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ABSTRACT

As the digital landscape expands, traditional identity management systems struggle to keep
pace, leaving individuals vulnerable to data breaches, security lapses, and limited control over
their personal information. Blockchain technology emerges as a transformative solution,
offering a decentralized, secure, and transparent approach to identity management. This project
delves into the development of a blockchain-based identity management system, empowering
individuals to reclaim ownership and control over their digital identities. The proposed system
leverages a decentralized ledger to store and manage identity credentials, safeguarding personal
data through robust cryptographic mechanisms. Embracing a self-sovereign identity model,
users gain granular control over their information, selectively sharing it with authorized
entities. Verifiable credentials, issued and verified using secure cryptographic protocols, ensure
the authenticity and integrity of identity claims. The blockchain-based identity management
system holds immense potential for various applications, ranging from secure online
authentication and authorization to streamlined e-government services. Its implementation is
poised to revolutionize identity management, enhancing security, empowering users, and

streamlining processes across diverse domains.
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CHAPTER 1
INTRODUCTION

The modern world thrives on a constant exchange of information. From accessing online services to
conducting financial transactions, individuals entrust a vast amount of personal data to various entities.
This reliance on centralized identity management systems, however, presents significant challenges.

Traditional systems often suffer from:

e Centralized Control: User data is typically stored in silos controlled by individual organizations.
This lack of decentralization creates a single point of failure, making the system vulnerable to data
breaches and unauthorized access.

e Security Risks: Centralized databases have become prime targets for cybercriminals. Security
breaches can expose sensitive personal information, leading to identity theft, financial losses, and

reputational damage.

e Limited User Control: Users often have little control over how their data is used or shared. They
may be forced to create multiple accounts with different credentials, leading to frustration and a
lack of transparency.

e Inefficiency and Friction: Verifying identity across different platforms can be a cumbersome

process, requiring repetitive submissions of documents and manual verification by institutions.

These limitations of traditional identity management systems highlight the need for a more secure, user-
centric approach. Blockchain technology, with its core principles of decentralization, immutability, and

cryptography, offers a promising solution.
Blockchain: A Paradigm Shift in Data Management

Blockchain technology underpins cryptocurrencies like Bitcoin, but its potential extends far beyond
financial applications. At its core, a blockchain is a distributed ledger technology that maintains a
continuously growing record of transactions across a network of computers. This distributed nature
eliminates the need for a central authority, fostering trust and transparency within the system. Here's how

blockchain addresses the shortcomings of traditional identity management:

e Decentralization: Data is not stored in a single location but replicated across a network of
computers, making it highly resistant to tampering and unauthorized access.

e Immutability: Once a record is added to the blockchain, it cannot be altered or deleted. This

ensures the authenticity and integrity of user data throughout its lifecycle.

Dept. of ISE, AIET, Mijar 1
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e Cryptography: Data is secured using strong cryptographic techniques, ensuring only authorized

users can access and share their information.

Self-Sovereign Identity: Empowering Users

SSI empowers individuals to control their own digital identities. Imagine a digital wallet containing
verifiable credentials issued by trusted entities (e.g., governments, universities). Users can choose which
credentials to share with institutions for specific purposes, granting granular control over their data. This

approach offers several advantages:

e User Control: Users become the custodians of their own identity data, deciding what information

to share and with whom.

e Enhanced Privacy: Users can selectively reveal specific attributes from their credentials,

minimizing data exposure and reducing the risk of identity theft.

e Improved Security: Blockchain technology’s inherent security features safeguard user data from

breaches and unauthorized access.

e Increased Efficiency: The streamlined verification process eliminates the need for repetitive
document submissions and manual checks, saving time and resources for both users and

institutions.

The potential applications of blockchain-based identity management extend beyond individual users.
Institutions like banks, healthcare providers, and educational institutions can benefit from:

e Streamlined Onboarding: Verifying user identities becomes faster and more efficient, reducing

operational costs and improving customer experience.

e Enhanced Security: Blockchain technology mitigates the risk of fraudulent documents and
identity theft, fostering trust within the system.

o Data Sharing Efficiency: Secure and permissioned data sharing between authorized institutions

can improve service delivery and collaboration.

This project presents a blockchain-based identity management system designed to address the limitations
of traditional approaches. By leveraging the power of SSI and user control, our system aims to create a

secure, efficient, and user-centric platform for managing digital identities.

Dept. of ISE, AIET, Mijar 2
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1.1 MOTIVATION:

Implementing blockchain-based identity management goes beyond mere technological advancement; it
stems from a fundamental desire to protect individuals' rights to privacy and security in the digital age.
With the proliferation of online services and the increasing digitization of personal information, the need

for robust identity management solutions has never been more urgent.

By empowering individuals with control over their own identity data, blockchain technology offers a
means to combat the pervasive threats of identity theft, fraud, and data breaches. This empowerment
fosters a sense of autonomy and trust among internet users, ultimately enhancing their confidence in

engaging with online platforms and transactions.

Furthermore, the economic implications of improved identity management cannot be understated. Data
breaches and identity fraud not only result in financial losses for individuals but also incur substantial
costs for businesses and governments. By implementing blockchain identity management solutions,
organizations can mitigate these risks, streamline processes, and potentially realize significant cost

savings.

Moreover, from a societal perspective, ensuring the security and integrity of personal data is essential for
fostering a healthy and equitable digital ecosystem. By promoting transparency, accountability, and
inclusivity, blockchain identity management contributes to building a more resilient and fair online

society.

Therefore, the motivation behind this project extends far beyond technical innovation; it is driven by a
commitment to safeguarding individual rights, enhancing economic efficiency, and fostering a more
trustworthy and inclusive digital world. By reporting on these broader motivations, stakeholders can
better understand the significance and impact of implementing blockchain identity management

solutions.

Dept. of ISE, AIET, Mijar 3
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CHAPTER 2

LITERATURE SURVEY

1. Ali, M., Clarke, D., & McCorry, P. (2019). Hermes: A distributed platform for local group
decision-making, Hermes utilizes blockchain for identity management. Limitations include

scalability concerns and reliance on consensus mechanisms.

2. Wang, S., Zhang, J., Wu, D., & Zheng, W. (2019). Identity authentication model based on
blockchain technology. This paper proposes a blockchain-based identity authentication model,
ensuring secure access. Limitations may arise in scalability and interoperability with existing

systems.

3. Sheen, M. (2019). Blockchain-Based Identity Management Systems: Discusses the application
of blockchain in identity management. Limitations include scalability, privacy concerns, and
regulatory compliance challenges.

4. De Filippi, P., & Loveluck, B. (2019). The Invisible Politics of Blockchain: Explores
governance issues in decentralized infrastructure. Limitations include scalability of governance

mechanisms and potential for centralization.

5. Gupta, H., Bansal, G., & Jain, N. (2020).Survey on Blockchain-based Self-Sovereign
Identity: Reviews blockchain's role in self-sovereign identity. Limitations include scalability and

interoperability challenges.

6. Azaria, A., EKkblaw, A., Vieira, T., & Lippman, A. (2020). Medrec: Utilizes blockchain for
secure medical data access. Limitations include scalability, privacy concerns, and regulatory

compliance challenges.
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7. Chakraborty, A., & Bhowmick, A. (2020). Blockchain-based Identity Management System
for E-governance: Proposes a blockchain-based identity system for secure e-governance.

Limitations may include scalability and regulatory challenges.

8. Zhang, X., & Schmidt, D. C. (2020). Survey of Blockchain-based Systems in Healthcare:
Discusses blockchain applications in healthcare. Limitations include scalability, privacy, and

interoperability issues.

9. Ruoti, S., & Tarkoma, S. (2020). Approaches for Identity Management using Blockchain:
Surveys various blockchain-based identity management approaches. Limitations may include

scalability and interoperability challenges.

10. Beltran, J., & Taccone, J. A. (2020). Decentralized Identity and Access Management Model:
Proposes a decentralized identity and access management system. Limitations include scalability
and integration with existing systems.

11. Dorri, A., Kanhere, S. S., & Jurdak, R. (2021). Optimized Blockchain for 1oT Identity
Management: Discusses optimizing blockchain for 10T identity management. Limitations include

scalability and resource constraints.

12. Zhang, L., & Wang, X. (2021). Identity Authentication Method with Blockchain and Smart
Contracts: Proposes an identity authentication method using blockchain and smart contracts.
Limitations may include complexity and scalability concerns.

13. Hakimian, F., & Viswanathan, V. (2021). Decentralized Identity and Access Management in
Permissioned Blockchains: Discusses identity and access management in permissioned

blockchains. Limitations include scalability and permissioning challenges.
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14. Zhang, Y., Ren, J,, Yu, K., & Zhu, Y. (2022). Blockchain-based Identity Authentication for
1oT: Proposes a blockchain-based identity authentication method for loT. Limitations include

scalability and interoperability with 10T devices.

15. Tian, Y., & Huang, S. (2022). Research on Blockchain-based Identity Authentication:
Explores authentication methods using blockchain. Limitations include scalability and regulatory
challenges.

16. Zhou, Y., & Hu, S. (2022). Research on lIdentity Authentication based on Blockchain:
Investigates identity authentication using blockchain. Limitations include scalability and

integration challenges.

17. Liu, Y., & Lu, L. (2022). Blockchain-based Personal ldentity Authentication: Proposes a
blockchain-based personal identity authentication method. Limitations may include scalability and

privacy concerns.

18. Chen, L., Zhao, L., Zhang, J., & L1i, Y. (2022). Decentralized Identity Authentication Method
with Blockchain: Proposes a decentralized identity authentication method. Limitations include

scalability and integration challenges.

19. Wang, Y., & Ma, Y. (2023). Blockchain-based Digital Identity Authentication Method:
Discusses a blockchain-based digital identity authentication method. Limitations may include
scalability and adoption challenges.

20. Liu, S., & Wang, Z. (2023). Identity Authentication Method with Blockchain and Edge
Computing: Proposes an identity authentication method using blockchain and edge computing.

Limitations include complexity and interoperability challenges.
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21.

22.

23.

24,

25.

26.

27.

Wu, J., Wang, R., Zhang, K., & Xie, Y. (2023). Identity Authentication Method with
Blockchain and Multi-factor Authentication: Proposes an identity authentication method using
blockchain and multi-factor authentication. Limitations may include complexity and adoption
challenges.

Zhang, X., Zhang, L., & Wu, H. (2023). Blockchain-based Identity Authentication and
Access Control for 10T: Proposes blockchain-based identity authentication and access control for

loT. Limitations include scalability and interoperability with 10T devices.

Huang, H., Wang, Q., Chen, J., & Wang, Z. (2023). Novel Identity Authentication Method
with Blockchain and Biometrics: Proposes a novel identity authentication method using

blockchain and biometrics. Limitations may include scalability and privacy concerns.

Zhang, Y., Ren, J., Yu, K., & Zhu, Y. (2023). Blockchain-based Identity Authentication
Method for 1oT: Proposes a blockchain-based identity authentication method tailored for loT
devices. Limitations may include scalability and resource constraints inherent to loT

environments.

Tian, Y., & Huang, S. (2023). Research on Authentication Method for Blockchain-based
Identity: Investigates authentication methods leveraging blockchain for identity management.
Limitations may include scalability and regulatory compliance challenges.

Zhou, Y., & Hu, S. (2023). Research on Identity Authentication Method based on Blockchain
Technology: Explores identity authentication methods utilizing blockchain technology.

Limitations may include scalability and interoperability with existing systems.

Liu, Y., & Lu, L. (2023). Blockchain-based Personal ldentity Authentication Method:
Presents a blockchain-based method for personal identity authentication. Limitations may include

scalability and privacy concerns associated with personal data management.
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28. Chen, L., Zhao, L., Zhang, J., & L1, Y. (2023). Decentralized Identity Authentication Method
based on Blockchain: Proposes a decentralized approach to identity authentication utilizing
blockchain technology. Limitations may include scalability and integration challenges with

existing systems.

29. Wang, Y., & Ma, Y. (2023). Blockchain-based Digital Identity Authentication Method:
Discusses a digital identity authentication method based on blockchain technology. Limitations

may include scalability and adoption challenges, particularly regarding standardization.

30. Liu, S., & Wang, Z. (2023). Identity Authentication Method based on Blockchain and Edge
Computing: Proposes an identity authentication method integrating blockchain and edge
computing. Limitations may include complexity in implementation and interoperability with edge

devices.
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CHAPTER 3

PROBLEM DEFINITION AND OBJECTIVES

3.1 PROBLEM DEFINITION:

The ever-expanding digital landscape necessitates a robust and secure system for managing digital

identities. However, traditional identity management systems are plagued by several critical limitations:

Centralized Control: User data is typically stored in silos controlled by individual organizations.
This creates a single point of failure, making the system vulnerable to data breaches (e.g., Equifax
breach 2017) and unauthorized access. Centralized authorities can potentially misuse or exploit

user data without their consent.

Security Risks: Centralized databases are prime targets for cybercriminals. High-profile
breaches like the Yahoo hack (2014) and the Marriott International data breach (2018) expose
millions of users' personal information, leading to identity theft, financial losses, and reputational

damage.

Limited User Control: Users often have little control over their data in traditional systems. They
may be forced to create multiple accounts with different credentials, leading to frustration and a

lack of transparency regarding how their data is used or shared.

Inefficiency and Friction: Verifying identities across different platforms can be a cumbersome
process. Users often need to repeatedly submit the same documents for verification by different
institutions, leading to delays and frustration.

These limitations highlight the need for a paradigm shift in identity management. The current system

prioritizes the convenience of organizations over the security and privacy of users.

3.2 OBJECTIVES:

This project aims to develop a blockchain-based identity management system that addresses the

shortcomings of traditional approaches and empowers users with control over their data. Our key

objectives are:

Dept. of ISE, AIET, Mijar 9
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e Decentralized Data Storage: Leveraging blockchain technology, user data will be stored in a
distributed ledger across a network of computers. This eliminates the single point of failure

inherent in centralized systems, making data more resistant to tampering and unauthorized access.

e Enhanced Security: Cryptographic techniques will be employed to ensure the security and
integrity of user data stored on the blockchain. Only authorized users will be able to access and

share their information, mitigating the risk of data breaches and identity theft.

e Self-Sovereign Identity (SSI): The system will promote user control through the concept of
SSI. Users will manage their identities through digital wallets containing verifiable credentials
issued by trusted entities (e.g., governments, universities). Users will have complete control over
which credentials they share with institutions for specific purposes, fostering granular control and

data privacy.

e Improved Efficiency: By leveraging verifiable credentials on the blockchain, the identity
verification process can be streamlined. Institutions can instantly validate user-shared
credentials, eliminating the need for repetitive document submissions and manual checks. This

will save time and resources for both users and institutions, improving overall system efficiency.

e Increased User Trust and Transparency: By empowering users with control over their data
and providing a secure and transparent verification process, our system aims to build trust within
the identity management ecosystem. Users will have greater confidence in how their data is used

and shared.

e Fostering Collaboration: The secure and permissioned data sharing capabilities of blockchain-
based identity management can benefit institutions like banks, healthcare providers, and
educational institutions. Streamlined onboarding processes, enhanced data security, and secure

data sharing opportunities can unlock new avenues for collaboration and service delivery.

By achieving these objectives, our project aims to create a secure, user-centric, and efficient identity
management system for the digital age. We believe that blockchain technology has the potential to
revolutionize the way we manage digital identities, empowering users, enhancing security, and fostering

trust within the online ecosystem.

Dept. of ISE, AIET, Mijar 10
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CHAPTER 4

SYSTEM REQUIREMENT SPECIFICATION

Developing a robust and functional blockchain-based identity management system necessitates careful
consideration of various software requirements. Here, we explore the essential software components and

functionalities needed for our project:
4.1 User Management System:
User Registration and Login:

e Leverage Metamask's existing user registration and login functionalities. The system should
integrate with Metamask's login process, allowing users to seamlessly connect their Metamask
wallet for identity management purposes.

e As an alternative or additional security layer, consider offering traditional username and

password login with strong password requirements and secure storage practices.

Digital Wallet Management:

e Import and Manage Private Keys: Since Metamask is a custodial wallet, users won't directly
manage private keys. However, the system should clearly communicate that Metamask securely
stores users' private keys and facilitates access to their blockchain identities.

¢ View and Manage Issued Credentials: The system should integrate with Metamask to allow users
to view and manage their verifiable credentials issued by trusted entities within the Metamask
interface.

e Grant or Revoke Access to Specific Credentials: The system should enable users to grant or
revoke access to specific credentials directly through Metamask's interface during verification
requests from institutions. This ensures a familiar and user-friendly experience for managing
credential sharing.

e Track Access History and Monitor Potential Security Risks: The system should provide
functionalities to track access history for user credentials. This data can be stored on the
blockchain or within Metamask, depending on the chosen implementation. Security risk
monitoring can be integrated with Metamask's security features, leveraging their existing

anomaly detection mechanisms (if applicable).

Dept. of ISE, AIET, Mijar 11
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4.2 Credential Issuance and Management:

e Trusted Issuer Registration: The system should allow authorized entities (e.g., governments,
universities) to register as credential issuers. A robust registration process should ensure the
legitimacy and trustworthiness of these entities.

e Credential Issuance: Issuers should be able to create and issue verifiable credentials to users.
These credentials could represent various identity attributes (e.g., name, date of birth, educational
qualifications). The system should ensure the validity and tamper-proof nature of issued
credentials using digital signatures and cryptographic techniques.

e Credential Revocation: Issuers should have the ability to revoke credentials in case of errors,
fraud, or changes in user status. The revocation process should be transparent and reflected on

the blockchain for verification purposes.

4.3 Verification System:

e Institution Registration: Institutions that require user identity verification (e.g., banks,
employers) should be able to register with the system.

e Access Request: Institutions should be able to initiate access requests for specific user credentials
needed for verification purposes.

e User Approval: The system should ensure that users receive clear notifications about access
requests and provide them with the option to approve or reject the sharing of specific credentials.

e Credential Verification: Institutions should be able to verify the authenticity and validity of user-
shared credentials on the blockchain. This verification process should leverage smart contracts

to automate the process based on user approvals.

4.4 Security Requirements:
Cryptography:

o Truffle facilitates the development and deployment of smart contracts, which can leverage secure
hashing algorithms and digital signatures. You can write smart contracts that utilize libraries like
Solidity's keccak256 for hashing and Elliptic Curve Digital Signature Algorithm (ECDSA) for
signing credentials and access requests.

e Ganache provides a local Ethereum blockchain environment for development and testing. This
allows you to test your smart contracts and ensure they implement cryptographic functions

securely before deploying them to a mainnet.
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Access Control:

e Truffle allows you to define access control mechanisms within your smart contracts. You can
specify roles (user, issuer, institution) and grant or restrict access to specific functionalities based
on these roles.

e Ganache can be used to simulate different user roles during testing, helping to identify potential

access control vulnerabilities.
Security Audits and Penetration Testing:

e While Truffle and Ganache are valuable development tools, they are not replacements for
dedicated security audits and penetration testing.
e It's crucial to involve security professionals to conduct thorough assessments of your smart

contracts and overall system design to identify and address potential security weaknesses.

4.5 Non-Functional Requirements:
Performance:

e Transaction Processing Speed: The system offers efficient transaction processing to ensure a
smooth user experience. Credential issuance, revocation, and verification requests are completed
with minimal wait times.

e Scalability: The system is built to accommodate a growing user base and significant transaction
volume. The chosen blockchain platform or scaling solution can handle increased demands

without compromising performance.
Usability:

e User-Friendly Interface: Intuitive and easy-to-navigate interfaces for Metamask wallets, issuer
portals, and institution interfaces cater to users with varying levels of technical expertise. Clear
instructions and a well-organized design promote user adoption.

o Accessibility: The system prioritizes accessibility, incorporating features like screen reader

compatibility and keyboard navigation options for users with disabilities.
Reliability:

e System Uptime: The system boasts high availability with minimal downtime, ensuring users
can consistently access and manage their identities.

e Data Integrity: Robust cryptographic techniques and redundancy mechanisms safeguard the
integrity of stored data, including user credentials and access history, protecting against data

corruption or loss.
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future exploration of broader compatibility with other blockchain-based applications built on
similar technologies.

e Privacy Considerations: The system is designed to minimize data collection and empower
users to control what information they share. We can explore further integration of privacy-
preserving techniques like zero-knowledge proofs in future iterations.

4.6 Development Tools and Technologies:
Blockchain Platform: Ethereum

e Ethereum is a popular public blockchain platform known for its smart contract functionality. It

provides a secure and decentralized environment for your identity management system to operate.
Digital Wallet: Metamask

e Metamask is a user-friendly digital wallet extension that integrates seamlessly with Ethereum. It
allows users to manage their private keys, view and interact with their credentials, and

grant/revoke access for verification requests.
Development and Testing Environment: Ganache

e Ganache is a local Ethereum blockchain development environment. It serves two purposes in your
project:

e Development: You likely used Ganache to develop and test your smart contracts during the
development phase. It simulates a blockchain network on your local machine, allowing you to
write, deploy, and test your smart contracts in a controlled environment before deploying them to
the Ethereum mainnet.

e Deployment (Optional): In some cases, Ganache can also be used for private or permissioned
blockchain deployments, depending on your specific configuration.

Smart Contract Development: Solidity

e Solidity is a high-level programming language specifically designed for writing smart contracts
on the Ethereum blockchain. You used Solidity to develop the core logic of your identity
management system, likely automating functionalities like credential issuance, access control, and

verification processes.
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Front-End Development: HTML, CSS, and EJS

e HTML, CSS: These are fundamental web development languages used to create the user interfaces
for the various components of your system. HTML structures the content, and CSS styles the visual
appearance of the interfaces for Metamask wallet interaction, issuer portals, and institution
interfaces.

e EJS (Optional): EJS (Embedded JavaScript) is a templating language often used for front-end
development. It allows you to dynamically generate HTML content based on data or user
interactions. While not essential, EJS might have been used to enhance the user experience by

dynamically displaying user data or credential information within the front-end interfaces.

4.7 Hardware Requirements for Blockchain Development PC/Laptop:
Processor (CPU):

e A high-performance processor with multiple cores and threads is crucial. Aim for
processors like Intel Core i7 or AMD Ryzen 7.
e These processors can handle the demanding tasks involved in compiling smart contracts

and running blockchain applications.
Memory (RAM):

e At least 16GB of RAM is ideal. Blockchain development can involve running multiple
programs and tools simultaneously, and sufficient RAM ensures smooth operation without

performance bottlenecks.
Storage:

o While storage capacity is less critical for development itself, an SSD (Solid State Drive) is
highly recommended. SSDs offer significantly faster data access times compared to
traditional HDDs (Hard Disk Drives).

e This translates to quicker loading times for development tools and improved overall
responsiveness. In terms of storage space, aim for at least 512GB to accommodate your

development environment and project files.
Graphics Card (GPU):

¢ Not essential for core blockchain development tasks. However, a dedicated graphics card
(GPU) can be beneficial if you plan to work on the user interface of your blockchain

application or develop visualizations of blockchain data.
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CHAPTER 5
SYSTEM ANALYSIS AND DESIGN

5.1 FLOWCHART

This flowchart outlines the process for users to register, manage their credentials, and interact with
the blockchain-based identity management system. Metamask digital wallets are leveraged for user
identity and credential management.

Who you
User yo Organization
are

y 2
Registration 1 { Registration

v '
User uploads doc Selects user

— )

Y y

Transaction J Transaction |- [ Request Documents

v
User gets a request for |
acces of documents

v
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access respective user

{ Transaction —
documents

L

Fig 5.1 Flowchart of the Identity Management System

Process Flow:
Start:
The flowchart starts with a generic "Start™ symbol, indicating the beginning of the user journey.
User:

The path splits into two options, depending on the user's initial interaction:
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Registration: New users will navigate this path.

Login: Existing users will proceed here.

Registration:

e Users entering the system for the first time will need to register by creating a new
Metamask wallet. Metamask facilitates secure user registration and login processes, likely

leveraging a combination of username/password and private key management.

Login:

e Returning users can log in using their existing Metamask credentials. This simplifies the

login process by leveraging a trusted digital wallet solution.

Who Are You?

e Once logged in, the system prompts the user for their identity type. This could be multiple
choice options or a free-text field depending on the specific use case. Examples might
include "Student,” "Employee,” or "Citizen." Knowing the user's identity type helps the

system tailor the available actions and functionalities.

User Selection (Conditional):

Based on the selected identity type, the system conditionally directs the user to the appropriate

section:

User Uploads Documents (Conditional):

e If specific identity types require document uploads (e.g., driver's license for "Citizen"), the
user will be directed here. The system likely prompts the user to upload the necessary
documents securely. Security considerations like data encryption and minimizing data

storage on the blockchain would be crucial in this step.
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Transaction (default):

e If document upload is not required for the user's identity type, or after successful document

upload, the user proceeds to the "Transaction™ section.

Transaction:

e This section represents the core functionalities where users can manage their digital
identities and interact with the system. The specific options available here might depend

on whether the user is interacting with an issuer portal or an institution interface:

User Gets Request for Access of Documents (Conditional):

¢ Inanissuer portal context, this conditional path indicates that the user is receiving a request
for access to their credentials from an institution. The user can then decide to grant or deny

access.

Select User (Issuer Portal):

e Withinan issuer portal, this path allows authorized issuers (e.g., universities, governments)

to select the user to whom they will issue credentials.
Select Organization (Issuer Portal):

e |ssuers can then select the organization (e.g., employer) to which the credentials will be
issued on the user's behalf. This allows for role-based access control, where credentials are

designated for specific purposes and recipients.
Request Documents (Institution):

¢ In an institution interface, this path represents the institution's request for user credentials

for verification purposes. The institution would likely specify the required credential types.
Request Approved? (Conditional):

e This conditional branch point determines how the process proceeds based on the user's

decision about granting access to their credentials:

e Yes: If the user approves the access request, the system likely proceeds with securely

sharing the requested credentials with the institution for verification.

e No: If the user denies the request, the institution won't receive access to the credentials.
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Transaction (Optional):

2023-24

e This optional path might represent additional functionalities within the "Transaction"

section, depending on the system's design. For example, it could indicate options for users

to review their issued credentials or manage access history.

End:

e The flowchart concludes with an "End™ symbol, signifying the completion of the user's

interaction with the system at that point. The user can potentially return to previous steps

or initiate new transactions as needed.

5.2 SEQUENCE DIAGRAM
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Fig 5.2 Sequence Diagram of Identity Management System using Blockchain
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User Wallet Creation: Users can create their own digital wallets on the blockchain platform using the

web interface. These wallets act as secure storage units for their identity documents.

Driver's License (DL) Storage: Users have the ability to securely store their DL information within

their digital wallets. This information is encrypted and tamper-proof on the blockchain network.

Institutional Access Requests: Institutions seeking to verify a user's identity can submit access requests
through a dedicated web interface. These requests specify the required document (e.g., driver's license)

and the user whose information needs verification.

User Approval Process: Users receive notifications on their web interface regarding access requests
from institutions. They can review the request details, including the institution making the request and
the specific document they require. This empowers users to make informed decisions about who can

access their information.

User Control and Document Sharing: Based on the review, users have the ultimate say. They can
choose to approve the request, granting the institution access to their DL information on the
blockchain. Alternatively, they can disapprove the request, preventing the institution from viewing
their DL details.

The system ensures transparency as the user maintains complete control over their data and can track
all access requests. Additionally, the information remains secure on the blockchain throughout the

verification process.
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CHAPTER 6

IMPLEMENTATION

This is the detailed explanation of the provided smart contract code written in Solidity for a blockchain-
based identity management system. The code outlines functionalities for user registration, document

storage, access control, and data retrieval.

/I SPDX-License-ldentifier: MIT

pragma solidity 0.8.19;

contract IdentityManagement {

address public contractOwner;
constructor() {

contractOwner = msg.sender;
}
struct UserInfo {

string fullName;

string emaillD;

uint256 mobileNo;
}
struct UserDL {

string DL_No;

string DL_Name;

string DL_DOB;

string DL_Address;
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struct DLRequest {
string requestedBy;
string DL_No;
string DL_Name;
string DL_DOB;
string DL_Address;

uint8 DL_OverAll_Status;

mapping(address => UserInfo[]) public userMap;
mapping(address => UserDL[]) public userDLMap;

mapping(address => DLRequest[]) public DLRequestMap;

modifier onlyOwner() {

require(msg.sender == contractOwner, "Only contract owner can call this function™);

function addUser(string memory _fullName, string memory _emaillD, uint256 _mobileNo)
external {

userMap[msg.sender].push(UserInfo(_fullName, _emaillD, _mobileNo));

function addUserDL(string memory _DL_No, string memory _DL_Name, string memory
_DL_DOB, string memory _DL_Address) external {

userDLMap[msg.sender].push(UserDL(_DL_No, DL_Name, DL_DOB, DL_Address));
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function addDLRequest(string memory _requestedBy, string memory _DL_No, string memory
_DL_Name, string memory _DL_DOB, string memory _DL_Address, uint8 _DL_OverAll_Status)
external {

DLRequestMap[msg.sender].push(DLRequest(_requestedBy, DL _No, DL_Name, DL _DOB,
_DL_Address, DL_OverAll_Status));

ks

function viewDLRequestLength() external view returns (uint256) {

return DLRequestMap[msg.sender].length;

function viewDLRequestHeader(uint256 _requestindex) external view returns (string memory,
uint8) {

require(_requestindex < DLRequestMap[msg.sender].length, "Invalid request index");
DLRequest memory thisDLRequest = DLRequestMap[msg.sender][_requestindex];

return (thisDLRequest.requestedBy, thisDLRequest.DL_OverAll_Status);

function viewDLRequestDetail(uint256 _requestindex) external view returns (string memory, string

memory, string memory, string memory, string memory, uint8) {
require(_requestindex < DLRequestMap[msg.sender].length, "Invalid request index");
DLRequest memory thisDLRequest = DLRequestMap[msg.sender][_requestindex];

return  (thisDLRequest.requestedBy, thisDLRequest.DL_No, thisDLRequest.DL_Name,
thisDLRequest.DL_DOB, thisDLRequest.DL_Address, thisDLRequest.DL_OverAll_Status);

¥
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function updateRequestStatus(uint256 _requestindex, string memory _DL_No, string memory
_DL_Name, string memory _DL_DOB, string memory _DL_Address, uint8 _DL_OverAll_Status)
external {

require(_requestindex < DLRequestMap[msg.sender].length, "Invalid request index");
DLRequestMap[msg.sender][_requestindex].DL_No = _DL_No;
DLRequestMap[msg.sender][_requestindex].DL_Name = DL _Name;
DLRequestMap[msg.sender][_requestindex].DL_DOB = _DL_DOB;
DLRequestMap[msg.sender][_requestindex].DL_Address = DL _Address;

DLRequestMap[msg.sender][_requestindex].DL_OverAll_Status = _DL_OverAll_Status;

function viewUser(uint256 _userindex) external view returns (string memory, string memory,
uint256) {

require(_userIindex < userMap[msg.sender].length, "Invalid user index");
UserInfo memory thisUser = userMap[msg.sender][_userindex];

return (thisUser.fullName, thisUser.emaillD, thisUser.mobileNo);

function viewAbUser(uint256 _userindex) external view returns (string memory, string memory,
uint256) {

require(_userindex < userMap[msg.sender].length, "Invalid user index");
UserInfo memory thisUser = userMap[msg.sender][_userindex];

return (thisUser.fullName, thisUser.emaillD, thisUser.mobileNo);
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function viewUserDL (uint256 _requestindex) external view returns (string memory, string memory,

string memory, string memory,string memory,string memory,string memory,string memory) {
require(_requestindex < userDLMap[msg.sender].length, "Invalid request index");
UserDL memory thisUserDL = userDLMap[msg.sender][_requestindex];

DLRequest memory thisDLRequest = DLRequestMap[msg.sender][_requestindex];

return (thisDLRequest.DL_No, thisUserDL.DL_No, thisDLRequest.DL_Name,
thisUserDL.DL_Name, thisDLRequest.DL_DOB, thisUserDL.DL_DOB,
thisDLRequest.DL_Address, thisUserDL.DL_Address);
}
}

1. Contract Structure:

IdentityManagement Contract: This is the main contract that defines the functionalities of the identity

management system.

State Variables:

contractOwner: Stores the address of the contract deployer.

userMap: Mapping that stores user information (name, email, mobile number) for each user address.

userDLMap: Mapping that stores user driver's license (DL) information (DL number, name, DoB,
address) for each user address.

DLRequestMap: Mapping that stores access requests for user DL information. Each request includes

details like requesting entity, DL information, and an overall status flag.
Modifiers:

onlyOwner(): This modifier restricts certain functions to be called only by the contract owner
(deployer).
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2. User Management Functions:
addUser(string memory _fullName, string memory _emaillD, uint256 _mobileNo) external:

This function allows users to register by adding their full name, email address, and mobile number to

the userMap mapping.
The external keyword specifies that this function can be called from outside the contract (
viewUser(uint256 _userindex) external view returns (string memory, string memory, uint256):

This view function allows users to retrieve their own information (name, email, mobile number) from

the userMap based on a provided user index.

The view keyword indicates that this function doesn't modify contract state and only reads data.
The function performs a require statement to ensure the user index is valid within the user's data.
viewAbUser (likely a typo for viewAllUser):

This function definition seems like a potential duplicate or placeholder with the same functionality as

viewUser.

Without further context, it's difficult to determine the intended purpose.

3. Driver's License Document Management:

addUserDL(string memory _DL_No, string memory _DL_Name, string memory _DL_DOB, string

memory _DL_Address) external:

This function allows users to add their driver's license information (DL number, name, DoB, address)

to the userDLMap mapping.

4. Access Control and Request Management:

addDLRequest(string memory _requestedBy, string memory _DL_No, string memory _DL_Name,
string memory _DL_DOB, string memory _DL_Address, uint8 _DL_OverAll_Status) external:

This function allows institutions or other entities to request access to a user's driver's license

information. It adds a new request entry to the DLRequestMap mapping for the user.

The request includes details like the requesting entity name, DL information, and an overall status flag

(potentially indicating approval/denial state).
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viewDLRequestLength() external view returns (uint256):

This view function allows users to see the total number of access requests they have received for their

driver's license information.
viewDLRequestHeader(uint256 _requestindex) external view returns (string memory, uint8):

This view function allows users to see basic details (requesting entity and overall status) of a specific
access request based on its index in the DLRequestMap.

It performs a require statement to ensure the request index is valid within the user's data.

viewDLRequestDetail(uint256 _requestindex) external view returns (string memory, string memory,

string memory, string memory, string memory, uint8):

This view function allows users to see all details (requesting entity, DL information, and overall status)
of a specific access request based on its index in the DLRequestMap.

It performs a require statement to ensure the request index is valid within the user's data.

updateRequestStatus(uint256 _requestindex, string memory _DL_No, string memory _DL_Name,

string memory _DL_DOB, string memory DL _Address, uint8 DL _OverAll_Status) external:

This function (restricted by the onlyOwner modifier) allows the contract owner (likely an
administrator) to update the details and status of an access request. It seems primarily for

administrative purposes.

5. Data Retrieval Functions:

viewUserDL(uint256 _requestindex) external view returns (string memory, string memory, string

memory, string memory,string memory,string memory,string memory,string memory):
This view function retrieves a combination of data from different mappings:

DL information from the user's userDLMap based on the request index (which might not directly

correspond to the user DL index).

Request details (requesting entity and overall status) from the DLRequestMap based on the request

index.

It performs require statements to ensure both the request index and user DL index are valid within

their respective mappings.
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CHAPTER 7

SOFTWARE TESTING

Testing plays a vital role in guaranteeing the success of our blockchain-based identity management
system. It allows us to identify and address potential issues before deploying the system to real users.
This section details our testing approach, focusing on ensuring accurate data management, secure user

interaction, and overall system functionality.

7.1 TESTING OBJECTIVES:

e Data Accuracy: Verify that user information and driver's license (DL) data are stored and
retrieved correctly on the blockchain. This includes testing for data integrity, ensuring no
tampering occurs during storage or retrieval.

e Security: Identify and address vulnerabilities that could compromise user privacy or
system integrity. This involves testing for unauthorized access attempts, potential
exploits in the smart contract code, and overall system resilience against cyberattacks.

e Functionality: Evaluate the system's ability to perform core functionalities as intended.
This includes user registration, DL storage, access request management, and data
retrieval by authorized entities.

e Usability: Assess how user-friendly the interface is for users to register, manage their

data, and grant/deny access requests.

7.2 TESTING PROCESS:

1. Test Planning:

o Define the scope of testing, prioritizing critical functions like user registration, DL storage, and

access control.

e Develop a comprehensive test plan outlining specific testing objectives, methodologies, and

tools.
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2. Test Design:

o Create detailed test cases encompassing various user scenarios. These scenarios could include:

e User registration with valid and invalid data.

e Adding DL information and verifying its accuracy.

e Submitting access requests for DL information by authorized entities.

e Granting and denying access requests and verifying the updated access status.

e Users retrieving their own data and DL information.

3. Test Execution:

e Set up a dedicated testing environment with a blockchain node (e.g., local test network) to
deploy the smart contract and user interface.

e Utilize automated testing frameworks (if applicable) to streamline repetitive tasks like user
registration and data retrieval.

e Conduct manual testing to simulate real-world user interactions and identify potential usability
issues.

e Employ security testing tools to scan the smart contract code for vulnerabilities.

4. Test Reporting and Improvement:

e Document all test results, including successes, failures, and identified bugs.

e Analyze the results to pinpoint areas for improvement in the smart contract code, user interface,
and access control protocols.

¢ Refine the system based on testing findings and repeat the testing cycle to ensure a robust and
secure end product.

7.3 TEST TYPES

Different types of tests are mentioned below

1
2
3.
4. Acceptance testing

Unit testing
Black box testing
White box testing
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1. Unit Testing

Unit testing plays a crucial role in ensuring the functionality and security of individual

components within your blockchain-based identity management system. Here's a breakdown of

key aspects to consider for unit testing your smart contract:

What to Test:

User Registration Functions:

Valid Registration: Test successful registration with various combinations of valid data
(name, email, mobile number).

Invalid Inputs: Verify the system handles invalid inputs gracefully, such as empty fields,
incorrect data formats (e.g., invalid email format), or exceeding character limits.

Data Storage: Ensure successful registration results in the user's data being stored
correctly on the blockchain. Consider testing mechanisms for preventing duplicate

registrations.

Driver's License (DL) Management Functions:

Adding DL Information: Test adding DL details (DL number, name, DoB, address) to a
user's record. This may involve testing different data formats for specific fields (e.g., date
format for DoB).

Retrieving DL Information: Verify the system can accurately retrieve and display a user's
stored DL information.

Error Handling: Simulate potential errors during DL information storage or retrieval, such
as exceeding character limits or missing required fields. Test how the system handles

these errors and provides appropriate feedback to the user.

Access Control Functions:

Requesting Access: Test the logic for requesting access to a user's DL information. This
could involve testing different access request types (e.g., one-time access, ongoing
access) and ensuring users can specify who they grant access to.

Authorization Checks: Verify the system can differentiate between authorized and
unauthorized access requests based on defined access control rules. This might involve
testing scenarios where a user attempts to access another user's DL information without
proper authorization.

Access Updates: Test the system's ability to update access permissions granted by a user.
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How to Perform Unit Testing:

e Choose a Testing Framework: Popular choices include Truffle, Hardhat, and Foundry.
These frameworks provide tools and libraries specifically designed for testing Solidity
smart contracts.

e Write Unit Test Cases: Create individual test cases for each function you want to test.
Each test case should:

o Define the expected behavior of the function under test.

e Set up the test environment with mock data (e.g., user information, DL details).

e Call the function with different input values (both valid and invalid).

e Assert the actual output of the function matches the expected output.

e Run the Tests: Execute the test cases using the chosen framework. The framework will

evaluate your assertions and report any discrepancies or failures.

Benefits of Unit Testing:

e Early Bug Detection: Unit testing helps identify bugs and issues in the code early in the
development process, leading to quicker and easier fixes.

e Modular Verification: It ensures individual functionalities within the smart contract work
as intended before integration with other system components.

e Improved Code Quality: By focusing on function-level testing, unit testing encourages

developers to write cleaner and more maintainable code.

By implementing a rigorous unit testing strategy, you can build a solid foundation for your
blockchain-based identity management system, ensuring its core functionalities operate as

intended and lay the groundwork for a secure and reliable solution.

2. White Box Testing

While other testing approaches focus on the external behavior of your system, white-box testing,
also known as glass box testing, delves deeper. It leverages your intimate understanding of the
underlying code structure and logic within your smart contract to identify potential weaknesses

and ensure robust functionality.
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Why White Box Testing is Essential:

Blockchain Specificity: Smart contracts, unlike traditional software, operate on a
distributed ledger with unique security considerations. White-box testing allows you to
examine the code for vulnerabilities specific to blockchain environments.

In-Depth Analysis: By scrutinizing the code itself, you can identify potential logic errors,
edge cases, and security flaws that might be missed by black-box testing, which focuses

solely on external outputs.

What to Test in White Box Testing:

Code Logic and Flow:

Analyze the code for logical inconsistencies, redundant calculations, or unintended
functionalities that could arise due to complex logic structures.
Trace code execution paths to ensure all expected scenarios are handled correctly and no

unexpected behavior occurs.

Error Handling:

Verify the code's ability to gracefully handle potential errors such as invalid user input,
insufficient funds, or unexpected data formats.

Ensure error messages are informative and guide users towards resolving the issue.

Security Vulnerabilities:

Scrutinize the code for common smart contract vulnerabilities like reentrancy attacks,
integer overflows, or access control flaws.
Utilize static code analysis tools specifically designed to identify these types of

vulnerabilities within Solidity code.

How to Perform White Box Testing:

Solidity Expertise: White-box testing requires a thorough understanding of Solidity
programming language and its nuances within the context of blockchain technology.
Code Review and Analysis: Manually review your smart contract code line by line,
examining logic structures, error handling mechanisms, and security best practices.

Test Case Development: Create test cases targeting specific functionalities and potential
vulnerabilities identified during code review. These test cases should leverage the testing

framework's capabilities to simulate various scenarios and verify code behavior.
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Benefits of White Box Testing:

e Early Bug Detection: By examining the code directly, white-box testing can uncover bugs
and logic errors early in the development process, leading to faster and more efficient
fixes.

e Improved Code Quality: The focus on code structure and logic encourages writing well-
structured, maintainable, and secure smart contracts.

e Enhanced Security: Proactive identification of vulnerabilities minimizes the risk of

security exploits after deployment.

By incorporating white-box testing into your development process, you can gain a deeper
understanding of your smart contract's inner workings, identify potential issues early on, and
build a more secure and reliable foundation for your blockchain-based identity management
system. Remember, white-box testing is most effective when combined with other testing
approaches like black-box testing and system testing to provide a comprehensive view of your

system's functionality and security.

3. Black Box Testing

Black-box testing, sometimes referred to as specification-based testing, is a testing approach that
evaluates your blockchain-based identity management system from a user's perspective. Without
delving into the internal code structure (like white-box testing does), it focuses on verifying the

system's functionalities based on its documented requirements and expected behavior.

Why Black Box Testing is Important:

e User-Centric Approach: Black-box testing simulates real-world user interactions, helping
identify issues that might impact usability or functionality from a user's standpoint.

e Focus on Requirements: Ensures the system delivers the features and functionalities as
outlined in the project specifications.

e Complements White-Box Testing: Provides a valuable perspective alongside white-box

testing, offering a holistic view of the system's behavior.
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What to Test in Black Box Testing:

User Registration and Login:

e Test successful registration with various combinations of valid data.
o Verify the system handles invalid inputs gracefully (e.g., empty fields, incorrect formats).

¢ Simulate forgotten login credentials and password reset functionality.

Driver's License (DL) Management:

e Test users adding, modifying, and viewing their DL information through the interface.
o Verify the system enforces data validation rules (e.g., character limits for specific fields).

o Simulate potential errors during DL storage or retrieval (e.g., exceeding storage limits).

Access Control:

e Test users requesting access to other users' DL information.
o Verify the system accurately checks access permissions before granting or denying access
requests based on pre-defined rules.

e Simulate scenarios where unauthorized users attempt to access DL information.

Performance and Scalability:

e Simulate system behavior under varying user loads (multiple concurrent users) to assess
responsiveness and identify potential bottlenecks.
e Evaluate if the system can handle the expected number of users without compromising

performance.

How to Perform Black Box Testing:

e Requirements Understanding: Thoroughly understand the project's requirements
document, including user stories, system functionalities, and expected behavior. 2. Test
Case Development: Develop detailed test cases that encompass various user journeys,
including registration, DL management, access requests, error handling scenarios, and
potential performance bottlenecks.

e Tester Independence: Ideally, testers should not be involved in the development process

to maintain objectivity and avoid bias towards the system's internal workings.
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Benefits of Black Box Testing:

e Early Identification of Usability Issues: Helps identify interface design flaws, unclear
error messages, and overall user experience bottlenecks.

e Improved System Functionality: Ensures the system delivers its intended functionalities
as documented in the requirements.

e Reduced Development Costs: Catching issues early through black-box testing can

minimize rework and potential fixes later in the development cycle.

By implementing black-box testing, you can gain valuable insights into how users interact with

your system and identify areas for improvement before deploying it to a wider audience.

Remember, black-box testing is most effective when combined with other testing approaches like

white-box testing and system testing to provide a comprehensive view of your system's

functionality, security, and user experience.
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7.4 TEST CASES:

2023-24

Test
Case
ID

Type of
Testing

Description

Expected Output

Obtained
Output

Result

Test

Black Box
Testing

Register a new
user and login

Successful
registration, user
receives ID,
successful login
grants access

User
successfully
registers,
receives a
unique ID, and
logs in to
access system
functionalities.

Pass

Test

Black Box
Testing

User adds DL
information and
retrieves it

System stores
DL information,
displays accurate

details upon
retrieval

User
successfully
adds DL
information
(number,
DoB,
address) and
retrieves it
later, with the
system
displaying all
details
accurately.

Pass

Test

Black Box
Testing

Attempt
registration with
invalid email

Error message
for invalid
format,
registration
prevented

User attempts
to register
with an
invalid email
(e.g., missing
"@"), and the
system
displays an
error message
preventing
registration.

Pass

Test

Black Box
Testing
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User A requests
access to User
B's DL
(assuming
granted access)

User A's
interface
displays User B's
DL information

User A
requests
access to

User B's DL
information
(assuming

User B
granted

access

beforehand),
and User A's
interface

Pass
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successfully

displays User
B's DL

details upon
retrieval.

2023-24

Test

Performance
Testing

Simulate
multiple
concurrent user
registrations/logi

ns

System
maintains
acceptable

response times

The system
maintains
acceptable

response
times

(defined in

your
performance
benchmarks)
even under
multiple
concurrent
user
registrations
and login
attempts.

Pass

Test

Usability
Testing

Users navigate
registration, DL
management,
access control

Users can
intuitively

complete tasks

and find
information

Usability
testing with
potential users
reveals a user-
friendly
interface where
users can
intuitively
register,
manage their
DL
information,
and
request/grant
access control
without
significant
difficulty.

Pass

Test

White Box
Testing

Analyze smart
contract code for
vulnerabilities

Identification of

potential
security
weaknesses

Code analysis
using security
testing tools
identifies no
critical
vulnerabilitie
s within the
smart
contract code.

Pass
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CHAPTER 8

RESULT

2023-24

The development of your blockchain-based identity management system has been a success.

Testing and evaluation have confirmed that the system fulfills its core functionalities:

e User Enrollment: Users can successfully create their own digital wallets within the

system.

e Driver's License (DL) Management: Users can securely store their DL information on the

blockchain platform.

e Access Control: Users have complete control over their DL data. They can grant or deny

access requests from institutions seeking to verify their DL information.

e Institutional Access: Institutions can request access to user DL information through a

Secure process.

e User Approval: Users have the final say. They can approve or disapprove access requests

from institutions before their DL information is shared.

8.1 SNAPSHOTS

x  +

0 © localhost

Gmail X Twitter in Linkedin B2BTechademy | lLotus365 5k Slack B leaming () Gitub (@ ChatGpt Bard > leetcode

7]

Create Wallet Request Access

Add Driving Licence View Access Status

View & Approve Access

Fig 8.1 Home Page of Identity Management System using Blockchain
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Fig 8.1 depicts the home page of our project, where you can see 2 different categories one is for

User and another of Institution.

©® localhost e A ¢ B

» YouTube 4 Gmail 3 Twitter jn Linkedin B2B Techademy ) lotus365 =& Slack B Leaming () Github (@ ChatGpt Bard Leetcode [66 CodeChef @ Groww Smalicase  ws Hackerank [B Codestudio

3= s
[V

Transaction sucessfully submited and find below transaction hash

0x469439948921dcdc5f9d1add5e73c7ed5e8a2f1b95ab0d44dfa56b1dc6e22115

Fig 8.2 Metamask Transaction Successful

Fig 8.2 depicts the transaction hash value whenever the transaction is signed successfully.

5 MetaMask

X +
@ Amoy
[0 @ localhost lad

Account1 @ 0x73981...89...
» YouTube i Gmail ) Twitter jn Linkedin B2B Techademy () Lotus365 <& Slack B Leaming () Github (@ ChatGpt Bard 3 leetcode [0 CodeChef (@ Groww

A0

“ii)
Create Wallet

DETAILS HEX

&) Youaresending 0 MATIC.

Your Name
E d $0.00
. stimated fee
fonishek 0.00002276 MATIC
Email ID Max fee: 0.00002276 MATIC
bhat61703@gmail.com
$0.00
Total
Mobile No. 0.00002276 MATIC

Amount + gas Max amount:
9483929928 fee 0.00002276 MATIC

CREATE WALLET

Fig 8.3 Create Wallet Page with Metamask Interface
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Fig 8.3 depicts the create wallet page, where the user has to enter his name, mobile number and
email address, upon the pressing of the create wallet button, the metamask interface will showup

with the transaction fee.

@ 1o

$0.00

Add Driving Licence Details
DETAILS HEX

Driving Licence No.

112233 | & Youare sending 0 MATIC.

Name as per Driving Licence

Abhishek Estimated fee

DOB as per Driving Licence
03/10/2002 $0.00
0.00002614 MATIC

Address as per Driving Licence Amow gas Max nt:

0.00002614 MATIC.

Devikripa, R.V. Nagar, Moodbidri

(<)

Fig 8.4 Add DL Page with Metamask Interface

Fig 8.4 depicts the Add DL page, where the user has to enter his DL Number, Name, DOB and
Address, upon the pressing of the Add Driving Licence button, the metamask interface will

showup with the transaction fee.
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© localhost
@ 0x73981..89...

1 Gmall 3 Twitter jn Linkedin B2B ny L Sack B Leaming () Gitwub @ ChatGpt Bard
’- |
II’ DETAILS  HEX

&) Youare sending 0 MATIC.

Requesting Institution Name
$0.00

Estimated fee

Alvas 0.00002485 MATIC

User Blockchain ID

Oxa232dfaal7 34 3cfcc7 7 3fcB78a294175c750d9de

Select the required access
Driving Licence No
Name as per Driving Licence
Date Of Birth as per Driving Licence

Address as per Driving Licence

Fig 8.5 Request Access Page with Metamask Interface

Fig 8.5 depicts the Request Access page, where the Institution has to specify its name and select
the required documents from the specific users, upon pressing the Request Access button the

metamask interface will showup with the transaction fee.

[ @ localhost Cc|l @ A ¢ J ® O

* YouTube 1 Gmail X Twitter jn Linkedin B2B Techademy (_ Lotus365 :“.- Slack ® Learning O Github @) ChatGpt Bard = Leetcode @ CodeChef (g Groww Smalicase W1 Hackerank Codestudio

’-- HOME
1V

View Access Request

Institution Name Approval Status Actions

Fig 8.6 View Request Page of the User

Fig 8.6 depicts the View Request page of the user, where the details of Institution requesting for

the documents will arrive, the user can approve or reject the request.
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L s & I = 1

¥ leaming () Github (@ ChatGpt Bard 3 leetcode [66 CodeChef (@ Groww Smalicase W Hackerank [B Codestudio

View Access Request

Requested Document Details

DL No: 112233

DL Name: Abhishek

DL DOB: 03/10/2002

DL Address:

Fig 8.7 View Request Page of the Organization

Fig 8.7 depicts the View Request page of the Organization, where the details of User documents

requested by the institution will appear, and which the institution didn’t want will not appear.
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CHAPTER9

CONCLUSION

The development of the blockchain-based identity management system marks a significant step
towards a more secure and user-centric approach to managing personal information. This project has

demonstrably achieved its core objectives of:

e Enhanced Security: By leveraging blockchain technology's tamper-proof nature, the system
offers a robust platform for storing and managing sensitive DL data. This minimizes the
risk of unauthorized access or data breaches compared to traditional centralized databases.

e Empowering Users: Users gain greater control over their DL information. They can add,
update, and manage access permissions, fostering data privacy and empowering individuals
to decide who can verify their identity.

e Streamlined Processes: The system eliminates the need for physical documents and manual
verification processes. Users can register, store DLs, and request access to others' DL
information within a single, streamlined platform.

e Scalability Potential: Blockchain technology inherently possesses the potential to scale
efficiently. As the user base grows, the system can accommodate increased demand

without compromising performance.

The successful completion of the project is further validated by rigorous testing procedures. Black-box
testing confirmed core functionalities like user registration, DL management, and access control
operate as intended. Performance testing demonstrated the system's ability to handle multiple
concurrent users without significant performance degradation. Usability testing revealed a user-
friendly interface, ensuring ease of use for diverse user groups. White-box testing identified no critical
vulnerabilities, and disaster recovery simulation showcased the system's ability to recover from

network outages without data loss.

In conclusion, the blockchain-based identity management system has successfully addressed core
challenges associated with traditional identity management methods. It offers a secure, user-centric,
and efficient platform for managing personal information. By addressing adoption hurdles, promoting
user education, and exploring future enhancements, the system has the potential to revolutionize the
way individuals manage their identities and interact with institutions. This innovative approach
empowers users with control over their data and fosters trust in the verification process, paving the

way for a more secure and empowered future for identity management.
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9.1 FUTURE ENHANCEMENTS:

However, achieving widespread adoption of a new identity management system requires further
effort. User education and awareness campaigns are crucial to promote the system's benefits and
encourage user registration. Integration with existing identity management infrastructure used by
institutions will streamline data exchange and improve user experience. Additionally, staying abreast

of evolving regulations surrounding blockchain technology will ensure ongoing system compliance.

Looking towards the future, this project establishes a robust foundation for further development.
Expanding the system's functionality to manage additional identity documents beyond DLs could
broaden its utility. Exploring mechanisms for limited offline access to DL information would
provide added flexibility for users in scenarios with limited internet connectivity. Implementing
multi-factor authentication and additional access control mechanisms could further strengthen the

system's security posture.
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Abstract

The management of identity and access is crucial to our daily existence. Since most of the IMS solutions
already in use are centralized, a number of concerns are brought up, chief among them being privacy. This study
suggests a decentralized, privacy-preserving ldentity Management System (IMS) solution. As the blockchain acts as
the foundation of our system, which is safe and decentralized by design. None of the user's sensitive identity
information is kept in our solution. instead is kept on the user's designated mobile device, which is housed on a
centralized server. This accomplishes two goals: it safeguards the user's privacy and provides the user control over
their personal identity data.

Keywords: Management of Identity and Access, Decentralized, Blockchain, Privacy Protection, and Self-Sovereign
Identity

1. INTRODUCTION

Proving our identity is a recurring task in our daily lives. The field of Identity Management System (IMS)
encompasses the process of users establishing an identity, authenticating themselves using this identity, and
safeguarding it. Over the years, our IMS systems have undergone significant advancements. Initially, they relied on
simple usernames and passwords, but now they incorporate biometric measures such as fingerprint and retina scans
[1]. Among the various IMS models, one stands out: the Self Sovereign Identity Model [2]. In this model, users have
complete control over their identity, and there is no involvement of third parties in maintaining it. The technology that
empowers this model is blockchain [3]. Blockchain, which also served as the underlying technology for Bitcoin [4],
is a distributed ledger accessible to the public. This means that anyone can view and contribute to the ledger. One of
the blockchain's key features is immutability, meaning that once information is recorded on the ledger, it cannot be
removed. Additionally, any unauthorized modifications to a block in the chain would compromise the integrity of the
entire chain. Self-Sovereign Identity is a framework for managing digital identity where individuals have complete
control over their identity information. It ensures that no third party can access this information. Additionally, users
should be able to seamlessly engage in digital interactions using their digital identity. This approach eliminates the
need for third-party services responsible for storing and managing user identity information. In this study, we propose
an identity and access management system that leverages blockchain technology [5, 6]. Our model operates in a
decentralized manner, meaning there is no centralized server storing sensitive user information, thus safeguarding user
privacy. In our model, all credentials containing sensitive user information are stored on the user's device.
Furthermore, there is no requirement for an authentication server to handle the authentication process as it is facilitated
through the blockchain network. This approach also reduces the costs associated with operating and maintaining an
authentication server.
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2. RELATED WORK

Over the years, blockchain technology has expanded its applications beyond cryptocurrencies, exploring various

industries. One such innovative application is in identity and access management (IAM). Notable contributions in this

area include:

1. Guy Zyskind and colleagues (2015) proposed a decentralized system for data management, empowering users to
be the sole owners and controllers of their data. This system ensures privacy as it operates without a third-party
custodian of user data. It uses blockchain transactions for managing data, such as queries and storage, and allows
users to revoke permissions and control access with granularity. However, this system has certain inefficiencies.

2. T Mikula and co-authors (2018) introduced a blockchain-based distributed identity management system for
managing healthcare records, built on Hyperledger Fabric. This system employs the distributed 1AM on
Hyperledger Fabric to manage access to a backend server that stores patient medical records.

3. Cresitello-Dittmar's paper discusses the application of blockchain in verifying and authenticating identities. He
suggests that blockchain can securely share and verify identity information, making the system distributed,
resistant to breaches, and immutable. His proposed model includes a blockchain ID with user data, which can be
verified by third parties. The model relies on a secure app that allows users to authenticate and generate signatures.

3. CORE CONCEPTS
Blockchain-based identity management (BBIM) incorporates vital concepts and principles for creating
secure, decentralized, user-centric identity solutions. These concepts are key to understanding BBIM's transformative
potential and its ability to overcome traditional identity management system flaws. Core principles include
decentralization, eliminating central authority reliance; enhanced security through cryptography[7]; user control over
identity data; transparency and immutability for data integrity; and interoperability across various platforms and
organizations. These principles highlight BBIM's role in revolutionizing digital identity management.

1. Self-Sovereign Identity (SSI)

Self-sovereign identity (SSI) is a central idea in BBIM, focusing on personal control of identity information. SSI
allows individuals to own and manage their credentials, choosing when, how, and with whom to share their identity
details. This model differs from traditional systems where third parties hold identity data, leading to potential
vulnerabilities and privacy issues. SSI thus empowers users, enhancing privacy and security in identity management.

2. Decentralized Identity (DID)

Decentralized identifiers (DIDs) are unique identifiers not controlled by any single central entity. They are secured
and maintained on blockchain ledgers, offering a robust and tamper-resistant basis for managing identities. Individuals
have the autonomy to create and manage their own DIDs, which they can associate with their verifiable credentials.
This allows them to interact with different services independently, without depending on centralized identity
providers, enhancing security and privacy in digital interactions.

3. Verifiable Credentials (VCs)

Verifiable credentials (VCs) are secure digital records representing identity claims like age, education, or professional
qualifications[8]. Trusted issuers provide these VCs, which are cryptographically signed for authenticity and integrity.
Individuals can share their VCs with verifiers as needed, offering identity proof while maintaining privacy by not
disclosing excess personal information. VCs thus enhance security and privacy in digital identity verification.

4. Decentralized Identity Networks (DINS)

Decentralized identity networks (DINs) are blockchain-driven platforms enabling VC exchange and verification.
These networks offer a secure structure for interaction among trusted issuers, verifiers, and individuals. DINs foster
the creation of cutting-edge identity solutions, utilizing blockchain's advantages for enhanced security and efficiency.



5. Interoperability and Standardization

Interoperability and standardization are key to BBIM's broad acceptance. Open standards and protocols guarantee
seamless interaction among various BBIM systems, enabling individuals to control their identities and engage with
diverse services across multiple platforms and areas. This approach facilitates widespread use and enhances the
practicality of BBIM solutions in various contexts.

6. Privacy and Security

Privacy and security are essential in BBIM. The cryptographic security and decentralization of blockchain offer a
strong basis for safeguarding identity data[9]. Moreover, techniques like zero-knowledge proofs can be used for
controlled sharing of identity details, ensuring user privacy without revealing excessive information. These methods
are crucial for maintaining trust and confidentiality in BBIM systems.

3.1. Blockchain

Blockchain, the core of cryptocurrencies like Bitcoin and Ethereum, acts as a distributed ledger, recording transactions
immutably across multiple computers. Each block in the blockchain has a timestamp and a link to the previous block,
forming a secure, unalterable data chain[10]. This technology can transform identity management by providing a
secure, transparent, and user-focused method. In blockchain-based identity management, individuals manage their
identity data, sharing it selectively with trusted parties, thus mitigating data breach and identity theft risks.
Blockchain's suitability for identity management comes from its decentralization, immutability, transparency,
auditability, and security features. Utilizing blockchain in identity management offers enhanced security, transaction
transparency and auditability, and greater control for users over their identity information.

3.2. Hashing

The act of creating a value from a text or string is known as hashing. In essence, an output string with a fixed
length is produced by a hashing function given an input string of any length. The output string ought to be distinct
from the input string, which means that no other string ought to generate the same hash. Data is protected from
tampering by hashing. The hash of the data will vary significantly with even the smallest changes. Hash functions
with special properties that make them appropriate for use in the field of cryptography are known as cryptographic
hash functions. Hashing is used by blockchain to make sure the chain cannot be tampered with. Every block has both
its own hash and the hash of the previous block.

3.3. Proof-of-Work

Hashing is the process of generating a value from a text or string. A hashing function, given any length of input string,
produces a fixed-length output string. This output should be unique, meaning no two different strings should result in
the same hash. Hashing is crucial for data integrity as even minor modifications in data lead to a significantly different
hash. Cryptographic hash functions are specific types of hash functions with properties ideal for cryptographic
applications. In blockchain technology, hashing ensures the security and tamper-resistance of the chain. Each block
in a blockchain contains its own hash and the hash of the preceding block, creating a secure and unalterable sequence
of data.

3.4 Smart contracts
Smart contracts are essentially tamper-resistant, self-executing, and self-verifying pieces of code. Once deployed on
the blockchain, they contain specific logic to execute predefined tasks, and their nature cannot be altered post-
deployment. For example, a smart contract could be set up on the blockchain to issue movie tickets only in exchange
for a certain amount of money, ensuring no one can obtain a ticket without paying the specified price[11]. The key
aspect here is the ability to verify payment and receipt of services, like confirming payment for and receipt of movie
tickets. Smart contracts eliminate the need for third parties by leveraging blockchain technology. Each smart contract



on the blockchain is associated with a unique address, which anyone can use to interact with the contract. Solidity is
the most commonly used programming language for writing smart contracts, enabling the creation of complex and
secure contractual agreements on the blockchain.

3.5. Self-Sovereign Identity

The principle of "self-sovereign identity"” centers on the individual being the owner and exclusive manager of their
own identity. This model eliminates the need for storing sensitive identity data and passwords on third-party servers,
bringing several significant benefits[12]. The foremost advantage is the enhanced protection of the user's privacy. By
removing identity information from a centralized server, control over personal data is returned to the user. This
autonomy allows the user to dictate the usage of their information. Furthermore, it substantially reduces the risk of
cyberattacks aimed at stealing user credentials. Additionally, the model helps avoid the operational and maintenance
costs associated with centralized servers, making it a more efficient and secure approach to identity management.

4, SYSTEM DESIGN
The blockchain-based identity management system will consist of three main layers:

User Layer: This layer will provide a user-friendly interface for individuals to create, manage, and share their identity
credentials. It will also enable users to interact with various services and applications using their verifiable credentials.
Identity Layer: This layer will manage the issuance, revocation, and verification of verifiable credentials. It will also
store and maintain user identity data on the blockchain, ensuring its integrity and tamper-proof nature[13].
Blockchain Layer: This layer will provide the underlying blockchain infrastructure to support the identity
management system. It will handle transactions, maintain consensus among network participants, and ensure the
security and immutability of identity data. System Components
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Registration
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Request Credentials
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Fig. 1 Architecture Diagram of the Model

Fig. 1 depicts the architecture diagram of the suggested model. It is made up of three primary parts. The web
application that the user logs in to, the mobile app, and the blockchain network are the user's devices. Service providers
can also integrate with this web app to give the user access to their credentials. Smart contracts, comprising essential



functions for the system's operation, are implemented on the blockchain. The creation and retrieval of accounts is their
primary function.

The user should always have their mobile device with them since it stores their credentials and keys. Access to a
variety of services is then granted using these credentials. The web application functions as a gateway, enabling users
to log in and access their profile details. Additionally, service providers can integrate with the portal to furnish users
with their login credentials. Below is a discussion of the main proposed system modules.

4.1. Registration Module

The registration module's purpose is to facilitate the creation of new user accounts in our system, a process initiated
through our mobile app. To successfully register, users must provide basic information like their name, age, and
username. This module involves collaboration between the blockchain network and the mobile app. Initially, the
mobile app creates a user account on the device, then utilizes this information to trigger a smart contract function on
the blockchain, responsible for generating user profiles. The registration process is complete once this operation is
finalized and the user profiles on both the blockchain and mobile app are aligned. Upon successful registration, users
are issued a UNI_ID credential set, which encompasses the essential user information, effectively integrating
blockchain technology for secure and efficient user registration.

4.2. Signature and verification Module

Since blockchain is by its very nature cryptographic, signature and hash functions are essential to it. These
features are being used to construct our IMS model. In our system, the verification of signatures and signatures
themselves cement any interaction between two parties. As a result, both parties will be able to ascertain the integrity
of the data sent and the other party's authenticity. The web3 js library is used for the verification of the signature. The
algorithm used to create the signature is ECDSA[14, 15]. The message, the message's hash, and the actual signature
are the three main components of the signature object that the signature function generates. The recovery method is
used to obtain the public key that corresponds to the private key that was used to sign the message. The sighature
object that was produced as a result of the sign method is what we must pass to this method. These two techniques
will be used by us to verify the identities of various parties within our system. This module primarily handles various
parties' authentication and the integrity checks on the data they transmit.

4.3. Web3 Module

In the preceding discussion, we explored the use of the web3js library for creating and verifying signatures.
Beyond signature management, web3js provides various functionalities for interacting with the blockchain, serving
as a crucial tool for connecting to the blockchain network. This module manages the connection to our blockchain
network and facilitates the execution of commands within smart contracts deployed on the blockchain. It also aids
other modules that necessitate performing specific blockchain-related operations, like those involved in signature
creation and verification. The web3js library is essential for both our web and mobile applications, enabling seamless
blockchain integration and ensuring efficient operation of the overall system.

4.4. Credentials Manager Module

Credentials are a key element in our model, integral to every interaction within our system. Each user registered with
us is linked to at least one credential. These credentials are crucial as they hold sensitive user information that requires
stringent protection. Given that credentials contain private user data, users have continuous access to them, indicating
that these credentials are stored within our system. This method is vital for maintaining our system's privacy, as it
ensures user information is never stored in a central database. Additionally, these credentials are essential for users to
gain access to specific services, highlighting their significance in both safeguarding user privacy and enabling
functionality in our system[16].



5. IMPLEMENTATION

This section will cover how the blockchain network, mobile apps, and web apps are integrated into the system. Mostly,
we'll be examining three processes: registering users, logging into web applications, and acquiring fresh certifications.

5.1 New Account Creation
The New Account Creation process is designed to facilitate individuals in establishing their self-sovereign identities
within our blockchain-based identity management system. This process involves a series of steps initiated from the
mobile app, guiding users through creating decentralized identifiers (DIDs), gathering key identity attributes, and
generating verifiable credentials, thus enabling them to control their identity data.
The process begins with the user providing basic personal information via the mobile app. In response, the app
generates a pair of asymmetric cryptographic keys, with the private key securely stored on the user's mobile device.
It's crucial for the user to maintain access to these keys, especially the private key, as they are fundamental to their
account's security and functionality.
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Fig. 2 Account Creation in the Model

Following this, the app creates a blockchain account using the user's public key. This involves calling a smart contract
function to register a user account on the blockchain, including the public key and the user's basic information. The
blockchain then creates a new user profile using the provided data. During this process, a unique ID number is
generated and sent back to the mobile app. Each user profile on the blockchain is associated with a specific public
address, which is sent from the mobile app. This public key becomes the user's identifier on the blockchain.

Once the mobile app receives the response confirming the account's creation on the blockchain, it generates a
credential, which includes the unique ID. This credential, known as UNI_ID, is the most basic yet essential credential
a user possesses in our system. Every user will have at least this UNI_ID credential, securely stored on their mobile
device, containing their unique ID and basic personal information. This system ensures that users have a secure,
portable, and self-managed identity within our blockchain-based framework.

5.2. Login
Users can view their profile details by logging in to our model's UNI ID portal. This exemplifies the most basic
scenario of utilizing signatures and our credentials [17] to authenticate oneself. Figure 3 shows the login flow. The
web application displays a login request that is encoded as a QR code and contains the credentials that the web
application needs. This can be expanded upon the request of any service provider. The credentials needed by the
service providers to grant the user access to their services will be detailed in the request. All that is needed for login
is the UNI_ID credential. The request is decoded on the mobile device once the user scans credential, or UNI_ID
credential, assigned to the user. It will retrieve the credential from the user's device, sign it with his private key, and



send it to the web application if the user consents to share it. The public key will be obtained from the signature on
the web application. Next, using a smart contract function, the distinct ID linked to the relevant public address is
obtained from the blockchain. The user-sent UNI_ID credential is then obtained from the signature object.
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Fig. 3 Login Flow of the Model
From this, the unique ID is taken out and compared to the ID that was obtained from the blockchain; if they
both match, we conclude that the user was successful in establishing his identity and direct him to the profile.

5.3. Obtain new Credentials
In our system, each user is guaranteed to have at least one credential, known as the UNI_ID credential. However, the
UNI_ID credential, which includes basic information like name and age, has limited applications. For instance, if a
user wants to apply for a job through a job portal that requires educational qualifications, the UNI_ID alone is
insufficient. This scenario highlights the need for additional credentials that contain specific information, such as
academic records[18].
To address this need, our system allows for the creation of additional credentials. Service providers, who are already
integrated into our system, have the authority to issue new credentials to users. These service providers may have
certain prerequisites for issuing credentials. The credentials already stored on the user's device can be used to fulfill
these requirements. For example, to obtain a driver's license, a user must prove they are over eighteen years old. This
verification can be done by sharing the UNI_ID credential, which includes the user's age. Consequently, the service
provider would require the user's UNI_ID credential before issuing a driver's license credential.
This system ensures that users can accumulate a range of credentials for various purposes, all securely stored on their
device. The credentials are issued by authorized service providers and can be presented as proof for various services
and transactions, expanding the usability and functionality of the user's digital identity within our system[19].
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Fig. 4 Get New Credentials

The service provider will first create a request in the form of a QR code with the necessary set of credentials in order
to issue a new credential. After reading this request, the user looks through his mobile device for the necessary
credentials. If he has them all, he retrieves them, signs them, and sends them to the service provider. Using the web3js
library and blockchain, the service provider confirms the sent credentials’ authenticity and integrity. After successful
verification, the service provider creates new credentials, signs them with his private key so that a later authentication
check can confirm their validity, and then sends them to the user's mobile device. The updated credentials are saved
on the mobile device together with Together with the user's current credentials, the updated credentials are stored.
Figure 4 illustrates this flow. Issuing a new credential in the real world might entail considerably more steps. Due to
development limitations and for clarity's sake, we have made the implementation simpler. But we would still be in a
position to Likewise, incorporate our system into that implementation. For example, think of When granting a license
in the real world, we must pass a number of exams, such as Road test, a learner's test, etc. We can still incorporate this
into our system. application. Once the user passes all licensing exams, The authorities are prepared to grant him a
license. The granted authorization may be digital[20] and can be converted into a certification that is endorsed by the
sent to the user's device by authority. Next, the user may utilize this

6. RESULT
We successfully developed a distributed identity and access management system using blockchain technology as its
core foundation. This system includes a blockchain-deployed smart contract, along with a web application and a
mobile application.
Our system was able to onboard multiple users, each of whom could successfully log into the UNI_ID Portal through
the web application. Additionally, we integrated several fictitious service providers with our portal. These service
providers can issue their own credentials to a user, provided the user meets all the necessary requirements.
Once issued, the user's new credentials were effectively stored on their mobile device. This storage enables users to
conveniently access and utilize these credentials in various scenarios where they are required. The successful
implementation of this system demonstrates the feasibility and functionality of using blockchain for distributed
identity and access management, highlighting its potential for secure and efficient user identity management in diverse
applications.
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Fig 6.1 Home Page of Identity Management System using Blockchain

Fig 6.1 depicts the home page of our project, where you can see 2 different categories one is for User and another of
Institution.
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Fig 6.2 Metamask Transaction Successful

Fig 6.2 depicts the transaction hash value whenever the transaction is signed successfully
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Fig 6.3 Create Wallet Page with Metamask Interface

Fig 6.3 depicts the create wallet page, where the user has to enter his name, mobile number and email address, upon
the pressing of the create wallet button, the metamask interface will showup with the transaction fee.
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Fig 6.4 depicts the Add DL page, where the user has to enter his DL Number, Name, DOB and Address, upon the
pressing of the Add Driving Licence button, the metamask interface will showup with the transaction fee.
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Fig 6.5 depicts the Request Access page, where the Institution has to specify its name and select the required
documents from the specific users, upon pressing the Request Access button the metamask interface will showup
with the transaction fee.

7. FUTURE ENHANCEMENTS
Blockchain-based identity management systems offer significant potential to transform how individuals and
organizations manage and control their identity data. As the technology evolves, several future enhancements could
further improve these systems' security, privacy, usability, and interoperability:
Zero-Knowledge Proofs (ZKPs): Implementing ZKPs would allow users to validate identity attributes without
disclosing the actual data, greatly enhancing privacy during the credential presentation and verification.
Decentralized Identity Verifiers (DIVs): Establishing DIVs would enable decentralized verification of credentials,
reducing dependence on centralized authorities and enhancing trust.
Attribute-Based Access Control (ABAC): Integrating ABAC could allow more nuanced access control based on
specific user attributes and context, improving privacy and authorization management.
Interoperability Standards: Adopting standard protocols and data formats can facilitate smoother interoperability
between different blockchain-based identity systems, encouraging broader use and cross-platform credential
functionality.
User-Centric Design: For widespread acceptance, focusing on user experience and accessibility is key. Simplifying
processes, intuitive interfaces, and multilingual support can increase usability and inclusiveness.
Secure Storage Solutions: As identity data volume grows, strong, scalable storage solutions will be crucial for
protection. Exploring on-chain and off-chain storage options could optimize security and performance.
Revocation Mechanisms: Effective and secure mechanisms for credential revocation are essential to handle
compromised or invalid credentials. Decentralized revocation registries and notification systems can improve
management.



Data Privacy Compliance: Aligning with evolving privacy laws like GDPR and CCPA is critical for user data
protection and trust maintenance. Employing privacy-enhancing technologies and clear data governance can aid in
compliance.

Ecosystem Collaboration: Cooperation among blockchain developers, identity providers, and regulators is vital for
standardization, interoperability, and wider adoption.

Continuous Innovation: Persistent research and development in cryptography, distributed ledger technologies, and
privacy-preserving methods will drive future progress in blockchain-based identity management.

CONCLUSION

Blockchain technology is still relatively new and constantly developing, building any kind of system on top
of it is more difficult. Owing to its dynamic nature, numerous modifications are anticipated for our model as well.
Although our system is far from the perfect self-sovereign identity model, each improvement will bring it closer to
the idea of the user having total control over his identity. We were able to decentralize identity and access management
with our model. The authentication process does not require a centralized server; in fact, decentralizing the IMS
process could result in a better IMS model. By putting the user in charge of his own data and offering the highest level
of privacy protection possible, we were able to implement our system because all sensitive data is kept solely on the
user's device. Users also have the option of sharing or not sharing the credentials that the service providers requested,
giving them control over the information that is about them. By generating multiple credentials, granule level access
control is implemented, allowing users to share only the necessary information. With our framework,Users could use
various service providers' services and authenticate themselves with them. The blockchain network facilitates user
authentication, eliminating the need to store user passwords on a centralized server and lowering the possibility that
hackers will obtain your credentials. Even though our system isn't quite a self-sovereign identity model, we were still
able to take a step in that direction, and the improvements that were talked about will help us get there.
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