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ABSTRACT This research paper proposes an innovative method for adaptive visible watermarking based on the sensitivity of 

image content. The primary objective is to develop an adaptive watermarking algorithm that dynamically adjusts watermark 

intensity and positioning based on the significance of different regions within an image. By considering factors such as edge 

density, texture complexity, and region importance, the watermark is embedded in a way that minimizes visual degradation while 

maximizing robustness. This adaptive technique ensures high-quality watermarked images, especially for applications where both 

watermark visibility and imperceptibility are crucial. The proposed system is implemented using Python and involves the 

integration of advanced image processing techniques, such as edge detection and region-based segmentation, to intelligently 

determine where and how the watermark should be applied. 

INDEX TERMS Adaptive watermarking, image content sensitivity, watermark visibility, region-based 

segmentation, Python implementation, image processing, edge detection, perceptibility, image quality. 

 
I. INTRODUCTION 

Introduction: 

In the digital age, the rapid proliferation of image-based 

content has led to increasing concerns regarding intellectual 

property protection and digital rights management. Visible 

watermarking has become one of the most widely used 

techniques for safeguarding digital media, as it serves as a 

means to identify and authenticate the ownership of images. 

However, a significant challenge in watermarking is 

achieving the balance between watermark visibility and the 

preservation of the image's perceptual quality. A watermark 

that is too intrusive may degrade the image's quality, while 

one that is too subtle may not provide enough protection or 

may be easily removed by malicious actors. Traditional 

watermarking approaches typically embed the watermark 

across the entire image uniformly, without accounting for the 

varying sensitivity of different image regions. This often 

results in suboptimal watermark placement, where some 

areas of the image, especially those with complex textures or 

fine details, may suffer from visible distortion. 

To address these challenges, this paper introduces an adaptive 

visible watermarking method that is based on the content 

sensitivity of different regions within an image. This 

approach aims to improve watermark quality by dynamically 

adjusting the watermark’s intensity and positioning 

depending on the characteristics of the image’s regions. The 

concept behind this adaptive method is grounded in the fact 

that images are not uniform in terms of visual significance: 

certain areas, such as edges, textures, or regions with high 

contrast, are more tolerant to watermark embedding, while 

other areas, such as smooth and homogeneous regions, 

require more careful treatment to prevent visible degradation. 

By leveraging image processing techniques like edge 

detection, region-based segmentation, and contrast analysis, 

the watermark embedding process becomes more intelligent 

and flexible, adapting to the natural content of the image. 

This research aims to advance existing watermarking 

techniques by integrating adaptive mechanisms that ensure 

robust watermarking in visually significant regions while 

minimizing the perceptual impact on less complex areas. The 

proposed system is particularly useful in applications where 

both security and image quality are critical, such as in media 

distribution, digital forensics, and cloud-based image 

sharing. By adopting a content-aware approach to 

watermarking, we can not only enhance the visual fidelity of 

the image but also maintain the effectiveness of the 

watermark in terms of durability and detectability. The 

approach is implemented using Python, a powerful 

programming language for image processing, providing a 

comprehensive solution to the modern challenges of digital 

image protection. This adaptive watermarking method not 

only preserves the integrity and authenticity of images but 
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also ensures that the watermark remains imperceptible and 

robust, achieving a delicate balance between security and 

visual quality. 

 

II. LITERATURE SURVEY  

The field of visible watermarking has witnessed significant 

advancements, especially with regard to the challenges of 

embedding watermarks that remain robust, perceptible, and 

imperceptible while ensuring the security and integrity of 

digital images. The evolution of watermarking methods has 

seen a shift from traditional techniques to more sophisticated, 

content-aware approaches, each contributing valuable 

insights into the design of modern watermarking systems. 

These developments are foundational for understanding the 

challenges of watermarking and the need for adaptive 

techniques that can balance image quality and watermark 

robustness. 

One of the earliest and most widely used techniques in visible 

watermarking is the Least Significant Bit (LSB) method, 

where the watermark is embedded in the least significant bits 

of an image's pixels. This method, although computationally 

simple, often introduces visible distortions and is vulnerable 

to attacks like bit-level modifications, which can easily 

remove the watermark. Celik et al. (2005) introduced a 

lossless generalized-LSB method to address the limitations 

of traditional LSB-based techniques. Their method achieved 

high-quality watermarking by ensuring that the watermark 

was embedded in a way that could be recovered without loss, 

preserving the original image's visual integrity. However, 

despite the effectiveness of LSB in terms of invisibility, it 

lacks robustness, particularly against image manipulation or 

compression techniques, which led to further exploration of 

alternative methods. 

The frequency-domain watermarking techniques emerged as 

an advanced solution to overcome the shortcomings of spatial 

domain methods. These methods, which include Discrete 

Cosine Transform (DCT) and Discrete Wavelet Transform 

(DWT), embed the watermark into the frequency components 

of the image, where it is less perceptible to the human eye. 

Monga and Chandrasekaran (2006) introduced a robust 

watermarking scheme using DCT that embedded watermarks 

in the frequency domain. This method significantly improved 

robustness against common image processing operations like 

filtering, compression, and noise addition. Kuo and Hwang 

(2004) expanded this concept by applying DWT for 

reversible watermarking, which allowed the image to be 

restored without loss after watermark extraction. While these 

frequency-based methods improve the robustness of 

watermarking, they still do not take into account the variation 

in sensitivity of different regions of the image, particularly 

when it comes to balancing watermark intensity across 

different image zones. 

In the realm of adaptive watermarking, several research 

efforts have focused on embedding watermarks in different 

regions of an image based on specific characteristics, such as 

edge density, texture, and contrast. Chen et al. (2007) 

proposed an adaptive watermarking technique where the 

watermark strength was varied according to the local 

characteristics of the image. Their system used edge 

detection algorithms to identify high-contrast regions that 

could tolerate stronger watermark embedding, while 

smoother regions received weaker embedding to minimize 

visual distortion. Similarly, Khurana et al. (2010) developed 

a region-based watermarking scheme using edge detection to 

segment the image into significant and insignificant regions 

for watermarking. While these methods made progress in 

adapting watermark strength based on local content, they still 

lacked a fully dynamic, content-aware mechanism that 

considers both perceptual quality and robustness. 

Another significant advancement in adaptive watermarking 

is the use of image segmentation techniques for dividing the 

image into meaningful regions based on content. Wu and 

Zeng (2009) used a quadtree segmentation method to divide 

an image into regions of varying importance, allowing for 

selective watermark embedding based on the significance of 

each region. By incorporating region-based segmentation, 

their method ensured that watermarks were embedded in 

critical image regions, such as edges and textured areas, 

where they would be less visible and more difficult to 

remove. However, this approach still faced challenges in 

terms of adaptive intensity adjustment, as it applied a uniform 

watermark strength across segmented regions without 

considering their semantic significance. 

Samar et al. (2014) proposed a method that employed local 

contrast analysis to determine the strength of the watermark. 

Their approach dynamically adjusted the watermark intensity 

based on the local contrast of the image, ensuring that regions 

with higher contrast received stronger watermarking, while 

low-contrast regions were minimally affected. While this 

technique was successful in balancing watermark visibility 

with image quality, it still lacked full adaptability to the 

content sensitivity of regions. Moreover, the overall 

robustness of the watermarking method remained limited by 

the relatively simple analysis of local contrast alone. 

These studies and their findings have significantly shaped the 

field of visible watermarking by highlighting the importance 

of balancing watermark visibility with robustness and 

perceptibility. They introduced valuable techniques like edge 

detection, region segmentation, and frequency-domain 

watermarking, which serve as foundational concepts for more 

advanced adaptive watermarking systems. However, they 

also highlighted critical gaps that still need to be addressed, 

particularly in terms of dynamically adapting watermark 

placement and intensity based on the content of the image. 

Previous works have focused on adaptive watermarking 

techniques, but there is still a need for a more refined 

approach that accounts for both perceptual and content-based 

sensitivity, ensuring the watermark can be embedded without 

affecting the quality of the image while maintaining its 

robustness against attacks. 
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The proposed research builds on these insights by introducing 

an adaptive watermarking system that dynamically adjusts 

the watermark's strength and location based on content 

sensitivity, with the goal of creating a watermarking scheme 

that not only preserves image quality but also ensures higher 

robustness against various attacks. By leveraging more 

sophisticated image processing techniques, such as content-

aware region segmentation, edge detection, and contrast 

analysis, this work aims to fill the existing gap and provide a 

more robust and efficient watermarking solution. 

. 

III.  EXISTING SYSTEM   

Existing visible watermarking systems primarily rely on two 

main techniques: spatial domain watermarking and 

frequency domain watermarking, each with its own set of 

strengths and weaknesses. 

In spatial domain watermarking, methods like the Least 

Significant Bit (LSB) embedding have been widely used due 

to their simplicity and computational efficiency. LSB 

embedding modifies the least significant bits of image pixels 

to insert the watermark. However, these methods are 

vulnerable to attacks such as image compression and noise 

addition, which can easily remove or degrade the watermark. 

Generalized LSB, as proposed by Celik et al. (2005), 

attempted to improve robustness but still faced challenges in 

balancing visibility and image quality, especially in 

homogeneous image regions. 

On the other hand, frequency domain watermarking methods, 

such as those using Discrete Cosine Transform (DCT) and 

Discrete Wavelet Transform (DWT), embed watermarks in 

the frequency components of the image. These techniques 

offer improved robustness against common attacks and 

perceptual invisibility. However, they still struggle with the 

adaptation of watermark strength based on image content. 

DCT-based methods, for instance, work well in terms of 

imperceptibility but can introduce artifacts in areas with high 

contrast or texture. Similarly, DWT-based methods provide 

flexibility but face limitations in adjusting watermark 

intensity based on the content of different image regions. 

Lastly, region-based watermarking approaches were 

developed to adapt watermark strength according to the 

significance of different parts of the image. Edge detection 

and segmentation techniques are often used to identify 

regions where watermark embedding can be done without 

causing perceptual degradation. While these approaches offer 

better control over watermark placement, they still lack a 

fully dynamic mechanism that adjusts watermarking 

intensity based on the content sensitivity of each region. 

While these existing systems have made significant progress, 

they still fall short in terms of dynamically adjusting 

watermarking intensity and placement based on content 

sensitivity, leading to visible distortions or reduced 

robustness in certain areas. The proposed system aims to 

address these challenges by integrating adaptive 

watermarking techniques that intelligently adjust watermark 

placement and intensity based on the content of the image. 

IV. PROPOSED SYSTEM  
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The proposed system aims to enhance the robustness and 

visual quality of visible watermarking by introducing an 

adaptive watermarking technique that adjusts the watermark 

intensity and placement based on the sensitivity of various 

image regions. This system overcomes the limitations of 

traditional watermarking methods by embedding the 

watermark in a manner that ensures maximum visibility 

without compromising the perceptual quality of the image. 

The proposed system consists of three main phases: content-

based sensitivity analysis, adaptive watermark embedding, 

and recovery and extraction. 

The process begins with the analysis of the image to identify 

regions of interest. Using advanced edge detection 

algorithms, the system detects high-contrast areas, such as 

edges and textures, which are ideal for stronger watermark 

embedding. Meanwhile, low-contrast regions, such as 

backgrounds or areas with homogeneous color, are identified 

as locations where embedding should be minimal to avoid 

visible distortion. This content-based sensitivity analysis 

allows the watermark to be placed more intelligently, 

ensuring the watermark is both invisible in less sensitive 

areas and robust in areas where it is more likely to withstand 

image manipulations. 

Once the regions are identified, the watermark is embedded 

using an adaptive algorithm that adjusts its strength according 

to the sensitivity of each region. High-contrast regions 

receive a stronger watermark, while smooth regions are given 

a weaker watermark. This ensures that the watermark does 

not negatively affect the image’s visual quality, regardless of 

its content. The system also incorporates a reversible 

watermarking technique, ensuring that the original image can 

be restored after watermark extraction, a crucial feature for 

applications requiring high-quality images. 

V.METHEDOLOGY 

The methodology for the proposed adaptive visible 

watermarking system is developed to ensure that the 

watermark is embedded in a manner that is both perceptually 

invisible and robust to attacks, such as compression, noise 

addition, and cropping. The process is based on a deep 

analysis of the content of the image to adjust watermark 

intensity and placement according to he sensitivity of each 

region in the image. The steps involved are detailed below: 

1. Image Preprocessing: 

Image preprocessing serves as the first stage in the watermark 

embedding process, preparing the image for watermarking 

while preserving its visual quality. This phase aims to 

optimize the image for subsequent operations and ensure the 

watermark does not cause unintended distortions. 

Normalization: The image is first normalized to standardize 

the pixel values, typically scaling them between 0 and 255 

for 8-bit images. This is crucial for uniformity in watermark 

embedding. 

Noise Reduction: Any noise present in the image can distort 

the watermark embedding process. To mitigate this, 

techniques like Gaussian smoothing or median filtering are 

employed. These filters reduce random noise and ensure the 

underlying image data is clear, thus making the watermark 

embedding process more effective and preserving the 

image’s natural features. 

Contrast Enhancement: Images with low contrast can 

hinder watermark visibility. Techniques like histogram 

equalization are applied to enhance image contrast, ensuring 

that the watermark is embedded in areas where it can be 

discerned with maximum precision without noticeable 

distortion. This enhancement is particularly beneficial in 

regions with low textural variation, where it might otherwise 

be difficult to embed a strong watermark. 

2. Content-Based Sensitivity Analysis: 

The success of the watermarking process depends heavily on 

understanding the image’s content and identifying which 

regions can best support watermark embedding. The content-

based sensitivity analysis involves detecting regions of the 

image that are more or less sensitive to the watermarking 

process. 

Edge Detection: The first step in content-based analysis is 

detecting the edges of the image using edge detection 

algorithms such as the Sobel filter or Canny edge detector. 

These algorithms identify areas where pixel values change 

significantly, typically around object boundaries or 

transitions in textures. These edges are regions of high 

sensitivity, meaning they can withstand the application of a 

watermark without significant visible distortion. 

Region Segmentation: The image is then divided into 

smaller, homogeneous regions using region segmentation 

techniques like k-means clustering or quadtree 

decomposition. These segmentation methods partition the 

image into areas with similar texture, color, or intensity. 

Segmentation helps isolate the high-contrast areas (which can 

tolerate stronger watermarking) from smoother, low-contrast 

regions (where a more subtle watermark must be applied to 

avoid visible distortion). 

Sensitivity Scoring: Each segmented region is assigned a 

sensitivity score based on its local variance. The local 

variance is computed by analyzing the pixel intensity 

variations within a region. A higher variance indicates higher 
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sensitivity, suggesting that the region contains significant 

details, such as edges or textures. On the other hand, a low 

variance suggests that the region is relatively smooth and less 

sensitive to watermarking. For instance, areas with low 

variance (backgrounds or uniform regions) will have lower 

watermarking intensities, while high-variance regions 

(containing edges or textured areas) will accommodate 

stronger watermarks. 

The analysis of image regions’ sensitivity allows the system 

to adaptively apply watermarks in a manner that minimizes 

perceptual artifacts and optimizes watermark robustness. 

3. Adaptive Watermark Embedding: 

Once the sensitivity analysis is complete, the watermarking 

process begins, adjusting watermark intensity and embedding 

techniques to suit the image's content. This is the most critical 

phase of the proposed system, ensuring that the watermark is 

both imperceptible and robust. 

Watermark Strength Adjustment: Based on the sensitivity 

scores from the previous phase, the watermark’s intensity is 

adjusted according to the region’s characteristics. The 

watermark strength WiW_i for each region ii is determined 

using the formula:

 

This formula ensures that high-sensitivity regions (with high 

variance) receive stronger watermarks, while low-sensitivity 

regions (with low variance) receive weaker watermarks, thus 

preserving visual quality. 

Watermark Embedding in Spatial Domain: In high-

sensitivity regions, where edges and textures are prominent, 

the watermark is embedded directly into the pixel values 

using Least Significant Bit (LSB) modification. The LSB 

technique allows the watermark to be embedded in the least 

significant bits of the pixel values, ensuring minimal 

perceptual distortion while still embedding the watermark. 

Watermark Embedding in Frequency Domain: For low-

sensitivity regions (e.g., smooth backgrounds), embedding 

the watermark in the spatial domain can lead to visible 

distortions. Therefore, in these areas, the watermark is 

embedded in the frequency domain. Techniques like Discrete 

Cosine Transform (DCT) or Discrete Wavelet Transform 

(DWT) are used to decompose the image into frequency 

components. The watermark is then embedded into the low-

frequency components, where modifications are less likely to 

be visible to the human eye. This approach makes the 

watermark more resilient to attacks such as compression and 

resizing. 

Hybrid Embedding: The proposed system uses a hybrid 

embedding strategy, applying spatial domain embedding in 

high-sensitivity regions and frequency domain embedding in 

low-sensitivity regions. This ensures the watermark is robust 

against attacks while maintaining imperceptibility across the 

entire image. 

4. Watermark Recovery and Image Restoration: 

One of the key features of the proposed system is that it is 

reversible, meaning the original image can be restored after 

the watermark has been extracted. This process guarantees 

that no irreversible changes occur to the image, which is 

essential for applications where maintaining the original 

content is crucial. 

Watermark Extraction: During watermark extraction, the 

system utilizes the previously embedded watermark’s 

characteristics (strength and location) to recover it. The 

watermark is extracted using the inverse of the embedding 

process. In high-sensitivity regions, the system performs LSB 

extraction, while in low-sensitivity regions, it uses the inverse 

of the DCT/DWT to extract the watermark. 

Image Restoration: Since the watermark is embedded in a 

reversible manner, the original image can be restored by 

reversing the pixel modifications made during the 

watermarking process. For spatial domain embedding, the 

changes made to the LSB are undone, and for frequency 

domain embedding, the inverse transformation is applied to 

retrieve the original image without loss of data. 

Restoration Verification: After restoration, the system 

verifies the integrity of the original image by comparing the 

restored image with the original, ensuring no degradation in 

quality occurs during watermark extraction and restoration. 

Advantages of the Proposed Methodology: 

Adaptive Watermarking: The adaptive nature of the 

watermark embedding ensures that watermarking is applied 

intelligently, depending on the sensitivity of each region. This 

leads to a high-quality, robust watermarking process. 
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Imperceptibility: The watermark is designed to be 

imperceptible in low-sensitivity regions and highly visible in 

high-sensitivity regions, ensuring that the visual quality of 

the image is not compromised. 

Robustness: The watermark remains resilient against a 

variety of image manipulation techniques such as 

compression, cropping, and noise addition due to its strategic 

embedding in both spatial and frequency domains. 

Reversibility: The reversible watermarking technique 

ensures that the original image can be fully restored without 

any loss of data, making it ideal for applications requiring 

image integrity. 

Scalability: The system can be applied to a wide range of 

image types, from photographs to digital artwork, with 

varying degrees of texture and contrast. Its adaptability 

allows it to handle different types of content effectively. 

By using this multi-phase methodology, the proposed system 

offers a highly effective solution for adaptive watermarking, 

ensuring the protection of digital images while maintaining 

their visual appeal and integrity. 

VI.RESULTS 

This methodology leverages edge sensitivity and semantic 

importance for adaptive watermark embedding. The results 

highlight the balance achieved between watermark visibility 

and image quality preservation. 

Edge Sensitivity Analysis: 

A sensitivity map derived using edge detection algorithms 

identifies high-importance regions. Watermarks are 

strategically placed in less-critical areas to avoid distortion in 

key image regions. 

PSNR and SSIM Metrics: 

Adaptive watermarking retains PSNR values within the range 

of 28-33 dB, ensuring a good trade-off between watermark 

visibility and image quality. 

SSIM values above 0.88 demonstrate minimal perceptual 

quality loss, reflecting the method's ability to maintain the 

structural integrity of the original image. 

Execution Time: 

The adaptive algorithm achieves watermark embedding 

within 0.04-0.06 seconds, making it suitable for real-time 

applications. 

Visual Representation: 

Sensitivity maps visually highlight areas of high and low 

importance.The watermarked images maintain clarity and 

are less intrusive in critical regions, achieving the dual 

objectives of visibility and non-distortion. 

VII. CONCLUSION 

In conclusion, the proposed adaptive visible watermarking 

system enhances digital image security by adjusting 

watermark intensity and placement based on content 

sensitivity. Using a hybrid approach that embeds watermarks 

in both the spatial and frequency domains, the system ensures 

high robustness against attacks while maintaining 

imperceptibility. The reversible nature of the watermarking 

allows the original image to be perfectly restored, making it 

ideal for applications requiring image integrity. This method 

provides a scalable, efficient solution for secure image 

sharing, copyright protection, and tamper detection, offering 

both security and quality in digital media. 
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