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Abstract

Drones have become a transformative technology for gath-
ering real-time road information, significantly enhancing the
efficiency of vehicular communication networks. However, the
integration of drones into these networks introduces critical se-
curity vulnerabilities, as communication links can be exploited
by adversaries to compromise data integrity, confidentiality,
and availability. Cross-layer security mechanisms, which span
multiple layers of the communication protocol stack, offer a ro-
bust solution to these challenges. This paper investigates the
implementation of cross-layer security mechanisms for drone-
gathered road information and vehicle communication links,
focusing on the integration of authentication, encryption, and
intrusion detection systems across the physical, data link, and
network layers. By leveraging these mechanisms, the frame-
work can address threats such as eavesdropping, spoofing,
and denial-of-service attacks. Simulation results demonstrate
that the proposed approach significantly improves network re-
silience and data security while maintaining low latency and
high throughput. Additionally, this work explores the trade-
offs between security, system overhead, and communication
performance. The findings highlight the feasibility and effec-
tiveness of cross-layer designs in securing drone-assisted ve-
hicular networks, setting the stage for future developments in
secure and intelligent transportation systems.

Keywords: authentication, cross-layer security, drones, en-
cryption, intrusion detection, vehicular networks, wireless com-
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Introduction

The rapid adoption of unmanned aerial vehicles (UAVs),
commonly referred to as drones, within intelligent trans-
portation systems (ITS) has significantly transformed how

road information is collected, processed, and dissemi-
nated. Equipped with advanced sensors and communica-
tion technologies, drones have enabled real-time monitor-
ing of traffic flow, road conditions, accidents, and other
critical parameters. These capabilities allow for enhanced
situational awareness and informed decision-making, ben-
efiting various stakeholders, including drivers, traffic man-
agement agencies, and emergency responders. For in-
stance, drones can provide live feeds from accident sites,
assist in managing traffic congestion through predictive
analytics, and relay vital road condition updates to au-
tonomous vehicles. This paradigm shift has positioned
UAVs as indispensable tools in modern ITS ecosystems.

However, the incorporation of UAVs into vehicular
communication systems is not without challenges. Chief
among these are the cybersecurity risks inherent in drone-
assisted vehicular networks. The communication links
between drones and vehicles rely on wireless channels,
which are susceptible to a wide array of cyber threats,
including data interception, tampering, and denial-of-
service (DoS) attacks. For example, an attacker
could intercept traffic data transmitted by a drone and
manipulate it to create false congestion scenarios, leading
to inefficient routing decisions. Similarly, a DoS attack
on the communication link could disrupt real-time data
transmission, compromising the reliability of the ITS.
These vulnerabilities underscore the need for robust
security mechanisms tailored to the unique characteristics
of drone-assisted vehicular networks.

Traditional security approaches in ITS often rely on
single-layer solutions, which focus on specific protocol lay-
ers, such as the application, transport, or network layer.
While effective against certain types of attacks, these ap-
proaches fall short in addressing the complex and dynamic
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threat landscape of drone-assisted vehicular networks. For
instance, an attack that exploits vulnerabilities at multiple
layers simultaneously, such as a combination of spoofing
at the physical layer and packet injection at the network
layer, cannot be effectively mitigated by single-layer solu-
tions. This limitation has spurred interest in cross-layer
security mechanisms, which integrate security measures
across multiple protocol layers to provide a holistic and
adaptive defense against cyber threats.

Cross-layer security mechanisms offer several advan-
tages over traditional approaches. By leveraging informa-
tion from multiple layers, these mechanisms can detect
and respond to sophisticated attack patterns that would
otherwise go unnoticed. For example, a cross-layer intru-
sion detection system could combine physical-layer signal
anomalies with transport-layer packet behavior to identify
coordinated attacks. Additionally, cross-layer mechanisms
can optimize system performance by balancing security
requirements with operational constraints, such as band-
width availability and latency. This dynamic adaptabil-
ity is particularly critical in drone-assisted vehicular net-
works, where communication conditions and threat levels
can change rapidly.

This paper aims to address the pressing need for effec-
tive security solutions in drone-assisted vehicular networks
by proposing a cross-layer security framework. The frame-
work is specifically designed to secure the communication
links used for transmitting road information collected by
drones to vehicles and other entities in the ITS. The key
contributions of this paper are as follows:

e Analysis of security threats: We provide a compre-
hensive analysis of the unique security challenges and
threat vectors associated with drone-assisted vehicu-
lar communication systems. This includes identifying
potential attack scenarios and their implications for
ITS operations.

e Design of a cross-layer security framework: We
propose a novel framework that integrates authen-
tication, encryption, and intrusion detection mecha-
nisms across multiple protocol layers. The framework
is designed to dynamically adapt to varying attack
scenarios while maintaining system performance.

e Evaluation of the framework: We evaluate the
effectiveness of the proposed framework through
simulations and analysis. Key metrics such as
detection accuracy, communication overhead, and
response time are assessed to demonstrate the
framework's capability to secure communication links
without compromising performance.

The rest of this paper is organized as follows. Sec-
tion 77 discusses the security challenges in drone-assisted
vehicular networks, highlighting the limitations of tradi-
tional security approaches. Section ?? presents the pro-
posed cross-layer security framework, detailing its design,

functionality, and implementation. Section ?? evaluates
the performance of the framework through simulations,
with a focus on key metrics such as detection accuracy
and system overhead. Finally, Section ?? concludes the
paper with insights into the implications of our findings
and potential directions for future research.

The proposed framework not only addresses the secu-
rity challenges of drone-assisted vehicular networks but
also contributes to the broader field of ITS by advanc-
ing the understanding of cross-layer security mechanisms.
By providing a comprehensive analysis of threats, a robust
design for a security framework, and rigorous performance
evaluation, this paper aims to pave the way for more se-
cure and efficient ITS solutions leveraging UAVs.

Security Challenges in Drone-Assisted Vehicular Net-
works

The integration of drones in vehicular networks introduces
novel security challenges due to their dependence on
wireless communication protocols and their operation in
open, highly dynamic environments. These networks,
characterized by the interaction of aerial, terrestrial, and
sometimes satellite nodes, are vulnerable to a wide range
of cyber and physical threats. Below, we explore the
primary security challenges in drone-assisted vehicular
networks, each of which poses significant risks to system
functionality, data integrity, and user safety.

Eavesdropping and Data Interception

One of the fundamental vulnerabilities in drone-assisted
vehicular networks arises from the use of wireless commu-
nication links, which are inherently susceptible to eaves-
dropping. Malicious actors can exploit this vulnerability
to intercept sensitive data, such as traffic patterns, vehi-
cle trajectories, or incident reports, transmitted between
drones and vehicles. The exposure of such information
can lead to severe consequences, including privacy viola-
tions, strategic manipulation of traffic systems, or even
physical harm.

The susceptibility to eavesdropping is further exacer-
bated by the broad communication range of drones, which
often extends into areas beyond the immediate network
control. Advanced interception techniques, such as direc-
tional antennas or software-defined radios (SDRs), enable
attackers to capture data over long distances. The lack
of strong encryption mechanisms or improper implemen-
tation of security protocols can further aggravate this risk,
allowing adversaries to gain unauthorized access to critical
vehicular information.

Spoofing and Data Tampering

Identity spoofing represents another major threat in
drone-assisted vehicular networks. In such attacks,
adversaries assume the identities of legitimate drones
or vehicles by falsifying authentication credentials. This
allows attackers to inject false or misleading information
into the network. For instance, an attacker might
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Table 1: Comparison of Traditional and Cross-Layer Security Approaches in Drone-Assisted Vehicular Networks

Feature

Traditional Security Ap-
proaches

Cross-Layer
Mechanisms

Security

Scope of Defense

Focused on single protocol

Integrates multiple proto-

layer col layers
Adaptability to Dynamic | Limited High
Threats
Detection of Multi-Layer | Ineffective Effective

Attacks

System Performance Opti-
mization

No optimization for opera-
tional constraints

Balances security and per-
formance

Response Time to Attacks

Slower due to limited scope

Faster due to holistic anal-

ysis

fabricate data indicating a traffic accident or congestion
to reroute vehicles unnecessarily, causing widespread
disruption.

Data tampering is closely related and involves the
unauthorized alteration of legitimate information. For
example, an attacker might modify sensor readings
transmitted by a drone to misrepresent environmental
conditions, such as road surface status or weather
hazards. Such manipulations can severely compromise
decision-making processes in autonomous driving systems
and traffic management centers, endangering public
safety.

Denial-of-Service Attacks

Denial-of-Service (DoS) attacks present a significant
challenge by disrupting communication channels between
drones and vehicles. In such attacks, adversaries
flood the network with an overwhelming number of
requests or introduce high levels of interference, rendering
legitimate communication ineffective. The consequences
of DoS attacks are particularly severe in time-sensitive
applications, such as emergency response coordination or
collision avoidance systems.

In drone-assisted vehicular networks, DoS attacks can
target multiple layers of communication. At the network
layer, attackers may overload routing mechanisms to
disrupt data delivery. At the physical layer, jamming
devices can block wireless signals entirely. Additionally,
drones operating in congested urban environments are
particularly vulnerable to such attacks due to the high
density of communication devices [1], [2].

Physical Layer Vulnerabilities

The physical layer of drone-assisted vehicular networks
is especially prone to attacks such as jamming and signal
interference. Unlike traditional vehicular networks, the re-
liance on aerial nodes increases exposure to malicious in-
terference, as drones often operate in open environments
with minimal physical protection. Jamming devices, for
example, can emit signals at frequencies used by drones,
effectively drowning out legitimate communication.

Signal interference can degrade communication quality
and result in packet loss, increased latency, or complete
communication failure. This is particularly critical in sce-
narios requiring high reliability, such as drone-assisted real-
time traffic monitoring or vehicle-to-infrastructure (V2I)
communication. Moreover, the coexistence of drones
and vehicles operating on overlapping frequency bands in-
creases the likelihood of unintentional interference, further
complicating the security landscape.

Lack of Inter-Layer Coordination

Traditional security mechanisms in networked systems are
often designed to address threats at specific layers of the
protocol stack, such as the physical, network, or applica-
tion layers. However, drone-assisted vehicular networks
operate in highly dynamic and heterogeneous environ-
ments, where threats can propagate across multiple layers
[3]. The absence of inter-layer coordination hinders the
ability to detect and mitigate such cross-layer attacks ef-
fectively.

For instance, a jamming attack at the physical layer
may lead to cascading effects at the network and
application layers, such as route failures or erroneous
traffic management decisions. Similarly, spoofed data at
the application layer can compromise routing protocols at
the network layer. Addressing these challenges requires
the development of integrated security frameworks that
enable seamless collaboration across different layers.

Implications for Security Framework Design

The aforementioned challenges highlight the need for ro-
bust security frameworks tailored to the unique charac-
teristics of drone-assisted vehicular networks. Key design
principles include:

e Advanced Encryption Mechanisms: Employing
lightweight yet strong encryption to secure wireless
communication against eavesdropping and tamper-

ing.
e ldentity Management: Developing robust authenti-

cation protocols to prevent spoofing and ensure trust
among network entities.
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Table 2: Examples of Spoofing and Data Tampering Scenarios in Drone-Assisted Vehicular Networks

Attack Type

Potential Impact

Spoofing

Fake traffic congestion alerts reroute vehicles unnec-
essarily, causing delays and fuel wastage.

Data Tampering

Modified sensor data leads to incorrect detection of
road hazards, increasing accident risks.

Impersonation

Attackers masquerade as traffic drones, disseminating
incorrect navigation instructions.

Table 3: Challenges and Consequences of Cross-Layer Threats in Drone-Assisted Vehicular Networks

Threat Type

Cross-Layer Consequences

Jamming Physical layer disruption causes packet loss at the
network layer and delays in application-layer services.
Spoofing False data at the application layer leads to incorrect

routing decisions at the network layer.

Uncoordinated Protocols

Lack of inter-layer communication results in delayed
detection of cascading attacks.

e Cross-Layer Security Solutions: Designing inte-
grated mechanisms to detect and mitigate threats
propagating across multiple layers.

e Resilience to Physical Layer Attacks: Implement-
ing anti-jamming techniques and robust signal pro-
cessing methods to enhance communication reliabil-
ity.

e Dynamic Adaptation: Leveraging machine learning
and artificial intelligence to adapt security measures
to evolving threats and network conditions.

Addressing these challenges requires a multidisciplinary
approach, combining insights from wireless communica-
tion, cybersecurity, and systems engineering. By priori-
tizing the development of resilient security mechanisms,
researchers can ensure the safe and efficient operation of
drone-assisted vehicular networks in the face of growing
threats.

Proposed Cross-Layer Security Framework

To address the challenges outlined above, this section
introduces a cross-layer security framework designed for
drone-assisted vehicular communication networks. The
proposed framework aims to provide comprehensive pro-
tection by integrating security measures across the physi-
cal, data link, and network layers. This integration ensures
a synergistic approach that enhances detection, mitiga-
tion, and response to a wide spectrum of security threats,
enabling a more robust and resilient communication envi-
ronment [4], [5].

Authentication Mechanisms

Authentication is a critical component of any secure com-
munication framework, as it ensures that only legitimate
entities can participate in the network. In the context
of drone-assisted vehicular networks, the dynamic nature

of nodes and the mobility of vehicles and drones amplify
the challenge of effective authentication [6]. The pro-
posed framework incorporates a multi-faceted approach
to authentication that leverages lightweight cryptographic
techniques and cross-layer information sharing.

Elliptic Curve Cryptography for Lightweight Authen-
tication

Elliptic Curve Cryptography (ECC) is well-suited for
resource-constrained environments due to its high secu-
rity per bit and reduced computational overhead. The
proposed framework employs ECC to enable mutual au-
thentication between drones, vehicles, and infrastructure
elements. By using smaller key sizes compared to tradi-
tional public-key cryptographic schemes, ECC reduces the
computational burden on drones and vehicles, allowing for
efficient authentication without compromising security.

The mutual authentication process begins with a
handshake protocol where entities exchange public keys
and verify identities using ECC-based digital signatures.
This process not only prevents unauthorized access but
also mitigates the risk of man-in-the-middle (MitM)
attacks by verifying the integrity of communication
channels.

Cross-Layer Authentication Integration

To enhance the robustness of authentication mechanisms,
the proposed framework integrates authentication infor-
mation across the physical and data link layers. At the
physical layer, signal characteristics such as received sig-
nal strength indicator (RSSI) and channel state informa-
tion (CSI) are analyzed to detect inconsistencies that may
indicate spoofing attempts. This information is passed
to the data link layer, where cryptographic authentica-
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tion takes place. The combined analysis of physical and
cryptographic data enables the framework to detect so-
phisticated attacks, such as relay attacks, that exploit
vulnerabilities in a single layer [7], [8].

Table 4 provides a summary of the key features and
benefits of the authentication mechanisms employed in
the proposed framework.

Encryption and Data Confidentiality

Maintaining the confidentiality of transmitted data is
paramount in preventing eavesdropping and unauthorized
data interception in drone-assisted vehicular networks.
The proposed framework employs a multi-layered encryp-
tion strategy that balances security with efficiency, ensur-
ing that real-time communication requirements are met
without introducing significant computational delays [9].

End-to-End Encryption

End-to-end encryption is implemented at the network
layer to protect data as it traverses multiple nodes in
the communication network. The Advanced Encryption
Standard (AES) with a 256-bit key is employed for its
proven security and efficiency. This encryption scheme
ensures that even if intermediate nodes are compromised,
the data remains secure.

Dynamic Key Management System

A dynamic key management system is incorporated to
periodically update encryption keys, minimizing the risk of
key compromise. The system uses a hierarchical approach
where a central trusted authority distributes session keys
to drones and vehicles. These session keys are refreshed
based on time intervals or data thresholds, ensuring that
potential attackers cannot exploit long-term keys.

The proposed framework also incorporates forward and
backward secrecy. Forward secrecy ensures that the
compromise of a session key does not affect previous
communications, while backward secrecy protects future
communications in the event of key exposure. These
properties are essential in safeguarding long-term data
confidentiality.

Optimized Encryption for Real-Time Communication

To minimize computational overhead, the encryption
process is optimized using hardware acceleration and
lightweight encryption algorithms for low-priority data.
This optimization ensures that time-sensitive applications,
such as collision avoidance systems, are not delayed by
encryption processes.

Table 5 outlines the key features and advantages of
the encryption mechanisms implemented in the proposed
framework.

Intrusion Detection Systems

Intrusion detection systems (IDS) play a vital role in iden-
tifying and mitigating security threats in drone-assisted
vehicular communication networks. The proposed frame-
work integrates IDS functionality across multiple layers to
detect and respond to a wide range of attacks.

Layer-Specific IDS Components

The IDS in the proposed framework is designed to monitor
activities at the physical, data link, and network layers. At
the physical layer, the IDS analyzes signal characteristics
to detect jamming and spoofing attacks. For example,
sudden drops in RSSI or unusual fluctuations in CSI may
indicate the presence of a jammer. At the data link
layer, the IDS monitors MAC addresses and transmission
patterns to identify anomalies, such as MAC spoofing or
flooding attacks. Finally, at the network layer, the IDS
detects distributed denial-of-service (DDoS) attacks by
analyzing traffic patterns and identifying unusually high
levels of data flow from specific nodes.

Machine Learning-Based Anomaly Detection

To enhance the adaptability and accuracy of the IDS,
the proposed framework employs machine learning-based
anomaly detection. Algorithms such as support vector
machines (SVMs), random forests, and neural networks
are used to classify traffic patterns as normal or anoma-
lous. The IDS is trained on labeled datasets containing
both legitimate and malicious traffic, enabling it to iden-
tify previously unknown attack vectors.

Real-time adaptability is achieved through online learn-
ing mechanisms, which allow the IDS to update its models
based on new data. This adaptability is particularly im-
portant in dynamic environments where attack strategies
evolve rapidly.

Cross-Layer Collaboration

The IDS components at different layers collaborate to
provide a holistic view of network security. For instance,
if the physical layer detects a potential jamming attack,
it alerts the network layer to reroute traffic away from
affected channels. Similarly, anomalies detected at
the data link layer can prompt the network layer to
isolate compromised nodes. This cross-layer collaboration
enhances the overall effectiveness of the IDS.

Cross-Layer Coordination

The cornerstone of the proposed framework is its cross-
layer coordination mechanism, which enables seamless
information sharing and collaboration across different
layers of the communication stack. This coordination
is essential for addressing complex security threats that
exploit multiple layers.
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Table 4: Key Features of Authentication Mechanisms in the Proposed Framework

Feature

Description and Benefits

Elliptic Curve Cryptogra-
phy (ECC)

Provides high-security authentication with reduced
computational overhead, suitable for resource-
constrained devices.

Cross-Layer Integration

Combines physical layer signal analysis with data link
layer cryptographic authentication to detect advanced
attacks.

Mutual Authentication

Ensures that both communicating entities verify each
other’s identity, mitigating risks such as MitM attacks.

Dynamic  Authentication

Metrics

Leverages real-time signal characteristics and crypto-
graphic data to adapt to changing network conditions.

Table 5: Key Features of Encryption Mechanisms in the Proposed Framework

Feature

Description and Benefits

End-to-End Encryption

Protects data from source to destination, preventing
unauthorized access during transmission.

Dynamic Key Management

Periodically updates keys to reduce the risk of key com-
promise and ensures forward and backward secrecy.

Hardware Acceleration

Enhances the speed of encryption processes, ensuring
compatibility with real-time communication require-
ments.

Lightweight Encryption Al-
gorithms

Reduces computational overhead for non-critical data
while maintaining security.

Information Sharing Across Layers

Cross-layer coordination facilitates the sharing of security-
related information, such as authentication results, signal
quality metrics, and traffic patterns.  For example,
the physical layer can share RSSI and CSI data with
the network layer to improve the detection of jamming
attacks.  Similarly, the data link layer can provide
MAC-level authentication results to the network layer,
enhancing the accuracy of routing decisions.

Adaptive Security Policies

The proposed framework incorporates adaptive security
policies that dynamically adjust based on cross-layer
information. For instance, if the IDS detects a potential
threat at the physical layer, the network layer can
increase encryption strength or reroute traffic to mitigate
the impact. These adaptive policies ensure that the
framework remains resilient in the face of evolving threats.

Implementation Considerations

To implement cross-layer coordination effectively, the
proposed framework relies on a centralized control unit
that manages information exchange and decision-making.
This control unit is equipped with high-performance
computing resources to process data from multiple
layers in real-time. Additionally, standard communication

interfaces are used to ensure compatibility between
different layers.

By integrating security measures across the physi-
cal, data link, and network layers, the proposed cross-
layer security framework provides a comprehensive defense
against a wide range of threats. The framework's em-
phasis on lightweight cryptographic techniques, dynamic
key management, machine learning-based intrusion detec-
tion, and cross-layer coordination ensures that it meets
the unique challenges of drone-assisted vehicular commu-
nication networks.

Performance Evaluation

The proposed cross-layer security framework was sub-
jected to a comprehensive performance evaluation using a
sophisticated network simulation environment. This sec-
tion presents an in-depth analysis of the framework's ef-
fectiveness based on key performance metrics, including
security resilience, communication latency, and through-
put.

Simulation Setup

The evaluation was conducted in a simulation environ-
ment designed to replicate a drone-assisted vehicular net-
work (DAVN). This environment incorporated multiple
drones and vehicles communicating over wireless channels
using IEEE 802.11p protocol, a common standard for ve-
hicular communication. The network topology consisted
of drones acting as relay nodes, facilitating vehicle-to-
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Table 6: Detection Rates for Different Attack Types

Attack Type Baseline Model | Proposed Improvement
Detection Rate | Framework (%)
(%) Detection Rate
(%)
Eavesdropping 63.4 91.7 23.3
Spoofing 81.2 96.5 15.3
DoS 76.5 95.3 18.8
Jamming 70.3 89.1 18.8
Table 7: Throughput Comparison Under Different Scenarios
Scenario Baseline Model | Proposed Improvement
Throughput Framework (%)
(Mbps) Throughput
(Mbps)
Normal Conditions 19.1 18.6 -2.6
During Eavesdropping 154 17.3 12.3
During DoS 13.2 17.8 34.8
During Jamming 12.9 17.1 32.6

vehicle (V2V) and vehicle-to-infrastructure (V2I) commu-
nication. The simulated area spanned 5 square kilometers
with varying traffic density and mobility patterns modeled
using the SUMO (Simulation of Urban Mobility) tool.

To comprehensively evaluate the framework’s security,
multiple attack scenarios were implemented:

e Eavesdropping Attacks: Adversaries attempted to
intercept and decode sensitive information transmit-
ted over the network.

e Spoofing Attacks: Malicious nodes masqueraded
as legitimate nodes, sending falsified information to
disrupt network operations.

e Denial-of-Service (DoS) Attacks: Attackers tar-
geted drones and vehicles by flooding the communi-
cation channels to degrade service availability.

e Jamming Attacks: Adversaries transmitted high-
power signals to disrupt wireless communication,
impacting the network'’s reliability.

The proposed framework was configured with a cross-
layer intrusion detection system (IDS), leveraging infor-
mation from the physical, MAC, and application layers.
The IDS utilized machine learning models trained on net-
work behavior under normal and attack conditions. Ad-
ditionally, an end-to-end encryption mechanism was im-
plemented for secure data transmission. The perfor-
mance was compared against a baseline single-layer se-
curity model that employed only traditional cryptographic
methods.

Results and Discussion
The simulation results highlighted the effectiveness of the
cross-layer security framework in enhancing the network's

security and performance. The findings are presented
below:

Security Resilience

The framework exhibited significant improvements in de-
tecting and mitigating attacks, as shown in Table 6. The
cross-layer 1DS achieved a detection rate of 96.5% for
spoofing attacks and 95.3% for DoS attacks, outper-
forming the baseline model, which had detection rates
of 81.2% and 76.5%, respectively. The high accuracy of
the IDS can be attributed to its ability to analyze features
from multiple network layers, providing a holistic view of
the network’s behavior.

Communication Latency

The communication latency was analyzed under normal
conditions and during attack scenarios. The proposed
framework maintained an average end-to-end delay of
12.4 ms under normal conditions, compared to 11.9 ms
for the baseline model. During attack scenarios, the
latency increased slightly to 14.2 ms due to the overhead
of the IDS, but it remained within acceptable bounds
for vehicular communication systems. This demonstrates
that the framework's security enhancements do not
compromise real-time communication.

Throughput

The throughput of the network was another critical
metric evaluated. As shown in Table 7, the proposed
framework achieved an average throughput of 18.6
Mbps under normal conditions, compared to 19.1 Mbps
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for the baseline model. During attack scenarios, the
framework maintained a throughput of 17.8 Mbps,
significantly higher than the baseline model’'s 13.2 Mbps.
This resilience in throughput highlights the framework’s
ability to mitigate attacks effectively without substantial
performance degradation.

System Overhead

The additional computational and communication over-
head introduced by the cross-layer security framework was
evaluated. The encryption and IDS modules increased the
average CPU utilization by 8.7% and the memory usage
by 12.4%, compared to the baseline model. Despite this
increase, the overall system performance remained within
acceptable limits for modern vehicular and drone hard-
ware. The trade-off between enhanced security and mini-
mal overhead underscores the practicality of the proposed
framework.

The performance evaluation demonstrated that the
proposed cross-layer security framework effectively en-
hances the security and reliability of drone-assisted ve-
hicular networks. It provides robust protection against a
variety of attacks, with high detection rates and minimal
impact on communication latency and throughput. The
results validate the feasibility of deploying the framework
in real-world scenarios, where security and performance
are critical considerations.

Conclusion

This paper presented a comprehensive cross-layer security
framework designed for drone-assisted vehicular commu-
nication networks. The primary objective of the frame-
work is to address critical security vulnerabilities, including
but not limited to eavesdropping, spoofing, and denial-
of-service (DoS) attacks, which pose significant risks
to the integrity and reliability of intelligent transporta-
tion systems. By adopting a multi-layered approach that
integrates authentication mechanisms, encryption tech-
niques, and intrusion detection systems across various
protocol layers, the proposed framework effectively en-
hances the overall security posture of vehicular commu-
nication networks without compromising system perfor-
mance [10], [11].

Simulation results provided strong evidence of the
framework's efficacy. Specifically, the results demon-
strated its ability to thwart sophisticated attack vectors
while maintaining low latency and ensuring high through-
put. These outcomes underscore the practical utility of
the proposed framework in real-world scenarios, where
system reliability and security are of paramount impor-
tance. Moreover, the framework’'s modular design ensures
that it can be seamlessly integrated into existing vehicular
communication systems, thereby offering a pragmatic so-
lution for enhancing security in contemporary intelligent
transportation systems.

Future work will focus on extending the capabilities
of the proposed framework to accommodate emerging
technologies such as fifth-generation (5G) networks and
edge computing [12]. These technologies are expected
to play a pivotal role in the evolution of vehicular com-
munication networks, introducing new challenges and op-
portunities for security. By incorporating advanced fea-
tures, such as ultra-low latency communication and dis-
tributed processing, the extended framework will aim to
enhance scalability and adaptability in highly dynamic net-
work environments. Additionally, future research will ex-
plore the integration of machine learning algorithms to
enable proactive threat detection and adaptive security
mechanisms, further bolstering the framework’s resilience
against evolving cyber threats. The proposed cross-layer
security framework represents a significant step forward
in securing drone-assisted vehicular communication net-
works. By addressing existing vulnerabilities and provid-
ing a solid foundation for future enhancements, this work
contributes to the advancement of secure and reliable in-
telligent transportation systems, paving the way for safer
and more efficient vehicular networks [11], [13].
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