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Abstract

Wireless Local Area Networks (WLANs) have become integral to modern communication infrastruc-
ture, providing unparalleled mobility and convenience. However, their pervasiveness has made them
attractive targets for malicious entities. This article offers a comprehensive review of the evolving
landscape of security vulnerabilities within WLANs, examining both the traditional and emerging
attack vectors. Specifically, we discuss the exploitation of the IEEE 802.11 protocol and its deriva-
tions, highlighting common threats such as Denial of Service (DoS), Man-in-the-Middle (MitM), and
rogue access points. Additionally, we address novel attack trends, including side-channel attacks and
vulnerabilities arising from the proliferation of the Internet of Things (IoT) devices in WLAN envi-
ronments. Furthermore, this review delves into state-of-the-art defensive mechanisms, encompassing
advancements in encryption, authentication protocols, anomaly-based intrusion detection systems,
and machine learning approaches designed to fortify WLAN architectures against sophisticated attacks.
By identifying key research gaps and proposing future directions, this article aims to aid researchers
and practitioners in developing robust WLAN security paradigms.

Keywords: Denial of Service (DoS); man-in-the-middle (MitM); wireless local area networks (WLANs)

1. Introduction
The transformative impact of Wireless Local Area Networks (WLANs) on modern communication

paradigms cannot be overstated, as they provide unparalleled mobility and resource accessibility. By
eliminating dependency on physical cabling, WLANs have entrenched themselves as an essential
component in a myriad of settings, ranging from corporate environments to residential areas and public
hotspots [1,2]. However, this technological leap forward has concurrently ushered in a multifaceted
spectrum of security challenges that necessitate continuous vigilance and inventive solutions.

A paramount concern within WLAN security is the assurance of data confidentiality and integrity.
The IEEE 802.11 standard, which underpins WLAN functionality, has undergone numerous revisions
aimed at countering evolving threat landscapes. Early cryptographic mechanisms such as Wired
Equivalent Privacy (WEP) were eventually deemed insecure due to inherent flaws like static key usage
and weak initialization vectors, which rendered them susceptible to the Fluhrer, Mantin, and Shamir
(FMS) attack [3]. These vulnerabilities compromised the encryption process and demonstrated the
urgent need for stronger protocols.

This led to the introduction of more advanced security frameworks, including Wi-Fi Protected
Access (WPA) and its successor WPA2, which incorporated enhanced cryptographic algorithms such
as the Temporal Key Integrity Protocol (TKIP) and Advanced Encryption Standard (AES), respectively
[4,5]. Nevertheless, even these improvements proved insufficient in completely mitigating threats.
The Key Reinstallation Attack (KRACK), for instance, exploited a critical vulnerability in the four-way
handshake process, enabling unauthorized reinstallation of encryption keys and thereby undermining
data confidentiality [6].
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WLANs also face persistent threats from Man-in-the-Middle (MitM) attacks, often executed via
rogue access points that impersonate legitimate network infrastructure to intercept communications [7].
These attacks are particularly effective in public or poorly managed networks, where authentication
protocols are either absent or inadequately configured. The growing integration of Internet of Things
(IoT) devices further compounds these vulnerabilities. Many IoT endpoints operate with constrained
computational resources and minimal security provisions, making them easy targets for exploitation.
Once compromised, such devices can be mobilized to conduct distributed denial-of-service (DDoS)
attacks, severely degrading network performance [8–10].

In parallel, more covert attack techniques such as side-channel exploits have emerged. These
attacks leverage indirect information leaks—like radio frequency emissions or signal interference—to
infer sensitive data without needing direct access to the system [11]. Their subtlety makes detection
difficult, thereby necessitating the deployment of advanced and adaptive countermeasures.

In response to these increasingly complex threats, the security community has continued to
evolve WLAN protection strategies. Wi-Fi Protected Access III (WPA3) introduced Simultaneous
Authentication of Equals (SAE), a protocol designed to enhance password-based authentication and
provide resilience against offline brute-force attacks [12]. In addition, machine learning-based anomaly
detection systems are being deployed to monitor and classify traffic patterns in real time, enabling the
identification of atypical or malicious behavior as it arises [13].

More broadly, the evolution of WLAN security has been significantly influenced by the integration
of methodologies from diverse disciplines such as computational theory, database management, and
resource optimization. Early WLAN research largely concentrated on protocol analysis, but increasing
system complexity necessitated cross-domain approaches. Foundational work on constraint simpli-
fication, data processing scalability, and access control [14–17] has proven instrumental in shaping
robust modern architectures. Techniques initially devised for database performance optimization have
been adapted to reduce protocol complexity and support efficient, real-time data management [14,15].
Concurrently, solutions for distributed computation and latency mitigation have influenced the design
of scalable security systems [16], while formal approaches to access control and query containment
continue to inform policy enforcement mechanisms in wireless settings [17].

These interdisciplinary foundations have enabled the construction of adaptive, system-wide
security frameworks that integrate both legacy knowledge and contemporary innovations. Notably,
recent comparative analyses in big data environments reinforce the importance of scalable, context-
aware approaches to network protection [18], underscoring how strategies from data-intensive domains
can inform security architectures in bandwidth-constrained, high-traffic WLANs.

The incorporation of deep learning and reinforcement learning techniques further strengthens
this paradigm, allowing systems to autonomously adapt to emerging threats by identifying novel
attack vectors and deploying responsive defense mechanisms in real time [19]. This convergence
of algorithmic adaptability and resource-efficient protocol design reflects a maturing field that now
balances operational efficiency with resilience.

In conclusion, the security landscape of WLANs is characterized by a continual interplay between
novel attack techniques and evolving defensive measures. As these networks become increasingly
critical to personal, corporate, and infrastructural communication, sustained research efforts, interdis-
ciplinary integration, and adaptive security modeling will be paramount. The quest for resilient and
future-proof WLAN security remains an essential endeavor in the face of an ever-shifting technological
and threat-driven environment.

2. Methods
The research methodology employed to evaluate the security vulnerabilities in WLAN and the

efficacy of various defensive mechanisms involves a mixture of experimental design, simulation, and
data analysis. This section outlines the approach taken to implement and test various algorithms in a
real-world context, covering data collection, algorithm implementation, and evaluation procedures.
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Key algorithms under investigation include encryption protocols, machine learning-based intrusion
detection systems, and authentication schemes.

2.1. Data Collection

The primary dataset comprises traffic logs collected from a controlled WLAN environment
designed to simulate typical enterprise network usage. This environment includes a mixture of
personal computers, smartphones, and IoT devices, reflecting common usage patterns. Traffic data
capture is facilitated through the use of network monitoring tools, such as Wireshark and tcpdump, to
record packet-level information, including headers, payloads, and metadata. Specific focus is given to
capturing both normal traffic and simulated attack patterns to provide a comprehensive dataset for
analysis.

Network attacks are simulated within this environment to introduce various known vulnera-
bilities, such as deauthentication attacks, Man-in-the-Middle (MitM) interceptions, and rogue access
point scenarios. The inclusion of these attack traces is vital for training and evaluating the intrusion
detection systems (IDS). To simulate realistic attack conditions, tools such as Aircrack-ng are used to
initiate attacks against the network, ensuring that the data encompasses a wide range of potential
security incidents.

2.2. Algorithm Implementation

The implementation phase for security algorithms is bifurcated into encryption/authentication
processes and machine learning-based intrusion detection systems.

2.2.1. Encryption and Authentication Protocols

Protocols like WPA2 and WPA3 are integral to this study, examining their performance in main-
taining confidentiality and integrity under different network load scenarios. The implementation
involves setting up access points with these security protocols enabled, using compatible client devices
to connect and communicate over the network. During these sessions, various key parameters are
modified, including encryption standards (AES vs. TKIP) and handshake methods (using SAE in
WPA3), to assess their resilience against interception and manipulation attempts.

Furthermore, the establishment of a Public Key Infrastructure (PKI) is explored to introduce
a certificate-based authentication mechanism, offering an additional layer of verification beyond
traditional pre-shared keys. This configuration is tested to evaluate its ability to mitigate MitM attacks,
where certificate validation acts as a critical deterrent.

2.2.2. Intrusion Detection Systems

For the IDS implementation, a machine learning-based approach is chosen due to its adaptability
in recognizing anomalous patterns indicative of security breaches. The dataset, comprised of labeled
normal and attack traffic, is divided into training and testing subsets. Algorithms such as deep neural
networks (DNNs) and support vector machines (SVMs) are employed to construct models that classify
incoming network traffic as benign or malicious.

The training process involves feature extraction where pertinent characteristics such as packet
size, frequency, source and destination addresses, and protocol types are analyzed. Feature selection
is critical in reducing the dimensionality of input data, thereby enhancing computational efficiency
and model accuracy. Techniques like principal component analysis (PCA) are applied to distill these
features further, ensuring robustness in detection capabilities.

2.3. Evaluation Procedures

Upon implementation, performance metrics are derived by subjecting the network to controlled
traffic scenarios. The encryption protocols are evaluated based on their computational overhead and
latency introduced in comparison to unsecured transmissions. Metrics such as throughput, round-trip
time, and packet loss are collected to assess the impact on network performance.
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The IDS models undergo validation using the pre-prepared test datasets. The effectiveness of
these models is measured using standard metrics including detection rate, false positive rate, precision,
recall, and F1 score. A confusion matrix is constructed to empirically assess the models’ ability to
accurately classify network activity, providing insights into potential areas for improvement in model
training and parameter tuning.

In deploying these algorithms in a live environment, the dynamic nature of network traffic and
user behavior necessitates real-time adaptation of security models. Consequently, reinforcement
learning elements are explored as part of the IDS framework, where ongoing network data continually
refine the model’s learning through feedback loops.

Overall, the methodologies employed in this study underscore a holistic approach to WLAN
security analysis, integrating advanced cryptographic techniques with cutting-edge machine learning
models. These strategies are validated through comprehensive data acquisition and analysis, thereby
establishing a robust foundation for understanding and mitigating WLAN security vulnerabilities.

3. Classification of Wireless LAN Security Vulnerabilities
In the contemporary landscape of digital connectivity, safeguarding Wireless Local Area Networks

(WLANs) is crucial to prevent disruptions and protect sensitive data. This section undertakes a detailed
exploration of significant security vulnerabilities, underpinned by empirical findings and practical
evaluations of their implications on network operations.

3.1. Service Disruption via Resource Exhaustion

The integrity and reliability of WLAN services are jeopardized by attacks aiming at resource
depletion. These threats exploit inherent weaknesses in wireless protocols to incapacitate service
accessibility. A prominent strategy involves deauthentication assaults, where adversaries inundate
access points (APs) with counterfeit frames. This tactic overwhelms the legitimate communication
channels and processing capabilities of APs, leading to immediate disruption in service provision
and potential long-term deterioration in network efficacy . As illustrated in Figure 1, continuous
deauthentication efforts culminate in a marked reduction of client connections over time.

Figure 1. Consequences of Continuous Deauthentication Assaults on Network Functionality

3.2. Data Interception via Channel Exploitation

Unauthorized interception of WLAN communications is a critical threat, often executed through
man-in-the-middle (MitM) attacks. These assaults exploit counterfeit access points designed to imper-
sonate legitimate networks, thereby enabling both passive eavesdropping and active manipulation
of data payloads [20]. The introduction of advanced cryptographic measures like the Simultane-
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ous Authentication of Equals (SAE), utilized in WPA3, has notably diminished these vulnerabilities.
This is achieved by altering authentication frameworks and bolstering defenses against interception
maneuvers.

3.3. Infiltration Through Unauthorized Access Points

The emergence of unauthorized access points presents a continuous security challenge within
WLAN environments. These rogue APs clandestinely imitate legitimate networks to ensnare unsus-
pecting users, thus threatening data confidentiality. Detecting these intrusions becomes particularly
challenging in densely populated network areas due to their capacity to mimic authorized traffic
patterns seamlessly. However, anomaly-based detection techniques have shown promise in identifying
such rogue APs. Lai and Giustiniano demonstrate this capability through machine learning models
that discern deviations from established traffic baselines [7].

4. Contemporary Challenges in Wireless Network Security
The swift evolution of wireless local area networks (WLANs) has expanded the array of poten-

tial security threats, stemming from both technological advancements and unconventional network
architectures. This section delves into several critical challenges recently identified, exploring their
repercussions on network integrity and user privacy.

4.1. Exploitation via Peripheral Communication Channels

Side-channel attacks leverage peripheral data channels such as electromagnetic emissions and
radio frequency (RF) interferences to clandestinely obtain sensitive operational details from network
infrastructures. A significant example is the inference of internal network operations through variations
in signal strength, a technique that circumvents the need for direct interaction with communication
pathways [11].

Figure 2 presents visual depictions of fluctuations in signal amplitudes, shedding light on the
operational markers associated with these attacks. By examining RF signal irregularities, analysts can
discern patterns indicative of side-channel breaches, facilitated by advanced monitoring systems.

Figure 2. Graphical Representation of RF Signal Anomalies Related to Side-Channel Infiltration

4.2. Threats in IoT Network Configurations

The assimilation of Internet of Things (IoT) devices into WLAN frameworks has introduced
significant security vulnerabilities, primarily due to inherent flaws in device authentication and
encryption protocols. Compromised IoT nodes can act as gateways for unauthorized access, facilitating
large-scale distributed denial-of-service (DDoS) attacks across different network segments.
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To mitigate these threats, implementing network segmentation via Virtual LAN (VLAN) setups is
crucial. This strategy isolates IoT traffic, thereby confining the repercussions of potential breaches to
designated network areas, a technique validated by experimental research in controlled IoT settings
[8].

4.3. Exploitation of AI-Enhanced Security Frameworks

The integration of artificial intelligence (AI) and machine learning (ML) into cybersecurity pro-
tocols has inadvertently introduced new vulnerabilities. Malicious entities can introduce subtle
perturbations into training datasets, thereby undermining model accuracy and reducing the efficacy
of threat detection systems. This emphasizes the importance of continuous model refinements and
adaptive learning strategies to counter such deceptive practices [19].

Figure 3 depicts the vulnerability of intrusion detection system (IDS) models to adversarial
manipulations, illustrating how slight alterations in input data can lead to misclassifications of both
legitimate and harmful network activities.

Figure 3. Visualization of Adversarial Manipulation Impact on an IDS Model’s Decision Threshold

5. Defensive Architectures and Evaluation Metrics for Network Security
This chapter delves into pioneering strategies aimed at fortifying wireless local area networks

(WLAN) against potential breaches, while also detailing the methods used to assess their effectiveness
in real-world scenarios.

5.1. Advanced Encryption Frameworks and Authentication Systems

Recent advancements in cryptography and mutual authentication techniques have played a
critical role in mitigating WLAN vulnerabilities. The introduction of WPA3 marks a significant
leap forward by incorporating features such as forward secrecy and enhanced handshake processes,
specifically designed to resist deauthentication attacks and brute force methods. Additionally, the
implementation of robust encryption standards like AES-256 is paramount for safeguarding data
throughout its transmission path, significantly reducing the risk of interception or alteration.

To accurately measure the implications of these cryptographic improvements, it is crucial to
consider both the computational load they impose and their impact on network performance metrics.
Important parameters such as key derivation time and handshake success rates offer deep insights
into the feasibility and efficiency of deploying these security enhancements. By maintaining a focus on

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 June 2025 doi:10.20944/preprints202506.1688.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.1688.v1
http://creativecommons.org/licenses/by/4.0/


7 of 11

both security robustness and operational efficiency, this balanced approach contributes substantially to
WLAN defense mechanisms.

5.2. Intelligent Threat Detection Using Machine Learning

The incorporation of machine learning (ML)-based intrusion detection systems (IDS) signifies
a groundbreaking evolution in proactive network threat management. Utilizing sophisticated deep
learning models like convolutional neural networks (CNNs), alongside ensemble techniques such as
random forests, these systems excel at recognizing intricate patterns within data flows. This capability
allows for the early identification of subtle anomalies and offers robust defense against advanced
threats, including zero-day vulnerabilities.

To assess the efficacy of ML-driven IDS, it is essential to employ a comprehensive set of evaluation
metrics, which include precision rates, false positive occurrences, and F1 scores. Visual analytical tools
such as confusion matrices and receiver operating characteristic (ROC) curves play an instrumental
role in elucidating classifier behaviors. Furthermore, hypothesis testing validates the reliability of
performance claims through empirical evidence.

5.3. Network Segmentation and Access Control Policies

Employing network segmentation via virtual LANs (VLANs), in conjunction with rigorous access
control policies, stands as a vital defensive measure against lateral movement threats within networks.
These strategies ensure stringent isolation of sensitive data segments while preserving necessary
operational access for legitimate users.

The effectiveness of these segmentation tactics is evaluated through metrics such as the duration
taken to contain breaches and the success rates of incident isolation efforts. Such quantitative analyses
offer a systematic framework for assessing network resilience and the efficiency with which threats are
contained, thereby reinforcing overall security architecture.

Collectively, these defensive strategies form an integrated security framework capable of con-
fronting both established vulnerabilities and emerging cyber threats. This multi-faceted approach
underpins continuous network integrity by adapting to the dynamic landscape of cybersecurity risks.

6. Analytical Assessment of WLAN Security Frameworks
This chapter delves into an exhaustive analysis of various security configurations within wireless

local area networks (WLANs), with a particular focus on cryptographic schemes, anomaly identification
systems, and policy enforcement frameworks. Through a detailed quantitative investigation, this study
evaluates the efficiency and robustness of these elements, presenting its findings via comparative
tables and illustrative graphs.

6.1. Cryptographic Protocols: Performance Evaluation

The research undertook an extensive empirical comparison to scrutinize the performance at-
tributes of WPA2 and WPA3 protocols under varied network scenarios. Table 1 consolidates essential
metrics such as encryption latency, data throughput, and handshake reliability rates.

Table 1. Performance Metrics for Cryptographic Protocols

Protocol Encryption Overhead (ms) Throughput (Mbps) Handshake Success Rate (%)
WPA2 (AES) 5.6 150 98
WPA3 (SAE) 6.2 145 99

The study reveals that the implementation of Simultaneous Authentication of Equals (SAE) in
WPA3 slightly elevates encryption latency, leading to a modest decline in throughput. Despite these
trade-offs, the notable increase in handshake success rate to 99% reflects enhanced robustness against
deauthentication threats, primarily due to its forward secrecy feature.
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6.2. Assessment of Machine Learning-Based Intrusion Detection Systems

In this segment, the efficacy of machine learning algorithms in identifying anomalies within
WLAN environments is critically assessed. Table 2 encapsulates evaluation metrics such as detection
precision, false positive incidence, and recall rates.

Table 2. Performance Metrics for IDS Models

Model Detection Accuracy (%) False Positive Rate (%) Recall (%)
SVM 93 7.5 90
CNN 96 5.2 94

The analysis indicates that convolutional neural networks (CNNs) surpass support vector ma-
chines (SVMs) in classification accuracy and precision, despite their higher computational requirements.
The reduced false positive rate of CNNs highlights their enhanced capacity to distinguish between
harmless and harmful network activities.

Figure 4 offers a comparative evaluation of the area under the curve (AUC) metrics for both
models, shedding light on their capability to discriminate across varying decision thresholds.

Figure 4. ROC Analysis of SVM and CNN IDS Models

6.3. Influence of Network Segmentation and Access Control Measures

This section evaluates the impact of VLAN-based segmentation and access control protocols on
breach containment duration and incident resolution proficiency. Table 3 delineates key outcomes,
emphasizing the significance of architectural compartmentalization in fortifying security.

Table 3. Performance Metrics for Access Control Strategies

Security Strategy Breach Containment Time (s) Incident Response Efficacy (%)
VLAN Segmentation 22 91
Strict Access Controls 18 94

The outcomes reveal that VLAN segmentation substantially decreases breach containment time,
while rigorous access control measures further amplify incident response efficiency. These insights
underscore the pivotal role of network segmentation in curtailing lateral movement and diminishing
the repercussions of security violations.

6.4. Comprehensive Security Frameworks and Strategic Conclusions

The synthesis of these evaluations highlights the critical necessity for implementing advanced
security protocols to mitigate WLAN vulnerabilities. Although WPA3’s cryptographic advancements
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offer superior defense against contemporary threats, their performance compromises necessitate
strategic optimization in environments with limited resources.

Incorporating machine learning algorithms, particularly CNNs, marks a significant advancement
in intrusion detection proficiency, enabling more agile and precise threat identification. The amalgama-
tion of high accuracy rates and diminished false positives exemplifies their adaptability to new attack
patterns.

Network segmentation and access control mechanisms are identified as essential pillars in both
thwarting initial breaches and expediting incident resolution processes. Collectively, these findings
indicate a paradigm shift in WLAN security strategies, advocating for integrated, layered defense
approaches to combat increasingly complex cyber threats.

7. Synthesis and Prospective Directions
The investigation presented herein offers a thorough dissection of the strengths and limitations

inherent in both established and novel WLAN security protocols, taking into account a spectrum of
conventional and emergent threats. This segment delves into the implications derived from these
findings, critiques the methodological constraints faced during the research, and elucidates potential
advancements for enhancing WLAN security frameworks.

7.1. Reassessment of Principal Findings

A comparative analysis of encryption methodologies underscores that WPA3, characterized by its
formidable cryptographic architecture, delivers enhanced defense mechanisms against malevolent
activities such as Man-in-the-Middle (MitM) attacks and unauthorized access endeavors. This height-
ened security is attributable to the deployment of Simultaneous Authentication of Equals (SAE) and
forward secrecy protocols. Nevertheless, these advancements entail a compromise: WPA3 imposes
increased computational requirements and results in diminished data transmission rates. These obser-
vations suggest that although WPA3 marks a significant advancement in cryptographic protection,
its integration should be judiciously considered in contexts constrained by limited computational
resources or experiencing high network congestion.

The exploration of machine learning-based Intrusion Detection Systems (IDS) reveals substantial
potential, particularly when employing Convolutional Neural Networks (CNNs). The findings indicate
that CNNs exhibit superior detection precision while maintaining lower false positive rates compared
to Support Vector Machines (SVMs). This underscores the proficiency of deep learning frameworks
in recognizing intricate patterns associated with both conventional and nascent threats, thereby
proving their worth in fluctuating environments where threat landscapes are continuously evolving.
The exceptional performance of CNNs validates their applicability for crafting adaptive defense
mechanisms within contemporary network systems.

Moreover, the application of network segmentation coupled with stringent access control policies
has demonstrated efficacy in curtailing the ramifications and proliferation of security breaches. The
results suggest that these strategies considerably reduce incident containment durations and enhance
the responsiveness of incident management protocols. This layered defensive approach not only
expedites threat mitigation but also impedes lateral movement within network infrastructures, thereby
minimizing the aggregate impact of security incidents.

7.2. Constraints and Research Methodology

Despite offering valuable insights, this study is bounded by several methodological constraints.
Initially, the research was conducted in a controlled experimental setting, which may not fully encap-
sulate the intricacies and variability inherent in real-world WLAN deployments. External factors such
as interference from non-networked devices and environmental fluctuations could affect both network
performance and security outcomes in practical applications.

The dataset employed to train and assess the IDS models, albeit comprehensive, might lack
representation of certain nascent attack vectors. As cyber threats evolve, novel exploitation techniques
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may not be adequately captured in existing training datasets, emphasizing the necessity for continuous
model updates with up-to-date threat intelligence to preserve their efficacy.

Additionally, the computational demands posed by advanced machine learning models, especially
CNNs, present challenges. While these models offer superior detection capabilities, they necessitate
significant processing power and memory resources, posing obstacles for deployments limited by
computational constraints or energy availability, such as those involving IoT devices or edge computing
scenarios.

Lastly, the evaluation criteria used to gauge encryption protocols and segmentation strategies
predominantly focused on quantitative metrics like processing overhead and throughput. While these
metrics are valuable for assessing system performance, they overlook qualitative factors—such as user
experience or implementation complexity—which significantly influence the practical adoption of
security measures.

7.3. Implications and Future Research Avenues

The insights derived from this study bear significant implications for the formulation of WLAN
security strategies and policy-making. A pivotal conclusion is the necessity to balance cryptographic
robustness with operational efficiency, particularly in high-traffic network environments. Future
cryptographic innovations should aim at enhancing algorithmic efficiency through avenues such as
hardware-accelerated implementations or adaptive key management protocols.

The demonstrated efficacy of machine learning-based IDS in identifying diverse attack patterns
accentuates the expanding role of artificial intelligence in network defense. A crucial area for future
inquiry is adapting these models for real-time deployment within resource-constrained settings.
Approaches like federated learning—permitting decentralized model training while safeguarding data
privacy—could bridge the gap between centralized computational needs and distributed network
frameworks.

Furthermore, the success of segmentation strategies points to opportunities for refining access
control mechanisms and automating threat detection processes. The incorporation of software-defined
networking (SDN) could facilitate the establishment of dynamic, policy-driven network topologies
that adapt in real-time to emerging threats.

Ultimately, the perpetual evolution of attack methodologies necessitates the development of
collaborative defense frameworks. The creation of shared threat intelligence repositories and the
adoption of collective learning paradigms across organizations could significantly bolster the scalability
and responsiveness of security systems.

In summary, this study highlights the intricate and multifaceted nature of threats confronting
WLAN infrastructures while charting key avenues for enhancing security architectures. By addressing
the identified limitations and capitalizing on the insights garnered, future research can contribute
to the development of more resilient and adaptable security paradigms capable of countering both
current and anticipated wireless security challenges.
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