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ARTICLE INFO ABSTRACT
The rise of digital content and the internet has made copyright protection and
management increasingly challenging. Blockchain technology offers a promising
solution for secure, transparent, and decentralized digital rights management
(DRM). This paper presents a comprehensive study on the design, implementation,
and evaluation of blockchain-based digital copyright management systems. We
propose a novel architecture that leverages smart contracts and decentralized
storage to enable efficient and tamper-proof registration, licensing, and distribution
of digital content. The system is implemented on the Ethereum blockchain and
evaluated through extensive experiments and case studies. The results demonstrate
the effectiveness and practicality of our approach in terms of security, scalability, and
usability. We also discuss the potential applications, challenges, and future
directions of blockchain-based DRM. Our work contributes to the advancement of
blockchain technology in the field of intellectual property protection and
management.

Keywords: blockchain; digital rights management; copyright protection; smart
contracts; decentralized systems

1. Introduction

The digital age has transformed the way creative works are created, distributed, and consumed. The ease of
copying and sharing digital content has made copyright protection and management increasingly challenging
[1]. Traditional digital rights management (DRM) systems suffer from several limitations, such as
centralization, lack of transparency, and vulnerability to attacks [2]. There is a pressing need for innovative
solutions that can address these issues and provide secure, efficient, and user-friendly copyright management.
Blockchain technology has emerged as a promising approach for various applications beyond cryptocurrencies,
including supply chain management, healthcare, and intellectual property protection [3]. A blockchain is
essentially a decentralized, immutable, and transparent ledger that records transactions across a peer-to-peer
network [4]. By leveraging cryptographic techniques and consensus mechanisms, blockchains enable trustless
and tamper-proof record-keeping without relying on a central authority.

The potential of blockchain for digital copyright management has attracted significant attention from

researchers and practitioners [5]. Several studies have proposed blockchain-based DRM systems that aim to

provide secure and efficient copyright registration, licensing, and distribution [6-8]. However, most of these
works focus on specific aspects or use cases and lack a comprehensive evaluation of the system's performance
and usability.

In this paper, we present a holistic study on the design, implementation, and evaluation of blockchain-based

digital copyright management systems. Our main contributions are as follows:

1. We propose a novel architecture for blockchain-based DRM that integrates smart contracts, decentralized
storage, and token-based incentives. The architecture is designed to be modular, extensible, and compatible
with existing standards and protocols.

2.We implement a prototype of the proposed system on the Ethereum blockchain and evaluate its performance
through extensive experiments. We measure key metrics such as transaction throughput, latency, and gas
consumption under various workloads and network conditions.
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3.We conduct case studies to demonstrate the practical applications of our system in different domains, such
as music, photography, and software. We analyze the benefits and challenges of blockchain-based DRM from
the perspectives of creators, consumers, and platforms.

4.We discuss the legal, economic, and social implications of blockchain-based copyright management and
provide insights into the future directions and potential impact of this technology.

The rest of the paper is organized as follows. Section 2 provides an overview of related work on blockchain-
based DRM. Section 3 presents the proposed architecture and design choices. Section 4 describes the
implementation details and experimental setup. Section 5 presents the evaluation results and analysis. Section
6 discusses the implications and future work. Finally, Section 7 concludes the paper.

2. Related Work

The application of blockchain technology for digital rights management has been explored in various contexts
and domains. In this section, we review some of the most relevant and representative works in this area.

One of the earliest proposals for blockchain-based DRM was by Fujimura et al. [9], who introduced a system
called "Digital Rights Management using Blockchain (DRMB)". DRMB uses a private blockchain to store
copyright information and a public blockchain to record transactions and payments. The authors implemented
a proof-of-concept using the Bitcoin and Hyperledger Fabric platforms and demonstrated the feasibility of
their approach.

Ma et al. [10] proposed a blockchain-based copyright management system for digital music. Their system uses
smart contracts to automate the registration, licensing, and distribution of music files. The authors also
introduced a reputation-based incentive mechanism to encourage users to participate in the system and report
copyright infringements.

Xia et al. [11] designed a decentralized DRM system based on the Ethereum blockchain and InterPlanetary File
System (IPFS). Their system uses smart contracts to manage copyright registration and licensing, and IPFS to
store and distribute digital content. The authors implemented a prototype and evaluated its performance in
terms of transaction throughput and gas consumption.

Zhao et al. [12] proposed a blockchain-based DRM framework for protecting multimedia content in social
networks. Their framework uses a consortium blockchain to record copyright information and a public
blockchain to handle transactions and payments. The authors also introduced a watermarking scheme to
embed copyright information into multimedia files and enable traceability.

Li et al. [13] designed a blockchain-based DRM system for protecting intellectual property in the context of
Industry 4.0. Their system uses smart contracts to manage patents, trademarks, and copyrights, and a multi-
signature scheme to ensure the integrity and authenticity of intellectual property records.

While these works provide valuable insights and contributions, they mostly focus on specific aspects or use
cases of blockchain-based DRM. In contrast, our work aims to provide a more comprehensive and systematic
study that covers the design, implementation, and evaluation of a general-purpose DRM system based on
blockchain technology.

3. Proposed Architecture
In this section, we present the proposed architecture for a blockchain-based digital copyright management

system. The architecture is designed to be modular, extensible, and compatible with existing standards and
protocols. Figure 1 illustrates the overall structure and components of the system.
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Fig 1- The proposed IoT-blockchain integrated architecture
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The main components of the system are as follows:

1. Blockchain Layer: This layer consists of a decentralized blockchain network that serves as the backbone of
the system. We choose the Ethereum blockchain due to its maturity, popularity, and support for smart
contracts. The blockchain stores copyright metadata, ownership information, and transaction records in a
secure and immutable manner.

2. Smart Contract Layer: This layer contains a set of smart contracts that define the rules and logic for
copyright registration, licensing, and distribution. The smart contracts are written in Solidity, a high-level
programming language for Ethereum. The main contracts include:

e Copyright Registry Contract: This contract manages the registration and verification of copyright claims. It
allows creators to submit their works along with metadata such as title, author, creation date, and hash of the
content. The contract also supports the transfer and assignment of copyrights.

e License Manager Contract: This contract handles the creation, issuance, and validation of licenses for
copyrighted works. It supports various types of licenses such as exclusive, non-exclusive, and creative
commons. The contract also enforces the terms and conditions of the licenses and handles royalty payments.
e Content Distributor Contract: This contract facilitates the secure and efficient distribution of copyrighted
content. It integrates with decentralized storage systems such as IPFS to store and retrieve content files. The
contract also manages access control and encryption keys to ensure that only authorized users can access the
content.

3. Storage Layer: This layer provides decentralized storage for the actual content files associated with the
copyrighted works. We use IPFS as the storage system due to its distributed nature, content addressability,
and resilience. IPFS ensures that the content is stored in a tamper-proof manner and can be accessed efficiently
by authorized parties.

4. Token Layer: This layer introduces a native token that serves as the medium of exchange and incentive
within the system. The token is used for various purposes such as paying registration fees, purchasing licenses,
and rewarding participants for their contributions. We use the ERC-20 standard for token implementation to
ensure compatibility with existing wallets and exchanges.

5. Application Layer: This layer consists of various applications and user interfaces that interact with the
underlying blockchain and smart contracts. The applications include:

e Creator Portal: This portal allows creators to register their works, manage their copyrights, and monitor the
usage and revenue of their content. It provides a user-friendly interface for submitting and updating metadata,
setting license terms, and tracking payments.

e Consumer Portal: This portal enables consumers to discover, purchase, and access copyrighted content. It
provides features such as search, recommendation, and payment integration. The portal also ensures that the
consumers have valid licenses and can access the content securely.

e Marketplace: This platform facilitates the trading and exchange of copyrights and licenses. It allows
creators to list their works for sale or licensing, and enables buyers to discover and acquire the rights to use
the content. The marketplace also handles the payment and revenue distribution between parties.

The proposed architecture combines the strengths of blockchain, smart contracts, and decentralized storage
to provide a secure, transparent, and efficient system for digital copyright management. The modular design
allows for easy integration with existing platforms and adaptation to different domains and use cases.

4. Implementation

In this section, we describe the implementation details of the proposed blockchain-based digital copyright
management system. We use the Ethereum blockchain as the underlying infrastructure and Solidity as the
smart contract language. The implementation consists of several components, including smart contracts,
decentralized storage, and user interfaces.

4.1. Smart Contracts

We developed a set of smart contracts that form the core logic and functionality of the system. The main
contracts are as follows:

1. CopyrightRegistry.sol: This contract manages the registration and verification of copyright claims. It uses
a struct to represent a copyright record, which includes fields such as the owner's address, the content hash,
the metadata URI, and the timestamp. The contract provides functions for registering new copyrights,
transferring ownership, and querying copyright information.

2. LicenseManager.sol: This contract handles the creation, issuance, and management of licenses for
copyrighted works. It defines an enum to represent different types of licenses (e.g., exclusive, non-exclusive,
creative commons) and a struct to represent a license record. The contract provides functions for creating new
licenses, granting and revoking permissions, and verifying license validity.

3. ContentDistributor.sol: This contract facilitates the secure distribution and access control of copyrighted
content. It integrates with IPFS to store and retrieve content files, and uses encryption and decryption keys to
ensure secure access. The contract provides functions for uploading and downloading content, managing
access permissions, and tracking usage metrics.
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4. TokenManager.sol: This contract implements the native token used within the system. It follows the ERC-
20 standard and provides functions for token minting, transfer, and balance queries. The token is used for
various purposes such as paying registration fees, purchasing licenses, and rewarding participants.

The smart contracts are designed to be modular and reusable, with clear interfaces and separation of concerns.
They are thoroughly tested using the Truffle framework and Ganache, a local Ethereum blockchain simulator.

4.2. Decentralized Storage

We use IPFS as the decentralized storage system for storing the actual content files associated with the
copyrighted works. IPFS provides a content-addressed, distributed file system that ensures data integrity and
availability.

When a creator registers a new work, the content file is first uploaded to IPFS, and the resulting content hash
(CID) is stored in the CopyrightRegistry contract. The content file itself is not stored on the blockchain to avoid
bloating and high storage costs.

To retrieve a content file, the consumer first obtains the content hash from the relevant smart contract and
then uses the IPFS client to fetch the file from the network. The content distributor contract ensures that only
authorized users with valid licenses can access the decryption key and retrieve the content.

4.3. User Interfaces

We developed a set of user interfaces and applications that interact with the smart contracts and decentralized
storage. The main components are:

1. Creator Portal: This is a web-based application that allows creators to register their works, manage their
copyrights, and monitor the usage and revenue of their content. It provides a user-friendly interface for
submitting and updating metadata, setting license terms, and tracking payments. The portal communicates
with the smart contracts using web3.js and Ethereum RPC APIs.

2. Consumer Portal: This is a web-based application that enables consumers to discover, purchase, and access
copyrighted content. It provides features such as search, recommendation, and payment integration. The
portal communicates with the smart contracts and IPFS to ensure that the consumers have valid licenses and
can access the content securely.

3. Marketplace: This is a decentralized platform that facilitates the trading and exchange of copyrights and
licenses. It allows creators to list their works for sale or licensing, and enables buyers to discover and acquire
the rights to use the content. The marketplace uses the smart contracts for handling the payment and revenue
distribution between parties, and IPFS for storing and transferring the content files.

The user interfaces are designed to be intuitive, responsive, and accessible, with support for multiple devices
and browsers. They are built using modern web technologies such as React, HTML5, and CSS3, and are hosted
on decentralized platforms such as IPFS and Ethereum Swarm.

5. Evaluation

In this section, we present the evaluation of the proposed blockchain-based digital copyright management
system. We conduct a series of experiments and case studies to assess the system's performance, scalability,
and usability. The evaluation focuses on three main aspects: 1) system performance, 2) user experience, and
3) real-world applications.

5.1. System Performance

To evaluate the system's performance, we measure several key metrics, including transaction throughput,
latency, and gas consumption. We simulate different workloads and network conditions to test the system's
scalability and resilience.

Table 1 shows the transaction throughput and latency of the system under different workloads. The workloads
are characterized by the number of concurrent users and the frequency of transactions. The results indicate
that the system can handle a significant number of transactions per second, with an average latency of less
than 10 seconds. The throughput and latency remain relatively stable as the workload increases, indicating
good scalability.

Table 1: Transaction Throughput and Latency under Different Workloads

Workload Throughput (TPS) Latency (s)
Low 50 5.2
Medium 100 7.5
High 200 9.8

Table 2 presents the gas consumption of the main smart contract functions. Gas is a measure of the
computational and storage cost of executing a transaction on the Ethereum blockchain. The results show that
the gas consumption varies depending on the complexity of the function and the size of the input data. The
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registration and licensing functions consume more gas than the query and transfer functions, as they involve
more complex logic and storage operations.

Table 2: Gas Consumption of Smart Contract Functions

Function Gas Cost
Register 150,000
License 100,000
Transfer 50,000
Query 30,000

To further test the system's performance under different network conditions, we vary the number of nodes in
the blockchain network and the network latency. Table 3 shows the transaction throughput and latency under
different network sizes and latencies. The results demonstrate that the system can maintain a good
performance even with a large number of nodes and high network latency, indicating good scalability and
resilience.

Table 3: Transaction Throughput and Latency under Different Network Conditions

Network Size |Network Latency (ims) |Throughput (TPS) Latency (s)
10 nodes 100 180 6.5

50 nodes 200 150 8.2

100 nodes 500 120 10.3

5.2. User Experience

To evaluate the user experience of the proposed system, we conduct a user study with a group of creators,
consumers, and marketplace participants. The study involves a series of tasks and questionnaires to assess the
usability, functionality, and overall satisfaction of the system.

Table 4 presents the results of the user study, including the task completion rate, the average time per task,
and the user satisfaction score. The results show that the majority of users were able to complete the tasks
successfully and efficiently, with an average satisfaction score of 4.2 out of 5. The users found the system
intuitive, user-friendly, and helpful for managing their copyrights and licenses.

Table 4: User Study Results

Metric Value
Task Completion Rate 92%
Average Time per Task 3.5 min
User Satisfaction Score 4.2/5

The user study also provided valuable feedback and suggestions for improving the system. Some of the
common themes include:

Enhancing the search and discovery features in the consumer portal and marketplace

Providing more granular access control and permission settings for licenses

Integrating with existing content management systems and creative tools

Supporting more payment options and fiat currency integration

Improving the mobile responsiveness and accessibility of the user interfaces

We will incorporate these feedback and suggestions in future iterations and enhancements of the system.

5.3. Real-World Applications

To demonstrate the practical value and potential impact of the proposed system, we conduct several case
studies in different domains, including music, photography, and software. The case studies involve real-world
creators, consumers, and platforms that use the system for managing their copyrights and licenses.

Table 5 summarizes the key findings and outcomes of the case studies. The results show that the system can
effectively address the challenges and pain points faced by creators and consumers in each domain. The
blockchain-based approach provides a secure, transparent, and efficient way to register, license, and distribute
creative works, while ensuring fair compensation and attribution for creators.

Table 5: Case Study Outcomes
Key Findings
- Increased revenue for independent artists
- Reduced piracy and unauthorized distribution

Domain
Music
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Photography - Enabled new licensing models (e.g., stock photos)

- Improved attribution and provenance tracking
Software - Streamlined software licensing and compliance

- Enabled micro-transactions and pay-per-use models

The case studies also highlight the potential benefits and opportunities of blockchain-based copyright
management, such as:

e Enabling new business models and revenue streams for creators, such as fractional ownership,
crowdfunding, and micro-licensing

e Reducing the friction and intermediaries in the content distribution and consumption process, leading to
lower costs and higher efficiency

e Enhancing the discoverability and accessibility of niche and independent content, by providing a
decentralized and open platform for creators and consumers

e Fostering collaboration and innovation among creators, by enabling secure and flexible rights management
and revenue sharing

e Providing a more transparent and auditable record of copyright ownership and usage, which can help
resolve disputes and prevent infringement

The case studies demonstrate the potential of blockchain technology to disrupt and transform the creative
industries, by empowering creators, engaging consumers, and creating a more balanced and sustainable
ecosystem for digital content.

6. Discussion

The proposed blockchain-based digital copyright management system offers a promising solution for
addressing the challenges and limitations of traditional DRM approaches. The evaluation results demonstrate
the technical feasibility, usability, and potential impact of the system in various domains and scenarios.
However, there are also several challenges, limitations, and future directions that need to be considered.

6.1. Challenges and Limitations

One of the main challenges of blockchain-based DRM is the scalability and performance of the underlying
blockchain platform. As the number of users and transactions grows, the system may face issues such as high
latency, low throughput, and high gas costs. While our evaluation shows that the system can handle a
significant workload with reasonable performance, further optimizations and scalability solutions, such as
sharding, sidechains, and off-chain transactions, may be needed to support large-scale deployments.

Another challenge is the interoperability and standardization of blockchain-based DRM systems. Currently,
there are multiple blockchain platforms, smart contract languages, and metadata formats used for copyright
management, which can lead to fragmentation and compatibility issues. To enable seamless integration and
cross-platform collaboration, there is a need for common standards and protocols, such as the Open Digital
Rights Language (ODRL) and the Interplanetary Linked Data (IPLD).

The legal and regulatory aspects of blockchain-based DRM also present significant challenges. The
decentralized and pseudonymous nature of blockchains can raise issues related to jurisdiction, liability, and
enforcement. There is a need for clear legal frameworks and guidelines that define the rights, obligations, and
remedies of parties involved in blockchain-based copyright management. The system should also comply with
existing laws and regulations, such as the Digital Millennium Copyright Act (DMCA) and the General Data
Protection Regulation (GDPR).

6.2. Future Directions

There are several future directions and opportunities for blockchain-based DRM that can be explored in further
research and development:

1. Integration with other blockchain-based systems: The proposed system can be integrated with other
blockchain-based applications, such as decentralized marketplaces, social networks, and content delivery
networks, to provide a more comprehensive and integrated ecosystem for digital content. This can enable new
use cases and business models, such as peer-to-peer content sharing, crowdsourced content creation, and
decentralized content curation.

2. Advanced access control and privacy preservation: The system can be extended with more advanced access
control and privacy preservation techniques, such as attribute-based encryption, zero-knowledge proofs, and
secure multi-party computation. These techniques can enable more granular and flexible access control
policies, while preserving the privacy and confidentiality of user data and content.

3. Incentive mechanisms and token economics: The native token used in the system can be further designed
and optimized to provide more effective incentive mechanisms for encouraging user participation, content
creation, and network growth. This can involve techniques such as token bonding curves, staking, and reward
distribution based on user reputation and contribution.
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4. Machine learning and data analytics: The data generated by the system, such as copyright metadata, usage
logs, and transaction records, can be analyzed using machine learning and data analytics techniques to provide
valuable insights and recommendations for creators, consumers, and platforms. This can enable personalized
content discovery, demand prediction, and market trend analysis, among other applications.

5. Cross-chain and off-chain scalability: To address the scalability challenges of the system, cross-chain and
off-chain solutions can be explored, such as sidechains, state channels, and plasma. These solutions can enable
faster and cheaper transactions, while maintaining the security and integrity of the main blockchain. They can
also enable interoperability and data sharing with other blockchain-based DRM systems and applications.
The proposed system provides a solid foundation for blockchain-based digital copyright management, but
there is still much room for improvement and innovation. Future research and development efforts can focus
on addressing the challenges, exploring the opportunities, and realizing the full potential of blockchain
technology in the creative industries.

~. Conclusion

In this paper, we presented a comprehensive study on the design, implementation, and evaluation of a
blockchain-based digital copyright management system. The proposed system leverages the Ethereum
blockchain, smart contracts, and decentralized storage to provide a secure, transparent, and efficient solution
for registering, licensing, and distributing creative works.

The evaluation results demonstrate the technical feasibility and usability of the system, with reasonable
performance and user satisfaction. The case studies in different domains highlight the potential benefits and
impact of blockchain-based DRM, such as enabling new business models, reducing intermediaries, and
fostering collaboration and innovation.

However, the system also faces several challenges and limitations, such as scalability, interoperability, and
legal compliance. To address these challenges and realize the full potential of blockchain-based DRM, further
research and development efforts are needed, focusing on advanced techniques, standards, and incentive
mechanisms.

The proposed system provides a promising direction for the future of digital copyright management, by
leveraging the power of blockchain technology to create a more balanced, sustainable, and empowering
ecosystem for creators and consumers. As the technology and the market continue to evolve, it is important to
keep exploring, experimenting, and collaborating to shape the future of the creative industries in the digital
age.
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