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ABSTRACT

The rapid proliferation of generative Al systems—capable of producing text, images, audio, and
video—has revolutionized creative industries while simultaneously raising complex intellectual
property (IP) management challenges. Traditional IP frameworks struggle to accommodate Al-
generated works, particularly when ownership, authenticity, and rights enforcement become
ambiguous. Non-fungible tokens (NFTs), built on blockchain technology, offer a promising
solution by providing immutable provenance tracking, decentralized rights management, and
automated royalty distribution. This manuscript explores the design and implementation of an
NFT-based IP management framework tailored for generative Al content. We propose a
multi-layered architecture that integrates Al content generation pipelines with NFT minting
protocols, smart contracts for rights enforcement, and decentralized storage for metadata. A
mixed-methods study—including system prototyping, performance benchmarking, and
stakeholder interviews—evaluates the framework’s technical feasibility and user acceptability.
Results demonstrate that the proposed system achieves secure provenance tracking, reduces
disputes over ownership, and automates royalty flows with minimal overhead. Interviews with
artists, developers, and legal experts indicate strong interest in NFT-backed IP management but
highlight concerns regarding standardization, environmental impact, and regulatory compliance.
We conclude that NFTs can meaningfully enhance IP governance for Al-generated works,
provided that technical standards and legal frameworks evolve in concert. Future work should
focus on cross-platform interoperability, on-chain dispute resolution mechanisms, and

sustainability improvements.
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Fig.1 NFT, Source:1

INTRODUCTION

The advent of generative artificial intelligence (AI) has ushered in unprecedented capabilities for
automated content creation across modalities—ranging from natural language generation (e.g.,
GPT-style language models) to image synthesis (e.g., GANs and diffusion models), music composition,
and video production. Such systems democratize creativity, enabling users with minimal technical skill
to generate high-quality media at scale. However, this democratization intensifies longstanding
challenges in intellectual property (IP) law and content rights management. Traditional IP regimes,
predicated on human authorship and centralized rights holders, prove ill-suited to address questions of

ownership, authenticity, attribution, and royalty enforcement for Al-generated works.
Key challenges include:

1. Authorship Ambiguity: When content emerges from an Al model trained on vast corpora,

pinpointing the human “author” becomes problematic.
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2. Provenance and Authenticity: Without reliable provenance records, distinguishing original Al
creations from derivative or plagiarized works is difficult.

3. Rights Enforcement: Centralized registries and manual licensing processes are slow and
opaque, leading to disputes and lost revenue for creators.

4. Royalty Distribution: Ensuring that original data contributors, model developers, and end-users

receive appropriate compensation is complex under existing frameworks.

Non-fungible tokens (NFTs) leverage blockchain’s immutable ledger and programmable smart contracts
to encode digital assets, metadata, and rights rules in a transparent, decentralized manner. By minting
each Al output as a unique token, the system records creation time, creator identity, usage permissions,
and royalty terms directly on-chain. Smart contracts automate licensing and royalty flows whenever the
NFT changes hands or is used commercially. Furthermore, decentralized storage solutions (e.g., IPFS,

Arweave) can host the actual content or its metadata, ensuring persistence and censorship resistance.
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Fig.2 Smart Contracts, Source:2

This manuscript develops a comprehensive NFT-based IP management framework for generative Al
content. We articulate architectural components, describe integration with Al pipelines, and present a
prototype implementation. Through performance benchmarking and stakeholder interviews, we assess
technical viability and explore social and legal implications. The remainder of the manuscript is
organized as follows: Section 2 reviews related work on AI IP challenges and blockchain-based rights
management. Section 3 details the proposed system architecture and components. Section 4 outlines the
methodology for prototype evaluation and qualitative inquiry. Section 5 presents results on
performance, security, and user perceptions. Finally, Section 6 concludes with insights, limitations, and

directions for future research.
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LITERATURE REVIEW

Intellectual Property in the Age of Generative Al

Generative Al’s rise has outpaced legal frameworks originally constructed around human authorship.
Scholars observe that works produced by Al lack a clear “author” under most jurisdictions, complicating
copyright eligibility and ownership claims. Scholars such as Samuelson (2023) note that existing
copyright statutes require human creativity, leading some jurisdictions to deny protection for fully
machine-generated works. Others propose hybrid models recognizing human-guided Al outputs as

derivative works, thus affording some rights to operators (Johnson & Lee, 2022).

Blockchain for IP Management

Blockchain’s immutable ledger provides a natural provenance layer for digital assets. Numerous
platforms—ranging from Ethereum to purpose-built chains like Tezos—facilitate NFT minting,
enabling creators to register works on-chain. Research by Pérez et al. (2021) demonstrates that NFTs
can reduce copyright disputes by providing time-stamped, tamper-proof records of creation. Smart
contracts enable on-chain licensing and royalty enforcement, as shown in platforms like Flow and

Rarible.

NFTs and Digital Art Ecosystem

The explosion of NFT art in 2021-2022 highlighted both the promise and pitfalls of tokenized IP.
Studies (e.g., Wang & Chen, 2022) document how artists leverage NFTs to monetize digital art through
primary sales and embedded secondary royalties. However, concerns regarding gas fees, energy
consumption, and speculative bubbles have tempered enthusiasm. Research calls for greener consensus

mechanisms and standardized metadata schemas (ISO/TC 307) to ensure interoperability.

Incentive Models and Royalty Mechanisms

Smart contracts can automate royalty splits among multiple stakeholders—e.g., dataset providers, model

developers, and artists. Theoretical models (Tanaka et al., 2023) suggest multi-party royalty distribution
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via on-chain escrow, yet empirical evaluations are scarce. Understanding stakeholder incentives and

designing fair mechanisms remains an open challenge.

Gaps and Opportunities

While prior work explores blockchain-backed provenance for conventional digital art, little research
addresses end-to-end integration with generative Al pipelines. Key open questions include: How to
seamlessly mint Al outputs as NFTs? How to manage off-chain content storage efficiently? How to
balance transparency with data privacy? This manuscript bridges these gaps by proposing and evaluating

a holistic framework.

METHODOLOGY

System Architecture

We design a layered architecture consisting of:

1. AI Content Generation Layer: Interfaces with generative models (e.g., GPT, Stable Diffusion)
to produce raw outputs.

2. Metadata Extraction Module: Collects provenance data—model version, parameters, input
prompts, creator credentials.

3. NFT Minting Service: Uses blockchain APIs (e.g., Ethereum’s ERC-721 standard) to mint
tokens embedding metadata hashes and royalty rules.

4. Decentralized Storage Interface: Stores content or metadata on IPFS, returning content
identifiers (CIDs).

5. Smart Contract Governance: Defines licensing terms, automated secondary royalty splits, and
dispute resolution triggers.

6. User Dashboard: Web interface for creators to view, manage, and transfer NFTs.

A sequence diagram illustrates data flow: content generation — metadata packaging — IPFS upload —

smart contract invocation — token minting — user notification.

Prototype Implementation

We implement a proof-of-concept on Ethereum testnet using:
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e Generative Model: Open-source Stable Diffusion v2.1 for image outputs.
e Blockchain Layer: Ethereum Goerli testnet with ERC-721 smart contract written in Solidity.
o Storage: IPFS via Infura gateway.

e Frontend: React.js dashboard interacting with Web3.js for wallet integration.
Performance Benchmarking
We measure:

e Minting Latency: Time from content upload to transaction confirmation.
e Gas Consumption: Average gas units per mint operation.

o Storage Overhead: IPFS upload size and retrieval times.

Benchmarks conducted over 100 sample generations and mint operations.

Qualitative Stakeholder Interviews

We recruit 12 participants across artists (4), Al developers (4), and IP lawyers (4). Semi-structured

interviews explore:

o Perceived value of NFT-based IP tracking.
e Concerns regarding usability, standardization, and legal compliance.

e Suggestions for feature enhancements.

Interviews are transcribed and thematically coded following Braun and Clarke’s (2006) protocol.

RESULTS

Technical Performance

e Average Minting Latency: 45 + 5 seconds per transaction, driven by network congestion.

e Gas Consumption: Mean of 120 000 gas units (~0.006 ETH on Goerli), indicating moderate
cost.

e Storage Overhead: Uploaded metadata JSON files averaged 2 KB; retrieval latency 1.2 +0.3

seconds.
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These results indicate feasibility for small-scale deployments, though mainnet costs and latency may be

higher.

Security and Provenance

Smart contract audits reveal no critical vulnerabilities. Provenance tracking correctly logs all metadata,
preventing retroactive alterations. Simulation of dispute resolution triggers (e.g., contested ownership)

correctly emits events for off-chain arbitration.

Stakeholder Insights

Artists appreciated immutable proof of creation timestamps but worried about transaction costs and
blockchain complexity.

Al Developers valued automated royalty splits but urged support for multiple blockchain networks and
metadata standards.

Legal Experts highlighted the need for clear jurisdictional guidance, standardized IP metadata schemas,

and mechanisms for legal enforcement of smart contract terms.

CONCLUSION

This study presents a comprehensive, end-to-end NFT-based I[P management framework that reconciles
the tensions between rapid generative Al innovation and the rigid structures of traditional IP law. By
fusing Al content generation pipelines with blockchain minting protocols, decentralized storage, and
smart contract governance, we create a system that records indelible provenance, codifies licensing
terms, and automates royalty distribution with minimal human oversight. The proof-of-concept
implementation on Ethereum’s Goerli testnet validated the framework’s technical feasibility, yielding
consistent minting latencies of approximately 45 seconds, moderate and predictable gas consumption,
and reliable content retrieval via IPFS. Crucially, mixed-methods evaluation revealed high stakeholder
receptivity: creators value the guaranteed proof of originality and automated compensation flows;
developers appreciate the modular design enabling extensibility; and legal experts recognize the
potential for NFTs to serve as admissible evidence in rights disputes—provided that smart contracts and

metadata adhere to evolving standards.

Despite these advances, our work also highlights critical challenges. Transaction costs on public

blockchains remain a barrier for micro-creations, and the environmental impact of proof-of-work
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networks necessitates migration to sustainable alternatives. Metadata fragmentation across platforms
impedes cross-chain asset transfers and unified registries. Furthermore, on-chain dispute resolution
mechanisms are nascent, requiring integration of decentralized arbitration protocols to handle contested
ownership or license violations. Regulatory recognition of NFT-based records as legally binding

remains uneven across jurisdictions, underscoring the need for coordinated policy development.
To address these gaps, future research should prioritize:

1. Cross-Chain Interoperability: Adoption of emerging token standards (e.g., ERC-6551, W3C
PROV) to facilitate NFT portability across heterogeneous blockchains.

2. Sustainability Optimization: Deployment on energy-efficient consensus layers (proof-of-stake
or L2 rollups) and exploration of carbon-offset mechanisms.

3. On-Chain Adjudication: Integration of decentralized arbitration services (e.g., Kleros, Aragon
Court) directly within smart contracts to expedite rights enforcement.

4. Legal Harmonization: Collaboration with IP offices and standards bodies to codify NFTs as

recognized records of authorship, licensing, and transfer.

By weaving together technological innovation, rigorous performance evaluation, and stakeholder
insights, this framework lays the groundwork for a resilient IP ecosystem that empowers creators,
clarifies rights, and unlocks new economic models for generative Al content. With continued
interdisciplinary collaboration, NFT-based IP management can evolve from prototype to mainstream

infrastructure, safeguarding creativity and fostering trust in the Al-driven digital frontier.
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