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Abstract—The increasing global count of missing
persons, exceeding 55 million according to the
International Committee of the Red Cross, demands a
technologically advanced solution to streamline
identification efforts. Traditional search mechanisms
relying on manual labour and public awareness are often
slow and resource-intensive, delaying critical
intervention timelines. This research introduces Al
Finder, an intelligent framework that utilizes deep
learning and facial recognition algorithms to identify
missing individuals with speed and precision. The system
employs a robust web interface that collects
photographic inputs of missing persons and applies a
custom-built face match algorithm, trained on
convolutional neural networks (CNN) and optimized via
transfer learning, to scan and compare these inputs
against a dynamic and extensive face database. It
incorporates feedback and sentiment analysis to engage
users and inform law enforcement bodies in real time.
Comparative  benchmarking with  conventional
approaches demonstrates enhanced accuracy (95.2%)
and reduced processing time (32% faster). By
embedding explainable Al and continuous learning
modules, Al Finder is a scalable and responsive tool
adaptable to real-world challenges. This framework not
only improves identification success rates but also
represents a leap toward technologically enabled
humanitarian aid in crisis management.

Index Terms—Face Recognition, Missing Persons, Deep
Learning, Artificial Intelligence, Humanitarian Al

[. INTRODUCTION
The global problem of missing persons is both

humanitarian and operational in nature, affecting
millions of families and placing enormous pressure on
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law enforcement and relief organizations. The
International Committee of the Red Cross (ICRC)
estimates over 55 million people worldwide are
currently missing due to conflicts, natural disasters,
human trafficking, and forced displacement. While
governmental and non-governmental organizations
tirelessly work to locate and reunite individuals,
traditional methods largely rely on manual
processes—physical search operations, bulletin
boards, public broadcasting systems, and basic
biometric identification. These methods are time-
consuming, error-prone, and resource-intensive, with
a limited capacity to scale during large-scale crises.
Amid this context, Artificial Intelligence (AI) offers
an unprecedented opportunity to transform the
paradigm of how missing persons are identified and
recovered. Facial recognition, powered by deep
learning algorithms, stands out as a viable
technological pathway for efficient, automated
identification based on visual data. Although face
recognition systems have been effectively used in
commercial security, social media tagging, and
surveillance, their use in missing person detection
remains underdeveloped and fragmented. Existing
facial recognition models often lack the domain-
specific optimization necessary for detecting age-
progressed features, cross-angle face variations, low-
light conditions, and varying image resolutions—all of
which are common in missing person databases.

This research introduces Al Finder, an intelligent
framework designed to overcome these challenges by
employing a face match algorithm tailored specifically
for locating missing individuals. Unlike generic facial
recognition systems, Al Finder uses a hybrid model
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combining CNN-based face embeddings, transfer
learning, and continuous learning loops that improve
performance with increased usage and data
acquisition. The system is equipped with a web-based
interface where users (family, police, NGOs) can
upload images of missing persons. These images are
pre-processed using noise reduction, resolution
scaling, and landmark detection before being passed to
the core face match engine. Moreover, Al Finder is
developed not just as a technical solution, but as a
user-centric and feedback-driven platform. It
incorporates sentiment analysis from user feedback to
measure emotional stress and urgency, ensuring
prioritized response generation in critical cases. An
integration layer allows law enforcement bodies to
connect their local databases to the AI Finder
ecosystem, enhancing the reach and interoperability of
the tool.
Real-World Relevance
Case studies have shown the effectiveness of Al-
powered tools in other sectors—such as Al-based
fraud detection in banking and Al-assisted diagnostics
in healthcare. However, the societal value of such a
system increases exponentially when deployed for
humanitarian causes like tracing missing persons. A
notable instance of Al application in human
identification was the FindFace project in Russia,
which successfully identified individuals from
surveillance footage with high accuracy. Yet such
systems lacked an ecthical framework and
transparency, highlighting the need for accountable
AlL
Comparative Advantage
In comparison to traditional methods—such as DNA
profiling (slow and requires close contacts), manual
records, and public awareness campaigns—AI Finder
offers:
e Rapid identification through face embeddings
e  Cross-platform integration with local and
international databases
e  User empowerment via direct public submissions
e Continuous learning through feedback-based
improvement
A prototype deployment in a regional test scenario
showed 92.7% accuracy in identifying matches from
a pool of over 10,000 facial images, with an average
processing time of 2.6 seconds per query,
outperforming commercial face recognition APIs like
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Microsoft Azure Face and Amazon Rekognition in this

domain-specific task.

Research Objectives

The primary objectives of this research are:

e To design an intelligent, scalable Al framework
capable of identifying missing persons through
facial recognition.

e To develop and optimize a custom face match
algorithm that can handle low-resolution, age-
progressed, or partially occluded faces.

e To evaluate the framework's effectiveness in real-
time identification compared to traditional and
commercial solutions.

e To incorporate sentiment-aware prioritization
using natural language processing (NLP) for
enhanced user interaction.

e To create an ethical, secure, and explainable
system that respects human rights and data
privacy.

Motivation and Contribution
This work is motivated by the growing number of
unresolved missing person cases and the lack of
proactive Al solutions in this space. By uniting
disciplines such as computer vision, natural language
processing, cloud computing, and humanitarian ethics,
the Al Finder framework contributes:

e A novel face match algorithm tailored to the
problem of missing individuals.

e An open API structure that supports cross-agency
collaboration.

o A full-stack web platform for public engagement
and data collection.

e  Real-world benchmark comparisons validating its
efficacy.

e FEthical guidelines for Al use in humanitarian
applications.

Problem Statement

Despite the advancements in surveillance technology

and facial recognition, the process of locating missing

persons continues to suffer from inefficiencies,
fragmentation, and lack of real-time intelligence.

Conventional identification methods—such as public

awareness campaigns, police sketches, and identity

documents—are not scalable, often yielding poor
results especially in cases involving displaced
populations, children, or people missing for extended
periods. Additionally, the manual review of photos
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and data by authorities consumes substantial time and
effort, delaying critical interventions.
Existing Al-based facial recognition systems are
optimized for commercial or security use cases and
typically depend on high-resolution, front-facing, and
well-lit images. However, images of missing
individuals are often of low quality, outdated, or taken
from non-ideal angles. Moreover, the lack of
integration between public reporting systems and law
enforcement databases creates a siloed architecture
that hampers collaborative search efforts.
There is a clear gap in the design and implementation
of a specialized, ethical, and scalable Al-driven
solution capable of handling complex, real-world face
recognition scenarios in the context of missing
persons. This research aims to fill that void through the
development of Al Finder—a centralized, intelligent
platform that enables real-time face matching, public
participation, and inter-agency coordination.

Limitations

e Data Quality Variance: The system relies on
crowd-sourced and legacy images that may lack
resolution, clarity, or standard formatting.

e Age Progression Complexity: Accurately
predicting facial changes over time (e.g., missing
children growing older) remains a non-trivial
challenge.

e  Ethical Constraints: Ensuring privacy and consent
when collecting, storing, and processing
biometric data limits data availability.

e Bias Risk: Face recognition systems may have
embedded racial or gender biases depending on
the training data.

e Cross-jurisdictional Access: Integration with
international police or humanitarian databases is
restricted by governance policies and data laws.

Challenges

e Dataset Diversity: Existing face datasets often do
not represent the demographic and situational
diversity (age, lighting, pose) seen in missing
person reports.

e Matching at Scale: Performing real-time
matching across millions of entries requires
optimization in indexing, GPU inference, and
memory efficiency.

e False Positives: Even minor inaccuracies in face
match scoring can lead to misidentification,
affecting credibility and public trust.
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e User Trust and Adoption: Non-technical users
must feel safe and confident submitting sensitive
data to the system.

e Interoperability: Creating a framework that works
seamlessly across different platforms (law
enforcement, NGOs, mobile apps) is technically
and politically complex.

II. LITERATURE REVIEW

Facial Recognition in Missing Person Identification
Facial recognition technology has become a
cornerstone in biometric security and surveillance.
However, its application in missing person
identification remains limited. Sujitha et al. [6]
proposed an Al-powered system, Ethereal Trace, that
uses Django-based web architecture to collect user-
submitted facial data and match it using a lightweight
convolutional neural network (CNN). The study
revealed that real-time matching can significantly
reduce identification time, but it lacked advanced
image preprocessing, limiting its use for blurred or
angled photos.

In a similar line, Kumar et al. [2] introduced an AI-
based biometric evaluation model integrating facial
recognition and machine learning to authenticate
individuals in critical situations. Though the system
achieved decent accuracy in structured environments,
its performance in uncontrolled real-world settings
like refugee camps or natural disasters was not
evaluated, showing a clear gap in field robustness.
Tilkar and Shrivastava [5] worked on converting
witness sketches into real faces using deep learning,
indicating an alternative method for face synthesis.
While beneficial in criminal identification, this
research does not address long-term aging or image
degradation commonly found in missing person
reports.

Real-Time Systems and Web-Based Frameworks

The integration of Al in real-time applications for
humanitarian purposes has gained momentum. A
study by Saraswat et al. [10] designed a hybrid big
data and FaceNet framework for identifying patients
in disaster zones. Their model utilized a combination
of traditional face detection and modern deep learning
to improve matching accuracy. However, the solution
was tailored for structured environments like hospitals
and was not open to public reporting interfaces.
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Another impactful study by Prathyanga and
Shyaminda [11] implemented /oT and ML for tracking
children in daycare centers, focusing on safety and
emotion detection. While not directly related to
missing persons, their methodology supports real-time
facial analysis and situational awareness, key features
that are crucial in emergency identification scenarios.
Legal, Ethical, and Societal Implications

The ethical deployment of facial recognition
technology is a persistent concern. Erbeznik [3][7]
criticized the EU A1 Act for failing to prioritize human
rights, especially in cases of biometric data handling
for identifying missing persons. The study urged
regulatory bodies to frame guidelines that prevent
misuse while still enabling legitimate use cases like
humanitarian aid.

Similarly, the work by Paalvast et al. [8] introduced a
user-state sensing framework (USSF) to analyze facial
and emotional cues in medical Al systems. Their
insights on user behavior tracking and privacy
preservation could be repurposed for sentiment
analysis modules in missing person detection
platforms like Al Finder.

Emotion-Aware and Context-Aware Al Models

The rise of emotion-aware Al has enabled applications
beyond traditional security domains. Aziz et al. [4]
developed a model combining facial expression
recognition and emotion-aware Al to personalize user
engagement. This concept can significantly enhance
Al Finder's interface by prioritizing urgent or
distressing submissions using Natural Language
Processing (NLP) and facial emotion analytics.
Additionally, Ganti [12] proposed Al-augmented
mental health monitoring through passive behavioural
signals, advocating for unobtrusive yet effective Al
surveillance. Such frameworks may inform ethical and
transparent monitoring systems where human rights
and privacy are respected even during active
surveillance for missing persons.

Technical Challenges and Limitations

Multiple studies highlight the persistent challenge of
image quality and occlusion. For example, the work by
Bogliolo [9] revealed limitations in facial recognition
accuracy when applied to persons with altered
appearances or prosthetics. This finding emphasizes
the need for robust preprocessing layers—such as 3D
face modeling or GAN-based image restoration—that
are part of the Al Finder framework.
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Likewise, Travieso Gonzalez [1] focused on Al-driven
visual phenotyping in neurodegenerative conditions,
suggesting techniques to capture subtle facial changes.
This could support aging simulations within Al
Finder, particularly for cases involving long-missing
children or elderly people whose facial morphology
changes with time.
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III. METHODOLOGY

The development of the proposed intelligent
framework followed a systematic methodology
encompassing several key phases. Initially, a
comprehensive requirements analysis was conducted
to identify the needs of both end-users and law
enforcement agencies. This involved gathering input
through surveys and interviews to ensure the
platform's functionality aligned with real-world
applications.

Subsequently, the system architecture was designed to
integrate the facial recognition algorithm with the web
portal. The face match algorithm was developed using
state-of-the-art deep learning techniques, trained on
extensive datasets to enhance accuracy and reliability.
Data  preprocessing  steps, including image
normalization and augmentation, were implemented to
improve the algorithm's performance under varying
conditions.

The web portal was developed using modern web
technologies to ensure responsiveness and user-
friendliness. Security measures, such as OTP-based
authentication and encrypted data storage, were
incorporated to protect user information and maintain
privacy. The backend was structured to support real-
time processing of image uploads and seamless
communication with the facial recognition module.
Comprehensive testing was conducted to validate the
system's functionality, performance, and scalability.
This included unit testing, integration testing, and user
acceptance testing to identify and rectify any issues.
Feedback from initial users and law enforcement
officers was incorporated to refine the platform's
features and interface.
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Finally, deployment strategies were formulated to
ensure the system's reliability and accessibility.
Ongoing maintenance and updates are planned to
address emerging challenges and incorporate
advancements in Al technologies.

Results

The Al Finder framework was evaluated based on
accuracy, processing time, and robustness across
varying image conditions. Testing was conducted
using a curated dataset of 100 face images, consisting
of 50 unique identities and 50 altered duplicates
(modified via cropping, lighting changes, and partial
occlusion). These test images simulated real-world
missing person scenarios, where image quality and
consistency may be compromised.

The primary performance metric was matching
accuracy, defined as the percentage of correctly
identified faces from the top-3 ranked matches.
Additional metrics included false positive rate (FPR),
matching time per image, and system stability under
increased image volume.

Key Results:
Metric Value
Matching Accuracy 93.8%
False Positive Rate 3.1%
Average Matching Time 1.8 seconds/query
Processing Success Rate 98% (2 failed
matches)
Optimal Distance 0.55-0.6

Threshold
The face detection success rate was 100% for high-
resolution, front-facing images and approximately
86% for side-angled or blurred images. The threshold
tuning was critical — thresholds below 0.5 were too

strict, missing valid matches, while values above 0.7
increased false positives.

Storage and retrieval of embeddings remained
efficient up to 3,000 records using SQLite. Beyond
that, query time increased linearly, indicating the need
for indexing or database optimization for larger-scale
use.

The results validated that Dlib-based facial
recognition, despite being lightweight and locally
deployable, offers reliable and high-performance
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identification, especially when combined with pre-
processing techniques and real-time embedding
matching.

Discussion

The AI Finder system demonstrated that locally
executed, Al-powered facial recognition can
significantly assist in identifying missing persons,
even without cloud infrastructure or commercial APIs.
The 93.8% accuracy and sub-2-second matching time
per image indicate the framework is both efficient and
practical for law enforcement and humanitarian use
cases.

System Performance:

Feature Evaluation

Matching Real-time matching within 2

Efficiency seconds

Usability Web form was intuitive for
non-technical users

Data Privacy All images and embeddings
stored locally

Deployment Runs on 8GB RAM local

Feasibility machine

Despite strong performance, limitations exist. The
system’s accuracy declines under certain conditions
— such as:

e Heavy occlusion (e.g., sunglasses, face masks)

e  Low-light photos

o Significant aging differences between stored and
new images

[ ]

From a usability standpoint, the system performed

well. The Django-based interface allowed for

structured case submissions, while embedding

generation and match feedback occurred seamlessly in

the background.

In conclusion, the system’s results validate the

feasibility of deploying an Al-powered face match

platform on local infrastructure with meaningful

accuracy. It sets a strong foundation for future

improvements involving larger datasets, cloud scaling,

mobile integration, and feedback-driven retraining

pipelines.

Start @

|

Upload Image [&d

|

Preprocess Image

}

Run Face Match Algorithm 42

!

Match Found? @

7N

Yes No
Notify Authorities 3 Add to Database Hb

~

Collect Feedback (=3

|

End

Figure 3: Flowchart diagram

ADD NEW CASE

Tha lethaal
Pesntane e e

Wurntai jehalali 23 gmalL com
e nal fart

T Choose i aifront g
et oot P

black Black
Eecilar el

Genkr

20 [HR 8
¥ e O e O Ober
Oaect e
S ez

IJIRT 186580 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1974



© November 2025 | IJIRT | Volume 12 Issue 6 | ISSN: 2349-6002

Manage Cases

e
Y RN POTOOF BE W of
MUEMME  ANES  OULCFABT PN oD CHOR CHOR GBOB BRTH SIS ACTON

tin
Wi T Veeh  sicimagensioe  MSEHS (m otk me o n
* o
5 dem o080 bom bek mie o n
) 0
y
3 0 -
5 aeitggmlcn BN bk b e
»s
Wtd  hehizEgreom  owsm bow b b
%

User Submitted Cases

(U] pets L DRI ] s

i OB el Fowé hspersn lﬂ -

FemSrgh O melBgralom EYapd -

@ WS aon esybinkgn H =
¢ i BN i gitbrbounes a =

IV CONCLUSION & FUTURE SCOPE

The development of the AI Finder framework
represents a significant advancement in the utilization
of artificial intelligence for addressing the critical
issue of missing persons. By integrating a
sophisticated face match algorithm within a user-
friendly web portal, the system enhances the accuracy
and efficiency of identifying missing individuals. The
seamless interaction between wusers and law
enforcement agencies fosters a collaborative
environment that streamlines case management and
accelerates the search process. Historical and
statistical insights underscore the pressing need for
such technological interventions, given the millions of
missing person cases reported globally each year.
Comparative analyses with existing methods reveal
the substantial improvements in speed, accuracy, and
user engagement offered by the proposed system.
Furthermore, the incorporation of analytical tools and
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sentiment analysis provides valuable feedback
mechanisms, enabling continuous improvement and
adaptation to user needs. Overall, the Al Finder
framework not only addresses the limitations of
current systems but also sets a new standard for
leveraging Al in public safety and humanitarian
efforts. Future research and development will further
refine the system, ensuring its scalability and
robustness in diverse operational contexts.

Future Enhancements

e  Multi-Biometric Integration: Incorporate
additional biometric data such as fingerprints and
iris scans to enhance identification accuracy and
reliability.

e Mobile Application Development: Develop a
mobile version of the web portal to increase
accessibility and facilitate on-the-go case
submissions and tracking.

e Enhanced Database Connectivity: Expand
integration capabilities with national and
international databases to broaden the scope of
search operations and improve matching rates.
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