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Abstract

The role of digital forensics [1] tools such as Autopsy has become increasingly critical
in managing and analyzing forensic data. This paper presents a comprehensive evaluation
of Autopsy, focusing on its functionalities, practical applications, and comparative analysis
with other cybersecurity tools. The examination begins with an exploration of Autopsy’s
core features, including case management, data recovery capabilities, ingest modules, and
its handling of various digital artifacts such as images, videos, and web data. Detailed case
studies, including high-profile investigations such as the BTK Killer case and the Boston
Marathon bombing, illustrate how Autopsy is applied in real-world scenarios and its
effectiveness in uncovering crucial evidence. A comparative analysis with other cyber tools is
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conducted to evaluate Autopsy’s performance and impact, identify limitations, and propose
future enhancements. The objective of this paper is to provide a thorough understanding
of Autopsy’s role in digital forensics and its effectiveness in diverse investigative contexts,
offering valuable insights for forensic professionals and researchers.

Subject Classification: Primary 93A00, Secondary 94A00.
Keywords: Digital Forensics, Autopsy tool, Artifacts image and Video analysis.

I. Introduction

Digital forensics [1][3] plays a pivotal role in modern investigations,
providing essential tools and methodologies to collect, analyze, and
preserve digital [2] evidence.

Together, Autopsy and The Sleuth Kit have made significant
contributions to the field of cyber forensics [9] by offering accessible and
powerful forensic solutions that can be tailored to meet various investigative
needs. The tools play a critical role in the extraction and interpretation of
digital evidence, aiding in cases ranging from cybercrime and fraud to
more severe crimes such as terrorism and exploitation [10].

II. Exploring autopsy’s functionalities
A. Case Management

Case management is a fundamental component of digital [4] forensic
investigations, ensuring that evidence is systematically organized,
analyzed, and reported in a manner that maintains the integrity and
continuity of the investigative process.

o Structured Workflow for Investigations: Autopsy’s case
management system is designed to streamline the investigative
workflow from the initial evidence intake to the final reporting.

o Efficient Evidence Management and Analysis: Autopsy’s case
management functionality excels in its ability to manage diverse
types of digital evidence [5]. Analysts can import evidence from
various sources, including hard drives, USB devices, memory
dumps, and mobile devices. The results of these analyses are
meticulously cataloged within the case, allowing analysts to review
findings systematically and correlate evidence across different data
sources [6].
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Collaborative Capabilities and User Access Control: Autopsy’s
case management system supports collaborative work environments
by allowing multiple investigators to access and contribute to a case.
This is facilitated through role-based access control [7].

Audit Trails and Case Integrity: Maintaining the integrity [13] of

evidence is paramount in any forensic investigation, as any alteration
or mishandling of data can compromise the validity of findings.

B. Recovery Capabilities

Autopsy offers a suite of recovery functionalities which are essential

for comprehensive data analysis and evidence retrieval in cyber
investigations [14]. This section explores the key recovery functionalities
provided by Autopsy, detailing their roles and applications in forensic

investigations.

Deleted File Recovery: Deleted file recovery is a core function of
Autopsy [8], allowing forensic analysts to retrieve files that have
been removed from the file system but may still exist on the storage
medium.

Unallocated Space Analysis: Deleted file recovery is a core function
of Autopsy, allowing forensic analysts to retrieve files that have
been removed from the file system but may still exist on the storage
medium.

File Carving: File carving is a technique used to recover files from
raw disk images based on their data signatures rather than relying
on the file system’s metadata. Autopsy employs file carving to
extract files from areas of the disk where file system structures are
damaged or missing. This process involves identifying file headers
and footers, and then reconstructing files from the raw data between
these markers. File carving is particularly useful for recovering files
that have been deleted or corrupted, as it can bypass file system
limitations and extract data directly from the disk’s physical sectors.

Email and Document Recovery: Email and document recovery
are critical components of forensic investigations [15], as they often
contain key evidence that can provide insights into criminal activities
or suspect behaviors. The tool scans for file signatures and metadata,
enabling the recovery of important textual evidence like reports and
correspondence that may be crucial to an investigation [16-17].
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e Thumbnail Cache and Multimedia File Recovery: Thumbnail
cache and multimedia file recovery are vital features in forensic
investigations, especially when dealing with visual and media
content. Autopsy can recover and analyze these caches, uncovering
hidden visual evidence [19] that might otherwise be lost.

e Partition Analysis Recovery: Autopsy’s partition analysis tools
[20] can reconstruct partition tables, recover data from damaged
partitions, and retrieve files from unallocated space within partitions.

C. Ingest Modules

By leveraging a wide range of ingest modules, Autopsy can efficiently
handle diverse data sources and file types, providing a thorough
examination of the digital evidence [22].

D. Image/Video Gallery Management

Image/Video Gallery Management in Autopsy refers to the tool’s
ability to handle visual evidence systematically. This functionality allows
investigators to efficiently sort, analyze, and flag images and videos found
during digital forensic investigations.

E. Internet/web Artifact analysis

Internet and web artifact analysis is a critical component of digital
forensics [11], as it provides insights into a user’s online activities and
interactions. Autopsy’s capabilities in this area allow forensic investigators
to examine various web-related artifacts, such as browser history, cookies,
cache files, and other internet data.

F. Timeline analysis

Timeline analysis is a fundamental feature in digital forensics [12]
that involves organizing and examining data based on chronological
order. This approach helps forensic investigators reconstruct events and
understand the sequence of activities on a digital device.

G. Keyword Search

Key features of Keyword searching include

e Customizable Search Terms: Investigators can define and use
custom search terms based on the case requirements.
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e Boolean Operators Autopsy supports the use of Boolean operators
(AND, OR, NOT) to refine search queries.

e Search Results: The search results include files and documents
containing the specified keywords.

H. Extraction of system and file metadata

Metadata provides contextual information about files and system
activities, which can be instrumental in understanding user behavior,
system events, and potential evidence.

I. Reporting Capabilities

Reporting is a critical function in digital forensics [16], serving as the
means to document findings, present evidence, and communicate results
to stakeholders. Autopsy’s reporting capabilities are designed to provide
comprehensive, clear, and actionable insights from forensic investigations,
ensuring that findings are accurately conveyed to support legal and
organizational outcomes.

ITII. Case studies

The BTK Killer Case. The BTK Killer case, involving Den- nis Rader,
is a landmark example of how digital forensics [17] can be instrumental in
solving long-standing criminal cases.

Child Exploitation Case Studies. In the realm of child exploitation
investigations, digital forensics [21] tools like Autopsy play a pivotal role
in uncovering hidden evidence through sophisticated techniques such as
embedded file extraction and extension mismatch detection.

The Boston Marathon Bombing Case. The Boston Marathon
Bombing case of 2013 underscores the critical role of digital forensics [18]
in high-profile investigations.

IV. Comparision with other cyber tools

In the field of digital forensics [23], Autopsy stands out as a
comprehensive open-source tool built upon The Sleuth Kit.

EnCase: Developed by Guidance Software (now part of OpenText),
EnCase is a powerful forensic analysis tool known for its extensive case
management capabilities and support for various file systems and
operating systems.
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FTK (Forensic Toolkit): Created by Access Data, FIK is recognized
for its speedy processing and thorough evidence analysis, featuring file
carving, keyword searching, and the ability to generate detailed timelines
of user activity.

BHE (Binary Hex Editor): BHE specializes in examining and editing
binary data, catering to investigators requiring detailed data manipulation
at the byte level.

Net Analysis: Developed by Key Forensics [24], Net Analysis is
designed for analyzing internet artifacts, such as browser his- tory and
cookies. However, it is less comprehensive in overall digital forensic
investigations, particularly in file recovery and case management, where
Autopsy offers a more holistic solution [25].

Feature Comparison of Digital Forensics Tools ”

Open Source

Modular Plugin Architecture

Comprehensive Forensic Analysis

Bulit-in Case Management Tools

Timekine Analysis Feature

Data Visuakzation Tools a6,

Seripting and Automation E

¥ Advanced Data Carving Techniques 5

Free to Use 04 E

Community Development Support
User-friendly interface

EncryptionDecryption Tools s

Network Forensics Capablities -

Data Recovering Capabilities

-0
EnCase

Tools.
Figure 1

Comparison between different forensic tools using heatmap

Figure 1 shows the comparison. The heatmap above illustrates the
features of various forensic tools, including Autopsy, EnCase, FTK, BHS,
and Network Analysis. This visual representation helps to quickly identify
the strengths and weaknesses of each tool, providing an accessible way to
compare their functionalities and choose the most suitable tool for specific
forensic tasks [26][27].
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V. Chronological release of autopsy versions

The evolution of the Autopsy forensic analytical tool can be effectively
visualized through the line chart below, which outlines the release timeline
of its various versions [28]. This chart highlights the major updates and
enhancements over the years. By examining this timeline, users can better
understand the sequential development of Autopsy and the technological
advancements that have shaped its current capabilities.

Hikwssen,
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Figure 2
Line Chart

In addition to the line chart shown in figure in 2, a radial release chart
shown in figure 3 provided to present a structured view of the Autopsy
versions in a more intuitive format. This visual representation organizes
the versions radially, allowing a clearer depiction of the incremental
progression and major milestones within each release cycle

Radial Timeline of Releases
o B my

Figure 3
Radial Chart
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VI. Evaluating performance and impact

Autopsy’s performance and impact are assessed through various
metrics, including its widespread adoption across law enforcement and

academic sectors, which highlights its relevance and effectiveness.

e Adoption and Community Engagement: Autopsy has achieved
widespread adoption in both law enforcement and academic circles.

e Case Studies and Real-World Applications: The effectiveness of
Autopsy can be illustrated through various case studies where it has
played a pivotal role.

e Academic and Research Publications: The presence of Autopsy in
academic research and forensic education highlights its credibility
and impact.

VII. Limitations to address

While Autopsy is a powerful and widely used digital forensics tool, it
is not without its limitations.

Handling Large Datasets Autopsy struggles with efficiently
processing large datasets, leading to longer analysis times and potential
bottlenecks.

Resource Intensive Autopsy requires substantial computational
power and memory, often necessitating high performance hardware.

Extensive Multimodule Processing Autopsy’s reliance on multiple
modules for different analyses can lead to complex, time-consuming
processes, especially with intricate data sets.

Limited Support for Emerging Technologies Autopsy currently
offers limited support for emerging technologies like Al and blockchain,
which are becoming increasingly relevant in digital forensics.

VIII. Conclusion

Autopsy stands out as a robust and versatile digital forensics tool,
essential for contemporary investigative processes. Its integration with
The Sleuth Kit has established a solid foundation for comprehensive data
analysis, providing capabilities in file recovery, artifact analysis, and
system meta-data extraction.
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IX. Future directions

As Autopsy continues to evolve as a leading digital forensics toolkit,

several future directions hold promise for advancing its capabilities and
expanding its applications. One key area of focus is the integration of
artificial intelligence (AI) and machine learning (ML) algorithms to
enhance Autopsy’s analytical capabilities, enabling it to more effectively
identify and prioritize critical evidence, and automate routine tasks.
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