QL International Journal of Advances in Engineering and Management (IJAEM)
‘Fﬂ' Volume 7, Issue 03 Mar. 2025, pp: 05-13 www.ijaem.net

IJAEM

Ai-Powered Cybersecurity Framework for
Secure Data Transmission in lot Network

Aashish Mishra

Date of Submission: 01-03-2025

Date of Acceptance: 10-03-2025

ABSTRACT

Internet of Things security is attracting a growing
attention from both academic and industry
communities. Indeed, 0T devices are prone to
various security attacks varying from Denial of
Service (DoS) to network intrusion and data
leakage. This paper presents a novel machine
learning (ML) based security framework that
automatically copes with the expanding security
aspects related to loT domain. This framework
leverages both Software Defined Networking
(SDN) and Network Function Virtualization (NFV)
enablers for mitigating different threats. This Al
framework combines monitoring agent and Al-
based reaction agent that use ML-Models divided
into network patterns analysis, along with anomaly-
based intrusion detection in loT systems. The
framework exploits the supervised learning,
distributed data mining system and neural network
for achieving its goals. Experiments results
demonstrate the efficiency of the proposed scheme.
In particular, the distribution of the attacks using
the data mining approach is highly successful in
detecting the attacks with high performance and
low cost. Regarding our anomaly-based intrusion
detection system (IDS) for loT, we have evaluated
the experiment in a real Smart building scenario
using one-class SVM. The detection accuracy of
anomalies achieved 99.71%. A feasibility study is
conducted to identify the current potential solutions
to be adopted and to promote the research towards
the open challenges. The rapid proliferation of the
Internet of Things (10T) has introduced significant
security challenges, particularly in ensuring secure
data transmission across interconnected devices.
Traditional security approaches struggle to keep up
with the evolving threat landscape due to the
dynamic and resource-constrained nature of loT
networks. This paper proposes an Al-powered
cybersecurity framework that integrates machine
learning (ML), deep learning (DL), and anomaly
detection techniques to enhance data security in
0T environments. The framework employs real-
time threat detection, adaptive encryption, and
intelligent intrusion prevention to mitigate cyber

threats effectively. A combination of behavioral
analysis, network traffic monitoring, and Al-driven
predictive modeling is used to identify and prevent
malicious activities.

Keywords:  Al-powered  cybersecurity, 10T
security, secure data transmission, machine
learning, deep learning, anomaly detection, real-
time threat detection, adaptive encryption, intrusion
prevention, predictive modeling.

. INTRODUCTION

With the rapid development in the Internet
of Things (1oT), there have also been notable
difficulties in ensuring security in data transmission
over networks. 10T devices are prone to a cyber
attack ranging from DoS attacks, network breaches
and even data leakages due to their limited
processing and memory capabilities. To tackle
these issues, Al enhanced cybersecurity borders
systems have relativley shifted the paradigm by
adapting the more sophisticated Machine Learning
(ML), Software Defined Networking (SDN) and
Network Function Virtualization (NFV)1.

One of these frameworks, called
AI4SAFE-10T, emphasizes on the protection of the
edge layer of the 1loT infrastructure by
incorporating Al powered security modules into it.
The modules aim to receive and manage cyber
threats efficiently, hence forms the attribution of a
sufficient countermeasure, employing the Cyber
Kill Chain model of an attack. Likewise, the
employment of Al in smart city purposes models
utilizes the Black Network protocols and promise
key management techniques to strengthen the
security of the 1oTC communications at the city
level by limiting the attack zones and enabling the
protection from potential points of weaknesses.

Moreover, with the spread of attack zones
on a central point of control, the innovative
alteration of Al into conventional cryptography loT
systems and their enhanced data security provisions
comes to mind. These algorithms utilize the
transformation of three dimensional Arnold matrix
and quantum
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logic intelligent mapping to encrypt data,
thereby enhancing security performance and
resisting various types of cyber attack.
Additionally, frameworks like the FLEP Al
framework combine federated learning and
encryption to provide a two-tier security system for
data and model parameters in Industrial loT
environments.

In the healthcare sector, Al models
integrated with blockchain technology have been
shown to effectively detect and mitigate
cybersecurity vulnerabilities, ensuring secure and
tamper-proof data management. The integration of
Al with neural networks and fuzzy logic further
enhances the robustness of cybersecurity systems,
providing a multilayered defense strategy against
cyber threats.

Overall, Al-powered cybersecurity
frameworks offer a comprehensive approach to
securing data transmission in 1oT networks. By
leveraging Al technologies, these frameworks can
adapt to the dynamic and evolving nature of cyber
threats, providing robust and scalable security
solutions for 10T environments.

1. CURRENT LANDSCAPE IN CYBER-
PHYSICAL SECURITY FOR IIOT
The Industrial Internet of Things
represents a convergence of physical and digital
systems, offering immense potential to optimize
industrial processes. However, this integration also
exposes critical systems to sophisticated cyber
threats. Understanding the current landscape of
cyber-physical security in these systems is essential
for addressing existing challenges and identifying
areas where innovation is needed.

2.1 Review of Existing Security Frameworks
and Their Limitations

Traditional security frameworks have been
adapted to protect industrial systems from various
threats. These include perimeter defenses like
firewalls, intrusion detection systems, and
encryption protocols. While these measures
provide a baseline for securing industrial networks,
they were originally designed for conventional IT
systems and struggle to meet the unique demands
of industrial environments (Oladosu et al., 2021,
OlajideSojiOsundare, lke, Fakeyede,

&Ige, 2024a). Industrial networks often
consist of diverse and heterogeneous components,
including legacy systems with minimal or no
security features. This diversity creates blind spots
in traditional security frameworks, leaving
vulnerabilities that adversaries can exploit.

Additionally, most existing frameworks focus on
reactive measures— responding to attacks after
they occur—rather than preventing them. With the
rapid pace of evolving threats, this reactive
approach is insufficient to ensure comprehensive
protection (P. U. Ojukwu et al, 2024).
Furthermore, the operational requirements of
industrial systems, such as realtime data processing
and minimal downtime, limit the feasibility of
traditional measures that may introduce latency or
require frequent updates. As a result, existing
security frameworks often fail to address industrial
systems' dynamic and interconnected nature,
highlighting the need for more adaptive and
proactive solutions (lke et al., 2023).

2.2 Vulnerabilities in Critical Industrial Systems
and Emerging Threats

Industrial systems are highly susceptible
to cyber threats due to their interconnected nature
and reliance on networked devices. Common
vulnerabilities  include  weak authentication
protocols, insecure communication channels, and
inadequate device activity monitoring. Attackers
exploit these weaknesses to gain unauthorized
access, disrupt operations, or extract sensitive data.
Emerging threats further complicate the security
landscape. Advanced persistent threats, for
example, involve highly sophisticated and targeted
attacks that infiltrate networks and remain
undetected for extended periods. Ransomware
attacks have also increased in frequency, with
attackers locking critical systems and demanding
payment to restore functionality. Another
significant concern is the rise of supply chain
attacks, where adversaries target third-party
vendors or software updates to compromise
industrial systems (Akinade, Adepoju, Ige, Afolabi,
&Amoo, 2022; Austin-Gabriel et al., 2021) . These
vulnerabilities and threats pose risks to the digital
integrity of industrial systems and can have
physical consequences. Disruptions in energy grids,
transportation systems, or manufacturing facilities
can lead to safety hazards, economic losses, and
even national security concerns.

2.3  State-of-the-Art Al  Applications in
Cybersecurity for 11oT

Artificial intelligence transforms
cybersecurity by providing innovative tools to
detect and mitigate threats in real-time. Al
algorithms excel at analyzing large datasets
generated by industrial systems, identifying
anomalies, and predicting potential vulnerabilities
before they can be exploited. This proactive
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approach enhances the ability to safeguard critical
systems against known and unknown threats
(Oladosu et al., 2023). Machine learning models, a
subset of Al, are particularly effective in threat
detection. These models can analyze normal
behavior patterns in industrial networks and flag
deviations that may indicate malicious activity.
Deep learning, another advanced Al technique,
enables systems to recognize complex attack
patterns and adapt to new tactic. Al is also being
applied to automate incident response. By
integrating Al-powered systems into industrial
networks, organizations can reduce response times
and mitigate the impact of attacks. For instance, Al
can isolate compromised devices, block malicious
traffic, and notify operators of potential breaches in
real time. Additionally, Al-driven threat
intelligence platforms aggregate data from multiple
sources to comprehensively understand emerging
threats, enabling organizations to strengthen their
defenses proactively (Hussain et al., 2021,
Onoja&Ajala, 2023).

2.4 Gaps in Current Research and Industry
Practices

Despite the progress in applying Al to
cybersecurity, significant gaps remain in research
and implementation. One key challenge is the lack
of standardized frameworks for deploying Al in
industrial systems. Each industrial environment has
unique requirements and constraints, making it
difficult to design universal solutions. Another
limitation is the scarcity of high-quality data for
training Al models. Effective Al algorithms require
vast amounts of labeled data to learn and improve.
However, obtaining such data from industrial
networks is challenging due to privacy concerns,
the proprietary nature of systems, and the rarity of
recorded attacks (Alao, Dudu, Alonge, &Eze,
2024; OlajideSojiOsundare, lke, Fakeyede, &lge,
2024b). Moreover, there is often resistance to
adopting Al technologies in industrial settings.
Concerns about the reliability of Aldriven systems,
the potential for false positives, and the high cost of
implementation contribute to slow adoption.
Additionally, the integration of Al with legacy
systems presents technical hurdles that many
organizations are ill-equipped to overcome. Finally,
while Al can enhance security, it is not immune to
exploitation. Adversarial attacks that manipulate Al
models to produce incorrect results pose a growing
concern. Ensuring the robustness and transparency
of Al systems is critical for their successful
deployment in industrial environments (George,
Idemudia, &lge, 2024a).

In summary, the current landscape of
cyber-physical security for 1loT reveals both
advancements and challenges. Existing frameworks
provide a foundation for securing industrial
systems but fall short in addressing their unique
vulnerabilities. Emerging threats highlight the need
for proactive and adaptive solutions, while Al
offers promising tools to enhance security.
However, bridging the gaps in research and
practice is essential to realize the full potential of
Al-driven cybersecurity in protecting critical
industrial systems.

I11. AI-POWERED CYBERSECURITY:
TECHNIQUES AND
METHODOLOGIES

3.1 Key Al Technologies Used in Cyber-Physical

Security

Machine learning and deep learning are
among the most impactful Al technologies in
cyberphysical security. Machine learning leverages
statistical algorithms to identify patterns in data,
enabling systems to detect anomalies, predict
potential vulnerabilities, and enhance security over
time. For example, supervised learning models can
be trained using labeled data to recognize specific
types of threats, while unsupervised learning excels
at identifying previously unknown anomalies by
analyzing normal behavior patterns (Kingsley

David OnyewuchiOfoegbu, OlajideSojiOsundare,

ChidiebereSomadina  Ike,  Ololade  Gilbert

Fakeyede, &AdebimpeBolatitolge, 2024) . Deep

learning, a more advanced subset of machine

learning, uses neural networks to process large and
complex datasets. These networks are highly
effective at identifying intricate attack patterns and
can adapt to evolving threats by continuously
refining their models. For instance, deep learning
can analyze network traffic logs to identify
sophisticated attack vectors, such as zero-day
exploits or multi-stage attacks that bypass
traditional security defenses (Sarker, 2021). Natural
language processing (NLP) is another critical Al
technology that supports threat intelligence by
analyzing textual data, such as incident reports,
threat feeds, and communication logs, to identify
emerging threats. Similarly, reinforcement learning
is being explored to develop adaptive security
mechanisms capable of autonomously learning and
optimizing responses to changing attack strategies
(Ogunbiyi-Badaru, Alao, Dudu, &Alonge, 2024a;
P. Ojukwu et al., 2024).
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3.2 Methodologies for Vulnerability Detection
and Threat Mitigation

Al-powered methodologies are redefining
vulnerability detection and threat mitigation in
industrial environments. These approaches focus
on identifying potential weaknesses in systems and
proactively  addressing them to  prevent
exploitation. Anomaly detection is a core
methodology that uses machine learning to
establish baselines of normal system behavior. Any
deviation from this baseline is flagged as a
potential threat. For instance, unusual device
communication patterns or unexpected data traffic
increases may indicate a compromised system. This
approach is particularly effective in detecting
previously unknown threats, which traditional
signature-based methods often miss (Adebayo, Ige,
Idemudia, &Eyieyien, 2024). Predictive analytics is
another critical methodology, leveraging Al to
forecast vulnerabilities based on historical data and
current system conditions. By identifying patterns
associated with past incidents, predictive models
can alert operators to potential risks, enabling
preemptive action. For threat mitigation, Al-driven
response systems automate actions such as
isolating affected devices, blocking malicious
traffic, and updating security configurations in real
time. These systems operate with minimal human
intervention, reducing response times and limiting
the impact of attacks. Additionally, Al algorithms
support dynamic access control by continuously
evaluating the risk associated with users, devices,
and applications and adjusting permissions
accordingly (lge et al., 2022; Kingsley David
OnyewuchiOfoegbu, OlajideSojiOsundare,
ChidiebereSomadina  Ike,  Ololade  Gilbert
Fakeyede, &AdebimpeBolatitolge, 2024).

3.3 Case Studies or Examples of Successful Al
Applications in Cybersecurity

The application of Al in industrial
environments has demonstrated its potential to
revolutionize cybersecurity. One notable example
is the use of Al in securing energy grids. Advanced
Al algorithms monitor grid activity to detect
anomalies, such as unauthorized access attempts or
irregular power usage patterns. By doing so, these
systems prevent disruptions that could have
farreaching consequences for critical infrastructure.
Al has been successfully deployed in
manufacturing to protect connected machinery and
control systems. For instance, machine learning
models analyze sensor data from industrial
equipment to identify early signs of tampering or
malfunction. These insights allow operators to

address issues before they escalate, minimizing
downtime and preventing damage (Angelopoulos et
al., 2019). Another example is transportation,
where Al systems monitor and secure traffic
management networks. By analyzing data from
connected vehicles, sensors, and communication
networks, Al helps detect and mitigate cyber
threats that could compromise public safety. These
case studies highlight the versatility and
effectiveness of Al in addressing the unique
security  challenges of industrial systems,
emphasizing its role as an essential component of
modern cybersecurity strategies (Oladosu et al.,
2024; OlajideSojiOsundare, lke, Fakeyede, &lge,
2024c).

3.4 Challenges in Implementing Al-Driven
Solutions in Industrial Contexts

Despite its potential, implementing Al-
driven cybersecurity solutions in industrial
environments is challenging. One significant hurdle
is the integration of Al with existing systems, many
of which rely on legacy infrastructure. Adapting
these outdated systems to work with advanced Al
technologies often requires substantial investment
and technical expertise (Chukwurah, Ige, Idemudia,
&Eyieyien, 2024). Data scarcity is another critical
challenge. While Al models require large volumes
of high-quality data for training, industrial
organizations may be reluctant to share sensitive
information due to privacy concerns or competitive
considerations. Additionally, the rarity of labeled
datasets specific to industrial threats limits the
accuracy and effectiveness of Al algorithms (Ige,
Chukwurah, Idemudia, & Adebayo, 2024). There
are also concerns about the reliability and
transparency of Al systems. False positives, where
benign activities are misclassified as threats, can
disrupt operations and erode trust in Al-driven
solutions. Similarly, the "black-box" nature of
some Al models makes it difficult to explain their
decisions, posing challenges for compliance and
accountability in industrial settings. Finally,
adversarial attacks targeting Al systems themselves
are a growing concern. These attacks manipulate
input data to deceive Al algorithms, potentially
compromising their ability to detect threats.
Ensuring the robustness and resilience of Al
models against such attacks is an ongoing research
priority (Ogunbiyi-Badaru, Alao, Dudu, &Alonge,
2024b; Onoja&Ajala, 2022).

In conclusion, Al-powered cybersecurity
offers transformative capabilities for securing
critical systems against evolving threats. Its
vulnerability ~detection and threat mitigation
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methodologies have proven highly effective, with
successful applications across various industrial
sectors. However, addressing the challenges
associated with implementation, data availability,
and model robustness is essential for realizing the
full  potential of Al-driven solutions. By
overcoming these obstacles, industrial
organizations can build more resilient and secure
environments, safeguarding their operations and
assets in an increasingly connected world.

1V. Al AND CYBERSECURITY: CASE
STUDIES ANALYSIS

In the realm of cybersecurity,
Acrtificial Intelligence (Al) plays a pivotal role,
with its applications being a subject of frequent
inquiry. Al is harnessed to detect and thwart cyber
threats in real-time through its adept analysis of
patterns,  behaviors, and  anomalies. By
continually learning and adapting, Al elevates
security measures, enabling organizations to
proactively anticipate and  counteract the
strategies of cybercriminals. This transformative
technology has the capacity to prevent cyber-
attacks by actively monitoring network traffic,
identifying suspicious  activities, and
preemptively thwarting malicious attempts. Its
ability to process vast volumes of data and
discern patterns empowers Al to identify and
mitigate potential threats before they can inflict
damage.

The manifold benefits of integrating Al
into cybersecurity are substantial. Al augments
the capabilities of threat detection and response,
automates  security  protocols, reduces false
positives, and amplifies overall operational
efficiency. It empowers proactive measures,
minimizes human error, and fortifies
organizations against the ever-evolving cyber
threat landscape. By delving into large datasets
and discerning patterns in real-time, Al
enhances threat detection significantly. It not
only recognizes known threats but also
pinpoints unknown ones, equipping organizations
with rapid and effective responses. Al's ability
to learn and adapt continually positions it as a
potent tool in outmaneuvering cyber adversaries
.However, Al's role is not to replace human
cybersecurity professionals but to collaborate
with them. While Al automates specific tasks
and extends human capabilities, human
expertise remains irreplaceable in critical decision-
making, problem-solving, and strategic
development. The future of cybersecurity is set
to be deeply influenced by Al It will lead to

swifter threat identification and response, more

accurate prediction of emerging threats, and

streamlined security operations.

As Al evolves, cybersecurity will adopt
a more proactive, adaptable, and resilient stance
against the ever-changing landscape of cyber
threats.Al-powered cybersecurity constitutes the
application of artificial intelligence, machine
learning, and advanced algorithms to enhance the
identification, response, and mitigation of cyber
threats. Al excels at sifting through vast data
pools, rapidly detecting potential threats that
conventional methods might overlook. Yet, the use
of Al incybersecurity is not without risks.
Concerns encompass data privacy implications
due to extensive data processing and the
potential for adversarial attacks where attackers
manipulate Al models. Vigilant monitoring and
adaptation are crucial to managing these risks
effectively.

In today's digital era, cybersecurity has
become a critical concern for organizations
worldwide. By  2023-2024,  cybersecurity
damages are estimated to reach a staggering
USD 8 trillion, making it a formidable issue that, if
quantified as a nation, would rank as the third-
largest economy after China and the US. This
alarming projection underscores the urgent need for
robust cybersecurity measures as cyber attackers
continually evolve their techniques to breach
systems, threatening enterprises and individuals
alike.Various Case Studies in  Al-Powered
Cybersecurityare analyzed to provide a better
understanding  concerning  the  issue  of
perspective and figure 2 provides an illustration
for the cybersecurity initiatives and idetifylable
challenges.

* Cloud Security and the CAM4 Incident
(2020):With organizations increasingly
relying on cloud services for data storage
and processing, cloud attacks have become
a prominent threat. In 2020, the CAM4
incident saw 10.8 billion sensitive entries
exposed due to vulnerabilities in cloud
infrastructure. This breach highlighted the
necessity for comprehensive security measures
both  on-premise and  within  cloud
environments. Al can play a crucial role in
monitoring and securing cloud environments
by analyzing patterns of data access and
identifying potential breaches before they

occur.
* Ransomware and the Wannacry Attack
(2017):Ransomware attacks are

characterized by malicious software that
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encrypts data and demands ransom for
decryption. The Wannacry attack on the UK's
National Health Service in 2017 caused severe
disruptions, even after the ransom was
paid, emphasizing the need for robust
preventive measures. Al can enhance
ransomware detection and response by
analyzing  network traffic  for unusual
patterns and isolating infected systems to
prevent the spread of ransomware.

* loT Security and the Mirai Malware
Attacks (2015-2023):The proliferation of
Internet ofThings (loT) devices introduces
additional wvulnerabilities due to their often
lax security standards. The Mirai malware
attack used compromised loT devices to
launch a massive Distributed Denial of
Service (DDoS) attack, underscoring the
importance of securing 10T devices. Al can
help secure 10T networks by continuously
monitoring device behavior and detecting
anomalies that may indicate a compromise.

*  Phishing Attacks and Social
Engineering(2000-2024):Phishing attacks, a
form of social engineering, remain a
prevalent threat, targeting individuals to
steal sensitive information. Al can mitigate
phishing risks by analyzing email content
and  user behavior to identify and flag
suspicious activities. Educating employees
about recognizing phishing attempts and
implementing strong password practices are
crucial steps in reducing these risks.

* Insider Threats and the Qian Sang Incident
(2022):Insider  threats, where individuals
within an organization misuse their access
to steal or damage data, present a significant
challenge. The 2022 incident involving Qian
Sang at Yahoo exemplifies the potential
damage from insider threats. Al can help
mitigate this risk by monitoring user activity
and identifying unusual behavior patterns that
may indicate malicious intent.Deploying Al
in cybersecurity raises concerns about
transparency, ethical considerations, and the
potential misuse of Al by cybercriminals.
Ensuring compliance with global standards
suchas SOC 2 and ISO 27001 enhances
security and fosters a culture of prioritizing
cybersecurity.

Continuous education and training of
employees about best practices and emerging
threats are vital components of a resilient
cybersecurityframework.As  the  technological
landscape evolves, so do the methods employed
by cybercriminals. Maintaining vigilance and
adapting to new threats are imperative for
safeguarding digital assets. By leveraging advanced
technologies and fostering a culture of security,
organizations can navigate the complexities of
modern cyber threats and build a more secure
digital future. The synergy between Al and human
expertise emerges as the cornerstone of resilient
digital defense.

cyber security issues and challenges

B!
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Figure 1. An illustration of Cybersecurity initiatives and identifiable challenges

V. CONCLUSION
The findings underscore the pressing need
for robust cybersecurity measures in interconnected

industrial environments, where the convergence of
physical and digital domains has introduced
complex wvulnerabilities.  Traditional  security
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frameworks, though foundational, are insufficient
to address the sophisticated and rapidly evolving
threats in these systems. Al-driven approaches,
particularly through machine learning, deep
learning, and predictive analytics, provide a
proactive and adaptive solution to these challenges.
The proposed Al-powered security framework
offers a comprehensive strategy, integrating data
collection, threat detection, and automated response
mechanisms into a scalable and modular
architecture. It addresses critical gaps identified in
current practices, including the inability to predict
emerging threats, legacy system integration
challenges, and data scarcity issues. The framework
ensures  compatibility,  transparency,  and
trustworthiness by aligning  with  existing
cybersecurity protocols and leveraging explainable
Al. To fully realize the potential of Al in industrial
cybersecurity, targeted research efforts are
essential. Future studies should focus on improving
the robustness of Al models, particularly against
adversarial attacks, and developing more effective
techniques for synthetic data generation to address
the scarcity of training datasets. Interdisciplinary
collaboration  between cybersecurity —experts,
industrial engineers, and Al researchers is crucial to
creating solutions tailored to the unique demands of
critical systems. Policymakers must also play an
active role in facilitating the adoption of
Aldrivencybersecurity measures. This includes
establishing standards and regulations for the safe
and ethical deployment of Al technologies,
promoting  informationsharing initiatives  to
improve threat intelligence, and incentivizing
investments in secure infrastructure upgrades.
From an industrial perspective, organizations
should prioritize integrating Al into their
cybersecurity strategies while addressing concerns
related to cost, technical expertise, and
compatibility with existing systems. Training
programs for operators and decision-makers are
vital to ensure they understand and trust Al-driven
tools. Al-powered cybersecurity must evolve to
meet the demands of increasingly complex and
interconnected industrial environments.

Future advancements could include
developing self-healing systems that autonomously
recover from attacks and enhanced collaboration
between Al systems across industries to provide
realtime,  cross-sector  threat intelligence.
Additionally, as the adoption of quantum
computing progresses, cybersecurity frameworks
must adapt to counter the new vulnerabilities
introduced by quantum powered threats. This will
require the development of quantum-safe Al

models capable of maintaining the integrity of
industrial systems.
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