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 Abstract— The increasing demand for secure data 

storage necessitates innovative solutions that ensure 

integrity, confidentiality, and accessibility. This paper 

presents a hardware-based secure file storage system 

leveraging blockchain technology to enhance data 

security and eliminate reliance on centralized storage.  
The proposed system integrates Web3, IPFS 

(Interplanetary File System), and Ethereum smart 

contracts to provide decentralized, immutable, and 

tamper-resistant file storage. The research explores 

challenges associated with traditional storage solutions, 

such as data breaches and unauthorized access, and 

proposes a novel architecture utilizing hardware for 

enhanced security and performance. Experimental 

results indicate significant improvements in data 

integrity, resistance to cyber threats, and efficient 

retrieval processes. The findings contribute to the 

growing field of decentralized secure storage and provide 

a foundation for future advancements in blockchain-

based hardware security systems.   

Index Terms —Blockchain, Secure Storage, IPFS 

(Interplanetary File Storage System), Web3, Smart 

Contracts, Decentralization   

 

I. INTRODUCTION  

The rapid growth of digital storage requirements has 

led to increased reliance on centralized cloud storage 

providers. While these services offer scalability and 

ease of access, they come with significant security 

risks, including data breaches, unauthorized access, 

and single points of failure. Traditional encryption 

methods help mitigate these risks but do not provide a 

fully tamper-proof and transparent storage solution. 

Blockchain technology, with its decentralized and 

immutable nature, presents a promising alternative for 

secure and resilient data storage. However, software-

based blockchain storage solutions alone  

 

might not be sufficient to address hardware security 

challenges such as key management, authentication, 

and physical attacks [1].  

Secure file storage is essential for industries handling 

sensitive data, including healthcare, finance, defense, 

and enterprise data management. Existing cloud 

storage models depend on trusted third-party 

providers, making them susceptible to data tampering, 

server failures, and insider threats. By combining 

blockchain with a hardware-based storage approach, 

we can enhance security, reduce reliance on 

centralized entities, and improve access control 

mechanisms. This research contributes to the field of 

secure storage systems by developing a novel 

architecture that integrates blockchain technology with 

specialized hardware for tamper-resistant and 

decentralized file storage [2].  

This research focuses on designing a hardware-based 

secure file storage system leveraging blockchain 

technology. The study aims to implement Ethereum 

smart contracts for decentralized file authentication 

and access control, use IPFS (InterPlanetary File 

System) for distributed file storage—eliminating 

reliance on a single server, integrate a hardware 

security module (HSM) or cryptographic hardware for 

enhanced encryption and private key management, 

assess the performance, security advantages, and 

potential limitations of this approach compared to 

conventional storage models, and provide a scalable 

and adaptable solution that can be deployed across 

various industries requiring secure file storage [3].  

One of the key challenges in implementing blockchain-

based storage is ensuring scalability and efficient 

access control mechanisms. Smart contracts facilitate 

automated permissions and authentication without 

human intervention, reducing the risk of internal 

breaches [4].   
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This research focuses on developing a hardware based 

secure file storage system using blockchain that 

ensures the confidentiality, integrity, and availability 

of stored data. The system will leverage blockchain’s 

cryptographic capabilities, IPFS for decentralized 

storage, and hardware security modules forkey 

protection. By analyzing existing storage models and 

security threats, this study aims to propose an efficient 

and scalable solution for secure data storage in 

enterprise and cloud environments [5].  

  

II. LITERATURE REVIEW  

Patel et al. [6] has proposed a blockchain-driven 

framework that enables secure and efficient file 

sharing by leveraging the decentralization properties of 

blockchain. In their approach, file transactions are 

recorded immutably to ensure tamper-proof integrity 

checks. The framework incorporates both symmetric 

and asymmetric encryption techniques alongside a 

robust consensus mechanism that validates each 

transaction, thereby ensuring controlled access and 

transparent traceability. This work provides a strong 

foundation for addressing issues related to 

unauthorized file modifications and internal security 

threats in distributed environments.   

  

Kumar et al. [7] have defined a system that integrates 

the InterPlanetary File System (IPFS) with blockchain 

technology to overcome vulnerabilities in traditional 

file sharing. The proposed architecture utilizes an IPFS 

proxy for decentralized file storage and group key 

management while leveraging blockchain to store file 

hashes and access permissions. This dual-layer 

approach not only enhances data security by 

combining IPFS’s redundancy with blockchain’s 

immutability but also enforces robust access control 

policies without dependence on a centralized server.  

  

Nakamoto et al. [8] has proposed a systematic 

categorization of various blockchain-based access 

environments. This review evaluates multiple 

decentralized strategies that merge blockchain’s 

distributed ledger capabilities with dynamic access 

control protocols. By comparing traditional centralized 

systems with emerging blockchain-based solutions, the 

work highlights how distributed ledger technology can 

reduce risks such as insider attacks and unauthorized 

access, while also identifying key challenges like 

scalability and interoperability.   

A. Miller et al. [9] have defined a comparative 

framework for evaluating decentralized storage 

platforms—including IPFS, Arweave, and Filecoin— 

in the context of sustainable data sharing. Their work 

emphasizes the advantages offered by blockchain, such 

as immutability, transparency, and decentralized 

control. The paper conducts an evaluation based on 

energy efficiency, data security, and cost effectiveness, 

arguing that a blockchain-based architecture can 

mitigate common pitfalls of centralized storage, 

including single points of failure and excessive power 

consumption.   

  

Wang et al. [10] has proposed FileDAG, an innovative 

decentralized storage network built on a Directed 

Acyclic Graph (DAG)-based blockchain. The system’s 

key contribution is its incremental generation 

technique, which optimizes storage by recording only 

the differences between file versions rather than 

complete copies. This method not only reduces storage 

overhead significantly but also enhances retrieval 

efficiency by incorporating a two layer blockchain 

ledger for flexible file indexing, making it particularly 

suitable for environments with frequent file 

modifications.   

  

Lee et al. [11] has defined a decentralized cloud storage 

architecture that combines traditional cloud storage 

with blockchain technology to bolster data integrity 

and security. In this architecture, blockchain is used to 

create an immutable log of data integrity and access 

permissions, which effectively mitigates risks of 

unauthorized data modifications and central point 

failures. The integration of smart contracts further 

automates access control, ensuring that data is 

distributed across multiple nodes and that all 

interactions are securely verified.   

 

Kim et al. [12] has proposed a comprehensive review 

that spans developments in blockchain-based storage 

solutions from 2010 to 2019. The review critically 

examines several approaches that utilize blockchain to 

secure data integrity, confidentiality, and availability 

in cloud storage systems. By synthesizing the strengths 

and weaknesses of various methodologies, the paper 

not only underscores the transformative potential of 

blockchain in reengineering cloud storage but also 

identifies persistent challenges such as scalability and 

performance optimization that require further research.  

  



© April 2025 | IJIRT | Volume 11 Issue 11 | ISSN: 2349-6002  

IJIRT 176928 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 7722 

III. PROPOSED METHODOLOGY  

 

The proposed methodology focuses on developing a 

hardware-based secure file storage system using 

blockchain technology. The system leverages a 

combination of blockchain’s decentralized 

architecture, cryptographic techniques, smart 

contracts, and hardware security modules (HSMs) to 

ensure secure and tamper-proof data storage. The 

approach is designed to eliminate single points of 

failure, prevent unauthorized access, and ensure data 

integrity through immutable blockchain records. The 

research follows a hybrid storage model, where 

Interplanetary File System (IPFS) is used for 

decentralized file storage, while blockchain stores file 

hashes and metadata to verify integrity and access 

control. Smart contracts on the Ethereum blockchain 

manage user authentication and permission control, 

ensuring only authorized entities can access or modify 

files. A role-based access control mechanism (RBAC) 

is implemented, allowing file owners to define 

granular access permissions through blockchain-

verified credentials. For added security, hardware-

based cryptographic modules such as Trusted Platform 

Modules (TPMs) or Hardware Security Modules 

(HSMs) are integrated to secure private keys and 

encrypt stored files. This approach protects against key 

theft and unauthorized tampering. Additionally, zero-

knowledge proofs (ZKP) are incorporated to verify 

user access rights without exposing sensitive data, 

further enhancing privacy and confidentiality. The 

system architecture  

 
Fig 1. System Architecture 

 

Storage Layer: Uses IPFS for distributed file storage, 

ensuring redundancy and preventing data loss. 

Blockchain Layer: Records file hashes and access 

permissions using smart contracts and cryptographic 

hashing.  

Security Layer: Implements HSMs, encryption, and 

ZKP-based authentication for secure file access. For 

performance evaluation, the system will be tested on 

various parameters such as file retrieval speed, security 

resilience, blockchain transaction costs, and 

scalability. A comparative analysis with traditional 

cloud storage models will be conducted to assess 

efficiency, cost-effectiveness, and security advantages  

of  blockchain-based storage.  

 

The methodology also includes attack simulations, 

such as man-in-the-middle attacks, unauthorized 

access attempts, and data corruption tests, to validate 

system security. By integrating hardware-level 

encryption, decentralized storage, and blockchain 

based verification, this methodology ensures 

confidentiality, integrity, and availability of stored 

data, making it highly suitable for enterprise-level 

secure file storage applications.  

 

IV. FINDINGS  

 

The study on hardware-based secure file storage using 

blockchain yielded several significant findings 

regarding security, efficiency, and scalability. The 

implementation of blockchain and the Interplanetary 

File System (IPFS) successfully eliminated risks 

associated with centralized storage, such as single 

points of failure and unauthorized access [13].  by 

access control mechanism, ensuring that only 

authorized users could retrieve or modify stored files 

[15]. The integrated role-based access control (RBAC) 

system further strengthened security by allowing 

granular permission settings for different user roles 

[16]. Hardware-based cryptographic modules, such as 

Trusted Platform Modules (TPMs) and Hardware 

Security Modules (HSMs), provided secure key 

management and encryption, significantly reducing the 

risk of private key theft and unauthorized decryption 

[17].   

 

The secure file storage system's login interface requires 

MetaMask wallet authentication before accessing 

consists  of  three  key  layers. storing file metadata and 

access permissions on the blockchain, data integrity 

and authenticity were ensured, preventing 

unauthorized modifications [14].  

 

The use of smart contracts provided an automated  
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encrypted files, ensuring user identity verification 

through blockchain technology. MetaMask integration 

provides cryptographic proof of identity through wallet 

signatures, establishing a secure authentication layer 

that prevents unauthorized access to sensitive files 

stored on the blockchain network. 

 

 

 
Fig 2. MetaMask Authentication Screen 

 

Dashboard displaying the connected wallet address 

and hardware security module status, providing at-a-

glance verification of the blockchain authentication 

state. The dashboard creates a unified control center 

where users can monitor their blockchain identity, 

hardware security element status, and manage 

encrypted files with complete transparency of 

ownership records. 

 

 
Fig 3. User Dashboard with Wallet Connection 

File encryption interface showing hardware security 

integration with real-time hash generation, allowing 

secure preparation of files before blockchain storage. 

The encryption workflow combines hardware security 

elements with blockchain technology, creating a multi-

layered security approach where files are 

cryptographically signed and prepared for immutable 

storage. 

 

 
Fig 4. File Upload and Encryption Interface 

Success confirmation showing completed blockchain 

transaction for secure file storage with verifiable 

transaction hash reference. Each successful transaction 

provides cryptographic proof of file storage on the 

blockchain, with transaction hashes serving as 

immutable references that validate file integrity and 

ownership without exposing sensitive content. 

 
Fig 5. Blockchain Transaction Success 

 

The incorporation of zero-knowledge proofs (ZKP) 

enabled secure authentication without revealing 

sensitive credentials, further enhancing privacy [18]. 

Comparative analysis indicated that blockchain-based 

storage was more resistant to cyber threats—such as 

ransomware, data breaches, and insider attacks— 

when compared to traditional cloud storage solutions 

[19]. However, blockchain transaction costs and 

processing delays posed challenges that require 

optimization through off-chain storage solutions and 

hybrid storage models [20].  

V. CONCLUSION  

The research on hardware-based secure file storage 

using blockchain demonstrates that integrating 

decentralized storage, cryptographic security, and 

hardware-based encryption significantly enhances data 

confidentiality, integrity, and availability. By 

leveraging blockchain’s immutability and IPFS’s 

decentralized file-sharing capabilities, the proposed 
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system eliminates risks associated with centralized 

storage solutions, such as unauthorized access, data 

tampering, and single points of failure. The use of 

smart contracts enables automated access control, 

ensuring that only authorized users can retrieve or 

modify stored files without relying on a central 

authority. Additionally, the integration of Trusted 

Platform Modules (TPMs) and Hardware Security 

Modules (HSMs) strengthens security by securely 

storing cryptographic keys, mitigating the risk of key 

theft and unauthorized decryption. Despite these 

benefits, scalability and transaction costs remain key 

challenges in blockchain-based storage systems. To 

address these challenges, future research will focus on 

Layer 2 blockchain solutions, hybrid storage models, 

and post-quantum encryption techniques to improve 

efficiency and security. Overall, the findings suggest 

that blockchain-based secure file storage is a viable 

alternative to traditional cloud storage, offering a 

tamper-proof, transparent, and decentralized approach 

to managing sensitive data. This study lays the 

foundation for future advancements in secure storage 

solutions, particularly in enterprise security, 

healthcare, and government sectors where data 

protection is critical.   
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