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ABSTRACT: 

 

This chapter provides a comprehensive review of the blockchain technology for image authentication and ownership verification. 

With the rise of digital imagery and the ease of sharing content online, ensuring the authenticity and ownership of images has become 

increasingly important. Traditional methods for image authentication and ownership verification often face challenges such as 

tampering, copyright infringement, and dispute resolution. Blockchain technology, with its decentralized and immutable nature, offers 

promising solutions to address these challenges. This work examines the various approaches, techniques, and frameworks proposed in 

the literature for blockchain-based image authentication and ownership verification. It explores the underlying principles of 

blockchain, its key features relevant to image security, and the benefits it brings to this domain. Furthermore, the paper presents a 

detailed analysis of the existing blockchain-based solutions, highlighting their strengths, limitations, and potential areas for 

improvement. Finally, it discusses emerging trends, open research challenges, and future directions in the field of blockchain-based 

image authentication and ownership verification. 
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I. INTRODUCTION 

 

1.1. Background and Motivation: 

    The widespread adoption of digital imagery and the ease of sharing content online has given rise to the need for 

reliable image authentication and ownership verification. With the increasing prevalence of image tampering and copyright 

infringement, ensuring the integrity and rightful ownership of images has become a significant concern. Traditional methods 

for image authentication, such as watermarking and digital signatures, often fall short of providing robust protection against 

emerging threats and sophisticated attacks. Additionally, establishing clear ownership of images is challenging, leading to 

disputes and legal complexities. Therefore, there is a pressing need for innovative solutions that can address these challenges 

effectively. 

1.2. Challenges in Image Authentication and Ownership Verification: 

    Image authentication faces several challenges in the digital era. Digital manipulation tools, such as sophisticated 

image editing software and deepfake technologies, enable malicious actors to alter images convincingly, making it difficult to 

distinguish between authentic and manipulated images. Moreover, copyright infringement and unauthorized use of images 

are rampant issues, requiring effective mechanisms to establish and verify image ownership. Existing approaches often 

struggle to provide comprehensive solutions to these challenges, necessitating further research and development. 

1.3. Role of Blockchain Technology: 

    Blockchain technology has emerged as a promising solution for image authentication and ownership verification. 

Blockchain's inherent characteristics, including decentralization, immutability, and transparency, make it well-suited for 

ensuring the integrity and provenance of digital assets. It enables the establishment of trust among multiple parties involved 

in image sharing and ownership verification processes. Blockchain-based solutions offer advantages such as decentralized 

ownership verification, traceability of image transactions, and transparency in copyright management. 

 

II. BLOCKCHAIN TECHNOLOGY FUNDAMENTALS 

2.1. Blockchain Architecture: 

    Blockchain is a decentralized and distributed ledger that maintains a record of transactions or data across a network 

of nodes. Figure 1 shows the blockchain architecture.  Each transaction in blockchain is grouped into a block, which contains 

a unique identifier called a cryptographic hash. These blocks are linked together in a chronological order, forming a chain. 

Each block stores a reference to the previous block, ensuring the integrity and immutability of the data. 

The decentralized nature of blockchain means that there is no central authority controlling the ledger. Instead, 

multiple nodes in the network participate in the validation and verification of transactions. This distributed architecture 

increases transparency, security, and resilience by removing the single point of failure. 
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Figure1: Blockchain Architecture 

     

2.2. Decentralization and Consensus Mechanisms: 

    Decentralization is a core principle of blockchain technology. Rather than relying on a central authority, the 

blockchain network operates through a consensus mechanism. Consensus ensures that all nodes in the network agree on the 

validity of transactions and the order in which they are added to the blockchain. 

   Consensus mechanisms, such as Proof of Work (PoW) or Proof of Stake (PoS), play a vital role in maintaining the 

integrity of the blockchain. In PoW, miners compete to solve complex mathematical puzzles to validate transactions and add 

blocks to the chain. In PoS, validators are chosen based on the amount of cryptocurrency they hold or "stake." These 

validators are responsible for verifying transactions and securing the network. Consensus mechanisms prevent malicious 

actors from tampering with the blockchain by requiring a majority agreement among the participating nodes. 

2.3. Immutability and Data Integrity: 

    Immutability is a fundamental characteristic of blockchain technology. Once data is added to the blockchain, it is 

considered permanent and tamper-proof. This immutability is achieved through the use of cryptographic hash functions. 

    Cryptographic hash functions generate unique fixed-length strings of characters, known as hash values or 

fingerprints, based on the input data. These hash values act as digital signatures for each block. Any change to the data within 

a block would result in a different hash value. As a result, altering the content of a block would require changing the hash 

values of that block and all subsequent blocks, which is computationally infeasible. This property ensures the integrity and 

immutability of the data stored in the blockchain. 

2.4. Smart Contracts and Digital Tokens: 

    Smart contracts are self-executing contracts with predefined rules and conditions encoded on the blockchain. They 

automatically execute actions or agreements once the specified conditions are met. Smart contracts eliminate the need for 

intermediaries and provide a reliable and transparent way to enforce agreements. 

    Digital tokens are another essential aspect of blockchain technology. They can represent various assets, such as 

cryptocurrencies or utility tokens. Digital tokens enable secure and transparent transactions within the blockchain network. 

They can be used for incentivizing participants, facilitating value transfer, or representing ownership rights. 

 

III. BLOCKCHAIN-BASED IMAGE AUTHENTICATION TECHNIQUES 

3.1. Timestamping and Hashing: 

 Blockchain-based image authentication uses blockchain technology along with timestamping and hashing of the 

image data. An image's metadata, including the timestamp, is hashed when it is captured or uploaded using a cryptographic 

hash function like SHA-256. The content of the image is uniquely represented by the generated hash value. The blockchain 

stores this hash value and other pertinent information.     

    Example: Let's say a photographer captures a stunning landscape photograph and wants to authenticate its integrity. 

The image's metadata, including the timestamp, is hashed using SHA-256, resulting in a hash value like "ABC123...". The 

photographer then records this hash value and other relevant data, such as the image location and camera details, on the 

blockchain. This establishes an immutable record of the image's content and verifies its integrity. Any modification to the 

image, even a slight pixel change, will result in a different hash value, alerting viewers to potential tampering. 

3.2. Digital Signatures: 

    Digital signatures provide a way to authenticate the creator or owner of an image. In this technique, the image 

creator signs the image using their private key, generating a digital signature. The image, along with the digital signature, is 

stored on the blockchain. Anyone with access to the blockchain can verify the authenticity of the image by using the creator's 

public key to validate the digital signature. 



    Example: A professional photographer captures a series of portraits and wants to assert their ownership and 

authenticate the images. They sign each image using their private key, generating a digital signature. The images, along with 

the corresponding digital signatures, are stored on the blockchain. Any interested party can use the photographer's public key 

to verify the digital signatures and confirm the authenticity of the images. This technique ensures that the images originated 

from the claimed creator and have not been tampered with. 

3.3. Ownership and Copyright Registration: 

    Blockchain can be used to register and verify image ownership and copyright information. When a photographer 

captures an image, they can register their ownership details, including their name, copyright information, and licensing 

terms, on the blockchain. This creates an immutable record of ownership that can be easily verified. 

    Example: A professional photographer wants to establish copyright ownership of their portfolio of images. They 

register the ownership details of each image, including their name, copyright registration number, and licensing terms, on the 

blockchain. This creates an auditable record of their ownership. In case of copyright infringement or disputes, the blockchain 

serves as transparent and tamper-proof evidence of ownership, simplifying the resolution process. 

3.4. Decentralized Image Storage: 

    Storing images on a decentralized blockchain-based storage system enhances their security and availability. Instead 

of relying on centralized servers or cloud storage, blockchain-based storage platforms distribute image data across multiple 

nodes, ensuring redundancy and preventing a single point of failure. 

    Example: An image sharing platform adopts a blockchain-based storage system for its users' images. When a user 

uploads an image, it is fragmented into smaller parts and distributed across multiple nodes in the blockchain network. Each 

node securely stores a portion of the image data. This decentralized approach ensures that the images are resistant to hacking, 

data loss, or unauthorized modifications. Even if a few nodes fail or are compromised, the image data remains intact and can 

be retrieved from the other nodes. 

3.5. Consensus-based Image Verification: 

    Consensus mechanisms in blockchain enable multiple nodes in the network to collectively verify the authenticity of 

images. By participating in the consensus process, nodes reach an agreement on the validity of images and prevent the 

inclusion of tampered or fraudulent images in the blockchain. 

    Example: A blockchain-based stock photography platform allows photographers to submit their images for 

verification and inclusion in the platform's collection. The submitted images go through a consensus process involving 

multiple nodes in the network. These nodes collectively verify the authenticity and quality of the images, ensuring they meet 

the platform's standards. Once a consensus is reached, the approved images are added to the blockchain, providing a 

trustworthy collection for potential buyers. 

IV. BLOCKCHAIN-BASED IMAGE OWNERSHIP VERIFICATION 

Blockchain technology provides a robust solution for verifying image ownership in a decentralized and tamper-proof manner. Let's 

delve into the explanation of blockchain-based image ownership verification with an example: 

4.1. Registration of Image Ownership: 

When a photographer captures or creates an image, they can register their ownership details on the blockchain. This 

includes information such as the photographer's name, contact information, and copyright details. This creates a digital 

record of ownership associated with the image. 

   Example: Alice, a professional photographer, captures a breath-taking photograph of a landmark. She decides to register 

her ownership on the blockchain by providing her name, email address, and copyright registration number as part of the 

ownership record. 

4.2. Digital Signatures: 

    Digital signatures play a crucial role in verifying image ownership on the blockchain. The photographer signs the 

ownership record using their private key, creating a unique digital signature. This signature serves as cryptographic proof that 

the owner has authorized and endorsed the ownership claim. 

   Example: Alice uses her private key to generate a digital signature for the ownership record associated with her 

photograph. This digital signature is unique to Alice and ensures that she is the rightful owner of the image. 

4.3. Immutable Ownership Record: 

    The ownership record, including the ownership details and the digital signature, is stored on the blockchain. The 

decentralized and immutable nature of the blockchain ensures that the ownership record cannot be altered or tampered with. 

It becomes a permanent and transparent entry that can be accessed and verified by anyone. 



   Example: Alice's ownership record, containing her ownership details and the digital signature, is stored on the blockchain. 

This record becomes a permanent and unchangeable entry that can be viewed and audited by anyone with access to the 

blockchain. 

4.4. Verification Process: 

The verification process allows interested parties to confirm the authenticity of the ownership claim by examining 

the ownership record stored on the blockchain. It involves retrieving the ownership record, validating the digital signature, 

and cross-referencing the ownership details. 

    Example: Bob, an art collector, comes across Alice's photograph and wants to verify its ownership. Bob retrieves the 

ownership record from the blockchain using the unique identifier associated with the image. He then verifies the digital 

signature using Alice's public key. If the digital signature is valid, Bob cross-references the ownership details provided in the 

record with the information Alice has publicly shared. If all the information matches, Bob can confirm that Alice is the 

legitimate owner of the photograph. 

4.5. Transparency and Auditability: 

   Blockchain provides transparency and auditability, enabling stakeholders to track the ownership history of an image. 

Each ownership record stored on the blockchain represents a sequential entry, forming a transparent chain of ownership. This 

feature allows for tracing the transfer of ownership from one owner to another, providing a reliable ownership history. 

The blockchain maintains a sequential record of ownership for Alice's photograph. If Alice decides to sell the image 

to another photographer, the ownership record will reflect this transfer. This transparency and auditability allow interested 

parties to verify the entire ownership history of the image. 

4.6. Copyright Protection and Enforcement: 

  Blockchain-based image ownership verification can assist in protecting and enforcing copyright. The immutable 

ownership records stored on the blockchain serve as evidence of ownership, making it easier to prove copyright claims and 

take legal action against infringement. 

Example: In case someone infringes on Alice's copyright by using her photograph without permission, she can present the 

ownership record stored on the blockchain as evidence of her ownership. The timestamped record, along with the digital 

signature, provides a robust basis for legal action and copyright enforcement. 

  V. ANALYSIS OF EXISTING SOLUTIONS 

    5.1. Comparative Evaluation of Blockchain-based Image Authentication  

                   Approaches 

5.1.1. Proof of Existence: 

   - Strengths: Proof of Existence offers a straightforward and efficient method for image authentication by 

leveraging the Bitcoin blockchain. It provides tamper-proof timestamped proofs of image existence. The 

immutability of the Bitcoin blockchain ensures that once an image's proof of existence is recorded, it cannot be 

altered or tampered with. 

   - Limitations: However, Proof of Existence primarily focuses on proving the existence of an image rather than 

verifying ownership. It does not provide a comprehensive solution for establishing and verifying image ownership. 

Additional mechanisms are required to link the existence proof to the rightful owner. 

5.1.2. Watermarking and Hashing: 

   - Strengths: Watermarking and hashing techniques can be used to embed unique identifiers or signatures into 

images, providing a means to verify their authenticity. Watermarks can be visible or invisible, acting as a deterrent 

against unauthorized use. Hashes, derived from the image data, can be stored on the blockchain for reference and 

comparison. 

   - Limitations: While watermarking and hashing can detect tampering and prove the integrity of an image, they do 

not directly address the issue of establishing and verifying ownership. They are useful for authentication but may 

not provide a complete solution for ownership verification. Additional mechanisms are necessary to link the 

watermarked/hashed images to their respective owners. 

5.1.3. Ownership Metadata on the Blockchain: 

   - Strengths: Storing ownership metadata directly on the blockchain ensures transparency, immutability, and 

auditability of ownership records. Each image ownership record contains information such as the owner's identity, 



copyright details, and transaction history. This approach allows for easy verification and traceability of ownership 

history, providing a robust solution for ownership verification. 

   - Limitations: The scalability of storing large amounts of image metadata on the blockchain should be considered. 

As the size of the blockchain grows, storing extensive metadata for each image may pose challenges in terms of 

storage capacity and transaction throughput. Additionally, the privacy of ownership metadata may be a concern 

since blockchain records are often publicly accessible. 

5.1.4. Digital Signatures and Public/Private Key Cryptography: 

   - Strengths: Digital signatures, combined with public/private key cryptography, provide strong authentication of 

image ownership. The owner signs ownership records using their private key, creating a unique digital signature. 

Verifying the digital signature using the corresponding public key ensures that only the rightful owner can sign 

ownership records and verify their authenticity. 

   - Limitations: The management and protection of private keys are critical to prevent unauthorized access and 

maintain the security of the digital signature scheme. If the private key is compromised, it could lead to fraudulent 

ownership claims. Additionally, the process of verifying digital signatures can be computationally intensive, 

potentially impacting the scalability of the system. 

5.1.5. Smart Contracts for Ownership Transfer: 

   - Strengths: Smart contracts offer programmable and automated ownership transfer based on predefined rules and 

conditions. They enable transparent, auditable, and self-executing transactions, ensuring secure ownership transfers. 

Smart contracts can define ownership rules, licensing terms, and royalties, automating the execution of ownership 

transfers. 

   - Limitations: Developing and managing smart contracts can be complex and require technical expertise. High 

transaction fees and scalability issues on certain blockchain platforms, like Ethereum, may pose limitations. It's 

essential to consider the cost and efficiency of executing ownership transfer transactions on the chosen blockchain 

platform. 

5.1.6. Integration with Copyright and Intellectual Property Systems: 

   - Strengths: Integrating blockchain-based image authentication with existing copyright and intellectual property 

systems enhances legal enforceability. Blockchain records can provide a solid foundation for copyright protection 

and dispute resolution, as they offer transparency, immutability, and tamper-proof ownership records. 

   - Limitations: The integration of blockchain with existing systems may require standardization efforts and 

collaboration between blockchain developers and legal institutions. Legal recognition and acceptance of blockchain 

records may vary across jurisdictions, so it's crucial to navigate the legal landscape and ensure compliance with 

intellectual property laws. 

It's critical to take into account certain criteria, such as scalability, usability, privacy, legal compliance, and industry 

applicability, while considering these options. To effectively solve the challenges of blockchain-based picture authentication, 

a combination of these strategies or customised solutions may be required, depending on the particular use case and desired 

features. 

5.2. Comparative Evaluation of Blockchain-based Image Ownership Verification Approaches 

5.2.1. Blockchain-based Ownership Metadata: 

This approach involves storing ownership metadata directly on the blockchain. Each image ownership 

record contains information such as the owner's identity, timestamp, and transaction history. The blockchain ensures 

transparency, immutability, and auditability of ownership records. 

Strengths: Storing ownership metadata on the blockchain provides a transparent and tamper-proof record 

of image ownership. It allows for easy verification and traceability of ownership history. 

Limitations: The scalability of storing large amounts of ownership metadata on the blockchain should be 

considered. Privacy concerns may arise since blockchain records are publicly accessible. 

5.2.2. Digital Signatures and Public/Private Key Cryptography: 

This approach utilizes digital signatures and public/private key cryptography to verify image ownership. 

The owner signs ownership records with their private key, and the verification is performed using the corresponding 

public key. 

Strengths: Digital signatures provide strong authentication of image ownership. They ensure that only the 

rightful owner can sign ownership records and verify their authenticity. 



Limitations: The management and protection of private keys are crucial to prevent unauthorized access. 

Verifying digital signatures can be computationally intensive, potentially affecting scalability. 

5.2.3. Smart Contracts for Ownership Transfer: 

    Smart contracts are self-executing contracts with the terms of the agreement directly written into code. In 

the context of image ownership verification, smart contracts can automate the execution of ownership transfers 

based on predefined rules and conditions. 

Strengths: Smart contracts provide programmable and automated ownership transfer, ensuring secure and 

transparent transactions. They enable auditable ownership records and simplify the transfer process. 

Limitations: Developing and managing smart contracts can be complex, requiring technical expertise. High 

transaction fees and scalability issues on certain blockchain platforms may also be limitations. 

5.2.4. Decentralized Identifiers (DIDs) and Verifiable Credentials: 

DIDs are unique identifiers associated with individuals or entities, while verifiable credentials are digital 

proofs issued by trusted parties. This approach involves using DIDs and verifiable credentials to establish and verify 

image ownership. 

Strengths: DIDs and verifiable credentials offer a decentralized and trusted mechanism for verifying image 

ownership. They provide privacy control and enable selective disclosure of ownership information. 

Limitations: The adoption and standardization of DIDs and verifiable credentials across different platforms 

and systems may be a challenge. Ensuring interoperability and wide acceptance is important for their successful 

implementation. 

5.2.5. Consensus Mechanisms and Community Governance: 

This approach involves utilizing consensus mechanisms, such as proof-of-stake or delegated proof-of-

stake, and community governance models to verify image ownership. Validators or community members 

collectively determine and validate ownership claims. 

Strengths: Consensus mechanisms and community governance add a layer of decentralized decision-

making in verifying image ownership. They promote community involvement and consensus in ownership 

verification processes. 

Limitations: Implementing consensus mechanisms and community governance models require active 

participation and engagement from community members. It may take time to establish trust and ensure effective 

decision-making. 

It is crucial to assess these strategies in light of aspects including scalability, security, privacy, usability, and compatibility 

with current systems. To obtain the desired results, a combination of these strategies or tailored solutions may be required, 

depending on the precise requirements and limitations of the image ownership verification procedure. 

VI. EMERGING TRENDS AND FUTURE DIRECTIONS 

6.1. Enhanced Security and Privacy Measures: 

  As blockchain technology continues to evolve, there is a need to enhance security and privacy measures in image 

authentication and ownership verification systems. Future research may focus on developing advanced cryptographic 

techniques, such as zero-knowledge proofs or multi-party computation, to ensure secure and private interactions within the 

blockchain network. 

  Exploring privacy-preserving approaches, such as differential privacy or secure multi-party computation, can enable 

users to authenticate and verify image ownership without exposing sensitive information. 

6.2. Integration with Decentralized Storage Systems: 

Integrating blockchain-based image authentication with decentralized storage systems, such as IPFS (InterPlanetary 

File System) or Sia, can provide a more robust and decentralized infrastructure for storing and accessing images. This 

integration can enhance data availability, reduce reliance on centralized servers, and improve the overall resilience of the 

image authentication system. 

6.3. Integration with AI and Machine Learning: 

The combination of blockchain technology with artificial intelligence (AI) and machine learning techniques holds 

significant potential for improving image authentication and ownership verification. Future research could explore the 



integration of AI algorithms, such as computer vision or deep learning, to enhance image tamper detection, forgery detection, 

and authenticity verification. 

Leveraging AI and machine learning models trained on large-scale image datasets can enhance the accuracy and 

efficiency of image authentication processes. 

6.4. Standards and Interoperability: 

Establishing standards and interoperability frameworks is crucial for the widespread adoption and integration of 

blockchain-based image authentication systems. Future efforts may focus on defining common protocols, data formats, and 

interoperability guidelines to ensure seamless interaction between different blockchain networks, image authentication 

platforms, and third-party applications. 

  Standardization initiatives can facilitate collaboration, data exchange, and the development of complementary 

solutions in the field of image authentication and ownership verification. 

6.5. User-Friendly Interfaces and Adoption: 

User experience and ease of adoption play a vital role in the success of any technology. Future directions could 

involve designing intuitive user interfaces, developing mobile applications, and providing user-friendly tools and APIs that 

simplify the process of image authentication and ownership verification. 

Educating users about the benefits and functionalities of blockchain-based image authentication systems can also 

contribute to increased adoption and acceptance. 

6.6. Regulatory and Legal Considerations: 

As blockchain-based image authentication becomes more prevalent, regulatory and legal frameworks need to adapt 

to address challenges related to digital ownership, intellectual property rights, and legal recognition of blockchain records. 

Future research may focus on analyzing legal implications, proposing regulatory frameworks, and facilitating cross-

jurisdictional recognition of blockchain-based ownership records. 

These emerging trends and future directions provide a roadmap for further advancements and innovations in 

blockchain-based image authentication and ownership verification. By addressing security, privacy, interoperability, 

integration with AI, user experience, and regulatory aspects, researchers and practitioners can contribute to the development 

of more secure, efficient, and widely adopted solutions in this field. 

  VII. CONCLUSION 

 "Blockchain-based Image Authentication and Ownership Verification: A Comprehensive Review" provides a detailed 

overview of the current state of the art in blockchain-based image authentication and ownership verification. Through the review and 

analysis of various techniques and approaches, the paper highlights the potential of blockchain technology in addressing the 

challenges associated with image integrity, provenance, and ownership. 

The study emphasizes the importance of image security in various domains, including digital forensics, copyright protection, 

and data integrity verification. It discusses the limitations of traditional image authentication methods and the benefits offered by 

blockchain technology, such as decentralization, transparency, and immutability. 

It presents a comprehensive explanation of the fundamental principles of blockchain technology, including consensus 

mechanisms, cryptographic techniques, and distributed ledger structures. It also discusses the architecture of blockchain systems and 

their relevance to image authentication and ownership verification. 

Furthermore, it provides an in-depth analysis of existing blockchain-based image authentication techniques, covering 

approaches such as digital watermarking, cryptographic hashing, and timestamping. It explores their strengths, limitations, and 

potential applications in different use cases. 

It also delves into the specific topic of blockchain-based image ownership verification, discussing various methods for 

linking image metadata, ownership records, and transaction history within the blockchain. It explores the challenges associated with 

establishing and verifying image ownership and presents examples and case studies to illustrate real-world applications. 

Additionally, the study evaluates and compares different blockchain-based image authentication and ownership verification 

approaches based on criteria such as security, scalability, efficiency, and usability. It provides insights into the strengths and 

weaknesses of each approach, enabling readers to make informed decisions when selecting an appropriate solution for their specific 

requirements. 

In conclusion, "Blockchain-based Image Authentication and Ownership Verification: A Comprehensive Review" serves as a 

valuable resource for researchers, practitioners, and professionals in the field of image security. It highlights the potential of 

blockchain technology in ensuring image integrity, provenance, and ownership verification. The paper's in-depth analysis, 



comprehensive explanations, and comparative evaluations contribute to the understanding of blockchain-based image authentication 

techniques and pave the way for further advancements and innovations in this domain. 
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