
INTERNATIONAL JOURNAL OF NETWORKS AND SECURITY  (ISSN: 2693-387X) 
Volume 02, Issue 01, 2022 
Published Date: - 12-05-2022                                                                                                           Page no:- 1-5 
 

http://www.academicpublishers.org   P a g e  1 | 5 

SHIELDING VISUALS: AN ADVANCED IMAGE 

WATERMARKING SYSTEM WITH NORMALIZATION AND 

ARNOLD SCRAMBLING  

 

Sirisha Dharmalingam 

Department of Computer Science and Engineering, Annamalai University 

Annamalai Nagar, Chidambaram, Tamil Nadu, India 
 
 

Abstract 

This paper presents an advanced image watermarking system designed to enhance security 

and robustness against various attacks. The proposed system leverages a combination of 

normalization and Arnold scrambling techniques to embed watermarks into digital images 

discreetly. Normalization ensures consistent image quality, while Arnold scrambling adds an extra 

layer of security. Experimental results demonstrate the system's resilience to common image 

processing attacks, making it a promising solution for copyright protection and data 

authentication in digital media. 
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INTRODUCTION 

 

In an age where digital media proliferates and information dissemination occurs at the speed 

of light, the protection of intellectual property and data integrity has never been more crucial. 

Visual content, in the form of images and photographs, is a ubiquitous part of our digital landscape, 

used for artistic expression, documentation, and communication. However, the ease with which 

digital images can be copied, altered, and distributed without proper authorization poses significant 

challenges in maintaining data security and copyright protection. 

In response to these challenges, this paper introduces an advanced image watermarking 

system that seeks to enhance security and robustness against a range of image processing attacks. 

Watermarking, a technique used to embed information or metadata into digital images, plays a 

pivotal role in safeguarding the ownership and integrity of visual content. The proposed system 

harnesses a fusion of two techniques: normalization and Arnold scrambling, to achieve discreet 

and resilient watermarking. 

Normalization ensures consistent image quality, regardless of variations in lighting, contrast, 

or other factors. This normalization step not only enhances the aesthetic appeal of watermarked 

images but also ensures that the embedded watermark remains perceptually invisible to the human 

eye. 

Additionally, the system incorporates Arnold scrambling, which adds an extra layer of 

security by permuting the pixel positions of the image. This scrambling process makes it 

exceedingly challenging for unauthorized parties to detect and remove the watermark while 

preserving the overall quality of the image. 
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As we delve further into the intricacies of this advanced image watermarking system, we 

will explore its architecture and functionality. Furthermore, we will present experimental results 

that showcase the system's robustness against common image processing attacks. In an era where 

digital media is both a medium for expression and a repository of valuable information, a 

watermarking system that combines security and discretion is indispensable. This system offers a 

promising solution for copyright protection, data authentication, and ensuring the integrity of 

digital images in an increasingly interconnected and image-rich world. 

 

 

METHOD 
 

In the digital age, images serve as a universal language, transcending barriers and conveying 

messages with a visual impact that words alone cannot match. However, this ease of 

communication and information sharing comes with a pressing challenge—how to protect the 

intellectual property and authenticity of digital images. Unauthorized copying, manipulation, and 

distribution of visual content pose significant threats to data security and copyright protection. In 

response to these challenges, this paper introduces an advanced image watermarking system that 

harnesses the power of two complementary techniques: normalization and Arnold scrambling. 

This innovative approach aims to enhance the security and robustness of watermarking, ensuring 

the discreet embedding of ownership information while withstanding common image processing 

attacks. 

At the heart of this advanced system lies the concept of normalization, which ensures 

consistent image quality across different environments and conditions. Regardless of variations in 

lighting, contrast, or other factors, normalization maintains a visually pleasing and uniform 

appearance in watermarked images. This not only enhances the aesthetic appeal of the visuals but 

also ensures that the embedded watermark remains imperceptible to the human eye. 

Complementing the normalization process is Arnold scrambling, a technique that adds an 

additional layer of security to the watermarking system. Arnold scrambling involves permuting 

the pixel positions of the image, making it exceptionally challenging for unauthorized parties to 

detect, alter, or remove the watermark. This scrambling process ensures the integrity of the 

embedded information while preserving the overall quality and authenticity of the image. 

As we delve deeper into the inner workings of this advanced image watermarking system, 

we will explore its architecture and functionality. Moreover, we will present empirical evidence 

of its resilience against common image processing attacks, demonstrating its effectiveness in 

protecting digital images from unauthorized use or manipulation. In a digital landscape saturated 

with images, this watermarking system offers a promising solution for safeguarding intellectual 

property, ensuring data authenticity, and preserving the integrity of visual content in an 

increasingly interconnected and image-centric world. 

 

 

Image Normalization: The foundation of our advanced image watermarking system lies in 

the application of image normalization. We begin by pre-processing the digital image to ensure 

consistent quality and perceptual invisibility of the watermark. This step involves adjusting various 

image attributes, such as brightness, contrast, and gamma correction, to create a visually pleasing 

and uniform appearance. The normalization process not only enhances the aesthetics of the 

watermarked image but also plays a crucial role in ensuring that the embedded watermark remains 

imperceptible to the human eye. 
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Watermark Embedding: With the normalized image as our canvas, we proceed to embed the 

watermark. The watermark, typically containing ownership information or metadata, is 

incorporated into the image using robust and imperceptible embedding techniques. This step 

ensures that the watermark is discreetly integrated into the image, making it difficult for 

unauthorized parties to detect or remove without degrading the image quality. 

 

 

Arnold Scrambling: To fortify the security of the embedded watermark, we introduce Arnold 

scrambling as an additional layer of protection. This process involves the permutation of pixel 

positions within the watermarked image. By rearranging the pixel order, Arnold scrambling makes 

it exceedingly challenging for adversaries to manipulate or tamper with the watermark while 

preserving the overall visual integrity of the image. The scrambled image retains its original 

appearance to the human eye, but the embedded watermark is obscured to unauthorized viewers. 

 

 

Watermark Detection and Extraction: To complete the watermarking cycle, we implement a 

watermark detection and extraction mechanism. Authorized users with access to the appropriate 

decryption keys can reliably detect and extract the watermark from the scrambled image. This 

process ensures that the ownership information or metadata can be retrieved intact when needed, 

while maintaining the robustness and security of the watermark against unauthorized access or 

tampering. 

 

In the subsequent sections, we will delve into the details of each step within our advanced 

image watermarking system, showcasing how the combination of normalization and Arnold 

scrambling enhances the security and robustness of watermarking. Experimental results will 

further illustrate the system's effectiveness in safeguarding digital images against common image 

processing attacks, reinforcing its role as a powerful tool for copyright protection, data 

authentication, and image integrity preservation. 

 

 

RESULTS 
 

The implementation of our advanced image watermarking system, combining normalization 

and Arnold scrambling, has produced compelling results in enhancing the security and robustness 

of digital images: 

 

Enhanced Security: The integration of Arnold scrambling as an additional layer of protection 

has significantly fortified the security of embedded watermarks. The pixel permutation introduced 

through Arnold scrambling makes it exceptionally challenging for unauthorized parties to 

manipulate or tamper with the watermark while preserving the overall quality and integrity of the 

image. 

 

Discreet Watermarking: The normalization process ensures that watermarked images 

maintain a consistent and aesthetically pleasing appearance. This visual consistency contributes to 

the perceptual invisibility of the watermark, making it extremely difficult for human observers to 

discern its presence, even upon close inspection. 

 

Robustness Against Attacks: Our watermarking system has demonstrated resilience against 

common image processing attacks, including resizing, cropping, compression, and filtering. The 

combination of normalization and Arnold scrambling has proven effective in protecting the 
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watermark's integrity and ensuring its reliable detection and extraction, even in the face of such 

attacks. 

 

 

DISCUSSION 
 

The introduction of Arnold scrambling as a complementary technique to image 

normalization has significantly elevated the security and robustness of watermarking in digital 

images. This combined approach strikes a delicate balance between ensuring the perceptual 

invisibility of the watermark and fortifying its resistance against unauthorized manipulation. 

Normalization plays a pivotal role in maintaining consistent image quality, ensuring that the 

watermark does not detract from the visual appeal of the image. Simultaneously, Arnold 

scrambling adds a layer of security by obscuring the watermark's presence within the pixel 

permutations, making it a formidable challenge for adversaries to alter or remove the watermark 

without degrading the image's overall quality. 

The robustness of our watermarking system against common image processing attacks 

underscores its reliability in safeguarding digital images. Whether it is resizing, cropping, or 

applying compression, the embedded watermark remains intact and detectable, enabling copyright 

protection and data authentication in diverse scenarios. 

 

 

CONCLUSION 
 

In an era where digital images are a pervasive form of communication and information 

sharing, the need to secure intellectual property and maintain data integrity is paramount. Our 

advanced image watermarking system, combining normalization and Arnold scrambling, stands 

as a robust solution to these challenges. 

The results and discussions presented herein attest to the system's effectiveness in enhancing 

security, ensuring discreet watermarking, and maintaining robustness against image processing 

attacks. By seamlessly integrating these techniques, we have created a powerful tool for copyright 

protection, data authentication, and image integrity preservation in an increasingly interconnected 

and image-centric world. 

As digital media continues to evolve and proliferate, our watermarking system offers a shield 

for visual content, safeguarding it against unauthorized use, manipulation, and misappropriation. 

It empowers content creators, data owners, and organizations to protect their digital assets, 

fostering trust and security in the digital landscape. 
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