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Abstract

This paper presents a framework that safeguards privacy
while recognizing reused facial images, incorporating finger
printing, and protecting digital images for law enforcement
purposes.

The broad consumption of social media has contributed to the
issues of protecting user privacy, notably illicit face picture
reuse and data leakage. This study presents a revolutionary
Digital Object Source Identifier (DOSI) system designed to
identify the source of digital data breaches and provide strong
security against unlawful replication and dissemination
of visual material. DOSI uses cutting-edge approaches to
secure traceability and ownership integrity for digital files,
drawing analogies with copyright-claiming systems and
advanced multimedia recognition technologies such as song
identification by humming or tune analysis.

The system generates unique picture IDs using face
recognition algorithms and digital fingerprinting techniques
such as hashing. These identifiers assist in detecting and
tracking repeated or derivative material across platforms. It
also incorporates deep learning architectures, particularly
Convolutional Neural Networks (CNNs), to accurately
extract features and detect changed photos. Furthermore,
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watermarking approaches integrate cryptographic ownership
details into image pixels, improving tamper-resistance and
traceability.

The solution system uses fingerprinting technology to
monitor picture ownership, provenance, and usage history,
assuring data integrity and preventing manipulation. It also
makes use of web crawling and scraping techniques, as well as
APIs like Google Reverse Image Search, to track illicit image
distribution on social media and marketplaces on a broad
scale. The DOSI system identifies data leaks and prevents
abuse, providing critical support for law enforcement, digital
content providers, and privacy-conscious consumers seeking
better data security and accountability in an interconnected
digital world.

Keywords: Digital Object Source Identifier, Image Fingerprinting,
Derivative Content Detection, Al-powered Facial Recognition

I .Introduction

In this digital age, Social media is an integral part of our daily
life whether it comes to technology, news, daily life, and
whatnot. As a result, users need to upload images and videos
to the platform. But the problem arises when users can’t find
enough privacy while sharing the image, and information
in the vast world of social media. Data privacy and security
have become paramount concerns for individuals and
organizations alike. With the proliferation of online services,
social media platforms, and interconnected devices, vast
amounts of personal and sensitive data are being generated,
stored, and transmitted across the internet. This data, while
offering tremendous opportunities for innovation and
convenience, also presents significant risks when misused or
inadequately protected.

One of the major challenges in maintaining data privacy is
the prevention of misuse by unauthorized entities, whether
they be malicious actors, negligent insiders, or overly curious
data handlers. The consequences of data misuse can be far-
reaching, including identity theft, financial fraud, loss of
confidentiality, and erosion of public trust. As such, there is
a pressing need for robust frameworks that not only secure
data but also ensure that it is used appropriately and ethically.

88



Applied Machine Learning: Concepts, Algorithms, and Real-World Applications

This research paper proposes a privacy-preserving
framework designed to prevent the misuse of images and
videos. The framework leverages advanced cryptographic
techniques, access control mechanisms, and machine learning
algorithms to detect and mitigate potential misuse scenarios.
By implementing a multi-layered approach, the proposed
solution aims to provide comprehensive protection for data
while preserving user privacy and complying with relevant
legal and regulatory requirements.

A) Social Media and User Safety

socialmediahasemergedasapowerfultoolforcommunication,
interaction, and information dissemination. Social media
platforms, such as Facebook, Twitter, Instagram, LinkedIn,
and TikTok, have revolutionized the way individuals and
organizations connect and share content. These platforms
enable users to create and share text updates, images, videos,
and other multimedia content, fostering a dynamic and
interconnected global community.

Despite the numerous benefits offered by social media, there
are inherent risks and concerns associated with sharing
personal content, particularly images, online. The question
of whether it is safe to upload images on social media has
become a critical issue, encompassing various aspects of
privacy, security, and digital footprint management. Users
must navigate complex privacy settings, understand the
implications of metadata associated with images, and be
aware of the potential for misuse of their visual content.

This research paper aims to explore the multifaceted
nature of social media and assess the safety considerations
related to uploading images. This study seeks to provide a
comprehensive understanding of the current landscape.
Furthermore, it aims to offer practical guidelines and best
practices for users to protect their privacy and ensure safe
sharing of images on social media.

In recent years, the use and user f social media has increased
gradually and the posting of multimedia has increased but the
privacy user is not secured . Recent studies have highlighted
the alarming issue of illegal harassment through the misuse
of images without the owners” permission on social media.
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A comprehensive review by MediaWell Research Review
discusses how image-based abuse involves the non-
consensual creation and distribution of personal images. This
form of abuse has severe psychological impacts on victims,
including severe emotional distress and even leading to
self-harm in extreme cases. A study published in the journal
Information & Communications Technology Law explores the
complex nature of non-consensual image-based harassment
worldwide. It highlights the legal challenges and the need for
stronger policies to address this issue effectively.

According to records there are a large number of illegal face/
image misuse cases from social media per year worldwide,
as many incidents go unreported or undetected and after
spreading in all platforms (“VIRAL”), its was almost
impossible to find out the main source and remove the image/
video from the root source.

For the solution of this alarming problem, this system will
help to track repeated or derivative material across platforms.

Social Media User increase in some past years

W Social Media User increase

Fig 1: Social Media Users increase in some past years
B) Cyberbullying and Reports

Cyberbullying is a form of bullying that occurs on social media
platforms mostly Instagram, Facebook, Snapchat, and other
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media. Kids of, every age become victims of cyberbullying
and the risk is increasing day by day with the increase of
users. Cyberbullying includes sending, posting, or sharing
negative, harmful contents about someone else illegally. And
situation goes out of hand when the victim can not find the
bully because the content goes viral. According to reports at
least one-third of middle and high class students report for
being a cyber bullying victim .After surveying since 2002
,over 25000 students have been reported as being victim of
cyberbullying. In a report of Cyberbullying Research Center
that 27 percent of teens have been cyberbullied every year
. In a survey of Cyberbullying Research Center ,over 5000
teenagers among them 25% students are being cyberbullied
within a month .Every year in this survey since 2016 , the
victims of cyberbullying is increasing rapidly .

According to cyberbullying researches ,parents of kids
between the age of 10 to 18 , claimed about their children
have been cyberbullied. 56% reports occurred during the mid
of 2020 .And the cases increased during and after COVID 19
lockdowns.

According to January 2021 survey , 41% of internet users had
experienced any kind of online harassment and among them
27% of reported about severe forms of online harassments.

Cyber bullying can take many forms causing life threating
situations ,as the bully can do anything with the posted images
in the social media and then circulate it in another or same
social media platform . Most of the social media companies
are taking cyberbullying seriously now but the only option
is to report the post to ban the specific account but its not the
solution if the content goes viral with various accounts.
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Fig 2 : Cyberbullying reports in some past years

Here comes the Privacy-Preserving Framework for Facial
Reusage Recognition with Fingerprinting and Digital
Image Protection system which can change the graph of
cyberbullying by tracking the root sources of the bullying
contents

IL. Predictive Analytics

Predictive Analysis for Privacy-Preserving Framework in
Facial Reusage Recognition for Law Enforcement.

The integration of a privacy-preserving framework for facial
reusage recognition is poised to revolutionize the operational
strategies and ethical standards in law enforcement and digital
forensics. The proposed framework aims to address the critical
challenges associated with privacy violations, data misuse,
and security breaches in biometric systems by implementing
cutting-edge techniques, including cryptographic algorithms,
digital fingerprinting, and robust image protection. This
predictive analysis outlines the potential impact and benefits
of such a framework across various dimensions:

A) Enhancing Scalability and Interoperability

- The framework’s modular architecture is expected to
support seamless integration with existing law enforcement
databases and tools.
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- By adopting interoperable standards, the system will
allow agencies to collaborate across jurisdictions without
compromising privacy.

B) Reducing False Positives and Negatives

- Advanced fingerprinting and recognition algorithms
will improve the accuracy of facial recognition systems,
minimizing errors that could lead to wrongful identification
or missed matches.

- Predictive models and Al-driven anomaly detection
will enable real-time identification of potential misuse or
manipulation of facial data.

C) Enabling Secure Cross-Agency Data Sharing

- Homomorphic encryption and secure multi-party
computation will facilitate data sharing between Ilaw
enforcement agencies while preserving the confidentiality of
sensitive information.

- This secure collaboration will empower global efforts to
combat cybercrime, trafficking, and terrorism.

D) Promoting Ethical AI Practices

- The framework will ensure fairness and bias mitigation
in facial recognition systems, preventing discriminatory
practices.

- Auditable mechanisms and explainable AI models
will provide transparency in decision-making, ensuring
accountability.

E)Adopting Blockchain for Data Integrity

- Blockchain technology can be integrated to create an
immutable ledger for tracking the provenance and usage
history of facial data.

- This will prevent unauthorized alterations and establish a
robust chain of custody in forensic investigations.
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F) Preparing for Post-Quantum Security

- The framework will incorporate quantum-resistant
cryptographic techniques to future-proof the system against
emerging threats from quantum computing.

- By anticipating advancements in computational power, it
ensures long-term data security.

G) Empowering Victim Protection

- The system will allow individuals to report unauthorized
reusage of their facial data, triggering secure takedown
mechanisms and forensic tracing.

- Victim support services can leverage this technology to
identify and mitigate digital exploitation cases effectively.

H) Streamlining Judicial Processes

- By providing tamper-proof evidence and detailed logs, the
framework can expedite legal proceedings and improve the
admissibility of digital evidence.

- Automated compliance checks with legal and regulatory
frameworks will further ensure the admissibility of evidence
in court.

I) Driving Innovation in Privacy-Centric AI

- The research is likely to inspire advancements in Al models
optimized for secure computation, including federated
learning and edge Al systems.

- These innovations will broaden the applicability of the
framework across domains beyond law enforcement, such as
healthcare and border security.

J) Fostering Public-Private Partnerships

- Collaboration between government entities, private
technology firms, and academic institutions will be crucial for
the development and deployment of the framework.

- Such partnerships will promote knowledge sharing,
resource optimization, and faster adoption of privacy-
preserving technologies.
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K) Supporting International Compliance

- The framework will align with global data protection
standards, such as GDPR, HIPAA, and ISO/IEC 27701,
enabling cross-border implementation.

- Its compliance-ready design will make it a benchmark for
other industries dealing with sensitive biometric data.

L) Contributing to Cybersecurity Workforce Development

- The deployment of this framework will necessitate training
law enforcement personnel in advanced cryptographic
and forensic techniques, fostering a skilled cybersecurity
workforce.

In conclusion, the predictive impact of the privacy-preserving
framework lies not only in enhancing the operational
capabilities of law enforcement agencies but also in setting
a new precedent for ethical, secure, and privacy-centric
technologies. This transformative approach will ensure that
advancements in biometric recognition align with societal
values, legal norms, and technological foresight, making it a
cornerstone in the future of secure digital law enforcement.

ITII. Methodology

Methodology refers to the systematic approach and
procedures used to conduct research within the network. It
encompasses the strategies, tools, techniques, and processes
that guide how research is designed, carried out, analyzed,
and evaluated across the collaborative network. This
information allows readers to check whether the approach
is accurate and dependable. A good methodology can help
increase the reader’s trust in their findings.

The system provides all the below stated functions and many
more functions-

- Before posting an image in social media, face recognizer
software recognizes all the faces in the image automatically,

- Generate Unique Hash ID (A-Hash, P-Hash, D-Hash
etc.) for each faces in the image for Unique Fingerprinting,
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- Invisible Watermarkingand Invisible Fragile Watermarks
are embedded to those facial images for special Identification,

- Once posted, Hash ID and watermarks and content ID
will be stored in database,

- CNN (Convolutional Neural Networks) stores all the
shares of the post in the form of Table.

When someone claims about the post, then the social media
servers can trace the root source of the content(post) and
wherever the content circulated by following process-

- Al detects the facial features , watermarks from the
image,

- Matches the result with the database,

- If the unique ID matches, then it provides the source of
the post

- Through CNN, all the shares of the post is accessible.
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Fig 3: Process control flow of proposed system
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IV. Technological Aspect
A) Face Recognition Application

Facial Recognition Application is a software that is used
before posting the media (image or video) in the social media
platform to analyze and recognize objects and faces of an
image . It identifies the facial angles, alignments, patterns,
and other facial features. The process begins with capturing
an image or videos and detecting the image. After that the
software detects the presence of the face in the image apart
from the background and other objects and the algorithm
separates the face from every other things. Once a face is
detected , the software aligns its standardized format which is
done by locating key points such as the position of eyes ,nose
, mouth , eyebrows and adjusting the face so that is can be
analyzed consistently. Then the Feature Extraction software
analyzes the face to extract distinct features, which include
the distance between the eyes, the texture of the skin, contour
of the lips . The system use deep learning models to generate
“faceprint’ , a unique set of features .

B) Image Hashing

Image Hashing is a technique used to create a unique
fingerprint or signature or ID of an image which allows a
comparison and identification of images. In this process,
the image is converted into the hash ( a fixed-size string of
characters represented in hexadecimal characters) which
represents the content of the image. When a new record
is created in the social media ( e.g. post) the database
management system generates a unique ID. Also with that
, after the image processing with resizing, normalizing the
key features are extracted like color distributions, and pixel
intensity with different hashing algorithms. The extracted
feature (mainly the faces of the image ) is used to generate a
hash value using various hashing algorithms like Average
Hash whichis also known as aHash , Perceptual Hash which is
known as pHash , Difference Hash which is known as dHash.
The Hash values are unique and used to find the similarity
and differences between another images . Hash values can be
used to identify the duplicate or near duplicate images in the
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vast dataset. Hash values is used for copyright enforcement
as hashing allows fast and efficient image comparisons. Hash
values are much smaller in size ( MD5 produces 128-bit hash
value , SHA-1 produces 160-bit ,SHA-256 produces 256-bit
and SHA-512 produces 512-bit hash value).

C) Invisible Watermarking and Invisible Fragile
Watermarking

Watermarking is a technology used to protect the digital
contents or images such as images or videos. It is a hidden
identifier which is embedded into the digital contents or
images which is used to have the ownership of the image
preventing alternation of the image . It is typically consists
of a unique code or identifier which can be used to trace the
origin of the content if it is shared or distributed without
owner’s permission.

In this software, invisible watermarking and inviable fragile
watermarking is used in each and every face images as an
evidence of ownership.

The invisible watermark should neither be noticeable to
the viewer nor degrade the quality of the content , Invisible
watermarks are desirable to design a watermark whose
decoder is scalable with every generation of computer .
Invisible Watermarks are designed to be unchanged to the
common modifications like compression , scaling ,cropping
and even screenshots . Even if the content gets altered the
watermark will be detectable and unchanged . Invisible
watermarks can help to identify the source of leaked contents
making to easier to trace and allows the owner to monitor the
usages of their content across the internet.

The Invisible Fragile Watermarks are also hidden and not
visible to the viewers , Invisible fragile watermarks are used
to detect tampering or unauthorized modifications of the
content . Invisible fragile watermarks in applies to sensitive
documents to ensure they remain unchanged. It does not
affect the visual quality of usability of the content.

The combination of Invisible Watermarks and Invisible
fragile watermarks can be used to enhance the security of the
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image content . The image content can be embedded with
both Invisible watermarks and Invisible fragile watermarks .
Invisible fragile watermarks can check the integrity ,flagging
, alternation , tempered or not where as Invisible watermarks
can provide ongoing identification and ownership
information.
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Fig 4: Representation of Invisible Watermark insertion process
D) Storing in Database

Extracted data will be stored in a database managed by the
social media database, which is a database schema . Database
Management Systems uses Relational Database as a structured
table to store and manage data (e.g. MySQ, PostSQL etc).
Unstructured or semi -structured data is handled by NoSQL
(e.g. MongoDB , Redis etc.) which is well- suited for large-
scale applications. Databases use indexing to improve the
speed of data retrieval. Replication will be used to create
multiple copies to database across different servers.
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E) AI - Image Detection

After string all the data, if further a content is needed to be
tracked, whether it could be a screenshot, Ai Image Detection
will be used to detect the image . After comparing the data and
image’s watermarks with the stored database , the contents
source and shared locations will be detected very easily.
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Fig 5 : Framework of digital fingerprinting systems
Conclusion

We conclude future scope of improvement in the concept
domain as follows -

* This system will also track the video content and
recognize the reuse of unauthorized content, which will
ensure the complete privacy to the social media users .

* Future works will focus on improving the efficiency and
scalability of the framework.

* This system will enhance the privacy to the world wide
public social media platforms reducing the cyberbullying
cases .

With the above observations, this research contributes to the
ongoing efforts to develop secure and privacy preserving
facial reusage ,and more ethical use of data in law enforcement.
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