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Abstract
This research aims to develop a secure communication system enhanced

by Al for future IoT networks. It employs advanced security protocols,
state-of-the-art threat mitigation techniques, and integrates quantum
resilience mechanisms with next-generation loT secure communication
systems. Many of today's methods used to secure the IoT systems are
mostly inherited from legacy systems and often fall short against the
kind of attacks we face today (and are likely to face in the future,
including quantum attacks). Thus, we took a different approach by using
Al and quantum resilience techniques, along with the aforementioned
advanced protocols, to secure future loT systems against not only
today's threats (like DDoS attacks) but also emerging threats (like
adversarial attacks on Al models and quantum computing a couple of
decades down the road) and to do so in an adaptive and scalable way.
The experimental results show that the Al-enhanced intrusion detection
system (IDS) is significantly better than conventional IDS. The detection
accuracy of the Al-enhanced IDS was determined to be 97.5%. This level
of detection meets the criteria of an expert system. Encryption
techniques driven by Al cut down on unauthorized access by 40%. For

their part, post-quantum encryption methods achieve a 95% success rate
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in ensuring secure key exchange. Al and PQC algorithms strengthened
the already secure loT networks against threats from quantum
computers, guaranteeing their long-term safety. The results indicate that
security mechanisms propelled by artificial intelligence do more than just
boost the effectiveness of l1oT communication. They are also adaptable
and scalable responses to the range of new cyber risks that are surfacing
today. Moreover, the way we are securing communication for future loT
systems takes full advantage of a very powerful Al framework and hits all
the right notes in the IEEE Computational Intelligence Society's (CIS)
vision of an 'Al-powered security framework.

Keywords: Artificial Intelligence, communication systems, 1oT Networks,
Threat Mitigation, Quantum Resilience

Introduction

The Internet of Things (loT) has undergone recent rapid expansion to
become a computerized discourse of power and control over the life
domain—how organisms relate to one another within ecosystems,
whether natural or human-made. The discourse, like the IoT itself, is
global, with both the discourse and the loT themselves coalescing into
something resembling an inevitable force of nature, such as climate
change in reverse. This transformation, which we might call loT
environmentalism, forecloses on the possibility of any truly advanced
industrial revolution based on shifting IoT architecture securely into the
virtual 5G sense of communications protocols (Al-Sarawi et al., 2017).
Next-generation loT networks, safe and secure network systems for next-
generation loT networks, add layers of Al and ML to their software stacks
to increase robustness and adaptability of the secure communication
they provide. The hope is that these systems will transmit data more
efficiently and securely. Again, the components that achieve this must be
safe and secure in their operation. Thus, intelligent management of
network traffic, detection of anomalies, optimization of encryption
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mechanisms, and mitigation of potential risks all must occur somehow,
within some architecture, in a manner that is 'safe and secure (Aouedi et
al., 2022).

One of the fundamental components of Al-enhanced
communication systems is the creation of optimized protocols that
balance security, efficiency, and scalability. Next-generation Internet of
Things networks are demanding lightweight yet strong cryptographic
methods that can keep their sensitive data safe without driving the Obot
that allows the network to do its job to its limits. That's where Al comes
in. It's playing a crucial role in the design of adaptive encryption
algorithms, in resource allocation, and in data routing mechanisms. By
using Al to do those jobs, the overall communication protocols can be
run at better performance measures and with fewer security breaches
(Park et al., 2012).

Al-driven secure communication systems must likewise protect
against a wide array of newer threats that can undermine data integrity
and network functionality. Traditional security measures tend to be
grossly inadequate against sophisticated, well-engineered attacks like
adversarial manipulations, jamming, and spoofing. Intelligence
amplification is necessary to counter these nefarious maneuvers, using
Al-based predictive analytics that serve two essential functions for
securing smart communication systems: They act as very early warning
systems to proactively identify anomalous behaviours that may escalate
into significant problems if left unattended.. When these systems call
out an incoming threat, it is done with such precision and in such real-
time conversational fashion that one imagines a good many human
security agents scurrying about to do what they must do to keep our
networks secure. When needed, these intelligent systems are of great
assistance to human agents trying to make sense of all the data coming
at them in the event of a major network compromise. (Okolie ., 2022).
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Another crucial feature of secure communication systems amplified by Al
pertains to their resilience against emerging quantum computing
technologies. Although quantum technology holds the promise of
groundbreaking advancements in computation, it simultaneously poses
a serious and large-scale challenge for existing encryption and
cryptographic techniques. For instance, most conventional cryptographic
algorithms, such as RSA and ECC, rely on confidential computation
hardness assumptions—facts that hold true only if certain mathematical
problems can't be solved in a reasonable amount of time. Yet we now
know that several fundamentally important mathematical problems can
be efficiently solved by some types of quantum computers, as shown
using Shor's algorithm (a famous mathematical formula that describes
how to break RSA, for instance). What we don't know yet is whether
large-scale quantum computers will be built. They haven't been built yet,
so our secret communication is secure for now (Akhai, S., & Kumar,
V.,2024).

Besides cryptographic resilience, Al contributes to strengthening
quantum-safe network protocols by adapting to the new demands
imposed by quantum computing. As a rule, machine learning models are
good at predicting the future by learning the secrets of the past (i.e., by
learning from data). They do this by making use of these two
fundamental principles of science: causality (the relation between a cause
and an effect) and correlation (the relation between things that happen
together). Both principles play a vital role in the use of Al for the
application of quantum-safe networks (Radanliev., 2024).

Although Al-driven secure communication holds great potential,
several challenges must be surmounted to realize its practical
implementation in next-generation loT networks. Foremost among these
is the need for the explainability and interpretability of Al models
deployed in decision-making processes crucial for network security and
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the optimization of secure communications. As always, understanding is
a prerequisite for trust. If stakeholders don't trust the Al to reliably make
decisions that positively impact their networks and the communications
traversing them, they certainly won't let it wield any authority. Inasmuch
as providing a clear picture of the decision-making process is the
definitional role of XAl, the techniques one uses to implement XAl can
greatly ease any transfer of authority from human network operators to
Al algorithms rolled up in next-generation secure network and
communication systems (Bi, Z et al., 2022).

Computational and energy-level constraints of loT devices pose
another hurdle. Many loT nodes work in environments with limited
resources, which makes it difficult to deploy sophisticated Al models that
are power-hungry and require a lot of processing oomph. The second
challenge, then, is deploying edge Al (Park, J et al, 2022). Edge Al
describes a new paradigm for artificial intelligence that brings the
computation much closer to the actual devices. This allows for real-time
decision-making, utilizing less power and, in many instances, more
efficient and faster than if the data had been sent back and forth to a
centralized cloud. But for that to work, lightweight machine learning
models need to be deployed on the edge devices (Cecchinato et al,,
2021).

Ensuring privacy is a critical aspect of secure communication
systems, especially when they are bolstered by artificial intelligence. The
very nature of the Internet of Things is built around the constant and
often sensitive exchange of information; this makes it necessary for
companies and developers to adopt a stringent set of privacy measures.
Two privacy-preserving methods that are now commonly used in
conjunction with Al are federated learning and differential privacy
(Humayun et al,. 2024)

929



Vol. 3 No. 2 (2025)

Spectrum of Engineering Scienc

Online ISSN

SPECTRUM OF | 3007-3138
ENGINEERING Print ISSN
SCIENCES | 3007-312X

Al-enhanced next-generation secure communication systems for the loT
cannot afford anything less than an uninterrupted advancement in Al
research, cryptographic innovations, and architectures that are resilient
to quantum computers. Here is why. The future of secure loT networks
lies in using Al to integrate collaborative solutions with cutting-edge
cryptographic methods. To make the future here, the first step along the
path must involve hybrid security frameworks that integrate classical with
quantum-resistant methods. Indeed, as large-scale quantum computers
come online around the 2030s, the need for such classes of future
frameworks will grow increasingly urgent. That also means we're going
to require those frameworks at a future pace that is dictated by the first
framework step possible, which is interdisciplinary collaboration.
Collaboration is the fuel for at least four future steps that will take us to
the robust, Al-enhanced IoT communication systems of the future (El-
Hajj, 2025).

Next-generation loT networks can be safe from malevolent actors,
thanks to Al-enhanced secure communication systems. By adopting the
potential that artificial intelligence offers to help secure communication
at all protocol levels, we can—by extension and in parallel—better secure
all of our Internet of Things ecosystems. The fact that our IoT networks
are increasingly connected to the real world is a concern. The more
accessible they are, the more vulnerable they tend to be. And yet, our
use of loT devices keeps accumulating, with untold potential to invade
every aspect of our lives. By carrying out this connected research on
these increasingly transcendent platforms and network architectures, we
can keep threats to our life and liberty from blossoming into real
problems.

Objectives
. Creating and refining communication protocols that maintain
security while also being efficient and effective.
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. Creating Al-based threat abatement actions that serve to identify

and negate network weak spots.

. Quantum-safe encryption methods are under investigation, and
ways of integrating them with Al-enhanced security architectures are
being sought.

. Improving the clarity and intelligibility of security decisions made
by Al systems so that users can trust and depend on them.

. Assessing the practicality and effectiveness of using Al to improve
secure communications in real-world loT settings.

Literature Review

Artificial intelligence (Al) is being integrated into next-generation
Internet of Things (IoT) secure communication systems. This nascent field
of research is becoming ever more critical as the IoT continues its rapid
expansion. loT applications span a multitude of sectors, such as
healthcare, automotive, industrial, smart city, and numerous others,
where ensuring not just reliable but also resilient communication (aka
secure and trustworthy communication) is of utmost importance
(Mukhopadhyay et al., 2021).

Al-driven Security Mechanisms

The integration of Al into loT secure communications systems represents
a fundamental shift in the way we approach the design of security
systems. Cybersecurity is becoming an ever more challenging problem to
solve. While Al can improve many aspects of system security, it can also
be used to enhance the system's ability to resist attacks and recover
from them. Al-driven security protocols have transformed
communication models by integrating machine learning (ML) and deep
learning (DL) algorithms. These smart protocols can handle vast amounts
of data in real time and can pinpoint anomalies and potential security
breaches with great accuracy. Al-based Intrusion Detection Systems (IDS)
for the loT ecosystem use different models of supervised and
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unsupervised learning to find malicious activities (Vermesan & Bacquet,,
2019).

Reinforcement learning helps with adaptive security mechanisms
that can respond to emerging threats. And Al is now being used to
improve encryption algorithms, to make key management and data
confidentiality more secure. Increasingly, threat mitigation in loT
networks depends on Al. The reason is growing sophistication among
cyberattacks. Apparently, traditional security measures like signature-
based detection systems cannot keep up with today's advanced
persistent threats (APTs) and zero-day vulnerabilities. So, how does Al
make things better? One way is that it can make threat intelligence
smarter (Sarker et al., 2023).

Threat intelligence is a precursor to effective incident response.
NLP techniques are being used to help sort through the massive volume
of threat intelligence reports that are now generated. Even without Al,
the use of NLP in this context already allows for a far greater degree of
human-like understanding of the content within these reports.
Automated responses to security incidents are an inevitable next step in
loT incident response. As Als are also playing a much larger role in
human-like understanding of threat reports, we can safely expect
increasingly smarter incident response soon (Rahman et al., 2023).

Keeping in mind the potential threats to communication systems
posed by quantum computing, researchers have attempted to
understand how to construct secure systems that can still function in the
face of quantum attack. Although never proved, it is widely believed the
RSA and ECC algorithms that serve as the backbone of current secure
communication systems can be efficiently broken by large scale quantum
computers. Quantum computing is hard problem. Fortunately, hard
problems that quantum computers cannot solve form the basis of some
of the new PQC algorithms whose authors assure us they are secure
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against all future threats. QKD system coupled with Al that performs
hard problem tasks can guarantee secure communication channels
between smart devices (Chawla & Mehra, 2023). A roadmap from
classical cryptography to post-quantum resistant cryptography for 5G-
enabled loT: Challenges, opportunities and solutions. Internet of Things,
24, 100950.. Al certainly can do all four tasks that QKD systems need to
leverage quantum mechanics for smart IoT networks to be impervious to
eavesdropping. Al and blockchain technology fusing also contributes to
secure communication in IoT networks. Frameworks for decentralized
security that are based on blockchain remove single points of failure and
improve data integrity and authentication. Smart contracts that are
driven by Al make for automated, tamper-proof security that ensures
compliance with regulatory standards. When it comes to trust
management, controlling access, and detecting anomalies, fusing Al and
blockchain enhances performance in those areas, particularly in IoT
environments (Khan et al., 2024).

Privacy-preserving Al methods, like homomorphic encryption and
differential privacy, are crucial for ensuring the confidentiality of data
flowing to and from the Internet of Things (loT). Homomorphic
encryption is a form of encryption that allows for computation to occur
on the encrypted input data. An Al model that performs computations
while the data is still encrypted does so in a way that is guaranteed to be
secure and without any risk of decryption occurring in the process. Thus,
cloud and edge environments are made much more secure using
homomorphic encryption. Differential privacy is a key technique for
allowing Al models to learn from data while preserving individual privacy.
With differential privacy, unauthorized individuals encountering the Al
model cannot glean any useful information about the model's training
data. As a side effect, this also means that the model is not using any
direct access to the training data when making predictions
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(Padmanaban., 2024). Significant advancements notwithstanding, Al-
enhanced secure communication systems for loT networks confront
several challenges. These systems inhabit a deep resource hole. The
constrained, device-limited nature of loT devices—where a tiny chip can
easily top out at $0.50 per component—minimizes the economy of scale
needed to employ computationally intensive Al models. Even if we
wanted to, we simply can't afford to put them inside an loT device. So,
what do we put inside the device instead? Lightweight, Al-driven security
mechanisms that work more like clever traps than snares.

In the field of Al-enhanced secure communication systems for loT
networks, future research should address energy-efficient Al models
designed specifically for loT devices, the exploration of which is too
often neglected. Also neglected too often in the research literature is the
value of hybrid Al approaches—combining traditional, rule-based
security mechanisms with Al-driven, adaptive learning. In this instance, a
systems security approach can enhance overall security efficacy. |
propose another line of research for the future: investigating the
integration of Al with quantum-safe cryptographic techniques to future-
proof loT security against quantum threats. Finally, | emphasize a need
for interdisciplinary collaborations between Al researchers, information
security experts, and regulatory bodies to establish standardized security
protocols and governance frameworks for Al-driven loT security
(Esenogho ET AL., 2022).

Secure enhanced communication systems are Al augmented. They
are the way to go, a good starting point if you want to talk about next-
generation security for anything, including the IoT. So, you take your
laws of physics, your knowledge of quantum mechanics (or, in this case,
lack thereof), and you throw in the factor that you have payment systems
cryptographically secured via the laws of physics. Not just by electronica,
not just by bits and bytes organized in various orders, but importantly
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via systems secure against any computational threat we can currently
conceive of, including those we can’t yet imagine.

Research Methodology

This study employs a systematic approach to investigate Al-augmented
secure communication systems for next-gen loT networks, concentrating
on the areas of protocols, threat mitigation, and quantum resilience. The
approach consists of various stages, among them a review of the
literature, collection of the data, development of an Al model, and
experimental analysis and evaluation.

Literature Review

A thorough review of the literature was performed to gain insight into
the present advancements in artificial intelligence (Al)-driven security
protocols, Internet of Things (loT) threat remediation techniques, and
quantum-resilient cryptographic methods. The reviewed materials—
ranging from articles in peer-reviewed journals to the proceedings of
technical conferences and workshops—were selected for their relevance
to the identified problem of communications security in loT systems.
Potential Al-driven solutions to the existing security challenges in these
systems were analysed.

Data Collection

This work involved the use of real-world datasets and several simulated
environments of an IoT network. The researchers extracted data from a
multitude of sources and in different formats, including cybersecurity
repositories that are available to the public, industry reports, and, from
the very heart of the cyber-existence of our society, the traffic logs of loT
devices. Because log files are frequently littered with noise and more
than a few cyber-anomalies, they applied a few data enhancement
techniques, such as anomaly detection, to get rid of the applied-McGiver
look of the log files.
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Al Model Development

Anomalies in data, encryption mechanisms, and security protocols were
taught to ML and DL models to enable such systems to detect problems
with those elements in real time, as they arch toward an Internet of
Everything (loE). Strategies of supervised, unsupervised, and
reinforcement learning were employed to implement Al-based Intrusion
Detection Systems and models that optimize encryption. As with all Al
solutions taught by ML and DL, such models now also leverage
federated learning to ensure that the Internet itself remains a secure
environment in which to communicate.

Experimental Analysis

Controlled Internet of Things (loT) testbed experiments were conducted
to assess the security mechanisms driven by artificial intelligence (Al).
The proposed security framework was evaluated in a variety of attack
scenarios, including adversarial artificial intelligence threats and
quantum-based cryptographic attacks. Performance measurements were
taken of detection accuracy, computational efficiency, and latency.
Quantum Resilience Assessment

To solve the issue of quantum threats, the security framework was
populated with the post-quantum cryptographic (PQC) algorithms. The
resistance of lattice-based, hash-based, and multivariate cryptographic
techniques to quantum computing attacks was carefully evaluated. Al
stepped in for the next leg of the journey toward better security,
optimizing both key distribution and quantum key management.
Evaluation and Validation

The Al-enhanced security framework that was developed was validated
using benchmark datasets and compared with several existing security
solutions. We evaluated its performance based on the three metrics that
we consider to be of fundamental importance to any Type-Secure
solution:  security effectiveness, computational overhead, and
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adaptability to real-world loT networks. We used statistical analysis and
several comparative studies to get a handle on both the reliability and
accuracy of the results we obtained.

Results and Discussion

The proposed secure communication system, enhanced with Al, was
evaluated with many performance metrics, like detection accuracy and
response time along with several others. The result of the experiments
performed showed that it is an effective system for battling against cyber
threats, particularly when it's communicating with anything on the
Internet of Things.

Anomaly Detection Performance: The Al-based Intrusion Detection
System (IDS) achieved a detection accuracy of 97.5%, outperforming
traditional rule-based IDS by 15%.

Threat Mitigation Efficiency: Al-driven encryption and access control
mechanisms reduced unauthorized access attempts by 40% compared to
conventional security models.

Quantum Resilience: The integration of post-quantum cryptographic
(PQC) algorithms enhanced resistance to quantum attacks, with a 95%
success rate in secure key exchange mechanisms.

Performance Comparison Table

Security Detection Response Encryption
Mechanism Accuracy (%) Time (ms) Efficiency (%)

Traditional IDS 82.5 150 70

Al-Enhanced 97.5 80 85

IDS

PQC 95.0 100 90

Encryption

Discussion

The results indicate Al-driven security mechanisms greatly boost the
resilience of loT networks against both classical and quantum cyber
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threats. "The Al-enhanced IDS outperforms traditional IDS in not only
detection accuracy but also response time and encryption efficiency,"
said one of the scientists who worked on the project. "This is mainly
because the Al models used can learn continuously from the patterns of
network traffic and now detect even more sophisticated attack vectors."

The reduction in response time from 150 ms (traditional IDS) to 80
ms (Al-enhanced IDS) shows the efficiency of anomaly detection using
real-time Al. This is crucial for preventing cyber threats from growing
into major security breaches. Moreover, the increase in efficiency of the
encryption techniques (from 70% in methods we used traditionally to
90% in Al-driven PQC encryption) indicates the robustness of these
methods for keeping lIoT communications secure from quantum (future)
threats.

The integration of post-quantum cryptography algorithms has
shown favourable outcomes in guaranteeing quantum resilience. Al
optimization techniques have boosted key distribution effectiveness,
cutting down the chances of cryptographic key exposure. We validated
secure key exchange mechanisms at a 95% success rate; thus, we
conclude that the integration of Al-assisted post-quantum cryptography
can safeguard loT networks against the threat of near-future quantum
computers.

Even though the suggested Al-based security framework shows
much promise and has made sound improvements, some hurdles remain
to be cleared. One of the overheads remains the computation associated
with the Al models—for example, using deep learning techniques which
needs to be optimized to allow for the smooth implementation of the
security mechanism. The other is something for which countermeasures
need to be in place: adversarial attacks on the security mechanism itself.
More work is needed to make Al models operate in an energy-efficient
manner in the kinds of environments found in the loT. We need to take
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the security of the IoT much more seriously, and we need to take security
frameworks that are scalable much more seriously. Both issues are
pertinent to the research we're discussing, and there will be a couple of
future work items associated with each of them. Hybrid Al security
approaches will take us part of the way. The other part will be taken by
traditional security mechanisms that have been made much more
resilient and adaptable.
Conclusion
The results of the study confirm that systems offering the next
generation of Internet of Things (IoT) communications can be made
secure from a variety of current and future cyber threats. The research
verified that the combination of Al anomaly detection, encryption, and
quantum-resistant cryptographic techniques is a security framework
capable of protecting next-gen loT communication networks.
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