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Introduction

The field of digital forensics is continually expanding, adapting to the rapid evo-
lution of technology and the new challenges it presents. Modern investigations
demand innovative approaches to ensure evidence integrity, address emerging
threats, and navigate complex digital environments. This body of work surveys
recent advancements and identifies key areas of focus within this critical domain.

One significant area of exploration is how blockchain technology can fundamen-
tally reshape digital forensics [1].

It delves into the immutability, transparency, and decentralization properties of
blockchain, showing how these attributes can enhance the integrity of evidence
collection, storage, and chain of custody, effectively preventing tampering and en-
suring auditability in digital investigations. The core idea here is to leverage a
distributed ledger to create an unalterable record of forensic data, which is crucial
for legal admissibility and trust.

Another pressing concern in today’s digital landscape is the rise of deepfakes. This
survey addresses the significant challenge deepfakes pose to digital forensics [2].

It explores current techniques for deepfake detection, ranging from visual artifacts
to metadata analysis and Artificial Intelligence-based methods, while highlighting
the evolving arms race between deepfake generation and detection, and the urgent
need for robust forensic methodologies. The dynamic nature of deepfake creation
means detection methods must constantly evolve to keep pace.

The Internet of Things (IoT) environment also brings unique complexities to digital
forensics. One review systematically examines these challenges and approaches,
identifying issues like heterogeneous devices, volatile data, and proprietary oper-
ating systems [3].

This research proposes a comprehensive overview of existing forensic frameworks
and tools, pointing to future research directions for effective IoT investigations.
Complementing this, other work provides a concise overview of the unique chal-
lenges and existing solutions in conducting digital forensics for IoT devices, em-
phasizing difficulties in data extraction and analysis from diverse and resource-
constrained devices, and outlining essential steps for building effective IoT foren-
sic capabilities [9].

Furthermore, a specific digital forensic process model tailored to the complexities
of the IoT environment details a structuredmethodology for handling evidence from
a multitude of IoT devices, integrating phases from identification and preservation
to analysis and presentation, providing a clear roadmap for investigators in this

challenging domain [10].

As distributed computing models become more prevalent, new forensic frontiers
emerge. This paper explores the nascent field of forensics within federated learn-
ing (FL) [4].

It highlights the unique challenges in investigating data breaches, model poison-
ing, and privacy violations in distributed FL systems, while also identifying op-
portunities to integrate forensic readiness into FL architectures for enhanced ac-
countability and security. Understanding how to conduct investigations in these
decentralized machine learning environments is crucial.

Cloud computing environments also introduce significant complexities for digital
forensics. Research proposes a specific cyber forensics model tailored for cloud
computing environments, addressing the complexities introduced by virtualization,
distributed storage, and multi-tenancy [5].

It outlines systematic steps for evidence acquisition, preservation, analysis, and
reporting in the cloud, aiming to overcome traditional forensic limitations in highly
dynamic cloud infrastructures. Building on this, a comprehensive study reviews
various digital forensics process models specifically designed for cloud computing
[6].

It dissects their methodologies, strengths, and weaknesses, providing insights into
how each model handles the unique challenges of cloud investigations, from data
volatility to jurisdictional issues, ultimately guiding practitioners in model selection.

The integration of Artificial Intelligence (AI) techniques into digital forensics is sys-
tematically explored [7].

This review categorizes and analyzes how AI is being used for automating tasks
like data analysis, anomaly detection, and pattern recognition, aiming to improve
efficiency and accuracy in complex forensic investigations, while also noting chal-
lenges related to explainability and bias. AI holds promise for sifting through vast
amounts of data, but its application requires careful consideration. Finally, a sur-
vey provides an exhaustive overview of forensic analysis techniques applicable to
mobile devices [8].

It covers various operating systems, data acquisition methods (physical, logical,
filesystem), and tools used to extract and analyze digital evidence from smart-
phones and tablets, addressing the evolving security measures and data fragmen-
tation challenges inherent in mobile forensics. These collective insights under-
score the multi-faceted nature of modern digital forensics and the continuous need
for research and development to keep pace with technological advancements.
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Description

The comprehensive landscape of digital forensics today is characterized by its
continuous adaptation to technological advancements and the inherent complex-
ities these bring. Understanding the methodologies, challenges, and proposed
solutions across various domains is key to effective digital investigations. Sev-
eral studies highlight the transformative potential of emerging technologies and
the persistent difficulties in traditional areas.

Blockchain technology, for example, offers a paradigm shift in how digital evidence
is managed [1]. The inherent immutability and transparency of blockchain ensure
that once evidence is recorded, it cannot be tampered with without detection. This
decentralization aspect significantly enhances the chain of custody, providing an
auditable and trustworthy record essential for legal proceedings. Such a framework
could drastically reduce disputes over evidence integrity, a common challenge in
digital investigations. By leveraging distributed ledger technology, forensic prac-
titioners can establish a higher standard of evidence reliability, moving beyond
centralized systems that may be vulnerable to single points of failure or manipula-
tion.

The proliferation of deepfake technology introduces a formidable adversary for dig-
ital forensics. Research underscores the critical challenge deepfakes pose, explor-
ing a range of detection techniques from subtle visual artifacts to complexmetadata
analysis and advanced Artificial Intelligence-based methodologies [2]. This field
is an ongoing arms race, where new deepfake generation techniques necessitate
equally sophisticated detection methods. The focus is on developing robust foren-
sic tools that can discern authentic media from synthetically generated content, a
task made increasingly difficult by the growing realism of deepfakes. Investigators
must not only identify fabricated content but also trace its origins and methods of
creation, adding layers of complexity to forensic analysis.

Internet of Things (IoT) environments present a unique blend of forensic challenges
due to their vast and diverse nature. A systematic review identifies core issues
such as the sheer heterogeneity of devices, the volatile nature of much of the data
they produce, and the widespread use of proprietary operating systems [3]. These
factors complicate data acquisition, preservation, and analysis. Specific overviews
of digital forensics for IoT devices further emphasize difficulties in extracting and
analyzing data from resource-constrained devices [9]. To address this, dedicated
research proposes a structured digital forensic process model tailored for the IoT
environment. This model details phases from identification and preservation to
analysis and presentation, providing investigators a clear roadmap for handling ev-
idence from a multitude of IoT devices [10]. The goal is to establish standardized
procedures that can effectively navigate the fragmented and dynamic IoT ecosys-
tem.

Beyond device-specific challenges, new computing paradigms also demand tai-
lored forensic approaches. Federated learning (FL), a distributedmachine learning
approach, introduces unique investigative challenges surrounding data breaches,
model poisoning, and privacy violations [4]. The decentralized nature of FL means
traditional forensic methods designed for centralized systems are often insuffi-
cient. Studies call for integrating forensic readiness directly into FL architectures
to ensure accountability and enhance security from the ground up. Similarly, cloud
computing environments, characterized by virtualization, distributed storage, and
multi-tenancy, necessitate specialized cyber forensics models [5]. These models
outline systematic steps for evidence acquisition, preservation, analysis, and re-
porting in the cloud, aiming to overcome traditional forensic limitations in highly dy-
namic infrastructures. A comprehensive study on various digital forensics process
models for cloud computing dissects their methodologies, strengths and weak-
nesses, offering insights into handling challenges from data volatility to jurisdic-
tional issues, thereby guiding practitioners in model selection [6].

Artificial Intelligence (AI) is not just a target for forensics (like deepfakes) but also a
powerful tool for forensic practitioners. A systematic review explores the increas-
ing integration of AI techniques into digital forensics, categorizing and analyzing
its use for automating tasks such as data analysis, anomaly detection, and pat-
tern recognition [7]. AI promises improved efficiency and accuracy in complex
investigations, though challenges related to explainability and bias remain critical
considerations. Ensuring that AI tools are transparent and fair is paramount for
their adoption in legal contexts. Finally, mobile devices continue to be central to
many investigations, requiring specialized forensic analysis techniques [8]. Sur-
veys provide an exhaustive overview of methods for various operating systems,
covering data acquisition (physical, logical, filesystem) and the tools used to ex-
tract and analyze digital evidence. The continuous evolution of mobile security
measures and the challenge of data fragmentation mean mobile forensics is a per-
petually evolving field.

Conclusion

This collection of papers addresses the evolving landscape of digital forensics,
covering critical areas like blockchain, deepfakes, Internet of Things (IoT), fed-
erated learning, cloud computing, Artificial Intelligence (AI), and mobile devices.
Research highlights how blockchain technology can fundamentally reshape digital
forensics by enhancing evidence integrity through immutability and transparency,
preventing tampering, and ensuring auditability in investigations [1]. The chal-
lenge of deepfakes is also a major focus, with studies exploring detection tech-
niques ranging from visual artifacts to AI-based methods, acknowledging the on-
going struggle between generation and detection technologies [2]. Digital foren-
sics in IoT environments presents unique complexities due to heterogeneous de-
vices, volatile data, and proprietary operating systems. Investigations detail ex-
isting frameworks and tools, proposing systematic reviews and specific process
models to handle data extraction and analysis from diverse IoT ecosystems [3, 9,
10]. Cloud computing introduces its own set of challenges, including virtualiza-
tion and distributed storage, leading to the development of tailored cyber forensics
models and comprehensive studies of process models for effective evidence ac-
quisition and analysis in dynamic cloud infrastructures [5, 6]. The papers also
delve into specialized domains. Forensics within federated learning systems ex-
amines challenges like data breaches and model poisoning, advocating for inte-
grated forensic readiness [4]. The integration of AI into digital forensics is explored,
showing its use in automating tasks like data analysis and anomaly detection to
improve efficiency and accuracy in investigations, while also noting issues of ex-
plainability and bias [7]. Furthermore, a comprehensive review of forensic analysis
techniques for mobile devices covers various operating systems and data acqui-
sition methods, highlighting the complexities of evolving security measures and
data fragmentation [8]. Collectively, these papers provide a broad perspective on
the current state, challenges, and advancements in digital forensics across modern
technological paradigms.
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