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ABSTRACT: This paper provides an overview of privacy-protecting measures that can be
used to secure user data and assure the safety and efficiency of digital activities in contactless
financial ecosystems. Many people worry about identity theft, data breaches, and spying by
unauthorised parties due to the rapid growth of digital wallets, contactless banking, and
mobile payments. Modern cryptography includes safe multi-party computation, zero-
knowledge proofs, and homomorphic encryption. These approaches verify transactions and
safeguard sensitive data. Blockchain and other independent systems are emphasized for their
ability to improve openness, reliability, and anonymity. Regulations and compliance
challenges related to financial systems using privacy-enhancing technology are examined.
The findings emphasize the importance of strong privacy protections to balance data security,
safety, and creativity. Contactless technologies become more popular as more people believe
in them.

Index Terms— Privacy-preserving technologies, Cashless financial systems, Digital
payments, Data security, Homomorphic encryption, Zero-knowledge proofs, Secure multi-
party computation

1. INTRODUCTION
Online banking, smartphone payments, and contactless technologies have rapidly replaced
cash-based techniques, changing business operations for individuals and enterprises. Due to
rising internet access, demand for rapid, easy, and efficient financial services, and enhanced
financial technology, this transformation is occurring. These benefits are significant, yet
many people worry about data privacy, security, and the misuse of private financial
information due to digital transactions.
Banks and other service providers continuously generate, handle, and preserve personal and
business data in currency-free systems. Hackers and others illegally access the data, which
contains login credentials, purchase history, and behavioral trends. Centralized financial
services can expose a lot of consumer data to a single security breach, increasing the risk.
Due to this, modern digital payment solutions that protect financial data are needed.
To address these concerns, data processing and user privacy require privacy-protecting tools.
Data transmission and storage are typically protected via tokenization, anonymization, and
encryption. Secure multi-party computation and homomorphic encryption provide data
management with encryption. These revolutionary ideas simplify banking processes and
reduce data leakage.
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Blockchain and other independent technologies have grown in importance in places without
currency because to their security and privacy benefits. Distributed ledger blockchain
technology eliminates the system's dependence on central authorities and makes it more
resilient to manipulation and fraud. Zero-knowledge proofs and other privacy-preserving
methods can verify transactions without revealing private data. These unique ideas enable
transparent, privacy-respecting financial systems.

2. LITERATURE SURVEY
Brown & Miller (2021): The 2021 paper by Brown and Miller proposes using cryptographic
techniques such safe multi-party computing and homomorphic encryption to improve
decentralized banking system security for customers. Financial institutions can use the system
to manage encrypted transaction data and protect consumer data. Machine learning models
detect fraud and anomalies using secure data. Trial results show that transaction management
improves data privacy and security. Digital payment solutions are more dependable owing to
production.
Singh & Mehta (2022): Singh and Mehta (2022) propose using blockchain and Zero-
Knowledge Proofs to secure and transparent electronic transfers. This technology lets
consumers authenticate transactions privately, protecting their financial and personal data.
Smart contracts protect privacy while outsourcing proof processes. Performance studies show
that data intrusions are less likely and transactions are safer. This method strengthens
decentralized banking ecosystems.
Lopez & Kim (2023): Lopez and Kim publish a 2023 paper on a digital payment system that
protects consumers' privacy via differential privacy and federated learning. The Differential
Privacy architecture hides user identities in transaction data with controlled noise. Federated
learning facilitates sensitive data distribution during distributed model teaching. Comparative
investigation shows that privacy is better protected, but accuracy is unchanged. Cashless
platforms boost system scalability and consumer confidence.
Reddy & Sharma (2024): Reddy and Sharma (2024) describe a sophisticated financial
transaction system that uses Federated Learning to detect fraud and protect user data.
Processing data on user devices decreases the risk of data leaks. Modern anomaly detection
tools can quickly spot questionable transaction patterns. The test findings show improved
security and reduced data leakage. The framework supports strong, expandable digital
payment systems.
Nguyen & Patel (2025): Nguyen and Patel (2025) suggest a multi-layer cashless community
concept with Al and biometric authentication to protect privacy. Secure Multi-Party
Computation and other technologies let organizations detect scams without sending raw data.
The technology improves authentication while meeting strict privacy rules. Results show that
the system is more robust and successful in detecting fraud. The architecture makes banking
secure and accessible.
Martinez & lyer (2026): Martinez and lyer's 2026 book on money uses blockchain, Al, and
advanced security to protect user data. The concept relies on decentralized identification to
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provide users control over their data. For new cyber dangers, adaptive learning algorithms are
always developing. The test findings show that the system can handle more users, safeguard
data, and reply faster. A secure, private, and transparent cashless banking system is possible
with the proposed technology.

3. SYSTEM ANALYSIS

EXSTING SYSTEM
To protect digital activities, contactless banking systems use HE, SMPC, FL, Differential
Privacy, and ZKPs. These solutions protect user data with digital wallets, blockchain
technology, mobile banking, and online payment systems. Hardware Security Modules
(HSMs), secure authentication, and cryptography protect financial organizations' data from
cyberattacks. Federated learning trains independent models without exposing user data,
whereas differential privacy protects personal data during financial analysis. Blockchain
systems validate transactions with Zero-Knowledge Proofs (ZKPs). This protects consumers'
private data and financial data. Modern electronic banking systems are more reliable, secure,
and adept at detecting fraud due to these revolutionary concepts.

DISADVANTAGES

» Current privacy-preserving solutions are hard to scale, expensive to install, and need a lot
of computer power.

» Advanced encryption algorithms like Homomorphic Encryption and Zero-Knowledge
Proofs consume a lot of computer resources, making the system less efficient and
processing times longer.

» The integrated privacy settings make the system more complicated and demand more
upkeep.

» Modern cashless banking systems still struggle with regulatory compliance, financial
platform collaboration, and centralized infrastructure breaches.

PROPOSED SYSTEM

The suggested solution uses blockchain, Federated Learning (FL), Homomorphic Encryption

(HE), and Al-based fraud detection to create frictionless financial ecosystems that protect

privacy. Protecting consumer data from hackers and other unauthorized parties makes online

financial transactions safe, transparent, and fast. Blockchain technology lets teams train
models without sharing financial data and securely documents transactions decentralized.

Homomorphic encryption protects transaction data, and Al algorithms can detect fraud

quickly. The suggested solution uses secure key management, multi-factor authentication,

and differential privacy to protect user privacy and assure digital payment system
compliance.

ADVANTAGES:

» The proposed approach would improve fraud detection, contactless transaction
transparency, and data privacy and security.

» By not storing private financial data in one place, financial institutions can interact more
safely and lessen data infiltration risk.

Paper Available at: https://etdtjournal.com/ D3Publishers 218
DOI: https://doi.org/10.5281/zenodo.20593984




i Emerging Trends in Digital Transformation

ETD Volume-2, Issue-2, April-June 2026 ISSN: 3107- 4308 Paper ID: ETDT-V2-12-24

> Blockchain technology boosts transaction validity and security, while Al-powered
analytics speed up decision-making.

» This strategy protects against financial trickery, identity theft, and cyberattacks better
than cashless banking. It boosts consumer confidence and expands digital payment
infrastructures.

4. CONCLUSION

Privacy-preserving solutions in cashless banking systems are crucial for data security and
online transaction security. Current systems have authentication, encryption, and
decentralized processing. However, compatibility, computational costs, and scope remain
challenges. Our approach solves these problems by combining blockchain technology,
federated learning, homomorphic encryption, and Al-driven fraud detection to speed up,
secure, and transparent transactions. The proposed design uses smart analytics and cutting-
edge cryptography to improve user trust, protection, and scalable, secure digital financial
services. The privacy-preserving contactless ecosystem protects financial data and digital
payments. This solution is innovative and reliable.
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