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Abstract— As quantum computing continues to advance,
traditional intrusion detection systems (IDS) may prove
inadequate in  protecting against quantum-level
cybersecurity threats. This paper proposes a novel Al-
based intrusion detection system (Al-IDS) specifically
designed for quantum computing networks (QCN). By
leveraging machine learning (ML) algorithms and
quantum data patterns, we develop an adaptive and
dynamic framework capable of detecting irregularities
unique to quantum communication protocols. Our model
integrates classical and quantum features to provide
comprehensive protection against both classical and
quantum threats. Initial results demonstrate that the
proposed Al-IDS can effectively identify quantum-level
anomalies with  high  accuracy, outperforming
conventional IDS in a quantum environment. The
implications of this work are significant, as quantum
networks will be fundamental to the next generation of
secure communication systems, and there is limited
research focusing on the cybersecurity risks within these
networks. This research highlights the importance of early
interventions in quantum cybersecurity and sets the
foundation for further exploration of Al-based solutions in
the context of quantum computing.

Index Terms- Quantum Computing Networks, Intrusion
Detection, Cybersecurity, Machine Learning, Quantum
Anomalies, Al-Based Detection, Quantum
Communication Protocols

I INTRODUCTION

1.1 Background

Quantum computing (QC) represents a paradigm shift
in the field of computation, promising exponential
increases in processing power by harnessing the
principles of quantum mechanics. This emerging
technology holds the potential to revolutionize
industries  ranging  from  cryptography  to
pharmaceutical research. However, as quantum
computing matures, so too do the cybersecurity threats
it faces. Classical cybersecurity techniques, including
intrusion detection systems (IDS), are largely
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insufficient when confronted with quantum-level
threats, which differ fundamentally from classical
computing vulnerabilities. Quantum computing
networks (QCN) introduce new communication
protocols that exploit quantum entanglement and
superposition. These quantum properties, while
beneficial for computing power and secure
communication, present novel vectors for cyber-
attacks that traditional IDS cannot detect.

In recent years, machine learning (ML) models have
shown considerable promise in enhancing IDS,
particularly in identifying anomalous patterns within
network traffic. However, very few efforts have been
made to tailor these advancements for QCN, where
both the nature of the data and the attack vectors are
fundamentally different. To address this gap, this
research proposes a dynamic Al-based intrusion
detection system that can identify quantum-level
threats by integrating quantum data characteristics
with state-of-the-art ML algorithms.

1.2 Problem Statement

With the rapid progression of quantum computing
technology, there is an urgent need for cybersecurity
measures that can keep pace. Classical IDS are
designed to monitor and detect threats in conventional
network environments, relying on classical data
structures, patterns, and attack models. However,
quantum computing introduces new types of data
(qubits) and operational protocols, such as quantum
key distribution (QKD) and quantum teleportation,
which are not accounted for in classical IDS
frameworks. Consequently, the application of classical
IDS to QCN may result in missed detections or false
positives, leaving quantum networks vulnerable to
advanced cyber threats.

1.3 Objectives
This paper aims to develop an Al-based intrusion
detection system specifically tailored to quantum
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computing networks. The key objectives of this

research are:

1. To design a framework that can effectively
monitor quantum data transmission and identify
anomalies indicative of cyber-attacks.

2. To leverage machine learning algorithms to
analyze both classical and quantum data features
within a quantum network.

3. To evaluate the performance of the proposed
system in detecting quantum-level threats
compared to traditional IDS.

4. Toexplore the implications of Al-1DS in providing
a robust cybersecurity solution for the future
quantum internet.

1.4 Novelty and Contribution

While there has been extensive research on Al and ML
applications in classical cybersecurity, few studies
have investigated their potential in quantum networks.
This research bridges that gap by focusing on Al-
driven intrusion detection specifically for QCN. The
novelty of the proposed system lies in its ability to
analyze and detect irregularities within quantum data
structures, something that has not been extensively
explored in current literature. Furthermore, the
integration of classical and quantum threat detection
mechanisms makes this approach uniquely suited to
future-proof cybersecurity in the era of quantum
computing.

1. LITERATURE REVIEW

2.1 Classical Intrusion Detection Systems and
Machine Learning

Intrusion detection systems have evolved significantly
with the advent of machine learning techniques.
Classical IDS typically fall into two categories:
signature-based detection, which relies on known
attack patterns, and anomaly-based detection, which
identifies deviations from normal network behavior.
The use of machine learning has greatly improved
anomaly detection, as ML algorithms can learn from
vast amounts of network traffic data and identify
patterns that are indicative of cyber-attacks. According
to studies by Kim et al. (2019) and Zhang et al. (2021),
ML-based IDS models have demonstrated high
accuracy in detecting zero-day attacks by learning
from historical data.
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2.2 Challenges in Quantum Computing Networks
Quantum networks differ from classical networks in
several fundamental ways. Quantum communications
rely on the transmission of qubits, which can exist in
multiple states simultaneously due to the principles of
superposition and entanglement. This introduces a
new dimension to network monitoring. Conventional
IDS models are not equipped to process or interpret
the complex states of qubits. Saxena et al. (2020)
highlighted that quantum data is more susceptible to
eavesdropping and that quantum-specific attack
vectors such as intercept-resend and entanglement-
swapping attacks pose a threat to quantum key
distribution protocols. Furthermore, the integrity of
quantum data transmission can be compromised
through quantum noise and decoherence, making it
difficult to distinguish between natural errors and
malicious attacks.

2.3 Al and Quantum Networks

Al-driven solutions have gained traction in classical
cybersecurity, and their application to quantum
computing is an emerging area of research. Patel et al.
(2022) conducted preliminary studies on using Al to
enhance quantum cryptography, but there is still a
significant gap when it comes to applying Al to
quantum intrusion detection. Existing literature has
mostly focused on securing classical networks with
quantum cryptographic techniques rather than
addressing the unique challenges posed by quantum
networks themselves. Therefore, this paper fills a
critical void in the intersection of Al, ML, and
quantum network security.

I1l.  PROPOSED AI-BASED INTRUSION
DETECTION SYSTEM FOR QUANTUM
NETWORKS

3.1 System Architecture

The proposed system combines quantum-specific data
analysis with advanced machine learning models.
Figure 1 presents the high-level architecture of the Al-
IDS, which consists of two major components: a
quantum data pre-processor and an ML-based
anomaly detector. The pre-processor extracts relevant
features from quantum data streams, converting them
into a format compatible with classical ML
algorithms. The anomaly detector then uses supervised
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learning to classify traffic as benign or malicious
based on these features.

Quantum data input

Quantum Data Pre-processor

Feature Extraction Layer

Machine Learning-Based Anomaly Detector
Intrusion Detection Decision

Figure 1: Al-Based Intrusion Detection System for
Quantum Networks

Figure 1, with a clearer and more defined first box for
"Quantum Data Input." The entire architecture flows
logically from quantum data input through pre-
processing, feature extraction, machine learning-based
anomaly detection, and finally, the intrusion detection
decision.

3.2 Machine Learning Algorithms

The AI-IDS incorporates both supervised and
unsupervised learning techniques to detect anomalies
in quantum networks. We employed a combination of
random forests, support vector machines (SVM), and
neural networks. The dataset was generated by
simulating quantum communication protocols under
various attack scenarios, including intercept-resend
and entanglement-swapping attacks. Table 1 presents
the performance of each algorithm in detecting these
threats.

Table 1: Performance of ML Algorithms in Quantum

Network IDS
Algorithm Accuracy | Precision | Recall
Random Forest | 95.20% 94.80% 96.10%
SVM 92.70% 91.30% 93.50%
Neural 97.10% | 96.50% | 97.30%
Networks
IJIRT 168866

3.3 Evaluation and Results

The system was tested on a quantum network
simulation environment with real-time quantum key
distribution and quantum teleportation processes. The
results in Table 2 demonstrate that the AI-IDS
outperforms classical IDS in detecting quantum-
specific attacks, achieving an overall detection rate of
96.5%. Figure 2 illustrates the anomaly detection rates
over time for various attack types.

Table 2: Detection Rate Comparison Between Al-
IDS and Classical IDS

Detection | Classical | Quantum
System Attacks Attacks
Al-IDS 98.40% 94.70% 96.50%
Classical
IDS

Overall

96.20% 45.60% 70.90%

Figure 2: Detection Rates for Quantum-Specific Attacks Over Time
951

90+

Detection Rate (%)
~ ~ o] o]
o v o w

o
%]

60

2 4 6 8 10
Time (s)

Figure 2: Detection Rates for Quantum-Specific
Attacks Over Time

Figure 2, This graph displays detection rates
improving over time, demonstrating the system's
increasing effectiveness in identifying quantum-
specific attacks as more data is processed.

IV. CHALLENGES IN IMPLEMENTING Al-
BASED IDS FOR QUANTUM NETWORKS

The implementation of Al-based intrusion detection
systems in quantum computing networks presents
several unique challenges. One of the most significant
difficulties lies in the complexity of quantum data.
Quantum information, represented by qubits, operates
under the principles of superposition and
entanglement, making it more challenging to process
and analyze than classical data. Traditional machine
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learning algorithms are not inherently designed to
handle quantum data structures, necessitating the
development of quantum-specific feature extraction
methods. Moreover, the inherent noise and
decoherence in quantum communication systems can
complicate the identification of malicious activities, as
distinguishing between natural quantum errors and
cyber-attacks is a non-trivial task.

Another critical challenge is the lack of available
quantum network data for training machine learning
models. Since quantum computing and networking are
still in their infancy, there is a scarcity of real-world
datasets that can be used to train Al models effectively.
Current research is largely dependent on simulated
environments, which may not fully capture the
nuances of actual quantum communications. This data
scarcity can limit the generalizability of Al-based IDS
solutions when they are applied to real-world quantum
networks.

The scalability of Al-based IDS solutions in large-
scale quantum networks remains an open question.
Quantum networks, especially those that integrate
classical and quantum systems, are likely to be highly
complex and heterogeneous. Al models must be
capable of scaling to accommodate the high-
dimensional nature of quantum data, which could pose
computational challenges, particularly when dealing
with vast amounts of quantum traffic in real-time.

V. INTEGRATION OF CLASSICAL AND
QUANTUM IDS MODELS

To effectively safeguard quantum computing
networks, it is necessary to integrate classical and
quantum intrusion detection models. Hybrid systems
that combine the strengths of both classical and
quantum approaches offer a more comprehensive
defense against a wide range of cyber threats. While
classical IDS models are proficient in detecting
conventional network attacks such as Distributed
Denial of Service (DDoS) or malware infections, they
fall short when faced with quantum-specific threats
like eavesdropping on quantum key distribution
channels.

By leveraging Al algorithms, it is possible to bridge
the gap between classical and quantum IDS by
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developing a unified system that can analyze both
classical and quantum data streams. This hybrid
approach allows for the detection of complex multi-
dimensional anomalies, which may involve both
classical and quantum attack vectors. For instance, a
sophisticated cyber-attack could involve classical
network infiltration followed by the exploitation of
vulnerabilities in quantum communication protocols,
such as tampering with entangled states or intercepting
quantum key exchanges. A well-integrated IDS can
monitor both the classical and quantum layers of the
network, offering a holistic approach to intrusion
detection.

Hybrid IDS models can employ transfer learning
techniques, where knowledge gained from classical
IDS models is transferred and adapted to quantum
environments. This allows for the rapid development
of quantum IDS without requiring large amounts of
quantum-specific data, making the integration of
classical and quantum detection models not only
feasible but also highly effective.

Figure 4: Detection Rates for Classical vs Quantum IDS Over Time
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Figure 3: Detection Rates for Classical vs. Quantum
IDS Over Time

Figure 3, This chart compares the detection rates of
classical IDS and quantum IDS over time, showcasing
how quantum IDS consistently outperforms classical
IDS in identifying quantum-specific attacks.

VI. FUTURE TRENDS IN AI-BASED
QUANTUM CYBERSECURITY

The future of Al-based intrusion detection for
quantum networks will likely be shaped by several key
technological advancements. One major trend is the
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rise of quantum machine learning (QML), which seeks
to exploit the computational power of quantum
computing to enhance Al algorithms. By using
quantum processors to train machine learning models,
researchers hope to achieve faster and more accurate
anomaly detection in quantum networks. Quantum
machine learning models have the potential to handle
the high-dimensional data inherent in quantum
communications more efficiently than their classical
counterparts, significantly improving the performance
of Al-based IDS.

Another trend is the development of quantum-specific
encryption techniques that integrate with Al-IDS
frameworks. As quantum computing evolves, new
quantum-resistant cryptographic protocols are being
designed to withstand attacks from both classical and
quantum adversaries. These protocols could be
monitored and protected by Al-based IDS systems,
creating a symbiotic relationship between quantum
encryption and Al-driven cybersecurity.

The increasing convergence of quantum computing
with other emerging technologies, such as the Internet
of Things (IoT) and 5G networks, will create new
attack surfaces that must be addressed. Quantum-
enhanced Al-IDS systems will need to adapt to these
evolving technological landscapes, ensuring that they
can protect not only quantum communication
networks but also hybrid infrastructures that combine
classical, quantum, and 10T components.

CONCLUSION

This paper presents a pioneering Al-based intrusion
detection system designed specifically for quantum
computing networks. The Al-IDS leverages machine
learning algorithms to identify anomalies within
quantum communication protocols, achieving high
accuracy in detecting quantum-specific threats. As
quantum computing continues to advance, it is
imperative to develop robust cybersecurity solutions
to protect these networks. Future research should
focus on refining quantum feature extraction
techniques and exploring real-world deployment
scenarios for Al-IDS in quantum networks.
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