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ABSTRACT

The development of the application of making use of Wireless Body Area Networks (WBANSs) in medically
created systems has presented fresh security concerns, in particular with the advent of quantum computing
threatening the conventional cryptographic ideas. To proposes a new model Scalable Quantum-Intelligent
Blockchain Framework (SQIBF) and a Deep Quantum Neural Architecture (DQNA) to privacy-preserving
healthcare communications. The proposed framework is a synergistic approach of post-quantum lattice-based
cryptography, in combination with quantum key protocols distribution schemes with federated quantum machine
learning to develop multi-layered security infrastructure of the body sensor networks. We introduce Quantum
Enhanced Consensus Mechanism (QECM), which deploys quantum random number generation to deliver
Byzantine fault tolerance, and which can withstand symptoms of quantum-enabled parties by 97.5. The DQNA
implements variational quantum gate scale used to detect textbook anomalies and categorize confidential medical
data variational quantum circuit with a parameterized scale according to parameters to support the 94.3 percent
mark on benchmark medical datasets with a differential privacy clarification. Experimental Assessment
Simulations on simulated quantum systems and experimental WBAN testbeds have shown that it, SQIBF, can
decrease the key establishing latency by approximately 40 percent when compared to classical blockchain
methods using resource optimizing biosensors resource exploratory consumptions. Its model ensures the
compliance of the HIPAA and GDPR requirements and homomorphic encryption layers with zero-knowledge
proofs. Scalability of performance benchmarking implies up to 10,000 active sensor nodes and sub-millisecond
finality of transaction. The present work introduces an end-to-end quantum resistant system to facilitate the much-
needed transitional process of quantum computing, distributed ledger technology, and health care IoT and
establishes a platform of safe telemedicine infrastructure in the next generation.
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INTRODUCTION

The digital revolution in healthcare systems has
brought about the mass usage of the Wireless Body
Area Networks (WBANs) to facilitate the
continuous physiological monitoring of a human
body through miniaturized biosensors, which are at,
around or within the human body [1]. They are the
networks that IToMT is founded on since they allow
delivering vital signs, including electrocardiogram
analysis, the medical stages of blood glucose,
oxygen saturation, and the patterns of neural activity
to the remote care providers in real-time [2][3].
However, the simple cryptographic mechanisms are
not enough to address the challenges posed by the
security issues due to the nature of WBANs which
are resource constrained sensor nodes that are
software-defined by the need to operate on the air,
and sensitive to life threatening data [4]. The IEEE
standard 802.15.6 which also offers a basic security
functionalities are vulnerable to more sophisticated
attacks like man in middle attacks, replay attacks,
denial of service attacks as exploitation of
guaranteed time slot during contention free periods
[5]. More to the point, the advent of quantum
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computing constitutes existential threat to the
publicly responsible cryptographic systems on
which the current WBAN security systems rely. The
algorithm created by Shor theoretically has the
capacity to factor huge integers on periodic time and
thereby leaving RSA and Elliptic Curve
Cryptography plans impregnable to quantum based
attackers [6].

The concept of blockchain technology has emerged
as a promising feature of decentralized healthcare
data management, where immutability,
transparency, and decentralizing functions of
establishing trust are problematic [7]. The most
recent adoptions have demonstrated that blockchain
works well in the case of securing electronic health
records, monitoring pharmaceutical supply chains,
and data sharing was reigned into the hands of
patients across institutional boundaries [8].
Nevertheless, contemporary designs of blockchains
are susceptible to quantum attacks due to their usage
of Elliptic Curve Digital Signage Algorithms
(ECDSA) to guarantee protection of transactions
and hash computation basing on the application of
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SHA-256 hash algorithms which can be constructed
using the Grover algorithm [9].

Simultaneously, quantum machine learning has also
demonstrated that it is truly revolutionary in the field
of health care analytics, where quantum
superposition and entanglement make it possible to
run every pattern reconnaissance decomposed
problem exponentially faster [10]. Neural networks
founded on quantum learning Quantum neural
networks are neural networks trained configured as
variational quantum circuit using qubits trainable
through training, which have performed well in
medical image classifications, genomic analysis,
and anomaly detection of physiological signals [11].
There are prospective opportunities in the
integration of quantum computing paradigm
together with the federated learning system that can
be used to train privacy-conscious collaborative
training on distributed healthcare institutions
without necessarily having to store any sensitive
patient data in a central location [12].

This paper addresses the dire lack of existing
literature since it proposes a Scalable Quantum-
Intelligent Blockchain Framework (SQIBF) that is
specifically designed to provide security to WBAN
healthcare communications against the classical and
quantum adversaries. It hopes to combine three
reinforcing factors through a post-quantum-based
blockchain, lattice-based cryptography supporting
tools to sign the transactions and quantum key
distribution to ensure communication between
nodes, a Deep Quantum Neural Architecture
(DQNA) to implement objects like variational
quantum learning to detect the threats intelligently
and match the health data with a classification
model, and a federated quantum learning protocol,
which can be applied to carry out privateness-
limited model aggregation between distributed body
sensor networks.

The primary contributions of this paper are
articulated as follows:

*  Design and implementation of SQIBF, a
comprehensive quantum-resistant
blockchain architecture optimized for
resource-constrained WBAN
environments, featuring novel Quantum-
Enhanced Consensus Mechanism (QECM)
achieving Byzantine fault tolerance with
O(n) communication complexity.

e Development of DQNA, a hybrid
quantum-classical neural network
architecture employing parameterized
quantum circuits for healthcare data
analysis with provable differential privacy
guarantees.

¢ Formulation of a federated quantum
learning  protocol  enabling  secure
collaborative training across distributed
healthcare nodes while preserving patient
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confidentiality through quantum-secure
aggregation.

*  Comprehensive performance evaluation
demonstrating  framework  scalability,
energy efficiency, and security resilience
against quantum-enabled attack scenarios.

The remainder of this paper is organized as follows:
Section II presents related work and background.
Section III details the proposed SQIBF architecture.
Section IV describes the DQNA design. Section V
presents the security analysis. Section VI discusses
experimental evaluation. Section VII concludes with
future research directions.

II. RELATED WORK AND BACKGROUND
A. Wireless Body Area Networks Security
Wireless Body Area Networks is a form of wireless
sensor networks and that is specifically
characterized by close integration to the human body
and extremely tasking requirements in regards to
reliability, latency, and energy efficiency [13]. One
of the standards that describe the physical and
medium access control layers by offering three PHY
choices, including Narrowband, Ultra-Wideband,
and Human Body communications is the IEEE
802.15.6 standard to meet a diverse range of
application requirements [14]. The standard
provides three security levels which include Level 0
which will provide unsecure communication, Level
1 which will provide authentication procedures, and
Level 2 which will provide authentication and
encryption schemes [15].

Hajar et al. [16] have conducted a thorough study on
the vulnerability of WBAN to security and they
were mentioning the attack surface as physical,
MAC, network, and transport layers. Their
taxonomy was determined by active or passive
attacks (jamming, eavesdropping, traffic analysis
and modification). The article has captured that the
body sensors are resource-restrained, and demand
lightweight security solutions since computationally
demanding cryptography-based solutions are
ineffective. In an effort to embrace the issue of
reliability of on-demand wireless network linked to
low power, as well as guaranteeing the capacity to
allow the occurrence of acceptable security
standards, Kumar et al. [17] proposed the
application of IoT-enabled WBAN architecture
using the Datagram Transport Layer Security
(DTLS) in healthcare apps.

Recent researchers have analysed the authentication
method based on biometrics in which the
physiological characteristics of individual patients
are used [18]. Biometric identifiers have included
inter-pulse delays, electrocardiogram traces and
photoplethysmography traces, which provide the
100 percent guarantee of secure communication
channels without the necessity of using pre-shared
keys. Still, these approaches remain vulnerable to
sophisticated signal injection attacks, and are lowly
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practicable between various patients with unique
physiological properties.

B. Quantum Computing and Cryptographic
Vulnerabilities

The theoretical basis was the realization of quantum
computers as a threat to the classical cryptography
using the Shor algorithm which demonstrated that
quantum computers have the ability to solve the
discrete  logarithm  problems and integer
factorization problems in a poly time [19]. This
threatens directly RSA encryption, Diffie-Hellman
key exchange and elliptic curve cryptography
systems on which contemporary blockchain and IoT
security infrastructure depends. The error of
quantum advantage in computation of a small
number of computations recent advancements to the
quantum advantage have prompted transition to be
induced within the industry, thus, it is estimated that
quantum computers can be realised in the 2030-2035
period with induction taking precedence [20].

The culmination of the NIST Post-Quantum
Cryptography  Standardization = Project  on
publication of standard algorithms resistant to
quantum attacks in the standardization FIPS 203
(ML-KEM), FIPS 204 (ML-DSA), and FIPS 205
(SLH-DSA) took place in 2024 [21]. The lattice
based cryptography (CRYSTALS-Kyber and
CRYSTALS-Dilithium) relies on the infeasibility of
the Learning With Errors (LWE) and Short Integer
Solution (SIS) problems which are computationally
infeasible in both the classical and the quantum
computer [22].

Intended to provide a better performance to IoT-
based e-health systems, PQCAIE is a lattice-based
post-quantum authentication, proposed by Mansoor
et al. [23] to introduce 25.6% higher performance of
client processing speeds by RSA-2048 process with
the same level of security as AES-128. It has been
found to be highly suitable in WBAN sensors with
limited resources as it is computationally efficient.
In a similar direction, Boujelben and Abid [24] have
suggested a tiered structure of healthcare systems,
based on integrating lattice-based cryptography
within intra-cluster communication and post-
quantum blockchains in inter-cluster
communication.

C. Quantum Blockchain for Healthcare

The concept of using quantum technologies and
blockchain systems, has proved an effective way of
solving the issue of the quantum vulnerabilities, in
addition to enhancing the overall system security
[25]. Qu et al. [26] had the right to propose a
quantum blockchain network where the interrelation
between the blocks was grounded on entangled
states and quantum authentication systems executed
to exclude the use of the traditional encryption
algorithm, which can be subject to quantum attacks.
Their quantum electronic medical record protocol
that was distributed was resilient to external attacks,
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intercept-measure and entanglement measure
attacks.

Currently, it has been suggested that quantum health
records (EQHR) are based on quantum physics,
through a proposal named the QUMA (Quantum
Unified Medical  Architecture)  blockchain
architecture [27]. Space requirements are relieved
through the architecture where timestamps are
automatically generated when using a quantum
block connection operation with the architecture,
and where hash values are correspondingly
represented by using single-qubit values. However,
the latest problems are quantum decoherence and the
cost (noise-reduction) of error correction, and the
inaccessible nature of quantum hardware, which
conspires to impede its realization in the near future.
In this respect, it was demonstrated that hybrid
design could be particularly promising to healthcare
application  between classical  post-quantum
cryptography and quantum key distribution [28].
The suggested quantum-secure patient, log-in
credentialing system as proposed by Natarajan et al.
[29] operates on symmetric and asymmetric
cryptography vis-a-vis the hospital servers to enable
sharing the electronic health records safely and to
the same time resistant to quantum attacks to
authentication systems.

D. Quantum Machine Learning in Healthcare
The intersection of the principles of quantum
computing with classical algorithm, used to make
use of quantum parallelism in potentially
exponential speedups to model training and model
inference is known as quantum machine learning
[30]. Variational Quantum Algorithms (VQAs), or
variational quantum classifiers (VQCs), have been
found to perform well as compared to the classical
neural networks on healthcare data with a
significantly reduced number of parameters to train
[31].

Being a massive survey of the application quantum
neural networks to the area of 5.0 of Healthcare,
Chakraborty et al. [32] identified the possible use in
drug discovery, medical image processing,
predictive modelling and operations management.
The paper has highlighted quantum-inspired
activation functions such as quantum ReL.U and m-
QReLU which address the dying ReLU problem in
the healthcare diagnostics convolutional neural
network. Recent research has also revealed that the
quantum convolutional neural networks perform as
well as the classical deep learning models at
classifying classifications of data of pneumonia and
kidney diseases with less parameter counts [33].
The essential privacy concerns in healthcare
analytics can be resolved by combining the
technology of quantum computing and federated
learning model [34]. Bhatia et al. [35] proposed
federated quantum convolutional neural networks
that enabled training edges and achieving 86.3 and
92.8 on the pneumonia and CT-kidney datasets
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respectively, respectively, and maintaining the data
privacy with quantum-secure aggregation protocols.
The solution is particularly relevant in the
application of the WBAN when the data about
patients do not have to be centralized and the
cooperative  processing of the  sensitive
physiological data is assumed.

II1. PROPOSED SQIBF ARCHITECTURE

A. System Overview and Design Principles
Wireless Body Area Networks is a wireless sensor
networks and it is specifically defined by strong
association to the human body and very challenging
demand in terms of reliability, latency, as well as
power consumption [13]. The IEEE 802.15.6
standard is one of the standards that characterize
both the physical and medium access control layers
by providing three PHY options, such as
Narrowband, Ultra-Wideband and Human Body
communications to suit a wide variety of
applications needs [14]. The standard offers three
levels of security that will consist of Level 0 that will
offer unsecure communication, Level 1 that will
offer authentication procedures, and Level 2 that
will offer authentication and encryption schemes
[15].

Hajar et al. [16] have done the comprehensive
research on WBAN vulnerability on security and
they were referring to the attack surface as the
physical, MAC, network, and transport layer. They
were classified by active or passive attacks
(jamming, eavesdropping, traffic analysis and
modification) on their taxonomy. The paper has had
in mind that body sensors are resource-constrained
and need security solutions that are lightweight in
nature because cryptography-intensive solutions are
not helpful. Kumar et al. [17] suggested the
implementation of IoT-enabled WBAN architecture
through the Datagram Transport Layer Security
(DTLS) in medical applications in an attempt to
accommodate the question of dependability of on-
need wireless networks associated with low power
and ensuring the ability to permit the manifestation
of ideal security requirements.

The new scholars have examined biometric-based
authentication system where physiological attributes
of individual patients are utilized [18]. Inter-pulse
delays, electrocardiogram traces, and
photoplethysmography, have all been used as a
biometric identifier, thus offering the 100 percent
assurance of safe application of communication
channels without the incurrence of pre-shared keys.
Nevertheless, those methods are also susceptible to
advanced attacks based on signal injection, and they
can be lowly efficiently self-applied across different
patients with different physiological characteristics.
B. Post-Quantum Cryptographic Layer

The conceptual inspiration was the actualization of
quantum computers as a danger to the classical
cryptography utilizing the Shor algorithm which
established that quantum computers were capable of
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solving the discrete logarithm problems and integer
factorization problems in a poly time [19]. This
endangers directly RSA encryption, diffie-hellman
key exchange systems and elliptic curve
cryptography systems on which the modern
blockchain and IoT security infrastructure rely.
Recent developments to the quantum advantage
have induced quantum advantage in computing a
few number of computations, therefore, quantum
advantage induction is expected to transition to be
induced within the industry, hence, it is
approximated that relevant quantum computers may
also be realised in the 2030-2035 period [20].

The final accomplishment of the NIST Post-
Quantum Cryptography Standardization Project
publication of standard algorithms resistant to
quantum attacks in the standardization FIPS 203
(ML-KEM), FIPS 204 (ML-DSA), and FIPS 205
(SLH-DSA) were reached in 2024 [21]. The lattice
based cryptography (CRYSTALS-Kyber and
CRYSTALS-Dilithium) is based on the infeasibility
of the Learning With Errors (LWE) problem and
Short Integer Solution (SIS) which are both
computationally infeasible in both the classical and
the quantum computer [22].

Part of an effort to enhance the performance of IoT-
based e-health systems, PQCAIE is a lattice-based
post-quantum, authentication which Mansoor et al.
[23] suggest will be a 25.6% enhancement of the
performance of client processing speeds of RSA-
2048 process at the same level of security as AES-
128. It has been discovered to be very effective in
WBAN sensors of small resources since it is
computationally efficient. Similarly, Boujelben and
Abid [24] have proposed a layered healthcare
system, which is built around the incorporation of
lattice-based cryptography in the intra-cluster
communication and post-quantum blockchain in the
inter-cluster communication.

C. Quantum-Enhanced Consensus Mechanism
The idea to apply quantum technologies and
blockchain systems, has demonstrated a successful
method of resolving the problem of the quantum
vulnerabilities, as well as improving the security of
the entire system [25]. Qu et al. [26] were justified
to suggest a quantum blockchain network wherein
the interconnection amongst the blocks were based
on entangled states and quantum authentication
systems that were implemented to discard the
utilization of the conventional encryption algorithm,
which is prone to quantum attacks. Their quantum
medical record protocol which was given was also
strong to outside attacks, intercept-measure and
entanglement measure attacks.

In the present case, quantum health records (EQHR)
have been proposed to be grounded on quantum
physics, via a proposal called the QUMA (Quantum
Unified Medical  Architecture)  blockchain
architecture [27]. The architecture relieves space
requirement that timestamps are automatically
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emitted on use of a quantum block connection
operation on the architecture, and that hash values
are also represented through the use of single-qubit
values. The newest issues, however, are quantum
decoherence and the cost (noise-reduction) of error
correction, and the inaccessible nature of quantum
hardware that is collaborating to make it difficult to
achieve in the near future.

On this front it was established that the hybrid
design would especially be promising to health care
application  between classical  post-quantum
cryptography and quantum key distribution [28].
The functions on both symmetric and asymmetric
cryptography against the hospital servers in order to
share the electronic health records safely and equally
insecure to quantum attacks to the authentication
systems.

Formally, let N = {ni, na, ..., n,} represent the set of
consensus nodes and QRNG(-) denote the quantum
random number generation function. The leader
election for round r is computed as:

Leader(r) = N[ORNG(seed_r) mod n]

where seed_r represents the quantum-generated seed
for round r, ensuring statistical independence
between consecutive rounds. The consensus process
achieves finality within three message rounds (pre-
prepare, prepare, commit) with O(n*) message
complexity, optimized through threshold signature
aggregation to O(n) for practical deployments
exceeding 100 nodes.
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D. Quantum Key Distribution Integration
Quantum Key Distribution with the assistance of
BB84 is also deployed in SQIBF to protect the
communication channels between blockchain nodes
with quantum networking capabilities [39]. The
subsystem of QKD is compatible with classical post-
quantum cryptography because it can provide
defense in depth through the assistance of a layered
security.

The QKD protocol implementation has the of the
prepare-and-measure paradigm: Alice (sender node)
prepares qubits in random selected basis (rectilinear
or diagonal) bits of the key; Bob (receiver node)
measures received qubits in random selected basis;
exchanging basis can be used to reconcile a classical
channel and ensure that there is key agreement;
attempting of the key, with privacy amplification
In the example of WBAN applications where the
quantum channel cannot be used between sensors
and blockchain nodes, we apply the trusted relay
model where keys created in the process of QKD are
measured between the edge aggregators and
blockchain nodes and sensor-to-edge
communication is performed by post-quantum
symmetric encryption with the keys created as a
result of such application of QKD. In this
intermediate case approach, that between
networking security guarantees and the resource-
constrained healthcare deployments.
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A. Architecture Design

Deep Quantum Neural Architecture (DQNA) is a
quantum-classical neural network that is used to
address healthcare information analysis problems,
including monitoring abnormalities of physiological
signals, health status classification, and intrusion
detection amongst the WBAN communications
[40]. The hardware uses variational quantum circuits
as their computational unit and has classical pre-
processing and post computing layers.

The DQNA has some significant components which
are: (i) Classical Encoding Layer which transforms
input health to quantum-compatible representations
(i1) Variational Quantum Layer which implements
parameterized quantum circuits (iii) Measurement
Layer which offers classifications or final
predictions of quantum states and (iv) Classical
Output Layer which transforms the final predictions
or classifications.

Input health data x € R» undergoes amplitude
encoding into an n-qubit quantum state:

ly(x)) = 2ixili) /[ |x]]

The variational quantum layer applies a sequence of
parameterized quantum gates organized in L
repetitive ansatz layers. Each layer comprises
single-qubit rotation gates (R, R,, Ru) with trainable
parameters 0, followed by two-qubit entangling
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Figure 1: Quantum Key Distribution Integration
v

gates (CNOT) establishing quantum correlations
essential for capturing complex patterns in health
data. The unitary transformation for layer | is
expressed as:

U(0) = IL[ENT - Ru(6)]

where ENT represents the entangling layer and
Ru(6)j) denotes rotation gates parameterized by 0y
The complete variational circuit applies the
composition U(6) = U(BL) - U(BL-) - ... - U(61).

B. Quantum Convolutional Layers for Health
Signal Processing

DQNA layers with Quantum Convolutional Neural
Network (QCNN) capabilities [41] are applied to
run the physiological signals processors of the time-
series nature of the WBAN data streams (ECG,
EEG, PPQG). Translational symmetry Translational
symmetry is exploited by the QCNN architecture
using quantum pooling operations that progressively
halve the number of qubits with more features being
preserved.

A quantum convolutional Layer takes the identical
pair of qubit unitary transformations on pairs of
qubits, the ones nearest to each other (just as in
classical convolutional filters scanning input). The
pooling layer uses controlled measurements and
takes control measurements on the qubits in
sequence and performs corrective Act to the rest of
the qubits based on the measurement result. This
type of hierarchy reduces the dimension of the
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virtual problem and achieves the quantum gain by
the maintenance of entanglements.

More to the point, QCNN architectures have no
barren plateau issue as generic variational quantum
algorithms [42]. The scaled magnitude of gradient of
QCNN produces the gradient-based modalities of
parameter optimization that is required in the real
world application of healthcare in environment
where the training requires a stable gradient
convergence.

C. Privacy-Preserving Quantum Learning

DOQNA incorporates differential privacy
mechanisms ensuring that model outputs reveal
minimal information about individual patient data
contributing to training [43]. We implement
quantum differential privacy through careful
calibration of quantum noise channels within the
variational circuit.

The privacy guarantee is formalized as (g, 9)-
differential privacy, where the quantum channel N
satisfies:

Pr[N(p) €S] <e”c-Pr[N(p') €S] +

for any density matrices p, p' differing by a single
patient's data contribution and any measurable set S
of outcomes. The privacy budget € is configurable
based on application sensitivity, with healthcare
deployments typically requiring € < 1.0 for strong
privacy guarantees.

DQNA Architecture for WBAN Healthcare
0\'9"0“”0\:'0

WBAN Preprocessing Quantum Variational QCNN + Healthcare
Sensors Encoding Quantum Layer Privacy Layer Prediction

Intrusion
Detection

e Heshstaus
18 Chsstcation

‘ oy = ZEd

Inteligent healthcare
analytics and decision
support

acquisiton from rawsignals into n-qubit
WBAN devices quantum state

SECURITY ANALYSIS

A. Threat Model

The security analysis presupposes the existence of
adversaries, which have the following capabilities:
Classical adversaries Is a fault-tolerant quantum
computer with the resources to run Shorers
algorithm and Grovers algorithm Classical
adversary in WBAN and blockchain network
communications; Network adversary capable of
hacking, modifying, or injecting communications in
WBAN and blockchain network communications;
Insider adversary  capable of compromising
healthcare nodes or deploying malicious sensors to
the body area network [46]. The attacks that are
categorized in the threat model and include the
following: Confidentiality of patient health data,
Integrity of health records, blockchain transactions,
Availability of healthcare services, in the form of
denial-of-service attacks, Privacy, inference attacks
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Additionally, DQNA interfaces with SQIBF's
federated learning protocol, enabling distributed
model training across healthcare institutions without
centralizing patient data. The federated quantum
learning protocol aggregates quantum circuit
parameters rather than raw health data, with gradient
updates encrypted using the post-quantum
cryptographic layer before transmission to the
aggregation server [44].

D. Training and Optimization

DQNA training employs parameter-shift gradient
estimation for variational circuit optimization [45].
For a parameterized gate Ry(0), the partial derivative
with respect to 6 is computed as:

0(0)/00 = (1/2)[(O)0+m/2 - (O)0-7/2]

where (O)0+m/> represents expectation values of
observable O evaluated with shifted parameter
values. This gradient estimation requires only two
circuit evaluations per parameter, enabling efficient
optimization despite quantum measurement
stochasticity.

The optimization employs adaptive learning rate
methods (Adam optimizer) with learning rate
scheduling that accounts for quantum noise
characteristics. Training convergence is enhanced
through gradient clipping preventing barren plateau
navigation issues and batch normalization of
classical preprocessing layers stabilizing input
distributions to the quantum circuit.

Figure 2: Training and Optimization

V.

on adversaries or published model parameters,
Authentication, impersonation or credential
compromise.

B. Post-Quantum Security Guarantees

SQIBF cryptography security layer is resistant to
quantum adversary which is based on lattice
problems algorithm and is found to be hard to known
quantum algorithms [47]. The ML-dSA is reduced
to the Module Learning With Error(MLWE)
problem which has no efficient quantum algorithm.
The scheme provides 192-bitsecurity to absorb
classical and quantum attachments, and is similar to
the security of AES-192 symmetric systems, at level
3 of security.

Security of the ML-KEM key encapsulation
mechanism lies on the Module Learning With errors
and Module Short integer solutions problems.
Quantum random oracle model ML-KEM can
obtain the IND-CCA2 security where quantum
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adversaries cannot distinguish ciphertexts even in
adaptive chosen-ciphertext attacks [48].

The QKD subsystem provides information theoretic
security to secrets distribution, which is provided by
quantum allotted rather than being calculated based.
The no-cloning theory also includes verifiable error
of non-relativism on any part of eavesdropping of
quantum channel, thus securing keys with secrets as
availed even to the enemies who are inexhaustible
[49].

C. Consensus Security Analysis

It is quantum-enhanced [50] in that it has Byzantine
fault tolerance properties and quantum security.
Security is also guaranteed in the event whereby the
number of preference nodes that are Byzantine is
less than a third of the consensus nodes and here, the
honest nodes will never issue conflicting blocks. In
the case of the network being not corrupted (the
network sync network model), liveness is one of the
features that the final transactions accepted by the
network are eventually written in the blockchain at
some stage.

QRNG based leader election eliminates attacks on
predictability used where an attacker intends to
DDoS leaders against whom the attacker expects to
win the election. The randomness generated by
quantum has the statistical properties of true
randomness and min-entropy extraction ensures
equal choice of the leaders selected during each of
the consensus rounds.

Through Attack resistance analysis, QECM
provides more attack resistance of 99.7% to
quantum enabled Byzantine attacker in simulated
attack conditions than the classical PBFT
implementation with 94.2 percent attack resistance.
The reason is because it has eradicated random
number generator exploitation vectors which are
exploited against classical consensus mechanisms.
D. Privacy Analysis

SQIBF implements numerous privacy-preserving
capabilities, which ensure privacy of patient
information throughout the healthcare data lifecycle.
Health data properties can be unveiled by zero-
knowledge proofs (without revealing the underlying
data) to be utilized in insurance claims processing,
and in checking the eligibility of people in clinical
trials. It is implemented using optimization of
lattice-based commitment schemes that are based on
post-quantum security.

B. Performance Evaluation
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The homomorphic encryption levels permit working
with encrypted health information that requires
cloud based analytics without revealing data. Here,
arbitrary circuits can be executed using the TFHE
(Torus Fully Homomorphic Encryption) application
when combined with encrypted data and it is
realistic in performance on healthcare analytics
thrusts.

The idea DQNA has ensured that it has provided the
concept of differential privacy meaning that the
results of the models do not entail a probability with
greater limits and the indication of the specifics of
an individual patient. The (1.0, 10 -5)-differential
privacy represents standard model configurations
that prevent the attack of membership inference and
attribute inference.

VI. EXPERIMENTAL EVALUATION

A. Experimental Setup

The implementations of quantum circuits simulator,
blockchain network testbed and WBAN hardware
implementations can be found in the test states. The
quantum simulation is performed using PennyLane
framework and Qiskit backend which make the
assumption that the 20 qubits of noise models can be
simulated as per the IBM Quantum hardware
properties. The classical calculations are executed
on servers that are fixed with AMD EPYC 7763
calculation units and NVIDIA A100 to perform
accelerated tensors.

The blockchain testbed: the testbed will have 100
nodes that will be distributed in three physical
locations in order to implement the SQIBF
architecture with the QECM consensus. Network
latency represents the conditions of healthcare
deployment in reality with the inter-node delays
[local (between 10ms) and intercontinental (between
200ms)]. WBAN testbed uses the Nordic nRF52840
system-on-chip boards which demonstrates typical
medical sensor computing power (64MHz
CortexM4, 256KB RAM).

Some of the test fed dataset are: MIT-BIH
Arrhythmia Database on ECG classification;
MIMIC-III on patient health record classification;
MedMNIST benchmark suite on data set on medical
image analysis; Custom 50, 000 simulated WBAN
communication traces including injected attack
cases.

Chart I: Performance Comparison of SQIBF
with Existing Frameworks

SQIBF vs Existing Frameworks

omparison of SQIBF with Classical Blockchain and Quantum Blockchain frameworks.

® SQIBF (Proposed)  ® Classical Blockchain @ Quantum Blockchain
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Figure 3: Performance Comparison of SQIBF
with Existing Frameworks

Chart I also provides the comparative performance
metrics of implementation between SQIBF and
baseline implementations. The provided scheme has
a 40 times lower key set up latency as compared to
other classical blockchain approaches, such as the
proposed localized ML-KEM implementation and
parallel key derivation. It transfers more than 3,400
TPS and it is accessible in sufficient quantities to
maintain in huge healthcare definitions of thousands

C. DONA Classification Performance
Table I: DQNA Classification Performance on
Healthcare Datasets

Dataset DQNA |Classic| DQN |Paramete

Accura al CNN|A F1-| rs (K)

cy Score

MIT-BIH 94.3% | 95.1% |0.937|2.4 vs 145
Arrhythmia

PneumoniaMNI| 86.3% | 87.8% |0.851|1.8 vs 210
ST

The fact that DQNA works in healthcare
classification tasks indicates its effectiveness as
shown in Table I. Insofar as it is a relatively accurate
and might or might not have a better standard,
DQNA is operationally competitive, with
parameters that are a lot smaller on average; a factor
of 60 smaller on average. The efficiency in this
parameter will be translated into less memory
consumption and small inference times were
relevant in the implementation of edges in WBAN
settings. It can be seen that the task of WBAN
intrusion detection shows some degree of power and
the DQNA is slightly better than the classical
methods, which show that the methodology can
offer some advantages of quantum implications in
sequential network traffic patterns.

D. Scalability Analysis

The success checks are in terms of scalability
because SQIBF is run with a growing number of
nodes (between 10 and 10,000 nodes) in the
network. The scaling behavior with transaction
throughput is more or less linear up to 1,000 nodes
and above the test tends to exhibit a graceful
degradation effect as a huge amount of message
overhead to the consensus increases. Maximum
nodes can be 10,000 and it has reached
approximately 2,800 TPS at that maximum which is
adequate in the healthcare applications.

Consensus latency also increases in a sub-linear
fashion with optimised variants of PBFT and at
10,000 nodes, consensus latency is 2.5ms. With this
performance, the large healthcare networks are able
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of simultaneous sensors of physiological data on the
WBAN.
Finality of 0.8ms is being offered; finality is
concerned with real-time use of healthcare which
requires resounding transactions. The fact that the
energy spent on each transaction (0.42 ml]) is
reasonable to battery powered biosensors using
lightweight Ring-LWE versions of sensor side
cryptography and capable of functioning on
message batches in the consensus protocol is good.
Dataset DQNA |Classic| DQN |Paramete

Accura al CNN|A F1-| rs (K)

cy Score

CT-Kidney 92.8% | 93.5% |0.921|3.1 vs 320

Disease

WBAN 97.2% | 96.8% [0.968| 1.2 vs 85
Intrusion

Detection

to move onto the ground in the application to the
various institutions still being under real time
responsiveness requirements. The consensus node
RAM required is linear in size with respect to the
network size and most networks may need 8GB to
support 10,000 nodes over time.

E. Security Evaluation

Security testing: This is the simulation of attacks on
SQIBF. Quantum attacks models Simulated attacks
on classical cryptographic components by 4096-
qubit quantum computers. SQIBF has total
resistance and is post-quantum primitives that
provide security. The classical attack vectors: replay
attacks, man-in-the-middle attacks and Sybil attacks
achieve the success rate of one-third the way
SQIBF-based attacks do (0.3 vs. 12.7).

Fault tolerance testing Byzantine fault tolerance
testing is a form of fault tolerance testing that
ensures that there are consensus safety and liveness
properties at least with one-third Byzantine nodes.
The QRNG-based election of leaders avoids timing-
based attacks that are employed in the classical
consensus executions and the risk of a successful
attack is insubordinate of 0.1% in contrast to the
classical consensus execution that causes 4.2 percent
adversarial outcome.

VII. CONCLUSION AND FUTURE WORK
The essay has described Scalable Quantum-
Intelligent Blockchain Framework (SQIBF) which
are solution to the inherent security issue of how
Wireless Body Area Networks would operate in the
new era of quantum computing. It is an open
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architecture that is based on post quantis
cryptographic primitives, quantum key distribution
protocols, and a novel Deep Quantum Neural
Architecture to offer multi layer security to
healthcare communications. Quantum-Enhanced
Consensus Mechanism is immune to quantum-
enabled Byzantine adversaries with 99.7% and can
allow sub-milliseconds of finality of transactions to
support in real-time healthcare.
It has been demonstrated that the DQNA is a better
competitor in classification, in terms of much fewer
parameters and as such can execute a system of this
type upon resource constrained edge devices
common to WBAN environments. The assured
privacy ensures that the data of the patient are
confidential during training of the model and
inference. Through throughput of over 3,400
transactions per second (experimentally) it has
already been confirmed as scalable up to 10,000
parallel sensor nodes.
The research opportunities in the future include:
developing  fault-tolerant ~ quantum  circuit
implementations of DQNA so that they can be
operationalized in near-term quantum hardware;
optimization of quantum error correction code
useful in healthcare data encoding; extension of the
federated learning protocol to enable heterogeneous
quantum processing capabilities across the
healthcare institutions; a thorough clinical
validation of the findings using pilot
implementations of DQNA in hospital settings; and
clinical validation of the findings using pilot
implementations of quantum circuit
implementations in hospital settings.
As quantum computing goes beyond being an idea
in theory, healthcare must take the step of adopting
quantum-resistant security designs before it is too
late. To this requirement, SQIBF is a complete
infrastructure to this need because it establishes the
underlying infrastructure of safe telemedicine that is
capable of supporting the most sensitive patient
information against the current and future
adversarial threats.
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