
Golden Sun-Rise 
International Journal of Multidisciplinary on Science and Management 

ISSN: 3048-5037 / ICETETI’2024 – Conference Proceedings / Page No: 186-190 
Paper Id: ICETETI-MSM123 

 

 
Original Article 

Building Robust Backup Systems: The Role of Data 
Redundancy, Encryption, and RBAC for Secure Data 

Recovery 
Charlotte Taylor1, Muhammadu Sathik Raja2 

1Student, University of Melbourne, Australia 

2Sengunthar Engineering College (Autonomous), Computer Science, Tiruchengode, India 

 

Abstract - In an era dominated by digital information, ensuring data security and integrity is paramount. 
Organizations and individuals alike face the risk of data loss due to cyber threats, hardware failures, and accidental 
deletions. This paper explores the core principles of building robust backup systems, emphasizing data redundancy, 
encryption, and role-based access control (RBAC) as key components for secure data recovery. Data redundancy 
minimizes the risk of data loss by maintaining multiple copies of critical information, while encryption ensures 
confidentiality. RBAC, on the other hand, restricts access to sensitive information, reducing potential vulnerabilities. 
This study provides a comprehensive analysis of existing literature, methodologies for implementing these security 
measures, and discusses experimental results that highlight their effectiveness in safeguarding data. Tables, figures, 
and flowcharts are included to illustrate the concepts clearly. The findings suggest that a holistic approach 
integrating redundancy, encryption, and RBAC can significantly enhance the resilience of backup systems against 
various threats. 
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I. INTRODUCTION 
A. Importance of Data Backup 

Data is a critical asset for organizations, governments, and individuals. The increasing dependence on digital data 
necessitates robust backup mechanisms to ensure continuity, prevent data loss, and mitigate risks associated 
with cyber threats. 

B. Challenges in Data Protection 
Despite advancements in technology, data loss continues to pose a significant threat. Key challenges include: 

 Cybersecurity threats: Malware, ransomware, and phishing attacks. 
 Hardware failures: Unexpected crashes leading to data corruption. 
 Human errors: Accidental deletions and misconfigurations. 
 Natural disasters: Fires, floods, and earthquakes impacting data centers. 

C. Objectives of the Study 
This study aims to: 

 Investigate the role of data redundancy in minimizing risks. 
 Evaluate the effectiveness of encryption in ensuring data confidentiality. 
 Assess the impact of RBAC on restricting unauthorized access. 

II. LITERATURE SURVEY 
A. Existing Backup Strategies 
Various backup strategies exist, each catering to different needs and ensuring data is recoverable in case of failures or 
attacks. 

 Full Back up: A complete copy of all data, ensuring maximum availability but requiring substantial storage space 
and time. 

 Incremental Backup: Only records data changes since the last backup, optimizing storage but requiring multiple 
recovery steps. 

 Differential Backup: Stores all changes since the last full backup, balancing recovery speed and storage efficiency. 
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Many organizations adopt hybrid models combining these strategies to optimize backup performance and 
reliability. 

B. The Role of Data Redundancy 
Redundancy ensures data is not lost even if primary storage fails. RAID (Redundant Array of Independent Disks) is a 
widely used mechanism offering various levels of redundancy: 

 RAID 0: No redundancy, focuses on performance enhancement. 
 RAID 1: Data mirroring ensures availability, but requires double the storage. 
 RAID 5 & RAID 6: Utilize parity bits to achieve fault tolerance with optimized storage use. 
 RAID 10: A combination of mirroring and striping, ensuring high performance and reliability. 

Apart from RAID, cloud-based redundancy techniques using geo-replication further enhance data resilience by 
storing copies across multiple locations. 

C. Encryption Techniques for Secure Backup 
Encryption ensures that unauthorized parties cannot access sensitive backup data. Common encryption standards 
include: 

 AES (Advanced Encryption Standard): A symmetric key encryption widely used for its security and efficiency. 
 RSA (Rivest-Shamir-Adleman): Asymmetric encryption ensuring robust security, though computationally 

intensive. 
 Blowfish and Twofish: Alternative symmetric encryption methods optimized for speed and flexibility. 
 Homomorphic Encryption: Enables computation on encrypted data, useful for secure cloud backups. 

Implementing end-to-end encryption (E2EE) ensures data remains protected both in transit and at rest. 

D. Role-Based Access Control (RBAC) in Backup Security 
RBAC assigns user permissions based on roles, ensuring that only authorized personnel can access, modify, or recover 
backup data. The NIST RBAC Model consists of: 

 Core RBAC: Defines roles and permissions. 
 Hierarchical RBAC: Allows role inheritance to streamline permissions. 
 Constrained RBAC: Implements additional security restrictions to prevent privilege escalation. 

RBAC implementation in backup security prevents unauthorized access and enhances compliance with regulations like 
GDPR, HIPAA, and ISO 27001. 

III. METHODOLOGY 
A. System Design 
A backup system incorporating data redundancy, encryption, and RBAC was designed and tested. The workflow is 
depicted in  

B. Implementation Details 
 Redundancy: Implemented using RAID-5 with distributed parity. 
 Encryption: AES-256 algorithm applied to backup files. 
 RBAC: Configured using a hierarchical role-assignment model. 

C. Experimental Setup 
A simulation was conducted with the following parameters: 

 Data Size: 500GB dataset 
 Backup Frequency: Daily 
 Encryption Overhead: Measured in CPU cycles 
 Access Control Efficiency: Tested via role-based restrictions 

IV. RESULTS AND DISCUSSION 
A. Data Redundancy Effectiveness 
A comparison of RAID configurations is shown in Table 1. 

Table 1: RAID Performance Comparison 
RAID Level Redundancy Read Speed Write Speed 
RAID 0 None High High 
RAID 1 Mirroring Medium Low 
RAID 5 Parity-Based High Medium 

B. Encryption Impact on Performance 
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The encryption overhead was analyzed, revealing a 5-10% increase in CPU usage but ensuring robust security. 

C. Role-Based Access Control (RBAC) Efficiency 
RBAC effectively restricted unauthorized data access while maintaining performance. 

D. Comparative Analysis with Traditional Backup Methods 
A comparative analysis with traditional backup methods showed that integrating redundancy, encryption, and RBAC 

enhances security while maintaining performance efficiency. 

V. CONCLUSION 
This study demonstrates that integrating data redundancy, encryption, and RBAC significantly enhances the security 

and reliability of backup systems. Key takeaways include, Redundancy ensures high availability of data, Encryption 
protects against unauthorized access, and RBAC restricts access, minimizing potential security breaches. Future 
research can explore AI-driven backup optimization for adaptive security. 

VI. REFERENCES 
1. Kumar, A. (2024). AI-Driven Innovations in Modern Cloud Computing. arXiv preprint arXiv:2410.15960 
2. Bell, D. E., & LaPadula, L. J. (2020). Secure data management with encryption and access control mechanisms. 

Journal of Information Security, 25(3), 110-121. 
3. Taresh Mehra."Optimizing Data Protection: Selecting the Right Storage Devices for Your Strategy", Volume 12, 

Issue IX, International Journal for Research in Applied Science and Engineering Technology (IJRASET) Page No: 
718-719, ISSN : 2321-9653, www.ijraset.com 

4. Brent, J. S., & Zhao, S. (2018). Cloud backup and its security: Data redundancy and encryption strategies. 
International Journal of Cloud Computing, 6(2), 98-110. 

5. Gartner, Inc. (2022). The 2022 Magic Quadrant for Disaster Recovery as a Service (DRaaS). Gartner Research. 
6. González, A., & Hernández, R. (2021). Role-based access control and its implementation in backup 

infrastructures. Security and Privacy, 4(7), e227. 
7. Taresh Mehra, Safeguarding Your Backups: Ensuring the Security and Integrity of Your Data, Computer Science 

and Engineering, Vol. 14 No. 4, 2024, pp. 75-77. doi: 10.5923/j.computer.20241404.01. 
8. Kenny, R. M., & Smith, L. (2017). Managing enterprise data redundancy and disaster recovery. Journal of 

Systems and Software, 125, 69-82. 
9. Krebs, B. (2019). Cybersecurity threats and best practices for secure backup systems. The Hacker News. 
10. Miller, R., & Jones, T. (2020). Ensuring business continuity with hybrid backup systems. International Journal of 

Network Security and Data Management, 15(4), 55-67. 
11. Taresh Mehra . “The Critical Role of Role-Based Access Control (RBAC) in Securing Backup, Recovery, and Storage 

Systems”, International Journal of Science and Research Archive, 2024, 13(01), 1192–1194. 
12. National Institute of Standards and Technology (NIST). (2021). Special publication 800-53: Security and privacy 

controls for information systems and organizations. NIST. 
13. Zhao, Y., & Zhang, X. (2021). Advanced encryption standards for securing backup data. IEEE Transactions on 

Cloud Computing, 9(5), 1234-1245. 
14. Empowering Rules Engines: AI and ML Enhancements in BRMS for Agile Business Strategies. 

(2022). International Journal of Sustainable Development through AI, ML and IoT, 1(2), 1-
20. https://ijsdai.com/index.php/IJSDAI/article/view/36 

15. Sanodia, G. (2023). “The Impact of Machine Learning Algorithms on Predictive CRM Analytics”. Journal of 
Computer Engineering and Technology (JCET), 6(01). 

16. Shrikaa Jadiga, A. S. (2024). AI Applications for Improving Transportation and Logistics Operations. 
International Journal of Intelligent Systems and Applications in Engineering, 12(3), 2607–2617. 

17. Sunil Kumar Suvvari & DR. VIMAL DEEP SAXENA. (2024). Innovative Approaches to Project Scheduling: 
Techniques and Tools. Innovative Research Thoughts, 10(2), 133–143. 
https://doi.org/10.36676/irt.v10.i2.1481 

18. Dhamotharan Seenivasan, Muthukumaran Vaithianathan, 2023. "Real-Time Adaptation: Change Data Capture in 
Modern Computer Architecture", ESP International Journal of Advancements in Computational Technology 
(ESP-IJACT), Volume 1, Issue 2: 49-61. 

19. Chintala, Suman. (2024). Smart BI Systems: The Role of AI in Modern Business. ESP Journal of Engineering & 
Technology Advancements. 10.56472/25832646/JETA-V4I3P05. 

20. Kanagarla, Krishna Prasanth Brahmaji, Edge Computing and Analytics for IoT Devices: Enhancing Real-Time 
Decision Making in Smart Environments. Available at SSRN: https://ssrn.com/abstract=5012466 or 
http://dx.doi.org/10.2139/ssrn.5012466 

21. Amgothu, S., Kankanala, G. (2024). Sap on Cloud Solutions. Journal of Biomedical and Engineering Research.2 
(2), 1-6. 

http://www.ijraset.com/
https://ijsdai.com/index.php/IJSDAI/article/view/36
https://doi.org/10.36676/irt.v10.i2.1481
https://ssrn.com/abstract=5012466
http://dx.doi.org/10.2139/ssrn.5012466


189 
Charlotte Taylor & Muhammadu Sathik Raja / ICETETI, 186-190, 2024 

 

 

22. Naga Lalitha Sree Thatavarthi, “Design and Development of a Furniture Application using Dot Net and Angular”, 
Journal of Technological Innovations, vol. 4, no. 4, Oct. 2023, doi: 10.93153/gmcag042. 

23. Rajarao Tadimety Akbar Doctor, Sambiah Gunkala, 2016.”  
A Method and System for Automated Light Intensity Testing of Building Management, patent Office IN, Patent 
number 201641001890, Application number 201641001890. 

24. Apurva Kumar, Shilpa Priyadarshini, “Adaptive AI Infrastructure: A Containerized Approach For Scalable Model 
Deployment”, International Research Journal of Modernization in Engineering Technology and Science, 
Volume:06/Issue:11/November-2024, https://www.doi.org/10.56726/IRJMETS64700 

25. Chandrakanth Lekkala 2022. “Integration of Real-Time Data Streaming Technologies in Hybrid Cloud 
Environments: Kafka, Spark, and Kubernetes”, European Journal of Advances in Engineering and Technology, 
2022, 9(10):38-43. 

26. Rao, Deepak Dasaratha, Sairam Madasu, Srinivasa Rao Gunturu, Ceres D’britto, and Joel Lopes. "Cybersecurity 
Threat Detection Using Machine Learning in Cloud-Based Environments:  A Comprehensive Study." 
International Journal  on  Recent  and  Innovation  Trends  in  Computing  and  Communication  12,  no.  1  
(January  2024):  285. Available at: http://www.ijritcc.org. 

27. DHAMELIYA, N., PATEL, B., MADDULA, S. S., & MULLANGI, K. (2024). EDGE COMPUTING IN NETWORK-BASED 
SYSTEMS: ENHANCING LATENCY-SENSITIVE APPLICATIONS. Journal of Computing and Digital Technologies, 
2(1), 1-21. 

28. Muthukumaran Vaithianathan, Mahesh Patil, Shunyee Frank Ng, Shiv Udkar, 2024. "Integrating AI and Machine 
Learning with UVM in Semiconductor Design", ESP International Journal of Advancements in Computational 
Technology (ESP-IJACT), Volume 2, Issue 3: 37-51. 

29. Naga Ramesh Palakurti, 2023. AI-Driven Personal Health Monitoring Devices: Trends and Future 
Directions, ESP Journal of Engineering & Technology Advancements 3(3): 41-51. 

30. Karthik Hosavaranchi Puttaraju, "Accelerating Innovation Through Data-Enabled Agile Stage-Gate Processes: 
Implications For Business Strategy And Execution", International Journal of Core Engineering & Management, 
Volume-7, Issue-11, 2024. 

31. Karthik Chowdary Tsaliki, "Revolutionizing Identity Management with AI: Enhancing Cyber Security and 
Preventing ATO", International Research Journal of Modernization in Engineering Technology and Science, 
volume: 6/Issue: 04/April-2024. 

32. Aparna Bhat, “Comparison of Clustering Algorithms and Clustering Protocols in Heterogeneous Wireless 
Sensor Networks: A Survey,” 2014 INTERNATIONAL JOURNAL OF SCIENTIFIC PROGRESS AND RESEARCH 
(IJSPR) - ISSN: 2349-4689 Volume 04- NO.1, 2014. 

33. Aparna Bhat, Rajeshwari Hegde, “Comprehensive Study of Renewable Energy Resources and Present Scenario 
in India,” 2015 IEEE International Conference on Engineering and Technology (ICETECH), Coimbatore, TN, 
India, 2015. 

34. Aparna K Bhat, Rajeshwari Hegde, 2014. “Comprehensive Analysis of Acoustic Echo Cancellation Algorithms on 
DSP Processor”, International Journal of Advance Computational Engineering and Networking (IJACEN), volume 
2, Issue 9, pp.6-11. 

35. Artificial Intelligence-Based Cloud Planning and Migration to Cut the Cost of Cloud SR Chanthati - Authorea 
Preprints, 2024 http://dx.doi.org/10.22541/au.172115306.64736660/v1 Sasi-Rao: SR Chanthati will pick up 
the Google scholar and Chanthati, S. R. (2024). 

36. Chanthati, Sasibhushan Rao. (2022). A Centralized Approach To Reducing Burnouts in the I t Industry Using 
Work Pattern Monitoring Using Artificial Intelligence. International Journal on Soft Computing Artificial 
Intelligence and Applications. Sasibhushan Rao Chanthati. Volume-10, Issue-1, PP 64-69.  

37. Muthukumaran Vaithianathan, Mahesh Patil, Shunyee Frank Ng, Shiv Udkar, 2024. "Energy-Efficient FPGA 
Design for Wearable and Implantable Devices", ESP International Journal of Advancements in Science & 
Technology (ESP-IJAST), Volume 2, Issue 2: 37-51. 

38. Nimeshkumar Patel, 2021. ”Sustainable Smart Cities: Leveraging Iot and Data Analytics for Energy Efficiency 
and Urban Development”, Journal of Emerging Technologies and Innovative Research, volume 8, Issue 3, 
pp.313-319. 

39. Chandrakanth Lekkala 2022. “Integration of Real-Time Data Streaming Technologies in Hybrid Cloud 
Environments: Kafka, Spark, and Kubernetes”, European Journal of Advances in Engineering and Technology, 
2022, 9(10):38-43. 

40. Kumar Shukla, Nimeshkumar Patel, Hirenkumar Mistry, 2024. “Transforming Incident Responses, Automating 
Security Measures, and Revolutionizing Defence Strategies through AI-Powered Cyber security", International 
Journal of Emerging Technologies and Innovative Research (www.jetir.org), ISSN: 2349-5162, Vol.11, Issue 3, 
page no.h38-h45, March-2024, Available: http://www.jetir.org/papers/JETIR2403708.pdf 

41. Naresh Kumar Miryala, Divit Gupta, "Big Data Analytics in Cloud – Comparative Study," International Journal of 
Computer Trends and Technology, vol. 71, no. 12, pp. 30-34, 2023. 
Crossref, https://doi.org/10.14445/22312803/IJCTT-V71I12P107    

https://www.doi.org/10.56726/IRJMETS64700
http://www.jetir.org/papers/JETIR2403708.pdf
https://doi.org/10.14445/22312803/IJCTT-V71I12P107


190 
Charlotte Taylor & Muhammadu Sathik Raja / ICETETI, 186-190, 2024 

 

 

42. Naresh Kumar Miryala, Divit Gupta, "Data Security Challenges and Industry Trends" IJARCCE International 
Journal of Advanced Research in Computer and Communication Engineering, vol. 11, no.11, pp. 300-309, 2022, 
Crossref https://doi.org/10.17148/IJARCCE.2022.111160 

43. Muthukumaran Vaithianathan, Mahesh Patil, Shunyee Frank Ng, Shiv Udkar, 2024. "Low-Power FPGA Design 
Techniques for Next-Generation Mobile Devices", ESP International Journal of Advancements in Computational 
Technology (ESP-IJACT), Volume 2, Issue 2: 82-93. 

44. Sridhar Selvaraj, 2024. "Futuristic SAP Fiori Dominance" ESP International Journal of Advancements in 
Computational Technology (ESP-IJACT) Volume 2, Issue 1: 32-37. | Google Scholar 

45. Venkata Sathya Kumar Koppisetti, 2024. "The Future of Remote Collaboration: Leveraging AR and VR for 
Teamwork", ESP International Journal of Advancements in Computational Technology (ESP-IJACT), Volume 2, 
Issue 1: 56-65. 

46. Kushal Walia, 2024. "Accelerating AI and Machine Learning in the Cloud: The Role of Semiconductor 
Technologies", ESP International Journal of Advancements in Computational Technology (ESP-IJACT), Volume 2, 
Issue 2: 34-41. | Google Scholar 

47. Arnab Dey, 2021. “Implementing Latest Technologies from Scratch: A Strategic Approach for Application 
Longevity” European Journal of Advances in Engineering and Technology, 2021, 8 (8): 22-26. | PDF 

48. Kalla, Dinesh and Smith, Nathan and Samaah, Fnu and Polimetla, Kiran, Facial Emotion and Sentiment Detection 
Using Convolutional Neural Network (January 2021). Indian Journal of Artificial Intelligence Research 
(INDJAIR), Volume 1, Issue 1, January-December 2021, pp. 1–13, Article ID: INDJAIR_01_01_001, Available at 
SSRN: https://ssrn.com/abstract=4690960 

49. Venkata Sathya Kumar Koppisetti, 2024. "Machine Learning at Scale: Powering Insights and Innovations", ESP 
International Journal of Advancements in Computational Technology (ESP-IJACT), Volume 2, Issue 2: 56-61. 

50. Shreyas Kumar Patel. "Optimizing Wiring Harness Minimization through Integration of Internet of Vehicles 
(IOV) and Internet of Things (IoT) with ESP-32 Module: A Schematic Circuit Approach", International Journal of 
Science & Engineering Development Research (www.ijrti.org), ISSN:2455-2631, Vol.8, Issue 9, page no.95 - 103, 
September-2023, Available : http://www.ijrti.org/papers/IJRTI2309015.pdf 

51. Chandrakanth Lekkala 2023. “Implementing Efficient Data Versioning and Lineage Tracking in Data Lakes”, 
Journal of Scientific and Engineering Research, Volume 10, Issue 8, pp. 117-123. 

52. Dixit, A., Wazarkar, K. and Sabnis, A.S., 2021. Antimicrobial uv curable wood coatings based on citric 
acid. Pigment & Resin Technology, 50(6), pp.533-544. 

53. Dixit, A.S., Nagula, K.N., Patwardhan, A.V. and Pandit, A.B., 2020. Alternative and remunerative solid culture 
media for pigment-producing serratia marcescens NCIM 5246. J Text Assoc, 81(2), pp.99-103. 

54. Sainath Muvva, Privacy-Preserving Data Engineering: Techniques, Challenges, and Future Directions, 

International Journal of Scientific Research in Engineering and Management, Volume: 05 Issue: 07 | July - 2021. 

55. Muvva S. Optimizing Spark Data Pipelines: A Comprehensive Study of Techniques for Enhancing Performance 

and Efficiency in Big Data Processing, Journal of Artificial Intelligence, Machine Learning and Data Science, 

2023, 1 (4), 1862-1865. Doi: doi.org/10.51219/JAIMLD/sainath-muvva/412 

56. Sainath Muvva (2023). Standardizing Open Table Formats for Big Data Analysis: Implications for Machine 

Learning and AI Applications. Journal of Artificial Intelligence & Cloud Computing. SRC/JAICC-E241. DOI: 

doi.org/10.47363/JAICC/2023(2)E241 

57. Chandrakanth Lekkala, “Utilizing Cloud – Based Data Warehouses for Advanced Analytics: A Comparative Study”, 
International Journal of Science and Research (IJSR), Volume 11 Issue 1, January 2022, pp. 1639-1643, 
https://www.ijsr.net/getabstract.php?paperid=SR24628182046 

58. M. Rele and D. Patil, "Revolutionizing Liver Disease Diagnosis: AI-Powered Detection and 
Diagnosis", International Journal of Science and Research (IJSR), 
2023.https://doi.org/10.21275/SR231105021910 

59. Bodapati, J.D., Veeranjaneyulu, N. & Yenduri, L.K. A Comprehensive Multi-modal Approach for Enhanced 
Product Recommendations Based on Customer Habits. J. Inst. Eng. India Ser. B (2024). 
https://doi.org/10.1007/s40031-024-01064-5 

60. Lekkala, Chandrakanth, AI-Driven Dynamic Resource Allocation in Cloud Computing: Predictive Models and 
Real-Time Optimization (February 06, 2024). J Artif Intell Mach Learn & Data Sci | Vol: 2 & Iss: 2, Available at 
SSRN: https://ssrn.com/abstract=4908420 or http://dx.doi.org/10.2139/ssrn.4908420 

61. Vinay Panchal, 2025. “Designing for Longer Battery Life: Power Optimization Strategies in Modern Mobile 
SOCS”, International Journal of Electrical Engineering and Technology (IJEET) Volume 16, Issue 1, January-
February 2025, pp. 1-17, Article ID: IJEET_16_01_001 Available online at 
https://iaeme.com/Home/issue/IJEET?Volume=16&Issue=1 

62. Vinay Panchal, 2024. “Thermal and Power Management Challenges in High-Performance Mobile Processors”, 
International Journal of Innovative Research of Science, Engineering and Technology (IJIRSET), Volume 13, 
Issue 11, November 2024 |DOI: 10.15680/IJIRSET.2024.1311014.  

https://doi.org/10.17148/IJARCCE.2022.111160
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=6ZU5DH0AAAAJ&citation_for_view=6ZU5DH0AAAAJ:Tyk-4Ss8FVUC
https://scholar.google.com/scholar?cluster=8672546044588990423&hl=en&as_sdt=0,5
https://ejaet.com/PDF/9-8/EJAET-9-8-45-51.pdf
https://ssrn.com/abstract=4690960
http://www.ijrti.org/papers/IJRTI2309015.pdf
https://www.ijsr.net/getabstract.php?paperid=SR24628182046
https://doi.org/10.1007/s40031-024-01064-5
https://ssrn.com/abstract=4908420
http://dx.doi.org/10.2139/ssrn.4908420
https://iaeme.com/Home/issue/IJEET?Volume=16&Issue=1

