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ABSTRACT

Virtual machine (VM) migration is widely used in cloud environments because it helps systems stay
flexible and use resources more efficiently. At the same time, it can introduce security concerns,
especially when forensic investigation is needed. Most previous studies look at areas like intrusion
detection or memory forensics, but they are usually treated separately and not in relation to VM
migration. In this work, a digital forensic framework is proposed for VM migration scenarios. The idea
is to bring several steps together, such as monitoring, collecting data, analyzing it, and reporting the
findings. One important point is the migration phase itself, since system states are moving between
hosts and some activities may not be fully visible during this process. The framework is discussed
conceptually by looking at how these parts interact and how it can address some of the limitations found
in earlier work. In general, combining detection and forensic analysis in this way can help make
investigations more consistent. This study can also be used as a starting point for further work and

practical use in cloud systems.
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1. INTRODUCTION

loud computing has become a crucial component

of contemporary IT infrastructure due to its rapid
growth in recent years. This is made feasible in large
part by virtualization. On a single physical device, it
enables the operation of several VMs. Each the VMs
can have a different operating system installed, which
increases your options and optimizes resource
utilization. This requirement is particularly crucial for
Infrastructure as a Service (laaS), since system
requirements might fluctuate rapidly. There are certain
advantages to virtualization settings, but there are also
new security issues. Despite their logical separation, the
VMs share the same physical resources. Careless
individuals may attempt to access other virtual VMs in
a multi-tenant environment or exploit pre-existing
security flaws. Thus, security is still a major concern for
virtualized systems [1, 2].

Attacks frequently use process injection. This
technique allows malicious code to enter legitimate
processes, which, from the perspective of the system,
appears to be regular activity. This makes it more
difficult to locate, particularly if it relies solely on
conventional techniques like rule-based or signature-
based detection. These techniques often perform well
against known threats, but they are less effective in
thwarting novel or altered attacks. Due to its ability to
view straight into the system's memory, memory
forensics is growing in popularity. This makes it easier
to overcome these issues.

Additionally, virtual machine introspection (VMI)

has emerged as one of the most widely used techniques.
VMI allows you to monitor the process from outside the
guest operating system, typically via the hypervisor.
Hiding suspicious behavior becomes more difficult as a
result. VMI can be used to identify several types of
anomalous behavior, including process injection.
However, it can be challenging to implement in the real
world because it requires low-level access and specific
tools [3, 4]. However, most existing studies do not
consider the migration process of VM. In live migration
scenarios, VM can move from one host to another
without interrupting running services. During this
process, the memory state is transferred between hosts
in multiple steps, which makes it difficult to obtain a
consistent and reliable forensic snapshot. This issue
remains insufficiently explored in current digital
forensic research. This becomes more critical in live
migration scenarios. While the mechanism helps
maintain system performance and availability, it can
also introduce security and forensic issues, such as data
inconsistency, integrity problems, and the possibility
that malicious processes, including process injection,
remain undetected during migration.

In the context of VM migration, process injection
does not only happen at a single stage. It can begin
before migration at the source host, continue while
memory is being transferred, or remain after the VM
arrives at the destination. Since memory is moved step
by step, some injected processes may not be
immediately visible, especially without continuous
monitoring. This makes it difficult to clearly connect
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attack detection with the migration process, which is
still rarely discussed in existing studies.

Due to these issues, virtualized environments need a
more cohesive approach for digital forensic
investigations. Many studies still treat forensic
frameworks, memory analysis, and intrusion detection
as separate topics, which makes it harder to see the
investigation process as a whole [5, 6]. This study
introduces a digital forensic framework tailored to VM
migration scenarios. It brings together several key
elements, such as monitoring, migration handling, data
collection, analysis, detection, and reporting, into a
single workflow. With these components combined, the
framework helps provide a clearer and more practical
way to conduct forensic investigations, especially in
environments where system conditions can change
quickly.

2. RESEARCH METHODS

This study employs a systematic methodology aimed
at the formulation of a conceptual framework for digital
forensics with VM migration environments to fulfill the
research  objectives and  address  identified
deficiencies.The research method looks at existing
methods in a systematic way and builds an integrated
model that helps with forensic investigation in
virtualized systems [7].

2.1. Research Design

This study uses a qualitative and conceptual
approach to develop a digital forensic framework for
virtual machine migration environments. The overall
research process is illustrated in Figure 1 to show how
the framework is developed step by step. The study
reviews previous work in digital forensics, VM security,
and intrusion detection to understand existing challenges
and limitations [8]. The focus is mainly on VM
migration, where security risks and forensic issues may
arise.
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Fig. 1. Research Methodology Overview

Figure 1 provides a general overview of the research
methodology used in this study. The first step involves
examining security issues in virtual machine
environments to define the main research objectives.
This is followed by a literature review on intrusion
detection, VM security, and digital forensics, along with
the identification of existing challenges. The next step
is to identify existing gaps, particularly the lack of
integration between forensic processes and virtual
machine migration. Based on these observations, a
conceptual framework is developed by combining
several key components, such as monitoring, data

collection, analysis, and reporting.

In addition, an evaluation approach is considered
using scenario-based analysis. The framework can be
examined through VM migration cases involving
potential cyberattacks, such as process injection
occurring before, during, or after migration. Its
effectiveness is assessed using several metrics, including
detection capability, consistency of forensic evidence,
and the clarity of the investigation process across
different stages.

2.2 Literature Analysis

This part looks at a few studies that have to do with
digital forensics and the security of virtual machines.
Most of the work that has been done before has been on
things like intrusion detection, memory forensics, and
virtual machine introspection. Some research uses VMI
and memory analysis to find attacks like process
injection. This method lets you watch from outside the
virtual machine, which makes it harder for attackers to
hide what they're doing. But it usually needs low-level
access and isn't easy to use in real life [9, 10].

Machine learning techniques are widely used for
intrusion detection. Methods such as Support Vector
Machine (SVM) and Random Forest are commonly
applied to identify anomalous patterns in network
traffic. However, most of these approaches are still
limited to network-based data and do not fully consider
virtual machine environments. Several limitations
remain. Many studies do not integrate forensic analysis
with detection mechanisms, and VM migration is often
overlooked despite the risks associated with system
transitions. For this reason, a more unified approach is
needed. Table 1 summarizes the differences among
existing studies and highlights their limitations.

Table 1. Summary of related studies

Study Approach Focus Limitation
VMI and Process im iﬁi ltz)'zion
[11] memory injection P o ML ’
forensics detection . .
integration
. Network Not applied to
[12] Machine intrusion VM
Learning . .
detection environment
[13] ML-based Cyberattack Limited to
IDS Detection network data
Machine Cloud I;I;I)\t/[fglciuizg;?
[14] learning and intrusion and fofensic
deep learning detection .
analysis
[15] Cloud Sgﬁ;‘f Lack of unified
Forensics . ity framework
investigation
Dlgltal Clougi Not focused on
[16] Forensics forensic VM mieration
Framework readiness £
Recent  studies have  examined  various

methodologies, including VM introspection, machine
learning, and cloud-based intrusion detection (refer to
Table 1). All of the methods work well to find cyber
threats, but most of them only look at certain areas, like
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cloud security or network monitoring. For instance,
machine learning is often used to look at network traffic,
while VMI is more focused on what happens at the
system level. Most of the time, these methods are made
separately. They are still not widely used in virtual
machine environments, especially when moving to a
new one. This means that forensic investigation in
dynamic virtualized systems needs a more integrated
framework [9, 17].

2.3 The proposed framework

This study looks at how digital forensic processes
can be applied in virtual machine migration. Instead of
treating detection and analysis as separate tasks, the idea
here is to connect them within one framework so the
investigation process becomes easier to follow. The
framework is built around several main activities that
occur during the VM lifecycle. It starts with observing
system behavior, where things like running processes
and memory usage are monitored to spot unusual
activity. When migration happens, attention shifts to
how data and system states move between hosts, since
this stage can introduce risks such as data loss,
corruption, or unauthorized access if not managed
properly.

Thereafter, relevant data such as logs, memory
snapshots, and network traffic are collected. These data
are then examined to identify patterns that may indicate
suspicious behavior. Rather than focusing on a single
method, the framework combines different perspectives,
such as statistical analysis, machine learning techniques
(for example, supervised methods to classify anomalies
and unsupervised approaches to explore patterns), and
expert reviews, to make the analysis more consistent.
These approaches are suitable for identifying anomalies
in VM migration, where system behavior can change
dynamically and differ from typical network-based
patterns. Figure 2 shows how these parts are connected
and how the process flows from one step to another.
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Fig. 2. Digital Forensic Framework VM Migration

Figure 2 shows the proposed digital forensic
framework for VM migration and how the main parts
are connected. The process starts with monitoring
system activity to spot unusual behavior. In practice,
this may add some extra load, especially during
migration. To keep this under control, monitoring is not
done all the time but focuses only on certain events.
This way, useful forensic data can still be collected
without affecting system performance too much. During
migration, system states are moved from one host to
another, which can introduce new risks. The data
acquisition stage collects relevant evidence, such as logs
and memory data. This data is then examined to find
patterns that may indicate suspicious activity. The
results are interpreted in the detection stage and recorded
in the reporting stage to support further investigation.

3. RESULTS AND DISCUSSION

This part shows the results of the proposed
framework and talks about how useful it is for filling in
the research gaps that were found. The main topic of the
discussion is how the framework brings together
important parts of digital forensics in virtual machine
migration environments and how it makes existing
methods better, as described in the literature. Instead of
doing an experimental evaluation, the results are looked
at from a conceptual point of view by looking at the
structure, functionality, and applicability of the
proposed framework.The analysis shows that the
framework can help with forensic investigations in
virtualized systems that are dynamic and spread out.

3.1 Framework Analysis

This study develops a conceptual framework for
digital forensics in virtual machine migration
environments. The framework brings together several
key processes, including monitoring, data collection,
analysis, detection, and reporting, into one flow to
support investigation activities. Rather than using
experimental evaluation, this work focuses on how the
framework is structured and how each part contributes
to the overall process. The discussion emphasizes the
ability of monitoring to capture VM activity, particularly
during migration when system states transition between
hosts. This stage is important because it may expose
potential security risks.

The framework links data collection and analysis,
which makes it easier to follow the investigation
process. This lets you see strange activity, like processes
or access that shouldn't happen. After that, the steps for
finding and reporting the results help make sense of
them and keep a clear record. The framework helps
forensic work in virtual machine environments that are
always changing in this way.

3.2 Comparison with Existing Studies

This part explains how the proposed framework
compares with previous research. Researchers have
looked at approaches such as machine learning for
intrusion detection, virtual machine introspection VMI,
and digital forensics, but they usually treat these as
separate methods. For example, machine learning is
often used to analyze network traffic and find unusual
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patterns. It can be effective for detection, but it is not
always related to forensic investigation, and VM
migration is often overlooked. VMI observes system
activity at a lower level, which is a different approach.
It can provide detailed information, though the data is
often complex and not always easy to use for more
advanced analysis

Existing forensic frameworks do offer structured
investigation steps, but they are generally not built for
dynamic virtual environments. Issues such as VM
migration, including data transfer and state consistency,
are often not fully addressed. The framework proposed
in this study takes a different approach by combining
monitoring, data collection, analysis, and migration
awareness into a single structure. By doing so, it
supports both detection and investigation within VM
environments. A comparison with existing approaches
is presented in Table 2.

Table 2. Comparison of the proposed framework

The
ML- VMI- Digital Proposed
based .
Aspect based Appro Forensic Framewo
IDS pp Framew rk
ach
ork
Low- | 1 vestigat | Tntegrated
Network level estig grat
Focus Area . . ion Forensic
Detection | Monito
. Process System
ring
VM
migration - - - v
support
F orensic Limited Limite Moderate Comprehe
Capability d nsive
Integration Low Low Medium High
Level
Complexity Moderate High Moderate Moderate
Real.-tn'fle , Y ) ,
Monitoring

Table 2 demonstrates that the proposed framework
provides a more comprehensive approach than existing
methods by integrating monitoring, forensic analysis,
and migration awareness within a single model. Unlike
previous studies that focused on specific aspects, the
proposed framework supports both detection and
investigation processes in virtual machine (VM)
environments.

3.3 Implications

The proposed framework has implications for both
research and practical use in digital forensics. It brings
together several processes into one structure, which can
be useful for studying forensic approaches in virtualized
environments, especially when migration is involved.
From a practical side, the framework can help
investigators understand how forensic steps can be
applied during VM operations. By combining
monitoring, data collection, and analysis, it supports a
clearer way to identify and examine potential security
incidents. It also emphasizes the role of migration in
forensic analysis. Taking this aspect into account can
enhance evidence handling and facilitate improved
decision-making when addressing security concerns in

cloud systems. Specifically, the framework addresses
risks unique to live migration, such as the exposure of
data during transfer between hosts, potential
inconsistencies in system state before and after
migration, and the increased difficulty of maintaining
evidence integrity when virtual machine instances move
across physical boundaries. By incorporating these
considerations into the forensic workflow, the
framework provides a more comprehensive basis for
investigation in dynamic virtualized environments.

4. CONCLUSION

This study presents a digital forensic framework for
virtual machine migration. The framework brings
together several steps, such as monitoring, data
collection, analysis, and reporting, so the investigation
process becomes easier to follow. Most previous work
looks at detection and forensic analysis separately. In
this study, more attention is given to what happens
during migration, when system states move between
hosts. At this point, some activities, especially those
related to memory and running processes, may not be
fully captured. This situation can create gaps in the
forensic process, and this is the main issue addressed in
this work. By focusing on this stage, the framework
helps give a clearer picture of system behavior during
migration and supports a more consistent analysis in
virtual environments.For future work, the framework
can be tested in more concrete cases. For example, it
can be used to see how well anomalies are detected
during migration, how much impact monitoring has on
performance, or how it behaves under different
migration conditions.
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