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Abstract: This research presents a pioneering solution for contemporary challenges in Electronic Health Record (EHR)
systems within modern healthcare— a Blockchain-enabled Hyper-ledger Fabric Architecture. Emphasizing security,
confidentiality, and a patientcentric approach, the proposed system establishes a secure network of Peer nodes. Digital
certificates facilitate individual identification, while specialized Chain codes manage complex business logic, resulting
in a robust fabric architecture ensuring secure EHR storage, sharing, and exchange. This architecture transcends
conventional limits, offering heightened attributes of security, transparency, immutability, interoperability, scalability,
and availability. Expanding its scope, the abstract addresses broader challenges in the healthcare industry, introducing a
decentralized healthcare management system. By integrating blockchain, specifically Hyper-ledger, this system
empowers patients with control over health records and streamlines processes for healthcare professionals. A
permissioned blockchain enhances trust and confidentiality, guided by smart contracts governing pivotal healthcare
interactions. This research contributes to advancing blockchain in healthcare, marking a shift towards decentralized
healthcare management. The findings underscore efficiency, security, and user-centricity, laying the groundwork for
practical implementation in real-world healthcare scenarios.

l. INTRODUCTION

The landscape of modern healthcare is undergoing a paradigm shift, driven by the relentless pursuit of secure, transparent,
and collaborative solutions for managing patient health records. Electronic Health Record (EHR) systems, while holding
great promise for enhancing global healthcare outcomes, grapple with persistent challenges in security, access control,
and the protection of patient privacy within the existing healthcare infrastructure. In response to these critical concerns,
this research embarks on a transformative journey, presenting a pioneering solution: a Blockchain enabled Hyper-ledger
Fabric Architecture specifically tailored for diverse EHR systems. This initiative aims to revolutionize how patient data
is managed, fostering a decentralized and patient-centric approach to healthcare information exchange.

Central to our approach is the establishment of a secure network of Peer nodes, creating a confidential ledger framework
facilitated by dedicated communication channels. These channels ensure the privacy and security of interactions among
diverse stakeholders in the healthcare ecosystem. The project places particular emphasis on individual identification and
registration, meticulously managed through unique digital certificates administered by the Membership Service Provider
(MSP) component embedded within the fabric architecture. In practical implementation, specialized Chain codes play a
pivotal role, deftly handling intricate business logic in executing discrete EHR transactions on the network. The
envisioned outcome is a robust fabric architecture serving as a sanctuary for storing, sharing, and exchanging EHRs
within an intricate web of healthcare stakeholders. This architecture transcends conventional limitations, ensuring not
only the security, transparency, and immutability of healthcare data but also providing seamless interoperability,
scalability, and availability.

As we delve into this research, we embark on a journey to redefine the contours of healthcare data management. The
synthesis of blockchain technology, Hyper-ledger Fabric, and a patient-centric philosophy positions this project as a
catalyst for a new era in healthcare information exchange, ultimately contributing to the evolution of secure, transparent,
and collaborative healthcare systems.

1. IDENTIFYING THE CURRENT CONSTRAINT

In the current healthcare landscape, characterized by intricate data ecosystems and a multitude of stakeholders, the need
for a paradigm shift in data management becomes increasingly evident. Traditional healthcare systems grapple with
challenges ranging from data silos and interoperability issues to concerns about data security and patient privacy. The
need for a comprehensive solution that addresses these challenges and brings about transformative changes in healthcare
management is more pressing than ever. The centralization of healthcare data, often stored in disparate systems and
controlled by various entities, hampers the seamless flow of information critical for effective patient care.
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Furthermore, patients often find themselves as passive participants in their own healthcare journeys, lacking control over
their health records and the ability to seamlessly interact with the healthcare ecosystem this project emerges as a response
to these critical shortcomings. By leveraging blockchain technology, particularly the Hyper-ledger framework, the aim is
to create a decentralized healthcare management system that places patients at the center of their healthcare experiences.
As the healthcare industry navigates the complexities of a data-driven era, the need for a decentralized healthcare
management system becomes not just a technological imperative but a patient-centric necessity. This project endeavors
to bridge the existing gaps, fostering a healthcare ecosystem that is not only technologically advanced but also
fundamentally centered around the needs and rights of the patients it serves

I11. PROPOSED SYSTEM

. User-Friendly Interface: Design and implement an intuitive web platform and mobile application for seamless
user interaction. Prioritize user experience to encourage widespread adoption and participation.

. Gamified Reward System: Develop a reward system that gamifies responsible e-waste disposal, motivating users
to engage in sustainable practices. Implement point systems, discounts, or other incentives to make the process rewarding
and fulfilling.

. Accurate E-Waste Valuation: Integrate algorithms for precise e-waste valuation, ensuring fair compensation for
users and promoting transparency.

Utilize data analytics to continuously refine valuation algorithms based on market trends and user feedback.

. Proximity-Based Locator: Incorporate geolocation technology to enable users to easily find the nearest e-waste
management centers. Enhance accessibility and convenience for users, promoting increased participation in responsible
disposal.

. Educational Initiatives: Develop and regularly update educational content, including blogs and awareness
campaigns, to inform users about the environmental impact of e-waste. Collaborate with schools and organizations to
implement educational initiatives promoting responsible e-waste practices.

. Blockchain Transparency: Implement blockchain technology to enhance transparency in the e-waste disposal
process. Ensure a traceable and secure transaction history, addressing concerns related to ethical disposal practices.

|
. O

+——> ‘\‘- "'_"'\loal « > A‘w

Public key
+— >

Patient Patient- Centric

Encrypted Health Record
Public & Private key

Request Health
view Doctor

Record Public & Prvate key
)
B
Figure 1. Proposed System
V. FEATURES OF THE SYSTEM
. Enhance Data Interoperability: Facilitate seamless data exchange between disparate healthcare entities, ensuring
interoperability and continuity of patient information across the healthcare ecosystem.
. Empower Patients with Data Ownership: Grant patients unprecedented control and ownership of their health

records, fostering a sense of empowerment and active participation in their healthcare journeys.
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. Ensure Robust Data Security and Privacy: Implement advanced cryptographic measures and decentralized
storage to enhance the security and privacy of patient data, mitigating the risks associated with traditional centralized
healthcare databases.

. Streamline Healthcare Processes: Optimize and simplify healthcare processes, including appointment scheduling
and prescription processing, to enhance the efficiency of interactions between patients and healthcare professionals.

. Establish Trust in Healthcare Transactions: Leverage blockchain’s trustless environment and smart contracts to
establish a transparent and trustworthy platform for healthcare transactions, reducing the reliance on intermediaries and
manual verification processes.

. Improve Accessibility and Availability of Healthcare Data: Ensure that healthcare professionals have timely and
secure access to patient data, contributing to informed decision-making and improving overall healthcare outcomes.

. Facilitate Smart Contract Governance: Implement smart contracts to automate and govern healthcare
interactions, ensuring adherence to predefined rules and enhancing the efficiency of processes such as appointment
scheduling and prescription issuance.

. Promote Patient-Centric Care: Shift the paradigm towards patient-centric care by placing the individual at the
center of healthcare processes, enabling them to actively engage with their health data and make informed decisions.

. Reduce Administrative Burden: Alleviate the administrative burden on healthcare professionals by automating
routine processes, allowing them to focus more on patient care and less on administrative tasks.

. Demonstrate the Feasibility of Hyper-ledger in Healthcare: Showcase the feasibility and practicality of
implementing Hyper-ledger in a healthcare context, providing insights into the benefits and challenges of utilizing this
blockchain framework.

V. METHODOLOGIES

In this section, we outline the development and operational principles of our proposed Hyper-ledger Fabric architecture
for efficient healthcare data management, focusing on EHR storage and transfer among service providers. Hyper-ledger
Fabric is chosen for its privacy, scalability, transaction efficiency, interoperability, and fine-grained access control.

This architecture reduces EHR storage and sharing time, improves medical decision-making, and lowers overall costs.
The fabric architecture establishes private permissioned blockchains, ensuring privacy, confidentiality, and scalability. It
incorporates secure Byzantinefault tolerant consensus algorithms for reliable communication and data exchange among
untrusted stakeholders

a. Implementation of Hyper-ledger Fabric

Within the fabric architecture, a permissioned private blockchain network is established, where the health authority
identifies and registers all involved healthcare stakeholders and their end-users. This process is facilitated by the
Membership Service Provider (MSP) component of the fabric, utilizing certificate-issuing authorities (C.A.). These C.A.s
can either be fabric-based (local) or external entities not affiliated with the participating organizations in the blockchain
network. To instill trust among potentially untrusted participants, the fabric implements an identity management system,
introducing the concept of a membership service. This service defines rules and regulations governing the authentication,
validation, and verification of different stakeholders (identities), ensuring their inclusion in the network and granting
access to Electronic Health Records (EHRs) systems. This meticulous approach is vital for maintaining secrecy, privacy,
and confidentiality among stakeholders in the network.

The membership service represents an innovative design that overhauls the entire process, addressing issues related to
nondeterminism, resource exhaustion, and performance attacks within the stakeholders involved in health record
management systems. The fabric network comprises diverse peer nodes, each capable of functioning as an endorser or
committer node. Additionally, it incorporates an ordering service component known as Orderers. These Orderers receive
endorsed transactions from the client (patient), organize them into blocks with cryptographic signatures from ordering
peers, and subsequently broadcast these blocks to committing peers in the blockchain network for validation against
endorsement policies.
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b. Suggested Blockchain Architecture Utilizing Hyper-ledger Fabric for Healthcare Management System
We opt for a private permissioned consortium blockchain using Hyper-ledger Fabric platform. The envisioned
architecture establishes a network of interconnected hospitals, forming a private peer-to-peer consortium. Participation in
the fabric network is contingent upon consensus agreement among involved stakeholders. Hyper-ledger Fabric employs
the Byzantine faulttolerant consensus protocol for ordering and executing transactions on the ledger, exhibiting superior
efficiency by processing over 3,500 transactions per second.

Distinguishing features of Hyper-ledger Fabric in comparison to other distributed ledger technologies include:

i.Offering a private permissioned and modular architecture for diverse transactions in a peer-to-peer blockchain network.
ii.Incorporating a flexible, pluggable endorsement model to achieve consensus among network stakeholders.
iii.Providing a mechanism for transaction privacy and integrity through channel usage. Channels enable the creation of
private communication avenues among distinct member organizations, ensuring privacy.
iv.Enabling effective governance and versioning of chaincodes.
v.Exhibiting lower latency in transaction processing compared to alternative blockchain platforms.
vi.Allowing the development of smart contracts in various languages such as Go, Java, and JavaScript.
vii.Supporting a range of queries including keyed queries, range queries, and JSON on-chain queries. Facilitating continuous
organizational operations like rolling upgrades and asymmetric version support.

Figure 2. setting up the network and starting up

C. Implementation of Proposed Architecture

In this segment, we delineate the execution and communication of related transactions among different stakeholders,
utilizing the execute-order-validate architecture in Hyper-ledger Fabric. The proposed fabric-enabled Healthcare
Management system meticulously records and stores all transaction-related activities and events involving participating
stakeholders in the blockchain’s immutable ledger. This ledger is intricately linked with a peer-to-peer decentralized
storage system, ensuring maximum transparency and storage capacity for extensive medical records.

The fabric-based decentralized system substantially reduces the risk of tampering with stored data in the ledger. To ensure
secure interactions, all participating entities must undergo identification and authentication processes using digital
certificates and cryptographic functions facilitated by the Membership Service Provider (MSP) service. Initially, the
healthcare authority identifies and registers all participating stakeholders in the peer-to-peer blockchain network.

A registration function, executed through smart contracts (chaincode), manages the registration of stakeholders by the
designated private regulator health authority overseeing the fabric network.
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This process establishes a private permissioned network accessible only to stakeholders registered with the healthcare
authority. All stakeholders enhance their security measures by connecting to the registration system through a virtual
private network (VPN). During registration, patients provide minimal information, such as name, social security number,
address, and contact details. Similarly, primary physicians, hospitals, laboratories, pharmacies, researchers, and insurers
also register with the regulator healthcare authority.

Upon registration, the health authority verifies the records and assigns a unique chaincode address. This marks the
completion of the registration process, and all stakeholders are prepared to engage in transactions on the network.

TERMINAL

Figure 3. setting up the hospitals as organisations using MSP and CA certificates

d. Sequence of the Proposed Architecture

We outline a secure and efficient procedure for recording a patient’s registration information on the blockchain ledger.
The process begins when a patient visits a hospital for a checkup, triggering the initiation of the patient registration process
at the registration desk. The patient’s registration information is then recorded in the local Electronic Health Record
(EHR) database, provided it is not already available in the database.

To enhance security, this information undergoes encryption using an appropriate encryption technique with a symmetric
key. The private symmetric key is subsequently encrypted using the patient’s public key and attached to the patient’s
encrypted data. This duallayer encryption not only secures both the key and data but also expedites the encryption-
decryption process when the patient data is stored on the ledger. In the subsequent step, this encrypted information is
appended to the blockchain ledger.

In the subsequent phase, we elucidate the transaction flow when a patient visits the primary physician. The primary
physician initiates a transaction proposal to retrieve the patient-related previous metadata information from the ledger in
the hospital, assuming the patient has previously visited the physician. If the patient’s information is present in the ledger,
it is returned to the physician. Alternatively, if the patient is new, the physician conducts checkups and sends the updated
patient information to the ledger after the examination. This entire process is depicted in Fig. 6.

The patient’s records are updated and appended to the ledger after the visit to the physician. The same information is

shared with the patient and other stakeholders participating in the Hyper-ledger Fabric network. The patient initiates the
process by requesting an appointment (Appointment Request(Patient, Physician, Health Record)), and subsequently, the
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patient visits the primary physician (Appointment Granted(Patient, Physician, Health Record, Date and Time) the
transaction between the patient and the primary physician, involving other stakeholders in the Hyper-ledger Fabric
network.

Following the initial consultation (Checkup Done (Patient, Physician, Health Record)), the physician refers the patient to
the diagnostic laboratory for tests (Lab Tests Conducted (Patient, Physician, Health Record, Lab Tests, Results)). Based
on the results, the physician recommends medicine (Medicine Collected (Patient, Physician, Health Record, Prescribed
Medicine)). The patient settles the bill either through insurance (Insurance Claimed (Patient, Physician, Health Record,
Insurance Cost)) or self-payment if the patient is uninsured (Self Paying Patient (Patient, Physician, Health Record,
Cost)). In regions where healthcare is predominantly free, this scenario may not arise.

For follow-up consultations, the patient may revisit the physician, who then submits a report on the patient’s condition
(Patient Update (Patient, Physician, Health Record, Condition)). Once the patient recovers, all completed transactions,
including the physician’s decision transaction (Physician Decision (Patient, Physician, Health Record, Physician Note,
Decision)), are appended as a block to the Hyper-ledger Fabric after undergoing validation by a designated number of
peers (endorsers and committers) on the network.

In the subsequent step, we outline the transaction flow when a patient visits the primary physician. During this phase, the
primary physician initiates a transaction proposal to retrieve the patient’s previous metadata information from the ledger
if the patient has previously visited the physician. The physician receives the patient information from the ledger if
available; otherwise, the patient is considered new, and the physician conducts checkups. The updated patient information
is then sent to the ledger after the examination. This process involves updating and appending patient records in the ledger
after the visit, and the same information is shared with the patient and other stakeholders in the fabric network.

The patient’s journey involves visiting the primary physician, requesting an appointment, undergoing initial consultation,
being referred to a diagnostic laboratory for tests, receiving medication recommendations, paying bills through insurance
or self-payment, and potentially visiting the physician for follow-up consultations. Each transaction, including the
physician’s decision, is appended to the fabric Hyper-ledger after completion and validation by a designated number of
peers on the network.

Certain transactions with larger storage requirements are stored in decentralized storage, with their hash values recorded
in the ledger. Notably, transactions like patient registration remain in a temporary database until completion, and the
patient no longer requires consultation unless a future situation arises. Researchers may request access to data for research
purposes, and patients can grant or deny access, depending on privacy and data protection laws.

Functional transactions between the patient and the hospital, including scenarios where the primary physician refers the
patient to the hospital or the patient is directly admitted. The hospital conducts diagnostics, performs procedures, admits
the patient to the ward, and dispenses medication before discharge. Payments can be made through insurance or self-
payment. All completed transactions, validated and verified by the appropriate number of peers, are permanently stored
in the Hyper-ledger.

VI. RESULT

The installation procedure for Hyper-ledger Fabric, a crucial part of the proposed Hyper-ledger Fabric Architecture for
decentralized healthcare management enabled by Blockchain, is described in this section. Configuring peer nodes,
building a secure network, and setting up the Hyper-ledger Fabric platform are all part of the installation process. A
development environment must be set up, a proper IDE must be chosen, and Hyper-ledger Fabric components like peer
nodes, certificate authorities, and service orders must be deployed. The installation procedure guarantees a strong base
for the safe and effective use of blockchain technology in healthcare data management.

In the context of decentralized healthcare administration, this section outlines the critical procedures required to configure
the network for the proposed Blockchain-enabled Hyper-ledger Fabric Architecture. Establishing a safe and effective
platform for managing Electronic Health Records (EHRS) using blockchain technology is largely dependent on the
network configuration. Establishing a private permissioned consortium blockchain, guaranteeing peer-to-peer
communication protocols, and defining roles and duties are important components of the network setup. The information
in this part is crucial for building a strong network foundation, safe data transfers, and interactions between many players
in the healthcare ecosystem.
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$ cd fabric-samples
: $ cd cdfirst-network/
-bash: cd: cdfirst-network/: No such file or directory
: $ cd first-network/
-bash: cd: first-network/: No such file or directory

$ 1s

$ ./byfn.sh generate

-bash: ./byfn.sh: No suéh file or directory

$ cd test-network
$ ./network.sh down

Removing cli
Removing orderer.example.com
Removing peer®.org2.example.com ...
Removing peer®.orgl.example.com ...
Removing network fabric_test
Removing volume docker_orderer.example.com
Removing volume docker_peer®.orgl.example.com
Removing volume docker_peer®.org2.example.com
Removing network fabric_test
: Network fabric_test not found.
Removing volume docker_peer®.org3.example.com
: Volume docker_peer®.org3.example.com not found.
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Figure 4. Setting up of Network

One of the most important steps in putting the suggested Hyper-ledger Fabric Architecture with Blockchain support for
decentralized healthcare administration into practice is building a network.

SyStent

Our Doctor application allows you to add and view EMR of a patient.

Add EMR
Patient Email-id Enter patient en
Doctor Email-id Enter doctor ema
EMR ID Enter EMR ID

Enter the EMR

Figure 5. Frontend

The building of a safe and effective network architecture to facilitate the smooth exchange of Electronic Health Records
(EHRs) via blockchain technology is outlined in this section. Peer nodes, certificate authorities, and ordering services are
some of the essential elements that are carefully set up to form a private permissioned consortium blockchain. The abstract
explores this network’s critical function in maintaining confidentiality, facilitating safe data exchanges, and encouraging
cooperation amongst different players in the healthcare ecosystem.

© 1JARCCE This work is licensed under a Creative Commons Attribution 4.0 International License 243


https://ijarcce.com/
https://ijarcce.com/

IJARCC E ISSN (0) 2278-1021, ISSN (P) 2319-5940

International Journal of Advanced Research in Computer and Communication Engineering

Impact Factor 8.102 :: Peer-reviewed & Refereed journal :< Vol. 13, Issue 2, February 2024
DOI: 10.17148/IJARCCE.2024.13241

Welcome to EMR Managemement
System!

Our Admin application allows the admin to register a user.

Register here

Username Enter user name
Email-id : Enter user email
Type of user Admin v

Figure 6. Frontend

VII. CONCLUSION

This research introduces a transformative solution leveraging Hyper-ledger Fabric and blockchain technology for secure
and decentralized healthcare management. The proposed system ensures enhanced security, transparency, and patient-
centricity by utilizing a network of Peer nodes, digital certificates, and specialized Chain codes. With features such as
privacy, scalability, and fine-grained access control, the architecture transcends traditional limits, providing a robust
framework for secure storage, sharing, and exchange of Electronic Health Records (EHRS).

The integration of Hyper-ledger Fabric ensures a private permissioned blockchain, guaranteeing maximum privacy,
confidentiality, and data secrecy. The system employs a secure and transparent consensus algorithm, facilitating reliable
communication and data exchange among untrusted stakeholders. This research contributes to the ongoing evolution of
healthcare data management, emphasizing efficiency, security, and user-centricity, making it a promising avenue for real-
world implementation.
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