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ABSTRACT— 

With increasing use of cloud storage, ensuring data security, openness, and integrity has become ever more critical. 

Centralization, potential tampering, and lack of transparency are typical issues with conventional audit trails employed to 

monitor data access and changes in cloud computing environments. To enhance cloud storage security and reliability, this article 

explores a blockchain-based audit trail system. The proposed approach ensures tamper-proof logging of all data transactions 

through the immutability, cryptographic hashing, and decentralized prop- erties of blockchain technology. Additionally, smart 

contracts reduce third-party trust requirements through automated and verifiable auditing. We measure the scalability, 

performance, and architecture of the system compared to more traditional approaches to auditing. The findings indicate that, 

although there are some disadvantages such as scalability and cost of transac- tions, an audit trail in blockchain enhances the 

integrity and reliability of data within cloud storage. To make it more efficient, subsequent research will explore optimization 

techniques such as Layer-2 solutions and zero-knowledge proofs. 

Index Terms—Distributed Ledger Technology (DLT), blockchain, cloud storage, audit trail, data integrity, smart contracts, 

decentralized security, cryptographic hashing, transparency, and tamper-proof logging. 

I. INTRODUCTION 

Cloud storage has totally redefined the means through which data is accessed and managed by organizations and individuals. 

Cloud storage has become a fundamental element in modern IT architecture due to its scalability, 

citeb1price, and reach. Cloud storage has been raised as an issue of utmost seriousness with respect to concerns related to 

data integrity, unauthorized access, and imperceptible mod- ifications to data. Since they often depend on centralized sys- tems, 

conventional audit trail mechanisms—which track data transactions and access logs—are vulnerable to tampering, 

unauthorized changes, and single points of failure. Blockchain technology provides a decentralized, open, and immutable 

register for noting every data-related event and is an appealing solution to these issues. A blockchain-based auditing system, as 

opposed to conventional audit trails, ensures that records cannot be altered or deleted, enhancing the reliability and 

 

Fig. 1. The study’s structure 
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integrity of cloud storage systems. [2] Blockchain allows for the creation of automated, verifiable, and unbreakable audit trails 

without the requirement for a trustworthy third party through the use of digital signatures, smart contracts, and cryptographic 

hashing. [3] The incorporation of blockchain technology into audit trails for cloud storage is examined in this article. [4] We 

address the shortcomings of conventional auditing methods, suggest a blockchain-based strategy, and assess how well it 

performs in guaranteeing data security and integrity. We also examine the obstacles to blockchain adoption, including 

transaction costs and scalability, and offer potential improvements for next deployments. [5] 

A. Why Audit Trails Are Important for Cloud Storage 

 By tracking who has viewed or modified information, audit trails help guarantee accountability and compliance with 

regulations such as GDPR, HIPAA, and ISO 27001, among others. 

 Since classical audit logs rely on cloud providers, they are at risk of being tampered with or modified without 

permission. [6] 

B. Conventional Audit Mechanisms’ Drawbacks 

 Centralized control: Logs are maintained by cloud service providers, which can be altered, deleted, or lost due to 

malicious attacks or system failure. 

 Transparency: Lacking direct visibility of data transac- tions, users have to trust the cloud provider’s security measures. 

 Single point of failure: In case an attacker gains access to the audit system, all logs may be altered or deleted. [7] 

C. How Audit Trails Are Improved by Blockchain 

 Decentralization makes sure logs are securely stored on many nodes, eliminating the need for an available third party. 

 Immutability: The blockchain allows tamper-evident records through the unalterable data logs that prevent alteration or 

erasure. 

 Cryptographic Security: Blocks unauthorized access through the application of public-private key encryption, digital 

signatures, and hash functions. 

 Automation with Smart Contracts: automates the auditing process by using specified conditions to trigger actions (such 

as notifications or access revocation). [8] 

D. Research Goals and Scope 

 Examine blockchain-based options for safe audit trails in the cloud. 

 Create a theoretical foundation for a decentralized audit trail system. 

 Compare the security, effectiveness, and cost of blockchain-based audit trails with those of conventional logging 

systems. 

 Determine possible obstacles and suggest improvements for the future. [9] 

II. LITERATURE REVIEW 

A. Overview of Cloud Storage Audit Trails 

Because they enable enterprises to monitor data access, alterations, and system events, audit trails are a crucial part of cloud 

security. Conventional auditing methods depend on cloud service providers’ centralized logging systems, which exposes users 

to security vulnerabilities such insider threats, illegal changes, and a lack of transparency. The shortcomings of traditional audit 

trails and blockchain’s promise to improve cloud storage system security have been the subject of numer- ous research. [10] 

[11] [12]. 
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In this part, we look at current developments in blockchain- based access control. optimization of performance, 

 

Fig. 2. Mechanism for access control 

 

Fig. 3. Role-based access control overview 

Numerous studies and applications target security and the integration of blockchain technology. Ranjan and Routh [17] 

Examine three conventional and seven hybrid cloud computing access control systems in detail, highlighting the value of fine-

grained access control mechanisms and the importance of granularity in model selection. Patil and associates. [13] 

B. Blockchain-Powered Audit Trails: A Safe Substitute 

Blockchain technology offers a decentralized logging method that guarantees verifiable and tamper-proof data. Be- cause a 

distributed ledger removes the possibility of a single point of failure, blockchain-based audit trails are a desirable substitute. 

[14] For cloud storage, Wang et al. (2020) suggest a blockchain-based logging system that logs every file access event on an 

unchangeable ledger. To ensure data integrity, their solution utilizes digital signatures and cryptographic hashing. They reduce 

their reliance on external auditors by automating the verification process through the implementation of smart contracts. In 

their research, blockchain significantly enhances security by protecting against illegal modifications and record tampering. [15] 

Similarly, Lee and Kim (2021) introduce an audit trail for enterprise cloud storage using Hyperledger Fabric. [16] The 

article demonstrates that permissioned ledgers are more scalable and efficient compared to traditional logging methods. 

[17] The authors argue that for the purpose of improving se- curity and meeting compliance requirements, enterprise cloud 

providers should use blockchain-based audit trails. [18] 

C. Automated Audit Trails using Smart Contracts 

Since smart contracts enable automated verification and en- forcement of compliance, they are critical to blockchain-based 

audit trails. Garcia et al. (2022) assert that smart contracts can be programmed to raise an alarm when suspicious behavior or 

unauthorized access is detected. [19] This improves real- time security monitoring and reduces the burden on manual auditors. 

[20] Martinez et al.’s (2023) case study investigates how Ethereum-based smart contracts might be incorporated into cloud 

storage security. According to their findings, using blockchain technology to automate audits greatly lowers the latency in 

identifying illicit changes. They do, however, also point up issues with gas prices and transaction expenses, which may prevent 

broad adoption. [21]. 
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Fig. 4. Various approaches to access control in cloud environments 

 

Fig. 5. Benefits and drawbacks of different access control techniques 

D. Issues with Scalability and Performance Analysis 

Blockchain has scalability issues even while it improves security. Conventional public blockchains, like Ethereum and Bitcoin, 

have problems with storage overhead and transaction speed. [23] To solve these issues, researchers have looked into a variety 

of optimization strategies. [22] 

Gonzalez et al. (2021) use sidechains to offload transactions off the main chain as part of their Layer-2 scalability solution for 

blockchain-based audit trails. According to their research, this method boosts performance and lowers latency without 

sacrificing security. In a similar vein, Tang and Zhao (2022) talk about how sharding might improve blockchain scalability and 

enable audit log processing in parallel. [24] 

E. Blockchain and Conventional Audit Systems: A Compar- ative Study 

Numerous studies have compared traditional auditing meth- ods with blockchain-based ones. After reviewing 50 scholarly 

works on cloud security, Rahman et al. (2023) came to the conclusion that blockchain-based audit trails offer superior security, 

transparency, and compliance than conventional solu- tions. They also draw attention to the blockchain’s significant computing 

costs and integration difficulties, though. [25] 

Singh et al. (2023) assess cloud storage security across a range of sectors in another comparative study. Based on their 

study, due to their high compliance requirements, sectors such as banking and healthcare highly appreciate blockchain- based 

audit trails. Nevertheless, conventional logging systems may be more cost-effective for companies with lower security threats. 

[26] 

F. Prospective Research Paths and Unresolved Issues 

Blockchain-based audit trails have numerous advantages, but some issues still need to be addressed. Researchers con- tinue to 

seek means of enhancing interoperability with existing cloud storage vendors, reducing transaction fees, and scaling up. 

Using zero-knowledge proofs (ZKPs) to enhance privacy in blockchain-based audit trails is a potential approach. ZKPs are used 

in Kumar et al.’s (2024) privacy-preserving audit system, which permits verification without disclosing private informa- tion. 

This method preserves the advantages of transparency and immutability while guaranteeing confidentiality. [27] 

G. Conventional Auditing Methods and Their Drawbacks 

Centralized logging systems are used by a number of current cloud storage providers to establish audit trails. Traditional logging 

systems keep access records in a central database that is vulnerable to data loss and manipulation (Smith et al., 2018). 
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Although cloud providers usually use cryptographic techniques like encryption and hashing to protect logs, an attacker with 

privileged access can still change or remove records. According to a different study by Johnson and Patel (2019), standard 

audit logs have compliance issues. Logs must be immutable and verifiable for organizations handling sensitive data, such as 

financial institutions adhering to GDPR or healthcare providers following HIPAA standards. However, current auditing methods 

are insufficient for compliance-driven industries because they lack necessary openness and reliability. [28] 

Future studies will also focus on AI-powered security mon- itoring. By identifying irregularities and anticipating possible 

security risks, artificial intelligence (AI) and machine learning can improve blockchain-based audit trails. In order to develop 

more intelligent and flexible security frameworks, researchers are investigating hybrid techniques that integrate blockchain 

technology with artificial intelligence. [29] 

 In conclusion the growing interest in blockchain-based audit trails for cloud storage systems is highlighted in the 

literature review. Blockchain provides a strong substitute with improved transparency, immutability, and automation, 

while conventional auditing methods have security flaws and compliance restrictions. To enable broad adoption, 

however, issues with cost, scalability, and integration must be resolved. In order to enhance the efficacy and efficiency of 

blockchain-based audit systems, future studies should concentrate on optimization strate- gies including Layer-2 

scaling, zero-knowledge proofs, and AI-driven security monitoring. [30] 

III. CURRENT MARKET TECHNOLOGIES 

Several blockchain-based audit trail solutions for cloud storage systems have been developed as a result of the quick 

development of blockchain technology. While tackling issues with scalability and compliance, these solutions seek to improve 

security, transparency, and data integrity. The tech- nologies, platforms, and frameworks that are currently being used for 

blockchain-based audit trails in cloud environments are examined in this section. [31] 

 

 

Fig. 6. Access controversy based on discretion 

 

Fig. 7. The blockchain’s fundamental structure 

A. Fabric Hyperledger 

One of the most popular permissioned blockchain frame- works for business uses, such as cloud-based audit trails, is 

Hyperledger Fabric. [32] The Linux Foundation created it, and it provides: 

 Only authorized users are able to validate transactions thanks to permissioned network access. [34] 

 Modular architecture: Enables modification of consensus processes and smart contract execution. [34] 

 Scalability and performance: It is appropriate for cloud audit logs since it offers low latency and high throughput. 

 Integration capabilities: For real-time auditing, it is pos- sible to integrate with cloud providers like AWS, Azure, and 

IBM Cloud. 

 Hyperledger Fabric has been used by a number of busi- nesses for safe logging and compliance monitoring in cloud 

storage. [35] 

 Hyperledger Fabric has been used by a number of businesses for safe logging and compliance monitoring in cloud 
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storage. 

B. Blockchain for Ethereum 

 The implementation of audit trails in cloud storage has also been investigated using Ethereum, a well-known public 

blockchain network. Features consist of: 

 Immutable and self-executing logs are ensured for com- pliance verification using smart contract automation. 

 A decentralized and transparent ledger renders audit trails impenetrable to tampering and publicly verifiable. 

 Proof-of-stake (PoS) is a feature added to Ethereum 2.0 to increase scalability and lower energy consumption. [34] 

 Compared to private blockchains like Hyperledger, Ethereum’s primary drawbacks are its restricted scalabil- ity and 

high transaction costs (gas fees). 

C. The Corda Blockchain 

 Another permissioned blockchain platform for commer- cial use, specifically in cloud security and finance, is Corda. 

Among its attributes are: 

 Private transactions: Makes sure audit logs are only accessible to those who need to know. [23] 

 Integration with cloud security solutions is made possible by interoperability. 

 Effective consensus process: Transactions are validated effectively with the use of notary services. [22] 

 Corda is becoming more popular in sectors like banking, healthcare, and supply chain management that need audit 

trails that are focused on compliance. 

D. Blockchain Platform by IBM 

The Hyperledger Fabric-based IBM Blockchain Platform offers an enterprise-class blockchain-as-a-service (BaaS) so- lution. 

Important characteristics include: 

 Cloud-based deployment: Completely controlled with en- terprise security features on IBM Cloud. 

 Compliance and auditability: Cloud storage systems are made to comply with regulations. 

 Scalability and integration: Facilitates AI-powered secu- rity monitoring and hybrid cloud settings. 

 IBM Blockchain is used by many enterprises for regula- tory reporting and safe data management. [30] 

E. Quantum Ledger Database (QLDB) on AWS 

An unchangeable and cryptographically verifiable transac- tion log is provided by the ledger database Amazon QLDB. Despite 

not being a conventional blockchain, it provides: 

 Data integrity and auditability are guaranteed by tamper- resistant ledger storage. 

 AWS managed services lower the operational costs of cloud-based apps. 

 Performance and scalability: Designed with high- throughput applications in mind. [33] 

For businesses who need secure logging without the hassle of a decentralized network, QLDB is an alternative to blockchain. 

F. Blockchain by VeChainThor 

An business blockchain network called VeChain was created specifically for supply chain auditing and tracking. It has the 

following features: 

 The dual-token economy lowers transaction costs for the implementation of audit trails. 

 Integration with IoT enables real-time asset monitoring in the cloud. 

 Governance model – Ensures a balance between decen- tralization and efficiency. [33] 
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 VeChain’s scalable and affordable architecture is advan- tageous to businesses using it for audit trails. 

G. Blockchain Algorand 

Algorand is a high-performance blockchain that has uses in audit trails and cloud security. It provides: 

 Transactions are guaranteed to be quick and energy- efficient with Pure Proof-of-Stake (PPoS). 

 For cloud storage, immutable logging ensures tamper- proof audit trails. 

 Decentralized governance: Offers transparency for appli- cations pertaining to compliance. 

 Cloud service providers looking for blockchain-based audit trails may find Algorand to be a good choice due to its 

speed and security. 

H. Blockchain Services on Microsoft Azure 

Cloud security is one of the blockchain-as-a-service (BaaS) solutions that Microsoft Azure provides for business applica- tions. 

It offers: 

 Ethereum, Hyperledger, and Corda are supported by pre- configured blockchain networks. 

 Integration with Azure Cloud: Easily links to AI-powered analytics and cloud storage. 

 Automated compliance verification is made possible by smart contract management. 

 Despite the discontinuation of Azure Blockchain Services in 2021, businesses are still implementing blockchain- based 

audit trails through other Microsoft cloud offerings. [35] 

IV. PROPOSED METHODOLOGY 

A. Suggested Approach 

1) Overview of the System Architecture: The suggested approach builds a safe, impenetrable audit trail for cloud storage 

systems using blockchain technology. The following are the main elements of the architecture: 

 The company in charge of keeping user data is known as the Cloud Storage Provider (CSP). 

 Blockchain Network: A decentralized ledger for logging modifications and access. 

 Smart Contracts: Self-executing agreements that automate compliance checks and audit trail verification. 

 Users (Data Owners and Clients): People or businesses that add, edit, and retrieve data that is kept on the cloud. 

 Regulatory bodies known as auditors are in charge of confirming the accuracy of audit logs. 

Every action is safely recorded thanks to the blockchain, which serves as a mediator between consumers and the cloud storage 

provider. 

B. Data Hashing and Logging System 

Every contact with cloud storage is recorded on the blockchain to guarantee data integrity and guard against ma- nipulation. 

The steps in the logging process are as follows: 

• User Request Generation: A distinct log entry is produced each time a user uploads, edits, or retrieves data. 
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Fig. 8. Examine the selection procedure 

 Transaction Hashing: SHA-256 and other cryptographic algorithms are used to hash the action’s information, including 

the time stamp, user ID, file ID, and action type. 

 Blockchain Recording: The hashed transaction becomes unchangeable once it is added to the blockchain ledger. 

Because each transaction is connected to the one before it, the sequence of events is safe and auditable. 

C. Implementation of Smart Contracts 

Smart contracts automate compliance checks and enforce predetermined security measures. The following tasks are carried out 

by these contracts: 

 User authentication makes ensuring that only people with permission can access particular files. 

 Access Verification: Records every attempt at access and compares it to the permissions that have been set. 

 Tamper Detection: Finds discrepancies between cloud storage logs and blockchain records. 

 Alert Mechanism: Notifies administrators of any anoma- lies or unauthorized changes found. 

D. Selection of Consensus Mechanisms 

Given that consensus processes are used by blockchain networks to verify transactions, the suggested system can make 

advantage of: 

 Proof of Authority (PoA): Provides quicker transaction confirmation and is perfect for private or permissioned 

blockchains. 

 In audit trail management, Delegated Proof of Stake (DPoS) guarantees scalability while preserving security. For 

enterprise applications, a permissioned blockchain (like Hyperledger Fabric) is recommended because of its high 

throughput and low latency. 

E. Retrieving Data and Verifying Audits 

Regulators and auditors can search the blockchain for par- ticular logs for validation: 

• Request for Auditor Logs: The auditor requests logs pertaining to a specific file or occurrence. 

 

Fig. 9. The block diagram for access control based on blockchain 
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 Blockchain Lookup: The system obtains the desired log and verifies that it corresponds to the hash of the first 

transaction. 

 Verification Procedure: An alert is raised to suggest possible tampering if the retrieved log differs from the stored 

hash. 

F. Performance Optimization and Security Upgrades 

The system incorporates the following to improve efficiency and security: 

 ZKPs, or zero-knowledge proofs, allow for verification without disclosing private information. 

 Off-Chain Storage with Merkle Trees: This method in- creases scalability by storing large amounts of data off- chain 

while maintaining secure proofs on-chain. 

 AI-Powered Anomaly Detection: Looks for questionable access patterns using machine learning models. 

G. Experimental Configuration and Assessment Criteria 

In order to verify the suggested approach, an experimental setup will be made using: 

 Blockchain Platform: Ethereum-based private network or Hyperledger Fabric. Cloud storage options include IPFS for 

decentralized storage, AWS S3, and Google Cloud Storage. 

 Examining Situations: many use scenarios, such as scal- ability testing, unauthorized modification detection, and 

access tracking. 

 Performance will be assessed according to: 

The quantity of audit logs handled in a second is known as Transaction Throughput (TPS). 

 Latency: The amount of time it takes to capture and validate a log entry. Storage Overhead: An extra expense related 

to keeping blockchain logs. 

 Security Metrics: Resistance to illegal changes and ma- nipulation. 

V. RESULT 

The suggested Blockchain-Based Audit Trail for Cloud Storage Systems was put into practice and assessed using a number of 

important performance indicators, such as scala- bility, security, immutability, transparency, and computational efficiency. The 

findings show that combining blockchain tech- nology with audit trail features improves data integrity, lowers security flaws, 

and increases regulatory compliance. 

 

Fig. 10. Efficiency and Performance 

A. Data Integrity and Security 

All access logs and file modifications are guaranteed to be unchangeable by the blockchain-based audit trail. Unautho- rized 

changes are prevented via our use of digital signatures and cryptographic hashing. Attempts to alter logs during testing failed, 

confirming the suggested system’s security. 

 Immutability Check: Despite several attempts at manip- ulation, the blockchain’s logs stayed unaltered. 

 Tamper Detection: By using cryptographic hashing and smart contract automation, unauthorized changes were 

identified. 
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B. Openness and Confidence 

Since authorized stakeholders may see every transaction, the distributed ledger concept improves transparency. A per- 

missioned blockchain (Hyperledger Fabric) allows businesses to manage access while maintaining the public verifiability of 

audit records for compliance. 

 Access Logs: Without depending on a central authority, auditors were able to track the history of activities be- cause 

each access request was documented on-chain. 

 Regulatory Compliance: By guaranteeing audit trail in- tegrity, the system complies with GDPR, HIPAA, and ISO 

27001 compliance standards. 

3. Performance and Computational Efficiency We examined the computational cost of logging operations, transaction de- 

lay, and storage overhead in order to evaluate performance. 

 Processing Time: Because of cryptographic hashing, the blockchain implementation resulted in a minor increase in 

processing time, but it also guaranteed greater security. 

 Storage Cost: Compared to conventional logging meth- ods, on-chain log storage came with a 15-20 percent overhead. 

VI. FUTURE SCOPE 

Improving the scalability, security, and usefulness of blockchain-based audit trails for cloud storage is the focus of this 

research’s future. Future research can concentrate on maximizing transaction throughput by putting Layer-2 scaling 

techniques like rollups and sharding into practice as blockchain networks continue to develop. Intelligent anomaly detection, 

risk assessment automation, and security threat prediction using previous audit logs can all be made possible by integrating 

AI-powered security analytics. To guarantee that audit logs can still be verified without disclosing private information, 

privacy-preserving techniques like homomorphic encryption and zero-knowledge proofs can be investigated. Furthermore, by 

automating compliance enforcement for laws like GDPR and HIPAA, smart contract integration can pro- vide real-time data 

access monitoring. For enterprises that use several cloud providers, cross-cloud and multi-blockchain interoperability will 

be essential, necessitating the creation of safe inter-blockchain communication protocols and decen- tralized identity 

management. Additionally, creating intuitive user interfaces that streamline audit trail management without sacrificing security 

can promote real-world adoption. Pilot schemes and trials with major cloud providers can provide valuable insights into 

adoption problems and system perfor- mance. Decentralized audit trails will become a viable and scalable means of securing 

cloud storage environments as blockchain technology matures. 

VII. CONCLUSION 

Utilizing blockchain-based audit trails for cloud storage platforms provides an revolutionary means of enhancing com- pliance, 

security, and transparency. Blockchain’s decentralized immutable ledger effectively eliminates the weaknesses of conventional 

audit systems such as data tampering, centralized control, and absence of real-time validation. The suggested methodology 

makes use of consensus processes, smart con- tracts, and cryptographic hashing to guarantee that audit logs are safe, verifiable, 

and impervious to unwanted changes. The incorporation of privacy-preserving methods and AI-driven analytics enhances audit 

trail dependability while resolving scalability issues with Layer-2 solutions. Even if issues like interoperability, transaction 

fees, and computing overhead still exist, ongoing developments in blockchain technology present encouraging answers. Future 

studies can concentrate on im- proving these mechanisms so that they can be easily adopted by a variety of sectors. The 

implementation of blockchain- based audit trails will be essential to building trust, regulatory compliance, and strong data 

security frameworks as businesses move more and more to cloud-based infrastructures. In the end, this study shows how 

blockchain technology can be used as a fundamental technology to secure audit logs, opening the door to more reliable and 

responsible cloud storage systems. 
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