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Abstract: This project offers a sophisticated framework for increasing Bitcoin security through the 

combination of Privacy-Enhanced Blockchain Transaction Analysis (PEBTA) with state-of-the-art 

analytics. Bitcoin, even as it has been designed as decentralized, is vulnerable to fraud, money 

laundering, and invasion of privacy. This study offers an approach of consolidating real-time 

monitoring of data, machine learning algorithms (such as Random Forest), graph analysis, and 

clustering to detect anomalies. The model utilizes privacy-preserving technologies such as Isekai to 

ensure user anonymity. Also designed is a risk scoring system to indicate suspicious transactions, 

enhancing surveillance without compromising privacy. 
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I. INTRODUCTION 

The widespread use of Bitcoin and other cryptocurrencies has transformed the world of finance, providing 

decentralized peer-to-peer transfers without the need for using conventional financial institutions. But this 

increased use has been accompanied by rising concerns over security and privacy. Bitcoin, even though it has 

been made secure with its underlying technology of blockchain, is still vulnerable to a range of cyberattacks, 

fraud, and privacy breaches. The absence of any regulatory system and the anonymity of Bitcoin transactions have 

made it difficult to ensure the authenticity and security of users' interactions and have therefore become a target of 

choice for bad actors.  

To mitigate these issues, Privacy-Enhanced Blockchain Transaction Analysis (PEBTA) can be combined with 

powerful analytics to enhance the security of Bitcoin transactions. PEBTA seeks to track blockchain transactions 

in a way that preserves user privacy and does not allow unauthorized parties to access sensitive information. This 

approach guarantees that although transactions can be monitored for fraud and suspicious behavior, privacy for 

users is preserved, in consonance with the decentralized nature of Bitcoin. Furthermore, using cutting-edge 

analytical tools like machine learning and anomaly detection can offer real-time surveillance, allowing for the 

detection of patterns or anomalies that can signal possible security issues.  

The combination of PEBTA with next-generation analytics is an innovative method of improving the security of 

Bitcoin. By integrating machine learning techniques, anomaly detection mechanisms, and real-time transaction 

analysis, this system proposes to counter the growing security threats in the world of cryptocurrencies. The 

solution not only raises the security and integrity levels of Bitcoin transactions but also the confidence in 

blockchain technology as a whole. Through the use of sophisticated analytics to identify fraud, block hacking 

attempts, and detect potential vulnerabilities, this methodology enhances Bitcoin's security while maintaining user 

anonymity—a key function in the blockchain environment.  
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II. LITERATURE SURVEY 

Kumar, R. et al. (2023) proposed "An integrated framework for enhancing security and privacy in IoT-based 

business intelligence applications". This research proposes a secure and lightweight encryption-based framework 

for safeguarding sensitive IoT data in Business Intelligence (BI) applications. The framework offers a 

combination of privacy-preserving solutions, secure data sending protocols, and access control mechanisms. Real-

time threat detection is also a critical feature of the framework. But it is essentially intended for IoT environments 

and not for blockchain-exclusive security issues or anonymizing financial transactional networks like Bitcoin. 

Ghani, M. A. N. U. et al. (2024) in their paper titled "Toward robust and privacy-enhanced facial recognition: 

A decentralized blockchain-based approach with GANs and deep learning", introduced a privacy-sensitive facial 

recognition framework. The study replaces centralized storage with blockchain-based facial data decentralization and 

enhances privacy through the use of Generative Adversarial Networks (GANs) for synthetic training data generation. 

Deep learning ensures identification accuracy and smart contracts ensure secure access controls. Despite a strong 

emphasis on privacy and decentralization, the system revolves around biometric security and fails to provide solutions 

for transactional behavior or financial networks.  

Bhaladhare, P. et al. (2022) proposed "PMNBARL: Enhancing Efficiency of Privacy Management in Digital 

Networks with Blockchain and Adaptive Reinforcement Learning". They integrated blockchain technology and 

reinforcement learning to dynamically handle user privacy policies. The system records privacy actions on-chain for 

openness and adjusts policy behavior based on user interaction patterns. Though this model promotes improved 

adaptive privacy control, it does not have real-time financial risk analysis and threat detection features required for 

secure blockchain transaction analysis within cryptocurrency platforms. 

 

III. PROPOSED METHODOLOGY 

ARCHITECTURE 

The proposed system includes four primary modules that enhance the security of Bitcoin transactions without 

sacrificing anonymity. The data gathering module initially retrieves up-to-date blockchain information from 

various Bitcoin nodes using secure APIs. Secondly, the preprocessing module tidies, normalizes, and anonymizes 

data by implementing privacy-preserving methodologies like Isekai encryption and anonymization. Random 

Forest, graph analytics, and clustering are used by the core analysis engine to detect anomalies and unusual 

transaction trends. Finally, a risk-scoring model monitors transaction activity and detects high-risk addresses in 

order to enable timely alerts and complete reporting. The end to-end solution delivers precise, private, and 

scalable blockchain transaction monitoring.  

Fig 1: Architecture of the proposed system 
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Blockchain Network provides transaction data.  

Data Collection Module ingests and stores this data securely. 

The Machine Learning Model (Random Forest) is trained and applied to detect suspicious patterns.  

The Transaction Analysis Engine further processes the data for deeper insight into anomalies and behavioral 

patterns. Finally, Privacy Enhancement Tools ensure that all analysis is performed in a privacy-preserving and 

secure manner  

 

IV. EXPERIMENTAL RESULTS 

4.1 OUTPUT SCREENS 

FIG.1 HOME PAGE 

 

FIG.2 CREATING TRANSACTION 
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FIG.3 UPLOADING FILE 

FIG.4  VERIFYING TRANSACTION 

 

FIG .5 VALID TRANSACTION 
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FIG .6 INVALID TRANSACTION 

FIG .7 PERFORMANCE METRICS 

 

IV. CONCLUSION 

The system is very efficient in strengthening the security and privacy of the Bitcoin transactions by combining cutting-

edge analytics with privacy-preserving technologies. By making use of machine learning-based algorithms such as 

Random Forest, along with graph-based analysis and clustering methods, the system is able to efficiently detect 

suspicious patterns and possible fraud in the blockchain. Through the use of such tools as Isekai and differential 

privacy, anonymity of the user is preserved without impacting the depth or precision of the analysis. Moreover, through 

the inclusion of a risk scoring model, proactive surveillance and real-time alarm generation are possible. In all, this 

framework proves an equal and scalable solution that balances the dual requirement of privacy and security in 

cryptocurrency environments and is thus useful to financial institutions, regulatory agencies, and forensic examiners.. 
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