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Abstract: It is necessary to ensure data privacy to encourage user participation in sharing data especially on multi-cloud environment. It
is observed that such mechanisms that show the concern for avoiding privacy leakage is seldom addressed. Leveraging zero-knowledge
proof based Self-Sovereign Identity for multi-cloud coupled with decentralized smart contract application on blockchain enable data
sharing in consent and in control by the individual. The research work explores a novel architecture which is powered by the convergence
of contemporary technologies to achieve the solution for collaborative data control. The smart contract designed automates data sharing
without privacy violation considering digital identities assigned for individuals. The performance analysis of the smart contract in mutli-
cloud environment with the new architecture demonstrate appreciable execution taking approximately less than 10 seconds. Further, overall
performance of the architecture, tools, technologies fusion assures for introducing new digital landscape for preventing privacy leakage.
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1. Introduction

In today's digital environment, the security of the cloud
environment and data transfer efficiency are important for
businesses and people. As data volumes grow and the need
for migration increases, traditional data migration is often
fraught with security risks and inefficiencies. To solve these
problems, the project introduced new solutions that use the
power of blockchain technology, specifically smart
contracts, along with a self-identification process. A
contract, the content of which is written directly in the legal
process, offers a secure, transparent and automated way to
manage business and processes. Through the integration of
the Trinsic Decentralized Identifier (DID), which provides
users with a unique and identifiable identifier, the project
aims to create a strong foundation for identifying users'
authentication and data integrity during data transfer in the
cloud. Using Trinsic DID ensures that each user has a
unique and secure identity, thus reducing the risk of
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unauthorized access and data. leakage. Smart contracts act
as fair, automated gatekeepers that verify the accuracy and
integrity of user credentials before allowing transfers as well
as on the fly consent.

The research employs smart contract technology to securely
and efficiently manage the transmission of user data in a
cloud environment. Using Trinsic's Decentralized
Identification Number (DID), each user is uniquely

identified,  ensuring  effective  verification and
authentication. Smart contracts implement identity
management and authentication by verifying user

credentials and integrity before allowing data to pass
through. This decentralized method increases security by
eliminating single points of failure and providing
transparent, immutable information about transactions. The
integration of Trinsic DID and smart contracts not only
supports the data transfer process, but also paves the way for
a more secure, user-centric cloud service. Blockchain
technology provides a decentralized and tamper-proof
ledger, making it an excellent choice for secure data
management. By integrating it with modern authentication
systems, we can enhance data privacy, integrity, and
transparency in cloud environments.

1.1. Trinsic SSI Wallet:

Trinsic is a platform that provides tools and infrastructure to
create, manage and verify digital tokens and certificates
using decentralized technology. It aims to provide secure,
privacy-assured solutions for individuals and organizations
by leveraging Blockchain technology, Decentralized
Identification Numbers (DIDs) and Verifiable Credentials
(VCs). Trinsic's services are designed to support a variety of
applications, from personal identification to business
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authentication. The Trinsic ecosystem aims to improve
security, privacy and user-centric management of tokens
and credentials through decentralized technology. Here is a
detailed explanation of how the Trinsic ecosystem works,
showing the products, processes and benefits:

Trinsic Core Components:
a) Decentralized Identifiers (DIDs):

Creation: Users generate unique, cryptographically secure
identifiers known as DIDs. These identifiers are stored on a
blockchain, which can be public or private.

Management: Users manage their DIDs via digital wallets,
allowing them to create and control multiple DIDs to
enhance privacy and security. These wallets support key
management and secure interactions with other entities.

b) Verifiable Credentials (VCs):

Issuance: Trusted entities (issuers) such as universities,
employers, or government agencies issue verifiable
credentials. These credentials contain claims (e.g., a degree
or employment status) and are cryptographically signed by
the issuer.

Storage: Credentials are stored in the user's digital wallet.
Users have full control over their credentials and can decide
when and with whom to share them.

c) Verification:

Request: When a verifier (e.g., a potential employer,
service provider) needs to verify a claim, they send a request
to the user.

Presentation: The user can selectively disclose the
necessary credentials from their wallet in response to the
request. This process allows the user to share only the
information that is required.

Validation: The verifier checks the authenticity and validity
of the credential by verifying the issuer’s signature against
the issuer's DID on the blockchain. This ensures that the
credential is genuine and has not been tampered with.

1.2. Benefit of Integration of Trinsic wallet with multi-
cloud and smart contract

Trinsic wallets are integral to this project as they provide
Self-Sovereign Identity (SSI) solutions that allow users to
manage their identities by issuing and storing credentials.
Each user, upon wallet creation, is assigned a unique
Decentralized Identifier (DID) and a corresponding DID
document, which contains information about the wallet,
public key, metadata, and more. These DIDs are linked to
the users' public keys, enabling verifiers to access the
necessary information during the verification process. When
a trusted authority (issuer) issues credentials, these are
stored in the user's wallet. During data migration between
cloud services, smart contracts can access the user's DID

and the associated credentials to verify the digital signatures
and authenticate both the credentials and the user. This
ensures secure and verified data transfers.

1.3. Blockchain Smart contract for credential validation

Blockchain offers unified security layer for security
challenges due to multiple vendors in multi-cloud
environment. The encryption mechanisms ensure
transaction confidentiality while the immutable nature
establishes trust worthy transaction records.

In the Trinsic ecosystem, while there may not always be a
human verifier available to authenticate credentials before
data migration between clouds, smart contracts fulfil this
role efficiently. By leveraging decentralized technologies
like blockchain and smart contracts, the verification process
becomes decentralized, eliminating dependency on a single
central authority. This decentralization boosts trust by
removing the necessity to rely on a singular entity for
credential validation. Smart contracts employ cryptographic
techniques to ensure the security and integrity of the
verification process, validating the authenticity of
credentials stored in Trinsic wallets by verifying their
cryptographic signatures, thus ensuring secure multi-cloud
data movement.

2. Related Work

This section analyses research work carried out with respect
to security, privacy using blockchain in cloud environment
including [1]-[20].Various studies have explored the
integration of blockchain technology, zero-knowledge
proof, and public education in the context of secure data
sharing and proof of concept in the cloud. A study on data
sharing in  multi-cloud environments highlights the
importance of governance management and enhanced
privacy, proposing a blockchain-based approach to ensure
secure and efficient data transfer [11]. TrustDFL uses
blockchain to provide evidence and trust in the integrity of
public education to ensure the integrity and reliability of
information in distribution [2]. Similarly, research on the
work of the government's zero-knowledge blockchain
research shows that zero-knowledge proofs are being used
to protect user privacy during audits without revealing
sensitive information [10]. FedZKP also examines the
government's membership verification model using zero-
knowledge credentials, providing a secure way to verify the
model across government agencies [4]. Additionally,
blockchain-based  security and  privacy-anonymity
authentication aims to increase user privacy and security
during authentication. Finally, the blockchain-based
decentralized cloud computing approach aims to provide
better services in terms of privacy protection and security,
revealing the potential of blockchain in improving the
quality of cloud services and user trust [7]. These studies
suggest the development of a secure privacy framework to
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verify user credentials and ensure secure data migration in
various cloud environments using smart contracts and
technologies. The present state of the art of the work has set
a platform that defined the new digital landscape by
integrating blockchain and multi-cloud management. The
research report available in the literature motivates and
drives to design a novel architecture that has resulted by
integrating the different technologies that promises future
digital operations with security and privacy.

3. Work Design

For this project, we conducted an investigation using Trinsic
wallets, which furnish users with credentials for
identification purposes. Specifically, we established 10
wallets to explore the ecosystem's functionality, including
its management of user privacy and security. Our analysis
also encompassed an examination of how Trinsic safeguards
user wallets against potential threats such as phishing and
denial-of-service (DOS) attacks. Additionally, we
scrutinized the scalability and interoperability performance
of the wallets.

Hyperledger Aries, a project within the Hyperledger
consortium, offers decentralized identity solutions and
digital trust services. Although akin to Trinsic, we opted for
the latter due to its ready availability and well-defined front
end, facilitating various forms of testing. Trinsic emerged as
the preferred choice for implementation in our project
owing to its ease of integration and robust privacy and
security features.

To enhance the efficiency and effectiveness of our system,
we conducted an extensive analysis comparing the
performance of various consensus algorithms suitable for
our project. Using PyCharm as our development
environment, we meticulously evaluated the performance
metrics of different consensus algorithms, considering
factors such as transaction throughput, latency, fault
tolerance, and scalability. By conducting this rigorous
comparison, we aimed to identify the most suitable
consensus algorithm that can meet the demanding
requirements of our project, including real-time verification
of user credentials and seamless data migration between
clouds. This comprehensive analysis of consensus
algorithms serves as a foundational step in designing a
robust and reliable system architecture that ensures the
integrity, security, and efficiency of data transfers in our
cloud-based environment.

4. Novelty of the Work

The novelty of the research work lies in its integration of
three distinct yet complementary technologies—Trinsic
DIDs, smart contracts, and cloud computing—to create a
secure and efficient data transfer mechanism. One unique
aspect of this project is the utilization of Trinsic DIDs for
user identification. Unlike traditional centralized identity

systems, Trinsic DIDs offer decentralized and self-
sovereign identity management, empowering users with
greater control over their personal data. By leveraging
Trinsic DIDs, the project ensures that each user is uniquely
identified and authenticated before initiating any data
transfer between clouds. Additionally, the integration of
smart contracts adds another layer of security and
automation to the process. The smart contract acts as an
impartial mediator, verifying user credentials before
authorizing the data transfer. This automated verification
process not only enhances security but also streamlines the
data transfer process, reducing the need for manual
intervention and administrative overhead.
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contract ~ allows
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Fig 4.1 A novel architecture for data privacy in multi-
cloud environment.

Fig 4.1 presents a novel architecture that is an integration of
Trinsic SSI with zero-knowledge proof, smart contract to
approve data sharing without privacy violation across the
clouds.

Furthermore, the project leverages cloud computing
infrastructure to facilitate seamless and scalable data
transfers. Cloud environments provide the necessary
storage, processing power, and connectivity to efficiently
move data between different cloud platforms. By harnessing
the capabilities of cloud computing, the project ensures that
data transfers are executed quickly, reliably, and cost-
effectively.
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In this system, a user first creates a Trinsic wallet, obtaining
unique credentials for identity verification from trusted
issuers. These credentials are then utilized for storing and
accessing the user's data in the cloud. When the user needs
to migrate data between cloud platforms, a smart contract is
employed to verify the authenticity of the user's credentials
before initiating the transfer. Only if the credentials are
deemed valid by the smart contract is the user permitted to
move their data from one cloud to another.

This seamless collaboration between Trinsic DIDs, smart
contracts, and cloud computing enhances the security,
scalability, and interoperability of data migration processes.
By leveraging smart contracts with appropriate consensus
algorithms, the system ensures robust authentication and
authorization mechanisms, thereby enhancing security and
mitigating risks associated with unauthorized data transfers.
Additionally, the integration of Trinsic DIDs facilitates
decentralized identity management, empowering users with
greater control over their personal data. Overall, this holistic
approach to data migration offers significant advantages
over existing systems, providing a secure and efficient
solution for transferring data between cloud environments.

5. Methodology

The prime goals of this research work are to enhance the
security, efficiency, and trustworthiness of data transfers
between cloud environments by leveraging smart contracts
and Trinsic Decentralized Identifiers (DIDs). By uniquely
identifying each user through Trinsic DIDs, the project aims
to provide robust authentication and authorization
mechanisms, ensuring that only verified users can initiate
data migrations. The use of smart contracts automates the
credential verification process, reducing the need for
manual intervention and minimizing the risk of errors or
unauthorized access. This automation not only streamlines
the data transfer process but also enhances its security by
employing cryptographic techniques to validate user
credentials. Additionally, the project seeks to improve the
overall interoperability and scalability of cloud-based data
migrations, making it easier to manage and move data
across different cloud platforms. Ultimately, the project
aims to create a more secure, efficient, and user-centric
solution for multi-cloud data management, addressing
current challenges in data security, privacy, and operational
efficiency.

Wallet creation

Issues credentials
wallet Issuer

Athenticates the
user

Smart contract

True False

¢ valid

Initials data
movement from
Source to destination
cloud

.
—_— Stop ]4—

Fig 4.2 Flow chart of multi-cloud data movement process.

Selection and Setup

I Requirement Analysis: The section determines the
criteria for selecting the appropriate smart contract
platform, consensus algorithm, and Trinsic wallet
integration.

. Smart Contract Platform Selection: The
performance evaluation of different blockchain
platforms that support smart contracts, such as
Ethereum, Hyperledger Fabric, Polygon, or Binance
Smart Chain is carried out. The research reports
highlight that polygon platform is high performing in
terms factors like programming language support,
scalability, transaction throughput, and community
support [16][17].

I1. Consensus Algorithm Selection: The basic existing
consensus algorithm namely Proof of Work (PoW),
Proof of Stake (PoS), Practical Byzantine Fault
Tolerance (PBFT) are compared. Based on the type of
blockchain architecture that is public PBFT is used in
the implementation of smart contract for approving
data transfer [18][19].

V. Trinsic DID Integration: With the Trinsic platform
and its APIs for creating and managing DIDs, issuing
credentials, and verifying identities a development
environment was setup and configure the necessary
dependencies to integrate Trinsic DIDs into the smart
contract application.

6. Implementation

The implementation of this project involves the integration
of smart contracts into the Polygon Edge private blockchain
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to securely verify user credentials and facilitate the
movement of data in the cloud. Each user is uniquely
identified by Trinsic DID, and the verification process uses
the government's official Zero Knowledge Profs (ZKP) to
protect identity. Blockchain uses the Practical Byzantine
Fault Tolerance (PBFT) consensus algorithm to ensure
consensus and security between nodes.

a) User Registration and Credential Issuance:

Trinsic Wallet Creation: Users register on the Trinsic
platform and create their digital wallets. Each wallet is
associated with a unique DID.

Credential Issuance: Trusted issuers verify the user's
identity and issue cryptographically signed credentials,
which are stored in the user's Trinsic wallet.

b) Smart Contract Deployment:

Smart Contract Development: Smart contracts are written
in Solidity and deployed on the Polygon Edge blockchain.
These contracts include functions to verify user credentials
and initiate data transfers.

Zero-Knowledge Proof Integration: ZKP mechanisms are
incorporated into the smart contracts to enable credential
verification without exposing sensitive information.

¢) Verification and Data Movement:

User Interaction: When a user wants to move data from
one cloud to another, they interact with the smart
contract via a user interface.

Verification Process: The smart contract receives the
user’s DID and the ZKP-based proof of their credentials. It
then validates the proof using federated learning nodes that
collaboratively perform verification on encrypted data
segments.

Consensus Algorithm: The PBFT algorithm ensures that
all nodes reach consensus on the verification results,
providing a fault-tolerant and secure environment
for smart contract execution.

d) Data Transfer Authorization:

Proof Validation: If the ZKP-based proof is valid, the
smart contract authorizes the data transfer. This
authorization is securely recorded on the blockchain.

Data Movement: Secure data transfer protocols are
employed to move the data from the source cloud to the
destination cloud, ensuring end-to-end security.

7. Screenshots/Results.
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8. Performance Analysis
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Fig 8.2 Gas price estimation depending on network
congestion, transaction complexity, and the speed at
which you want your transaction processed.
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9. Conclusion and Future Work

In conclusion, this research demonstrates a novel and robust
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approach to securely verifying user credentials and
facilitating data migration between cloud environments by
leveraging smart contracts, Trinsic DIDs, and zero-
knowledge proof (ZKP) based practical federated learning.
By utilizing Trinsic DIDs, each user is uniquely identified
and issued cryptographically signed credentials stored in
their digital wallet. When a user initiates a request to move
data from one cloud to another, the smart contract automates
the credential verification process, ensuring that the user's
credentials are valid without exposing sensitive information.
This is achieved through the innovative use of ZKP
mechanisms within a federated learning framework, where
multiple nodes collaboratively validate the credentials on
encrypted data segments. This decentralized approach not
only preserves user privacy but also enhances the security
and integrity of the verification process, reducing the
reliance on a single central authority. Additionally, the use
of blockchain technology to deploy the smart contract
provides a tamper-proof and transparent ledger of all
transactions, further bolstering trust and security.

Looking forward, several future enhancements can be
considered to further improve the system's capabilities and
performance. One potential enhancement is the expansion
of the federated learning model to include more diverse and
geographically distributed nodes, which would increase the
system's robustness, scalability, and resilience against
potential attacks. Additionally, incorporating machine
learning algorithms to optimize the performance of the
federated learning process could lead to faster and more
efficient verification. Expanding the interoperability of the
system to support a broader range of cloud platforms and
services would also be beneficial, ensuring that users can
seamlessly migrate data across various environments.
Finally, conducting extensive real-world testing and
gathering user feedback would be crucial for identifying
areas of improvement and ensuring that the system meets
the needs and expectations of its users. By continually
evolving and enhancing the system, we can create a more
secure, efficient, and user-friendly solution for multi-cloud
data management, addressing current and future challenges
in data security, privacy, and operational efficiency.
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