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Abstract: In the aftermath of natural disasters, the rapid deployment of Unmanned Aerial Vehicles (UAVs) is critical for re-establishing commu-
nication services. However, managing the network topology in these scenarios is a significant challenge, primarily due to the high mobility of
both the UAVs and the ground users they serve. While dynamic routing protocols have been the traditional approach for ad hoc networks, the
centralized control paradigm of Software-Defined Networking (SDN) presents a compelling alternative for dynamic topology management. This
paper investigates the efficacy of an SDN-based management solution for UAV networks, a topic for which the existing literature lacks a definitive
performance consensus. An SDN architecture tailored for UAV-based emergency networks is proposed and evaluated, with performance bench-
marked against the well-established Ad hoc On-Demand Distance Vector (AODV) protocol. Through simulations in the OMNeT++ framework,
key performance indicators were analyzed, including end-to-end latency, packet delivery ratio, infrastructure utilization, and packet drop rates,
under varying user loads. The results demonstrate a clear performance advantage for the proposed SDN solution. Specifically, the architecture
achieved a packet delivery ratio of up to 17.5% higher than AODV and reduced the end-to-end data packet latency by up to 10 ms. These findings
provide strong evidence that a centralized software-defined approach can offer superior reliability and efficiency for managing highly dynamic

UAV communication networks in critical disaster recovery operations.
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I. Introduction

In the critical 72-hour window following natural disasters, the
rapid restoration of communication infrastructure is paramount
for effective rescue operations. The absence of reliable commu-
nication and situational awareness frequently degrades the ef-
fectiveness of post-disaster missions, a challenge highlighted by
[1]. In this context, Unmanned Aerial Vehicles (UAVs) have
emerged as a key technology for providing rapid network recov-
ery services, enhancing public safety networks, and addressing
other emergency scenarios.

The flexibility, ease of deployment, and low operational costs
of UAVs have motivated extensive research into their application
for delivering wireless communication solutions. Foundational
works, such as [2| 3], have investigated the feasibility of inte-
grating UAVs into communication network architectures. While
these studies primarily focused on the challenges and standard-
ization trends for UAVs in supporting cellular networks, the en-
couraging results have provided significant visibility to this do-
main, as systematically surveyed in [4].

A particularly promising application involves deploying
UAVs as flying base stations (BSs) in a three-dimensional (3D)
space to provide ubiquitous sky access to ground users during
disaster events. With terrestrial BSs often unavailable, UAV-
based flying BSs offer a suitable method for dynamically ad-
justing a network topology to maintain real-time ground com-
munication links [5]. However, the diverse aerodynamic char-
acteristics of conventional UAVs—including flight altitude, en-
ergy constraints, payload capacity, and endurance—necessitate

adjustable, multi-layer architectures for future UAV networks
[3Le].

Although studies [7H11] have proposed solutions for sus-
taining network communication among ground nodes via relay
nodes, these proposals exhibit limitations, particularly in main-
taining reliability and connectivity [12]. A thorough review
of the literature reveals a gap in approaches that fully address
the problem of dynamic topology management without depend-
ing on fixed anchor nodes or pre-configured, inflexible network
topologies. To address this gap, this paper presents an evalu-
ation of the trade-offs in a Software-Defined Network (SDN)
based approach for managing a dynamic UAV-network topol-
ogy, drawing inspiration from architectures applied in military
scenarios [[13]].

This article conducts a comparative analysis between an
SDN-based and an ad hocﬂ approach to UAV topology manage-
ment. The evaluation utilizes a UAV topology formation algo-
rithm adapted from Kim and Lee [[16]], employing three distinct
node types: a central controller node, a set of relay nodes, and
a set of user nodes. The relay nodes are tasked with maintain-
ing connectivity among user nodes and optimizing their position
to meet service requests. In the SDN-based approach, the con-
troller node assumes responsibility for discovering and config-
uring the optimal network topology and populating the routing
tables of the relay nodes.

I'This paper uses the term ad hoc in accordance with several related works
[Kirichek et al. [[14] and Misra Sudip et al. [15]].
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The proposed architecture is validated through simulation-
based experiments implemented in the OMNeT++ simulatoﬂ
which accounts for modeled physical constraints. The simula-
tions model a large urban area where user nodes exhibit random
mobility. For topology management, an SDN-based algorithm
was developed, with implementation details described in Section
[3] Control messages exchanged between the relay and controller
nodes adhere to the OpenFlow standard [17]. For the compara-
tive analysis, an ad hoc routing protocol with features analogous
to the SDN approach was also implemented, as detailed in Sec-
tion[3l

The simulation results indicate that the SDN approach pro-
vides significant performance improvements in a dynamic UAV
network. The end-to-end latency of data packets was reduced
by up to 10ms, and the packet delivery ratio was up to 17.5%
higher compared to the AODV protocol. Furthermore, the re-
sults demonstrate more efficient utilization of network infras-
tructure under the SDN paradigm. These findings suggest that
a centralized control architecture with a global network view is
a highly effective method for managing dynamic networks char-
acterized by high traffic flow.

The remainder of this work is organized as follows. Section|2]
presents the main concepts of the SDN approach and discusses
other related works. Section 3 presents the architecture, provid-
ing an overview of resources, node capabilities, the UAV coor-
dination protocol, and topology management. The methodology
and mechanisms used in the experiments to evaluate the pro-
posed solution are the subject of Sectiond] Section [5]describes
the experiments performed to evaluate the proposed solution and
discusses the obtained results. Finally, the conclusions and po-
tential future work are presented in Section [6}

I1. Background and Related Work

The integration of UAVs to form Flying Ad Hoc Networks
(FANETS) has emerged as a critical solution for establishing
communication in scenarios where terrestrial infrastructure is
compromised or absent, such as in natural disasters [18]. The
management of network topology in these highly dynamic envi-
ronments, however, presents significant challenges. This section
reviews the evolution of research in this domain, from founda-
tional concepts and the limitations of traditional protocols to the
rise of Software-Defined Networking (SDN) and the specific re-
search gap this study addresses.

SDN introduces a software abstraction layer that provides a
centralized view of the network, enabling unified management
and programmatic control over a topology that continuously
evolves [19]. The architecture of SDN is founded on four key
principles, as defined by Kreutz et al. [20]:

¢ Separation of Control and Data Planes: Network devices
are simplified to function primarily as traffic-forwarding el-
ements, with control plane responsibilities offloaded to an
external controller.

* Flow-Based Forwarding: Routing decisions are made
based on flows, where a sequence of packets between a
source and destination receives a consistent set of service
policies.

2 Available in: https://omnetpp.org/.

* Software-Based Network Programming: The network
is programmable via software running on the controller,
which interacts with the data planes of the network devices.
This represents the core value proposition of SDN.

* Centralized Control Logic: The network’s control logic is
managed by one or more external SDN controllers, which
possess a global view of the network state.

The unique characteristics of FANETSs, high node mobility,
frequent topology changes, and low node density, differentiate
them from traditional Mobile Ad Hoc Networks (MANETS) and
Vehicular Ad Hoc Networks (VANETS). A comprehensive sur-
vey by Lakew et al. (2020) provides an exhaustive review of
FANET routing protocols, establishing that their routing require-
ments far surpass those of other ad hoc networks and highlight-
ing significant open research issues [21]. The core challenge
lies in maintaining stable and efficient communication amidst
constant topological flux. SDN has been proposed as a promis-
ing paradigm to address these challenges. SDN decouples the
network’s control plane from the data plane, enabling central-
ized network management and programmability. A foundational
survey by Haque and Abu-Ghazaleh (2016) reviewed the appli-
cation of SDN in various wireless settings, noting its potential
for centralized control and graceful protocol evolution but also
highlighting that, at the time, it was not widely adopted or well-
understood in the wireless domain [22].

Traditional ad hoc routing protocols, while foundational, ex-
hibit significant performance degradation in high-mobility con-
text of FANETSs. A comparative evaluation by Gupta and Seth
(2023) using NS-3 simulations assessed OLSR, DSDV, AODV,
and DSR, concluding that while AODV performed best among
them in high-mobility scenarios, it still suffered from consid-
erable packet loss and routing overhead [23]. Another perfor-
mance evaluation of FANET routing protocols in disaster sce-
narios further confirmed these limitations, analyzing AODV,
DSR, OLSR, and ZRP and underscoring the difficulties these
protocols face in emergency contexts [24]]. These studies col-
lectively demonstrate that even the most optimized traditional
protocols struggle to cope with the rapid topological changes
inherent to UAV operations, justifying the exploration of alter-
native network management paradigms.

The application of SDN to FANETSs aims to overcome the
limitations of distributed routing by centralizing network intel-
ligence. Early conceptual work, such as that by Bupe et al.
(2015), proposed autonomous UAV deployment with central-
ized management for disaster recovery, establishing the value
of a central controller without formally employing the SDN
paradigm [[18]. Subsequent research focused on practical SDN
implementations. Sharma et al. (2019) proposed and demon-
strated a method for the automatic configuration of OpenFlow
in MANETS using the Mininet-WiFi emulator, addressing key
deployment challenges [23]].

More specific to topology management, Silva et al. (2019) in-
troduced STFANET, an SDN-based protocol that combines con-
struction and adjustment algorithms to maintain FANET topol-
ogy, achieving notable performance in simulated military sce-
narios [26]. However, its focus was on topology formation rather
than a direct performance benchmark against established ad hoc
protocols. Similarly, the ASR-FANET framework proposed by
Albu-Salih and Khudhair (2021) presented an adaptive SDN-
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based routing solution, but its performance was only compared
against the proactive OLSR protocol, overlooking a compari-
son with AODYV, the most relevant reactive protocol for such dy-
namic environments [27]. This reveals a critical gap: the lack
of a direct, systematic performance comparison between a prac-
tical SDN implementation and the most suitable traditional ad
hoc protocol.

Recent research has explored more sophisticated aspects of
SDN-FANETs. Recognizing the centralized controller as a
single point of failure, Uomo et al. (2025) proposed a P4-
programmable architecture for fault-tolerant SDN-FANETS, en-
abling autonomous rerouting when the controller is unreachable
[28]. Spina et al. (2024) integrated security into the equa-
tion with SURA-LB, an SDN framework featuring an Intru-
sion Detection System (IDS) and resource-aware load balancing
for disaster scenarios [29]. Sun et al. (2025) introduced a hy-
brid SDN architecture using an Extended Kalman Filter for pre-
dictive routing to improve energy efficiency [30]. While these
works advance the state-of-the-art in specialized areas, they do
not provide the fundamental performance benchmark against
AODV.

Concurrently, machine learning has emerged as an alternative,
decentralized paradigm. Liu et al. (2023) proposed PARouting,
a Deep Reinforcement Learning (DRL) based protocol [31], and
Qiu et al. (2023) developed a DRL-based method for adaptive
link maintenance [32]. These approaches also aim to solve the
high-mobility challenge but through a distributed intelligence
model, further highlighting the need to rigorously validate the
performance benefits of the centralized SDN approach.

The validity of any comparative network study rests on its
simulation methodology. The OMNeT++ simulator, along with
the INET framework, is a well-established tool for this pur-
pose. The GrADyS-SIM framework, developed by Lam-enza et
al. (2022), is a notable example of an OMNeT++/ INET-based
platform built specifically for simulating UAV swarms [33]. Fur-
thermore, comparative studies of network simulators, such as the
one conducted by Manzoor et al. (2023) between ns-3 and OM-
NeT++, provide guidance on simulator selection and validate
their use for performance evaluation in wireless networks [34].
The work by Tropea et al. (2025) also contributes by comparing
ns-3 and Mininet-WiFi for SDN-FANET emulation, offering in-
sights into the trade-offs of different simulation platforms [33].

Despite the extensive body of work, a definitive performance
consensus on the superiority of SDN over optimized ad hoc
protocols in highly dynamic UAV networks is conspicuously
absent from the literature. While many studies propose ad-
vanced SDN features, they often stop short of a direct, empirical
comparison against AODYV, the most relevant reactive protocol.
This work addresses that specific gap by providing a system-
atic, simulation-based performance evaluation of an SDN-based
topology management solution aga-inst the AODV protocol, us-
ing metrics critical for disaster recovery scenarios. By doing so,
it aims to provide a clear benchmark to justify the adoption of
SDN in highly dynamic UAV networks.

II1. Architecture

The proposed architecture is structured into a three-tiered hi-
erarchy comprising a single Controller and Super Orchestrator
(CS0O), a set of mobile Relay Nodes (RNs), and a set of au-
tonomous User Nodes (UNs), as depicted in Figure [I] This
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Fig. 1 Application topology divided into three layers. First CSO layer
contains the controller node, second layer RNs contains the relay nodes,
and third layer UNs contains the user nodes.

model is designed to provide resilient network coverage for
ground-based UNs, which are assumed to be executing an arbi-
trary mission, such as searching for points of interest [9]. Conse-
quently, the mobility of UNs is self-determined and considered
unpredictable from the network management perspective.

To maintain robust connectivity, the RNs—implemented as
UAVs—are strategically positioned to form a multi-hop back-
bone. The CSO is responsible for the global optimization of this
backbone. It assigns each RN a specific operational area, defined
by a central coordinate and a radius, within which the RN has the
autonomy to perform minor positional adjustments to enhance
local link quality with connected UNs. The overarching topol-
ogy management and routing logic, however, are centralized at
the CSO. This external controller periodically gathers contextual
information —such as position, trajectory, and speed—from all
nodes to maintain a global network view. Based on this view,
the CSO computes and disseminates routing table updates and
optimal positions for itself and the RNs.

A. Node Roles and Functionality

The architecture defines three distinct node roles with special-
ized responsibilities:

a) Controller and Super Orchestrator (CSO)

The CSO functions as the centralized control plane of the net-
work. Itis exclusively responsible for allocating RN to strategic
locations to ensure infrastructure-wide connectivity. In accor-
dance with the SDN paradigm, the CSO configures and main-
tains the flow tables for all RNs and manages the association be-
tween RNs and the UNs they serve. To ensure routing decisions
reflect the current network state, the CSO periodically receives
context updates from the RNs. Its only direct communication
is with the RNs, conducted via a secure control channel using a
protocol based on OpenFlow [17].

b) Relay Nodes (RNs)

RNs operate primarily within the data plane. Their core func-
tion is to forward packets between UNs according to the rules
installed in their flow tables by the CSO. They also possess lim-
ited autonomy to optimize their position within their designated
operational area to improve link quality for associated UNs. Fur-
thermore, RNs are responsible for gathering and periodically
transmitting local context information and operational status up-
dates to the CSO, acting as the sensory apparatus of the control
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plane. All data traffic forwarded by RN is routed on a multi-hop
basis through the FANET backbone.

c) User Nodes (UNs)

UNs are the end-users of the network infrastructure. Their
mobility is dictated by their specific mission objectives and is
independent of network control.

B. SDN Implementation and Operation

The architecture explicitly implements the four pillars of SDN
as proposed by Kreutz et al. [20], ensuring a clean separation
between the control and data planes. As illustrated in Figure [I]
the RNs constitute the Infrastructure Layer (data plane), while
the CSO embodies the Control and Application Layers (control
plane). Communication across this separation is facilitated by
a custom, OpenFlow-based protocol that standardizes the ex-
change of control messages, as detailed in Table[T}

Table 1 Control plane message types exchanged by the CSO, RNs and

UNs.
Message Source Destination
Hello UN RN
Close UN RN
Response_KeepAlive UN RN
Refresh UN RN
Confirmation_Registry RN UN
KeepAlive RN UN
Response_Close RN UN
Register RN CSO
Unregister RN CSO
Refresh_Register RN CSO
Packet_In RN CSO
Notify_User_Status RN CSO
Notify_Relay_Status RN CSO
Update_User CSO RN
Update_Routing_Table CSO RN
Update_Area CSO RN

This separation enables flow-based forwarding. Each RN
maintains a Flow Table containing entries that map packet char-
acteristics (Rules) to specific forwarding behaviors (Actions),
such as forwarding a packet to a specific port. These entries are
populated on-demand. When an RN receives a packet for which
no matching rule exists in its Flow Table, it sends a control mes-
sage (akin to a Packet-In message) to the CSO. The CSO, lever-
aging its global network view, processes the request, determines
the appropriate forwarding rule, and sends it back to the RN. The
RN then installs this new rule in its Flow Table and processes the
original packet, which was temporarily queued.

The entire logic for network topology management and RN
coordination is implemented as software applications running
on the CSO. The route selection process, for instance, is han-
dled by an application that executes Dijkstra’s algorithm [36]
on the global network graph to compute the minimum-cost path
for each flow. The dynamic reconfiguration capabilities inherent
to SDN allow the CSO to continuously update the Flow Tables
across all RNs, ensuring that the data plane always reflects the
most current and optimal network state.

IV. Methodology

In order to evaluate the performance of the SDN approach
in managing an UAV topology, its efficiency is compared with

an alternative solution, the Ad hoc On-Demand Distance Vec-
tor Routing (AODV) protocol, having the same objective. Ex-
periments were performed in the Mobile Multimedia Wireless
Sensor Network (M3WSN), which is an OMNet++ framework
developed over Castalia [37]. OMNet++ is a network simulator
which is widely used for implementing and testing novel solu-
tions. In the rest of this section, the AODV protocol is better de-
scribed, as well as the topology coordination algorithms applied
for both construction and maintenance of the network. The sim-
ulation setup is described, along with scenario parameters and
considered metrics. In the following, results and discussions are
also presented.

A. Ad hoc On-Demand Distance Vector (AODV) Routing

The Ad hoc On-Demand Distance Vector (AODV) routin
protocol, standardized by the IETF MANET Working Grou;ﬁ
was developed to provide an efficient and adaptive routing so-
lution for highly dynamic mobile networks. Its primary de-
sign goal is to minimize control message overhead, thereby con-
serving bandwidth and computational resources, by establishing
routes only when they are needed. This is achieved through a
reactive, or on-demand, mechanism: a route discovery process
is initiated only when a source node needs to transmit data to
a destination for which it has no valid route [38]]. Although it
relies on traditional routing tables at each node, it avoids the
constant overhead of proactive protocols that maintain routes to
all possible destinations. The implementation used in this work
adheres to the specifications outlined in RFC 3561 [39].

To cope with the high mobility inherent to FANETs, AODV
incorporates mechanisms for both route discovery and route
maintenance. The route discovery process is initiated by the
source node broadcasting a Route Request (RREQ) packet. As
the RREQ propagates through the network, intermediate nodes
create reverse paths back to the source. Upon reaching the des-
tination, a Route Reply (RREP) packet is unicast back along the
established reverse path, creating the forward path in the pro-
cess.

Route maintenance is critical for detecting link failures. This
is primarily achieved through periodic local connectivity checks
using “Hello” messages. If a node fails to receive several con-
secutive Hello messages from a neighbor, it assumes the link
is broken. When a link failure is detected along an active route,
the node upstream of the break broadcasts a Route Error (RERR)
message. This message propagates back towards the source, no-
tifying all affected nodes to invalidate the routes that depend on
the broken link. Upon receiving an RERR message, a source
node can then choose to re-initiate the route discovery process if
the path is still required.

B. Topology Coordination Model

The primary objective of the topology coordination model is
to dynamically construct and maintain a robust communication
network connecting all User Nodes (UNs), either directly or via
multi-hop relay paths. This is achieved by optimizing the spa-
tial positions of the UAVs, which serve as relay nodes and a
central controller. The optimization process is driven by a cost
function, adapted from the work of Kim and Lee [16], which
is minimized using a Particle Swarm Optimization (PSO) algo-
rithm. The PSO algorithm iteratively adjusts the positions of

3 Available at: https://www.ietf.org/wg/manet/.
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the UAVs (the particle swarm) to find a quasi-optimal network
topology that balances connectivity, signal quality, and physical
constraints.

The cost function, denoted as f(X, P), quantifies the suit-
ability of a given UAV deployment configuration. It is defined
as a weighted sum of three distinct components, as shown in
Equation (I). Each component represents a critical aspect of the
network’s performance and stability.

f(X,P) = fi(X, P)+ f2(X, P) + f3(X, P). (D

Here, X represents the set of all node positions, and P is the
set of all communication paths within the network topology.

The first component, f1(X, P), promotes network compact-
ness by minimizing the total length of all communication links
in the topology. This encourages shorter, more energy-efficient
links, which inherently lead to lower latency and higher signal
integrity. The function is defined as:

lp|—1

AP =0 > 8k prir)s

peP k=1

2

where P is the set of all end-to-end communication paths, p is
a single path within that set (represented as a sequence of nodes
(P1,P2,---,Pjp|)) 6(u,v) is the Euclidean distance between any
two nodes u and v, and 1) is a weighting coefficient that controls
the relative importance of network compactness in the overall
cost function.

The second component, fo(X, P), introduces a significant
penalty for any communication link that exceeds the maximum
effective communication range, denoted as d;. This term en-
sures that the optimized topology consists only of viable links,
preventing the formation of paths that are too long to sustain re-
liable communication. The penalty is quadratic, meaning that
even small violations are heavily penalized, driving the opti-
mization algorithm to prioritize link feasibility above all else.
The function is formulated as:

max
k=1,...,|p|-1

2
5(ors Prs) — d:}) ,
3)

where d is the maximum ideal distance for a reliable commu-
nication link. The inner max function identifies the longest link
within each path p, and the outer max{0, ...} ensures that a
penalty is applied only if this longest link exceeds dy. The
term is weighted by A, a large coefficient designed to make
this penalty dominant, ensuring that solutions with invalid link
lengths are strongly disfavored.

The third component, f3(X, P), enforces a minimum safety
distance, d, between any two nodes (UAVs or UNs) in the net-
work. This is a critical physical constraint to prevent collisions
and mitigate signal interference between co-located nodes. Sim-
ilar to fo, this function applies a quadratic penalty if any two
nodes are closer than the defined safety threshold. The function
is defined as:

(X, P) =2 (max {o,

peP

2
min_ §(u,v) ,
u,veCURUI
uFv

max < 0,ds —

where d; is the minimum required safety separation distance.
The sets C, R, and [ represent the controller node, relay nodes
(UAVs), and user nodes (UNs), respectively. The min function
finds the shortest distance between any pair of distinct nodes
in the entire network, and the max{0,. ..} function ensures a
penalty is applied only if this minimum distance is less than d.
The entire term is weighted by p, a large coefficient that heav-
ily penalizes any violation of the safety distance to ensure the
physical feasibility of the UAV deployment.

The iterative optimization process executed by the CSO is il-
lustrated in the block diagram in Figure 2] The algorithm begins
by initializing a swarm of particles, where each particle repre-
sents a complete candidate topology defined by a set of posi-
tions for all RNs. For each particle in the swarm, a fitness eval-
uation is performed by calculating the total cost using the func-
tion f(X, P) from Equation . This core step aggregates the
values from the three distinct components: network compact-
ness (f1), penalties for exceeding the maximum communication
range (f), and penalties for violating the minimum safety dis-
tance (f3). Based on this cost, each particle’s personal best po-
sition (pbest) and the swarm’s global best position (gbest) are
updated. The algorithm then adjusts the velocity and position
of each particle, pulling it towards these best-known positions.
This loop continues until a termination condition is met, such as
a maximum number of iterations or convergence of the solution.
The final output is the global best position, which represents the
quasi-optimal set of coordinates for the RNs to be deployed.

C. Simulation Setup

The performance evaluation of the proposed SDN architecture
against the AODV benchmark was conducted using a discrete-
event network simulator. The simulation environment was de-
signed to represent a challenging disaster recovery scenario
characterized by high mobility and variable user density. This
section details the simulation parameters, mobility and traffic
models, and the performance metrics used for the comparative
analysis.

The simulated environment consists of a flat, obstacle-free
terrain with dimensions of 10 km x 10 km. A fixed set of 10
Relay Nodes (RNs) was deployed to provide network connec-
tivity for a variable number of User Nodes (UNs). To assess the
scalability of each approach, three distinct scenarios were simu-
lated, with the number of UNs set to 15, 30, and 45, respectively.
All nodes were configured with a nominal communication range
of 100 meters. Each simulation was run for a total duration of
30 minutes, a timeframe deemed sufficient to allow the network
to reach a steady state and to gather statistically significant re-
sults. A drop-tail queuing mechanism was implemented on all
nodes to manage buffer overflow, where incoming packets are
discarded when a node’s buffer is full.

A Random Waypoint (RWP) mobility model was used for all
UNs, which moved at speeds randomly selected from a uniform
distribution between 5 m/s and 10 m/s. The RNs and the CSO,
while managed by their respective positioning algorithms, were
assigned a maximum operational speed of 20 m/s. The traffic
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Fig. 2 Block diagram of the iterative algorithm evaluates each candi-
date topology (particle) by calculating a total cost based on network
compactness (f1), link length penalties ( f2), and node separation penal-

ties (f3).

generation model involved each UN transmitting data packets to
another randomly selected UN at intervals uniformly distributed
between 50 ms and 200 ms. This model simulates a constant-
bit-rate (CBR) traffic pattern with varied destinations, creating
a dynamic and demanding communication load on the network
backbone.

The parameters for the AODV protocol were configured in
strict accordance with the recommendations outlined in RFC

3561 [39]. For the proposed SDN-based solution, the control
loop periodicity and other relevant parameters were optimized
for the target scenario. A comprehensive summary of all simu-
lation parameters is presented in Table

Table 2 Simulation parameters.

Simulation Parameters Value
Coordination and Exploration Model

Inertia weight (w) [0.9...04]
Cognitive parameter (C'1) 1.4962
Social parameter (C'2) 1.4962
Infrastructure
Radio 802.11¢g
Mode 11 Mbps

V. Results and Discussion

This section presents a comparative performance analysis
of the proposed SDN-based topology management architecture
against the benchmark AODV protocol. The evaluation is based
on key performance indicators (KPIs) crucial for disaster re-
covery scenarios: control plane overhead, packet delivery ratio
(PDR), packet drop rate, and end-to-end latency. The results are
analyzed across three scenarios with increasing network density
(15, 30, and 45 User Nodes).

A. Control Plane Overhead and Infrastructure Usage

A fundamental difference between the two approaches lies
in their management of control plane traffic. AODV relies on
a proactive link maintenance mechanism, where nodes periodi-
cally exchange AODV_HELLO_PACKET messages to validate es-
tablished routes [39]. Figureillustrates the transmission rate of
these packets. The results show that this control overhead scales
linearly with the number of active links, reaching a constant rate
of approximately 45 packets/s in the 45-user scenario. While
essential for the distributed nature of AODV, this continuous ex-
change of maintenance packets creates significant background
channel contention, which can degrade the performance of data-
intensive applications, as discussed in [[15].

This overhead’s impact on overall network traffic is further
detailed in Figures [4] and [5] which depict the composition of
network traffic over time for a 15-user scenario. In the AODV
approach (Figure ), the control packet traffic for route mainte-
nance constitutes a persistent and significant portion of the total
traffic, competing directly with the application data flow. This
leads to an unstable data transmission rate throughout the simu-
lation.

Conversely, the SDN approach (Figure 3 exhibits a different
traffic profile. A significant burst of control traffic is observed
during the initial 10 seconds of the simulation. This corresponds
to the network bootstrapping phase, where UNs register with the
CSO, and the initial topology and flow rules are established. Af-
ter this initial phase, the control traffic becomes minimal, occur-
ring only when necessary to handle topological changes or new
flow requests. This behavior allows the communication chan-
nel to become almost exclusively available for application data
traffic, leading to a more stable and efficient use of network re-
sources over the long term, a critical factor for mission success
in post-disaster operations [1]].
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across different network densities.
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Fig. 4 Infrastructure usage over time with the AODV protocol, show-
ing persistent control packet overhead competing with data traffic.
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Fig. 5 Infrastructure usage over time with the SDN approach, showing
an initial control traffic burst for setup, followed by stable data trans-
mission.

B. Packet Delivery Ratio and Drop Rate

The efficiency of network resource utilization directly impacts
the Packet Delivery Ratio (PDR) and packet drop rate. Figures|6]
and([7]illustrate the PDR for the SDN and AODV approaches, re-
spectively. For both approaches, the PDR is highest in the least
dense scenario (15 users) and decreases as the network scales.
However, a clear trend emerges: the PDR for the SDN approach

consistently outperforms AODV and tends to improve over time
as the network stabilizes. In contrast, the PDR for AODV re-
mains relatively static or degrades slightly, burdened by the per-
sistent control plane overhead.
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Fig. 6 Data packet delivery ratio over time for the SDN-based approach
across three different user densities.
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Fig. 7 Data packet delivery ratio over time for the AODV protocol
across three different user densities.

This performance disparity is further explained by the packet
drop rates shown in Figure[8] Packet drops are primarily caused
by buffer overflows resulting from network congestion. For
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the AODV protocol, packet drops begin to occur after approx-
imately 20 seconds and increase with network density. This is a
direct consequence of the high channel contention caused by the
combination of data traffic and the continuous stream of HELLO
packets, which leads to buffer saturation.

In the SDN approach, packet drops are minimal and are con-
centrated almost exclusively during the initial network setup
phase (around the 10-second mark), particularly in the higher-
density scenarios (30 and 45 users). This initial burst of drops
corresponds to the period when UNs begin transmitting data
while the initial flow rules are still being computed and dissem-
inated by the CSO. Once the primary routes are established, the
drop rate falls to near-zero, demonstrating the superior efficiency
of centralized management in a steady-state network.

C. End-to-End Latency

End-to-end latency, measured as the average time for a data
packet to travel from source to destination, is a critical metric
for real-time applications. Figure[9] presents the average latency
as a function of the number of hops for both approaches. The re-
sults clearly indicate that the SDN-based solution achieves con-
sistently lower latency across all scenarios. The maximum ob-
served latency reduction was approximately 10 ms in the 30-user
scenario (Figure [OH(b)).

This latency improvement is directly correlated with the re-
duced channel contention in the SDN model. With fewer con-
trol packets competing for the wireless medium, data packets
experience shorter queuing delays at each hop. In contrast, the
higher infrastructure usage in the AODV network leads to longer
buffering times as packets wait for transmission opportunities,
thereby increasing the overall end-to-end latency. This estab-
lishes a clear relationship: the higher control overhead of AODV
leads to increased channel contention, which in turn results in
higher packet drop rates and increased end-to-end latency, par-
ticularly as network density and traffic load increase.

VI. Conclusion and Future Work

In this work, an SDN-based solution was proposed to au-
tonomously manage an UAV topology for providing a network
infrastructure to users in a post-disaster scenario. The evalua-
tion of this proposal was performed through several simulation
in OMNet++ by comparing it with an alternative and distributed
protocol. Both SDN and AODV protocols are reactive, multi-
hop and support nodes’ mobility. Consequently, AODV was
considered suitable for comparison.

The obtained results has demonstrated the efficiency of the
proposed solution up to 17.5% packet delivery ratio in compar-
ison to the AODV protocol. In addition, the end-to-end latency
of data packets was up to 10ms lower in SDN approach than
by using the AODV protocol. Finally, the lower network infras-
tructure usage obtained in the proposed solution over. Although
SDN approach has presented a higher ratio of topology main-
tenance packets at the topology formation startup, the packet
transmissions stabilizes over time. On its turn, the AODV man-
agement protocol increases those packets considerably.

Based on the obtained results and a detailed observation over
the SDN and AODV features, the SDN approach has proven to
manage a network structure more efficiently in post-disaster op-
erations. The efficient use of the network resources is strongly
linked to efficiency and success of the mission. The proposed

SDN-based solution was proven to be more efficient in manag-
ing such a dynamic topology considering high data traffic rate.
Future works will be focused in adding telemetry feature [40] in
data traffic, hence the controller is able to perform a more com-
plete flow analysis and a more efficient topology management,
which enables the SDN dynamic reconfiguration capability. As
a consequence, the controller is then able to perform load bal-
ancing and ensure Quality of Experience (QoF) and Quality of
Service (QoS), while using the resources of the infrastructure
consciously.
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