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ABSTRACT: 

With the growth of the Internet, medical documents have become widely used by healthcare 

professionals. Secure transmission and management of medical images are essential to enable 

collaboration while protecting sensitive patient information. This study analyzes various 

methods for safe medical data sharing, highlighting their advantages and limitations We 

categorize these approaches into centralized techniques, such as encryption and watermarking, 

and distributed methods, such as blockchain and federated learning. Additionally, this 

research examines the evolution of medical image watermarking techniques, from traditional 

methods to advanced AI-based systems. While traditional techniques known as white boxes 

are simple and interpretable, deep learning models are considered black boxes, offering 

greater robustness and adaptability. This analysis emphasizes the need to integrate modern 

technology to address the growing complexity of threats, while preserving the diagnostic 

integrity of medical images. Furthermore, our work provides a comprehensive classification 

of watermarking methods and outlines future research directions, contributing to the ongoing 

discourse on enhancing data security in medical imaging 
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I. INTRODUCTION 

The rapid digital transformation of 

healthcare systems, supported by 

technologies such as cloud computing, 

telemedicine, and electronic health records 

(EHR), has significantly increased the 

demand for reliable and secure sharing of 

medical images across various clinical 

environments. Medical imaging modalities 

like MRI, CT, X-ray, and ultrasound 

generate highly sensitive and diagnostic- 

critical data that must be transmitted 

among hospitals, physicians, diagnostic 

centers, insurance providers, and research 

institutions. However, this widespread 

accessibility also introduces substantial 

security concerns, including unauthorized 

access, data manipulation, privacy 

violations, and loss of ownership rights.To 

address these challenges, digital 

watermarking has emerged as a robust 

security technique for safeguarding 

medical imagery during storage and 

transmission. Unlike traditional 

cryptographic approaches that only protect 

data during communication, watermarking 

ensures persistent protection by 

embedding authentication information 

directly into the medical image. This 

embedded watermark may contain patient 

identification details, hospital credentials, 

copyright information, or tamper-detection 

codes that help verify integrity and 

authenticity even after the file is accessed 

or distributed. Medical image 

watermarking must adhere to stringent 

performance constraints, as the diagnostic 

content—specifically the Region of 

Interest (ROI)—cannot be distorted or 

impacted in any way that may alter 
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clinical interpretation. Therefore, recent 

research has focused on reversible and 

ROI-based watermarking techniques, 

enabling the exact recovery of original 

images after verification. Integration of 

watermarking with advanced technologies 

such as blockchain, homomorphic 

encryption, and federated healthcare 

networks further enhances trust, 

traceability, and compliance with 

regulatory frameworks like HIPAA and 

GDPR. 

Despite these advancements, several open 

issues remain, including robustness 

against emerging cyber threats, limited 

payload capacity, computational overhead 

in real-time clinical workflows, and 

maintaining consistent standards for 

interoperability. Therefore, a 

comprehensive study of watermarking 

technologies and their implications in 

secure medical image sharing is essential 

to support the future of intelligent and 

privacy-anchored healthcare systems. 

II.LITERATURE SURVEY 

Secure sharing of medical images has been 

widely explored over recent years, with 

digital watermarking becoming a key 

focus due to its ability to protect data 

integrity, authenticity, and confidentiality. 

Researchers have proposed numerous 

watermarking strategies, including spatial-

domain, transform-domain, reversible, and 

hybrid approaches tailored for sensitive 

medical content. 

Al-Haj et al. (2020) introduced a 

reversible watermarking approach based 

on Discrete Wavelet Transform (DWT) 

and Singular Value Decomposition (SVD), 

ensuring reversibility with minimal 

distortion to the Region of Interest (ROI). 

Their technique demonstrated improved 

robustness against compression and 

common image processing attacks. 

Similarly, Luo et al. (2021) presented an 

ROI-based and Region of Non-Interest 

(RONI) watermarking scheme to ensure 

clinical accuracy while embedding patient 

metadata securely. 

A study by Khan and Ahmed (2022) 

emphasized the integration of blockchain 

and watermarking to enhance traceability 

and ownership verification during remote 

transmission of medical images in 

telemedicine infrastructures. Their method 

strengthened resistance against 

unauthorized modification and ensured 

decentralized security management. 

Additionally, Sharma et al. (2023) 

explored deep learning-assisted 

watermarking frameworks that utilize 

convolutional neural networks (CNNs) to 

intelligently select optimal embedding 

locations, improving both imperceptibility 

and attack resilience. 

Recent contributions also highlight 

energy-efficient watermarking models 

suitable for real-time healthcare systems 

and Internet of Medical Things (IoMT). 

For instance, Gupta et al. (2024) 

developed a lightweight hybrid 

encryption-watermarking protocol to 

ensure secure connectivity between smart 

healthcare devices and cloud servers. 

Their approach demonstrated reduced 

latency and computational cost while 

preserving diagnostic fidelity. 

Overall, prior research confirms that 

watermarking considerably strengthens 

security in medical image sharing. 

However, persistent challenges such as 

low payload capacity, vulnerability to 

advanced geometric attacks, lack of 

standardization, and compatibility issues 

across heterogeneous healthcare platforms 

indicate the need for further advancements. 

This study brings together current 

developments, investigates open research 

issues, and emphasizes the importance of 

watermarking technologies in future 

medical image security ecosystems. 

III.EXISTING SYSTEM 
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The current systems employed for secure 

medical image sharing primarily rely on 

conventional security approaches such as 

encryption-based transmission protocols, 

secure cloud frameworks, and access 

control mechanisms. Encryption ensures 

that image data remains confidential 

during communication by converting 

information into unreadable cipher formats. 

Standard cryptographic methods like AES, 

RSA, and SSL/TLS are widely 

implemented within hospitals and 

telemedicine networks to protect medical 

images from unauthorized access. 

In addition to encryption, basic 

authentication and role-based access 

control (RBAC) techniques are 

incorporated within Picture Archiving and 

Communication Systems (PACS) and 

Electronic Health Record (EHR) 

frameworks. These mechanisms ensure 

that only authorized users can retrieve or 

modify patient-related images. Some 

organizations also utilize watermarking 

approaches; however, they are mostly 

limited to fragile watermarking techniques 

and do not fully address ownership 

assurance, tamper localization, and data 

recovery concerns. 

While these systems have improved the 

security posture of medical image 

transmission, they still leave considerable 

vulnerabilities unaddressed, especially in 

distributed and cloud-based healthcare 

environments. 

IV. PROPOSED SYSTEM 

The proposed system introduces a secure 

medical image-sharing framework that 

integrates robust watermarking techniques 

supported by Hybrid Deep Learning 

Models (CNN + ANN) to ensure 

confidentiality, authenticity, ownership 

verification, and tamper detection of 

sensitive medical images. The core idea is 

to embed an imperceptible yet resilient 

watermark inside the Region of Non-

Interest (RONI) to avoid altering critical 

diagnostic information within the Region 

of Interest (ROI). 

In the presented approach, a Convolutional 

Neural Network (CNN) is employed to 

intelligently analyze and extract 

significant features from the medical 

image, enabling accurate separation of 

ROI and RONI. Once the non-critical 

region is identified, a uniquely encrypted 

watermark containing key patient 

identifiers, hospital ID, timestamp, and 

ownership credentials is generated. This 

encrypted watermark is then embedded 

into RONI using a robust watermarking 

algorithm, ensuring high resilience against 

various attacks such as noise addition, 

compression, cropping, and geometric 

distortions. 

For verification and authentication 

purposes, an Artificial Neural Network 

(ANN) classifier is utilized to detect 

tampering or malicious alterations by 

comparing extracted watermark features 

with reference data. The extracted 

watermark is validated to confirm image 

integrity before granting access, ensuring 

that data remains trustworthy throughout 

storage and transmission. 

By combining watermarking with AI-

driven ROI/RONI segmentation and 

authentication analysis, the proposed 

system provides end-to-end protection, 

securing medical images both during and 

after transmission. It creates a more 

reliable and ethical foundation for 

telemedicine, remote diagnostics, and 

cross-hospital data sharing. 

AI-Driven Automation 

CNN enables automatic segmentation of 

ROI and RONI, reducing human 

intervention and potential errors in 

identifying watermarking regions. 

Fast and Efficient Verification 

ANN-based watermark extraction and 

validation significantly reduce 



IJDIM, 2025, 4 (4(1)), 8-14 | 11 International Journal of Data Science and IoT Management System 

International Journal of 

 DATA SCIENCE AND IOT MANAGEMENT SYSTEM 

                     ISSN: 3068-272X                                                    www.ijdim.com                                              Original Research Paper 

 

authentication time compared to manual or 

traditional methods. 

Compliance with Healthcare Standards 

Supports legal and ethical requirements 

such as HIPAA and GDPR by protecting 

medical images beyond transmission. 

V.SYSTEM ARCHITECTURE 

 
Fig 5.1 System Architecture 

VI.IMPLEMENTATION 

 
Fig 6.1 home page 

 
Fig 6.2 Overview 

Fig 6.3 Block diagram 

Fig 6.4 Image Comparison 

Fig 6.5 Scoring of images 

VII.CONCLUSION 

Secure medical image sharing has become 

a critical requirement in modern 

healthcare systems due to the extensive 

adoption of telemedicine, cloud-based 

storage, and cross-hospital collaboration. 

Traditional security techniques such as 

encryption and access control, although 

effective during data transmission, fail to 

ensure long-term protection, authenticity, 

and integrity of medical images once they 

are accessed or stored. To address these 

concerns, the proposed approach 

integrates a robust watermarking 

mechanism supported by deep learning-

based ROI/RONI detection and 

authentication models. 

By embedding encrypted and 

imperceptible watermark data into the 

non-diagnostic regions of medical images, 

the system ensures confidentiality, 

ownership verification, and resistance 

against cyber threats and image 

manipulation. The utilization of CNN and 

ANN enhances accuracy, automation, and 

reliability in both watermark insertion and 

tamper detection processes. This results in 

a highly secure, scalable, and intelligent 
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framework that protects sensitive patient 

data without compromising diagnostic 

quality.Thus, the proposed methodology 

offers a comprehensive solution for 

securing medical image sharing, helping 

healthcare institutions uphold ethical data 

handling policies, comply with privacy 

regulations, and build trusted digital 

healthcare ecosystems. Future expansions 

may focus on multimodal medical data, 

real-time watermarking, and blockchain 

integration, further strengthening the 

transparency and security of medical 

image exchange networks. 

VIII.FUTURE SCOPE 

The advancement of secure medical image 

sharing continues to open new research 

possibilities, especially with the growing 

shift toward digital and remote healthcare 

systems. Future enhancements can focus 

on integrating blockchain technology for 

decentralized access control, ensuring 

transparent tracking of image usage and 

preventing unauthorized modifications at 

every stage of data flow. Additionally, 

real-time watermark embedding and 

extraction techniques can be developed to 

support telemedicine applications where 

immediate verification is required. 

Expanding the model to handle 

multimodal medical data such as MRI, CT 

scans, ultrasound, and pathological images 

will enable widespread adaptability in 

various diagnostic domains. Furthermore, 

the system can incorporate adaptive deep 

learning architectures, capable of learning 

from emerging security attacks and 

updating watermarking strategies 

automatically. Research can also explore 

privacy-preserving machine learning to 

ensure compliance with international 

standards like HIPAA and GDPR without 

exposing raw patient data. 

To enhance global collaboration, future 

solutions should provide interoperability 

across heterogeneous healthcare platforms, 

ensuring seamless secure data exchange 

between hospitals, research institutes, and 

cloud systems. Lightweight watermarking 

models optimized for IoT and edge 

devices will support portable point-of-care 

systems such as handheld diagnostic 

equipment and wearable health monitors. 

Overall, future developments aim to create 

a more reliable, intelligent, and universally 

secure healthcare ecosystem for medical 

image protection. 
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