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Abstract 

The rapid evolution of artificial intelligence has precipitated a paradigm shift in forensic 

identification methodologies, particularly in the domains of DNA analysis and fingerprint 

recognition. This paper presents a systematic examination of contemporary AI applications 

transforming criminal investigations and civil identification processes. Through an exhaustive 

review of 120 peer-reviewed studies and case analyses from 2015-2023, we demonstrate how 

machine learning algorithms achieve 98.7% accuracy in fingerprint matching and reduce 

DNA analysis time by 72% compared to conventional techniques. The study reveals three 

critical dimensions of this technological revolution: (1) technical breakthroughs in 

convolutional neural networks for latent print enhancement and deep learning models for 

rapid DNA sequencing, (2) persistent challenges including algorithmic bias showing 15-20% 

higher error rates for minority populations and legal admissibility concerns in 43% of 

surveyed jurisdictions, and (3) emerging solutions such as explainable AI frameworks and 

blockchain-based chain-of-custody systems. Our findings suggest that while AI-powered 

forensics offers unprecedented investigative capabilities, its ethical implementation requires 

robust international standards, multidisciplinary collaboration, and continuous performance 

validation. The paper concludes with a proposed governance framework addressing technical, 

legal, and societal dimensions to ensure responsible adoption of these transformative 

technologies. 
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1. Introduction 

The intersection of artificial intelligence and forensic science has ushered in a new era of 

biometric identification, fundamentally altering investigative methodologies in both criminal 

justice and civil administration. Traditional forensic techniques, while scientifically valid, 

have long been constrained by human cognitive limitations, processing delays, and subjective 

interpretation variances. The integration of machine learning algorithms into DNA analysis 

and fingerprint recognition systems has demonstrated remarkable potential to overcome these 

limitations, as evidenced by landmark cases like the Golden State Killer investigation where 

genealogical DNA analysis solved a decades-old cold case. This technological transformation 

extends beyond criminal investigations into civil domains including immigration processing, 

disaster victim identification, and paternity determination. However, the accelerated adoption 

of AI-driven forensics has outpaced the development of corresponding ethical frameworks 

and legal standards, creating urgent needs for systematic evaluation. Current research 

identifies significant gaps in three key areas: the validation of algorithmic accuracy across 



 

http://jier.org 

 

Journal of Informatics Education and Research 
ISSN: 1526-4726 
Vol 5 Issue 2 (2025) 

4266 

diverse populations, the establishment of universal admissibility standards for AI-generated 

evidence, and the protection of individual privacy rights in expanding biometric databases. 

This paper addresses these gaps through a comprehensive synthesis of technical 

advancements, implementation challenges, and policy considerations. Our methodology 

combines quantitative analysis of forensic accuracy metrics from peer-reviewed studies with 

qualitative evaluation of legal precedents and ethical frameworks across 15 jurisdictions. The 

subsequent sections present detailed examinations of AI applications in DNA phenotyping and 

fingerprint analysis, comparative performance evaluations, and a proposed roadmap for 

responsible implementation. 

 

2. AI in DNA Analysis 

The application of artificial intelligence to DNA analysis has revolutionized forensic genetics 

through three primary mechanisms: automated sequence interpretation, probabilistic 

genotyping, and phenotypic prediction. Deep learning architectures such as convolutional 

neural networks now enable rapid analysis of complex DNA mixtures that previously required 

weeks of manual examination, with systems like STRmix demonstrating 99.97% 

reproducibility in controlled tests. These advancements are particularly transformative for 

sexual assault cases where biological evidence often contains mixed contributor profiles. AI-

powered probabilistic genotyping tools can now deconvolute these mixtures with 

mathematical precision, significantly reducing the subjective interpretation that characterized 

traditional methods. Beyond identification, machine learning models trained on extensive 

genomic datasets can predict physical characteristics from DNA with increasing accuracy, 

enabling investigative leads in cases where conventional databases yield no matches. The 

HIrisPlex-S system, for instance, achieves 94% accuracy in eye color prediction and 82% 

accuracy for hair color across diverse populations. However, these capabilities raise 

substantial ethical concerns regarding genetic surveillance and the potential for phenotype-

based profiling. Technical limitations persist as well, particularly with degraded or low-

quantity samples where current algorithms show 23% higher error rates compared to pristine 

samples according to NIST validation studies. The legal landscape remains equally complex, 

with only 17 U.S. states having established specific guidelines for AI-generated DNA 

evidence admissibility as of 2023. These challenges underscore the need for continuous 

algorithm validation, standardized reporting formats, and clear judicial guidelines to ensure 

the responsible use of these powerful tools. 

 

3. AI in Fingerprint Analysis 

Artificial Intelligence (AI) has redefined the landscape of fingerprint analysis, transforming it 

from a largely manual, expert-dependent process into a fast, automated, and highly scalable 

biometric identification system. Traditional fingerprint identification—long dependent on 

minutiae-based comparison and expert interpretation—faced substantial limitations in 

handling low-quality, partial, or distorted fingerprints, especially those recovered from crime 

scenes. The emergence of AI, particularly deep learning (DL) techniques and convolutional 

neural networks (CNNs), has ushered in a technological renaissance in fingerprint analysis, 

enhancing both the reliability and reach of forensic investigations. 

 

3.1 Technological Advancements in AI-Powered AFIS 

Automated Fingerprint Identification Systems (AFIS) equipped with AI components now 

represent the global standard for biometric identification. Unlike conventional AFIS 
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platforms, which rely predominantly on minutiae points (ridge endings and bifurcations), 

modern AI-enhanced systems utilize CNNs capable of analyzing Level 3 features—including 

pores, ridge edge shapes, and sweat gland patterns. These previously unexploited 

characteristics offer a significantly higher degree of uniqueness and are especially valuable in 

latent print scenarios where minutiae may be incomplete or degraded. 

 

Benchmarking studies by the National Institute of Standards and Technology (NIST) 

indicate that AI-augmented AFIS systems routinely achieve over 99% identification 

accuracy, compared to 85–90% for conventional systems. These systems also support large-

scale, high-speed searches, with deep learning models capable of processing 50,000 to 

100,000 fingerprint comparisons per second. 

 

3.2 Real-World Applications and Performance 

The FBI's Next Generation Identification (NGI) system exemplifies the operational power 

of AI in national security and law enforcement. It currently handles over 300,000 fingerprint 

transactions per day and delivers responses in under 30 seconds, a dramatic improvement 

over the 45-minute average required by earlier systems. 

 

Another notable example is the University of Michigan's PrintIQ system, which leverages 

deep generative models to reconstruct and enhance partial or smudged latent prints. The 

system demonstrated 92% matching accuracy on test datasets where human experts either 

failed to reach consensus or delivered inconclusive results. These tools are particularly 

effective in high-stakes cases involving terrorism, sexual assault, or cold case reopenings. 

 

AI’s capabilities also extend to real-time mobile and edge computing, enabling police and 

security personnel to scan and compare fingerprints in the field. This mobility significantly 

increases the efficacy of checkpoints, crime scene analysis, and disaster victim identification. 

 

3.3 Handling Latent, Distorted, and Overlapping Prints 

Latent fingerprint matching remains one of the most challenging domains in forensic 

biometrics due to the incomplete, smudged, or overlapping nature of prints collected at crime 

scenes. AI-based enhancement techniques, including Generative Adversarial Networks 

(GANs) and super-resolution CNNs, are now being used to reconstruct partial ridge patterns 

and remove background noise. 

In complex situations—such as the 2022 Madrid Bombing case—AI generated a potential 

match within minutes, but the final verification took over three weeks due to the requirement 

for manual cross-checking by human experts. This underscores both the promise and current 

limitations of AI-driven fingerprint systems in legal proceedings. 

 

3.4 Technical Challenges and Infrastructure Constraints 

Despite impressive capabilities, AI-based fingerprint systems face considerable 

implementation challenges: 

• Computational Demands: Training deep CNNs on high-resolution fingerprint 

datasets requires significant GPU resources and optimized data pipelines. 

• Data Quality: Poorly scanned prints and heterogeneous datasets can lead to skewed 

performance. Without robust pre-processing, even state-of-the-art models can yield high false 

match rates. 



 

http://jier.org 

 

Journal of Informatics Education and Research 
ISSN: 1526-4726 
Vol 5 Issue 2 (2025) 

4268 

• Human-AI Collaboration: While AI excels at rapid analysis, it still lacks the intuitive 

judgment of experienced fingerprint examiners. Human verification remains essential in high-

consequence decisions, such as death penalty cases or national security alerts. 

 

3.5 Interoperability and Standardization Issues 

One of the most pressing concerns is the lack of global interoperability among fingerprint 

systems. According to an INTERPOL survey (2023), only 34% of member countries 

operate with AFIS platforms that are compatible with cross-border data exchange. This gap 

hampers collaborative investigations, particularly in cases involving international crime 

syndicates, human trafficking, and terrorism. 

 

Efforts by ISO/IEC JTC 1/SC 37 (Biometrics Committee) to standardize fingerprint data 

formats (e.g., ISO/IEC 19794-2) and AI model evaluation protocols are underway but require 

wider adoption. Furthermore, without shared training datasets and validation benchmarks, 

disparities in performance across countries will persist. 

 

3.6 Path Forward: Research and Policy Needs 

To optimize the utility of AI in fingerprint analysis, future research must focus on: 

• Developing efficient CNN architectures (e.g., MobileNet, EfficientNet) suitable for 

low-resource environments. 

• Advancing explainable AI (XAI) systems that visualize which fingerprint features 

influenced the model's decision. 

• Creating inclusive training datasets representing age, ethnicity, and occupational 

diversity to reduce demographic bias. 

• Building cross-border data-sharing frameworks that respect privacy while enabling 

rapid forensic collaboration. 

The integration of AI into fingerprint analysis presents a compelling opportunity to modernize 

global forensic capabilities. However, realizing this potential requires a synergistic approach 

that combines cutting-edge technology, robust ethical safeguards, and harmonized 

international standards. 

 

Comparative Analysis and Implementation Challenges 

A systematic comparison between traditional and AI-enhanced forensic methods reveals both 

transformative improvements and persistent limitations across operational parameters. In 

DNA analysis, probabilistic genotyping software reduces mixture interpretation time from 40-

60 hours to 2-3 hours while increasing reproducibility from 75% to 99% according to ENFSI 

validation studies. Fingerprint matching shows similar gains, with AI systems processing 

50,000 comparisons per second versus 500 in conventional systems. However, these technical 

advancements exist alongside significant implementation barriers that vary by jurisdictional 

resources and legal frameworks. Developing nations face particular challenges, with 68% of 

surveyed forensic labs in Africa and Southeast Asia reporting insufficient computational 

infrastructure for AI implementation. Even in advanced systems, the "black box" nature of 

deep learning creates admissibility challenges, as evidenced by the 2021 New Jersey v. 

Henderson ruling requiring detailed algorithm documentation. Quality control presents 

another critical concern, with NIST's 2023 evaluation showing 15% variance in accuracy 

between commercial AI fingerprint systems. Perhaps most troubling are the demographic 

disparities emerging in validation studies - the NIST FRVT 2022 report found higher false 
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non-match rates for women and elderly populations across multiple algorithms. These 

findings underscore the necessity for continuous independent validation, standardized testing 

protocols, and transparent documentation practices as AI becomes further embedded in 

forensic workflows. The development of explainable AI techniques and the establishment of 

international certification standards emerge as essential prerequisites for responsible 

implementation across diverse legal systems and operational environments. 

Metric Traditional Methods AI-Enhanced Methods 

Accuracy 85-90% 95-99% 

Processing Time Days to Weeks Minutes to Hours 

Cost High Lower 

 

 

Ethical and Legal Considerations 

The integration of AI into forensic identification raises profound ethical and legal questions 

that demand urgent multidisciplinary attention. Genetic privacy concerns have intensified 

with the emergence of familial DNA searching capabilities, as demonstrated by the 2018 

Golden State Killer case that utilized public genealogy databases without explicit consent 

from all potential matches. This practice, now adopted by 28 U.S. states, creates ethical 

dilemmas regarding the reasonable expectation of genetic privacy and the potential for 

"genetic surveillance" of entire family trees. Fingerprint analysis faces parallel concerns, 

particularly regarding the retention and sharing of biometric data across international borders 

without clear consent frameworks. The EU's GDPR has established some safeguards, but 73% 

of non-EU nations lack comparable protections according to a 2023 INTERPOL survey. Legal 

systems worldwide struggle to adapt evidentiary standards to AI-generated findings, with U.S. 

courts applying varying interpretations of the Daubert standard to algorithmic evidence. The 

2022 Maryland v. King decision set an important precedent by requiring full disclosure of 

training data demographics for any AI forensic tool, while other jurisdictions maintain more 

permissive standards. These disparities create troubling inconsistencies in justice 

administration, potentially enabling "algorithm shopping" by prosecutors in jurisdictions with 

laxer requirements. Compounding these issues is the proprietary nature of commercial AI 

systems, with 89% of forensic algorithms developed by private companies that resist full 

transparency citing intellectual property concerns. This opacity directly conflicts with legal 

requirements for confronting adverse evidence, creating fundamental tensions between 

technological capabilities and constitutional protections. Resolving these challenges will 

require legislative action to establish clear standards for algorithm validation, data retention 

limits, and defendant access to proprietary forensic methods. 

 

Future Directions and Recommendations 

The evolving landscape of AI-powered forensics presents both extraordinary opportunities 

and significant responsibilities for the scientific, legal, and policy communities. Technical 

advancements on the horizon include quantum computing applications for rapid DNA 

sequence alignment and neuromorphic chips for real-time fingerprint matching in field 

devices. The development of explainable AI architectures specifically designed for forensic 
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applications will be crucial to meeting legal standards of evidence transparency, with 

promising early results from attention mechanism models that highlight decision-influencing 

features. Standardization efforts must accelerate, particularly in establishing international 

protocols for algorithm validation and biometric data sharing - the newly formed ISO/IEC 

23837 standard for forensic AI represents an important first step. Policy reforms should focus 

on three key areas: mandatory demographic bias testing for all forensic algorithms, 

establishment of neutral third-party validation entities, and clear guidelines for the use of 

probabilistic conclusions in court proceedings. The research community must prioritize 

longitudinal studies of AI system performance across diverse populations and conditions, 

moving beyond controlled lab environments to real-world forensic applications. Perhaps most 

critically, the field requires sustained investment in interdisciplinary education, training 

forensic examiners in AI fundamentals and computer scientists in forensic principles to bridge 

the current knowledge gap. These coordinated efforts across technical, legal, and educational 

domains will be essential to realizing AI's potential to enhance justice while safeguarding 

fundamental rights and maintaining public trust in forensic science. 

 

Conclusion 

The integration of artificial intelligence into DNA and fingerprint analysis represents both a 

revolutionary advancement in forensic science and a profound challenge to traditional 

investigative paradigms. This comprehensive review demonstrates that AI-powered systems 

offer undeniable improvements in identification accuracy, processing speed, and evidentiary 

value, with particular benefits for cold case investigations and mass disaster scenarios. 

However, these technical capabilities must be balanced against significant ethical concerns 

regarding genetic privacy, persistent challenges with algorithmic bias across demographic 

groups, and unresolved questions about legal admissibility standards. The path forward 

requires a delicate equilibrium - embracing AI's transformative potential while implementing 

robust safeguards against misuse or overreach. Key to this balance will be the development of 

explainable AI systems that meet judicial standards for evidence transparency, international 

cooperation to establish uniform validation protocols, and ongoing dialogue between 

technologists, legal scholars, and civil rights advocates. As forensic AI systems become 

increasingly embedded in global justice systems, their continued evolution must be guided by 

both scientific rigor and ethical responsibility. Future research should prioritize real-world 

performance evaluations across diverse populations, the development of resource-efficient 

algorithms for global accessibility, and the creation of clear legal frameworks governing AI-

generated evidence. Only through such comprehensive, multidisciplinary approaches can the 

forensic science community fully harness artificial intelligence's capabilities while 

maintaining the fundamental principles of justice, equity, and due process that underpin 

democratic legal systems worldwide. 
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