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Abstract 

The advent of artificial intelligence (AI) has underscored the need for effective data sharing 

methods that prioritize privacy and security. Federated learning (FL) emerges as a promising 

approach, allowing AI models to be trained on decentralized data across multiple devices 

while keeping the data localized. However, FL faces challenges related to data security, 

privacy, and scalability. This paper explores the integration of blockchain technology with 

federated learning, proposing a novel framework that enhances the security and scalability of 

AI training. By leveraging blockchain’s immutable ledger and consensus mechanisms, this 

framework addresses privacy concerns and fosters trust among participants. The synergistic 

combination of these technologies enables a robust environment for secure AI training across 

diverse devices, ultimately contributing to the advancement of decentralized AI systems. 
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Introduction 

The rapid evolution of artificial intelligence (AI) has led to significant advancements in 

various sectors, including healthcare, finance, and transportation. As AI systems require vast 

amounts of data for training, traditional centralized data storage approaches raise significant 

concerns regarding data privacy, security, and ownership. Federated learning (FL) has 

emerged as a viable solution, enabling decentralized model training without compromising 

sensitive data by keeping it on local devices. However, federated learning is not without its 

https://scienceacadpress.com/
https://scienceacadpress.com/index.php/jaasd


Journal of AI-Assisted Scientific Discovery  
By Science Academic Press, USA  81 
 

 

Journal of AI-Assisted Scientific Discovery  

Volume 4 Issue 2 
Semi Annual Edition | July - Dec, 2024 

This work is licensed under CC BY-NC-SA 4.0. 

challenges, particularly regarding data security and participant trust. Integrating blockchain 

technology into federated learning frameworks offers a compelling solution to these 

challenges. 

Blockchain is a distributed ledger technology that provides an immutable record of 

transactions and enables trustless collaboration among participants. By combining blockchain 

with federated learning, we can create a secure and scalable environment for AI training that 

protects sensitive data while allowing organizations to leverage decentralized computing 

resources. This paper delves into the synergistic relationship between blockchain and 

federated learning, examining how this integration can enhance the security, privacy, and 

scalability of AI training. 

 

Federated Learning: Principles and Challenges 

Federated learning allows multiple devices to collaboratively train a machine learning model 

while keeping their data locally stored. This paradigm enables organizations to develop AI 

applications without exposing sensitive data to centralized servers, addressing significant 

privacy concerns. In a typical federated learning setup, each participating device performs 

local model training using its own data and shares only model updates with a central server. 

The server aggregates these updates to refine the global model, which is then sent back to the 

devices for further training [1]. 

Despite its advantages, federated learning faces several challenges. One major issue is the 

heterogeneity of participant devices and data, which can lead to inconsistencies in model 

training and degradation in performance. Additionally, federated learning relies heavily on 

secure communication channels between devices and the central server, exposing the system 

to potential adversarial attacks. These attacks can manipulate model updates, compromise 

data integrity, or even conduct model inversion attacks, where adversaries infer sensitive data 

from model parameters [2]. 

Another challenge is the trust deficit among participants. In a federated learning system, 

devices may be operated by different organizations or individuals, leading to concerns about 

the reliability of model updates and potential collusion among participants. Consequently, 
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ensuring the authenticity and integrity of model updates becomes critical for maintaining the 

overall security of the training process [3]. 

 

Blockchain Technology: A Secure Foundation 

Blockchain technology provides a decentralized, transparent, and tamper-proof framework 

that can address many of the challenges faced by federated learning. By employing a 

distributed ledger, blockchain ensures that all transactions—such as model updates and 

participant interactions—are recorded and verified by multiple nodes in the network. This 

feature not only enhances data integrity but also fosters trust among participants, as every 

action is traceable and verifiable [4]. 

The consensus mechanisms inherent to blockchain, such as Proof of Work (PoW) or Proof of 

Stake (PoS), can help establish a reliable protocol for validating model updates before they are 

incorporated into the global model. This process mitigates the risk of malicious actors 

manipulating updates and ensures that only legitimate contributions from trustworthy 

participants are accepted [5]. Additionally, blockchain can facilitate secure communication 

between devices in federated learning by providing encryption and authentication 

mechanisms, reducing the vulnerability to eavesdropping and man-in-the-middle attacks. 

Moreover, blockchain can serve as a decentralized identity management system for 

participants in federated learning. By leveraging blockchain’s cryptographic techniques, 

participants can establish secure identities and authenticate their actions, significantly 

enhancing the overall security of the AI training process [6]. This decentralized identity 

management system can help mitigate the trust deficit inherent in federated learning setups, 

as participants can be assured of each other’s authenticity. 

 

Integrating Blockchain with Federated Learning 

The integration of blockchain with federated learning presents a unique opportunity to 

enhance the security, privacy, and scalability of AI training. A proposed framework could 

involve using blockchain as the backbone of the federated learning architecture, facilitating 
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secure communication, trust establishment, and model update validation among participants. 

Each time a device completes local training, it can generate a model update and submit it to 

the blockchain network for verification. 

Upon submission, the model update would be cryptographically signed and recorded on the 

blockchain, ensuring its authenticity and integrity. The consensus mechanism would validate 

the update, and only after reaching consensus would the update be aggregated into the global 

model. This approach would not only prevent malicious alterations to the updates but also 

establish a transparent record of all training activities, enhancing accountability among 

participants [7]. 

Furthermore, the use of smart contracts on the blockchain can automate certain aspects of the 

federated learning process. For instance, smart contracts could define the rules for model 

update aggregation, ensuring that updates from malicious participants are automatically 

rejected based on predefined criteria. This automation can streamline the federated learning 

workflow and reduce the burden on central servers [8]. 

Scalability is another significant advantage of combining blockchain with federated learning. 

The decentralized nature of blockchain allows for the seamless addition of new participants 

without requiring major infrastructure changes. As more devices join the federated learning 

network, the blockchain can accommodate increased data processing demands, thus enabling 

scalable AI training across diverse environments [9]. 

 

Conclusion 

The integration of blockchain technology with federated learning presents a transformative 

approach to secure, decentralized, and scalable AI training. By leveraging blockchain’s 

immutable ledger, consensus mechanisms, and decentralized identity management, we can 

address the critical challenges of privacy, security, and trust that currently hinder federated 

learning applications. This synergistic combination empowers organizations to harness the 

power of AI while ensuring the protection of sensitive data. As both blockchain and federated 

learning technologies continue to evolve, their intersection promises to revolutionize the 

future of AI training, paving the way for innovative applications across various sectors. 
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