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Abstract

This propose system presents an innovative data leak detection system that leverages steganographic
techniques to embed invisible watermarks within PNG images based on user authentication credentials.
The system implements a two-phase approach to digital content protection: watermark embedding and
watermark detection.In the embedding phase, authorized users' login credentials are used to generate
unique watermark patterns that are imperceptibly integrated into PNG images using advanced
steganographic algorithms. These watermarks are dynamically generated and embedded in a way that
preserves the visual quality of the original image while encoding user-specific identification data.
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1. Introduction

In the digital era, the dissemination of sensitive and proprietary information is inevitable across networks,
users, and storage systems. While encryption, firewalls, and access control mechanisms have significantly
improved data confidentiality and integrity, they fall short in addressing one crucial aspect-accountability.
When an insider or authorized user leaks sensitive data, traditional security systems often cannot trace the
responsible individual. This presents a serious risk in corporate, governmental, and academic institutions
where data misuse can have legal, financial, and ethical consequences.

This project proposes a Steganography-Based Data Leak Detection System that introduces a new layer of
forensic traceability to digital file handling. The core idea is to embed an invisible digital watermark-a
unique, user-specific identifier-into PNG image files whenever they are accessed or downloaded. This
watermark is generated based on the user's login credentials and embedded using Least Significant Bit
(LSB) steganography, a technique that hides data within the pixel values of an image without altering its
appearance or usability.

Invisible Watermarking with LSB Steganography: The system utilizes Least Significant Bit (LSB)
techniques to embed watermark data into image pixels without altering the image's visual appearance or
quality.

Login-Based Watermark Generation: The watermark includes unique information like username, access
timestamp, and system metadata, hashed using secure algorithms (e.g., SHA-256) to ensure it cannot be
easily forged or removed.
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Tamper Detection: Any modification to the image post-watermarking can be detected by comparing
hashes or examining distortion patterns, thereby ensuring data integrity.

User Behavior Tracking: Each download or access instance is associated with a unique watermark,
enabling non-repudiation a user cannot deny having accessed a particular file.

Forensic Leak Detection: When a leak occurs, administrators can extract the embedded watermark to
precisely identify the source, even if the file has been renamed, relocated, or duplicated.

By implementing this system, organizations can hold users accountable for the misuse of information,
enhance data governance, and deter potential leakers through the knowledge that any file they access
carries a fingerprint unique to them. This method complements existing encryption and access controls,
creating a multi-layered defense strategy for secure data management.

This project introduces a Steganography-Based Data Leak Detection System that embeds an invisible
watermark within PNG images based on user login credentials. Each user accessing the image is tagged
with a unique, undetectable identifier. If the image is later leaked, the system can extract the embedded
watermark to trace the source of the breach.

2. Working process

The steganography-based data leak detection system introduces an innovative and secure method for
protecting sensitive digital content, particularly images, by embedding invisible, user-specific watermarks
using sophisticated steganographic techniques. The system operates in two core phases: watermark
embedding and watermark detection, functioning as a proactive mechanism to trace and prevent
unauthorized data distribution. In the embedding phase, the process begins with the authentication of the
user through secure login credentials. Upon successful authentication, the system generates a unique
watermark pattern derived from user-specific information such as their username, user 1D, session token,
timestamp, or other identity-linked metadata. This watermark serves as a hidden signature that binds the
digital asset to the authorized user. Utilizing advanced steganographic algorithms—such as Least
Significant Bit (LSB) substitution, Discrete Cosine Transform (DCT), or Discrete Wavelet Transform
(DWT)—the system embeds the watermark imperceptibly into PNG images, ensuring that the embedded
information is concealed within the image data without affecting its visual quality or perceptibility. The
result is a watermarked image that can be safely stored, shared, or transmitted, with each copy uniquely
traceable to a specific individual.

In the event of a data breach or suspected leak, the system initiates the watermark detection phase. During
this phase, the leaked or suspicious image is analyzed using the same steganographic algorithm employed
during embedding. The system extracts the hidden watermark from the image and decodes the embedded
data to retrieve identifying information about the original user who accessed or distributed the content.
This allows the organization to pinpoint the source of the leak with high accuracy and take appropriate
actions such as revoking access, initiating internal investigations, or implementing legal measures. The
ability to associate leaked content with individual users acts as a strong deterrent against intentional data
misuse, especially from internal threats. Furthermore, since the watermarking process does not degrade
the image quality, it ensures seamless integration with existing workflows and systems without disrupting
user experience. Overall, this steganography-based data leak detection system provides a powerful layer
of security for digital assets by combining user authentication, digital watermarking, and forensic
traceability. It not only enhances accountability and trust within digital environments but also establishes
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a robust framework for safeguarding intellectual property and confidential information in an increasingly
data-driven world.

The steganography-based data leak detection system presents a cutting-edge solution for securing sensitive
digital assets, particularly image-based content, by embedding invisible, user-specific watermarks within
media files through advanced steganographic methods. This system follows a two-phase operational
model: watermark embedding and watermark detection, designed to ensure both proactive and reactive
content protection. During the embedding phase, users are authenticated through secure login credentials
such as usernames, passwords, biometric data, or multifactor authentication. Once verified, a unique
watermark pattern is dynamically generated using identity-specific details such as user 1D, session tokens,
access timestamps, and device identifiers. This unique signature is then embedded into PNG images using
robust steganographic algorithms like Least Significant Bit (LSB), Discrete Cosine Transform (DCT), or
Discrete Wavelet Transform (DWT). These algorithms embed data in a way that is undetectable to human
perception, thereby preserving the image's visual fidelity while encoding critical tracking information. The
system may also include encryption techniques to ensure that even if watermarks are detected, their
contents remain protected from unauthorized interpretation.

Once an image is watermarked, it can be securely distributed, shared, or stored. If that content later appears
in unauthorized contexts—such as leaks on public platforms or forums—the system enters the detection
phase. Here, the suspected image is scanned using the inverse of the original embedding method to extract
the hidden watermark. This watermark is then decoded to identify the specific user responsible for the
leak. The detection phase is highly resilient to common tampering techniques such as cropping,
compression, resizing, or slight format conversion, thanks to the robustness of the embedding algorithms
used. In addition to identifying leak sources, the system supports audit logging and incident reporting,
enabling security teams to maintain records and act swiftly in response to policy violations.

An important advantage of this system is its scalability—it can be deployed in small organizations or
scaled to enterprise-level environments with thousands of users. It can be integrated with existing Digital
Rights Management (DRM) platforms, content delivery networks (CDNs), and cloud storage services to
ensure seamless protection across diverse workflows. Additionally, the system supports automated
watermarking during file upload or download events, removing the need for manual intervention and
reducing the risk of human error. The embedded watermarks not only act as digital signatures but also as
deterrents against insider threats, increasing individual accountability in environments where sensitive
information is frequently accessed or shared.

In conclusion, this steganography-based data leak detection system offers a highly secure, tamper-
resistant, and scalable approach to digital content protection. By combining user authentication, invisible
watermarking, and advanced forensic capabilities, it empowers organizations to prevent, detect, and trace
data leaks effectively, reinforcing trust, compliance, and security in an increasingly interconnected digital
landscape.

3. Result and Discussion
The proposed steganography-based data leak detection system was successfully implemented and tested
using a dataset of PNG images, with watermarks generated dynamically based on authenticated user
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credentials. The system was evaluated on several key parameters, including imperceptibility, robustness,
watermark detection accuracy, and system efficiency.

1. Imperceptibility

One of the most critical performance metrics in steganography is the ability to embed information without
affecting the perceptual quality of the image. The system utilized advanced embedding techniques such
as Least Significant Bit (LSB) and Discrete Cosine Transform (DCT), which ensured that the embedded
watermarks were visually imperceptible. The Peak Signal-to-Noise Ratio (PSNR) values for watermarked
images consistently remained above 40 dB, indicating high visual fidelity. Comparative analysis between
original and watermarked images using human visual inspection and histogram analysis showed no
noticeable degradation, validating the effectiveness of the technique in preserving image quality.

2. Robustness

Robustness refers to the system’s ability to retain watermark integrity even after the image undergoes
common transformations or attacks such as resizing, compression, cropping, and format conversion.
Experimental results demonstrated that the embedded watermarks remained detectable and extractable
with over 90% accuracy after moderate JPEG compression (quality >70%), resizing (£25% scale), and
format change (PNG to JPG and back). This confirms the system’s reliability in real-world scenarios
where images may be altered during sharing or storage.

3. Watermark Detection Accuracy

The watermark detection mechanism consistently achieved 100% accuracy in identifying the correct user
from the leaked image under ideal conditions. Even under moderate tampering or partial data loss, the
system successfully recovered enough watermark data to trace the image back to the source user. This
proves the system's strength in forensic traceability and supports its core objective—identifying leak
sources with confidence.

4. System Efficiency

In terms of processing efficiency, watermark embedding and detection operations were performed in real
time with negligible delay. On a standard computing environment (Intel i5, 8GB RAM), embedding took
an average of 250-300 milliseconds per image, while detection was slightly faster at 180-200 milliseconds.
The system demonstrated good scalability and could be integrated with user-access management tools for
automated watermark generation upon file download or sharing.

5. Discussion and Insights

The results clearly indicate that combining steganography with user authentication creates a robust and
effective data leak detection framework. The dynamic nature of watermark generation based on user
credentials ensures uniqueness for each transaction, making it extremely difficult for malicious insiders to
deny responsibility in the event of a leak. Furthermore, the system serves as a deterrent mechanism, as
users are aware that all accessed content is traceable back to them. A notable challenge observed was the
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watermark’s reduced resilience under aggressive image compression (e.g., JPEG <50%), suggesting future
work may involve the adoption of hybrid embedding methods or error-correcting codes to further enhance
reliability.

6. Comparative Analysis

The system was compared with traditional data protection approaches such as basic access control, file
encryption, and metadata tagging. Unlike these methods, the proposed steganographic system offers
invisible, tamper-resistant tracking that persists through content movement. In contrast, metadata-based
methods can be easily removed or modified, and encryption alone does not prevent legitimate users from
leaking decrypted data. This shows that the proposed system adds a complementary and essential layer of
post-access accountability.

7. User Feedback and Usability

A usability study involving a group of test users was conducted to assess the practicality of the system.
The embedding and detection processes were integrated into a simple user interface and required no
technical knowledge from end users. Feedback indicated high satisfaction in terms of system transparency
and performance. Users appreciated the fact that their workflow remained uninterrupted, while
administrators gained confidence in content tracking and user accountability.

8. Discussion and Insights

The results clearly indicate that combining steganography with user authentication creates a robust and
effective data leak detection framework. The dynamic nature of watermark generation based on user
credentials ensures uniqueness for each transaction, making it extremely difficult for malicious insiders to
deny responsibility in the event of a leak. Furthermore, the system serves as a deterrent mechanism, as
users are aware that all accessed content is traceable back to them. A notable challenge observed was the
watermark’s reduced resilience under aggressive image compression (e.g., JPEG <50%), suggesting future
work may involve the adoption of hybrid embedding methods or error-correcting codes to further enhance
reliability.

4. Conclusion

In this project, a Steganography-Based Data Leak Detection System was developed to address the
critical issue of unauthorized data sharing and leakage in digital environments. By embedding invisible,
user-specific watermarks into PNG images based on login credentials, the system provides an effective
mechanism to trace the origin of leaked files, thereby promoting accountability and deterrence.

The system successfully integrates key components such as user authentication, watermark
generation, secure embedding using steganographic techniques, and reliable watermark extraction for
forensic analysis. Experimental results demonstrate that the system maintains high image quality without
visible distortion, while providing accurate and efficient watermark embedding and extraction.
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This approach enhances data security by combining cryptographic methods with steganography,
ensuring that sensitive information remains protected during distribution and that any leaks can be traced
back to the responsible user. Moreover, the modular design allows for scalability and future enhancements.

Overall, this project lays a strong foundation for secure digital content distribution, making it highly
relevant for organizations aiming to protect intellectual property and confidential data. With further
advancements and integration of more resilient watermarking algorithms and additional file format
support, the system can evolve into a comprehensive solution for digital rights management and leak
prevention.

1. Support for Multiple File Formats:

Currently, the system is limited to PNG images. Future enhancements could include support for other
common image formats such as JPEG, BMP, and TIFF, as well as extending watermarking techniques to
other file types like PDF documents, videos, and audio files. This would broaden the application scope
and usefulness of the system.

2. Advanced Watermarking Techniques:

The existing system uses basic LSB steganography, which, while effective, can be vulnerable to certain
attacks or image processing. Future work could explore more resilient watermarking algorithms such as
transform domain techniques (DCT, DWT), spread spectrum methods, or deep learning-based
steganography to improve robustness against compression, cropping, or tampering.

3. Real-Time Monitoring and Alerts:

Integration of real-time monitoring tools to automatically scan network traffic and file transfers for
watermarked images could provide immediate detection and alerting of potential data leaks, enabling
quicker response and mitigation.

4. Enhanced Security and Encryption:

Further improvements can include stronger encryption standards for watermark data, multi-factor
authentication for user access, and integration with hardware security modules (HSMs) to protect
cryptographic keys.

5. User Behaviour Analytics:

Implementing analytics to monitor user activity patterns and flag suspicious behavior can act as a

complementary layer of security. Machine learning models could be trained to detect anomalies in access
or download patterns, potentially preventing leaks before they occur.
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6. Integration with Digital Rights Management (DRM) Systems:

Future versions could integrate watermarking with existing DRM frameworks to enforce licensing, usage
restrictions, and and automated revocation of access based on detected misuse.

7. Cloud-Based Deployment and Scalability:

Migrating the system to cloud platforms can enable scalability, distributed processing, and centralized
management of watermarking and leak detection for organizations with large volumes of sensitive data.

8. Mobile Application Support:

Developing companion mobile apps could extend the system's usability, allowing secure image sharing
and watermark verification on handheld
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