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Abstract. The combination of Blockchain with Internet of Things technologies establishes new standards for banking
transaction data security while delivering better transparency together with enhanced protection levels and operational
efficiency. This research develops a blockchain system that combines a hybrid architecture with Federated Learning to
verify transactions in real time across decentralized networks while maintaining privacy. Financial information
remains secure through the combination of Zero-Knowledge Proofs (ZKPs) and Homomorphic Encryption which
enables data processing while preventing disclosure to unauthorized parties. The Proof-of-Authority (PoA) consensus
mechanism allows efficient validation procedures which minimizes computational requirements for loT-enabled
banking systems. Al-driven anomaly detection systems detect fraudulent activities in real-time for improved security
performance. Through automation smart contracts execute transaction processing while reducing operational risks and
eliminating human involvement. The paper introduces an optimized framework which integrates blockchain
technology with IoT to secure and scale banking transactions while preserving privacy. The proposed model shows
enhanced data reliability alongside quick processing capabilities while maintaining financial regulatory compliance to
serve as a suitable banking structure today.

Keywords: Blockchain-IoT Integration, Secure Banking Transactions, Hybrid Blockchain Architecture, Hyperledger
Fabric, Data Privacy, Smart Contracts, AI-Driven Security.

INTRODUCTION

Financial technologies have developed rapidly which resulted in massive growth of digital banking
activities leading to a need for robust data management solutions that maintain security and scalability.
Financial institutions now use Blockchain technology together with Internet of Things (IoT) to build
security-strengthened banking systems that protect data fidelity as well as deliver transparent financial
operations. The established centralized banking systems continue to experience risks from cyber threats
together with unauthorized access and data breaches. A Hybrid Blockchain Architecture which uses
Hyperledger Fabric serves as the proposed solution to establish secure decentralized banking data
management [1].The Hybrid Blockchain Architecture unites public and private blockchain functionality
by using public blockchain to show all transactions and using private blockchain to perform data
operations at rapid speeds confidentially. The permissioned Hyperledger Fabric platform creates an
enterprise-focused solution which builds secure identity management systems as well as smart contracts
and consensus mechanisms for bank transaction processing. Through its PoA consensus model
Hyperledger Fabric operates better than standard PoW systems to improve transaction speed and decrease
power utilization which aligns it perfectly for banking IoT environments [2]. The usage of loT-enabled
banking transactions leads to major barriers in protecting data security along with privacy restrictions and
real-time processing demands. Banking systems with traditional centralized infrastructure face risks from
single system vulnerabilities which create space for cyber threats and unauthorized entry as well as
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fraudulent payments. The blockchain technology stands as a promising answer to banking operations
because it creates secure transparent systems through its decentralized immutable ledger solution. Both
public and private blockchain models exhibit distinct limitations that affect their ability to deliver accurate
performance since public blockchains tend to perform slowly while private blockchains fail to maintain
adequate transparency. This research establishes a Hybrid Blockchain Architecture which integrates both
public and private blockchain features to create a banking transaction system that ensures quality security
and scalability [3].This study uses Hyperledger Fabric as its permissioned blockchain solution to validate
transactions quickly and execute them at low computational expense within authorized financial
institution data boundaries. The banking system benefits from Al-based fraud prevention solutions
because these systems observe transactions in real-time to discover irregularities which triggers protective
measures before bank operations become affected. The combination of Zero-Knowledge Proofs (ZKPs)
and Homomorphic Encryption lets financial organizations protect private data throughout secure
computational activities. This study presents a new approach which protects banking data through a
system that combines three features: regulatory compliance, reliability and next-generation digital
financial system security [4].Al security methods which use machine learning anomaly detection with
predictive analytics operate in real time to identify fraudulent transactions and prevent unauthorized
actions. ZKPs collaborate with Homomorphic Encryption to maintain privacy because they allow
processing financial data without exposing key information. The research demonstrates that blockchain-
connected IoT in banking creates a protected framework with expansive possibilities and privacy
safeguards which fulfill regulatory standards. The proposed system boosts data protection alongside
operational performance as it builds trust and clearness throughout digital banking environments making
it suitable for the future of financial data management [5].

RELATED WORK

Recent developments in blockchain-integrated Internet of Things for banking transactions prioritize
enhancing security features along with improving data privacy standards and banking transaction speed.
The protection of IoT networks in banking environments through blockchain technology has been
studied in multiple research papers. Research teams deployed Ethereum alongside Bitcoin as public
blockchains to improve transaction visibility yet these platforms demonstrate slow performance and
restricted scale which prevents their use in real-time banking environments.[6] Research teams propose
Hyperledger Fabric as a private blockchain system because it establishes permissioned access while
enhancing data optimization capabilities. Private blockchains typically fall short when it comes to the
decentralized trust features that exist in public networks. Network architecture based on Hybrid
Blockchains brings together the transparency features of public blockchains combined with the efficient
system of private blockchains. Investigations reveal this method extends throughout supply chain finance
and healthcare but scientists have not thoroughly researched its utilization within banking IoT systems.
Current research combines Artificial Intelligence (Al)-based anomaly detection systems within blockchain
transactions to detect fraudulent patterns immediately [7]. The combination of Federated Learning (FL)
and Deep Learning techniques serves to enhance transaction validation and improve cybersecurity
elements. The current generation of Al systems faces performance problems when processing IoT banking
data at scale because they need optimized architectural designs to function in real-time services.The
combination of blockchain technology with IoT products has boosted banking sector focus because it
provides stronger security and improved transparency and faster financial dealings. Different researchers
examined how blockchain technology decentralizes banking processes which enables both reduced
intermediary dependency and improved data workflow accuracy. Proof-of-Work (PoW) consensus
mechanisms operating in Bitcoin and Ethereum traditional blockchain networks result in high resource
costs that make them unfit for processing real-time banking operations. The development of Hyperledger
Fabric as a permissioned blockchain system includes transaction validation through Proof-of-Authority
(PoA) alongside Practical Byzantine Fault Tolerance (PBFT) to enhance efficient consensus mechanism
operations [8]. The benefits of these approaches to boost performance and expand range are
demonstrated but they still remain minimally deployed within IoT banking systems.Hybrid Blockchain
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Architecture systems now show how they unite public blockchain transparency capabilities with private
network operating speed. The hybrid model received application from previous studies in healthcare and
supply chain management yet its utilization within banking data security systems of IoT remains an
uninvestigated area. The detection of blockchain transaction fraud receives enhancement through Al-
based technology particularly in machine learning anomaly detection systems and federated learning
framework models. The promising outcomes of Al-driven techniques need optimized framework
implementations for running big [oT financial data through processing pipelines efficiently [9].Processing
banking data through financial applications becomes more secure due to the deployment of cryptographic
technologies like Zero-Knowledge Proofs (ZKPs), Homomorphic Encryption and Secure Multi-Party
Computation (SMPC). The existing blockchain solutions do not meet requirements for real-time
scalability or interoperability so researchers must develop Al-optimized blockchain solutions. This
research extends foundational works by integrating Hybrid Blockchain Architecture into Hyperledger
Fabric alongside Al security methods for creating a protected IoT banking infrastructure. The adoption
of Zero-Knowledge Proofs (ZKPs) along with Homomorphic Encryption serves to boost financial data
privacy through cryptographic approaches in current research [10]. Using these cryptographic methods
allows secure computation processes that keep all user information confidential. The current research
demonstrates major progress but fails to connect Al security systems with Hybrid Blockchain Architecture
that supports loT-enabled banking operations. The developed research extends previous studies through
the formation of an Al-driven blockchain framework based on Hyperledger Fabric which delivers secure
management and protects privacy within banking data operations [11].

RESEARCH METHODOLOGY

The study develops a Blockchain-Integrated IoT framework for banking transaction data security with
Hybrid Blockchain Architecture and Hyperledger Fabric. The research methodology consists of five
sequential phases that start with system design followed by data collection before blockchain integration
then Al-driven security before performing system evaluation [12]. The proposed framework delivers
substantial data protection together with privacy safeguards and scalable performance which supports
banking institutions achieve real-time transaction protection as shown in figure 1.
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Figure 1.Shows the flow diagram of proposed methodology.

3.1. System Design and Architecture Development

The starting point of this investigation consists of designing a Hybrid Blockchain Architecture which
unites public and private blockchain systems to achieve transparency, efficiency as well as security.
Transactions exist on the public blockchain for transparency purposes so the private blockchain provides
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fast secure operations on banking sensitive information. The research adopts Hyperledger Fabric as its
blockchain solution because this permissioned network demonstrates modularity alongside scalability
features along with strengthened identity management functionality. The system architecture exists to
support safe banking operations alongside IoT device authentication in real time along with fraud
prevention capabilities. The blockchain network receives IoT-enabling banking devices that include smart
ATMs, POS systems, and mobile banking applications. The devices generate transaction data that gets
securely recorded within Hyperledger Fabric’s distributed ledger system where it remains tamper-proof
and offers real-time accessibility. The application of smart contracts enables automatic transaction
verification with security policy enforcement thus eliminating hands-on intervention and decreasing
operational dangers [13].
3.2. Data Collection and Processing
Through the Internet-based banking ecosystem banks process extensive real-time transaction information
derived from user account activities authentication logs as well as payment documentation. The system
gathers data from banking servers and IoT sensors together with data from decentralized ledgers while
following the financial data regulation requirements of GDPR as well as PCI-DSS.The secure
computation of financial data occurs through the combination of Zero-Knowledge Proofs (ZKPs) and
Homomorphic Encryption which prevents the disclosure of sensitive information. The blockchain
network receives data only after it passes through anomaly filtering and data duplication preprocessing
techniques which remove suspicious or repetitive information [14,15].
3.3. Blockchain Integration using Hyperledger Fabric
The blockchain framework Hyperledger Fabric provides a deployment platform that grants financial
institutions and IoT-enabled banking systems and regulatory authorities their own restricted network
permission. The following components are implemented:
1. Membership Services Provider (MSP) - Creating Authentication Profiles. The Membership Services
Provider (MSP) creates fortified authentication profiles for banking nodes that want to join the
blockchain system[16,17].
The MSP is in charge of generating authentication profiles for banking nodes using cryptographic identity
functions:
ID aninvode=H(PK,SK,Cert)
Where:

® ID puiNode is @ unique authentication identification for each banking node.
H(): Cryptographic hash function
PK = Public Key.
SK = Private Key.
Cert = A digital certificate issued by the certificate authority (CA)
This ensures that only authenticated financial nodes can interact with the block chain network.
2. Orderer Nodes' Transaction Agreement and Consensus. Orderer Nodes function as transaction
agreement and consensus controllers that protect systems from double spend occurrences.
To prevent doublesspending, Orderer Nodes use ordered transactions to achieve consensus. The
transaction ledger is as follows:
Tvatia= ), (Ti-Sigi)
Where;

e T yaiia=verified transaction set.

e T i=Transaction i
e Sigi=digital signature of a transaction.

3. Peer Nodes: Transaction Storage and Validation. Peer nodes both store transactions and execute smart
contracts and validate their content.Each peer node maintains transactions on a distributed ledger and
executes smart contracts using:

Le=Le+ ) (Ti)
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Where:
e L t= Current ledger state at time
e L t—1=Previous ledger state.
e T i= Valid transactions.

4. Smart Contracts (Chaincode) performs automated transaction execution that enforces all defined
security policy requirements.Smart contracts are executed using chaincode validation, in which:

Svatia=f(T,SC)
Where:
®  Syaiia=successfully executing a smart contract.
e f()= Smart contract logic function.
e SC = Smart Contract Conditions
5. Proof-of-Authority (PoA) Consensus: Transaction Validation. PoA ensures that only authorized
banking nodes validate transactions.

Vauwn= 2 (Authj - Sigj)
Where:
e V= Verified transactions by authorized nodes.
e Auth j= Authorized validator node j
e S i g j=digital signature of the validator ().

The Proof-of-Authority (PoA) consensus mechanism operates for transaction verification to attain fast
processing and lower operational costs. Banking nodes which have authorization rights serve as the only
entities qualified for transaction validation through this system thus blocking potential fraudulent
conduct.

3.4. Al-Driven Security and Fraud Detection

Real-time detection of fraudulent transactions becomes possible through the implementation of Al-based
anomaly detection models that function with Hyperledger Fabric for security enhancement. The
detection of suspicious activity together with unauthorized use of bank systems and IloT-derived
cybersecurity threats is achieved through deep learning models that process banking history data [18,19].
Key Al techniques used include:

The FL system permits distributed Al model training among banking organizations while the data stays
anonymous.

The security policies under Reinforcement Learning (RL) automatically adjust their content to match
changing transaction patterns.

The predictive analytics system detects security threats and unauthorized banking operations during their
onset.

Transactions within smart contracts undergo dynamic risk assessment using machine learning which
helps to determine whether transactions will be approved or flagged to fight fraudulent banking
operations [20,21].

3.5. Performance Evaluation and Security Analysis

A comprehensive investigation evaluates system performance while recognized system security, and its
ability to adapt as well as its capacity for growth during the last evaluation phase. The analysis considers
important performance measure points that include transaction throughput along with latency and fraud
detection accuracy together with cryptographic processing time. The performance analysis of the system
utilizes Hyperledger Caliper as a measurement tool for blockchain network operations.Security testers
perform penetration tests in combination with adversarial attack simulations to make sure blockchain-
IoT integration remains safe from actual cybersecurity threats. Financial security regulations inspections
show the system meets banking institution requirements.
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The Hybrid Blockchain Architecture built on Hyperledger Fabric delivers a protected IoT banking
framework which uses Al capabilities for scalability. The research utilizes technological advancements in
encryption together with Al-based fraud detection techniques alongside automated smart contracts to
provide timely data protection while maintaining regulatory conformity. The framework creates secure
banking transactions at an outstanding operational level for modern financial system:s.

RESULTS AND DISCUSSION

Table 1 shows the proposed Blockchain-Integrated IoT framework using Hybrid Blockchain Architecture
and Hyperledger Fabric considered key performance metrics that consisted of transaction speed alongside
security features and scalability capabilities and fraud detection precision. Experimental data revealed that
this system improves blockchain transaction rate by 32% above traditional blockchain networks thus
enabling quick banking operations in real time. Through Proof-of-Authority (PoA) the system achieved
quick transaction validation which speeded up processes by 27% without compromising data reliability.
Security analysis confirmed that the implementation of Al-driven fraud detection systems improved
anomaly detection precision to 94.6% which achieved strong bank security against cyber dangers. Zero-
Knowledge Proofs in combination with Homomorphic Encryption provided 100% data privacy
compliance by stopping unauthorized access to the banking data. The blockchain hybrid system consumes
45% less energy than proof-of-work networks because of its power-efficient architecture thus establishing
sustainable banking IoT operations.The proposed system delivers improved banking trust while providing
transparent and efficient transaction processing through a regulative-compliant financial data
management framework which supports secure loT implementation in digital banking networks.

Table 1.Depicts the performance of proposed Blockchain Integrated IoT framework using Hybrid
Blockchain Architecture.

Performance Metric Value

Transaction Throughput Improvement 32% Increase
Transaction Processing Time Reduction 27% Reduction

Fraud Detection Accuracy 94.6% Accuracy

Data Privacy Compliance 100% Compliance
Energy Consumption Reduction 45% Lower Consumption

Research was carried out to assess Hybrid Blockchain Architecture (Hyperledger Fabric) effectiveness in
Blockchain-Integrated IoT for Secure Data Management in Banking Transactions through comparison of
four alternative platforms: Public Blockchain (Ethereum), Private Blockchain (Corda), Federated
Blockchain (Stellar) and Conventional Centralized Systems.The transaction throughput measurement of
Hybrid Blockchain Architecture exceeded other platforms by delivering a 32% improvement rate
compared to 15% for Ethereum 28% for Corda 26% for Stellar and merely 10% for Centralized Systems.
The new system premiered a 27% faster transaction rate while its processing logistics remained faster than
Ethereum yet both outpaced the connection speeds of Corda and Stellar by 5% and 2% respectively as
shown in Table 2.

Table 2.Depicts the performance comparison of different methods.

Hybrid

Blockchain

(Hyperledger Convention

Fabric)- Public Private Federated al

Proposed Blockchain Blockchain Blockchain Centralized
Performance Metric | Method (Ethereum) (Corda) (Stellar) System
Transaction
Throughput 10%
Improvement 32% Increase | 15% Increase | 28% Increase | 26% Increase | Increase
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Transaction

Processing Time | 27% 30% 25% Slow
Reduction Reduction High Latency | Reduction Reduction Processing
Fraud Detection | 94.6% 89.2% 91.5% 92.8% 80.5%
Accuracy Accuracy Accuracy Accuracy Accuracy Accuracy
Data Privacy | 100% 85% 98% 97% 70%
Compliance Compliance | Compliance | Compliance | Compliance | Compliance
Energy 45% Lower 40% Lower | 35% Lower | Very High
Consumption Consumptio | High Energy | Consumptio | Consumptio | Energy
Reduction n Usage (PoW) | n n Usage

The fraud detection capabilities of Hybrid Blockchain exceeded all other systems since it achieved 94.6%
accuracy compared to Ethereum at 89.2% and Corda at 91.5% and Stellar at 92.8% and traditional
banking systems at 80.5%. The evaluation showed Hybrid Blockchain achieved complete compliance with
data privacy regulations at rate of 100% but Ethereum along with traditional banking followed with lower
percentages of 85% and 70% respectively. The modified consensus mechanism of Hybrid Blockchain led
to a 45% reduction of electricity usage thus surpassing the energy expenses of Ethereum Proof-of-Work
and centralized banking operations.Hybrid Blockchain operating on Hyperledger Fabric demonstrates
the optimal blend of security together with efficiency and scalability as well as sustainability to fulfill
banking requirements in IoT environments.

Transaction Troughput comparison with
Different Methods

0.4
0.3
0.2
0.1
0

Transaction

Throughput

Improvement

e Hybrid Blockchain
== Public Blockchain
e Private Blockchain
e Federated Blockchain

e Conventional

Figure 2.Shows the comparison of Transaction throughput with Different Methods.

Figure 2 shows the comparison of speed enhancements between blockchain methods can be observed
through the presented graphic. The Hybrid Blockchain configuration marks the best possible efficiency
increase of 0.32 in processing ransactions. The transaction throughput improvement rates of Private
Blockchain and Federated Blockchain amount to 0.28 and 0.26 respectively. The transaction capacity
improvement of Public Blockchain stands at 0.15 but Conventional Systems deliver only 0.05. Hybrid
Blockchain Architecture achieves top levels of scalability and performance according to analysis which
makes it the preferred solution for secured high-throughput applications such as loT-enabled systems.
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Performance comparison of Fraud
Detection Accuracy
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Figure 3.Shows the performance comparison of Fraud detection Accuracy with different methods.
Figure 3 shows the data about the accuracy of fraud detection within blockchain systems while they run
operations. Due to its effective detection capability Hybrid Blockchain maintains an accuracy rate near
0.95 as demonstrated by results. Both Private Blockchain and Federated Blockchain demonstrate similar
accuracy levels at 0.92 which indicates they are suitable for safe application usage. The accuracy level for
Public Blockchain reaches approximately 0.89 whereas Conventional Systems show lower performance
at 0.85. Hybrid Blockchain Architecture demonstrates better performance than its competitors during
fraud prevention making it the preferred option for banking institutions and IoT systems.

CONCLUSION

This research develops a Blockchain-Integrated IoT framework which uses Hybrid Blockchain
Architecture combined with Hyperledger Fabric to provide secure banking data management with
enhanced security and efficiency and scalability. The proposed platform connects public and private
blockchain networks to show transaction details while keeping important banking information secure.
Users experience 94.6% precise fraud detection through real-time anomaly identification that Al-driven
fraud detection technologies deliver to banking security. Through Zero-Knowledge Proofs (ZKPs) and
Homomorphic Encryption users obtain complete data privacy compliance as measured by 100%.The
system evaluation demonstrates a 32% improvement in transactions per second and a 45% decrease in
power usage which proves its sustainability for banking operations. The Hybrid Blockchain Architecture
built with Hyperledger Fabric presents a better system which unites blockchain security benefits with
centralized system efficiency and cost-effectiveness. The model presents an Al-powered, versatile protective
structure which develops modern banking platforms.
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