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Abstract— Artificial intelligence transforms forensic science today by
offering an unprecedented breadth of better precision and speed in
criminal investigations. Artificial intelligence (Al) technologies that
include reconstruction of crime scenes, DNA analysis, digital
forensics, and many others applied to forensic science will have far-
reaching impacts on the field. This review discusses the use of Al in
transforming a number of the disciplines in forensic sciences: namely,
crime scene investigation, pattern recognition and forensic toxicology,
among others; its challenges, ethical and legal considerations. This
article finally emphasizes the future of Al in forensic science, as well
as its integration with other emerging technologies.

I.  INTRODUCTION

The "powerful tool" that has emerged in forensic science is
Artificial Intelligence (Al), equipping it to process
sophisticated data in, among other things, crime scene analysis,
DNA interpretation, and digital forensics. According to
recommendations for proceedings, the processing of enormous
amounts of data was critical for the development of machine
learning algorithms that initiated the introduction of Al into
forensic investigations, starting from the early 2000s. Over the
years, Al has proven to be critical in the analysis of evidence;
automation has substituted tedious work, such as fingerprint
matching. In the trend, Al is almost certainly to continue being
an important part of forensic practices in core roles (1) (2).

Al gives its contribution to forensic science through the aspect
that it improves accuracy with minimal human error, unlike
traditional methods, which are often based on subjective
interpretations, and their results may come out to be
inconsistent. Al eliminates this by giving such analyses on an
object-based data analysis. For example, through Al-based
tools that offer quick analysis of large digital evidence or DNA
samples, with which cases can be reduced due to the piling
backlog of cases waiting to be analyzed by forensic scientists

(3) (4).
1. Al in Crime Scene Investigation and Reconstruction

1.1 Al-Powered Crime Scene Analysis and Data Integration

Al technologies are changing the methodology of crime scene
investigation in terms of data analysis, understanding digital
photographs, videos, and sensor inputs. More importantly,
machine learning algorithms can process it and correlate all this

data to points that a human investigator may not catch. Al also
provides the reconstruction of the crime scene by absorbing
many different forms of data available, which gives
investigators a better, full picture of what occurred (2).
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Fig 1: The role of artificial intelligence in forensic science

1.2 3D Crime Scene Modeling and Virtual Reconstruction
The most marvelous use of Al in forensic science is the
development of the virtual reconstruction of crime scenes
using 3D models. In short, Al tools produce a highly accurate
three-dimensional model based on digital input from the crime
scene with which investigators can study the scene from
different angles. This has been greatly helpful in courtrooms
in that reconstructions help jurors better visualize events. It
has been proven in some cases that Al-based 3D modeling has
led to critical breakthroughs in investigations, for instance,
tracing of trajectories of bullets or arriving at positions of
suspects and victims at the time of the offense (3) (5) (6).

2. Al in Forensic DNA Analysis

2.1 Al Algorithms for Complex DNA Mixture Interpretation
Forensic DNA analysis is being revolutionized by
probabilistic genotyping software. The companies such as
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STRmix and TrueAllele - ones that power Al - complex
analyses involving a number of contributors or degraded
samples generally lower in resolution have become possible. It
is based on probabilities, making it easier to classify in a sample
how likely one profile is to be compared to another, hence
making the forensic DNA analysis faster and more reliable (1)
(7).
2.2 Al and Next-Generation Sequencing (NGS) in Forensics
The next-generation sequencing (NGS) possibility becomes
feasible while enabling the existence of detailed genetic
markers, ancestry, and phenotypic characters (8). Al also
further enhances NGS since Al automatically makes
interpretations of results. It identifies familial relationships or
otherwise potential traits through tracing small or degraded
DNA evidence that was collected from the crime scene.
Integration of Al into applications of NGS can also be
conducted in cold cases that were initially unsolvable using
other DNA analysis techniques (7).

3. Al in Digital Forensics and Cybercrime Investigations

3.1 Automated Analysis of Digital Evidence

In the field of digital forensics, artificial intelligence (Al)
has become a disruptive force that is changing conventional
investigative methods. This is because digital technology now
incorporates Al. The complexity of cybercrimes is rising in
tandem with the widespread use of digital gadgets.
Consequently, innovative techniques are necessary for
effectively locating, evaluating, and interpreting digital
evidence (9). Al process the vast data generated by computers,
cell phones, and servers. Al-based tools automatically scan for
hidden files, analyze network traffic, and identify patterns of
unauthorized access or manipulation of data, so the forensic
investigation process becomes relatively faster. Machine
learning models may recognize patterns seen in cyber-attacks
to which it was previously unacquainted, traceable to facilitate
tracking digital footprints left by those involved (10) (11) (12).
3.2 Al in Image and Video Forensics

Most distorted images and videos rely on forensic evidence.
Machine models could adjust the visuals to correct distortion,
improve resolution, and detect key features such as objects or
faces. The Al mostly supports facial recognition and gait
analysis, ensuring that the video evidence used in law
enforcement is accurate with the suspects (13) (14). In recent
years, there has also been a lot of focus on the field of video
enhancement, covering a wide range of subjects from de-
noising and de-blocking to contrast enhancement at night. Due
to the emergence of DL-based video forgeries and the growing
use of automated surveillance systems (15) (16) (17).
4.3 Al and Blockchain Technology in Digital Forensic Evidence

Authentication

Integration of blockchain technology with Al makes it
possible for the digital forensic evidence to safely store, also to
authenticate. The decentralized blockchain features make it
easy for an investigator to trace evidence and ensure evidence
integrity right from the point of collection without any
opportunity for modification or access. The whole process is
assisted by Al in monitoring the blockchain for anomalies that
call for the alteration or manipulation of evidence (18) (19).
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5. Al in Forensic Pattern Recognition and Image Analysis

5.1 Al in Fingerprint Analysis

Previously, fingerprint analysis was carried out by human
touch and was error prone but Al much improved. AFIS has Al
applied on latent fingerprint matching. Thus, latent fingerprints
can be matched to known databases of fingerprints with an
excellent level of accuracy. It reduces the possibility of human
error and bias involved in the matching process. Thus, forensic
fingerprint analysis becomes reliable (20) (21) (22).

5.2 Al in Bloodstain Pattern Analysis (BPA)

A significant role of Al relates to bloodstain pattern analysis
(BPA), within which the Al-based tool may be able to
automatically recognize and interpret blood spatter patterns
(23). A machine learning model can follow a simulated
trajectory and velocity of a blood drop in forming what
happened at the crime scene. BPA tools based on Al have
played a very significant role, in determining the positions of
victims and perpetrators in violent crimes. Such details ensure
reconstructions with higher accuracy when it comes to crime
scenes (3).

5.3 Al in Toolmark and Firearm Identification

This is the use of Al in firearm identification-matching
ballistic evidence, which could be in the form of bullet casings
or toolmarks, to specific weapons. Algorithms that can utilize
machine learning scan the unique striations on any given
firearm that leave impressions on bullets or casings to make the
matching much more accurate. Al-driven ballistic databases
can quickly compare a given evidence sample against millions
of repositories, thus enhancing chances of identifying a weapon
involved in several criminal cases (24) (25) (26).

6. Al in Forensic Toxicology and Drug ldentification

6.1 Al in Toxicological Data Analysis

Al techniques in forensic toxicology evaluate big complex
data on drug metabolism, poison identification, or interaction
among substances. The machine learning model can discover
some patterns that human experts do not discern from the
toxicological data; hence, identifying the drugs, poisons, and
alcohol levels in biological samples would become faster (27).
Al predicts what happens when different substances interact,
and such predictions are crucial in polydrug abuse (28) (29).
6.2 Al in Detecting Novel Psychoactive Substances (NPS)

New psychoactive substances (NPS), emerge quickly, and
thus there is a challenge that should be addressed by forensic
toxicologists. Al now proves to be important in analyzing large
datasets and recognizing patterns that help track and classify
these substances. By use of machine learning algorithms,
training chemical structures and properties with machine
learning techniques enable forensic scientists to identify and
categorize some of the drugs more rapidly and accurately (30).

7. Al in Voice and Audio Forensics

7.1. Al in Speaker ldentification and Voice Biometrics

Recent advancements in the field of Al technology have
mainly occurred in speaker identification and voice biometrics.
An individual can be identified precisely by their features in
voice pattern, with technological advancement (31). The deep
learning algorithms take scans of all features characterizing a
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speaker's voice in terms of pitch, tone, and cadence to create
unique and specific voiceprints (32). They are used to identify
suspects or victims of any crimes involving recorded evidence.
Al-based systems have already made it possible for speaker
identification, even when poor-quality or distorted audio
recordings are the only available audio to complement forensic
investigation (30) (13).
7.2 Al in Audio Enhancement and Noise Reduction

Al algorithms contribute to cleaning up and enhancing
audio recordings by cancelling background noise and projecting
clear speech and relevant sounds. Applications take place in
recording crucial conversations or events that are captured in
poor audio conditions, like in the case of surveillance tapes or
emergency calls. Advanced Al models, especially deep neural
networks, can separate the human voices from environmental
noise to significantly improve the quality of the audio evidence
(33) (25) (10).

8. Al in Forensic Document and Handwriting Analysis

8.1 Handwriting and Signature Verification with Al

The verification of handwriting and signatures has become
highly objective and reliable with the advent of Al. Machine
learning can make a comparison of a thousand handwriting
samples in a second to culminate into their authenticity. Al can
detect the smallest possible pattern and variation in handwriting
patters that an analyst cannot catch, even if the person is highly
experienced in analyzing handwritings. The accuracy degree of
signature verification has been increased because of Al-driven
systems in high stakes matters, including forgery documents
and financial frauds (34).
8.2 Al in Document Forgery Detection

Al analyzes inconsistencies in text, ink, and printing
techniques to detect a forged document. Machine learning
models learn manipulation patterns, like alterations to fonts or
spacing, which can indicate forgery. Al also tends to compare
documents against vast databases of legitimate samples,
thereby augmenting the ability of detecting forgery in
documents put to use in various contexts, such as law, finance,
and government (11).

9. Ethical, Legal, and Practical Challenges of Al in Forensic
Science

9.1 Ethical Considerations in Al-Driven Forensic Analysis
Some of the most significant ethical issues Al has brought
to the fore, therefore are bias and fairness in forensic science.
Al algorithms, therefore unless properly trained, perpetuate
existing biases within used data with skewed outco mes. Facial
recognition systems, for instance, have been criticized for
having high error rates in some groups, mainly minorities. This
raises very serious ethical issues regarding the application,
particularly for criminal purposes, where false positives or false
negatives may be potentially catastrophic. Another level of
forensics complicates accountability further is the black box
nature of many algorithms in Al (30) (25).
9.2 Legal Challenges in Admitting Al-Generated Evidence
The legal system is likely to be slow in innovation when it
comes to the increased occurrences of Al-generated forensic
evidence and its admissibility in court. The biggest hurdle
resulting from a lack of standardized protocols on the
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evaluation of the reliability and validity of Al-driven analyses
is how the forensic evidence was made. Traditionally, courts
required experts to explain the process in which evidence was
obtained. However, the algorithm has turned out to be very
difficult to explain in simple terms because of how intricate it
is. This has raised concern about Al in a courtroom in that a
failure to explain the Al results would undermine the credibility
of evidence (28).

10. Future Directions of Al in Forensic Science

10.1 Integration of Al with Emerging Technologies

The future of Al in forensic science lies in its integration
with other emerging technologies, including virtual reality,
drones, and blockchain. For instance, VR can be used to create
the most excellent crime scene reconstruction, letting
investigators, jurors, or almost anyone explore the crime scene
in detail. Drones equipped with Al-powered cameras can
capture photographs of aerial images of a crime scene for
evidence collection. The implication of blockchain with Al is
the safe and unreadable storage of forensic data, which allows
better evidence reliability to be brought before a court (14).
10.2 Advancing Al Models for Predictive Forensic Analysis

Advancement will only increase for Al models as they
become more predictive in forensic analysis. Machine learning
algorithms may be developed in order to even predict the
criminal behavior patterns that could directly help law
enforcement agencies prevent crime before it happens. The
ability of Al systems to analyze patterns within historical data
can even improve crime scene reconstruction and suspect
profiling. Another area where Al innovations will be of help is
the development of proactive forensic tools, which can hence
be employed in real-time assessment of potential hotspots of
crime or analyzing suspicious behavior (21).

II. CONCLUSION

Artificial intelligence presented a giant leap forward in
forensic science for it was as follows accuracy, efficiency, and
speed was the unavoidable outcomes because either it was
crime scene reconstruction, DNA analysis, digital forensics, or
pattern recognition. It could process large datasets and perform
complex analyses that helped in cross-checking human error
while requiring the reliability of forensic investigation. But this
beauty with Al will be that as the technology advances, it
promises to find increased integration with emerging
technologies such as virtual reality and blockchain in highly
proactive transparent forensic processes. Nevertheless, ethical
and legal concerns such as algorithmic bias and questions about
the admissibility of Al-generated evidence will still have to be
addressed so that Al is used responsibly in forensic science.
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