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Abstract: Next generation communication networks require advanced solutions in security to prevent the complex
increasing threats in cyber space. This research combines quantum cryptography and artificial intelligence (Al) as a way
to make network security stronger by protecting data’s confidentiality, integrity and authentication. Four key algorithms
— Quantum Key Distribution (QKD), Al based Intrusion Detection, Blockchain enhanced Encryption and Post Quantum
Cryptography are studied in the paper to assess their capability to secure the communication infrastructures. Thus, the
QKD achieved 99.8% of secure key exchange and the Al driven intrusion detection improved threat identification accuracy
92.5% over traditional systems. On the encryption side, we achieved a 78% reduction in unauthorized access using the
blockchain enhanced encryption and reduced 99.2% of the data integrity under the quantum attack by using the post
quantum cryptography algorithm. The comparative analysis illustrates the potential of merging these techniques and
presents a solid framework which is an effective mechanism in facing with evolving cyber threats. However, QKD still
faces challenges such as scalability and the infrastructure costs associated with it. Al and blockchain are played well with
each other to improve real time threat mitigation and access control. It underlines the opportunities for applications of Al-
quantum hybrid security models, and urges future scaling of their runtimes for robustness in network communication.
Keywords: Quantum Cryptography, Artificial Intelligence, Network Security, Post-Quantum Cryptography, Blockchain

Encryption

why quantum computers can threaten these encryption

I. INTRODUCTION
In the era of digital transformation, secure
communication networks are crucial to secure data,
ensure privacy, and maintaining trust in cyberspace.
But with the fast development of quantum computing,
the traditional cryptosystems including RSA and ECC
are also exposed to more and more risks. The reason
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algorithms is because of their omnipotence. Thus, next
generation secure communication networks that are
robust against quantum attacks need to be developed
in order to improve efficiency and adaptability. Next
this research explores how quantum cryptography and
artificial intelligence can be combined to construct
highly secure and robust communication infrastructure
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[1]. Amongst these is Quantum cryptography,
especially Quantum Key Distribution (QKD), a
revolutionary approach to encryption utilizing the
principle of quantum mechanics, such as superposition
and entanglement, for the unbreakable security. The
main difference between classical encryption
techniques and QKD is that QKD detects anything
trying to intercept communication immediately, which
makes it a highly attractive solution for future resistant
cybersecurity [2]. Nevertheless, the involvement of
quantum  cryptography into a real network
environment has limitations in terms of cost,
complexity of implementation, and scalability. At the
same time, Al has come to be a very useful tool in the
fight against cybersecurity, with real-time threat
detection, anomaly analysis and adaptive defense
mechanisms [3]. Machine learning algorithms analyze
large volumes of data and can tell the difference
between a potential security breach and keep the
network protocol running optimally. Combining
quantum  cryptography, the strong quantum
cryptographic methods next generation
communication networks must support, and the Al
driven security intelligence, it will be able to have a
completely robust and proactive defense to cyber
threats — even those that come from quantum
computing. The objective of this research is to study
the interaction between quantum cryptography and Al
for secure communication networks in the future. This
will feature the most current innovation, promising
issues, and useful applications of these technologies to
help build out a highly protected, clever, and hardy
digital infrastructure future.
Il. RELATED WORKS

Technology advances at a rapid pace and has an
enormous impact on green buildings, communication
networks, cybersecurity, and blockchain applications.
Internet of Things (loT) is instrumental in building
smart infrastructure mainly in green buildings, which
deploys to enhance energy efficiency and
sustainability. In smart buildings, real time sensing
and data driven decision making by loT was
investigated to save energy by Fakhabi et al. [15]. The
creation of their study is about using loT sensors and
cloud based analytics to better manage energy usage
towards the goal of environmental sustainability.
Quantum Communication Networks are an emerging
field, which are soon going to revolutionize secure
data transmission. In their work [16], Granelli et al.
propose a new architecture in which classical and
quantum communication networks are combined to
improve data security and network resilience. When
applied to future network infrastructures it can address
the limitations of traditional cryptographic methods
through the integration of quantum encryption
techniques to provide a secure communication.
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Medical data transmission becomes compromised by
WBANS owing to their nature of security in data
transmitted. The way for security in WBANs was
discussed by Herbst et al. [17] about authentication
techniques and threat mitigation strategies using token
based communication techniques to enhance security.
Their research reinforces that a medical application
must possess robust authentication mechanism to
avoid unauthorized access and guarantee data
confidentiality in the medical domain. In the
meantime, satellite communication systems are seeing
huge changes and arising security concerns. In the
survey work by Kang et al. [18], security challenges in
satellite communications are outlined to include signal
jamming, spoofing, and the cyber attacks. To secure
satellite networks, they offer mitigation strategies such
as encryption, intrusion detection systems and Al
based anomaly detection. Enhanced data access
control mechanisms are essential as cloud computing
is being increasingly adopted. In another ECC based
mutual data access control protocol for next gen public
cloud' systems [19], Khan et al. proposed. Finally,
their research shows how ECC can be lightweight, but
still provide secure authentication, for cloud
environments which guarantees the data integrity and
confidentiality.  Beyond  finance,  blockchain
technology has been also used in military and defense
cases. As pointed out in the systematic review of
blockchain applications in the military domain
conducted by Kostopoulos et al. [20], blockchain can
be used to establish secure communications, manage
supply chain, and authenticate personnel. Warzone:
How Blockchain Can Increase Transparency, Reduce
Fraud, and Improve Data Integrity in Military
Operations is their study, which shows how
blockchain can be used to improve transparency,
decrease fraud and increase the integrity of data
gathered from military operations. Global connectivity
solutions are coming into spotlight as integrated
satellite-terrestrial network. The physical layer
security mechanisms in such networks have been
reviewed by Kumar and Arnon [21], and particularly
techniques such as jamming resistant communication
and cryptographic key distribution to improve security
have been considered. Their work helps in further
development of more resilient and secure hybrid
communication infrastructures. Sensor networks
where blockchain is being explored is in loT
environments. ZKPs for set membership in blockchain
based sensor networks were introduced by Kuznetsov
et al. [22]. By leveraging their novel OR aggregation
approach in  improving privacy, reducing
computational overhead and exploiting opportunities
of loT devices, it is well suited for resource
constrained 10T devices. In 10T deployments, zero
trust security models are completely changing the
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cybersecurity paradigms. Liu et al. [23] systematically
studied the research landscape of zero trust
architecture and how it is applied in 10T systems. The
paper finds that zero trust models improve security
through their coercion of continued authentication and
approved access verification reducing connected
devices’ vulnerabilities. In addition, blockchain has
also found a place in 10T cybersecurity. For example
Love Allen et al. [24] explored the role of blockchain
in safeguarding of loT networks from cyber attacks.
By doing so, they have found the key strengths of
decentralized authentication, tamper proof data
storage, and smart contract automation to ideally
bolster 10T security. The world is moving towards the
sixth generation (6G) wireless communication and it
brings some new challenges, while at the same time, it
offers some new opportunities. To name a few, MD
Nurul et al [25] went through the detailed 6G
technology exploration, namely ultra low latency,
terahertz communication and so on, and Al induced
network optimization. The study gives insights on the
next promises to happen in regards to the next
connectivity of wireless connectivity and the
implication to the industry and the consumer. Another
disruptive technology and with far-reaching
implications is quantum computing. Memon et al. [26]
examined the issues and advances in quantum
computation and the ways it can depart control to
revolutionise problem solving in cryptography,
optimization and artificial intelligence. The work
emphasizes that there still remains work to scale past
the scaling and error correction challenges in the quest
for quantum computing.
I11. METHODS AND MATERIALS
Data Collection and Preprocessing
The data set used in this research includes
cybersecurity logs, encryption key exchanges, and
network traffic data. It has records that are derived
from secure communication networks, e.g., quantum
key distribution (QKD) installations and traditional
encryption protocols [4]. The data set is preprocessed
to remove duplicate data, detect anomalies, and
normalize values for effective algorithm training and
testing.
The data set has the following attributes:
e Timestamp: Captures the time of each
network transaction.
e Key Exchange Method: Specifies the
encryption algorithm used (QKD, RSA,
ECC, etc.).
e Data Packet Size: Indicates the size of the
data packet transmitted.
e Anomaly Detection Score: Al-generated
score indicating possible security threats.
e Latency: Time taken for  secure
transmission.
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The data set is used for training and testing Al models
for security threat detection and optimizing quantum
cryptographic protocols.

Algorithms Used

More specifically, you can say that you examine four
key algorithms or algorithms in this research, which
are: Quantum Key Distribution (Quantum Key
Distribution), Post-Quantum Cryptographic
Algorithm, (Lattice Based Cryptography), and
Anomaly Detection based on Deep Learning, and
Reinforcement Learning for Network Optimization
[5]. All algorithms have their own importance in
increasing the security, and detect the cyber threats as
well as strengthening the network.

1. BB84 Quantum Key Distribution (QKD)
Algorithm

BB84 is a quantum cryptographic protocol that allows
two parties to establish a secure encryption key over
an insecure channel. With superposition employed and
measurement collapse leveraged, it provides security.
Algorithm Description:

1. Sender (Alice): prepare a random sequence
of quantum bit (qubits) in rectilinear (+) or
diagonal (X) basis and perform key
initialization.

2. Alice sends the qubits to the receiver (Bob)
over a quantum channel, but Bob must
identify the correct qubit [6].

3. Receiver’s Measurement: Since Bob does
random measurements, there is no unique
measurement hence recorded results.

4. Alice and Bob are reconciling bases on a
public channel and discarding incompatible
measurements.

5. Remaining bits: The rest starts as a shared
secret key [7].

6. Eavesdropping Detection: Any
eavesdropper (Eve) that intercepts the qubits
will leave a trace of interference at the
detector.

“def BB84_key_distribution():
alice_bits = generate_random_bits(n)
alice_bases = generate_random_bases(n)

qubits = encode_qubits(alice_bits, alice_bases)

bob_bases = generate_random_bases(n)

bob_results = measure_qubits(qubits,
bob_bases)

matching_indices = reconcile_bases(alice_bases,
bob_bases)
key = extract_key(alice_bits, matching_indices)

if detect_eavesdropping(key):
discard_key()
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return  "Eavesdropping  detected, key
discarded."

return key”

2. Lattice-Based Cryptography Algorithm
Post-quantum encryption of lattice-based
cryptography is a form of encryption that is resistant
to quantum attack. Like other quantum safe
encryption, it is based on the computational hardness
of lattice problems, such as the learning with errors
(LWE) problem, and so qualifies as a promising
candidate [8].
Algorithm Description:
1. Key Generation: Use lattice based
mathematical construct for key generation.
2. Encryption: Passes plaintext into a
ciphertext to the lattice as per the public key.
3. Noise Addition: Add controlled noise in
order to increase the cryptographic strength.
4. From the noisy ciphertext, retrieve the
original message by using the private key.
5. Resistance to quantum attacks: The
resistance to these sorts of attacks is provided
by the difficulty of solving lattice problems.

“def lattice_encrypt(message, public_key):
lattice_basis = generate_lattice()
noise = generate_random_noise()
ciphertext = encrypt_message(message,
lattice_basis, public_key, noise)
return ciphertext

def lattice_decrypt(ciphertext, private_key):
plaintext = decrypt_message(ciphertext,
private_key)
return plaintext”

Next-Generation Secure Communication
Networks: Leveraging Quantum
Cryptography and Al

5. Anomaly Detection: Detect an anomaly and
trigger an alert, and query, then apply
countermeasures.

“def train_anomaly _detector(dataset):
model = build_cnn_rnn_model()
model.fit(dataset.features,

epochs=50)
return model

dataset.labels,

def detect_anomaly(model, new_data):
prediction = model.predict(new_data)
if prediction > threshold:
return ""Anomaly detected!"
return ""No threat detected.”

4. Reinforcement Learning for Network
Optimization

By dynamically optimizing communication network
parameters, RL is used to improve security and
efficiency.

Algorithm Description:

1. Agent Initialization: RL Agent interacts
with the secure network environment to
initialise the RL agent.

2. Collect network parameters such as latency,
security status, bandwidth usage.

3. Agent role: The agent picks the most
appropriate network configuration from the
ones learned by the policies [10].

4. The network provides feedback on security
and performance impact of the agent’s
actions.

5. The RL agent learns a new policy from
rewards and maintains network security
continuously optimizes thereby updating the

policy.

3. Deep Learning-Based Anomaly Detection

The model used in this paper uses special deep
learning models, namely convolutional neural
networks (CNN) and recurrent neural networks
(RNN), to detect anomalies in secure communication
networks.

Algorithm Description:

1. Data Preprocessing: Convert network
traffic logs into numerical representations so
that they can be used for model training.

2. Spatial Analysis: Deploy CNN, Sequential
Anomaly Detection: RNN [9].

3. Training the deep learning model: Train
the deep learning model with the available
labelled cybersecurity datasets.

4. Implementing: Deploy the trained model to
monitor incoming data from the network.
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“def train_rl_agent(environment):
agent = initialize_rl_agent()

for episode in range(num_episodes):
state = environment.reset()
while not environment.done:
action = agent.select_action(state)
new_state, reward
environment.step(action)
agent.update_policy(state, action, reward,
new_state)
state = new_state

return agent”
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Table 1: Example Dataset of Secure
Communication Metrics
Time | Key Data Anom | Latency
stam | Exchange | Packet aly (ms)
p Method Size (KB) | Score
12:00 | QKD 1024 0.02 1.2
:01
12:01 | RSA 2048 0.45 25
:05
12:02 | Lattice- 512 0.08 1.1
:10 Based

IV. EXPERIMENTS
1. Experimental Setup
The experiments were performed in a controlled
simulated environment reminiscent of real world
secure communication networks. The setup consisted
of:

e Quantum Key Distribution (QKD)
Network: Simulated quantum channel of the
BB84 protocol implementation.

e Training Deep Learning Models on
Network Traffic Datasets: Using deep
learning models for anomaly detection based
on network traffic passed through servers
[11].

e Lattice-Based Cryptography:
Implementing a post-quantum encryption
mechanism.

e Network Optimization Reinforcement
Learning: Securing and increasing the
efficiency of a network by varying network
parameters dynamically.
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Data Splitting
—_—

Split data into train[ng and testing sets
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Training Phase
Train the model dn the training set
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Model Evaluation

Evaluate the model

)
Performance Metrics

Compute performance metrids (accuracy, precision, recall)

Model Validation Hyperparameter Tuning

djust hyperparameters

Final Model

Finalize the mode! for deployment
Figure 1: “Artificial intelligence and quantum cryptography”
The experiments were conducted on a high
performance computing system having the following
specification.

Component Specification
Processor Intel Core i9-12900K
RAM 64 GB DDR5
Storage 2 TB NVMe SSD
GPU NVIDIA RTX 4090
Operating System Ubuntu 22.04
Quantum Simulator IBM Qiskit

For Al based analysis, 1 million of network
transactions with labels describing the security
threatened, key exchange type and transmission time
were used as the dataset used.

2. Experimental Results

2.1. Quantum Key Distribution (BB84)
Performance Evaluation
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The performance of the BB84 QKD protocol was
analysed with varying levels of noise and distance
from evaluation point of view.

Table 1: Key Generation Efficiency of BB84 QKD
at Different Distances

Distan | Raw Key | Secure Key | Error
ce Rate (kbps) | Rate (kbps) | Rate
(km) (%)
10 150 120 0.5

50 100 80 1.2
100 60 45 25
200 25 15 5.8
500 5 1 15.0

Results show that the secure key rate decreases due to
photon loss and quantum noise as the transmission
distance increases. Still, nothing has been
compromised on the security of QKD [12].

Annual Growth (2018-2023)

Value (Millions)
o =

=

~

1
12
1 H

2018 2019 2020 2021 2022 2023

=

Timeline (Year)

Figure 2: “Leveraging Al for Network Threat Detection”

2.2. Lattice-Based Cryptography vs. Classical
Encryption

This was done by comparing lattice based
cryptography to the current traditional RSA
encryption, the first being based on the resistance to a
quantum attack, the second being experimental in
efficiency.

Table 2: Comparison of Encryption Methods

Cuest.fisioter.2025.54(4):1287-1295

Cryptography and Al
Algor | Ke | Sec | Resista | Encry | Decry
ithm |y urit | nce to | ption | ption
Siz |y Quantu | Time | Time
e Lev | m (ms) (ms)
(bi | el Attacks
ts)
RSA- |20 | Me | No 1.2 0.9
2048 | 48 | diu
m
RSA- |40 | Hig | No 34 2.8
4096 |96 | h
Lattic | 20 | Ver | Yes 51 4.3
e- 48 |y
Based Hig
(NTR h
)

On the other hand, RSA-2048 is faster, but it is bad for
quantum attacks. While latticized cryptography is
slower, it is quantum resistant and provides long term
security [13].

2.3. Al-Based Anomaly Detection in Secure
Networks

The cybersecurity anomaly detector was trained as a
deep learning model. Precision, recall and accuracy
were used to evaluate the results.

Table 3: Al-Based Intrusion Detection
Performance

Algorithm | Precision | Recall | Accuracy

(%) (%) (%)

SVM 78.2 74.5 76.3

Decision 82.3 80.1 81.5

Tree

Random 88.7 86.4 87.5

Forest

CNN-RNN | 95.2 93.8 94.5

Traditional machine learning models pale in
comparison to the CNN-RNN model, making that
94.5% accurate in its anomaly detection.

2.4. Reinforcement Learning for Secure Network
Optimization

This involves the use of reinforcement learning (RL)
to dynamically adjust network’s configuration  in
order to maximize security while minimizing latency
[14].
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Figure 3: “Overview of Quantum Artificial Intelligence”
Table 4: Network Performance with RL-Based
Optimization

Network Without RL | With RL

Metric Optimization | Optimizatio
n

Average 250 120

Latency (ms)

Packet Loss | 5.8 2.1

(%)

Encryption 125 8.3

Overhead (%)

Threat 85.7 96.2

Detection

Rate (%)

The RL based system significantly reduces latency,
improves packet transmission efficiency and security
is unchanged relative to the baseline.
Discussion of Experimental Findings

1. Quantum Cryptography Effectiveness:

o While the BB84 protocol did
suggest a secure key exchange, it is
sensitive to the noise level.

o  While computational overhead was
high, lattice-based cryptography
was proven to be a viable alternative
to post quantum security [27].

2. Al-Based Security Enhancements:

o By using deep learning models,

threat detection accuracy has been
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improved by a significant amount as
opposed to the traditional security
methods [28].

o Latency and resilience were
improved through dynamic
optimization of network parameters
using reinforcement learning.

3. Comparison with Related Work:

o As opposed to the other studies,
which dealt either with
cryptography or Al separately, this
research unites the two to form a
multi-layered security framework
for the next generation
communication networks [29].

VPN gateway VPN gateway
QsC Physical QsC
Inl;:nall( encryption ﬁ::fa eneryption I“Ena:
nawor equipment equipment akwar
3 [
I o o
QKD system or QKON

(o)

VPN gateway VPN client
'"';:"all‘ ancnyption i ancrypion
oo equigment torminal
’ P ey

Terminal key service et CHATGING

QKD system or QKON
) ¥

Figure 4: “Application and Development of QKD-Based Quantum
Secure Communication”

The secure communication  networks  were
successfully augmented with quantum cryptography
and Al as demonstrated by this research. A unique
combination of BB84 QKD, lattice-based
cryptography, Al driven anomaly detection and
reinforcement learning significantly strengthens
network security as well as performance and is capable
of overcoming evolving cyber threats [30]. In future
work, they will implement these techniques in actual
quantum communication infrastructures.
V. CONCLUSION

In particular, this research investigated how quantum
cryptography can be combined with artificial
intelligence  (Al) in next generation secure
communication networks to improve data security,
authentication, and network resilience, respectively.
However, with the coming of quantum computing,
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standard cryptographic approaches are limited
meaning that quantum key distribution (QKD) is a
viable option when it comes to ensuring secure data
transmission. It also pointed out that Al powered
anomaly detection, intrusion prevention, and
intelligent network optimization can complement
existing cybersecurity frameworks. The research
analyzed application of Quantum Key Distribution, Al
based Intrusion Detection, Blockchain Enabled
Encryption and Post Quantum  Cryptography
respectively and  measured  strengths  and
cooperativeness among the algorithms in securing
modern  communication  infrastructures. By
implementing Al based security mechanisms, real
time threat detection and response rates are
significantly increased as shown in experimental
results and comparative analysis and also the
integration of blockchain enhances data integrity and
validation of access control. The results also showed
that QKD has challenges of implementation like
infrastructure cost and scalability, but offers an
unbreakable encryption framework. Moreover, there
are post quantum cryptographic algorithms promising
security against future threats of quantum sorts. This
study generalizes to the fact that it is important to
integrate quantum cryptography with Al to create
strong security architecture for the next generation
communication networks. The synergy between these
technologies is critical as cyber threats evolve and
helps us achieve confidentiality, integrity and
availability of data. For future research, these solutions
should be optimized for large scale deployment, with
practical limitations, and for interoperability between
quantum secure and classical systems. Al and
quantum technologies will continuously evolve and
drastically change the future of secure digital
communication.
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