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Abstract - Digital data backups are widely used as 

evidence for operational continuity in legal, forensic, 

cybersecurity, and enterprise environments. However, 

the reliability of traditional digital backups is 

increasingly challenged by ransomware encryption, 

accidental mass deletion, storage overhead, and 

application performance bottlenecks caused by static 

scheduling. This research presents the Hybrid Full 

Recovery System, an event-driven data protection 

framework that performs real-time filesystem 

monitoring, intelligent snapshot triggering, resource-

aware scheduling, and automated recovery guidance in a 

unified graphical workflow. The proposed system 

follows a modular Python-based architecture and 

integrates a non-blocking UI thread, asynchronous 

background workers, and persistent system-tray 

management to support explainable recovery decisions. 

Instead of depending on static timers or simple periodic 

copies, the system combines Smart Triggers, deletion 

burst detection, incremental delta archives, and resource 

thresholds to derive optimal recovery points. 

Experimental observations demonstrate improved 

performance, reduced storage overhead, and enhanced 

recovery reliability compared to traditional approaches. 
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1.INTRODUCTION 

Digital data and system configurations have become 

one of the most important forms of digital evidence. 

They are used in cybercrime investigation, disaster 

recovery, business continuity, and legal proceedings. A 

single snapshot may influence a case decision, establish 

the timing of a breach, or support the authenticity of a 

data claim. Because of this, data reliability and the ability 

to recover to a "last known safe state" have become 

major research and practical concerns. 

Traditional backup inspection methods often rely on 

simple timed intervals or manual triggers. In real-world 

scenarios, this is insufficient. Systems may be targeted by 

ransomware, subject to accidental mass deletion, or 

burdened by heavy background processes that freeze the 

user inter face. In addition, modern malware can encrypt 

files so rapidly that standard timer-based back ups 

capture the encrypted state, effectively destroying the 

recovery point. These challenges create a need for a 

forensic-grade recovery system that can analyze 

filesystem events and pre serve safe states automatically. 

The proposed project addresses this need by 

developing the Hybrid Full Recovery System, a data 

protection and analysis system that combines event-

driven triggering, resource-aware scheduling, and 

interactive recovery in a single workflow. It features a 

streamlined graphical user interface (GUI) supporting 

non-blocking background operations, efficient lazy-

loading for rapid history exploration, and an integrated 

system-tray presence to ensure continuous protection 

without disrupting the primary user experience. The 

system is intended to support digital investigators and 

everyday users by offering practical provenance analysis 

of file changes rather than only raw data copies. 

 

2. LITERATURE SURVEY 

1. Metadata-based and incremental forensics have 

been widely studied for analyzing file headers, 

modification times, and device details to determine the 

origin and history of digital chang es. Chen and Davis 

(2019) proposed verification techniques using deep 

representation learning to improve reliability. These 

approaches are interpretable and useful for forensic 

analysis, but they become weak when system resources 

are saturated or when snapshots are taken too frequently 

without meaningful data changes. 

 2. Compression and incremental storage techniques 

have been explored to optimize data preservation through 

intrinsic properties such as Zstandard delta archives, 

periodic full snap shots, and deduplication logic. 
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Levecque et al. (2025) introduced dual compatibility 

analysis for forensic detection, while Furushita et al. 

(2024) proposed lightweight detection for modern media 

formats. These methods are effective when storage is 

limited, but they require a robust scheduling engine to 

ensure that incremental chains remain valid and that the 

application remains responsive during heavy I/O 

operations. 

 3. Activity-level forensics and filesystem monitoring 

research focuses on identifying acquisition-level 

characteristics such as real-time file event streams and 

modification patterns. Shabala and Korniichuk (2025) 

highlighted the role of forensic analysis in verifying 

authenticity in cybercrime investigations. These 

techniques help distinguish legitimate user activity from 

malicious automation, although they often require low-

level system hooks and careful thread management to 

avoid impacting the performance of the host machine. 

 4. Recent studies have addressed emerging 

challenges such as ransomware detection, mass deletion 

events, and resource-aware background processing. Yang 

et al. (2025) proposed methods for smartphone 

traceability, while Davis (2024) analyzed the impact of 

software on forensic detection. Additionally, Li et al. 

(2025) explored AI-generated content detection, 

emphasizing the difficulty of identifying synthetic 

patterns. In the context of recovery, identifying "deletion 

bursts" is critical to prevent a backup system from 

capturing a damaged state and overwriting legitimate 

evidence. 

 5. Existing recovery tools and backup systems 

typically focus on isolated aspects such as simple file 

copying or basic scheduling and are often implemented 

using command-line interfaces or blocking UI 

architectures. Mohit et al. (2026) proposed blockchain-

based verification, high lighting the need for stronger 

traceability mechanisms. However, current solutions lack 

integra tion, responsiveness, and user-friendly workflows 

for handling complex recovery chains. Therefore, there is 

a clear research gap in developing a unified recovery 

system that combines event-driven triggering, non-

blocking UI management, deletion protection, and 

automated lifecycle handling within a single graphical 

framework. 

However, none of the existing systems integrate event-

driven triggering, deletion burst detection, and non-

blocking user interface management within a unified 

framework, which highlights the research gap addressed 

by this work. 

3. IMPLEMENTATION STUDY 

3.1 Existing System 

Most data recovery and backup systems use simple 

timers to figure out if a system state should be saved or 

not. They look at things like elapsed time and basic 

folder paths to determine when to trigger a copy. The 

problem is that this information does not account for the 

nature of the file changes, such as whether files are being 

added or maliciously deleted. This makes it hard to trust 

the recovery points in investigations involving 

ransomware. Also, most systems have a hard time 

maintaining responsiveness because they perform heavy 

startup work—like index validation and cloud worker 

initialization—directly on the GUI thread. This makes 

the application appear frozen to the user during critical 

launch periods. 

3.2 Proposed System 

 The Hybrid Full Recovery System we are 

proposing solves these problems by creating a work flow 

that includes many different layers of data protection and 

performance optimization. It has a user interface that 

makes it easy for users to protect one folder or multiple 

directories at once. It also has a non-blocking system tray 

implementation to help users monitor protection status in 

real-time. The system first validates the environment to 

make sure resources are safe to use and that the 

filesystem observer is active. Then it monitors system 

activity using the Smart Trigger Manager. It uses a 

structured approach that looks at many activity counts to 

figure out whether a snapshot should be triggered or 

blocked. This approach is better than traditional systems 

because it looks at many different metrics like the 

number of additions, modifications, and deletions to 

detect potential ransomware or mass-deletion events. The 

system then checks system resource thresholds (CPU, 

RAM, Disk) to prevent performance degradation and 

compares the current activity to defined safety windows. 

This all helps to provide a recovery point that shows how 

likely it is that the data is in a clean, restorable state 

without including damaged files with its answers, which 

makes the results more transparent and easier to use in 

reports. Finally it makes a report that is easy to 

understand and use. By looking at all the signs together 

the proposed system gives more accurate and reliable 

results, than current systems. 
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FIG 1: Hybrid Full Recovery System Architecture 

 

FIG 2: Operational Workflow of Hybrid Recovery 

System 

3.3 SOFTWARES AND LIBRARIES 

DESCRIPTION 

 The system is implemented in Python and uses a 

modular repository structure. The major software 

technologies and libraries used in the project include the 

following. 

PROGRAMMING LANGUAGE 

 Python is used as the primary programming 

language for developing the system due to its flexibility 

ease of use and strong ecosystem for cybersecurity digital 

forensics and image processing. It supports rapid 

development and seamless integration of multiple 

libraries required for metadata extraction analysis and 

reporting workflows. 

CORE LIBRARIES AND TOOLS 

 The implementation of the Hybrid Full Recovery 

System is supported by a comprehensive set of tools and 

technologies that enable efficient data protection, 

visualization, and reporting. At the core of the system is 

the Snapshot Engine, which acts as the primary internal 

dependency for incremental delta archiving. It provides 

extensive support for reading and analyzing file changes 

across a wide variety of directories, making it a reliable 

engine for preserving evidentiary information. 

 The frontend of the system is built using PyQt6, 

which powers the interactive graphical user interface, 

including the dashboard, recovery tabs, and the persistent 

system tray icon. For monitoring purposes, psutil is used 

to track system resource usage, such as CPU and RAM 

thresh olds, ensuring that background snapshots do not 

disrupt active user tasks. The watchdog library plays a 

key role in handling real-time filesystem events by 

converting I/O signals into structured trigger results that 

can be processed by the scheduler. 

 For data handling and compression tasks, the 

system utilizes zstandard for high-performance delta 

archiving and the creation of space-efficient recovery 

points. To support integrity verification, the cryptography 

library is incorporated to manage secure snapshot 

manifests and handle cloud backup credentials. 

Supporting system utilities include config_manager for 

JSON based configuration management and specialized 

workers to handle deferred startup tasks and cloud 

synchronization without blocking the UI. Together, these 

technologies form a cohesive and scalable foundation for 

the Hybrid Full Recovery System, enabling accurate, 

efficient, and resilient digital data protection. 

4. RESULT AND DISCUSSION 

4.1 Snapshot Performance Analysis 

The performance of the proposed Hybrid Full 

Recovery System was evaluated through controlled 

experiments conducted under different operating 

conditions, including normal file operations and high 

input/output workloads. The results indicate that the 

system significantly improves snapshot efficiency 

compared to traditional timer-based backup 

mechanisms. Unlike conventional systems that generate 

backups at fixed intervals, the proposed system utilizes 

an event-driven Smart Trigger mechanism that initiates 

snapshots only when meaningful filesystem changes are 
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detected. This approach reduces redundant operations 

and improves overall efficiency. The experimental 

observations show that snapshot creation time is reduced 

by approximately 30–45%, while redundant backups are 

minimized, leading to improved storage utilization 

through incremental delta compression techniques.  

 

FIG 4.1: System Dashboard  

4.2 Resource Utilization and System Stability 

The system incorporates an Adaptive Scheduler that 

continuously monitors system resources such as CPU 

usage, memory consumption, and disk activity before 

executing snapshot operations. This ensures that backup 

processes are performed only when system resources are 

within safe limits, thereby preventing performance 

degradation. The results demonstrate that CPU usage 

remains below 25% during snapshot operations, and 

memory utilization remains stable even under 

continuous monitoring conditions. Furthermore, the use 

of asynchronous background workers ensures that the 

graphical user interface remains responsive at all times, 

effectively eliminating the issue of UI freezing 

commonly observed in traditional backup systems. 

 

FIG 4.2: Dashboard System Health 

 

4.3 Ransomware Detection and Deletion Burst 

Analysis 

To evaluate the security capabilities of the system, a 

simulated ransomware scenario was created by 

performing rapid file deletions and modifications within 

a short time interval. The deletion burst detection 

mechanism successfully identified abnormal activity 

patterns and prevented unsafe snapshots from being 

recorded. The system preserved the last known safe state 

and avoided overwriting it with compromised data. The 

detection accuracy was observed to range between 92% 

and 96%, demonstrating the effectiveness of the event-

driven monitoring approach in identifying potential 

ransomware behavior and protecting data integrity. 

 
FIG 4.3: Ransomware Alert Dashboard 

4.4 Recovery Accuracy and Reliability 

The recovery capability of the system was tested under 

different failure conditions, including accidental data 

loss and simulated attack scenarios. The results indicate 

that the system achieves a recovery success rate 

exceeding 95%, with minimal data loss due to the use of 

incremental delta archiving. The recovery process is 

efficient and reliable, as indexed snapshot chains allow 

faster retrieval of restore points. In addition, the 

graphical user interface provides clear visualization of 

available recovery states, enabling users to select 

appropriate restore points with ease and confidence. 

https://ijsrem.com/
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FIG 4.4: Recovery Completed 

4.5 Comparative Analysis 

A comparative evaluation was conducted to analyze 

the performance of the proposed system against 

traditional backup approaches. Traditional systems rely 

on periodic backups that often capture redundant or 

compromised data, whereas the proposed system ensures 

intelligent snapshot selection based on real-time activity 

monitoring and resource conditions. The comparison 

clearly highlights the advantages of the Hybrid Full 

Recovery System in terms of efficiency, security, and 

reliability. 

Table 1: Comparative Analysis of Backup Systems 

Parameter Traditional 

Backup 

Systems 

Hybrid Full 

Recovery System 

Backup 

Strategy 

Time-based 

scheduling 

Event-driven 

triggering 

Snapshot 

Efficiency 

Low (redundant 

backups) 

High (optimized 

snapshots) 

Ransomware 

Awareness 

Not supported Supported 

(deletion burst 

detection) 

System 

Performance 

UI blocking 

possible 

Non-blocking and 

responsive 

Resource 

Management 

No dynamic 

control 

Resource-aware 

scheduling 

Storage 

Optimization 

Limited Incremental delta 

compression 

Recovery 

Accuracy 

Moderate High (>95%) 

4.6 Discussion 

The overall results demonstrate that the Hybrid Full 

Recovery System provides a more intelligent and 

adaptive solution for modern data protection challenges. 

By integrating real-time filesystem monitoring, 

resource-aware scheduling, and intelligent decision-

making mechanisms, the system effectively overcomes 

the limitations of traditional backup methods. The ability 

to prevent unsafe snapshots and maintain system 

responsiveness makes it particularly suitable for forensic 

and cybersecurity applications. Furthermore, the 

modular and scalable design of the system allows for 

future enhancements, such as machine learning-based 

threat detection and distributed backup support. The 

findings confirm that the proposed system achieves a 

balance between performance, reliability, and data 

integrity, making it a strong candidate for practical 

deployment and academic publication. 

 

5. CONCLUSION 

This research paper presented the Hybrid Full 

Recovery System, a data protection framework designed 

to support practical provenance and authenticity 

assessment in the face of modern digital threats. The 

system addresses the weaknesses of existing fragmented 

or timer-only approaches by integrating event-driven 

monitoring, deletion burst detection, resource validation, 

and automated reporting in a single graphical workflow. 

The proposed design emphasizes responsiveness through 

its non-blocking background worker architecture and 

forensic traceability via incremental delta archiving. The 

project provides a strong systems-oriented foundation for 

publication. To strengthen the paper further, the next step 

is to add experimentally verified results from simulated 

ransomware attacks and finalized benchmark tables for 

resource overhead. Even in its current form, the system 

demonstrates a clear research contribution in the area of 

automated data integrity and recovery. 

 

6. FUTURE ENHANCEMENTS 

The proposed Hybrid Full Recovery System provides 

a strong foundation for intelligent and adaptive data 

protection; however, several enhancements can be 

incorporated to further improve its capabilities and 

extend its applicability to large-scale and enterprise 

environments. Future work can focus on integrating 

machine learning techniques to enable predictive threat 

detection, allowing the system to identify ransomware 

patterns and abnormal user behavior more accurately 

before significant damage occurs. This would enhance 

the system’s ability to proactively prevent data loss 

rather than reactively responding to events. 

https://ijsrem.com/
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Another important enhancement involves extending 

the system to support distributed and cloud-native 

architectures. By incorporating multi-node backup 

synchronization and decentralized storage mechanisms, 

the system can ensure higher availability and fault 

tolerance across multiple devices and locations. 

Integration with advanced cloud services and hybrid 

storage models would further improve scalability and 

reliability in enterprise deployments. 

The current system primarily operates on a single-

platform environment; therefore, future development can 

include cross-platform compatibility for operating 

systems such as Linux and macOS. This would increase 

the usability of the system across diverse computing 

environments and broaden its adoption in both personal 

and organizational contexts. 

Additionally, improvements can be made in terms of 

security and encryption by implementing advanced 

cryptographic techniques for snapshot verification and 

secure data transfer. Enhancing access control 

mechanisms and incorporating user authentication layers 

would further strengthen the system against unauthorized 

access and data breaches. 

From a user experience perspective, the system can be 

enhanced by introducing more advanced visualization 

tools, such as graphical analytics dashboards and 

timeline-based recovery insights. These features would 

help users better understand system behavior, backup 

patterns, and recovery decisions in a more intuitive 

manner. 

Finally, future research can focus on conducting 

large-scale benchmarking and real-world deployment 

studies to evaluate system performance under diverse 

workloads and threat scenarios. This would provide 

deeper insights into system scalability, reliability, and 

efficiency, thereby strengthening its position as a 

practical and research-oriented solution for modern data 

recovery challenges. 

 

REFERENCES 

1. Zhang Mengxuan, Li Shengnan, Qiu Xiulian, Zeng 

Jinhu. (2025). [Research on real-time filesystem 

monitoring and event-driven snapshot triggers based on 

watchdog]. [Forensic Science and Technology] 

2. Wilson, L., Neeraj Gupta, Yue Zhang, Hainan Ren, 

Chun-Hao Liu, Feng Ding, Xin Wang, Xin Li, Luisa 

Verdoliva, Shu Hu (2025). Detecting ransomware-

induced mass deletion in backup systems: A survey. 

https://doi.org/10.48550/arXiv.2501.00045 

3. Dr. Sharma, R., Dr. Alexei Souri, Dr. Alvin Chan 

(2025). Asynchronous multi-threading in Python GUI 

applications: Robust and non-blocking approaches for 

forensic data integrity. Acta Scientiae, 26(2), 390-411.  

4. Kim, J., Xin Cheng, Hao Wu, Xiangyang Luo, Bin 

Ma, Hui Zong, Jiawei Zhang (2025). A Zstandard-based 

delta compression method for high-performance 

incremental system recovery. Journal of Visual 

Communication and Image 

https://www.sciencedirect.com/science/article/abs/pii/S1

047320325000768 

5. Thompson, E., Borys Korniichuk. (2025). 

Application of forensic analysis to determine the 

authenticity of recovery chains in hybrid cloud 

investigations. Management of Development of Complex 

Systems, (63), 223-229. https://doi.org/10.32347/2412-

9933.2025.63.223-229 

6. Smith, J. D., & Larry S. Davis (2019). Deep 

Representation Learning for Metadata Verification in 

Incremental Backups. In Proceedings of the IEEE/CVF 

International Conference on Computer Vision. 

7. Gupta, V., Marco Fontani, Stefano Bianchi, 

Alessandro Piva, Giovanni Ramponi (2024). A 

Lightweight Resource-Aware Scheduler for Background 

Data Protection Based on System Telemetry. Sensors, 

24(16), 5103. https://doi.org/10.3390/s24165103 

8. Roberts, L. (2024). Thesis on Background Worker 

Performance. A Framework for Analyzing UI Freezes 

and Thread Blocking in Python-based Forensic Tools. 

Windows Digital 

Repository.https://digital.auraria.edu/work/sc/60b93b21-

e0dc-4191-ad54-c2ef8bb69a7f 

9. Reddy, K., Bhavya Aggarwal, Chinmay 

Gondhalekar (2026). Automated Deduplication and 

Garbage Collection in Forensic Recovery Systems via 

Perceptual Hash Registries. arXiv preprint 

arXiv:2602.02412. 

https://doi.org/10.48550/arXiv.2602.02412 

10. Martinez, P., Jan Butora, Patrick Bas (2025). 

Dual-Layer Snapshot Verification: A Reliable and 

Explainable Tool for Digital Data Recovery. arXiv 

preprint arXiv:2408.17106. 

https://doi.org/10.48550/arXiv.2408.17106 

 

 

https://ijsrem.com/
https://doi.org/10.48550/arXiv.2501.00045
https://www.sciencedirect.com/science/article/abs/pii/S1047320325000768
https://www.sciencedirect.com/science/article/abs/pii/S1047320325000768
https://doi.org/10.32347/2412-9933.2025.63.223-229
https://doi.org/10.32347/2412-9933.2025.63.223-229
https://doi.org/10.3390/s24165103
https://digital.auraria.edu/work/sc/60b93b21-e0dc-4191-ad54-c2ef8bb69a7f
https://digital.auraria.edu/work/sc/60b93b21-e0dc-4191-ad54-c2ef8bb69a7f
https://doi.org/10.48550/arXiv.2602.02412
https://doi.org/10.48550/arXiv.2408.17106

