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ABSTRACT
Healthcare data exchange is critical to accurate diagnosis, effective treatment, and smooth communication
between healthcare providers. However, the challenge is that security, interoperability, and real-time processing
in cloud and fog environments is still an open issue. The paper presents an optimized framework of Al,
Middleware, and Blockchain for the security, interoperability, and efficiency of healthcare systems. In terms of
smart processing and predictive analysis of Al, middleware provides an interoperable connection seamlessly, and
blockchain presents a protocol for tamper-proof and secure data exchange. The model performs better than the
existing methodology, with 96% accuracy, 85.4 ms lowest latency, 60.2 MB/s highest throughput, 98% strongest
security, and 90% best interoperability in cloud and fog computing environments for healthcare data exchange.

1.Introduction

Health data exchange is one of the important parts of a modern medical system. It makes the transfer of
information about the patient, diagnosis, and treatment between healthcare providers, insurance companies, and
research institutions seamless. The increasing complexity of healthcare networks poses a big challenge in making
this data exchange secure, interoperable, and in real-time. Current healthcare information systems are plagued by
issues such as data breaches, lack of interoperability, high latency, and inefficiency in processing. The integration
of Artificial Intelligence (Al), Middleware, and Blockchain into Cloud and Fog Computing infrastructures is a
promising solution to these concerns.

Al plays a big role in exchanging healthcare data and enables intelligent automation, predictive analytics, and
support for decision making. Through deep learning and machine learning techniques, Al can learn patterns in
health records, refine diagnoses, anticipate outbreaks of certain diseases, and analyze unstructured medical data.
Moreover, through Al-powered natural language processing (NLP), decision support will be enhanced during
telemedicine or electronic health record (EHR) analysis. Federated learning also enables an Al model that can be
learned on decentralized sources of data in a way that preserves patient information.

Middleware acts as an intermediary layer that facilitates seamless communication between heterogeneous
healthcare systems. It ensures that different healthcare applications, 10T devices, and cloud-based solutions can
communicate effectively using standardized protocols such as HL7 and FHIR. Middleware enhances data

exchange by reducing latency, enabling intelligent routing, and ensuring real-time data processing in fog

281



ﬂ ISSN 2277-2685
a® ]:SR IJESR/Jan-March. 2024/ Vol-14/Issue-1/ 281-292
w Winner Pulakhandam et. al., / International Journal of Engineering & Science Research
computing environments. This reduces the burden on centralized cloud servers, allowing faster and more efficient
healthcare operations.
Blockchain technology ensures secure, transparent, and tamper-proof healthcare data exchange through
decentralized ledger technology. This reduces the risk of data breaches, unauthorized access, and manipulation of
patient records. Smart contracts in Blockchain enable the automation and enforcement of data-sharing policies
that are compliant with regulatory standards. Moreover, post-quantum cryptography and quantum key distribution
add to the security framework, ensuring that healthcare systems are resistant to advanced cyber threats.
This study integrates Al, Middleware, and Blockchain with Cloud and Fog Computing to optimize healthcare data
exchange, making it more efficient, secure, and interoperable. The proposed model outperforms traditional
approaches with higher accuracy, lower latency, improved throughput, stronger security, and better
interoperability.
The main objectives are:
o Develop an optimized healthcare data exchange model that incorporates Al, Middleware, and Blockchain
to ensure cloud-fog interoperability in a secure manner.
e Apply Al-driven analytics to enhance diagnosis accuracy, automate decision-making, and detect
healthcare trends.
o Design middleware solutions to improve interoperability, enable seamless communication, and reduce
latency.
e Utilize Blockchain technology in order to facilitate secure, immutable, and transparent healthcare data
exchange.
e Compare the new model in terms of accuracy, latency, throughput, security, and interoperability with the
best of existing approaches.
The proposed work by Badr et al. (2023) suggests a comprehensive taxonomy of advanced methodologies for
securing the management of health care data but fails to deliver a complete presentation on the involvement of
emerging technologies such as Al and Blockchain into health care management systems. Middle ware solutions
offering interoperability within different health applications and devices cannot be found clearly analyzed in this
study. Furthermore, the paper fails to discuss the challenges and strategies involved in deploying these
technologies in cloud and fog computing environments. These gaps are crucial for the development of a more
secure, efficient, and interoperable healthcare data exchange framework.
In fog-assisted 10T cloud systems, the requirement for safe and effective EMR sharing is dealt with by Fugkeaw
et al. (2023). In addition to lacking an integrated mechanism for outsourced encryption and policy updates, the
majority of current systems fall short in providing sufficient security and privacy for 10T data transfer. Because
of the shortcomings of the aforementioned methods, the authors have put forth LightMED, a blockchain-based
access control system that entails safe, granular, and expandable EMR sharing. Improved data security, patient

privacy, and effective access management are the goals of lightMED in the cloud-based healthcare system.

2.LITERATURE SURVEY
A blockchain-powered healthcare system combined with hybrid deep learning approaches is proposed by
Mahajan and Junnarkar (2023) to improve security, scalability, and real-time data processing. The framework

enhances patient care and guarantees data integrity by utilizing blockchain technology for decentralized, secure
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data management and hybrid deep learning for effective data processing. It also tackles issues such as
computational complexity, regulatory compliance, and ethical considerations for smooth healthcare collaboration.
Niklas Krumm (2023) proposes a manual on cloud computing security in lab settings for IT specialists and
healthcare management, emphasizing both technological and organizational security factors. The expanding use
of cloud IT in pathology and the related privacy and security threats are highlighted in the study. Effective cloud
infrastructure installation is ensured by emphasizing best practices, such as recruiting standards, security audits,
and onboarding procedures, to reduce risks prior to implementing technical security solutions.
AlQahtani (2023) suggests an loT-fog-cloud architecture combined with 5G network slicing to assess the
performance of e-Health services. Through simulations, the paper shows how this architecture divides the network
into logical slices according to QoS requirements, improving resource management and service quality. In
comparison to conventional systems, the study emphasizes the efficiency benefits in remote healthcare services,
with improved scalability, reduced latency, and high bandwidth.
Khanom and Miah (2020) propose an On-Cloud Motherhood Clinic, a healthcare management solution for rural
communities in developing nations, in order to overcome the digital divide in rural healthcare. The study
emphasizes that cloud computing and m-Health solutions have not yet reached their full potential, underscoring
the necessity of successful integration to enhance healthcare services and access in underprivileged areas.
Muhammad et al. (2019) emphasize the integration of edge and cloud computing for healthcare systems and
suggest smart pathology diagnosis utilizing EEG signals. By utilizing cloud computing for scalable storage and
analysis and edge computing for real-time data processing, this method seeks to improve the overall performance
and accessibility of healthcare services while increasing the accuracy and efficiency of pathology detection.
The sensitivity of health data necessitates strong authentication and authorization processes, and Akkaoui et al.
(2020) draw attention to the growing desire for broader access to healthcare data for secondary use. The study
emphasizes how crucial it is to guarantee safe access to medical data in order to stop illegal use and permits its
wider use for study and analysis.
Li et al. (2020) examines the issues of data interoperability and regulatory compliance in healthcare apps,
emphasizing the safe exchange of private patient data. In order to improve data accessibility and healthcare
delivery without jeopardizing patient privacy, the research highlights the necessity for efficient solutions that

guarantee the safe sharing of healthcare data across platforms while adhering to regulatory norms.

Kubendiran et al. (2019) suggest utilizing blockchain technology to improve the security of e-health systems.
By incorporating blockchain to assure data integrity and provenance, addressing issues with the authenticity and
traceability of healthcare data, and improving the general security and reliability of e-health systems, the research
seeks to advance e-health security beyond current procedures.

The Al Cognitive Empathy Scale and Turkey's National Al Strategy are two examples of how Sitaraman (2023)
expands the use of Al in healthcare to improve patient happiness and market performance. The application of Al
in healthcare is centered on efficiency, efficient resource use, and patient outcomes. According to the report, Al
has made Turkey's healthcare system more individualized and patient-focused, and the nation aims to become one
of the global leaders in Al healthcare. The degree of patient care and the effectiveness of resource use were both

significantly improved by mixed techniques.
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In order to overcome the misclassification problems in conventional techniques, Mohanarangan (2023) proposes
a Retracing-Efficient 10T Model for automated skin disease identification. By utilizing Automatic Lumen
Detection, 1oMT, and Trigonometric Algorithms, the model improves wavelength-based pixel analysis and
detection accuracy. It has been proven to be an effective, high-accuracy platform for the early diagnosis and
identification of skin diseases on a variety of datasets, leading to improvements in patient outcomes and skincare
innovations.
The Proactive Dynamic Secure Data Scheme (P2DS) was presented by Ganesan (2023) to safeguard financial
data in mobile cloud environments. The system uses cutting-edge techniques including Attribute-Based
Encryption (ABE), Attribute-Based Semantic Access Control (A-SAC), and the Proactive Determinative Access
(PDA) algorithm to address the growing security concerns faced by financial institutions. Therefore, this
architecture promotes P2DS as a secure solution for safeguarding sensitive financial data in the quickly changing
digital environment through superior access control performance, quick threat detection, and effective encryption.
Marwan et al. (2020) suggest a decentralized blockchain-based architecture for safe cloud-enabled 10T systems
in response to the shortcomings of existing designs in fulfilling patient medical record security requirements. In
order to guarantee the confidentiality, integrity, and availability of healthcare data in such systems, the study
highlights the integration of cloud and loT technologies, pointing out the deficiency of adequate security
measures.
Sultana et al. (2020) examine that peer-to-peer verification and key management difficulties after key loss can
affect network speed. In order to prevent security flaws and improve system reliability, the study emphasizes how
these problems impact system performance and security. It also highlights the necessity of effective solutions to
sustain high network speeds while guaranteeing strong key management procedures, especially in the event of
key loss.
Zekiye and Ozkasap (2023) discuss decentralized healthcare systems that overcome privacy issues that prevent
data sharing and limited data availability for training models by utilizing federated learning and blockchain. In
healthcare settings, the study highlights the significance of protecting patient privacy while facilitating
collaborative learning across decentralized sources and provides a strategy that improves data accessibility and
model accuracy without jeopardizing patient confidentiality.
The security issues in healthcare blockchain systems are examined by Andrew et al. (2023) who stress the
necessity of better architecture. In order to solve these issues and maximize their application in healthcare settings,
the study identifies the present shortcomings in protecting healthcare data on blockchain platforms and makes
recommendations for future paths for improving the security, scalability, and effectiveness of blockchain-based
healthcare systems.
Nancy et al. (2023) suggests a fog-assisted smart healthcare system that uses a modified gated recurrent unit and
a fuzzy inference system to improve predictive analytics in the diagnosis of cardiovascular illness. In terms of
jitter, reaction time, and latency, the system outperforms conventional cloud-based methods in terms of
classification accuracy. Fog computing and deep learning work together to enhance performance, which makes it
ideal for urgent medical applications.
A cloud-based middleware architecture for self-adaptive 10T collaboration services is presented by Soojin park
and sungyong park (2019), addressing context awareness and uncertainty across several domains. The

framework makes it easier to create adaptive services by enabling developers to control domain-dependent cloud
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components. The limitations of current frameworks are overcome by a simulation that shows its viability with
only 6% overhead when compared to standard middleware, demonstrating scalability and efficiency in managing
more virtual machines.

3.Methodology
Al facilitates intelligent and automated analysis for healthcare data. Machine learning detects patterns in medical
records, aids in optimized diagnoses, and informs disease outbreak. Al helps the NLP and enhances the basis of
decision support in telemedicine. Deep models are applied for anomaly detection from medical images with a fast
determination of the underlying diseases. With federated learning, Al will be trained based on decentralized data
without breaching privacy. Al integration in cloud and fog computing improves real-time processing, thus
reducing the burden on central servers. The Al-driven approach ensures efficiency, accuracy, and scalability in

healthcare data exchange.
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Figurel: Architectural diagram for Blockchain-Integrated Al-Driven Healthcare Data Management

An Al-driven blockchain-based healthcare data management system that guarantees effective, safe, and real-time
data processing is depicted in the figurel. Data collection is the first step, during which medical information is
acquired. Predictive analytics and decision support are made possible by Al-driven analysis, and real-time
processing is improved and latency is decreased via middleware enabling interoperability. Data validation, which
uses smart contracts to secure data, guarantees uniformity and privacy protection prior to blockchain integration.
Secure real-time data sharing through cloud and fog computing is made possible by the Consensus Mechanism,
which verifies transactions. Lastly, effective system operations are guaranteed by performance monitoring and
optimization, which enhances patient care and healthcare decision-making.

3.1 Al in Healthcare Data Exchange
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Al in Healthcare Analysis and Automation A healthcare data transfer will now go through intelligent pattern
recognition through intelligent machine learning techniques, diagnosis pattern optimization, or disease outbreak
forecasts. NLP will also facilitate unstructured health data for richer decision-making tasks in telemedicine.
Anomalies can easily be detected based on medical imaging with deep models. Decentralized Al enables training
through a federated style without invading security. Al integration in cloud and fog computing improves real-time
processing. This reduces the burden on central servers. Al-driven approach makes healthcare data exchange
efficient, accurate, and scalable. Mathematical equation for Al Optimization
Let X = {x;,x,...,x,} be the healthcare data features. The Al model maps input data to output Y =
{v1,¥2, .., ¥m} uUsing a function f(X) :
Y=fX,W)+e¢€ (@Y
where W represents model weights and € is the error term. The optimization objective is to minimize the loss
function L(W) :

n
1 2
L) == (3 = £ 0 W) @
i=1
This is solved using gradient descent:
Wiyr = Wy — aVL(W,) 3)

where a is the learning rate.
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Figure2: Secure Al-Driven Healthcare Data Management Using Blockchain

The figure depicts a safe Al-powered healthcare data management system that combines middleware and
blockchain technology to process patient data effectively and securely. To ensure thorough health records, data is
collected from patients and medical providers. Custom Access Control protects privacy by limiting data access to
authorized personnel. The Data Security Layer makes use of blockchain for decentralized security and data
integrity, middleware for smooth interoperability, and artificial intelligence (Al) for predictive analysis. Lastly,

safe and reliable patient data is sent to healthcare providers, enabling prompt diagnosis, treatment, and decision-
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making. In contemporary healthcare systems, this paradigm improves data security, accessibility, and
effectiveness.
3.2 Middleware for Secure Interoperability
Middleware acts as an intermediary, which allows heterogeneous healthcare systems to communicate with each
other. It standardizes the format of data and protocols and ensures interoperability between EHRs, 10T devices,
and cloud services. Middleware solutions use APIs, message brokers, and data transformation techniques for
smooth data exchange across different interfaces. Al-powered middleware is used to ensure intelligent routing
and prioritization of very critical healthcare data and force the enforcement of HL7 and FHIR standards for
uniformity. Middleware in fog computing reduces latency as it processes data near the source, thus improving
real-time healthcare monitoring. Middleware integration ensures that the healthcare data exchange system is
scalable and secure. Mathematical equation for Middleware Communication
Assume a set of healthcare nodes N = {n, n,, ..., n;} exchanging data D through middleware M. The data
exchange function is:
T(n;n;) = M(D,P) C)

where P represents processing rules ensuring interoperability. The optimal middleware performance is given by:

k
. D;
mlnTlatency = Z E (5)
i=1

where B is the bandwidth allocated for communication.

3.3 Blockchain for Secure Healthcare Data Exchange

Blockchain ensures safe, transparent, and immutable exchange of healthcare data. It rules out the risk of data
tampering through decentralized ledger technology. Each healthcare transaction is recorded in blocks and linked
cryptographically. Smart contracts enforce data-sharing rules automatically. Blockchain enhances data integrity,
privacy, and auditability, reducing security vulnerabilities in cloud and fog computing. Permissioned blockchains
like Hyperledger Fabric are preferred for healthcare applications. Al-integrated blockchain systems optimize fraud
detection and anomaly detection in medical transactions that are HIPAA and GDPR compliant. Mathematical

equation for Blockchain Security. Let B; be a block at time t containing transaction T. The hash function ensures

integrity:
H(B;) = SHA — 256(B,4||T) (6)
where || represents concatenation. The consensus mechanism ensures data validity:
m
P, = Z S 7
=N @)
i=1

where S; is the stake of node i in validation and N is the total validators.
Algorithml: Al-Blockchain Integrated Healthcare Data Exchange
Input: Healthcare data D, Al model f (X, W), Blockchain B, Middleware M

Output: Secure, optimized data exchange

BEGIN
Initialize Al Model (X, W)
Initialize Blockchain B with genesis block
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Initialize Middleware M

FOR each healthcare node n_i in network N
Collect patient data D_i from node n_i
Preprocess D_i and extract features X i
Predict outcome Y _i = f(X_i, W)

IF data validation is required THEN
Apply middleware M to standardize D _i
ENDIF

Encrypt D_i and generate transaction T
Append transaction T to Blockchain B

IF consensus is achieved THEN
Store validated block in ledger
ELSE
ERROR: Data transaction failed
ENDIF
ENDFOR

RETURN Blockchain ledger with secure transactions
END

Initially, the algorithm1 in this architecture shall initialize Al components, Blockchain as well as middleware to
optimize and ensure secure exchanges of healthcare information. It obtains patient data in healthcare nodes using
Al to achieve insights into processes and standardize data using middle ware before eventual transmission. As a
blockchain transaction, data here is encrypted before being recorded: integrity and safety are ensured when
transactions are put through a validating consensus mechanism preceding storage in blockchain. The final
blockchain ledger will thus securely store verified healthcare data, which allows for the mutual exchange of data
transparently, interoperably, and efficiently in cloud and fog computing environments while preserving privacy
and medical regulation compliance.

3.4 Performance metrics

The performance metrics for optimizing healthcare data exchange with Al, Middleware, and Blockchain are
accuracy, latency, throughput, security, and interoperability. Al obtains high accuracy but moderate latency.
Middleware improves interoperability and decreases latency. Blockchain ensures the highest security but
increases latency. The combined method integrates all three technologies and achieves the best overall

performance: highest accuracy, lowest latency, highest throughput, strongest security, and best interoperability.

288



AR
W1 /ESR

\J

ISSN 2277-2685

IJESR/Jan-March. 2024/ Vol-14/Issue-1/ 281-292

Winner Pulakhandam et. al., / International Journal of Engineering & Science Research

This integration should guarantee a safe, efficient, and scalable system of healthcare data exchange, in line with

leveraging Al for analytical strength, Middleware for smooth communications, and Blockchain for data integrity

and security.

Tablel: Performance Comparison of Al, Middleware, Blockchain, and Combined Method for Secure

Healthcare Data Exchange

Metric Method 1 (Al) Method 2 | Method 3 | Combined Method (Al +
(Middleware) (Blockchain) Middleware + Blockchain)

Accuracy (%) 0.92 0.88 0.90 0.96

Latency (ms) 120.50 98.70 130.20 85.40

Throughput (MB/s) 45.30 50.10 42.70 60.20

Security Score (0-1) 0.78 0.80 0.95 0.98

Interoperability Score (0-1) | 0.65 0.85 0.70 0.90

The tablel compares performance metrics across four methods for optimizing healthcare data exchange: Al,

Middleware, Blockchain, and a Combined approach. The combined method ensures the highest accuracy at 0.96.

This will result in the accurate insights for healthcare. The latency is lowest at 85.4 ms for the combined method,

thus ensuring real-time processing. The throughput is highest at 60.2 MB/s, thus facilitating faster data exchange.

Security is strongest in Blockchain at 0.95 and further enhanced in the combined method at 0.98. Middleware

provides the best interoperability (0.85), further improved in the combined method (0.90). Overall, integrating Al,

Middleware, and Blockchain yields the most efficient, secure, and interoperable healthcare system.

Metric Lietal (2019) | Kubendiran et | Marwan et al | Sultana et al | Proposed
al (2019) (2020) (2020) Model (Al +

Middleware +
Blockchain)

Accuracy (%) | 89% 87% 91% 90% 96%

Latency (ms) 110.3 ms 105.2 ms 120.8 ms 115.5 ms 85.4 ms

Throughput (%) | 81% 78% 73% 81% 100%

Security Score | 85% 88% 92% 94% 98%

(%)

Interoperability | 70% 75% 72% 78% 90%

Score (%)

The table2 highlights the differences among the different methodologies for healthcare data exchange in terms of

interoperability, accuracy, latency, throughput, and security. The proposed model has a maximum accuracy of

96%, minimum latency of 85.4 ms, maximum throughput of 100%, maximum strength of security with 98%, and

maximum interoperability of 90%, better than all existing approaches. Even though some methods have higher

strength of security and accuracy, the latency is relatively high and the throughput is less. This proposed paradigm

will therefore integrate blockchain, middleware, and artificial intelligence with the objective of enhancing real-

time processing, secure transaction execution, and smooth data interchange in the medical field. Therefore, an
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assured health system that is both secure and scalable and well suited for cloud and fog computing environments
is guaranteed.
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Figure3: Comparison of Healthcare Data Exchange Models Based on Accuracy, Throughput, and
Interoperability

A figure3 is given that compares various healthcare data exchange models based on Accuracy, Throughput, and
Interoperability Scores. The proposed Al + Middleware + Blockchain model achieves the highest accuracy,
throughput, and interoperability as compared to the previous models. Other methods have relatively high accuracy
but lower throughput and interoperability. The proposed model surpasses 95% in all three metrics, showing a
more efficient, scalable, and secure solution. Although older methods give a moderate result, they do not have the
seamless integration and optimization provided by the combined approach. This shows that the integration of Al,

Middleware, and Blockchain enhances the efficiency and security of healthcare data exchange.
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Figure4: Comparison of Security Percentage Across Different Healthcare Data Exchange Methods
The figure3 presents the progressive improvement in a leading healthcare data exchange metric across five
models. This final model gets the highest percentage, which demonstrates better performance. The increasing

pattern indicates that an integration of Al, Middleware, and Blockchain provides significant efficiency and

security with more interoperability to manage healthcare data.
4.Conclusion

This research introduces an innovative solution to safely and efficiently share health care data by integrating
blockchain, middleware, and artificial intelligence. Blockchain provides confidentiality and integrity for data,
while middleware takes care of frictionless interoperability. Models driven by artificial intelligence allow
intelligent automation and predictor insights that enable one to make informed decisions in the autonomous and
data-driven approach. When compared to a standalone solution, the integrated approach ensures greatly upgraded
accuracy, latency, throughput, security, and interoperability. The results show that the integration of blockchain,
middleware, and Al enhances safe transactions, real-time processing, and effective data sharing in healthcare.
Future research in improving scalability and quantum-resistant security measures will focus on further

improvement of healthcare data management in cloud and fog-based infrastructures.
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