Golden Sun-Rise
International Journal of Multidisciplinary on Science and Management
lJMsM  ISSN: 3048-5037 / ICETETI'’2024 - Conference Proceedings / Page No: 328-333
R Paper Id: ICETETI-MSM147

Original Article

Combining Advanced Encryption and Al for Secure
Backup Systems in Regulated Industries

Ethan White!, Muhammadu Sathik RajaZ
1 Student, University of Sydney, Australia.

2 Department of Computer Science, Sengunthar Engineering College, Tiruchengode, India.

Abstract - Ensuring data security in regulated industries is paramount due to stringent compliance
requirements and increasing cybersecurity threats. Traditional backup systems often lack the robustness to
prevent sophisticated attacks and data breaches. This paper proposes an integrated approach combining
advanced encryption techniques with artificial intelligence (AI) to enhance the security, integrity, and
reliability of backup systems. The methodology includes Al-driven anomaly detection, blockchain-based data
integrity verification, and quantum-resistant encryption mechanisms. This research highlights the
advantages of this hybrid model through simulations and comparative analysis, demonstrating its efficacy in
reducing cyber threats and meeting regulatory compliance standards.
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I. INTRODUCTION
A. Background
With the exponential growth of digital data, regulated industries such as finance, healthcare, and government
face critical challenges in securing sensitive information. Regulations such as GDPR, HIPAA, and SOX mandate
stringent data protection measures, necessitating highly secure backup solutions.

B. Problem Statement

Traditional backup methods, relying on symmetric encryption and access control, are vulnerable to
ransomware attacks, data tampering, and insider threats. The lack of automated anomaly detection mechanisms
further exacerbates security vulnerabilities.

C. Objectives
e To develop a hybrid backup system integrating Al and encryption for enhanced security.
o To evaluate the effectiveness of Al-driven anomaly detection in preventing unauthorized access.
e Toimplement blockchain-based integrity verification for tamper-proof backups.
e To compare various encryption methods, including post-quantum cryptography.

D. Scope
The research focuses on the security enhancement of backup systems in regulated industries, with an
emphasis on compliance, data integrity, and cyber resilience.

II. LITERATURE SURVEY
A. Existing Backup Security Mechanisms
Backup security mechanisms have traditionally relied on encryption and access control to ensure data
protection.

e Symmetric and asymmetric encryption techniques: Symmetric encryption (e.g., AES-256) provides high-
speed encryption but requires secure key management. Asymmetric encryption (e.g.,, RSA, ECC) ensures
secure key exchange but has higher computational costs.

e Traditional access control and authentication mechanisms: These include password-based authentication,
two-factor authentication (2FA), and multi-factor authentication (MFA) to prevent unauthorized access.

e Role-based access control (RBAC): RBAC assigns access permissions based on user roles, reducing the risk
of unauthorized data modifications.
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B. Al in Cybersecurity
Artificial Intelligence (Al) has emerged as a critical tool for strengthening cybersecurity, especially in backup
systems.

Machine learning for anomaly detection: Al models analyze patterns in data access and detect unusual
behaviors that may indicate cyber threats.

Al-driven threat mitigation strategies: Al automates responses to detected threats by isolating
compromised data and preventing further breaches.

Predictive analytics in cybersecurity: Al predicts potential security risks by analyzing historical threat
data and proactively strengthening defenses.

C. Blockchain for Data Integrity
Blockchain technology offers a decentralized and immutable approach to ensuring data integrity in backup
systems.

Distributed ledger technology (DLT): A decentralized network records backup transactions securely,
preventing unauthorized alterations.

Immutable audit trails: Blockchain ensures that backup data cannot be tampered with, providing
transparent and verifiable audit logs.

Smart contracts for secure transactions: Smart contracts automate security protocols, enforcing backup
policies and access controls.

D. Gaps in Existing Solutions
Despite advancements in cybersecurity, existing backup security solutions have significant limitations:

Limited Al-driven security mechanisms in backup systems: Traditional backups lack Al-based threat
detection and response capabilities, making them vulnerable to sophisticated cyberattacks.

Inadequate integration of blockchain for data integrity: Many backup solutions do not leverage
blockchain’s immutability, leaving data susceptible to tampering.

Lack of quantum-resistant encryption adoption: With the rise of quantum computing, traditional
encryption methods may become obsolete. The lack of quantum-resistant algorithms in backup security is
a major concern.

III. METHODOLOGY

A. System Architecture
A proposed hybrid backup system includes:

Al-driven anomaly detection for identifying unauthorized access attempts.
Blockchain-based integrity verification ensuring data immutability.
Advanced encryption techniques such as AES-256, RSA, and post-quantum cryptography.

B. Encryption Model
a. AES-256 and RSA for Secure Backup

AES-256 for symmetric encryption of backup data
RSA for secure key exchange

b. Post-Quantum Cryptography

Lattice-based encryption for future-proof security
Resistance against quantum attacks

C. AI-Powered Anomaly Detection
a. Machine Learning Model

Training datasets with historical cyber threats
Feature selection for anomaly classification
Implementation of deep learning techniques (CNN, LSTM)

b. Implementation Framework

Integration with cloud-based backup systems
Real-time detection and response mechanisms

D. Blockchain-Based Data Integrity
a. Smart Contracts for Backup Verification

Automated integrity checks via smart contracts
Decentralized consensus mechanisms
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b. Immutable Ledger for Backup Records

Hashing techniques for tamper-proof records
Role of distributed ledger technology in compliance

IV. RESULTS AND DISCUSSION

A. Performance Analysis
a. Encryption Efficiency

Comparison of AES-256, RSA, and post-quantum encryption
Computational overhead analysis

b. Al Detection Accuracy

False positive/false negative rates
Effectiveness of deep learning models

¢. Blockchain Validation Time

Transaction latency in verification
Scalability analysis

B. Security Enhancement

Resistance to ransomware attacks
Prevention of unauthorized data modification

C. Compliance Evaluation

Alignment with GDPR, HIPAA, and SOX
Regulatory benefits of implementing Al-driven security

V. CONCLUSION

A. Summary of Findings
This paper demonstrates that integr ating Al-driven anomaly detection, blockchain-based integrity verification,
and advanced encryption methods significantly enhances the security of backup systems in regulated industries.

B. Future Research Directions

Exploring quantum computing implications for Al security
Enhancing the scalability of blockchain-integrated backup systems
Developing real-time forensic analysis for backup data
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