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ABSTRACT: Cloud computing has transformed modern computing and data storage practices, yet it presents unique 

challenges for digital forensic investigations due to its distributed architecture, multi-tenancy, and limited investigator 

control. Traditional forensic procedures based on physical access and disk acquisition are unsuitable in virtualized 

cloud environments. Virtual Machine (VM) snapshots offer a promising method to acquire forensic evidence without 

disrupting cloud services. This survey analyzes existing methods, tools, and models enabling forensic investigation 

using VM snapshots and evaluates their efficiency, reliability, scalability, and legal compliance. The study concludes 

that VM snapshot–based forensics, when combined with chain of custody management and automated recovery 

mechanisms, can serve as a scalable and minimally intrusive alternative to traditional forensic acquisition techniques. 

 

I. INTRODUCTION 

 

With the increasing adoption of cloud services across industries, cyberattacks targeting cloud infrastructures have also 

surged. Cloud environments generate massive digital footprints, requiring secure and legally compliant forensic 

mechanisms to support incident response, litigation, and cybercrime prosecution. 

 

Traditional forensic methods involving physical access to hardware are incompatible with the cloud due to: 

• Shared multi-tenant architecture 

• Lack of access to physical devices 

• Distributed and replicated data storage 

• Dynamic provisioning and auto-scaling resources 

 

Virtual Machine snapshots provide a non-disruptive mechanism to capture system states—including memory, disk, 

registry, metadata, and running processes—which can later be analyzed during forensic investigations. 

 

This survey focuses on methods, frameworks, and tools supporting cloud forensic acquisition through VM snapshots 

and evaluates their performance across public, private, and hybrid cloud environments. 

 

II. BACKGROUND AND MOTIVATION 

 

Cloud forensic investigation differs from traditional forensics due to: 

 

Challenges Cloud Impact 

Lack of physical access Investigators depend on service providers 

Multi-tenancy Risk of collecting unrelated tenant data 

Volatile evidence Memory and logs may disappear during scaling 

Jurisdictional policies Data may reside across multiple countries 

 

VM snapshot acquisition reduces these challenges by capturing the exact state of a virtual machine as evidence. 

 

III. LITERATURE REVIEW 

 

Multiple approaches have been proposed for cloud forensic investigations, including: 

• API-based acquisition 

• Hypervisor-level evidence extraction 

• Storage forensics through block storage replication 

• Memory forensics using VM pause-and-dump techniques 
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Researchers highlight that VM snapshots provide advantages such as efficiency, automation, immediacy, and minimal 

downtime. However, concerns include metadata tampering, data integrity, and compliance with legal frameworks such 

as GDPR, HIPAA, and ISO/IEC 27037. 

 

IV. VM SNAPSHOT-BASED FORENSIC FRAMEWORK 

 

4.1 Proposed Workflow 

User/Incident Trigger → CSP API Interface → Snapshot Capture → 

Hash Generation → Evidence Storage → Forensic Analysis → Reporting 

 

4.2 Stages of Acquisition 

1. Trigger & Authorization  

Ensures only authorized forensic teams can initiate snapshots. 

2. Snapshot Capture  

Captures: 

o Disk Image (VHD/VMDK) 

o RAM dump 

o Live process data 

o Network configuration 

3. Integrity Validation  

Uses hashing (SHA-256, SHA-3, BLAKE2b) to ensure authenticity. 

4. Secure Storage  

Evidence is encrypted and stored in forensic vaults or cold storage. 

5. Analysis 

Memory forensics, malware analysis, timeline reconstruction. 

6. Documentation & Legal Process  

Chain of custody logs ensure admissibility in court. 

 

V. IMPLEMENTATION STRATEGIES 

 

5.1 Hypervisor-Level Acquisition 

• Supports platforms like VMware ESXi, KVM, Xen Hypervisor. 

• Enables live memory and storage imaging. 

 

5.2 CSP-Managed Snapshots 

 

Cloud Provider Snapshot Method 

AWS EC2 EBS Snapshot + AMI 

Microsoft Azure Disk Snapshots + Memory Dump 

Google Cloud Platform Compute Engine Persistent Disk Snapshot 

 

5.3 Automation via Python and Cloud SDKs 

Example Code (AWS): 

import boto3 

 

ec2 = boto3.client('ec2') 

 

response = ec2.create_snapshot( 

    Description='Forensic Snapshot', 

    VolumeId='vol-123456' 

) 

 

print("Snapshot Created:", response['SnapshotId']) 
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VI. EVALUATION AND COMPARATIVE ANALYSIS 

 

Criteria VM Snapshot-Based Forensics Traditional Forensics 

Speed Fast Slow 

Downtime Minimal High 

Scalability High Limited 

Chain of Custody Requires automation Easier to manage 

Legal Compliance Complex Standard 

Evidence Integrity High (if hashed) High 

Snapshot-based methods are highly efficient but require strong regulatory compliance frameworks to avoid privacy 

violations. 

 

VII. CHALLENGES AND LIMITATIONS 

 

• Difficulty verifying authenticity in multi-tenant environments 

• Requirement for CSP cooperation 

• Lack of universal forensic standards 

• Encryption complexities 

• Risk of data overwriting during snapshot intervals 

 

VIII. FUTURE RESEARCH DIRECTIONS 

 

Emerging research priorities include: 

• Blockchain-based chain of custody 

• AI-based anomaly detection on snapshot data 

• Zero-trust forensic collection frameworks 

• Cross-cloud snapshot standardization 

• Post-quantum encryption for forensic evidence 

 

IX. CONCLUSION 

 

VM snapshots provide an efficient alternative to traditional forensic acquisition mechanisms in cloud environments. 

They enable rapid, scalable, and minimally invasive evidence extraction suitable for modern distributed architectures. 

However, standardized policies, improved automation, and regulatory alignment are essential for global adoption. The 

survey concludes that snapshot-based cloud forensic models have strong potential for operational and legal forensic 

investigations when combined with strong integrity controls and secure workflow automation. 
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