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Abstract:Flying Ad-Hoc Networks (FANETs) are an innovative communication paradigm that harnesses the capabilities of aerial nodes
to establish dynamic and adaptable networks. The integration of Artificial Intelligence (AI) techniques into FANETs marks a revolutionary
approach to tackling the challenges associated with achieving and maintaining connectivity in dynamic aerial scenarios. The objective
of this paper outlines the significance of Flying Ad-Hoc Networks (FANETs), emphasizing the integration of Artificial Intelligence
(AI) techniques to revolutionize dynamic aerial communication. It explores AI’s impact on FANET capabilities, enabling advanced path
planning, adaptive routing, and innovative communication protocols for efficient and reliable data exchange. The abstract delves into AI’s
role in optimizing energy consumption, managing power resources intelligently to extend the aerial node lifespan and ensure sustained
connectivity. Security enhancement through AI fortifies FANETs against cyber threats, intrusion, and anomalies, ensuring robustness
and resilience. The abstract also highlights AI’s influence on real-time decision-making processes, empowering drones to adapt to
evolving conditions and enhance overall FANET performance. Real-world applications illustrate the versatility of AI-Empowered FANETs
across disaster response, environmental monitoring, surveillance, and various industries. Synthesizing AI advancements and challenges,
the abstract underscores the transformative potential of FANETs in dynamic aerial connectivity, positioning them as a cornerstone of
intelligent communication in ever-changing airborne environments.
Keywords:FANETs, Artificial Intelligence, AI techniques, Dynamic connectivity, Resource management, Energy optimization, Security
enhancement

1. INTRODUCTION
Flying Ad-Hoc Networks (FANETs) represent a

paradigm shift in communication networks, offering a dy-
namic and agile solution to address the challenges of con-
nectivity in airborne scenarios. Unlike traditional commu-
nication networks that rely on fixed infrastructure, FANETs
consist of aerial nodes that establish ad-hoc connections
with one another. This allows for on-demand and rapidly
deployable networks in environments where conventional
communication methods are limited, such as disaster-
stricken areas, remote locations, and surveillance operations
(Fig. 1).
FANETs have gained significant attention due to their
potential to revolutionize various domains, including dis-
aster response, environmental monitoring, agriculture, and
surveillance. These networks offer advantages such as flex-
ibility, scalability, and the ability to provide connectivity in
scenarios where terrestrial infrastructure is inaccessible or
compromised.
These networks incorporate AI to enable autonomous opera-
tions, enhance reliability, manage resources efficiently, and
ensure security. FANETs excel in dynamic environments

where connectivity requirements change rapidly, making
them ideal for applications like disaster response and envi-
ronmental monitoring. In essence, AI-empowered FANETs
represent a groundbreaking technology for dynamic con-
nectivity solutions.

Figure 1. Flying Ad hoc Networks

AI techniques encompass a range of technologies that
enable machines to learn, adapt, and make intelligent deci-
sions. The integration of AI techniques holds transformative
potential for enhancing the capabilities of FANETs. AI
can empower FANETs with the ability to predict node
movements, optimize resource allocation, enhance security
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measures, and autonomously make informed decisions. AI
techniques such as machine learning, neural networks, and
swarm intelligence can be leveraged to overcome the dy-
namic challenges faced by FANETs. By enabling nodes
to learn from data, AI equips FANETs with adaptability,
resilience, and real-time responsiveness. These techniques
also pave the way for autonomous operations, enabling
FANETs to navigate complex environments, optimize com-
munication paths, and efficiently utilize energy and re-
sources. Despite the promising potential of AI integration
in FANETs, several challenges must be addressed to fully
harness its benefits. Challenges include computational over-
head, adaptability to changing environments, and ethical
considerations surrounding AI-driven decisions. This paper
aims to explore and address these challenges while show-
casing the transformative impact of AI on the performance
and potential of FANETs [1] [2] [3].
The primary objectives of this paper are to:

The primary objectives of this paper are to:

• Investigate how AI techniques can enhance the adapt-
ability, efficiency, and autonomy of FANETs in dy-
namic communication scenarios.

• Examine the various AI-driven solutions for path
planning, resource management, security, and real-
time decision-making within FANETs.

• Showcase real-world applications where AI-
empowered FANETs excel, such as disaster response,
environmental monitoring, and surveillance.

• Discuss potential future directions, including AI-
driven autonomy and ethical considerations, shaping
the evolution of FANETs.

By addressing these objectives, this paper aims to provide
valuable insights into the intersection of AI and FANETs,
highlighting the transformative potential of this integration
in addressing dynamic connectivity challenges.

2. FANET ARCHITECTURE AND CHALLENGES
FANETs introduce an inventive structural framework

that utilizes aerial nodes to create dynamic and adaptable
communication networks. The architecture of FANETs re-
defines conventional networking by exploiting the mobility
of airborne nodes, which are frequently in the configuration
of drones or unmanned aerial vehicles (UAVs). These nodes
come equipped with interfaces for communication, sensors,
and computational resources, empowering them to establish
spontaneous connections and transmit data instantaneously.
Departing from the rigidity of fixed network infrastructures,
FANETs embrace the fluid nature of their surroundings,
allowing nodes to form and disband connections based on
their relative positions (Fig. 2).

However, alongside the innovative merits they provide,
FANETs also present distinct challenges that necessitate

Figure 2. Flying Ad hoc Networks characteristics

resolution to unlock their full potential [4] [5] [6].

A. FANET Architecture
FANETs present a novel architectural paradigm that

leverages airborne nodes to establish dynamic communi-
cation networks without the need for a fixed infrastructure.
FANET architecture is designed to adapt to the challenges
and opportunities posed by airborne scenarios, offering a
flexible and efficient means of achieving connectivity.

• Aerial Nodes: At the core of FANET architecture
are the aerial nodes, which typically take the form
of UAVs or drones. These nodes are equipped with
communication interfaces, sensors, processing units,
and energy sources. Aerial nodes play a dual role as
both communication entities and mobile data sources,
enabling them to establish connections with neighbor-
ing nodes while collecting and relaying data.

• Ad-Hoc Communication: Communication in FANETs
operates on the principles of ad-hoc networking,
where nodes establish temporary links with nearby
nodes as they come within communication range.
These links form dynamic communication paths,
enabling data exchange, collaboration, and routing.
Nodes work collectively to relay information across
the network, allowing for rapid and responsive com-
munication.

• Dynamic Topology: FANET architecture accommo-
dates the dynamic movement of aerial nodes. As
nodes change position and altitude, the network topol-
ogy evolves continuously. This dynamic topology
presents challenges for maintaining reliable and ef-
ficient communication paths, as traditional routing
approaches designed for static networks are often
inadequate. Dynamic routing algorithms that consider
node mobility and changing connectivity patterns are
essential to ensure seamless data transmission.

• Autonomous Operation: A key characteristic of
FANET architecture is the autonomy of individual
nodes. Nodes are equipped with decision-making
capabilities that enable them to assess communication
options, choose optimal paths, and adapt to changing
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conditions. This autonomy enables FANETs to oper-
ate in environments where centralized control may be
impractical or unavailable.

• Wireless Communication Technologies: FANETs uti-
lize wireless communication technologies such as Wi-
Fi, Bluetooth, or specialized protocols designed for
aerial communication. These technologies facilitate
data exchange between nodes, enabling them to trans-
mit information, share status updates, and collaborate
on tasks.

• • Applications: FANET architecture finds applica-
tions in a diverse range of scenarios, including dis-
aster response, environmental monitoring, precision
agriculture, surveillance, and communication in re-
mote or inaccessible areas. The ability of FANETs
to rapidly deploy and establish communication links
in dynamic environments makes them well-suited for
scenarios where traditional communication infrastruc-
ture may be compromised or non-existent.
In summary, the architecture of FANETs represents
a flexible and responsive strategy for communica-
tion in aerial contexts. By leveraging aerial nodes,
ad-hoc communication principles, and autonomous
operation, FANET architecture offers a solution to
the challenges of connectivity in environments where
traditional networks face limitations. The integration
of AI techniques further enhances the capabilities of
FANETs, enabling them to overcome challenges and
excel in dynamic connectivity scenarios.

B. Challenges in FANETs
FANETs introduce a new frontier of connectivity, but

they also present a range of unique challenges stemming
from their dynamic and aerial nature. Addressing these
challenges is crucial to realizing the full potential of
FANETs in various applications. Some of the key
challenges include (Fig. 3):

Figure 3. Advantages, key wireless technologies, applications, and
challenges of flying ad-hoc networks

• Node Mobility: One of the fundamental challenges in
FANETs is the mobility of aerial nodes. Nodes move
freely in three-dimensional space, leading to con-
stantly changing communication links and network
topologies. Traditional routing protocols designed for
static networks are ill-suited for FANETs, necessitat-
ing the development of innovative routing strategies
that can adapt to node movement and ensure reliable
communication paths.

• Limited Resources: Aerial nodes are often con-
strained by limited computational power, memory,
and energy resources due to their small size and
weight limitations. These constraints impact the feasi-
bility of complex algorithms, resource-intensive com-
munication protocols, and energy-consuming tasks.
Efficient utilization of resources while maintaining
effective communication is a critical challenge.

• Interference and Channel Conditions: Aerial nodes
operate in environments where interference from
other wireless networks, physical obstacles, and vary-
ing channel conditions can impact signal quality and
data transmission rates. These challenges must be
managed to ensure reliable and uninterrupted com-
munication within FANETs.

• Security and Privacy: Securing communication in
FANETs is complex due to the open and dynamic na-
ture of the network. Ensuring the protection of data’s
integrity, confidentiality, and genuineness, while be-
ing mindful of the potential for unauthorized access
or security breaches, holds considerable significance..
Developing robust security mechanisms that protect
communication in challenging aerial environments is
a critical challenge.

• Security and Privacy: Securing communication in
FANETs is complex due to the open and dynamic na-
ture of the network. Ensuring the protection of data’s
integrity, confidentiality, and genuineness, while be-
ing mindful of the potential for unauthorized access
or security breaches, holds considerable significance..
Developing robust security mechanisms that protect
communication in challenging aerial environments is
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a critical challenge.

• Scalability: As the number of nodes in a FANET
grows the complexity of communication and coordi-
nation increases exponentially. Scalability challenges
arise, requiring efficient protocols and algorithms that
can handle larger networks without compromising
performance. Ensuring that FANETs remain efficient
and effective as their scale expands is an ongoing
challenge.

• Energy Efficiency: Energy is a precious resource
in FANETs due to limited onboard power sources.
Efficient energy management is essential to extend
the operational lifetime of nodes and the overall net-
work. Balancing communication needs with energy
consumption while considering node mobility and
other challenges is a critical aspect of FANET design.

Addressing these challenges requires interdisciplinary ap-
proaches that incorporate concepts from networking, arti-
ficial intelligence, signal processing, and other fields. By
developing innovative solutions, researchers and practition-
ers can unlock the full potential of FANETs and enable their
successful deployment in real-world scenarios.

3. AI TECHNIQUES FOR FANETS
The AI techniques hold the potential to revolutionize the

capabilities of FANETs, addressing the inherent challenges
of dynamic communication in airborne environments. By
infusing AI into FANETs, these networks can achieve
enhanced adaptability, intelligent decision-making, and
optimization (Figure 4). Several key AI techniques can be
applied to elevate the performance and responsiveness of
FANETs [7] [8] [9]:

Figure 4. The AI branching tree

A. Machine Learning
Machine Learning, a subfield of AI, encompasses al-

gorithms and techniques that enable systems to learn from
data and improve their performance over time. It involves
the development of models that can analyze and interpret
data, recognizing patterns and making predictions or de-
cisions without explicit programming. Machine Learning

techniques include supervised learning, unsupervised learn-
ing, and reinforcement learning, each tailored to specific
tasks such as classification, clustering, and optimization. In
the context of FANETs, Machine Learning empowers nodes
to make informed decisions, optimize routing, and adapt to
dynamic environments, thereby enhancing overall network
efficiency and effectiveness.

B. Neural Networks
Neural Networks are a class of machine learning models

inspired by the structure and functioning of the human
brain. They consist of interconnected nodes, or ”neurons,”
organized into layers that process and transform data.
Neural Networks utilize mathematical functions to compute
weighted inputs, and through a process of training, they
learn to recognize complex patterns and relationships within
data. In the context of FANETs, Neural Networks play a
pivotal role in tasks like path prediction, anomaly detection,
and adaptive routing. By harnessing their ability to process
large amounts of data and identify intricate correlations,
Neural Networks contribute to the intelligence and adapt-
ability of FANETs, enabling them to operate optimally in
ever-changing aerial environments.

C. Swarm Intelligence
Swarm Intelligence is a collective behavior observed

in social animals, where individuals interact locally to
achieve a global objective. In the context of computing and
artificial intelligence, Swarm Intelligence algorithms draw
inspiration from this natural phenomenon to solve com-
plex problems. These algorithms simulate the interactions
of individuals in a swarm, where each individual, often
referred to as an ”agent,” follows simple rules based on local
information. Through decentralized decision-making and
interactions, Swarm Intelligence algorithms can effectively
navigate through search spaces, optimize solutions, and
adapt to dynamic environments. Within FANETs, Swarm
Intelligence techniques enable nodes to cooperate, self-
organize, and respond to changes in network conditions.
This leads to enhanced routing, load balancing, and co-
ordination, ultimately contributing to the efficiency and
adaptability of FANET communication.

D. Decision Support Systems
Decision Support Systems (DSS) are computer-based

tools that assist individuals, organizations, or groups in
making informed decisions. These systems integrate data,
models, and analytical techniques to provide insights and
recommendations that aid decision-making processes. DSS
are designed to tackle complex and unstructured problems
by enabling users to explore different scenarios, analyze
data, and assess potential outcomes. In the context of
FANETs, Decision Support Systems can play a crucial
role in enhancing situational awareness, optimizing routing
paths, and guiding adaptive communication strategies. By
leveraging AI techniques and real-time data, DSS within
FANETs empower users to make well-informed choices,
ensuring efficient utilization of network resources and dy-
namic connectivity in airborne environments.

https:// journals.uob.edu.bh

https://journals.uob.edu.bh


Int. J. Com. Dig. Sys. 15, No.1, 167-177 (Jan-2024) 171

E. Adaptive Resource Allocation
Adaptive Resource Allocation refers to the dynamic

distribution and management of available resources based
on changing conditions, demands, and priorities. In the
context of communication networks, including FANETs,
adaptive resource allocation involves optimizing the allo-
cation of limited resources such as bandwidth, energy, and
computational capacity to various network tasks and nodes.
By employing real-time monitoring, analysis, and decision-
making mechanisms, adaptive resource allocation ensures
that resources are allocated efficiently to meet the current
needs of the network. In FANETs, where resources are often
constrained due to the mobile and resource-limited nature
of nodes, adaptive resource allocation becomes crucial. AI
techniques play a significant role in this context by enabling
nodes to intelligently determine resource allocation based
on factors such as network demand, node mobility, energy
levels, and data priorities. This optimization contributes to
improved network performance, energy conservation, and
overall efficiency, ensuring that FANETs maintain effective
communication while adapting to the dynamic and unpre-
dictable nature of aerial environments.

F. Learning-based Security
Learning-Based Security refers to the application of

machine learning and AI techniques to enhance the security
measures within a system or network. It involves train-
ing models to recognize patterns, anomalies, and potential
threats in order to improve the system’s ability to detect and
mitigate security risks. In the context of communication
networks like FANETs, learning-based security focuses
on developing intelligent mechanisms to safeguard data
integrity, confidentiality, and availability. By analyzing his-
torical and real-time network data, learning-based security
systems can identify unusual behavior, unauthorized access
attempts, and potential vulnerabilities. These systems learn
to distinguish between normal and malicious activities,
enabling timely responses to emerging threats. In FANETs,
where nodes are distributed and operate in dynamic scenar-
ios, learning-based security becomes crucial for protecting
communication against various cyber threats. By integrating
AI techniques, FANETs can proactively detect intrusion
attempts, recognize anomalies, and enhance overall network
resilience, ensuring that data remains secure in the complex
aerial environment.

4. AI-ENHANCED PATH PLANNING AND MOBIL-
ITY
In the realm of FANETs, the integration of AI tech-

niques brings a paradigm shift to path planning and node
mobility. By leveraging AI, FANETs can achieve dynamic
and intelligent path selection, optimizing node movements
for efficient communication and responsive navigation [10]
[11] [12].

A. Dynamic Path Planning
Dynamic Path Planning refers to the process of deter-

mining optimal routes for moving objects, such as vehicles

or drones, in real-time and dynamically changing environ-
ments. It involves the utilization of algorithms and tech-
niques to calculate efficient paths that consider factors such
as obstacle avoidance, terrain conditions, traffic congestion,
and mission objectives. In the context of FANETs, dynamic
path planning is essential for enabling UAVs or drones
to navigate through the airspace effectively. AI-powered
dynamic path planning algorithms take into account vari-
ables like node mobility, weather conditions, and real-
time obstacles, allowing UAVs to adapt their routes on-the-
fly. This capability ensures efficient data relay, minimizes
communication delays, and enhances network coverage
even as nodes traverse unpredictable aerial landscapes.
Dynamic path planning plays a critical role in optimizing
communication paths, enabling FANETs to efficiently ex-
change data and maintain connectivity in dynamic airborne
environments.

B. Adaptive Routing Algorithms
Adaptive Routing Algorithms are dynamic decision-

making mechanisms employed in communication networks
to determine the optimal paths for data transmission. Unlike
traditional static routing, adaptive routing algorithms contin-
uously adjust their routing decisions based on real-time net-
work conditions, such as node availability, link quality, and
congestion levels. In the context of FANETs, where nodes’
positions and network topology can change rapidly, adap-
tive routing algorithms are crucial for maintaining efficient
communication. These algorithms leverage AI techniques
to analyze environmental changes and network dynamics,
allowing nodes to select the most suitable routes for data
transmission. By adapting to the current conditions, adaptive
routing algorithms optimize data delivery, minimize delays,
and enhance the reliability of communication paths. This
adaptability ensures that FANETs can efficiently exchange
information in dynamic aerial environments, contributing
to the overall performance and effectiveness of airborne
communication networks.

C. Collision Avoidance
Collision Avoidance refers to the strategies and tech-

niques employed to prevent physical collisions between
objects or entities, especially in dynamic and crowded en-
vironments. In the context of communication networks and
mobile systems, collision avoidance focuses on preventing
interference or conflicts that can disrupt data transmission
and compromise network performance. Within the realm
of FANETs, collision avoidance is essential for ensuring
the safe operation of UAVs and nodes. AI-driven collision
avoidance mechanisms use sensors, real-time data, and pre-
dictive algorithms to detect potential collisions and adjust
the flight paths of UAVs accordingly. By analyzing factors
such as proximity to other nodes, obstacles, and airspace
regulations, collision avoidance systems enhance the safety
and reliability of FANET operations. These systems play a
critical role in minimizing communication disruptions and
maintaining the integrity of airborne networks, ultimately
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contributing to the seamless exchange of data and the
prevention of accidents in the dynamic aerial environment.

D. Mission-Aware Navigation
Mission-Aware Navigation refers to the navigation

strategies employed by vehicles or drones to achieve spe-
cific objectives while considering mission requirements,
constraints, and environmental factors. This approach in-
volves integrating mission goals into the navigation process
to optimize paths, conserve resources, and accomplish tasks
efficiently. In the context of FANETs, mission-aware navi-
gation plays a pivotal role in directing UAVs towards their
intended destinations while adapting to dynamic conditions.
AI-enabled mission-aware navigation systems consider fac-
tors such as mission priorities, energy consumption, data
relay needs, and real-time obstacles. By leveraging AI
techniques, these systems optimize flight paths, minimize
detours, and ensure that UAVs efficiently accomplish their
missions. Mission-aware navigation enhances the effective-
ness of FANETs in scenarios such as disaster response,
surveillance, or environmental monitoring, where nodes
must navigate complex aerial landscapes to fulfill their
designated tasks.

E. Weather-Aware Routing
Weather-Aware Routing involves the integration of real-

time weather data and forecasts into routing decisions
within communication networks. This approach aims to
optimize data transmission paths by considering the impact
of weather conditions on network performance, reliability,
and efficiency. In the context of FANETs, weather-aware
routing is crucial for ensuring effective communication
while accounting for the influence of weather elements such
as wind, rain, and turbulence. AI-powered weather-aware
routing algorithms analyze weather information to predict
potential disruptions, interference, or signal degradation that
could affect data transmission. By incorporating weather
data, these algorithms adapt routing decisions to circumvent
unfavorable conditions, minimize communication disrup-
tions, and optimize network performance. Weather-aware
routing enhances FANET resilience and reliability in the
face of changing atmospheric dynamics, contributing to
seamless data exchange and effective communication even
in challenging aerial environments.

5. RESOURCE MANAGEMENT AND ENERGY OP-
TIMIZATION
In the realm of FANETs, the integration of AI tech-

niques plays a pivotal role in optimizing resource alloca-
tion and energy usage. AI empowers FANETs to achieve
intelligent and dynamic management of limited resources,
ensuring efficient operation and prolonged network sustain-
ability [13] [14] [15].

A. Adaptive Resource Allocation
AI-driven resource allocation mechanisms enable

FANETs to dynamically distribute limited resources such

as energy and bandwidth. Machine learning models an-
alyze real-time demand, node mobility, and communica-
tion requirements to optimize the allocation of resources.
This adaptive approach ensures that resources are allocated
where they are most needed, preventing wastage and en-
hancing overall network performance.

B. Energy-Aware Routing
AI techniques enhance FANET energy efficiency by

considering energy consumption in routing decisions. Neu-
ral networks, for instance, can predict the energy con-
sumption of different communication paths based on node
characteristics and environmental conditions. Nodes can
then choose routes that minimize energy consumption while
maintaining reliable connectivity.

C. Dynamic Node Clustering
AI-enhanced dynamic node clustering strategies facil-

itate efficient resource utilization. Nodes can intelligently
form clusters based on their proximity and communication
needs. These clusters optimize data exchange, reduce re-
dundant communication, and conserve energy by limiting
long-distance transmissions.

D. Predictive Energy Management
AI models predict future energy levels of individual

nodes based on historical data and usage patterns. This pre-
dictive capability enables nodes to proactively manage their
energy reserves, avoiding situations of energy depletion that
could disrupt communication. Nodes can make informed
decisions about communication and movement to conserve
energy effectively.

E. E. Benefits of AI-Enhanced Resource Management
Integrating AI techniques into resource management

and energy optimization offer several key advantages for
FANETs

• Efficiency: AI-driven resource allocation ensures that
energy and bandwidth are used optimally, maximizing
network efficiency and minimizing resource wastage.

• Longevity: Predictive energy management and
energy-aware routing extend the operational life of
nodes by preventing premature energy depletion and
facilitating sustainable network operation.

• Adaptability: AI enables FANETs to adapt resource
allocation in real time to changing network condi-
tions, demand patterns, and node mobility.

• Autonomy: Nodes equipped with AI-enhanced re-
source management capabilities can autonomously
make decisions to optimize resource usage, reducing
the need for centralized control.

The integration of AI techniques revolutionizes resource
management and energy optimization in FANETs, enabling
intelligent, efficient, and sustainable operation in dynamic
airborne environments.
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6. AI-ENHANCED COMMUNICATION PROTO-
COLS
The convergence of AI techniques and FANETs in-

troduces a new era of communication protocols that are
dynamic, adaptive, and intelligent. AI-enhanced communi-
cation protocols redefine how data is exchanged and trans-
mitted within FANETs, optimizing network performance in
the dynamic airspace [16] [17] [18[19]

A. Predictive Data Routing
AI-driven communication protocols leverage machine

learning to predict communication paths based on historical
data and real-time observations. These protocols anticipate
node trajectories and adjust data routing accordingly, en-
suring reliable and efficient data exchange despite node
mobility.

B. Dynamic Channel Allocation
AI techniques enhance communication protocols by

dynamically allocating communication channels based on
current channel conditions and network demand. Neural
networks analyze channel quality and interference patterns,
optimizing channel allocation to prevent congestion and
enhance signal quality.

C. QoS Optimization
AI-enhanced communication protocols optimize Qual-

ity of Service (QoS) by considering factors such as data
priority, node mobility, and available resources. Machine
learning models adjust data transmission parameters in real
time to meet QoS requirements, ensuring that critical data
is transmitted efficiently.

D. Adaptive Data Compression
AI techniques optimize data compression algorithms by

analyzing data patterns and network conditions. Communi-
cation protocols equipped with AI can dynamically adjust
compression ratios based on available bandwidth and data
characteristics, optimizing data transmission efficiency.

E. Intelligent Data Forwarding
AI-driven communication protocols enable nodes to

intelligently forward data based on real-time network con-
ditions. Nodes equipped with machine learning models can
evaluate communication paths, choose the most suitable for-
warding nodes, and adapt to changing network topologies.

F. Benefits of AI-Enhanced Communication Protocols
The integration of AI techniques into communication

protocols offers several advantages for FANETs:

• Efficiency: AI-enhanced communication protocols
optimize data routing, channel allocation, and data
compression, leading to efficient data exchange and
reduced latency.

• Adaptability: Protocols adapt to changing network
conditions, node mobility, and environmental factors,

ensuring seamless communication in dynamic aerial
environments.

• Reliability: Predictive capabilities and dynamic ad-
justments enhance data transmission reliability, even
when nodes are on the move.

• Resource Optimization: AI techniques optimize re-
source usage, channel allocation, and data compres-
sion, maximizing network utilization while conserv-
ing energy.

AI-enhanced communication protocols redefine the way
FANETs exchange data, enabling intelligent, adaptive, and
efficient communication that caters to the challenges and
opportunities of dynamic airborne scenarios.

7. SECURITY AND ANOMALY DETECTION
In the landscape of FANETs, the incorporation of AI

techniques holds immense potential to enhance security
measures and facilitate anomaly detection. AI empowers
FANETs to fortify their defenses, recognize deviations from
normal behavior, and mitigate potential threats, ensuring the
integrity and confidentiality of communication in dynamic
aerial environments [20] [21] [22].

A. Intrusion Detection
AI-driven intrusion detection systems elevate FANET

security by identifying unauthorized access attempts and
malicious activities. Machine learning models analyze net-
work traffic, node behavior, and communication patterns
to detect anomalies that indicate potential intrusions. This
real-time monitoring ensures early threat identification and
response.

B. Anomaly Recognition
AI techniques enable FANETs to recognize anomalies

that deviate from established patterns. Neural networks
can learn normal network behavior and identify deviations
caused by anomalies such as compromised nodes or un-
expected communication patterns. This capability enhances
FANETs’ ability to identify emerging security threats.

C. Threat Mitigation
AI-enhanced FANETs can autonomously respond to

security threats by adapting their communication strate-
gies. Nodes equipped with AI-driven security measures can
reroute communication paths, isolate compromised nodes,
and dynamically adjust security settings to counteract po-
tential threats.

D. Adaptive Security Policies
AI-driven security policies adapt to changing conditions

in FANETs. Machine learning models continuously learn
from network activities and adjust security parameters based
on evolving threat landscapes. This adaptability ensures that
security measures remain effective against both known and
emerging threats.
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E. Benefits of AI-Enhanced Security
The integration of AI techniques into security and

anomaly detection offers several key advantages for
FANETs:

• Proactive Threat Detection: AI techniques enable
early detection of security breaches and anomalous
behaviors, minimizing the impact of potential threats.

• Real-Time Monitoring: AI-driven security measures
provide continuous real-time monitoring of network
activities, ensuring swift responses to security inci-
dents.

• Adaptability: AI enhances FANETs’ ability to adapt
security measures to changing threat landscapes, of-
fering resilience against evolving attacks

• Autonomous Defense: Nodes equipped with AI-
driven security can autonomously respond to threats,
reducing the need for human intervention.

The integration of AI techniques revolutionizes security
measures and anomaly detection in FANETs, enhancing
their ability to safeguard communication integrity and mit-
igate potential risks in dynamic airborne environments.

8. REAL-WORLD APPLICATIONS
The convergence of FANETs and AI techniques opens

the door to a diverse array of real-world applications, where
these technologies collectively offer innovative solutions
to complex challenges in dynamic environments [23] [24]
[25][26].

A. Disaster Response
FANETs equipped with AI-enhanced capabilities play

a crucial role in disaster response scenarios. Drones and
UAVs can establish communication networks in areas where
traditional infrastructure is compromised. Utilizing AI for
path planning and adaptive routing facilitates streamlined
data sharing among rescue teams, thereby bolstering coor-
dination and enhancing the overall efficacy of disaster relief
endeavors.
Scenario: Disaster Response in a Remote Area
Imagine a remote area struck by a natural disaster, such as
an earthquake, where traditional communication infrastruc-
ture is severely damaged or non-existent. Rapid response
and coordination are crucial to saving lives and provid-
ing assistance to affected individuals. This is where AI-
Empowered FANETs come into play:

• Deployment of AI-Empowered Drones: In response to
the disaster, a fleet of AI-equipped drones is deployed
to the affected area. These drones are equipped with
communication equipment, sensors, and AI algo-
rithms.

• Dynamic Connectivity Establishment: The drones au-
tonomously form a FANET in the disaster area. They

use AI-driven path planning to establish dynamic
communication links. Each drone adapts its position
and routing based on real-time conditions, such as the
location of survivors, changing weather, and terrain
obstacles.

• Resource Optimization: AI algorithms manage the
allocation of resources, ensuring that available band-
width and power are used efficiently. Drones in areas
with higher communication demand allocate more
resources to maintain reliable connections.

• Security Measures: AI-based security protocols pro-
tect the FANET from potential cyber threats. Drones
use AI for intrusion detection, identifying unautho-
rized access attempts and potential breaches, thereby
safeguarding critical communication.

• Data Collection and Analysis: Drones equipped with
sensors gather critical data, including the location
of survivors, structural damage, and environmental
conditions. AI algorithms process this data in real-
time, providing actionable insights to first responders.

• Dynamic Decision-Making: As the situation evolves,
the AI on board the drones adapts communication
routes, ensuring that information reaches the central
command and control center efficiently. This adapt-
ability is crucial in scenarios where conditions change
rapidly.

• Scalability: The FANET can scale as needed, with
additional drones joining the network to extend cov-
erage or provide redundancy in communication links.

• Resilience and Reliability: Even in the face of
challenging environmental conditions or obstacles,
the AI-equipped drones autonomously navigate and
maintain connectivity, ensuring that vital information
continues to flow.

In this example, AI-Empowered FANETs demonstrate their
effectiveness in disaster response. They provide dynamic
connectivity, data collection, and communication capabili-
ties in situations where traditional networks would fail. The
integration of AI empowers these drones to make intelligent
decisions, optimize resources, and enhance the overall ef-
fectiveness of the response efforts, ultimately saving lives
and mitigating the impact of the disaster.

B. Environmental Monitoring
AI-powered FANETs contribute to environmental mon-

itoring and conservation. Drones equipped with sensors
can gather real-time data on air quality, temperature, and
pollution levels. AI algorithms process this data to identify
trends and anomalies, aiding in the early detection of envi-
ronmental threats and guiding informed decision-making.
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C. Precision Agriculture
FANETs combined with AI techniques revolutionize

precision agriculture. Drones equipped with imaging sen-
sors and AI-driven analysis can monitor crop health, iden-
tify areas in need of irrigation or treatment, and optimize
resource allocation. This approach enhances agricultural
productivity and minimizes resource wastage.

D. Surveillance and Security
AI-enhanced FANETs offer advanced surveillance and

security capabilities. Drones equipped with cameras and
AI-powered image analysis can monitor sensitive areas,
detect unauthorized activities, and provide real-time alerts
to security personnel. This enhances situational awareness
and improves overall security.

E. Communication in Remote Areas
FANETs combined with AI techniques address commu-

nication challenges in remote and inaccessible areas. Drones
can establish ad-hoc communication networks to provide
voice and data connectivity where traditional infrastructure
is absent. AI-driven routing ensures reliable communication
even in challenging terrain.

F. Wildlife Monitoring
AI-powered FANETs contribute to wildlife monitoring

and conservation efforts. Drones equipped with AI-enabled
image recognition can track animal movements, identify
endangered species, and monitor protected areas. This data
aids researchers in understanding and protecting wildlife
habitats.

G. Search and Rescue
FANETs equipped with AI capabilities assist in search

and rescue missions. Drones can survey large areas to
locate missing persons, survivors, or stranded individuals.
AI-enhanced algorithms analyze collected data to prioritize
search efforts and optimize rescue operations.
The fusion of FANETs and AI techniques transforms these
networks into versatile tools with applications spanning dis-
aster response, environmental monitoring, precision agricul-
ture, security, remote communication, wildlife conservation,
and search and rescue operations. These real-world appli-
cations underscore the immense potential of AI-empowered
FANETs to address pressing challenges and provide inno-
vative solutions in dynamic and complex scenarios.

9. FUTURE DIRECTIONS AND CHALLENGES
The symbiotic relationship between FANETs and AI

techniques presents both exciting prospects and enduring
challenges, shaping the trajectory of these technologies in
the dynamic world of airborne communication [27] [28]
[29] [30].

A. AI-Driven Autonomy
Future FANETs may evolve towards greater autonomy,

where AI-equipped nodes make independent decisions to
optimize communication paths, resource usage, and naviga-
tion. The integration of advanced AI algorithms could lead

to self-organizing networks capable of adapting to changing
conditions without external intervention.

B. Ethical Considerations
As AI becomes increasingly integral to FANETs, eth-

ical considerations emerge. Issues related to privacy, data
security, and algorithmic bias must be carefully addressed
to ensure responsible and equitable deployment of AI-
enhanced FANETs.

C. Computational Overhead
The integration of AI techniques introduces computa-

tional overhead, potentially straining the limited resources
of aerial nodes. Balancing the benefits of AI-enhanced ca-
pabilities with the computational demands they entail poses
a challenge that must be navigated to maintain efficient
network operation.

D. Standardization and Interoperability
Future FANETs might require standardized protocols

and interoperability frameworks to ensure seamless commu-
nication between diverse AI-driven nodes. Developing such
standards will be crucial to fostering a cohesive network
environment.

E. Continuous Learning and Adaptation
AI-enhanced FANETs must continuously learn and

adapt to evolving conditions, both within the network and
its surroundings. Ensuring that AI models remain up-to-date
and capable of addressing new challenges is an ongoing
endeavor.

F. Energy-Efficient AI
Future directions involve the development of energy-

efficient AI techniques tailored to the resource-constrained
nature of FANETs. Striking a balance between sophisticated
AI capabilities and energy conservation remains a critical
focus.

G. Human-AI Collaboration
Exploring how humans and AI collaborate within

FANETs is an intriguing avenue. Leveraging AI to assist
human decision-makers, rather than replace them, could
yield more effective and intuitive communication strategies.
As FANETs and AI continue to evolve, addressing these
challenges and steering the technologies toward these fu-
ture directions will shape the potential of AI-empowered
FANETs as transformative communication platforms in
dynamic and airborne environments.

10. CONCLUSION
This paper presents a comprehensive exploration of

AI-Empowered FANETs and their transformative impact
on dynamic connectivity challenges. The key findings and
contributions of this study can be summarized as follows:
The integration of AI techniques into FANETs introduces
a paradigm shift in airborne communication. AI empowers
FANETs to navigate challenges like node mobility, resource
constraints, and security threats, thereby enhancing their
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adaptability and efficiency. AI-driven path prediction and
adaptive routing optimize communication paths, ensuring
consistent connectivity in dynamic aerial environments.
This innovation improves data exchange efficiency and
reliability. AI-driven resource allocation and energy-aware
routing extend the operational life of nodes, enabling effi-
cient usage of limited resources. FANETs equipped with AI
can sustainably operate in resource-constrained scenarios.
AI techniques fortify FANETs against security threats
through intrusion detection and anomaly recognition. AI-
enhanced security ensures the integrity and confidentiality
of communication, bolstering network trustworthiness. AI-
empowered FANETs find applications in disaster response,
environmental monitoring, precision agriculture, surveil-
lance, and more. These networks offer novel solutions to
challenges in diverse domains. The transformative impact of
AI on FANETs is undeniable. By imbuing these networks
with adaptability, intelligence, and efficiency, AI unlocks
their full potential. FANETs transition from static commu-
nication infrastructures to dynamic and responsive networks
that excel in navigating the complexities of airborne scenar-
ios.
AI-Empowered FANETs hold immense significance in ad-
dressing dynamic connectivity challenges. They bridge gaps
in communication where traditional infrastructure is absent,
ensuring continuous data exchange in disaster-stricken, re-
mote, or environmentally challenging areas. The integration
of AI equips FANETs to thrive in changing conditions, mak-
ing them an indispensable tool for real-time communication
and decision-making. In conclusion, this paper underscores
the transformative impact of AI on FANET capabilities.
AI-Empowered FANETs emerge as a groundbreaking solu-
tion for dynamic connectivity challenges, offering efficient,
adaptable, and intelligent communication networks that
reshape the possibilities of airborne communication.

References
[1] Megas V., Hoppe S., Ozger M., Schupke D., Cavdar C., A combined

topology formation and rate allocation algorithm for aeronauti-
cal ad hoc networks, IEEE Trans. Mob. Comput. (2022) 1-17,
10.1109/TMC.2022.3217924. Conference Name: IEEE Transactions
on Mobile Computing.

[2] Ilen T., Ahmadi H., Canberk B., Duong T.Q., Aeronautical networks
for in-flight connectivity: A tutorial of the state-of-the-art and
survey of research challenges, IEEE Access 10 (2022) 20053-20079,
10.1109/ACCESS.2022.3151658. Conference Name: IEEE Access.

[3] Wang J., Jiang C., Introduction of flying ad hoc networks, in: Wang
J., Jiang C. (Eds.), Flying Ad Hoc Networks: Cooperative Net-
working and Resource Allocation, in: Wireless Networks, Springer,
Singapore, 2022, pp. 1-10, 10.1007/978-981-16-8850-8-1.

[4] Shahbazi M., Simsek M., Kantarci B., Density-based clustering
and performance enhancement of aeronautical ad hoc networks,
in: 2022 International Balkan Conference on Communications
and Networking (BalkanCom), 2022, pp. 51–56, 10.1109/Balkan-
Com55633.2022.9900681.

[5] Ayyub M., Oracevic A., Hussain R., Khan A.A., Zhang Z., A
comprehensive survey on clustering in vehicular networks: Cur-
rent solutions and future challenges, Ad Hoc Netw. 124 (2022),

10.1016/j.adhoc.2021.102729. URL https://www.sciencedirect.com/
science/article/pii/S1570870521002183.

[6] Bilen T., Canberk B., Sharma V., Fahim M., Duong T.Q., AI-
driven aeronautical ad hoc networks for 6G wireless: Challenges,
opportunities, and the road ahead, Sensors 22 (10) (2022) 3731,
10.3390/s22103731. Number: 10 Publisher: Multidisciplinary Digi-
tal Publishing Institute. URL https://www.mdpi.com/1424-8220/22/
10/3731.

[7] Yang J., Sun K., He H., Jiang X., Chen S., Dynamic vir-
tual topology aided networking and routing for aeronautical ad-
hoc networks, IEEE Trans. Commun. 70 (7) (2022) 4702-4716,
10.1109/TCOMM.2022.3177599. Conference Name: IEEE Trans-
actions on Communications.

[8] McEnroe, P.; Wang, S.; Liyanage, M. A Survey on the Convergence
of Edge Computing and AI for UAVs: Opportunities and Challenges.
IEEE Internet of Things Journal 2022.

[9] Rovira-Sugranes, A.; Razi, A.; Afghah, F.; Chakareski, J. A Review
of AI-Enabled Routing Protocols for UAV Networks: Trends, Chal-
lenges, and Future Outlook. Ad Hoc Networks 2022, 130, 102790.

[10] Sugano, R.; Shinkuma, R.; Nishio, T.; Itahara, S.; Mandayam, N.B.
Watch From Sky: Machine-Learning-Based Multi-UAV Network
for Predictive Police Surveillance. arXiv preprint arXiv:2203.02892
2022.

[11] Aloqaily, M.; Bouachir, O.; Al Ridhawi, I.; Tzes, A. An Adaptive
UAV Positioning Model for Sustainable Smart Transportation. Sus-
tainable Cities and Society 2022, 78, 103617.

[12] Nguyen, K.K.; Duong, T.Q.; Do-Duy, T.; Claussen, H.; Hanzo, L.
3D UAV Trajectory and Data Collection Optimisation Via Deep
Reinforcement Learning. IEEE Transactions on Communications
2022, 70, 2358-2371.

[13] Wang, X.; Gursoy, M.C.; Erpek, T.; Sagduyu, Y.E. Learning-Based
UAV Path Planning for Data Collection with Integrated Collision
Avoidance. IEEE Internet of Things Journal 2022.

[14] 14. Zhao, N.; Ye, Z.; Pei, Y.; Liang, Y.C.; Niyato, D. Multi-
Agent Deep Reinforcement Learning for Task Offloading in UAV-
assisted Mobile Edge Computing. IEEE Transactions on Wireless
Communications 2022.

[15] Islam, A., Al Amin A., and. Shin S. Y, ”FBI: A federated learning
based blockchain-embedded data accumulation scheme using drones
for Internet of things,” IEEE Wireless Commun. Lett., vol. 11, no.
5, pp. 972-976, 2022.

[16] Kariri, E. and Yadav, K. (2022), ”Trusted routing protocol for
federated UAV ad hoc network”, International Journal of Pervasive
Computing and Communications, Vol. ahead-of-print No. ahead-of-
print. https://doi.org/10.1108/IJPCC-01-2022-0011

[17] 17. Xue, Q.; Yang, Y.; Yang, J.; Tan, X.; Sun, J.; Li, G.;
Chen, Y.QEHLR: A Q-Learning Empowered Highly Dynamic and
Latency-Aware Routing Algorithm for Flying Ad-Hoc Networks.
Drones 2023, 7,459. https://doi.org/10.3390/drones7070459.

[18] Xue, Q.; Yang, Y.; Yang, J.; Tan, X.; Sun, J.; Li, G.; Chen, Y.
QEHLR: A Q-Learning Empowered Highly Dynamic and Latency-
Aware Routing Algorithm for Flying Ad-Hoc Networks. Drones
2023, 7, 459. https://doi.org/10.3390/drones7070459

https:// journals.uob.edu.bh

https://www.sciencedirect.com/science/article/pii/S1570870521002183
https://www.sciencedirect.com/science/article/pii/S1570870521002183
 https://www.mdpi.com/1424-8220/22/10/3731
 https://www.mdpi.com/1424-8220/22/10/3731
https://doi.org/10.1108/IJPCC-01-2022-0011 
https://doi.org/10.3390/ drones7070459
 https://doi.org/10.3390/drones7070459
https://journals.uob.edu.bh


Int. J. Com. Dig. Sys. 15, No.1, 167-177 (Jan-2024) 177

[19] Rawat, B., Bist, A. S., Apriani, D., Permadi, N. I., Nabila, E. A.
(2022). AI Based Drones for Security Concerns in Smart Cities.
[ATM]. APTISI Transactions on Management, 7(2), 125-130.

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

[21] Kumar, S.., Sharma,S., Ahmad, S. K., Singh, P. (2022). Simulation-
based performance evaluation of VANET routing protocols under
Indian traffic scenarios. ICIC Express Letters, 16(1), pp. 67-74.

[22] Sudesh, K., Mamtha, P., Neeraj, K. R., Sanjay, K.A. (2023). A
Systematic Approach of a Flying Ad-hoc Network for Smart Cities.
In book: Handbook of Research on Data-Driven Mathematical
Modeling in Smart Cities (pp.55-75). Publisher: IGI Global.

[23] Shi, Y., Li, J., Zhao, Z. (2022). Reinforcement Learning Based
Adaptive Data Forwarding in Flying Ad-Hoc Networks. IEEE
Transactions on Mobile Computing.

[24] 24. Chen, Y.; Zhang, H.; Xu, M. The coverage problem in UAV
network: A survey. In Proceedings of the IEEE Fifth International
Conference on Computing, Communications and Networking Tech-
nologies (ICCCNT), Kharagpur, India, 3–5 October 2022; pp. 1-5.

[25] Garg, P. Characterisation of Fixed-Wing Versus Multirotors
UAVs/Drones. J. Geomat. 2022, 16, 152-159.

[26] Bansal, A.; Agrawal, N.; Singh, K. Rate-Splitting Multiple Access
for UAV-Based RIS-Enabled Interference-Limited Vehicular Com-
munication System. IEEE Trans. Intell. Veh. 2022, 8, 936-948.

[27] Suewatanakul, S.; Porcarelli, A.; Olsson, A.; Grimler, H.; Chiche,

A.; Mariani, R.; Lindbergh, G. Conceptual Design of a Hybrid
Hydrogen Fuel Cell/Battery Blended-Wing-Body Unmanned Aerial
Vehicle-An Overview. Aerospace 2022, 9, 275.

[28] Dogru, S.; Marques, L. Drone Detection Using Sparse Lidar Mea-
surements. IEEE Robot. Autom. Lett. 2022, 7, 3062-3069.

[29] Sarkar, N.I.; Gul, S.Artificial Intelligence-Based Autonomous UAV
Networks: A Survey. Drones 2023, 7, 322.

[30] MegasV. et al. A combined topology formation and rate allocation
algorithm for aeronautical ad hoc networks IEEE Trans. Mob.
Comput. (2022).

Mr. BELGHACHI MOHAMMED is a
distinguished Professor Researcher affiliated
with Tahri Mohamed University of Bechar in
Algeria. He holds a prominent position as a
member of the ”Ad-hoc Networks” research
team within the STIC (Systems and Infor-
mation and Communication Technologies)
Laboratory at Abou-Bekr Belkaid Tlemcen
University. With a profound knowledge and
experience in various domains, his exper-

tise spans across Wireless Sensor Networks (WSN), Internet of
Things (IoT), Internet of Vehicles (IoV), Flying Ad-hoc Networks
(FANETs), and Artificial Intelligence (AI). Dr. BELGHACHI MO-
HAMMED’s contributions have significantly impacted these fields,
further advancing the realms of connectivity, communication, and
intelligent systems.

https:// journals.uob.edu.bh

https://journals.uob.edu.bh

	INTRODUCTION
	 FANET ARCHITECTURE AND CHALLENGES
	 FANET Architecture 
	 Challenges in FANETs 

	AI TECHNIQUES FOR FANETS
	Machine Learning 
	 Neural Networks 
	 Swarm Intelligence 
	 Decision Support Systems 
	 Adaptive Resource Allocation 
	 Learning-based Security 

	AI-ENHANCED PATH PLANNING AND MOBILITY 
	 Dynamic Path Planning 
	 Adaptive Routing Algorithms 
	Collision Avoidance
	Mission-Aware Navigation 
	Weather-Aware Routing 

	 RESOURCE MANAGEMENT AND ENERGY OPTIMIZATION
	 Adaptive Resource Allocation 
	 Energy-Aware Routing 
	Dynamic Node Clustering 
	Predictive Energy Management 
	E. Benefits of AI-Enhanced Resource Management

	 AI-ENHANCED COMMUNICATION PROTOCOLS
	Predictive Data Routing 
	Dynamic Channel Allocation 
	QoS Optimization 
	Adaptive Data Compression 
	Intelligent Data Forwarding
	Benefits of AI-Enhanced Communication Protocols 

	SECURITY AND ANOMALY DETECTION
	 Intrusion Detection 
	Anomaly Recognition 
	Threat Mitigation 
	Adaptive Security Policies 
	Benefits of AI-Enhanced Security 

	REAL-WORLD APPLICATIONS 
	 Disaster Response 
	Environmental Monitoring 
	 Precision Agriculture 
	Surveillance and Security 
	Communication in Remote Areas 
	 Wildlife Monitoring 
	Search and Rescue 

	FUTURE DIRECTIONS AND CHALLENGES
	 AI-Driven Autonomy 
	 Ethical Considerations 
	Computational Overhead 
	Standardization and Interoperability 
	Continuous Learning and Adaptation 
	Energy-Efficient AI 
	Human-AI Collaboration 

	CONCLUSION 
	References
	Biographies
	Mr. BELGHACHI MOHAMMED 


