the aggregate of all packets successfully transmitted
by each UAV within a specified timeframe. The packet
drop ratio is the percentage of packets dropped to the
total number of transmitted packets.

The FSR protocol proved to be superior to alternative
routing protocols in both cases when comparing
dropped and delivery ratios. In the first scenario,
the FSR attained a drop rate of 53.88% and a data
delivery ratio of 46.11%. In the second scenario, it
achieved a Drop Ratio of 46.85% and a Packet Delivery
Ratio (PDR) of 53.14%. The efficacy of these routing
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Figure 5. Manhattan grid-based UAV mobility model.

Table 5. Routing protocol PDR containing 20 nodes.

Protocol Transmit Acknowledged Dropped

TORA 3040 456 2584
DSDV 3040 536 2504
OLSR 3040 832 2208
AODV 3040 761 2279
DSR 3040 965 2075
FSR 3040 1402 1638

protocols exceeded that of the alternative protocols, as
demonstrated by the data in Tables 5, 6, 7, 8 and the

graphical representations in Figures 6(A) and 6(B).

The high PDR of FSR in networks with dynamic
topologies underscores its efficiency.

|||||

(&) Twenty Modes (B) Thurty Wedes

Figure 6. Analysis of received and dropped packets in
routing protocols.

Table 6. Percentages of PDR and Drop Ratio for Routing
Protocols having 20 nodes.

Percentage Percentage
Protocol of PDR of Drop Ratio
TORA 15 85
DSDV 17.63157895 82.36842105
AODV 25.03289474 74.96710526
OLSR 27.36842105 72.63157895
DSR 31.74342105 68.25657895
FSR 46.11842105 53.88157895

Table 7. Routing protocol PDR with 30 nodes.

Protocol  Transmit

Acknowledged Dropped

DSR
OLSR
TORA
AODV
DSDV
FSR

7540
7540
7540
7540
7540
7540

2602
2794
3085
3216
3377
4007

4938
4746
4455
4324
4163
3533

Table 8. Packet Delivery Ratio (PDR) and Drop Ratio

Percentages for Routing Protocols having 30 nodes.

Percentage Percentage
Protocol of l’DRg of Drop Rgtio
TORA 40.9151194 59.08488064
AODV 42.6525199 57.34748011
OLSR 37.0557029 62.94429708
DSR 34.5092838 65.49071618
DSDV 44.7877984 55.21220159
FSR 53.1432361 46.85676393
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4.2 End-to-End delay

A data packet’s overall transit time across a network is
called the End-to-End Delay (D), which is also called
the one-way delay. The calculation is carried out using
Equation 4, which takes into consideration the packet’s
receiving time (¢,) and transmitting time (t;).

D=t —t, (4)

The FSR protocol has a lower end-to-end latency than
topology-based routing approaches in both scenarios,
as illustrated by Figures 7(A), 7(B) and Tables 9 and
10.

(A) Twenty MNodes (B) Thirty Nodes

Figure 7. End-to-End delay of all routing protocols.

Table 9. End-to-end routing protocol delay with 20 nodes.

Protocol  Delay (ms)
DSR 382.8846867
OLSR 80.60518873
AODV 77.8061071

DSDV 40.93648628
TORA 12.5727104

FSR 10.49642941

Table 10. End-to-end delay routing protocol with 30 nodes.

Protocol  Delay (ms)
TORA 531.78
OLSR 1013.89
AODV 1482.48
DSDV 2570.13
FSR 243.53
DSR 1480.41

4.3 Bandwidth Utilization

It is crucial for wireless networks to optimize the use
of available bandwidth over time. The assessment is
based on the optimal use of a connection for a certain
duration, calculated using Equation 5. In this context,
the variables P and T represent the total amount of
packet delivered and total time length respectively,
and the channel’s bandwidth utilization, measured
in packets per second (PPS).
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Py

U= T,

(5)

PpS)

The available bandwidth has been effectively utilized
by FSR throughout a restricted time frame, as
illustrated in Figures 8(A) and 8(B).

e

__/J "‘-‘\

{A) Twenty MNodes (B) Thirty Nodes

Figure 8. Bandwidth utilization in routing protocols.

4.4 Analysis of Packet Drop Rates

Packet drop behavior reflects the stability of a
routing protocol under dynamic network conditions.
As illustrated in Figures 9(A) and 9(B), FSR
consistently exhibits the lowest packet drop counts
in both the twenty-node and thirty-node scenarios.
In the twenty-node case, FSR maintains drop
values predominantly below 100 packets per step,
while TORA, DSDV, OLSR, DSR, and AODV show
considerably higher and more volatile drop behavior
throughout the simulation. In the thirty-node scenario,
although all protocols experience increased absolute
drop counts due to higher network density, FSR
remains the most stable, with values generally between
100 and 200 packets per step. By contrast, DSR and
OLSR exhibit sharp isolated spikes exceeding 400
packets per step, consistent with route invalidation
events caused by frequent topology changes. The low
and stable drop behavior of FSR is attributed to its
proactive fisheye scoping mechanism, which maintains
up-to-date routing tables and avoids the stale route
entries and route discovery delays that lead to burst
packet losses in other protocols.

(&) Twenty MNodes

(B) Thirty Nodes

Figure 9. Protocols for Routing and Their Packet Drop
Behavior.
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4.5 Throughput

The throughput of a routing system is its ability
to efficiently and reliably send packets over a
communication media, be it a wireless or wired
connection. In Equation 6, the quantification is shown
in kilobytes per second (Kbps), with throughput
denoted as GG and the total number of packets received
during time T represented by ) P,.

=¥

Figure 10(A) and 10(B) show that in both cases, the
FSR routing protocol outperforms the competition and
allows for the maximum amount of data transfer.

(&) Twenty Nodes

P,
T Kbps)

(6)

(B} Thirty Nedes

Figure 10. The rate of throughput for routing protocols.

4.6 Jitter

Jitter is a complex phenomenon that arises when there
is a discrepancy between the sending and receiving
periods of successive packets. This discrepancy can be
caused by several circumstances, including network
congestion, the choice of the longest data routing route,
or connections with limited bandwidth. This leads to
a significant increase in network latency and the ratio
of packet loss, both of which have a significant effect
on the overall efficacy of a routing system. As shown
in Figures 11(A) and 11(B), FSR effectively reduces
congestion through the usage of network scopes, which
improves network performance by reducing packet
jitter.

(4 Twenty Nodes (B) Thirty Nodes

Figure 11. Routing Protocol Jitter.

The update mechanism of FSR protocol is mostly
reliant on the system’s mobility. Due to scope interval
updates, this may result in quick changes to the

network’s architecture, which may affect routing
efficiency. Nevertheless, FSR has shown significant
enhancements in routing efficiency when compared to
alternative routing protocols predicated on topology
or table-driven approaches.

5 Conclusion

FANETs constitute an expanding class of distributed
cyber-physical computing systems, extending wireless
network architectures into three-dimensional aerial
environments and offering significant capabilities for
autonomous Iol' applications.  Unlike MANETs
and VANETs that predominantly operate in
two-dimensional environments, FANETs introduce
unique resource constraints that demand efficient
routing solutions.  This study addressed these
constraints by deploying the FSR protocol within
a 3x3 Manhattan Grid Mobility Model across
twenty-node and thirty-node scenarios. Analysis of six
performance metrics—throughput, end-to-end delay,
jitter, packet drop behavior, bandwidth utilization,
and packet delivery ratio—consistently demonstrates
that FSR outperforms five topology-based protocols
in resource utilization efficiency. The effectiveness of
FSR has greatly improved network adaptability while
decreasing energy consumption related to connectivity
and propulsion. Future research will investigate
data encryption methodologies and attack mitigation
strategies to enhance the security and resilience of
FSR-based aerial computing systems, as well as the
integration of machine learning-driven adaptive
routing to further optimize resource allocation in
dynamic FANET environments.

Data Availability Statement

Data will be made available on request.

Funding

This work was supported without any funding.

Conflicts of Interest

James Adu Ansere served as an Associate Editor
of the ICCK Transactions on Advanced Computing
and Systems at the time of manuscript submission.
To ensure the integrity of the peer-review process,
James Adu Ansere was not involved in the editorial
handling, peer review, or decision-making process for
this manuscript, which was handled independently
by another editor. The remaining authors declare no
conflicts of interest.

221



ICCK Transactions on Advanced Computing and Systems

ICJK

Al Use Statement

The authors declare that no generative Al was used in
the preparation of this manuscript.

Ethical Approval and Consent to Participate

Not applicable.

References

(1]

222

Gupta, L., Jain, R., & Vaszkun, G. (2015). Survey of
important issues in UAV communication networks.
IEEE communications surveys & tutorials, 18(2),
1123-1152. [CrossRef]

Shakhatreh, H., Sawalmeh, A. H., Al-Fuqaha, A., Dou,
Z., Almaita, E., Khalil, L., ... & Guizani, M. (2019).
Unmanned aerial vehicles (UAVs): A survey on civil
applications and key research challenges. IEEE access,
7, 48572-48634. [ CrossRef]

Matthew, U. O., Kazaure, ]. S.,, Onyebuchi, A,
Daniel, O. O., Muhammed, I. H., & Okafor, N. U.
(2021, February). Artificial intelligence autonomous
unmanned aerial vehicle (UAV) system for remote
sensing in security surveillance. In 2020 IEEE 2nd
international conference on Cyberspac (CYBER Nigeria)
(pp- 1-10). IEEE. [CrossRef]

Ahmed, F., Mohanta, J. C., Keshari, A., & Yadav, P. S.
(2022). Recent advances in unmanned aerial vehicles:
a review. Arabian Journal for Science and Engineering,
47(7), 7963-7984. [ CrossRef]

Mohamed, N., Al-Jaroodi, J., Jawhar, 1., Idries, A.,
& Mohammed, F. (2020). Unmanned aerial vehicles
applications in future smart cities. Technological
forecasting and social change, 153, 119293. [ CrossRef]

Mozaffari, M., Saad, W., Bennis, M., Nam, Y. H.,
& Debbah, M. (2019). A tutorial on UAVs for
wireless networks: Applications, challenges, and open

problems. IEEE communications surveys & tutorials,
21(3), 2334-2360. [ CrossRef]

Nazib, R. A., & Moh, S. (2020). Routing protocols
for unmanned aerial vehicle-aided vehicular ad hoc
networks: A survey. IEEE Access, 8, 77535-77560.
[CrossRef]

Banafaa, M. K., Pepeoglu, 0., Shayea, I., Alhammadi,
A., Shamsan, Z. A., Razaz, M. A,, ... & Al-Sowayan, S.
(2024). A comprehensive survey on 5G-and-beyond
networks with UAVs: Applications, emerging
technologies, regulatory aspects, research trends and
challenges. IEEE access, 12, 7786-7826. [ CrossRef]
Zuo, Z., Liu, C.,, Han, Q. L., & Song, J. (2022).
Unmanned aerial vehicles: Control methods and
future challenges. IEEE/CAA Journal of Automatica
Sinica, 9(4), 601-614. [ CrossRef]

Darvishpoor, S., Roshanian, J., Raissi, A., &
Hassanalian, M. (2020). Configurations, flight
mechanisms, and applications of unmanned aerial

[12]

[13]

[18]

[21]

systems: A review. Progress in Aerospace Sciences, 121,
100694. [CrossRef]

Hassan, M. A., Javed, R., Granelli, F., Gen, X., Rizwan,
M., Ali, S. H,, ... & Ullah, S. (2023, March). Intelligent
transportation systems in smart city: a systematic
survey. In 2023 International Conference on Robotics
and Automation in Industry (ICRAI) (pp. 1-9). IEEE.
[CrossRef]

Menouar, H., Guveng, 1., Akkaya, K., Uluagac, A. S.,
Kadri, A., & Tuncer, A. (2017). UAV-enabled intelligent
transportation systems for the smart city: Applications
and challenges. IEEE Communications Magazine, 55(3),
22-28. [CrossRef]

Hayat, S., Yanmaz, E., & Muzaffar, R. (2016).
Survey on unmanned aerial vehicle networks for civil
applications: A communications viewpoint. I[EEE
communications surveys & tutorials, 18(4), 2624-2661.
[CrossRef]

Jawhar, 1., Mohamed, N., Al-Jaroodi, J., Agrawal,
D. P, & Zhang, S. (2017). Communication and
networking of UAV-based systems: Classification
and associated architectures. Journal of Network and
Computer Applications, 84, 93-108. [ CrossRef]

Xu, H., Wang, L., Han, W.,, Yang, Y., Li, J., Lu, Y,
& Li, J. (2023). A survey on UAV applications in
smart city management: Challenges, advances, and
opportunities. IEEE Journal of Selected Topics in Applied
Earth Observations and Remote Sensing, 16, 8982-9010.
[CrossRef]

Mozaffari, M., Lin, X., & Hayes, S. (2022). Toward
6G with connected sky: UAVs and beyond. IEEE
Communications Magazine, 59(12), 74-80. [ CrossRef]

Oubbati, O. S., Lakas, A., Zhou, F., Giines, M., &
Yagoubi, M. B. (2017). A survey on position-based
routing protocols for Flying Ad hoc Networks
(FANETs). Vehicular Communications, 10, 29-56.
[CrossRef]

Lansky, J., Ali, S.,, Rahmani, A. M., Yousefpoor,
M. S., Yousefpoor, E., Khan, F.,, & Hosseinzadeh,
M. (2022). Reinforcement learning-based routing
protocols in flying ad hoc networks (FANET): A
review. Mathematics, 10(16), 3017. [CrossRef]

Beegum, T. R, Idris, M. Y. 1., Ayub, M. N. B., &
Shehadeh, H. A. (2023). Optimized routing of UAVs
using bio-inspired algorithm in FANET: A systematic
review. [EEE access, 11, 15588-15622. [ CrossRef]

Dai, M., Huang, N.,, Wu, Y,, Gao, J., & Su, Z
(2022). Unmanned-aerial-vehicle-assisted wireless
networks: Advancements, challenges, and solutions.
IEEE internet of things journal, 10(5), 4117-4147.
[CrossRef]

Rovira-Sugranes, A., Razi, A, Afghah, F, &
Chakareski, J. (2022). A review of Al-enabled routing
protocols for UAV networks: Trends, challenges,
and future outlook. Ad Hoc Networks, 130, 102790.
[CrossRef]


https://doi.org/10.1109/COMST.2015.2495297
https://doi.org/10.1109/ACCESS.2019.2909530
https://doi.org/10.1109/CYBERNIGERIA51635.2021.9428862
https://doi.org/10.1007/s13369-022-06738-0
https://doi.org/10.1016/j.techfore.2018.05.004
https://doi.org/10.1109/COMST.2019.2902862
https://doi.org/10.1109/ACCESS.2020.2989799
https://doi.org/10.1109/ACCESS.2023.3349208
https://doi.org/10.1109/JAS.2022.105410
https://doi.org/10.1016/j.paerosci.2020.100694
https://doi.org/10.1109/ICRAI57502.2023.10089543
https://doi.org/10.1109/MCOM.2017.1600238CM
https://doi.org/10.1109/COMST.2016.2560343
https://doi.org/10.1016/j.jnca.2017.02.008
https://doi.org/10.1109/JSTARS.2023.3317500
https://doi.org/10.1109/MCOM.005.2100142
https://doi.org/10.1016/j.vehcom.2017.10.003
https://doi.org/10.3390/math10163017
https://doi.org/10.1109/ACCESS.2023.3244067
https://doi.org/10.1109/JIOT.2022.3230786
https://doi.org/10.1016/j.adhoc.2022.102790

ICJK

ICCK Transactions on Advanced Computing and Systems

[22]

[25]

[27]

[30]

Wheeb, A. H., Nordin, R., Samah, A. A., Alsharif, M.
H., & Khan, M. A. (2021). Topology-based routing
protocols and mobility models for flying ad hoc
networks: A contemporary review and future research
directions. Drones, 6(1), 9. [CrossRef]

Amponis, G., Lagkas, T., Sarigiannidis, P, Vitsas, V.,
Fouliras, P, & Wan, S. (2021). A survey on FANET
routing from a cross-layer design perspective. Journal
of Systems Architecture, 120, 102281. [CrossRef]

Lee, S. W., Ali, S., Yousefpoor, M. S., Yousefpoor,
E., Lalbakhsh, P, Javaheri, D., ... & Hosseinzadeh,
M. (2021). An energy-aware and predictive fuzzy
logic-based routing scheme in flying ad hoc networks
(FANETSs). IEEE Access, 9, 129977-130005. [ CrossRef]

Zeng, Y., & Zhang, R. (2017). Energy-efficient
UAV communication with trajectory optimization.
IEEE Transactions on wireless communications, 16(6),
3747-3760. [CrossRef]

Zeng, Y., Xu, J., & Zhang, R. (2019). Energy
minimization for wireless communication with
rotary-wing UAV. IEEE transactions on wireless
communications, 18(4), 2329-2345. [ CrossRef]

Wu, J., Zou, L., Zhao, L., Al-Dubai, A., Mackenzie,
L., & Min, G. (2019). A multi-UAV clustering strategy
for reducing insecure communication range. Computer
Networks, 158, 132-142. [CrossRef]

Tan, X., Zuo, Z., Su, S., Guo, X., Sun, X., & Jiang,
D. (2020). Performance analysis of routing protocols
for UAV communication networks. IEEE Access, 8,
92212-92224. [CrossRef]

Arafat, M. Y., & Moh, S. (2018). Location-aided
delay tolerant routing protocol in UAV networks for
post-disaster operation. IEEE Access, 6, 59891-59906.
[CrossRef]

Yadav, A., & Verma, S. (2021, May). A review of
nature-inspired routing algorithms for flying ad hoc
networks. In Applications of Artificial Intelligence in
Engineering: Proceedings of First Global Conference on
Artificial Intelligence and Applications (GCAIA 2020) (pp.
197-203). Singapore: Springer Singapore. [CrossRef]
Oubbati, O. S., Atiquzzaman, M., Lorenz, P, Tareque,
M. H., & Hossain, M. S. (2019). Routing in flying
ad hoc networks: Survey, constraints, and future
challenge perspectives. IEEE access, 7, 81057-81105.
[CrossRef]

Hassan, M. A,, Javed, A. R., Hassan, T.,, Band, S.
S., Sitharthan, R., & Rizwan, M. (2022). Reinforcing
communication on the internet of aerial vehicles. IEEE
Transactions on Green Communications and Networking,
6(3),1288-1297. [CrossRef]

Siraj, M. N., Ahmed, Z., Hanif, M. K., Chaudary, M.
H., Khan, S. A., & Javaid, N. (2018). A hybrid routing
protocol for wireless distributed networks. IEEE Access,
6, 67244-67260. [CrossRef]

Clausen, T., & Jacquet, P. (2003). Optimized link state
routing protocol (OLSR) (No. rfc3626). https:/www.rfc-

[37]

[39]

[46]

editor.org/rfc/rfc3626

Leonov, A. V., & Litvinov, G. A. (2018, May).
Simulation-based packet delivery performance
evaluation with different parameters in flying ad-hoc
network (FANET) using AODV and OLSR. In Journal
of Physics: Conference Series (Vol. 1015, No. 3, p.
032178). IOP Publishing. [CrossRef]

Alshabtat, A. I, Dong, L., Li, J., & Yang, F. (2010).
Low latency routing algorithm for unmanned aerial
vehicles ad-hoc networks. International Journal of
Electrical and Computer Engineering, 6(1), 48-54. https:
//web.ecs.baylor.edu/faculty/dong/paper/LowLatencyRoutin
gUAVNetwork_IJECEv6-1-9.pdf

Perkins, C. E., & Bhagwat, P. (1994). Highly dynamic
destination-sequenced  distance-vector  routing
(DSDV) for mobile computers. ACM SIGCOMM
computer communication review, 24(4), 234-244.
[CrossRef]

Nawaz, H., Ali, H. M., & Laghari, A. A. (2021). UAV
communication networks issues: A review. Archives of
Computational Methods in Engineering, 28(3), 1349-1369.
[CrossRef]

Johnson, D. B.,, & Maltz, D. A. (1996). Dynamic
source routing in ad hoc wireless networks. In Mobile
computing (pp. 153-181). Boston, MA: Springer Us.
[CrossRef]

Lakew, D. S., Sa’ad, U., Dao, N. N., Na, W., & Cho,
S. (2020). Routing in flying ad hoc networks: A
comprehensive survey. I[EEE communications surveys &
tutorials, 22(2), 1071-1120. [CrossRef]

Kamali, S., & Opatrny, J. (2007, March). Posant: A
position based ant colony routing algorithm for mobile
ad-hoc networks. In 2007 Third International Conference
on Wireless and Mobile Communications (ICWMC’07)
(pp- 21-21). IEEE. [CrossRef]

Zhao, B., & Ding, Q. (2019, March). Route discovery in
flying ad-hoc network based on bee colony algorithm.
In 2019 IEEE international conference on artificial
intelligence and computer applications (ICAICA) (pp.
364-368). IEEE. [CrossRef]

Arafat, M. Y., & Moh, S. (2019). Localization
and clustering based on swarm intelligence in
UAV networks for emergency communications. IEEE
Internet of Things Journal, 6(5), 8958-8976. [ CrossRef]

Dhall, R., & Dhongdi, S. (2023). Review of Protocol
Stack Development of Flying Ad-hoc Networks
for Disaster Monitoring Applications. Archives of
Computational Methods in Engineering, 30(1), 37-68.
[CrossRef]

Sahingoz, O. K. (2014). Networking models in flying
ad-hoc networks (FANETs): Concepts and challenges.
Journal of Intelligent & Robotic Systems, 74(1), 513-527.
[CrossRef]

Bekmezci, 1., Sahingoz, O. K., & Temel, $. (2013).
Flying ad-hoc networks (FANETs): A survey. Ad Hoc
Networks, 11(3), 1254-1270. [ CrossRef]

223


https://doi.org/10.3390/drones6010009
https://doi.org/10.1016/j.sysarc.2021.102281
https://doi.org/10.1109/ACCESS.2021.3111444
https://doi.org/10.1109/TWC.2017.2688328
https://doi.org/10.1109/TWC.2019.2902559
https://doi.org/10.1016/j.comnet.2019.04.028
https://doi.org/10.1109/ACCESS.2020.2995040
https://doi.org/10.1109/ACCESS.2018.2875739
https://doi.org/10.1007/978-981-33-4604-8_15
https://doi.org/10.1109/ACCESS.2019.2923840
https://doi.org/10.1109/TGCN.2022.3157591
https://doi.org/10.1109/ACCESS.2018.2875952
https://www.rfc-editor.org/rfc/rfc3626
https://www.rfc-editor.org/rfc/rfc3626
https://doi.org/10.1088/1742-6596/1015/3/032178
https://web.ecs.baylor.edu/faculty/dong/paper/LowLatencyRoutingUAVNetwork_IJECEv6-1-9.pdf
https://web.ecs.baylor.edu/faculty/dong/paper/LowLatencyRoutingUAVNetwork_IJECEv6-1-9.pdf
https://web.ecs.baylor.edu/faculty/dong/paper/LowLatencyRoutingUAVNetwork_IJECEv6-1-9.pdf
https://doi.org/10.1145/190809.190336
https://doi.org/10.1007/s11831-020-09418-0
https://doi.org/10.1007/978-0-585-29603-6_5
https://doi.org/10.1109/COMST.2020.2982452
https://doi.org/10.1109/ICWMC.2007.68
https://doi.org/10.1109/ICAICA.2019.8873436
https://doi.org/10.1109/JIOT.2019.2925567
https://doi.org/10.1007/s11831-022-09791-y
https://doi.org/10.1007/s10846-013-9959-7
https://doi.org/10.1016/j.adhoc.2012.12.004

ICCK Transactions on Advanced Computing and Systems

ICJK

[47] Rosati, S., Kruzelecki, K., Heitz, G., Floreano, D., &
Rimoldi, B. (2015). Dynamic routing for flying ad hoc
networks. IEEE Transactions on Vehicular Technology,
65(3), 1690-1700. [CrossRef]

Xing, N., Zong, Q., Dou, L., Tian, B.,, & Wang,
Q. (2019). A game theoretic approach for mobility
prediction clustering in unmanned aerial vehicle
networks. IEEE Transactions on Vehicular Technology,
68(10), 9963-9973. [ CrossRef |

Bujari, A., Calafate, C. T., Cano, J. C., Manzoni, P,
Palazzi, C E., & Ronzani, D. (2017). Flying ad- hoc
network application scenarios and mobility models.

International Journal of Distributed Sensor Networks,
13(10), 1550147717738192. [ CrossRef]

Bujari, A., Palazzi, C. E., & Ronzani, D. (2017, June).
FANET application scenarios and mobility models.
In Proceedings of the 3rd workshop on micro aerial
vehicle networks, systems, and applications (pp. 43-46).
[CrossRef]

Chriki, A., Touati, H., Snoussi, H., & Kamoun, F.
(2019). FANET: Communication, mobility models
and security issues. Computer Networks, 163, 106877.
[CrossRef]

Arafat, M. Y., & Moh, S. (2018). A survey on
cluster-based routing protocols for unmanned aerial
vehicle networks. IEEE Access, 7, 498-516. [ CrossRef]

Guillen-Perez, A., & Cano, M. D. (2018). Flying
ad hoc networks: A new domain for network
communications. Sensors, 18(10), 3571. [CrossRef]

Zafar, W., & Khan, B. M. (2016). Flying ad-hoc
networks: Technological and social implications.
IEEE Technology and Society Magazine, 35(2), 67-74.
[CrossRef]

Arafat, M. Y., & Moh, S. (2019). Routing protocols for
unmanned aerial vehicle networks: A survey. IEEE
access, 7, 99694-99720. [ CrossRef]

Li, X., Zhang, T., & Li, J. (2017, December). A particle
swarm mobility model for flying ad hoc networks. In
GLOBECOM 2017-2017 IEEE Global Communications
Conference (pp. 1-6). IEEE. [CrossRef]

[49]

[51]

Syed Haider Ali earned his B.Sc. and
M.Sc. in Electrical Engineering from UST
Bannu and UET Peshawar, Pakistan, in 2016
and 2019, respectively. = He lectured at
Swat Polytechnic Institute from 2016 to 2019
and later worked at the National Center
for Big Data and Cloud Computing and
Real Engineering Services. Currently, he
is engaged in additive manufacturing and
reverse engineering at PCSIR. His research
focuses on embedded systems, cyber-physical systems, UAVs,
IoT, wireless communications, and energy harvesting. (Email:
engrsyedhaiderali@yahoo.com)

224

Syed Ashraf Ali earned his BS in Electronic
Engineering from BUITEMS, Pakistan, in
2012 and his MS in Electrical Engineering
from Iqra National University, Pakistan, in
2017. He is currently pursuing a PhD
in Electrical Engineering at Iqra National
University. He worked as a Lab Engineer at
the same university from 2014 to 2018 and now
serves as a Lecturer. His research interests
include electronics, wireless communication,
renewable energy, power systems, and sustainable energy. (Email:
Ashrafali@inu.edu.pk)

James Adu Ansere received his BSc in
ww=es Physics in 2007, from University of Cape
Coast, Ghana and MSc in Telecommunication
Engineering from Blekinge Institute of
Technology, Sweden, 2012, and PhD in
Information and Communication Engineering,
Hohai University, 2021. Currently, he is a
Postdoctoral Research Fellow in the Faculty of
Engineering and Applied Science, at Memorial
University Newfoundland, Canada. He has

been Deputy Director of Research, Grant, and Development, at the
Sunyani Technical University, Ghana. His research areas include
Quantum Machine Learning and Optimization, the Internet of
Vehicles, Semantic Communications, Digital Twin Networks, and
the Internet of Things. He has published in top-notch journals
and international conferences. He is a member of IEEE. (Email:
jaansere@mun.ca)

Muhammad Younas earned his B.Sc. in
Electrical Engineering from Balochistan
University of Engineering and Technology,
Khuzdar, and his M.Sc. in Information
Technology from the University of Engineering
and Technology, Peshawar. He is currently
serving as the Head of the Engineering Service
Center at PCSIR. His research interests include
energy harvesting, Iol, embedded systems,
and wireless communications. (Email:
engryounas73@gmail.com)

B Sana Ullah received a Bachelor of Science
& (BS) degree in Computer Science from the
| Department of Computer Science, University
of Peshawar, Pakistan, in 2020, and a Master’s
'§ degree in Computer Science from Qurtuba
' University of Science and Information
g Technology, Pakistan, in 2024. He is currently
& working under the Ministry of Science
\ and Technology at the Pakistan Council of

Scientific and Industrial Research (PCSIR)
Labs Complex, Peshawar, Pakistan. His research interests include
artificial intelligence (AI), unmanned aerial vehicles (UAVs),
machine learning, and data science. He has contributed to
multiple research projects focused on the development and
application of intelligent systems in both industrial and academic
contexts. (Email: sunnykhan3304@gmail.com)



https://doi.org/10.1109/TVT.2015.2414819
https://doi.org/10.1109/TVT.2019.2936894
https://doi.org/10.1177/1550147717738192
https://doi.org/10.1145/3086439.3086440
https://doi.org/10.1016/j.comnet.2019.106877
https://doi.org/10.1109/ACCESS.2018.2885539
https://doi.org/10.3390/s18103571
https://doi.org/10.1109/MTS.2016.2554418
https://doi.org/10.1109/ACCESS.2019.2930813
https://doi.org/10.1109/GLOCOM.2017.8253966

	Introduction
	Related Work
	Proposed Approach
	Simulating Environment

	Outcomes and Analysis
	Ratios of Packet Delivery and Dropped
	End-to-End delay
	Bandwidth Utilization
	Analysis of Packet Drop Rates
	Throughput
	Jitter

	Conclusion
	Syed Haider Ali
	Syed Ashraf Ali
	James Adu Ansere
	Muhammad Younas
	Sana Ullah


