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ABSTRACT:

This research introduces a novel Unified Quantum-Resilient Blockchain-Zero Knowledge Proofs Privacy
Authentication Framework (QBC-ZKPAF) aimed at enhancing security in IoT environments. The system
combines post-quantum cryptography, blockchain technology, and Zero Trust Architecture (ZTA) to provide
secure communication, access management, and privacy-preserving authentication. It uses a Deep Q-Network
Multi-Factor safe Key (DQN-MFSK) for dynamic key selection, a hybrid Reinforcement-Lattice Blockchain Key
Generation for quantum-resilient key creation, and Zero-Knowledge Proofs for privacy-preserving signatures to
ensure a safe Internet of Things environment. Data privacy, secrecy, auditability, traceability, and resistance to
changing threats, such as quantum attacks, are all guaranteed by this architecture. Transparency and thorough
post-event audit trails are supported by the blockchain ledger's immutability, which records all access attempts,
data exchanges, and device interactions in an unchangeable way. Through a tracing key kept on the audit server
within the Zero Trust Architecture, the architecture allows accurate source tracing in the event of suspicious
activity or breaches. QBC-ZKPAF provides strong security and privacy solutions for Internet of Things networks
by adopting multi-factor authentication and decentralizing identity management. The framework's efficacy is
confirmed by experimental results, which show 98% privacy preservation, 700 TPS throughput, 0.98 quantum
resilience, and 96% access control effectiveness, making it ideal for contemporary blockchain and IoT
applications.
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1. INTRODUCTION

IoT is one of the key technologies and bridging
devices in smart cities, industrial automation, and
healthcare these days. As the number of IoT devices
increases, so do the inherent limitations in their
processing and security capabilities, making
cybersecurity a major concern. IoT ecosystems are
typically highly dynamic and decentralized. Such an
ecosystem is a prime target for assaults such denial of
service (DoS) attacks, malware incursion, and data
breaches due to the continuous flow of sensitive data
across connected devices. Because it is frequently
very difficult to define any specific perimeter within
which these devices will operate when they are in
distributed, cloud-based, or edge environments,
traditional security models, especially those that rely
on the idea of a secured perimeter, are not applicable
to IoT networks [2]. This calls for improved security
architectures created to more successfully handle the
unique risks of [oT devices. ZTA has been identified
as a promising solution as a result. According to the
zero-trust security concept, no entity—internal or
external to the network—should be trusted by default.
Even if it originates from inside the trusted network
perimeter, every request for access or communication
is regarded as potentially dangerous and requires
ongoing authentication and authorization based on
stringent identity verification. Furthermore, no device,
user, or application will be trusted by default, whether
they are inside or outside the network perimeter,
according to ZTA's basic tenet of "never trust, always

verify." Enforcing the Ileast privilege principle
continuously verifies each access request, which is
considered potentially dangerous. It has been
demonstrated that ZTA was successful in preventing
attackers from moving laterally and securing the
network in general. ZTA does increase security, but it
also presents new difficulties, especially when it
comes to protecting privacy. ZTA's ongoing
authentication and access control procedures may
unintentionally reveal private user information or
device characteristics, creating privacy issues.
Because of its decentralization and tamper-resistance
features, blockchain has garnered a lot of attention
lately. These features promise to assist address a wide
range of security and privacy issues in Internet of
Things contexts. Blockchain is a decentralized,
distributed digital ledger technology that maintains
security, transparency, and immutability while
recording transactions across numerous computers. To
prevent fraud and manipulation, it employs consensus
techniques such as Proof of Work (PoW) or Proof of
Stake (PoS) to validate and add new data blocks.
Additionally, blockchain functions as a distributed
ledger with numerous nodes storing data. This
guarantees the integrity of the data and prevents the
emergence of a single point of failure. Blockchain-
based cryptographic approaches make data
unchangeable and verifiable, making them ideal for
secure Internet of Things networks [8]. However,
because sensitive data may leak across all nodes due
to blockchain's transparency and immutability, there is
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a privacy risk [9]. IoT devices with limited
computational capacity are concerned about
blockchain's scalability and resource constraints [10].
Given these constraints, a hybrid strategy that
capitalizes on ZTA's benefits while utilizing
blockchain's decentralized and tamper-resistant
features is required. It proposes a blockchain-enabled
ZTA to solve privacy and security issues in Internet of
Things settings. In this situation, decentralized
identity management offers safe blockchain-based
storage of IoT device identities, preventing any central
authority from controlling or compromising user data.
This eliminates all risks related to central identity
repositories, including insider attacks and data
breaches. Along with ring signatures and designated
verifier signatures, it would also make use of
advanced  cryptographic  techniques. These
cryptographic techniques enhance communication
and authentication privacy protection. Verifier
signatures allow for selective disclosure of the signer's
identity; that is, only the authorized verifier may
confirm the signer's legitimacy. Therefore, even if the
system may detect and record risky activity when it
counts, these strategies guarantee that user privacy
prevails under normal conditions. Furthermore, the
ZTA  architecture incorporates MFA, which
strengthens access constraints. MFA mandates that
users authenticate themselves using at least one
additional independent authentication factor, such as
something they possess, something they know, or
something they are. In the event that one factor has
been compromised, this restricts even unwanted
access [14]. The MFA credentials will be saved and
validated with tamper-proof authenticity that cannot
be obtained by phishing or credential stuffing assaults
due to the decentralized nature of blockchain [15].
Thus, this paper aims to introduce a novel
cybersecurity mechanism for IoT settings by
integrating blockchain with ZTA and MFA through
providing decentralized, and tamper-proof cre dential
storage with enhanced quantum resilience. Quantum
Resilience refers to the ability of a system or protocol
to remain secure in the face of potential threats from
quantum computers. Quantum computers have the
potential to break current cryptographic algorithms,
like RSA and ECC, which rely on the difficulty of
factoring large numbers or solving discrete
logarithms. Developing cryptographic methods
(quantum-safe or post-quantum cryptography) that
may survive the processing power of quantum
machines is known as quantum resilience. Even in the
event that one component is compromised, this
combination reduces the possibility of unwanted
access. Additionally, it successfully defends against
credential stuffing and phishing assaults. For delicate
IoT situations, it guarantees both improved access
control and privacy protection. Smart cities for
improved traffic and energy management [17], smart
healthcare systems for secure patient data
management [16], and industrial IoT networks for

reliable device authentication and threat detection [18]
are just a few of the IoT environments that can benefit
from this blockchain-enabled zero-trust architecture.
Blockchain's intrinsic decentralization, immutability,
and transparency make it especially well suited to the
QBC-ZKPAF design. In IoT networks, these
characteristics are crucial for safe identity
management and privacy protection. In contrast to
other distributed ledger technologies (DLTs),
blockchain offers tamper-proof records and
guarantees that all recorded data, including identity
verification logs and access rights, cannot be altered
once added to the ledger. Furthermore, a central
authority is not necessary due to its decentralized
structure. In large-scale, dispersed IoT contexts, it is
crucial to decrease single points of failure and boost
system resiliency.

2. STIMULATING

The system, known as the Unified Quantum-Resilient
Blockchain-Zero  Knowledge  Proofs  Privacy
Authentication system (QBC-ZKPAF), focuses on
resolving the particular issues brought about by the
intersection of emerging quantum computing threats
with the Internet of Things. With quantum-resilient
key generation via Reinforcement-Lattice Blockchain
Key Generation and dynamic key selection driven by
a Deep Q-Network Multi-Factor Secure Key (DQN-
MFSK) technique, it integrates hybrid mechanisms for
key generation and authentication. By utilizing Zero-
Knowledge Proofs (ZKPs) for safe, anonymous
interactions and providing complete traceability
through immutable blockchain records, the project
guarantees strong, privacy-preserving authentication.
The framework's practicality in real-world IoT
applications is demonstrated by the experimental
validation of its efficacy, which includes metrics like
98% privacy preservation, 700 TPS throughput, and
96% access control effectiveness.

3. OBJECTIVE

The project offers a quantum-resilient solution for safe
key generation, verification, and authentication by
combining blockchain technology, Zero Trust
Architecture (ZTA), and post-quantum cryptographic
techniques. The framework strengthens the overall
security posture of IoT networks by providing an
adaptable and dynamic approach to key selection and
management through a hybrid Deep Q-Network
(DQN) in  conjunction  with  multi-factor
authentication. The goal is to create a future-proof
architecture that can provide unmatched privacy,
transparency, and auditability for IoT systems in a
variety of applications while withstanding increasing
security concerns, such as quantum assaults.

3.1 What The Project Is About

Because IoT environments are decentralized and
dynamic, traditional security solutions suffer, leaving
devices open to threats like malware and data leaks.
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Zero Trust Architecture (ZTA) creates privacy
concerns since it exposes sensitive data during
authentication, even while it increases security by
validating each access request. Blockchain's
decentralized, tamper-proof design can improve
security, but its resource requirements are difficult for
IoT devices, and its transparency may jeopardize
privacy. By combining the advantages of blockchain
and ZTA, this project seeks to provide a hybrid
security framework that efficiently addresses security
and privacy issues while guaranteeing robust
authentication, privacy protection, and secure identity
management for [oT systems.

4. EXISTING SYSTEM:

» The swift expansion of IoT technology, which
links gadgets in smart cities, healthcare, and
industrial automation, poses serious
cybersecurity risks.

» 10T ecosystems are by their very nature
decentralized and dynamic, with many devices
constantly sharing sensitive data.

» They are therefore easy targets for cyberattacks
such denial of service (DoS) attacks, malware
invasions, and data breaches.

» Because IoT devices frequently function in
distributed, cloud-based, or edge contexts without
a fixed boundary, traditional security methods
that rely on a well-defined secure perimeter are
inadequate in these kinds of networks.

» Because of this, current security strategies are
unable to defend IoT systems from new threats.

4.1 Existing System Disadvantages:

» Every new gadget raises the demand for current

security  protocols and creates possible
vulnerabilities.

» Insufficient Standardization

4.2 THE PROPOSED SYSTEM

» The suggested solution uses smart contracts on a
blockchain to enforce access restriction, allowing
authorized people or devices to safely access the
IoT environment.

» Access rights and policies are automatically
defined and enforced by these smart contracts.

» Blockchain-based access tokens provide allowed
access to resources, while decentralized identity
management guarantees that users maintain
distinct and secure identities validated by the
blockchain.

» This decentralized strategy improves data privacy
by safeguarding confidentiality, increases
security by lowering attack vulnerabilities, and
improves speed by increasing throughput.

» The solution avoids the dangers of centralized
identity management, such as single points of
failure, by giving users the ability to maintain
their own identities.

»  To further protect user data during authentication,
the framework employs Zero-Knowledge Proofs

(ZKP), allowing users to prove their identity
without revealing sensitive information, thus
preserving privacy while ensuring secure access
in IoT environments.

» The framework uses Zero-Knowledge Proofs
(ZKP) to further protect user data during
authentication. By enabling users to verify their
identity without disclosing sensitive information,
ZKP ensures secure access in [oT contexts while
protecting privacy.

4.2.1 Proposed System Advantage

» High Performance
» Quantum-Resilient: Guards against potential
risks from quantum computing

5.METHODOLOGIES

1. Design of User Interfaces

For every user interacting with the system, including
devices, suppliers, and utilizers, this module oversees
the identity verification procedure. It has features for
managing sessions, logging in, and registering users.
User credentials, device details, and IP address are
collected and safely kept during registration.
Additionally, the module creates a Zero-Knowledge
Proof (ZKP) promise to guarantee authenticity
without disclosing personal information. After
authentication, a legitimate session is established,
allowing safe access to other system features.2. Userl
Uploading files or sensitive data into the system is the
responsibility of the Userl module. To guarantee
integrity and stop unwanted changes, the data is
transformed into hash values after uploading. The data
is subsequently secured by the system using Quantum
Cryptography techniques. A Base64 Secret and
Quantum Private Key For safe access and sharing,
keys are created. Lastly, for safe administration, the
encrypted data is kept in the ledger.

3. Audit Server

Every action taken within the system is tracked and
monitored by the Audit Server. It keeps ledger records
with user actions and transaction information. Audit
records are categorized by the server to facilitate
analysis and verification. It verifies ticket information
and determines if operations adhere to security
guidelines. Additionally, graphical analysis is
produced to assist managers in keeping an eye on
system performance and identifying questionable
activity.

4. Policy Server

Authorization and access control policies are managed
by the Policy Server. By verifying user requests with
Base64 secret keys and pre-established security
criteria, it manages tickets. The server checks to see if
users are authorized to access the requested data. It
safely transmits access keys to authorized users
following successful validation. Only authorized users
will be able to access protected data thanks to this
module.S. User2

The data requester or recipient is the User2 module.
Using the supplied ZK (Zero-Knowledge) key, users
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can explore the accessible files and make access
requests. Until the Policy Server grants approval, the
system puts the request in a pending state. The
necessary access key is given to the user after
approval. The user can safely download and view the
requested data with this key.

6. TECHNIQUE ALGORITHM USED
6.1 Proposed Algorithm

> Quantum-Resilient Blockchain-Zero

Knowledge Proofs Privacy Authentication
Framework (QBC-ZKPAF)

An sophisticated security solution called the
Quantum-Resilient Blockchain-Zero  Knowledge
Proofs Privacy Authentication Framework (QBC-
ZKPAF) was created to improve the privacy and
authentication processes in Internet of Things
environments. To provide strong defense against new
dangers, like as quantum attacks, it combines
blockchain  technology = with  post-quantum
cryptography and Zero Trust Architecture (ZTA).
QBC-ZKPAF employs Deep Q-Network Multi-Factor
Secure Keys (DQN-MFSK) for dynamic key selection
in addition to a hybrid Reinforcement-Lattice
Blockchain Key Generation (KeyGen) for quantum-
resilient key production. Sensitive data is never
revealed thanks to the use of Zero-Knowledge Proofs
(ZKP), which enable privacy-preserving
authentication. The system supports auditability and
transparency in decentralized IoT networks by
providing traceable, unchangeable logs via the
blockchain in addition to securing data exchange and
device interactions.
A safe authentication framework created for Internet
of Things settings is called Quantum-Resilient
Blockchain-Zero  Knowledge  Proofs  Privacy
Authentication Framework (QBC-ZKPAF). To offer
robust security and anonymity, it integrates
blockchain technology, Zero-Knowledge Proofs
(ZKP), and quantum-resistant encryption. While ZKP
allows users to authenticate their identity without
disclosing sensitive information, Blockchain is used to
safely preserve authentication data and prevent
unwanted alterations. By employing cutting-edge
cryptographic methods, the system also guards against
potential risks from quantum computing in the future.
All things considered, QBC-ZKPAF offers IoT
devices and users dependable, private, and safe
authentication and access management.

6.2 EXISTING SYSTEM
» Zero-Knowledge Proofs (ZKP)

A cryptographic technique called Zero-Knowledge
Proofs (ZKP) enables one person, referred to as the
prover, to demonstrate to another, referred to as the
verifier, that they are aware of a certain piece of
information without disclosing the knowledge itself.
The fundamental idea of ZKPs is that no real data is
transferred or revealed while the verifier gets

confidence that the prover has the knowledge or
secret. This technique is very useful in applications
that are sensitive to privacy, including secure
transactions or authentication, where disclosing the
underlying data could pose security problems.
Because they guarantee identification and verification
without revealing sensitive data, ZKPs are frequently
employed in blockchain and IoT systems to safeguard
user privacy while maintaining integrity and trust.
ZKPs' main benefit is their capacity to maintain
anonymity, which makes them perfect for
decentralized and privacy-preserving settings.

A cryptographic approach called Zero-Knowledge
Proofs (ZKP) enables a person to demonstrate that
they possess specific knowledge without disclosing
the information itself. ZKP allows users to confirm
their identity in authentication systems without
disclosing private keys, passwords, or other private
information. This method lessens the possibility of
data leaking during communication and enhances
privacy. However, deploying standard ZKP solutions
on resource-constrained IoT devices and large-scale
networks might be difficult due to their high

processing time and computing resource
requirements.
7.SYSTEM ARCHITECTURE

Application layer — Java J2EE

File upload & encryption

AES + quantum-safe keys

Authentication & ZKP
Lagin, registration, session

Access control Admin dashboard

Provider & utilizer request onitoring & analytics

Security & blockchain layer

Blockchain ledger

Quantum key gen Audit server
table lagging NTRU / Kyber key eqrity validatic

Database (MySQL)

FIG: 7 System Architecture
Users, data controllers, servers, and blockchain
networks are all integrated into the system
architecture, which is a decentralized blockchain-
based tracking and tracing framework. Through
secure web or application interfaces, users and data
controllers may access the system at the client layer
for tasks including file upload, registration, login,
search, and download. Core modules including file
management, access control, authentication, and
decision-making logic are found at the application
layer. The server serves as a middleman, coordinating
communication  between  entities,  enforcing
permissions, and validating requests. The file
management module processes uploaded files and
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creates cryptographic hashes and information.
Without the need for human involvement, smart
contracts automate access control and enforce
predetermined restrictions. The Picture Fuzzy
COCOSO model-based decision-making engine
assesses system performance in the face of ambiguity.
The confidentiality and integrity of shared data are
guaranteed via cryptographic key management.
Network nodes use consensus techniques to validate
transactions. Blocks of verified transactions are added
to the blockchain. Admin modules keep an eye on and
authorize system users. Scalability, transparency,
security, and dependability are all guaranteed by this
tiered design.

8.RESULTS
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9. CONCLUSION

To sum up, the suggested QBC-ZKPAF framework
shows a reliable, quantum-resilient, and privacy-
preserving method for safe file access and identity
management in blockchain-based systems. The
system guarantees secure authentication, traceability,
and tamper-proof logging while protecting user
privacy by combining blockchain technology with
Zero-Knowledge  Proofs and  post-quantum
cryptography. The framework delivers high
performance, low authentication latency, robust
access control, and scalability appropriate for real-
world blockchain and IoT applications, according to
the experimental results. This strengthens the
dependability, integrity, and security of file uploads,
quantum encryption, access permissions, and auditing
procedures for our project, offering a safe
environment for users, suppliers, and researchers.

10. FUTURE ENHANCEMENT

Future improvements might concentrate on
optimizing the framework for particular use cases
within our project, like adding Al-driven anomaly
detection for real-time auditing, enhancing energy
efficiency during encryption and decryption
processes, and integrating sophisticated quantum-
resistant algorithms for key generation. Developing
mobile-friendly dashboards and automated analytics
could increase usability for all user roles, and
increasing compatibility with other blockchain
networks and cloud systems could further boost
scalability. These enhancements would guarantee that
the system is future-proof and able to manage new
threats in high-security, privacy-sensitive settings.
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