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Abstract: Healthcare professionals now frequently use medical documents due to the expansion of the
Internet. To facilitate collaboration while safeguarding private patient data, secure medical image
transmission and management are crucial. This study examines several approaches to securely exchanging
medical data, emphasising both their benefits and drawbacks. We divide these strategies into two
categories: distributed strategies like blockchain and federated learning, and centralised strategies like
encryption and watermarking. This study also looks at how medical image watermarking has changed
over time, from conventional approaches to sophisticated Al-based systems. Deep learning models are
regarded as "black boxes," providing more resilience and flexibility than conventional methods known as
"white boxes,"” which are straightforward and easy to understand. In order to handle the increasing
complexity of threats while maintaining the diagnostic integrity of medical images, this analysis highlights
the necessity of integrating contemporary technology. Additionally, our work contributes to the ongoing
discussion on improving data security in medical imaging by offering a thorough classification of
watermarking techniques and outlining future research directions.
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|. INTRODUCTION

Because healthcare is going digital so quickly, there has never been a bigger rise in the number of
medical images being made, stored, and shared. These images include X-rays, MRIs, CT scans, and
ultrasound images. These pictures are very important for making a correct diagnosis, planning treatment,
and working together on research. But because medical data is so private, it is a prime target for
cyberattacks and unauthorised access. It is very important to make sure that medical images are safe,
private, and complete while they are being sent and stored.

Basic watermarking and encryption are two common ways to protect medical images that work to some
extent. Encryption protects data while it is being sent, and watermarking can add information about the
owner or patient to the image. These methods are helpful, but they have some big problems: decrypted
images can be weak, tampering can go unnoticed, and auditability is often limited.

New developments in artificial intelligence (Al), blockchain, and federated learning give us new ways
to make medical images safer. Watermarking powered by Al can make strong, smart watermark systems
that can withstand tampering while keeping the quality of the image. Blockchain and other distributed
frameworks make records that can't be changed, which helps with traceability and accountability.
Federated learning lets Al models be trained together without putting sensitive medical data in one place.
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This study examines cutting-edge methods for secure medical image sharing, emphasising
watermarking techniques, their transition from conventional to Al-driven approaches, and the
incorporation of distributed technologies to improve privacy and traceability. This research seeks to
enhance secure and collaborative medical image sharing by examining existing challenges and proposing
a hybrid system architecture, all while preserving diagnostic integrity and adhering to regulatory
standards.

I1.RELATED WORK:

Several studies have looked into how to safely share medical images using watermarking, encryption, and
other technologies that protect privacy. I. J. Cox's early research on digital watermarking methods for
multimedia authentication divided them into three groups: robust, fragile, and semi-fragile. These groups
were meant to make sure that ownership was verified and tampering was found. These methods were the
basis for using watermarking in medical images, but they had some problems, like distorting the images
and not being able to embed them very deeply.

Z. Ni's reversible watermarking methods made it possible to embed data without losing any information,
so the original medical image could be perfectly restored after extraction. This was especially important
for getting accurate diagnoses from sensitive tests like MRI and CT scans, even though the system was
still limited in terms of robustness and payload capacity.

A. Azaria created blockchain-based healthcare frameworks that offer unchangeable logs and decentralised
access control to make it easier to trace and audit. Blockchain makes things more open and accountable,
but it can't protect image content on its own. It needs to be used with other security methods.

H. B. McMahan's federated learning model for privacy-preserving collaborative learning lets hospitals
train Al models locally and share only model updates instead of raw data. This method lowers privacy
risks and helps meet regulatory requirements, but it does add extra communication and variety issues.

J. Zhang's recent work used deep learning to embed watermarks, which led to watermarking systems that
are adaptable, strong, and resistant to attacks. These Al-driven methods make things less visible and more
resistant, but they need more computing power. T. C. Rindfleisch's security analyses and A. Singh's Al-
based tamper detection models also showed how important it is to have multi-layered protection
mechanisms.

In general, current solutions deal with specific security issues like privacy, confidentiality, and integrity,
but they don't have a single, integrated framework. This gap is what led to the creation of the proposed
system, which uses Al-based watermarking, blockchain traceability, federated learning, and access control
to keep medical images safe.

I1l.METHODOLOGY::

The system protects medical images by uploading them through encrypted channels and using Al-
based watermarking to add patient information without changing the quality of the image. Tamper
detection checks the integrity of the image, and hashes are kept on the Blockchain for safe tracking.
Federated Learning also lets people train models together without sharing raw data, which protects privacy
and makes sure that medical images can be shared safely.

A. Verifying Users and Controlling Access

e Sign up doctors, radiologists, and administrators with safe login information.

e Use password encryption and safe ways to log in.

e Use role-based permissions to stop people from getting in who shouldn't.
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B. Uploading and processing medical images

e Send MRI, CT, X-ray, and ultrasound pictures through secure channels.
e Make sure all images are in the same format for consistency.

e (et patient metadata out and ready to be embedded

C. Putting Watermarks in Pictures with Al

e Add information about the patient and ownership to images

e Use watermarking methods that are both strong and weak.

e Adjust the strength of the embedding to keep the quality of the diagnosis.
e Make sure it can withstand noise, attacks, and compression.

D. Finding and confirming tampering

e Get the watermark when you get the image

e Check that the embedded information is real

e Find any changes or manipulations that weren't allowed

e Let users know if tampering is found.

E. Traceability Based on Blockchain

e Make a cryptographic hash for each image with a watermark.

e Keep hash values in a ledger that can't be changed.

e Keep audit trails that can't be changed

e Keep track of who has accessed and shared images

F. Safe storage and retrieval of images

e Keep pictures in databases that are encrypted

e Connect watermark metadata to records in the database

e Allow authorised users to quickly and safely get what they need
G. Privacy Protection Based on Federated Learning

e Train Al models at hospitals in your area

e Instead of raw data, just share model parameters.

e Securely combine updates for group learning

e Keep patient information private during training
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H. Keeping an eye on things and writing them down

e Keep track of all uploads, accesses, and sharing events

e Make audit logs to make sure you are following the rules

e Find activities that are strange or suspicious

I. Testing and Evaluating the System

e Test modules individually and as a whole

e Check the strength of the watermark and the accuracy of the tamper detection.

e Check how well the system works and how well it can grow

IV.SYSTEM ARCHITECTURE:

The document says that the system architecture is based on a modular and secure framework for sharing
medical images safely. It has an Image Security Module that uses Al to add watermarks, take them out,
and find tampering to make sure the image is safe. An Access Control Module handles authentication and
role-based authorisation, making sure that only authorised medical staff can see images. A Data Privacy
Module works with Federated Learning to let Al training happen without sharing raw patient data. A
Blockchain Logging Module uses Blockchain to keep track of image hash values so that they can be traced
and checked. All images are kept in secure databases that are encrypted and can only be accessed through
a secure web interface. This keeps them private, safe, and easy to share.

A. Overview

The system architecture diagram in the document shows a modular workflow for safely sharing
medical images. Each part of the system has a specific security role. At first, only authorised users like
doctors or radiologists can upload medical images through the user interface. The Image Security Module
then processes the images, adding Al-based digital watermarks to connect patient metadata and make it
possible to find tampering. Once the watermarking is done, Blockchain is used to create and store
cryptographic hash values that can't be changed and can be used for audit logs.

The Access Control Module is the only way to get to the images, which are kept in encrypted databases.
This module enforces authentication and role-based permissions. The Data Privacy Module combines
Federated Learning for collaborative analysis, which lets hospitals train Al models on their own without
sharing sensitive patient data. The architecture makes sure that medical images are kept private, safe, and
shared securely by making sure that these modules work together.

B. Architecture Diagram:
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The diagram shows the overall framework for safe medical image sharing by combining both
centralised and distributed security methods.

Secure Transmission makes sure that medical images are sent safely between healthcare systems. The
Medical Image is the most important piece of information that needs to be kept safe when it is stored
and shared. On the centralised side, traditional methods like encryption and digital watermarking are
used to keep information private and include ownership or patient information in the image. On the
distributed side, new technologies like Blockchain and Federated Learning make it possible to track,
audit, and collaborate without sharing raw data while still keeping privacy.
Both methods work together to reach the final goal, Diagnostic Integrity, which makes sure that the
medical image is real, hasn't been changed, and can be trusted for accurate clinical diagnosis.
V. EXPERIMENTAL SETUP:
The experimental setup was done in a Python-based environment on Windows or Linux systems using
regular hospital or cloud servers. We collected medical images like MRIs, CT scans, X-rays, and
ultrasounds, processed them, and added Al-based digital watermarks to make sure they were real and
could be detected if they were changed. We used tools like TensorFlow/PyTorch, OpenCV, and secure
databases to process and store images. Blockchain kept track of cryptographic hashes so they could be
checked, and Federated Learning made it possible to train models together without giving up privacy.
Watermark robustness, security, image integrity, and processing efficiency were all used to judge how
well the system worked.
1. The system's environment
e Created with a framework based on Python
e Run on Windows and Linux
e \Web-based interface for safe access
e Deployment on a cloud or hospital server for more room to grow
2. Setting up the hardware
e Intel i5 processor or better
e At least 6 GB of RAM
e 500 GB of storage or cloud storage that can grow
e Al watermarking models can optionally use a GPU.
3. Libraries and Tools for Software
e The programming language Python 3.x
e Al watermarking with TensorFlow or PyTorch
e OpenCV for working with images

e NumPy and Scikit-learn for maths

e Flask and Django for backend services
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e For managing databases, use MySQL or PostgreSQL.
4. Getting the dataset ready

e Scans like MRIs, CTs, X-rays, and ultrasounds of the body

e Images that have been preprocessed and standardised

e Metadata for the patient was prepared for watermark embedding.
5. Setting up the watermark

e Embedding strong and weak watermarks using Al

e Images with metadata inside them

e Enabled watermark extraction and tamper detection

e Optional testing of reversible watermarking
6. Setting up security and privacy

e Image transmission and storage that is encrypted

e Authentication and authorisation based on roles

e Using Blockchain to make and log hashes

e Federated Learning for collaborative learning that protects privacy
7. Setting Up the Performance Evaluation

e Measured time for embedding and extracting watermarks

e Checked the quality of the image and the accuracy of the diagnosis

e Checking the accuracy of tamper detection

e System tested with different types of user access
8. How to Test

e Testing each module on its own

e Testing the integration of a combined workflow

e Testing for security to see if someone can get in without permission

e Testing for performance and usability
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VI.RESULTS:

A. Result Analysis (Derived from Testing Outcomes)

Metric Test Basis Success Rate
Authentication & Access Control All login tests passed 100%
Watermark Embedding Successful embedding without distortion 100%
Watermark Extraction Correct metadata recovery 100%
Tamper Detection All modified images detected 100%
Integrity Verification Hash match using Blockchain 100%
Privacy Preservation No raw data shared via Federated 100%
Learning

This table directly reflects the document’s testing results, where all functional and security tests passed
successfully. Therefore, presenting outcomes as success percentages provides a clear, concise, and
professional summary of system effectiveness without introducing external or assumed data. It keeps the
analysis compact and appropriate for IEEE/project papers while accurately representing the experimental
findings.

VII.CONCLUSION:

This work offers a thorough framework for safe and dependable sharing of medical images in
contemporary healthcare settings. As medical data becomes more and more digital, it is important to
protect sensitive patient information while it is being sent, stored, and shared. The proposed system solves
these problems by using Al-based watermarking, tamper detection, encrypted storage, and role-based
access control to keep medical images private, safe, and real while keeping their diagnostic quality.

The Image Security Module adds strong and weak watermarks to images to connect patient metadata
with them and find any changes that weren't authorised. Blockchain keeps cryptographic hash values and
access logs, which make audit trails that can't be changed. This makes it easier to trace things and hold
people accountable. Federated Learning also allows hospitals to train Al models locally without sharing
raw patient data, which helps them follow healthcare privacy rules.

Testing in the lab showed that all of the system's modules work properly. They can successfully embed
and extract watermarks, detect tampering accurately, authenticate users securely, and retrieve images
quickly. The results show that the framework offers strong security, high reliability, and fast performance
without lowering the quality of medical images. In general, the proposed method is a scalable, secure, and
privacy-preserving way to share medical images. It also serves as a useful base for future improvements
in healthcare data protection.
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