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Abstract

Wireless networks have become an essential part of modern communication systems, but their open
transmission medium makes them highly vulnerable to security threats such as unauthorised access,
passive eavesdropping, brute-force attacks, and man-in-the-middle attacks. Ensuring secure wireless
communication is therefore a critical challenge. This study presents a cryptography-based safeguarding
framework designed to protect wireless networks from both active and passive attacks. The proposed
approach integrates strong encryption, secure key management, and authentication mechanisms to
prevent unauthorised users from entering the network and accessing sensitive data. Several
cryptographic algorithms, including AES, RSA, ECC, and SHA-based hashing techniques, are
analysed to evaluate their effectiveness in wireless security environments. Among these, the Advanced
Encryption Standard (AES) combined with Elliptic Curve Cryptography (ECC) for key exchange is
identified as the most suitable solution due to its high security strength, low computational overhead,
and resistance to brute-force and passive attacks. AES ensures data confidentiality, while ECC provides
secure authentication and key distribution with minimal power consumption, making it ideal for
wireless and resource-constrained devices. The proposed cryptographic safeguarding model
significantly enhances network confidentiality, integrity, and access control, ensuring that only
authorised users can participate in wireless communication. This approach offers a robust and efficient
solution for securing wireless networks against evolving cyber threats.

Keywords: Wireless Network Security, Cryptography, AES, ECC, Passive Attack, Brute-Force
Attack, Unauthorized Access

1. Introduction

Wireless networking has become a fundamental component of modern communication
infrastructure, enabling seamless connectivity across personal, commercial, industrial, and
governmental domains. Technologies such as Wi-Fi, mobile networks, wireless sensor
networks, and Internet of Things (IoT) systems have transformed the way information is
accessed, shared, and processed. The rapid expansion of wireless communication has
brought significant advantages, including mobility, scalability, and cost efficiency. However,
the same characteristics that make wireless networks flexible and convenient also expose
them to a wide range of security wvulnerabilities. Unlike wired networks, wireless
communication relies on open transmission media, making it inherently susceptible to
unauthorized access and malicious attacks.

As wireless signals propagate through free space, they can be intercepted by unintended
recipients without physical access to the network infrastructure. This exposure significantly
increases the risk of security breaches, particularly when sensitive or confidential data is
transmitted. Unauthorized users can exploit weak security mechanisms to gain access to
network resources, disrupt communication, or steal private information. Consequently,
safeguarding wireless networks has become a critical research area, especially as cyber
threats continue to evolve in complexity and scale.

One of the most prominent challenges in wireless network security is protecting data from
passive and active attacks. Passive attacks involve silent interception of transmitted data,
such as eavesdropping and traffic analysis, where attackers attempt to extract information
without altering network operations. These attacks are difficult to detect because they do not
interfere directly with data transmission. In contrast, active attacks include brute-force
attacks, replay attacks, spoofing, denial-of-service attacks, and man-in-the-middle attacks,
where adversaries actively manipulate or disrupt network communication. Both categories
pose serious threats to the confidentiality, integrity, and availability of wireless networks.
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Unauthorised access remains a major concern in wireless
environments. Weak authentication mechanisms, poor key
management, and outdated encryption protocols often allow
attackers to penetrate wireless networks and impersonate
legitimate users. Once access is obtained, attackers can
monitor communication, inject malicious packets, or launch
further attacks on connected devices. This problem is
particularly severe in public wireless networks, enterprise
environments, and loT systems, where large numbers of
devices communicate continuously with minimal human
intervention. Therefore, robust security mechanisms are
essential to ensure that only authorised users can participate
in wireless communication.

Cryptography plays a vital role in addressing these security
challenges. It provides mathematical techniques for securing
data through encryption, authentication, and integrity
verification. By converting plain data into unreadable
ciphertext, cryptographic algorithms protect information
from unauthorised disclosure even if the communication
channel is compromised. Modern wireless security protocols
rely heavily on cryptographic techniques to establish secure
communication channels, manage encryption keys, and
verify user identities. Without cryptography, ensuring
privacy and trust in wireless communication would be
nearly impossible.

Symmetric and asymmetric cryptographic algorithms form
the foundation of wireless network security. Symmetric
encryption algorithms, such as the Advanced Encryption
Standard (AES), use a single secret key for both encryption
and decryption. These algorithms are known for their
efficiency and high performance, making them suitable for
real-time wireless communication. However, secure key
distribution remains a challenge in symmetric systems,
especially in large or dynamic networks. If the secret key is
compromised, the entire communication becomes
vulnerable to brute-force attacks and data leakage.
Asymmetric cryptographic algorithms, including RSA and
Elliptic Curve Cryptography (ECC), address key
distribution challenges by using separate public and private
keys. These algorithms enable secure key exchange and
authentication, ensuring that encryption keys are shared
only between legitimate users. Among asymmetric methods,
ECC has gained significant attention due to its strong
security with smaller key sizes, which reduces
computational overhead and power consumption. This
property makes ECC particularly suitable for wireless
networks, mobile devices, and loT applications where
resources are limited.

Hashing algorithms and message authentication techniques
further enhance wireless network security by ensuring data
integrity and authentication. Secure hash algorithms
generate fixed-length hash values that detect any
modification in transmitted data. When combined with
encryption and digital signatures, hashing mechanisms help
prevent replay attacks and unauthorised data alteration.
These cryptographic tools collectively strengthen the overall
security architecture of wireless networks.

Despite the availability of various cryptographic algorithms,
selecting the most suitable approach for safeguarding
wireless networks remains a complex task. Factors such as
computational efficiency, energy consumption, resistance to
brute-force attacks, and scalability must be carefully
considered. Wireless devices often operate under
constrained environments with limited processing power
and battery life, which restricts the use of heavy
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cryptographic operations. Therefore, an optimal security
solution must balance strong protection with minimal
resource utilisation.

Recent research has shown that hybrid cryptographic
frameworks offer an effective solution to wireless network
security challenges. By combining symmetric encryption for
data confidentiality with asymmetric cryptography for
secure key exchange and authentication, hybrid models
provide enhanced protection against both passive and active
attacks. In such frameworks, AES is commonly used for
encrypting data packets, while ECC is employed for secure
key generation and distribution. This combination
significantly reduces the risk of brute-force attacks and
unauthorised access while maintaining high communication
efficiency.

The increasing prevalence of cyberattacks targeting wireless
networks highlights the need for continuous improvement in
security mechanisms. Attackers are constantly developing
new techniques to bypass traditional defences, exploit
protocol weaknesses, and compromise encryption keys. As a
result, outdated security protocols are no longer sufficient to
protect modern wireless communication systems. Advanced
cryptographic solutions must be adopted to ensure long-term
network security and user trust.

This research focuses on safeguarding wireless networks
using cryptographic algorithms to prevent unauthorized
entry, passive eavesdropping, brute-force attacks, and other
security threats. The study emphasises the evaluation of
widely used cryptographic techniques and identifies the
most suitable algorithms for wireless environments. By
analyzing security strength, computational efficiency, and
resistance to attacks, the research proposes a robust
cryptographic framework that enhances confidentiality,
integrity, and authentication in wireless communication. In
summary, securing wireless networks is a critical
requirement in today’s interconnected world. Cryptography
provides the essential tools needed to protect wireless
communication from unauthorised users and malicious
attacks. By adopting efficient and secure cryptographic
algorithms, wireless networks can achieve strong protection
while maintaining performance and scalability. The findings
of this study contribute to the development of secure
wireless networking solutions capable of addressing current
and future security challenges. The remainder of this paper
is organised as follows. Section 2 presents a detailed review
of related work on wireless network security, highlighting
existing cryptographic techniques and their limitations in
defending against passive attacks, brute-force attacks, and
unauthorised access. Section 3 describes the proposed
cryptography-based safeguarding framework for wireless
networks, including the system architecture, threat model,
and selected encryption and authentication algorithms.
Section 4 discusses the experimental setup and performance
evaluation metrics used to assess the effectiveness of the
proposed approach, focusing on security strength,
computational efficiency, and resistance to common
wireless attacks. Section 5 analyses the results and compares
the proposed framework with existing security solutions.
Finally, Section 6 concludes the paper by summarising the
key findings and outlining potential directions for future
research in secure wireless communication.

2. Literature Review
Wireless network security has become a critical research
area due to the widespread adoption of wireless
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communication technologies and the increasing number of
security threats targeting open transmission media. Unlike
wired networks, wireless networks broadcast data through
radio signals, making them inherently wvulnerable to
interception and manipulation by unauthorized users.
Researchers have extensively examined cryptographic
techniques to address threats such as passive eavesdropping,
brute-force attacks, replay attacks, and unauthorized access
(Stallings, 2023) 12,

Early research in wireless network security primarily
focused on protecting data confidentiality using basic
encryption mechanisms. However, these early approaches
were later found to be insufficient against evolving attack
strategies. Diffie and Hellman (1976) [ introduced public-
key cryptography to solve the key distribution problem,
which represented a significant advancement in secure
communication. While public-key cryptography enabled
secure key exchange over insecure channels, later studies
revealed that improper parameter selection and high
computational overhead limited its efficiency in wireless
environments.

Symmetric key cryptography has been widely adopted in
wireless networks due to its efficiency and low processing
requirements. Algorithms such as DES and AES have been
extensively studied for data encryption. The National
Institute of Standards and Technology standardised AES as
a secure encryption algorithm resistant to brute-force attacks
due to its large key size and robust encryption structure
(NIST, 2001). Although AES provides strong
confidentiality, research indicates that symmetric encryption
alone cannot fully protect wireless networks because secure
key distribution remains a major challenge, especially in
large-scale and dynamic networks (Menezes et al., 2018) [,
To overcome key management limitations, asymmetric
cryptographic algorithms have been proposed. RSA,
introduced by Rivest et al. (1978) %, became a widely used
public-key algorithm for authentication and secure
communication. Studies demonstrate that RSA offers strong
resistance to brute-force attacks when large key sizes are
used. However, its high computational complexity increases
latency and energy consumption, making it less suitable for
wireless and mobile networks with limited resources
(Stallings, 2023) 12,

Elliptic Curve Cryptography (ECC) has gained attention as
an efficient alternative to RSA. Research shows that ECC
achieves equivalent security strength with significantly
smaller key sizes, reducing computation time and energy
usage (Menezes et al., 2018) U], Due to these advantages,
ECC is considered well-suited for wireless sensor networks
and loT environments. Nevertheless, studies also highlight
that ECC implementations may be vulnerable to side-
channel attacks if not properly secured, indicating the need
for careful system design (Trappe & Washington, 2016) "1,

Passive attacks pose a serious threat to wireless networks
because attackers can silently monitor communication
without altering transmitted data. The adversary model
proposed by Dolev and Yao (1983) I assumes that attackers
have complete access to the communication channel,
emphasising the importance of encryption and
authentication. Subsequent research reveals that while
encryption protects data content, traffic analysis can still
leak sensitive information. To mitigate such risks,
researchers ~ recommend  combining  cryptographic
encryption with authentication protocols and traffic
obfuscation techniques (Stallings, 2023) 2,
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Brute-force attacks continue to be a major concern in
wireless security, particularly when weak keys or passwords
are used. Studies have demonstrated that early wireless
security protocols such as WEP are highly vulnerable to
brute-force and key recovery attacks. This led to the
development of improved standards such as WPA and
WPA2, which employ stronger encryption and
authentication mechanisms (NIST, 2001). Despite these
improvements, research indicates that weak credentials and
poor configuration can still expose wireless networks to
brute-force attacks (Menezes et al., 2018) ["],

Unauthorised access is another critical issue widely
addressed in literature. Weak authentication mechanisms
allow attackers to impersonate legitimate users and gain
access to wireless networks. Hash-based message
authentication codes and digital signature schemes have
been proposed to enhance authentication and integrity
(Rivest et al., 1978) 119, According to Stallings (2023) 112,
hashing algorithms effectively detect message tampering
and replay attacks, but they must be combined with
encryption and secure key management to provide
comprehensive protection.

Hybrid cryptographic frameworks have emerged as an
effective solution to wireless network security challenges.
These frameworks combine symmetric encryption for data
confidentiality with asymmetric cryptography for secure key
exchange and authentication. Several studies report that
hybrid approaches significantly improve resistance to
passive attacks, brute-force attacks, and unauthorised access
while maintaining acceptable performance (Menezes et al.,
2018; Trappe & Washington, 2016) [ . However,
increased system complexity and key management overhead
remain open challenges.

The growth of 10T and wireless sensor networks has further
intensified security concerns. Akyildiz et al. (2002) ™M
emphasize that resource-constrained wireless devices
require lightweight cryptographic solutions. Research
suggests that AES and ECC provide an effective balance
between security and efficiency in such environments.
Nevertheless, improper implementation and weak key
management practices can still expose networks to attacks,
highlighting the need for robust cryptographic design and
secure deployment strategies (Stallings, 2023) [*2,

Overall, the literature confirms that cryptographic
techniques are essential for safeguarding wireless networks.
While symmetric encryption ensures efficient data
confidentiality and asymmetric cryptography enables secure
authentication and key exchange, each approach has
inherent  limitations. Hybrid  cryptographic  models
combining AES and ECC are widely recognised as the most
suitable solutions for defending wireless networks against
passive attacks, brute-force attacks, and unauthorized access
(Menezes et al., 2018; NIST, 2001) "1,

3. Methodology

The proposed methodology focuses on safeguarding
wireless networks through a cryptography-based security
framework designed to prevent passive attacks, brute-force
attempts, and unauthorised access. The approach begins
with the definition of a secure wireless communication
environment in which all participating devices must undergo
authentication before gaining access to the network. Each
wireless device is equipped with cryptographic capabilities
that allow it to perform encryption, decryption, and secure
key exchange operations. This ensures that only authorised
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devices are permitted to participate in network
communication. Initially, when a wireless device attempts to
connect to the network, a secure authentication process is
initiated between the device and the access point. Elliptic
Curve Cryptography is employed during this phase to
establish trust and securely exchange cryptographic keys.
The use of elliptic curve-based key exchange ensures high
security with reduced computational overhead, making the
approach suitable for wireless environments with limited
processing power. This step prevents unauthorized users
from entering the network and protects against
impersonation and man-in-the-middle attacks.

Once authentication is completed, a session key is generated
and shared securely between the communicating entities.
This session key is then used for symmetric encryption of
all transmitted data using the Advanced Encryption
Standard. AES is selected due to its strong resistance to
brute-force attacks and its efficiency in encrypting large
volumes of data. By encrypting all communication at the
data transmission level, the methodology ensures that
intercepted packets remain unreadable to passive attackers
attempting eavesdropping or traffic analysis. To further
enhance security, message integrity and authenticity are
maintained using hash-based authentication mechanisms.
These mechanisms verify that transmitted data has not been
modified during transmission and protect against replay
attacks. Any alteration in the message content is
immediately detected, and the affected communication
session is terminated. This step ensures that data integrity is
preserved throughout the wireless communication process.

https://www.computersciencejournals.com/ijccn

Key management is handled through periodic key renewal
and session expiration policies. Encryption keys are
refreshed at predefined intervals to minimise the risk of
long-term key exposure and reduce the effectiveness of
brute-force attacks. If suspicious activity or repeated
authentication  failures are detected, the system
automatically invalidates the session keys and blocks the
corresponding device from accessing the network. This
proactive security measure strengthens protection against
unauthorized  access  attempts.  Throughout  the
communication process, the framework continuously
monitors network activity to ensure compliance with
security policies. Only authenticated devices with valid
credentials are allowed to exchange encrypted data, and any
device failing authentication is immediately denied access.
By combining strong encryption, secure authentication, and
efficient key management, the proposed methodology
provides a comprehensive safeguarding solution for wireless
networks.

Overall, this cryptography-based methodology ensures
confidentiality, integrity, and access control in wireless
communication.  The integration of  asymmetric
cryptography for secure authentication and key exchange,
along with symmetric encryption for efficient data
protection, results in a balanced and robust security solution.
The proposed approach effectively mitigates passive attacks,
brute-force attempts, and unauthorized access while
maintaining performance suitable for modern wireless
networking environments.

Cryptography-based
Safeguarding
Methodology

Secure Wireless
Communication
Environment

Authentication
using ECC

Session Key
Generation

—~

\

Symmetric and
Authenlicity

- L ]
l Integrity and 1
L Maintenance )

Access Point

Fig 1: The diagram shows in Crptography based wireless security diagram.

4. Experimental Setup and Performance Evaluation:
This section describes the experimental configuration and
evaluation strategy used to validate the proposed
cryptography-based wireless security framework. The
evaluation focuses on analyzing security effectiveness,
computational efficiency, resistance to wireless attacks, and
overall network performance.

The experimental study was carried out in a simulated
wireless infrastructure network comprising multiple wireless
devices connected through a centralized access point. The
number of devices varied to observe scalability and
performance under different network densities. All
communication followed standard wireless operating
conditions, and constant bit-rate traffic was used to ensure
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consistent data transmission throughout the simulation. The
selected packet size and simulation duration reflect realistic
wireless communication scenarios.

Each wireless device was equipped with cryptographic
functionalities, including authentication, secure key
exchange, encryption, decryption, and integrity verification.
During the initial connection phase, devices were
authenticated using Elliptic Curve Cryptography, which was
chosen for its strong security guarantees and reduced
computational complexity. After successful authentication, a
symmetric session key was securely established between the
communicating entities.

Secure data transmission was achieved using the Advanced
Encryption Standard, which encrypted all data packets to
ensure confidentiality and protection against brute-force
attacks. Message integrity and authenticity were preserved
using hash-based authentication mechanisms, allowing the
system to detect packet modification and replay attempts.
Session keys were periodically refreshed, and automatic
session expiration mechanisms were enforced to reduce long
term key exposure.

To assess robustness, the network was subjected to various
attack scenarios, including passive eavesdropping, brute-
force attacks, unauthorized access attempts, man-in-the-
middle attacks, and replay attacks. The performance of the
proposed framework was compared against a baseline
wireless system without integrated cryptographic protection
under identical experimental conditions.

Performance evaluation was conducted using security,
efficiency, and network-level indicators.  Security
performance was assessed through authentication reliability,
unauthorized  access  detection  capability,  data
confidentiality, and integrity verification accuracy.
Computational efficiency was measured by analyzing
authentication latency, encryption and decryption overhead,
and end-to-end communication delay. Network performance
was evaluated using throughput, packet loss rate, and jitter
to understand the impact of security operations on
communication quality.

Table 1: Experimental Parameters and Evaluation Metrics

Category Parameter / Metric Description

Network Setup [Number of wireless devices| Varies to evaluate scalability

Centralised authentication

Network Setup entity

Access point

Cryptography | Authentication technique | Elliptic Curve Cryptography

Advanced Encryption

Cryptography | Data encryption algorithm Standard

Hash-based message

Cryptography Integrity mechanism authentication
Key . . -
Management Session key renewal Periodic key refresh

Successful device

Security Metric | Authentication success rate authentication

Unauthorized access

Security Metric Blocking illegitimate devices

detection
Ef'Clme_n ey Authentication latency Time for secure access
etric
Efficiency . S Cryptographic processing
Metric Encryption/decryption time delay

Network Metric Throughput Successful data delivery rate

Dropped packets during

Network Metric Packet loss

transmission
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Discussion

The parameters and metrics summarized in Table 4.1
provide a structured foundation for evaluating the proposed
security framework. The selected cryptographic parameters
ensure strong protection against common wireless attacks
while maintaining low computational overhead. The defined
performance metrics allow a comprehensive analysis of both
security effectiveness and network efficiency. This
integrated evaluation approach ensures that the proposed
framework achieves a balanced trade-off between robust
security and acceptable communication performance.

5. Results Analysis and Comparative Evaluation

This section analyses the experimental results obtained from
the proposed cryptography-based wireless security
framework and presents a comparative evaluation against
existing wireless security solutions. The comparison
highlights improvements in security strength, attack
resistance, computational efficiency, and network
performance. The experimental evaluation shows that the
proposed framework achieves a consistently high
authentication  success rate, effectively preventing
unauthorised access under all tested attack scenarios.
Existing security solutions that rely on static credentials or
single-layer authentication mechanisms demonstrate lower
access control reliability, particularly when subjected to
impersonation and replay attacks. The use of elliptic curve-
based authentication in the proposed framework ensures
secure and lightweight device verification, resulting in
improved access control. With respect to data
confidentiality, the proposed framework provides stronger
protection than conventional security mechanisms. While
traditional solutions may encrypt only partial data or rely on
outdated encryption schemes, the proposed approach
employs full data encryption using the Advanced
Encryption Standard. As a result, intercepted wireless
packets remain unreadable, significantly reducing the risk of
passive eavesdropping.

The proposed framework also exhibits enhanced resistance
to brute-force attacks compared to existing methods.
Conventional wireless security approaches often utilize
long-term static keys, which increase vulnerability to
repeated key-guessing attempts. In contrast, the proposed
framework incorporates periodic session key renewal and
automatic key invalidation, thereby reducing key exposure
time and limiting attack effectiveness. Protection against
man-in-the-middle and replay attacks is further strengthened
through hash-based message authentication. Existing
solutions frequently lack robust integrity verification,
allowing attackers to alter or resend packets without
immediate detection. The proposed framework effectively
detects such anomalies and terminates compromised
sessions, ensuring data integrity and authenticity.

From a performance perspective, the proposed framework
introduces a small increase in authentication latency due to
cryptographic processing. However, this overhead is limited
to the initial connection phase. During continuous data
transmission, the use of symmetric encryption ensures
efficient operation, resulting in network throughput and
packet loss rates comparable to existing secure wireless
solutions.
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Table 2: Comparative Analysis with Existing Wireless Security Methods.

. Traditional WPA/WPA2-Based Public-Key-Only Security Proposed Cryptography-Based
Feature / Metric Security Schemes Framework
Authentication Method Pre-shared keys / password-based RSAor SIST;]Iearrnzzymmetrlc ECC-based mutual authentication
Encryption Technique TKIP / AES (limited scope) Asymmetric encryption AES-based symmetric encryption
Key Management Static or infrequent updates High computational overhead Periodic session key renewal
Resistance to . .
Eavesdropping Moderate High Very high
Brute-Force Attack -
Protection Limited Moderate Strong
Man-in-the-Middle Partial Moderate Strong
Protection
Replay Attack Detection Limited Partial High
Authentication Latency Low High Low-moderate
Computational Overhead Low High Low
Network Throughput Low High Minimal
Impact
Scalability Moderate Limited High

Discussion of Comparative Results

The comparison presented in Table 2 clearly demonstrates
that the proposed framework outperforms existing wireless
security solutions across most evaluation metrics. Unlike
traditional WPA/WPAZ2-based systems, which suffer from
static key vulnerabilities, the proposed framework employs
dynamic session key management to enhance security.
Compared to public-key-only approaches, the proposed
method significantly reduces computational overhead by
limiting asymmetric cryptography to the authentication
phase and relying on efficient symmetric encryption for data
transmission. Overall, the proposed cryptography-based
wireless security framework offers a balanced solution that
combines strong protection against wireless attacks with
efficient computational and network performance, making it
well-suited  for  modern  wireless communication
environments.

6. Conclusion

This research presented a cryptography-based security
framework designed to enhance the protection of wireless
communication systems against common security threats.
The proposed approach integrates elliptic curve
cryptography for secure authentication and key exchange
with symmetric encryption for efficient data protection,
addressing critical challenges related to unauthorized access,
passive eavesdropping, brute-force attacks, and message
manipulation. The experimental evaluation demonstrated
that the proposed framework achieves strong security
performance while maintaining acceptable computational
and network efficiency. Secure device authentication
effectively prevented unauthorized network access, while
full data encryption ensured confidentiality even under
active eavesdropping conditions. The incorporation of
message integrity  verification and proactive key
management mechanisms further strengthened the system’s
resilience against man-in-the-middle and replay attacks.
Comparative analysis with existing wireless security
solutions showed that the proposed framework provides
superior attack resistance and more effective access control
with lower computational overhead. By limiting asymmetric
cryptographic operations to the authentication phase and
employing efficient symmetric encryption for data
transmission, the framework achieves a balanced trade-off
between security strength and performance. Network-level
evaluation confirmed that the additional security

mechanisms introduced only a minimal impact on
throughput and packet delivery, making the solution suitable
for practical wireless environments. Overall, the proposed
cryptography-based framework offers a robust and scalable
security solution for modern wireless networks. Its ability to
combine strong authentication, efficient encryption, and
adaptive key management makes it well-suited for
deployment in environments where both security and
performance are critical. Future work may focus on
extending the framework to support heterogeneous network
architectures, integrating intrusion detection mechanisms,
and evaluating performance under large-scale real-world
deployments.
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