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Abstract:

The convergence of the Internet of Things (IoT) and Artificial Intelligence (Al) is transforming data
and technology exchange across a number of industries, including smart cities, transportation, healthcare,
and agriculture. Adoption of IoT has transformed many industries, but it has also sparked worries about
security flaws in network integrity, authentication, and data privacy. Al models have proven to be a pro-
active and successful means to deal with these security issues in IoT networks. Al-based solutions are
essential to mitigate security risks in Internet of Things settings because they include advanced features like
behaviour analysis, anomaly identification, and threat prediction. This artificial intelligence (AI)-driven
solutions improve behaviour analysis, anomaly detection, and real-time threat detection, protecting networks
against cyberattacks and guaranteeing data security, privacy, and confidentiality. To maximise the benefits
of Al in mitigating IoT security issues and fostering confidence in IoT technology, future efforts should
concentrate on overcoming current limitations and challenges in Al for loT security, exploring potential
developments and research directions, and addressing ethical and regulatory considerations.

Keywords — Internet of Things (I0T), Cyberattack, Artificial Intelligence (AI), Security threats,
Authentication, Data privacy, Network integrity, Anomaly Detection, Predictive Analytics, Machine
Learning Algorithms, Intrusion Detection Systems (IDS).
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A network of interconnected devices, sensors, and

I INTRODUCTION systems  that exchange information and

The integration of Artificial Intelligence (AI) and
the Internet of Things (IoT) is fundamentally
changing the way we interact with data and
technology, transforming sectors like healthcare,
transportation, agriculture, and smart cities (Alahi et
al., 2023). However, the widespread adoption of [oT
has  raised security concerns, including
vulnerabilities in authentication, data privacy, and
network integrity (Chanal & Kakkasageri, 2020).
The use of Al models to mitigate these issues has
gained prominence as a proactive and effective
approach to addressing these security issues in IoT
ecosystems (Malhotra et al., 2012).

communicate via the internet constitutes the Internet
of Things (IoT). For the purposes of real-time
monitoring, predictive analytics, and automated
decision-making, it has produced enormous
quantities of data. Nevertheless, IoT devices are
susceptible to cyber threats such as denial-of-service
attacks, unauthorised access, and data intrusions due
to their interconnectedness.

Models based on artificial intelligence (Al) are
indispensable for mitigating security threats in IoT
environments (Zaman et al., 2021). They provide
sophisticated functionalities such as the ability to
detect anomalies, analyse behaviour, and predict
threats. Machine learning algorithms are capable of
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analysing immense amounts of data, detecting
anomalous patterns, and mitigating cyber threats in
real time (Inuwa & Das, 2024). In addition to
bolstering the resilience of IoT ecosystems,
authentication mechanisms, access control policies,
and encryption techniques powered by Al ensure the
integrity of data and the reliability of systems.

II. ROLE OF ARTIFICIAL INTELLIGENCE
IN CYBERSECURITY
Artificial intelligence (Al is playing a crucial role
in the Internet of Things (IoT) by improving threat
identification, anomaly detection, and predictive
analytics as shown in Figure 1.

Benefits of using Al in cybersecurity

Alidentifies Alis cap of
threats alot of data

Security Certification

Al learns more over

Better Overall Security

Reduce Dupli Al
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Figure 1: Al in Cyber Security and IoT. (Source:
Augmented Al 2023)

As shown in Figure 1, Al systems use machine
learning methods like reinforcement learning,
supervised learning, and unsupervised learning to
analyse large data volumes, identify security risks,
monitor network traffic, flag suspicious activity, and
trigger automatic responses to combat cyberattacks.
Al-driven authentication and encryption systems
ensure the confidentiality, availability, and integrity
of sensitive information.

Artificial intelligence (Al) is increasingly crucial
in protecting data on the Internet of Things (IoT). Al
uses behaviour analysis, threat detection, and
automatic response mechanisms to enhance
cybersecurity. Machine learning algorithms help
identify patterns, outliers, and security breaches in
large amounts of data. Al also enhances privacy,
secrecy, and security through authentication

systems, encryption technologies, and access control
rules.

Artificial intelligence (Al) is playing a crucial role
in cybersecurity in IoT settings by providing real-
time threat detection, anomaly detection, and
behaviour analysis. Intrusion detection systems
(IDS) protect networks from cyberattacks by
monitoring traffic and identifying suspicious
behaviors. Al-driven authentication methods,
encryption techniques, and access control rules
enhance data security, privacy, and confidentiality.
Al-powered predictive analytics and threat
intelligence help firms anticipate potential dangers
and strengthen their security in the evolving IoT
environment.

III. SECURITY THREATS OF 10T
DEVICES: CHALLENGES AND Al
SOLUTIONS

Enhancing security resilience of IoT ecosystems
can be achieved through the implementation of
Artificial Intelligence (AI) models that perform
proactive threat detection, anomaly identification,
and automated response mechanisms. This can
effectively mitigate the security risks associated with
IoT devices, such as unauthorised access and data
breaches as shown in Figure 2.
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Confidentiality Privacy
loT Security

Challenges
'Secure -~ ~ Policy
Middleware - ) ;‘9/ Enforcement
&

— —
Mobile o
Security

Figure 2: Security Challenges of IoT
(Source: Torgul et al., 2016)
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The following are some areas of security concerns
shown in Figure 2 and suggested solutions using
artificial intelligence:

A. Weak Authentication and Authorization

Challenges: 10T devices pose security risks due to
flaws in authorization and authentication protocols,
allowing unauthorised access and credential theft
(Tawalbeh et al., 2020). Insufficient authorization
mechanisms can lead to breaches and data
compromises. The fragmented and decentralised
structure of IoT ecosystems complicates these issues.

Solution:  Al-based access control and
authentication can be employed to improve security
on IoT devices by reducing flaws in traditional
systems. Al algorithms also minimise unauthorised
access and credential theft, enabling authentic
permission management based on user behaviour
and risk assessment scores (Wu et al., 2020). Al also
ensures Real-time monitoring of suspicious activity
and potential breaches improves security. Integrating
Al increases resilience and protects IoT ecosystems
from evolving cyber threats.

B. Insecure Network Connections

Challenges: 10T devices with insecure network
connections run the risk of serious security breaches
due to data interception, man-in-the-middle attacks,
and eavesdropping (Hasan et al., 2022). Because of
shoddy authentication procedures, poor encryption
techniques, or incorrectly configured network
settings, these vulnerabilities are susceptible to
malevolent actors' exploits. Strong encryption
standards, safe communication protocols, frequent
security audits, and network traffic monitoring are
required for IoT device protection.

Solution: Al-driven network security solutions
protect [oT devices from security threats, especially
insecure connections. By continuously monitoring
and analysing network traffic patterns, Al algorithms
detect anomalies, potential threats, and data breaches
(Abed & Anupam, 2023). Real-time intrusion
detection systems respond to suspicious activities,
while encryption and authentication mechanisms

ensure data confidentiality. Machine
algorithms adapt to evolving attack vectors.

learning

C. Lack of Firmware Updates

Challenges: 10T devices without firmware
upgrades pose security and operational risks due to
potential vulnerabilities that can allow hackers to
steal data or conduct cyberattacks (Djenna et al.,
2021). Frequent updates deprive devices of crucial
security patches, bug fixes, and performance
improvements, making it challenging to adapt to
changing threats and maintain peak efficiency.
Proactive measures like secure update systems,
vendor cooperation, and user education are
necessary.

Solution: By examining firmware code, finding
vulnerabilities, and ranking security fixes, Al-
powered firmware security and vulnerability
management may assist [oT devices in addressing
security threats. Firmware integrity is ensured by
machine learning techniques that can identify
unusual behaviour in firmware upgrades. Predictive
analytics powered by Al is able to foresee new risks
and provide countermeasures (Shrivastwa, 2023).
By incorporating Al into firmware security
procedures, security resilience is increased, risks
related to obsolete firmware are reduced, and
ongoing defence against prospective attacks is
guaranteed.

D. Data Privacy Concerns

Challenges: The Internet of Things (IoT) faces a
significant challenge in terms of data privacy due to
inadequate security measures. [oT devices collect
vast amounts of sensitive data, such as user

behaviour and health information, without
safeguards, putting user security and privacy at risk.
Comprehensive  solutions, including  robust

encryption protocols, data anonymization methods,
access control mechanisms, and privacy-first design
principles, can help protect user data.

Solution: Encryption and data privacy strategies
powered by artificial intelligence can assist
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organisations in addressing privacy concerns in
Internet of Things installations. These solutions
implement strong encryption methods using Al
algorithms, thereby thwarting unauthorised access
and data breaches. By analysing user behaviour and
data trends, machine learning algorithms can detect
privacy issues, allowing for preventative measures
such as data anonymisation and differential privacy
strategies. Implementing Al-driven strategies
improves the resilience of security and data
protection measures (Kavitha et al., 2021).

E. Physical Security Risks

Challenges: 10T device physical security
vulnerabilities present a substantial risk to the
integrity of network infrastructure and the protection
of data. Physical theft, inadequate device hardening,
and the absence of intrusion detection measures are
a few examples. These vulnerabilities can be
exploited by cybercriminals to acquire sensitive data,
compromise the functionality of devices, or obtain
unauthorised access (Garagad et al., 2020).

Solution: 10T device security may be greatly
improved by using Al-powered physical security
measures. Al algorithms are used by sophisticated
surveillance  systems to instantly identify
abnormalities and assess dangers. While machine
learning  algorithms find new dangers and
vulnerabilities in security data, video analytics set
off automatic responses and alerts. Authorised
personnel may access vital sites and Internet of
Things equipment with the help of technologies like
biometric identification and Al-driven access control
(Awad et al., 2024).

F. Botnets and DDoS Attacks

Challenges: The rise of botnets and DDoS attacks
on IoT devices poses a significant security challenge
due to their numerous vulnerabilities and lack of
security measures. These attacks can overload
networks and disrupt services. Identifying and
preventing botnet attacks is challenging due to the
complexity of loT installations (Salim et al., 2020).

Solution: To mitigate these threats, Al can help
organisations mitigate security risks associated with
IoT devices, such as botnets and DDoS attacks. Al-
driven threat detection systems monitor network
traffic and device activity, triggering real-time
warnings and automatic reactions. Machine learning
algorithms can adapt to changing attack vectors,
reducing botnet and DDoS attacks' impact on IoT
ecosystems. Integrating Al-driven capabilities
strengthens security measures, increases threat
visibility, and proactively protects against advanced
cyber threats (Chakraborty et al., 2023).

G. Supply Chain Vulnerabilities

Challenges: The security of IoT devices is a
complex issue due to the interconnected nature of
supply chains, which involve stakeholders like
device makers, component suppliers, software
developers, and third-party vendors. Vulnerabilities
can arise from supply chain attacks, corrupted
components, or malicious firmware changes. The
global supply chain environment complicates
ensuring resilience against cyber-attacks and
assessing component security posture (Sobb et al.,
2020).

Solution: Artificial intelligence (Al) can improve
the security of Internet of Things devices by
addressing supply chain vulnerabilities. Al-powered
algorithms can evaluate component safety, identify
irregularities, and identify potential threats. Real-
time monitoring, anomaly detection, and automated
reaction mechanisms minimise security risks.
Machine learning algorithms can improve cyber
resilience by learning from past data and suggesting
preventative measures. Al-driven security systems
enhance integrity, protect devices from breaches,
and improve visibility and accountability, ultimately
enhancing trustworthiness in connected ecosystems

(Nagaty, 2023).
H. Integration Challenges

Challenges: The integration of ToT devices
poses significant security risks due to the variety of
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devices, protocols, platforms, and settings. Adopting
complete security frameworks and consistent
procedures is challenging due to compatibility
issues, interoperability hurdles, and a lack of
standardised protocols (Jurcut et al., 2020).

Solution: Al-powered integration solutions
enhance loT device integration, reducing complexity
and human involvement. They automate device
identification, setup, and administration, detecting
irregularities and security breaches in real-time.
These solutions enable proactive threat detection and

automatic  response mechanisms, centralised
monitoring, and the enforcement of security
regulations. They enhance interoperability and

security resilience, responding to changing IoT
settings and ensuring ongoing compliance with
security standards (Alahi et al., 2023).

IV.  CASE STUDIES AND EXAMPLES

Al-driven solutions enhance IoT ecosystem
security by monitoring network traffic, analysing
data trends, and triggering automatic responses.
They protect sensitive information through
authentication, encryption, and access rules,
enabling predictive analytics and threat intelligence.
This is demonstrated by following case studies:

a. “Fraudsters Used Al to Mimic CEO’s Voice
in Unusual Cybercrime Case”

Fraudsters laundered €220,000 ($243,000) in
Europe in March 2019 by assuming the identity
of the CEO of a United Kingdom-based energy
company. The CEO believed he was discussing
with the CEO of his German parent company,
who instructed him to transfer the funds within an
hour, as shown in figure 3. The organisation's
insurance provider, Euler Hermes Group SA,
concealed the identities of the victim companies.
It is unknown whether this is the first occurrence
of an attack of this nature, but law enforcement
officials and Al researchers assert that criminals

will use Al to automate cyberattacks (Stupp,
2019).

Figure 3: Vishing Attack (Source: Damiani,
2019)

b. “loT Vulnerabilities and Attacks:
Malware Case Study”

SILEX

The Internet of Things (IoT) connects
physical items to a digital environment, with 64
billion devices expected to be connected by 2025.
However, this rapid growth has led to new cyber
threats, particularly in Industrial IoT (IloT), where
cybercriminals exploit weaknesses to launch DDoS

attacks. The SILEX wvirus, an asymmetric
cyberthreat, targets IoT devices with default
passwords. To mitigate IoT risks, strong

authentication, frequent updates, security awareness,
supply chain security, and incident response
procedures are necessary. Future research will focus
on lightweight SILEX malware mitigation and Al-
based security solutions (Mukhtar et al., 2023).

V. STATISTICS OF FINANCIAL LOSSES TO
I0T CYBERATTACKS
While the Internet of Things (IoT) has
significantly advanced many industries, it has also
raised cybersecurity threats and resulted in financial
losses from cyberattacks, as seen in Figure 4.
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Average weekly loT cyber attacks per organiztion by sector - Jan-Feb 2023 vs. 2022

Education/Research

ISP/MSP

131 [+35%]

101 [+26%)

SI/VAR/Distributor 99 [+71%]
93 [+53%]

70 [+73%)

70[+31%)

68[451%]

Retail/Wholesale

56 [+66%]

Manufacturing 49 [+45%)

Utllities 48 [+a3%]

Finance/Banking 6 [+36%]

Transportation 45 [+48%]

Healthcare 42 [+28%]

Software vendor a1(41%]

Leisure/Hospitality 32 [+39%]

Hardware vendor 28 [+6%]

Figure 4: Statistic of IoT Cyberattacks Losses
(Source: Check Point, 2023)

IoT hacks have a shocking financial effect,
according to recent statistics (Hacker, 2019). Global
financial damages from IoT-related cyber-attacks
reached over $11.8 billion in 2020 alone. This figure
illustrates the expanding risk surrounding IoT
devices and shows a significant rise from previous
years (Ozdemir & Hekim, 2018).

The extensive use of connected devices in
many businesses is one of the main causes of the
significant financial losses linked to IoT hacks. The
growth of IoT devices has increased the attack space
for hackers, from wearables and smart homes to
industrial [oT systems and smart city infrastructure.
Because of this, both people and companies are
susceptible to a variety of cyberthreats, such as
ransomware attacks, botnet attacks, and data
breaches.

IoT hacks have the potential to cause
significant financial losses, especially in the
healthcare industry. Healthcare organisations
reported financial damages from cyber events
involving medical IoT devices of an estimated $13.8
billion in 2021. These assaults not only cause
financial losses but also seriously jeopardise patient
safety and data privacy, underscoring the vital need
for implementing strong cybersecurity safeguards in
healthcare IoT installations.

Manufacturing is another area that has been
severely attacked by [oT hacks. Industrial IoT (IIoT)
devices are being used more and more in

manufacturing facilities for automation and data
analytics, making them attractive targets for hackers.
Manufacturing businesses reported losses from IoT-
related cyber-attacks in 2022 that exceeded $9.5

billion (Bharati & Podder, 2022). These
disruptions—which  highlight the need for
cybersecurity resilience in industrial

environments—include supply chain interruptions,
manufacturing outages, and intellectual property
theft.

IoT cyber risks have resulted in major financial
losses for the financial services sector as well.
Financial institutions suffered losses from
cyberattacks that targeted Internet of Things
equipment, including ATMs, payment terminals, and
banking apps, in 2020, amounting to over $7.2
billion (Pomerleau & Lowery 2020). These attacks
demonstrate the necessity for constant monitoring
and strong security measures in financial IoT
networks. They vary from credential theft and
fraudulent transactions to network intrusions.

In conclusion, the data pertaining to monetary
losses resulting from Internet of Things hacks
presents a worrisome image of the expanding
influence of cyberthreats on organisations and
people around the globe. As IoT installations
continue to spread across companies, preventing
financial losses and protecting vital systems and data
require tackling cybersecurity issues and putting
proactive defence plans in place.

VI. CHALLENGES AND FUTURE

DIRECTIONS

With the proliferation of internet-connected
devices (IoT) and the acceleration of technological
advancements (Figure 5), experts predict that the
number of internet-connected devices might reach
75 billion by 2025.

This shows that the use of artificial intelligence
(AI) models to address security challenges in the
Internet of Things (IoT) will face challenges due to
the complexity and diversity of [oT ecosystems, and
the vested interest of cyber fraudsters. In the future,
Al must be employed as shown in figure 6 to address
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specific areas to maximise the benefits of Al in
mitigating loT security issues.

Internet of Things (loT) connected devices installed
base worldwide from 2015 to 2025 (in billions)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Figure 5: IoT Inter-Connected Devices by 2025
(Source: Marktechpost, 2021)

ARTIFICIAL INTELLIGENCE,
Machine Learning, and Deep
Leorning Non Exhoustive
LIST OF SECTORS TRANSFORMED

Figure 6: Al in Future of IoT (Source:
Marktechpost, 2021)

Some of the areas of concern to be addressed are
as follows:

1. Current limitations and challenges in
applying Al to IoT security: Complex IoT
ecosystems, interoperable Al solutions, and
standardised security frameworks are all obstacles

that Al for IoT security must overcome. Challenges
are encountered by real-time threat detection and Al
algorithms as a result of restricted power and
resource availability. Al for IoT is fostering industry
collaboration on standardised security frameworks,
optimising  energy-efficient  algorithms, and
developing lightweight Al models in order to address
these challenges. This could ensure a more secure
future through enhanced security resilience,
proactive threat detection, and dependable IoT
installations.

2. Potential future developments and research
directions:  Scalability, interoperability, data
privacy, security, and regulatory compliance are
some of the obstacles that the IoT must overcome.
Strong encryption to protect personal information
and standardised protocols to ensure smooth
communication are essential. Improvements in
security may be achieved in the future by
investigating new technologies such as blockchain,
6G networks, and edge computing. Algorithms for
automated decision-making and predictive analytics
are being created using artificial intelligence and
machine learning. We are actively seeking
sustainability initiatives and energy-efficient
solutions to lessen the environmental effects of
Internet of Things (1oT) installations.

3. Ethical and regulatory considerations:
Ensuring data privacy, security, and transparency in
IoT technologies while adhering to legal
requirements like CCPA and GDPR is challenging.
Ethical issues include addressing biases in Al
systems, fair decision-making processes, and
defending wuser rights. Future steps involve
developing ethical Al frameworks, encouraging
responsible data practices, and fostering cooperation
between business, academia, and regulatory
organizations.  Improving user knowledge,
permission procedures, and data security safeguards
is crucial for fostering confidence in IoT technology.

VII. CONCLUSION

Artificial intelligence (Al) is being increasingly
used in Internet of Things (IoT) security to improve
cybersecurity by analyzing behavior, identifying
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threats, and implementing automatic reactions. This
technology enhances real-time vulnerability
identification, mitigation, defence strengthening,
and protection against evolving cyberattacks.

Al'models offer advanced features like automatic
reaction mechanisms, threat detection, anomaly
detection, behaviour analysis, and real-time risk
mitigation.

Future research should focus on Al-driven
threat intelligence predictive analytics, lightweight
Al models, industry-academia collaboration, and
ethical and regulatory concerns related to Al security
implementations.
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