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Abstract. In recent years, the combination of Artificial Intelligence (AI) and Blockchain technology has 
garnered significant attention, especially in the healthcare domain. With the increasing reliance on biomedical 
signal processing for disease diagnosis and treatment, ensuring the security, privacy, and integrity of data has 
become paramount. Biomedical signals, including electrocardiograms (ECG), electroencephalograms (EEG), 
and other physiological data, often contain sensitive information. AI models have shown great promise in 

processing and interpreting these signals, enabling accurate disease detection and personalized healthcare. 
However, the potential for data tampering, unauthorized access, and privacy concerns pose significant 
challenges. 

Blockchain, with its decentralized, tamper-resistant, and secure framework, offers a solution to these 

challenges. By integrating Blockchain with AI for biomedical signal processing, data can be securely stored, 
verified, and accessed, ensuring that healthcare providers can rely on the integrity and accuracy of the signals 
used in AI-based diagnostics. This paper explores the role of Blockchain-enhanced AI solutions for secure 
biomedical signal processing and data integration, addressing both the technical and ethical challenges in this 
space. 

We propose a system that leverages Blockchain to manage the secure transfer and storage of biomedical 
signals while utilizing AI to analyze and interpret these signals in real time. Blockchain provides an immutable 
ledger for auditing and validating data provenance, ensuring that the data remains secure throughout the 
healthcare pipeline. The integration of these two technologies not only enhances the security of biomedical 
data but also enables more trustworthy AI-driven diagnostics and decision-making in healthcare. 

 Keywords. Blockchain, Artificial Intelligence, Biomedical Signal Processing, Data Security, Privacy, Data 
Integrity, AI-Driven Diagnostics, Decentralized Healthcare Systems. 

1. INTRODUCTION 

Biomedical signal processing has become a cornerstone of modern healthcare, enabling the continuous 

monitoring and analysis of physiological data for diagnostic and therapeutic purposes. Signals such as ECGs, 

EEGs, and other sensor-based physiological measurements are routinely collected from patients, providing 

valuable insights into their health status. AI models, particularly those based on machine learning and deep 

learning, have shown exceptional performance in analyzing these signals, uncovering hidden patterns and 

delivering accurate disease predictions. This has transformed how healthcare providers diagnose and treat 

various conditions, from cardiovascular disorders to neurological diseases. 

 

However, with the increasing use of biomedical signals and AI in healthcare, concerns related to data 

security, privacy, and integrity have also emerged. Biomedical signals are highly sensitive, containing personal 
and health-related information that must be protected against unauthorized access and tampering. Traditional 

data storage and processing methods, often centralized, are vulnerable to security breaches, hacking, and data 

manipulation, raising questions about the trustworthiness of AI-generated diagnoses. For instance, tampered 

biomedical signals could lead to misdiagnoses, potentially endangering patient lives. 

 

Blockchain technology has the potential to address these security concerns. Blockchain is a 

decentralized, distributed ledger that ensures data immutability, transparency, and trust. By integrating 

Blockchain with AI-based biomedical signal processing, healthcare providers can ensure that the signals 

analyzed by AI systems are authentic, tamper-proof, and securely stored. Blockchain’s ability to create an audit 
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trail of all data transactions allows healthcare providers to verify the provenance and integrity of biomedical 

data, thereby improving the reliability of AI-driven diagnostics. 
 

Moreover, the decentralized nature of Blockchain mitigates the risks associated with centralized data 

storage, where a single point of failure can lead to data breaches or system shutdowns. In Blockchain-enhanced 

systems, data is distributed across a network of nodes, making it more resilient to attacks and ensuring 

continuous access to critical healthcare information. Blockchain's cryptographic features also ensure that patient 

data remains private and confidential, accessible only to authorized parties. 

 

In this paper, we explore the integration of Blockchain and AI for secure biomedical signal processing 

and data integration. We propose a system that leverages Blockchain for secure data management and AI for 

real-time signal analysis, offering a robust framework for ensuring both the security and accuracy of healthcare 

diagnostics. 

 
 

2. LITERATURE SURVEY 

The convergence of Blockchain technology and Artificial Intelligence (AI) has gained traction in 

several domains, with healthcare being one of the most promising areas. Blockchain's decentralized nature and 

AI's predictive capabilities complement each other, particularly in managing sensitive biomedical data. While AI 

has already demonstrated success in processing biomedical signals for early disease detection, the integration of 
Blockchain addresses the challenges of data security, privacy, and integrity. 

Several studies have focused on AI-driven biomedical signal processing, where machine learning 

algorithms like support vector machines (SVM), decision trees, and neural networks are applied to ECG, EEG, 

and other physiological data to predict diseases. Deep learning models such as convolutional neural networks 

(CNNs) and recurrent neural networks (RNNs) have shown remarkable accuracy in analyzing biomedical 

signals, identifying patterns that are often difficult for humans to detect. However, one of the major challenges 

in AI-based healthcare solutions is the risk of data tampering, which can undermine the reliability of diagnostic 
results. 

Recent research has demonstrated the potential of Blockchain in enhancing data security across various 

sectors, including healthcare. Blockchain provides a tamper-proof ledger that records all transactions, ensuring 

data integrity. In healthcare, this technology has been explored for maintaining electronic health records (EHRs), 

securing patient information, and enabling data sharing across institutions. A key feature of Blockchain is its 
decentralized architecture, which eliminates the need for intermediaries and reduces the risks associated with 
centralization, such as data breaches or unauthorized access. 

The integration of Blockchain with AI for biomedical signal processing is still a relatively new area of 

research. Some preliminary studies have proposed using Blockchain to store and manage biomedical data while 

employing AI for signal analysis. For instance, a Blockchain-based framework for secure medical data sharing 

was introduced to ensure data integrity in AI-driven healthcare systems. Another study explored the use of 
Blockchain for maintaining an audit trail of biomedical signal transactions, ensuring that data used by AI models 
is authentic and unaltered. 

However, despite these advancements, challenges remain in implementing Blockchain-AI solutions in 

real-world healthcare environments. The scalability of Blockchain networks, the latency associated with data 

verification, and the computational overhead of AI models are critical issues that need to be addressed. 

Additionally, ensuring the privacy of patient data on a Blockchain network while maintaining transparency is a 
complex problem that requires further research. 

In this paper, we build upon the existing literature by proposing a Blockchain-enhanced AI solution 

specifically for secure biomedical signal processing and data integration. We address the technical challenges 

associated with combining these two technologies and demonstrate how this approach can improve the security, 
reliability, and efficiency of healthcare diagnostics. 
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3.  PROPOSED SYSTEM 

The proposed system integrates Blockchain with AI to enhance the security and efficiency of 
biomedical signal processing and data integration. The key components of the system are as follows: 

 

FIGURE 1.   AI and Blockchain-Assisted Secure Data-Exchange Framework for Smart Home Systems 
 
 

 

1. Data Acquisition Layer: Biomedical signals such as ECG, EEG, and respiration data are collected in 

real time from patients using wearable devices and monitoring systems. These signals are transmitted 

to the system for further processing. 
2. Blockchain Infrastructure: The biomedical signals are stored and managed using a Blockchain 

network. Each signal transaction is recorded on the Blockchain ledger, ensuring that the data is tamper-

proof and its provenance is verifiable. The distributed nature of Blockchain ensures that there is no 

single point of failure, and the cryptographic features of Blockchain provide data privacy and security. 

3. AI Signal Processing Module: AI models, particularly deep learning algorithms, are employed to 

analyze the biomedical signals in real time. The models are trained on large datasets of biomedical 

signals to recognize patterns indicative of diseases. These AI models are designed to work with 

Blockchain to ensure that only verified, authentic data is processed. 

4. Consensus Mechanism: A consensus mechanism, such as Proof of Authority (PoA) or Delegated 

Proof of Stake (DPoS), is used to validate transactions on the Blockchain. This ensures that only 

authorized nodes can add data to the Blockchain, maintaining the security and integrity of the data. 
5. Data Integration and Analytics Layer: The system integrates data from multiple sources, including 

wearable devices, electronic health records (EHRs), and external databases. The processed signals are 

combined with other healthcare data to provide a holistic view of the patient's health status. This layer 

also includes advanced analytics to visualize the data and provide actionable insights to healthcare 

professionals. 

4. CONCLUSION 

In conclusion, the integration of Blockchain and AI offers a robust solution for securing biomedical 

signal processing and data integration. By combining Blockchain's decentralized, tamper-resistant architecture 

with AI's ability to analyze complex biomedical signals, healthcare providers can ensure both the security and 

accuracy of disease diagnostics. The proposed system addresses the challenges of data integrity, privacy, and 

real-time processing, offering a framework for trustworthy, AI-driven healthcare solutions. Future research will 
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focus on improving the scalability of Blockchain networks and refining AI models for more efficient and 
accurate signal processing across diverse healthcare applications. 
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