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 This study introduces an advanced method for evaluating non-blind 

watermarking quality, leveraging both visible and invisible watermarking 

techniques grounded in principles of discrete cosine transform (DCT) and 

modified singular value decomposition (M-SVD). The primary focus is to 

refine the assessment process of watermarked images by integrating M-

SVD, known for its efficacy in measuring image quality and watermarking 

performance. Results from the M-SVD implementation exhibit a striking 

resemblance to the original images. The mean squared error (MSE) values 

for watermarked images range from 0.0003 to 0.0168, while peak signal-to-

noise ratio (PSNR) values vary between 42.52 dB and 82.72 dB. These 

outcomes underscore the potential of DCT and M-SVD techniques in 

bolstering watermarking processes, especially in invisible watermarking 

contexts. 
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1. INTRODUCTION 

Image quality is a crucial aspect in the digital world, influencing the effectiveness and visual 

impression conveyed [1]-[4]. In an era of advancing technology, the threat to image integrity has escalated 

due to the ease of manipulating images using sophisticated editing tools. Moreover, as images are 

increasingly susceptible to unauthorized alterations, ensuring their integrity, and authenticity becomes 

paramount [5]-[7]. Digital watermarking allows for the insertion of imperceptible watermarks into images as 

unique identifiers or authentication proofs, safeguarding images against unauthorized modifications, and 

ensuring their authenticity [8]. In setting the context for this research, it is imperative to delineate the 

prevailing landscape and state-of-the-art advancements within the domain of digital watermarking and image 

integrity [9]. Over recent years, the proliferation of digital media and the advent of sophisticated image 

editing tools have engendered a heightened vulnerability to image tampering and unauthorized usage [10]. 

Consequently, the quest for robust, reliable, and imperceptible watermarking techniques has intensified, 

necessitating innovative methodologies that seamlessly integrate with existing image processing frameworks 

[11], [12]. The evolution of watermarking strategies has witnessed a paradigm shift towards invisible 

watermarking solutions, wherein the emphasis lies not only on embedding ownership or authentication data 

covertly but also on preserving the inherent quality and visual fidelity of the images [13]. Concurrently, 

advancements in quality measurement metrics have emerged as pivotal determinants, facilitating rigorous 

evaluation, and validation of watermarking techniques [14]. 

https://creativecommons.org/licenses/by-sa/4.0/
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The utilization of digital watermarking becomes highly relevant in enhancing image quality and 

preserving its integrity in an era where visual information plays a central role across various sectors, ranging 

from security to copyright and identification purposes [15]. In addition to traditional digital watermarking, 

non-blind watermarking stands out as an advanced technique that offers distinct advantages in ensuring 

image integrity and security [8], [16]. Unmarked image during watermark extraction. This additional 

information allows for more sophisticated algorithms and larger data embedding capacities, leading to 

enhanced resistance against various attacks and better preservation of image quality [17], [18]. Non-blind 

based on visible and invisible watermarking is particularly beneficial in applications where secure storage or 

access to the original image is feasible, such as copyright protection, media forensics, and content 

authentication [18]. Non-blind based on visible and invisible watermarking provides a reliable and enduring 

method to protect the intellectual property and integrity of digital images in diverse domains [19]. As the 

digital landscape continues to evolve, non-blind watermarking serves as a potent defense mechanism to 

combat the growing threats of image manipulation and unauthorized use, reinforcing the importance of 

maintaining the authenticity and ownership of visual content.  

The research objective of this study is to advance watermarking techniques by synergistically 

integrating the capabilities of the discrete cosine transform (DCT) and modified singular value 

decomposition (M-SVD) methodologies. The proposed approach aims to enhance both the embedding and 

evaluation aspects of watermarking. Specifically, the DCT technique is utilized to embed the watermark 

seamlessly into the host content while ensuring its imperceptibility. This integration not only maintains the 

visual quality of the media but also fortifies its resistance against various attacks. Moreover, the introduction 

of the M-SVD method augments the quality assessment metrics, thereby providing more comprehensive 

evaluation benchmarks. By combining these techniques, the research contributes to the advancement of 

watermarking methodologies, offering improved robustness and fidelity in watermark embedding and 

evaluation processes. The novelty lies in the integrated use of DCT and M-SVD, which collectively bolster 

the security and reliability of watermarking systems, thus addressing inherent challenges and advancing the 

state-of-the-art in digital watermarking research. 

Based on the review, non-blind based on visible and invisible watermarking has demonstrated 

significant advantages in bolstering the security and robustness of embedded watermarks [15], [20]-[22]. 

This approach, which requires access to the original, unmarked image during watermark extraction, enables 

the use of advanced algorithms and larger data embedding capacities. Consequently, non-blind watermarking 

based on visible and invisible exhibits enhanced resistance against various attacks and better preservation of 

image quality compared to blind watermarking [23]. This makes it a valuable technique in applications where 

secure storage or access to the original image is feasible, such as copyright protection, media forensics, and 

content authentication [24], [25]. The research aims and gaps can be described as the following points: 

a. Address the limitations of existing quality evaluation methods for non-blind watermarking techniques that 

fail to accurately assess the impact of embedded watermarks on image quality. 

b. Improve the precision and reliability of quality measurement in non-blind based on visible and invisible 

watermarking by incorporating an M-SVD approach. 

c. Develop an innovative framework that evaluates both the robustness and invisibility aspects of non-blind 

based on visible and invisible watermarking schemes. 

d. Examine the watermark’s resilience against prevalent image processing procedures and attacks utilizing the 

adapted SVD technique, offering valuable discernment into the comprehensive security and efficacy of non-

blind watermarking methodologies. 

e. Facilitate more reliable comparisons and benchmarking of different non-blind watermarking algorithms 

through clear and objective quality assessment criteria. 

 

  

2. METHOD 

2.1.  Related research 

Several pertinent studies in the realm of digital image watermarking have investigated diverse 

methodologies aimed at augmenting image security and copyright safeguarding. Among these, a significant 

strategy is exemplified by the blind watermarking technique, obviating the necessity for the source image during 

watermark retrieval. Research by Mohammed et al. [26] recalled that several blind watermarking techniques 

have been proposed, including the discrete wavelet transform (DWT) and singular value decomposition (SVD) 

methods. These techniques integrate the watermark within certain frequency components of the image to attain 

imperceptibility. In research by Elbasi [27], data hiding, watermarking, and steganography have emerged as 

significant research and application areas, particularly for copyright protection in digital images. Most studies 

in this field utilize frequency domain techniques for watermark embedding. Among these, wavelet algorithms 

stand out, with the use of a scaling factor in both embedding and extraction processes. The findings 
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illustrated that algorithms based on adaptable scaling factors showcase exceptional performance concerning 

resilience, security, and data capacity. Research by Khanam et al. [28] also focuses on non-blind symmetric 

image watermarking techniques for ownership protection in multimedia data. In their study, they propose a 

method that employs DWT and DCT to embed watermarks into the host image. Authors utilize a secret key 

for watermark embedding and extraction, enhancing the system’s security. Their approach achieves 

promising results with a PSNR ranging from 45.23 to 51.89 and an NC from 0.8561 to 0.9778. While this 

method demonstrates robustness against several attacks, it is noteworthy that the PSNR values and NC range 

are slightly lower compared to the proposed method in our paper. Research by Yasmeen and Uddin [29], 

introduces a hybrid watermarking scheme integrating DWT and SVD. This approach operates through multi-

level operations of DWT and SVD for embedding and extracting features, enhancing the robustness of the 

watermark against various attacks. Through experimentation, the proposed method achieves a PSNR of 34.73 

dB and a correlation coefficient of 0.9975 on Lena images, demonstrating its effectiveness in maintaining 

image quality and watermark integrity. 

In this study, we introduce an enhanced method for the evaluation of quality in non-blind watermarking. 

This approach leverages both discernible and concealed watermarking methods rooted in M-SVD and DCT 

principles. The principal objective is to enhance the assessment procedure for watermarked images by integrating 

the M-SVD technique, which has d=emonstrated efficacy in gauging image quality and watermarking 

efficacyThrough the implementation of M-SVD, we aim to attain more precise and dependable outcomes 

concerning mean square error (MSE), peak signal to noise ratio (PSNR), universal quality index (UQI), mean of 

structural similarity index measurement (MSSIM), normalized correlation (NC), and normalized cross corelation 

(NCC) measurements. By incorporating the DCT technique into invisible watermarking, the intention is to 

diminish the watermarking intensity within the images. The application of M-SVD not only allows for the more 

adept discernment of nuanced distinctions between the original and embedded watermark image but also 

contributes to a more comprehensive appraisal of the watermarking process. 

 

2.2.  Discrete cosine transform 

DCT is employed as a pivotal technique within the context of invisible watermarking, facilitating 

the seamless integration of imperceptible watermark information into host media by converting spatial 

domain data into frequency domain coefficients [30], [31]. In the context of invisible watermarking, the DCT 

facilitates the seamless integration of imperceptible watermark information into host media by transforming 

the original spatial domain representation into a frequency domain representation [30]. This conversion 

allows for the embedding of auxiliary data within the host media while minimizing perceptible alterations to 

the original content. Through its ability to represent signals in terms of frequency components, the DCT 

enables efficient and effective manipulation of digital content for purposes such as copyright protection, 

authentication, and content identification. Based on DCT equation can be seen in (1). Where 𝑋𝑛 denotes the 

𝑘𝑡ℎ DCT coefficient representing the transformed signal, 𝑥𝑛 corresponds to the individual samples of the 

input signal, 𝑁 signifies the total number of samples within the input signal, and 𝑘 ranges from 0 to 𝑁 − 1, 

serving as the index for each DCT coefficient. 

 

𝑋𝑘 =  ∑ 𝑥𝑛  × 𝐶𝑜𝑠 (
𝜋

𝑁
(𝑛 + 

1

2
) 𝑘)𝑁−1

𝑛=0  (1) 

 

2.3.  Modified singular value decomposition 

M-SVD is an innovative technique that extends the classical SVD algorithm to enhance its 

effectiveness in various applications [32]. In M-SVD, the original SVD process is modified to accommodate 

specific requirements or constraints, making it adaptable to diverse data types and problem domains. This 

adaptability allows M-SVD to effectively handle non-standard data structures, noise, missing values, and 

other complexities that may arise in real-world datasets. The versatility of M-SVD facilitates its 

implementation across a multitude of domains, encompassing but not limited to image manipulation, signal 

scrutiny, efficient data encoding, and cooperative filtering tasks [32], as shown in (2). Where 𝐷 represents the 

midpoint of the sorted 𝐷𝑖  and 𝑛 represents a total number of pixels. 

 

𝑀 − 𝑆𝑉𝐷 =  
∑ (𝐼𝑚𝑎𝑔𝑒 𝑆𝑖𝑧𝑒/𝑛)2 |𝐷𝑖− 𝐷𝑚𝑖𝑑|𝑖=1

(𝐼𝑚𝑎𝑔𝑒 𝑆𝑖𝑧𝑒/𝑛)2  (2) 

 
2.4.  Proposed scheme 

The proposed method aims to enhance the quality measurement of non-blind based on visible and 

invisible watermarking techniques by introducing novel strategies for evaluating the impact of embedded 

watermarks on image quality. The proposed method also initiates with the selection of images, including Lena, 

Baboon, and Peppers, followed by the initialization of a watermark denoted as “Secret Message Watermark” 
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with a size of 512×512×3. The embedding process entails several steps. Firstly, the watermarked and original 

images are preprocessed by mixing and scaling them to the range [0,1]. Subsequently, SVD is performed on 

both the watermarked and original images, resulting in matrices 𝑈𝑤𝑚, 𝑆𝑤𝑚, and 𝑉𝑤𝑚, as well as 𝑈𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 , 

𝑆𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 , and 𝑉𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 , respectively. The singular values in 𝑆𝑤𝑚 are replaced with those from 𝑆𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 , and the 

watermarked image is reconstructed with modified singular values. Finally, the performance evaluation is 

conducted by calculating the PSNR, UQI, and MMSIM between the reconstructed watermarked image and the 

original image. This process culminates in the acquisition of performance results for the proposed method. 

Based on Figure 1, the flow algorithm can be seen:  

a. Input: 𝑤𝑎𝑡𝑒𝑟𝑚𝑎𝑟𝑘𝑒𝑑_𝑖𝑚𝑎𝑔𝑒 (watermarked image), 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙_𝑖𝑚𝑎𝑔𝑒 (original image) ← 𝑊𝑖𝑛 × 𝐻𝑖𝑛 ×
 𝐷𝑖𝑛 ← 512 × 512 × 3. 

b. Preprocessing: mix the 𝑤𝑎𝑡𝑒𝑟𝑚𝑎𝑟𝑘𝑒𝑑_𝑖𝑚𝑎𝑔𝑒 and 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙_𝑖𝑚𝑎𝑔𝑒 and then scale them to the range 

[0, 1]. 
c. SVD: perform SVD on the 𝑤𝑎𝑡𝑒𝑟𝑚𝑎𝑟𝑘𝑒𝑑_𝑖𝑚𝑎𝑔𝑒 to get matrices ←  𝑈𝑤𝑚, 𝑆𝑤𝑚, and 𝑉𝑤𝑚. Perform SVD 

on the original_image to get matrices ←  𝑈𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 , 𝑆𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙, and 𝑉𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 .  

d. Modify singular values: replace the 𝑠𝑖𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑎𝑙𝑢𝑒𝑠 (𝑑𝑖𝑎𝑔𝑜𝑛𝑎𝑙 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠 𝑜𝑓 𝑆𝑤𝑚) with the singular 

values from 𝑆𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 . 

e. Reconstruction: reconstruct the watermarked image with modified singular 

values: 𝑤𝑎𝑡𝑒𝑟𝑚𝑎𝑟𝑘𝑒𝑑𝑖𝑚𝑎𝑔𝑒𝑀𝑆𝑉𝐷
← 𝑈𝑤𝑚 ∗ 𝑆𝑚𝑜𝑑𝑖𝑓𝑖𝑒𝑑 ∗ 𝑉𝑤𝑚′. 

f. Performance evaluation: calculate PSNR between 𝑤𝑎𝑡𝑒𝑟𝑚𝑎𝑟𝑘𝑒𝑑_𝑖𝑚𝑎𝑔𝑒_𝑚𝑠𝑣𝑑 and 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙_𝑖𝑚𝑎𝑔𝑒. 

Calculate UQI between 𝑤𝑎𝑡𝑒𝑟𝑚𝑎𝑟𝑘𝑒𝑑_𝑖𝑚𝑎𝑔𝑒_𝑚𝑠𝑣𝑑 and 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙_𝑖𝑚𝑎𝑔𝑒. Calculate MMSIM between 

𝑤𝑎𝑡𝑒𝑟𝑚𝑎𝑟𝑘𝑒𝑑_𝑖𝑚𝑎𝑔𝑒_𝑚𝑠𝑣𝑑 and 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙_𝑖𝑚𝑎𝑔𝑒. 

g. Output: 𝑚𝑠𝑣𝑑_𝑟𝑒𝑠𝑢𝑙𝑡 (a struct containing PSNR, UQI, and MMSIM). 
Based on the proposed scheme in Figure 2, which illustrates the application of the DCT method, the 

utilization of DCT in processing facilitates the generation of images with invisible watermarks. Conversely, 

the absence of DCT integration leads to the production of images with visible watermarks. The significance 

of DCT lies in its ability to transform spatial domain data into frequency domain coefficients, enabling 

imperceptible embedding of watermark information into the host media. 
 

 

 
 

Figure 1. Embedding proposed scheme 
 

 

 
 

Figure 2. Extracting proposed scheme 
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2.5.  Attacks for result testing 

Gaussian noise, recognized as white noise, constitutes a form of stochastic disturbance adhering to a 

Gaussian (normal) probability distribution [33]. In the context of digital image processing, Gaussian noise is 

commonly encountered as an unwanted interference that affects the quality and clarity of images [34]. The 

equation for Gaussian noise can be represented as in (3). Where, 𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛 𝑁𝑜𝑖𝑠𝑒 (𝑥, 𝑦)represents the 

Gaussian noise at pixel location (𝑥, 𝑦) in the image. 𝜇 represents the mean of the noise distribution, 

determining the central tendency of the noise values, 𝜎 represents the standard deviation of the noise 

distribution, controlling the spread or dispersion of the noise values, and the 𝑍 represents the random variable 

sampled from a standard normal distribution (𝑚𝑒𝑎𝑛 = 0, 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 = 1). 
 

𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛 𝑁𝑜𝑖𝑠𝑒(𝑥, 𝑦) =  𝜇 +  𝜎 ∙ 𝑍 (3) 
 

Salt and pepper noise denotes a variety of digital image disturbances characterized by arbitrary 

distribution of black and white pixels dispersed across an image’s expanse, resembling grains of salt and 

pepper [35]. To describe the presence of salt and pepper noise mathematically, we can use (4). Where, 𝑂𝑃𝑉 

means original pixels value, 𝑁(𝑥, 𝑦) denotes coordinates (𝑥, 𝑦) pixel value within the image affected by 

noise, the parameters 𝑝 and 𝑞 represent the probabilities of salt and pepper noise, respectively. A higher 

value of 𝑝 and 𝑞 indicates a higher occurrence of salt or pepper noise in the image. 
 

𝑁(𝑥, 𝑦)={

0 𝑤𝑖𝑡ℎ 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑝
255 𝑤𝑖𝑡ℎ 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑞

𝑂𝑃𝑉 𝑤𝑖𝑡ℎ 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 1 − 𝑝 − 𝑞
 (4) 

 

2.6.  Calculation evaluation 

The proposed method utilizes a comprehensive evaluation approach, employing three image quality 

metrics: PSNR, UQI, and MSSIM. PSNR furnishes a quantification of the original and manipulated images, 

affording valuable insights into the accuracy of the reconstructed image [36]. UQI, on the other hand, 

accounts for both luminance and contrast information, enabling a more holistic assessment of structural 

similarity [36]. Finally, the application of MSSIM enables a detailed analysis of the structural similarity 

between images at multiple scales, capturing nuanced variations in image quality [37], [38]. Based on 

evaluation equation can be seen in (5)–(8). Where, 𝜇𝑥 and 𝜇𝑦 represent the average of pixels between the 

original and distorted images, 𝜎𝑥
2 and 𝜎𝑦

2 represent the variances of pixels between the original and distorted 

images, respectively. 𝜎𝑥𝑦  represents the covariance between pixels of the original and distorted images. 𝐶1 

and 𝐶2 represent constants to stabilize the division in (5) to (8): 
 

𝑀𝑆𝐸 =  
1

𝑀𝑁
∑ ∑ (𝐼(𝑖, 𝑗) − 𝐾(𝑖, 𝑗))𝑁

𝑗=1
𝑀
𝑖=1

2
 (5) 

 

𝑃𝑆𝑁𝑅 = 10 log 10 (
max _𝑝𝑖𝑥𝑒𝑙_𝑣𝑎𝑙𝑢𝑒2

𝑀𝑆𝐸
) (6) 

 

𝑈𝑄𝐼 =
4∙ 𝜎𝑥𝑦∙𝜇𝑥∙𝑢𝑦

(𝜎𝑥
2+ 𝜎𝑦

2)∙(𝜇𝑥
2+ 𝜇𝑦

2)
 (7) 

 

𝑀𝑆𝑆𝐼𝑀 =
(2𝜇𝑥𝜇𝑦+𝐶1)(2𝜎𝑥𝑦+𝐶2)

(𝜇𝑥
2+ 𝜇𝑦

2+𝐶1)(𝜎𝑥
2+ 𝜎𝑦

2+𝐶2)
 (8) 

 

 

3. RESULTS AND DISCUSSION 

Based on the proposed method, Table 1 presents the outcomes of visible watermarking, level 1 

approach closely approximates the original image and exhibits a discernible degree of embedded 

watermarking in the watermarked results, these findings are deemed unsuitable for the trial research. 

Consequently, a need arises for preprocessing techniques such as DCT to be employed, which would 

facilitate the transformation of visible watermarking into the realm of invisible watermarking. This transition 

to invisible watermarking is essential to achieve imperceptible integration of watermark information into the 

host media, ensuring the preservation of visual quality while enhancing it. The test results indicate that at the 

lowest level, the watermarked images exhibit low MSE values and high PSNR, indicating that the 

watermarked images at this level possess good quality and closely resemble the original images. However, at 

the highest level, there is an increase in MSE values and a decrease in PSNR, indicating more significant 

distortion in the watermarked images. Based on the equation conducted the evaluation results in Tables 2 and 3 

encompass the computation of MSE, PSNR, UQI, and MSSIM for each level of the sample images. 
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Table 1. Sample results for visible watermarking 

Original image Watermark image 
Strength level for visible watermarking 

Alpha Lv 1 Alpha Lv 2 Alpha Lv 3 Alpha Lv 4 

 
 

 

Table 2. MSE and PSNR for visible watermarked 
Testing 

level 

Lena.bmp Peppers.png Baboon.jpg Lena.bmp Peppers.png Baboon.jpg 

MSE PSNR MSE PSNR MSE PSNR MSE PSNR MSE PSNR MSE PSNR 

L1 0.0075 20.15 0.0097 20.15 0.0097 20.15 0.9979 0.9790 0.9983 0.9496 0.9972 0.9578 
L2 0.094 14.13 0.0387 14.13 0.094 14.13 0.9909 0.9341 0.9932 0.8820 0.9886 0.8874 

L3 0.087 10.60 0.087 10.60 0.087 10.60 0.9965 0.8809 0.9792 0.8150 0.9744 0.8161 

L4 0.154 8.10 0.154 8.10 0.154 8.10 0.9032 0.8269 0.9359 0.7527 0.9476 0.7503 

 
 

Table 3. Results evaluation with M-SVD for invisible watermarking 
Sample of watermarked Testing MSE PSNR (dB) UQI MSSIM 

Lena.bmp Image watermarked  0.0004 82.34  0.9945 0.9961 

Gaussian noise 0.0162 66.03  0.7477 0.1854 

Salt and peppers noise 0.0047 71.42  0.9299 0.4226 

Gaussian+salt and peppers noise 0.0112 67.65 0.8290 0.2422 
Peppers.png Image watermarked  0.0003 82.72 0.9960 0.9952 

Gaussian noise 0.0159 66.10 0.8071 0.1905 

Salt and peppers noise 0.0048 71.34 0.9436 0.4178 
Gaussian+salt and peppers noise 0.0107 67.84  0.8717 0.2495 

Baboon.jpg Image watermarked 0.0004 81.90  0.9916 0.9965 

Gaussian noise 0.0168 65.87 0.6332 0.2261 
Salt and peppers noise 0.0059 70.39 0.8758 0.5111 

Gaussian+salt and peppers noise 0.0126 67.14 0.7316 0.2913 

  
 

By harnessing the spatial frequency localization capability of DCT and the robustness against 

common signal processing attacks offered by M-SVD, the proposed method achieves an unparalleled level of 

imperceptibility and resilience. The joint utilization of these techniques optimally exploits the strengths of 

both transforms, ensuring a watermarking scheme that not only safeguards the integrity of the host image but 

also maintains a watermark with minimal distortion and excellent resistance to potential tampering. Based on 

the proposed method Table 4. Represents the results with M-SVD evaluation and comparison between noise 

attack and related research.  

Based on Figure 3, Figure 3(a) displays a sample image used for watermark embedding, providing 

the original content to which the watermark will be added. Figure 3(b) represents the watermark image, 

which contains the distinctive mark or information to be embedded into the sample image. Results of  

Figure 3(c) and Table 4, the integration of DCT and M-SVD techniques in the context of invisible 

watermarking has demonstrated exceptional performance, yielding significantly higher PSNR results 

compared to existing RGB image-based research. This amalgamation signifies a remarkably effective 

approach for watermarking purposes.  

Based on Figure 4, the images depict the results of processing without DCT integration. Figure 4(a) 

represents invisible watermarking, while Figures 4 (b)-(d) portray invisible watermarking with the addition of 

Gaussian and salt-and-pepper noise attacks. The analysis results have shown the superiority of the proposed 

watermarking technique. The elevated PSNR values demonstrated by the proposed approach, when 

contrasted with the available alternatives, indicate an enhanced level of faithfulness between the images 

subjected to watermarking and their respective originals. Additionally, the NC values, which provide insight 
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into the consistency and accuracy of the watermark retrieval process, also demonstrate a marked 

enhancement with the proposed approach. This substantiates the efficacy of the proposed method in 

achieving a higher degree of robustness and quality in watermark embedding and extraction, making it a 

more advantageous choice for ensuring image integrity and authentication in various applications. 

 

 

Table 4. Results of M-SVD against attacks 
Image 
attack 

Sample image 
Evaluation 

quality 
Results 

Gaussian 

noise 

Lena (RGB) PSNR 66.03 dB 

NC 1 

NCC 0.9908 
Salt and 

peppers 

noise 

Lena (RGB) PSNR 71.42 dB 

NC 1 

NCC 0.9974 
Gaussian 

noise 

Peppers 

(RGB) 

PSNR 66.10 dB 

NC 1 

NCC 0.9925 
Salt and 

peppers 

noise 

Peppers 

(RGB) 

PSNR 71.34 dB 

NC 1 

NCC 0.9976 
Gaussian 

noise 

Baboon 

(RGB) 

PSNR 65.87 dB 

NC 1 
NCC 0.9904 

Salt and 

peppers 
noise 

Baboon 

(RGB) 

PSNR 70.39 dB 

NC 1 

NCC 0.9971 
 

   
(a) (b) (c) 

 

 

Figure 3. Results of invisible watermarked image;  

(a) sample image, (b) watermark image, and  

(c) invisible watermarked image 

 

 

 
 

Figure 4. Results of visible watermarked images based on M-SVD; (a) represents invisible watermarking and 

(b)-(d) invisible watermarking with the addition of Gaussian and salt-and-pepper noise attacks 
 
 

Based on Table 5, the computed PSNR, NC, and NCC values, the researcher adjusted them 

according to the scaling factor (alpha) levels established in the previous studies by Khanam et al. [28], 

Yasmeen and Uddin [29]. The research by Khanam et al. [28] focuses on non-blind symmetric image 

watermarking techniques using DWT and DCT for ownership protection in multimedia data. Their method 

incorporates a secret key for watermark embedding and extraction, enhancing system security. While achieving 

promising results with PSNR ranging from 45.23 to 51.89 and NC from 0.8561 to 0.9778, their approach 

shows slightly lower PSNR values and NC range compared to our proposed method. On the other hand, 

Yasmeen and Uddin [29] introduce a hybrid watermarking scheme integrating DWT and SVD, achieving a 

PSNR of 34.73 dB and a correlation coefficient of 0.9975 on Lena images. In contrast, our study presents an 

enhanced method for evaluating non-blind watermarking quality, employing both visible and invisible 

watermarking techniques based on M-SVD and DCT principles. By integrating the M-SVD technique, our 

approach aims to enhance the assessment procedure for watermarked images, achieving high PSNR values of 

82.34 dB for Lena, 82.72 dB for Peppers, and 81.90 dB for Baboon images, alongside perfect correlation 

coefficients, thus demonstrating superior performance in maintaining image quality and watermark integrity. 

Table 4 elucidates the performance metrics of M-SVD against various image attacks, including 

Gaussian and Salt and Pepper noise, across different sample images such as Lena, Peppers, and Baboon 

shown in Figure 5. The evaluation quality indicators, namely PSNR, NC, and NCC, manifest robust results 

with high PSNR values and nearly perfect NC and NCC scores, underscoring the efficacy of M-SVD in 

preserving image quality and integrity amidst adversarial attacks. In contrast, Table 5 juxtaposes the 
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proposed DCT+M-SVD method against seminal studies by Khanam et al. [28], Yasmeen and Uddin [29], 

employing distinct watermarking techniques like SVD+FWHT and SVD+DWT, respectively. The 

comparative analysis reveals a significant enhancement in PSNR values for the proposed method across all 

sample images, substantiating its superiority in maintaining image quality and achieving optimal 

watermarking efficiency. 
 

 

Table 5. Comparison results of PSNR, NCC, and NC with other studies 
Researcher Sample watermarked Method PSNR (dB) NC 

Proposed method Lena DCT+M-SVD 82.34 1 

Peppers 82.72 1 

Baboon 81.90 1 
Khanam et al. [28] Lena SVD+FWHT 50.04 1 

Peppers 49.78 1 

Baboon 51.56 1 
Yasmeen and Uddin [29] Lena SVD + DWT 34.73 0.9975 

 

 

 
 

Figure 5. Results of invisible watermarked images based on DCT+M-SVD 

 

 

4. CONCLUSION 

Based on the proposed method and the results outcomes, the present study has achieved notable 

contributions in the field of watermarking. The innovative incorporation of DCT and M-SVD techniques in 

the watermarking process has yielded processing results remarkably akin to the original images, establishing 

a noteworthy novelty in the domain of invisible watermarking. In the case of visible watermarking, the 

assessment of MSE values unveiled a range from 0.0075 to 0.154, accompanied by PSNR values spanning 

from 8.10 to 20.15. Particularly, the image “Lena” demonstrated commendable scores in the realm of visible 

watermarking, surpassing those of “peppers” and “baboon”. Conversely, the application of the DCT and  

M-SVD methods in the non-blind, invisible watermarking investigation produced exceptional results. This 

approach achieved the highest outcomes, with the image “peppers” attaining the superlative MSE and PSNR 

values, registering at 0.0003 and 82.72 dB, respectively. In summation, this study underscores the potency of 

the DCT and M-SVD techniques in bolstering watermarking processes, particularly in the context of invisible 

watermarking. Further comparisons and analyses are recommended to establish the proposed approach’s 

efficacy concerning other methods in the watermarking domain. For future research, several promising 

directions can be explored to further enhance and extend the proposed watermarking method. Firstly, 

investigating advanced noise reduction techniques, such as deep learning-based denoising algorithms, could 

potentially lead to even higher PSNR values and better visual quality of the watermarked images. 

Additionally, exploring the use of adaptive watermarking schemes that can dynamically adjust the strength of 

the watermark based on image content and characteristics may improve the robustness and imperceptibility 

of the embedded watermarks. 

 

  

ACKNOWLEDGEMENTS 

This article was supported by AMIKOM University, Yogyakarta, Indonesia. 

  

 

REFERENCES 
[1] E. Venter, “Challenges for meaningful interpersonal communication in a digital era,” HTS Teologiese Studies/Theological 

Studies, vol. 75, no. 1, 2019, doi: 10.4102/hts.v75i1.5339. 



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Enhancing quality measurement for visible and invisible watermarking based on M-SVD and DCT (Kusnawi) 

2545 

[2] D. R. I. M. Setiadi, “PSNR vs SSIM: imperceptibility quality assessment for image steganography,” Multimed Tools Appl., vol. 
80, no. 6, pp. 8423–8444, Mar. 2021, doi: 10.1007/s11042-020-10035-z. 

[3] U. Sara, M. Akter, and M. S. Uddin, “Image Quality Assessment through FSIM, SSIM, MSE, and PSNR—A Comparative 

Study,” Journal of Computer and Communications, vol. 07, no. 03, pp. 8–18, 2019, doi: 10.4236/jcc.2019.73002. 
[4] C. A. Sari, M. H. Dzaki, E. H. Rachmawanto, R. R. Ali, and M. Doheir, “High PSNR Using Fibonacci Sequences in Classical 

Cryptography and Steganography Using LSB,” International Journal of Intelligent Engineering and Systems, vol. 16, no. 4, pp. 

568–580, 2023, doi: 10.22266/ijies2023.0831.46. 
[5] N. Abohamra, S. A. Salheen, and A. A. Ahmed, “Hide Text within Image Watermarks by Employing the Least Significant Bit 

(LSB) Technique for Enhanced Data Security,” The North African Journal of Scientific Publishing (NAJSP), vol. 1, no. 4, pp. 54–

60, 2023. 
[6] S. Gupta, K. Saluja, V. Solanki, K. Kaur, P. Singla, and M. Shahid, “Efficient methods for digital image watermarking and 

information embedding,” Measurement: Sensors, vol. 24, Dec. 2022, doi: 10.1016/j.measen.2022.100520. 

[7] W. Alomoush et al., “Digital image watermarking using discrete cosine transformation based linear modulation,” Journal of 
Cloud Computing, vol. 12, no. 1, Dec. 2023, doi: 10.1186/s13677-023-00468-w. 

[8] B. Hassan, R. Ahmed, B. Li, and O. Hassan, “An Imperceptible Medical Image Watermarking Framework for Automated 

Diagnosis of Retinal Pathologies in an eHealth Arrangement,” IEEE Access, vol. 7, pp. 69758–69775, 2019, doi: 
10.1109/ACCESS.2019.2919381. 

[9] H. N. Khalid, A. Hafizah, and M. Aman, “Digital Image Steganography in Spatial Domain: A Critical Study,” Technology 

Reports of Kansai University, vol. 62, pp. 4559-4569, 2020. 
[10] E. A. Sofyan, C. A. Sari, H. Rachmawanto, and R. D. Cahyo, “High-Quality Evaluation for Invisible Watermarking Based on 

Discrete Cosine Transform (DCT) and Singular Value Decomposition (SVD),” Advance Sustainable Science, Engineering and 

Technology (ASSET), vol. 6, no. 1, 2024, doi: 10.26877/asset.v6i1.17186. 
[11] E. H. Rachmawanto, L. N. Dawd, C. A. Sari, R. R. Ali, W. S. Al-Dayyeni, and M. A. Jubair, “Medical Image Watermarking 

Using Slantlet Transform and Particle Swarm Optimization,” in Lecture Notes in Networks and Systems, LNNS, Springer Science 

and Business Media Deutschland GmbH, vol. 537, pp. 741–751, 2023, doi: 10.1007/978-981-99-3010-4_59. 
[12] E. Z. Astuti et al., “Discrete Cosine Transform and Singular Value Decomposition Based on Canny Edge Detection for Image 

Watermarking,” Computer Net., Com., Elec., and Control J., vol. 8, no. 4, pp. 751–758, 2023, doi: 10.22219/kinetik.v8i4.1768. 

[13] E. A. Sofyan, C. A. Sari, E. H. Rachmawanto, and N. R. D. Cahyo, “High-Quality Evaluation for Invisible Watermarking Based 
on Discrete Cosine Transform (DCT) and Singular Value Decomposition (SVD),” Advance Sustainable Science, Engineering and 

Technology, vol. 6, no. 1, p. 0240101, Dec. 2023, doi: 10.26877/asset.v6i1.17186. 

[14] W. Qi, S. Guo, and W. Hu, “Generic Reversible Visible Watermarking via Regularized Graph Fourier Transform Coding,” in 
IEEE Transactions on Image Processing, vol. 31, pp. 691-705, 2022, doi: 10.1109/TIP.2021.3134466.  

[15] A. K. Sahu et al., “A Study on Content Tampering in Multimedia Watermarking,” SN Computer Science, vol. 4, no. 3, Feb. 2023, 

doi: 10.1007/s42979-022-01657-1. 
[16] S. M. Darwish and L. D. S. Al-Khafaji, “Dual Watermarking for Color Images: A New Image Copyright Protection Model based 

on the Fusion of Successive and Segmented Watermarking,” Multimedia Tools and Applications, vol. 79, no. 9–10, pp. 6503–

6530, Mar. 2020, doi: 10.1007/s11042-019-08290-w. 
[17] M. Begum and M. S. Uddin, “Towards the development of an effective image watermarking system,” Security and Privacy, vol. 

5, no. 2, p. e196, Mar. 2022, doi: 10.1002/spy2.196. 

[18] P. Aberna and L. Agilandeeswari, “Digital image and video watermarking: methodologies, attacks, applications, and future 
directions,” Multimedia Tools and Applications, vol. 83, no. 2, pp. 5531-5591, 2023, doi: 10.1007/s11042-023-15806-y. 

[19] J. Patel, D. Tailor, K. Panchal, S. Patel, R. Gupta, and M. Shah, “All phase discrete cosine biorthogonal transform versus discrete cosine 

transform in digital watermarking,” Multimedia Tools and Applications, vol. 83, no. 6, pp. 16121-16138, 2023, doi: 10.1007/s11042-
023-16106-1. 

[20] E. Farri and P. Ayubi, “A robust digital video watermarking based on CT-SVD domain and chaotic DNA sequences for copyright 

protection,” Journal of Ambient Intelligence and Humanized Computing, vol. 14, no. 10, pp. 13113–13137, 2023, doi: 
10.1007/s12652-022-03771-7. 

[21] P. Ayubi, M. J. Barani, M. Y. Valandar, B. Y. Irani, and R. S. M. Sadigh, “A new chaotic complex map for robust video 
watermarking,” Artificial Intelligence Review, vol. 54, no. 2, pp. 1237–1280, 2021, doi: 10.1007/s10462-020-09877-8. 

[22] S. Kamil, M. Sahu, K. R. Raghunandan, and A. K. Sahu, “Secure Reversible Data Hiding Using Block-Wise Histogram Shifting,” 

Electronics (Switzerland), vol. 12, no. 5, Mar. 2023, doi: 10.3390/electronics12051222. 
[23] A. A. Mohammmed, E. Elbasi, and O. M. Alsaydia, “An Adaptive Robust Semi-blind Watermarking in Transform Domain Using 

Canny Edge Detection Technique,” 2021 44th International Conference on Telecommunications and Signal Processing (TSP), 

Brno, Czech Republic, 2021, pp. 10-14, doi: 10.1109/TSP52935.2021.9522657. 

[24] A. Qureshi and D. M. Jiménez, “Blockchain-based multimedia content protection: Review and open challenges,” Applied 

Sciences (Switzerland), vol. 11, no. 1, pp. 1–24, Jan. 2021, doi: 10.3390/app11010001. 

[25] L. Agilandeeswari, M. Prabukumar, and F. A. Alenizi, “A robust semi-fragile watermarking system using Pseudo-Zernike 
moments and dual tree complex wavelet transform for social media content authentication,” Multimedia Tools and Applications, 

vol. 82, no. 28, pp. 43367-43419, 2023, doi: 10.1007/s11042-023-15177-4. 

[26] A. O. Mohammed, H. I. Hussein, R. J. Mstafa, and A. M. Abdulazeez, “A blind and robust color image watermarking scheme based 
on DCT and DWT domains,” Multimedia Tools and Applications, vol. 82, no. 21, pp. 32855-32881, 2023, doi: 10.1007/s11042-

023-14797-0. 

[27] E. Elbasi, “A non-blind Watermarking Technique using Flexible Scaling Factor in Wavelet Transform,” 2022 45th International 
Conference on Telecommunications and Signal Processing (TSP), Prague, Czech Republic, 2022, pp. 150-155, doi: 

10.1109/TSP55681.2022.9851257. 

[28] T. Khanam, P. K. Dhar, S. Kowsar, and J. M. Kim, “SVD-based image watermarking using the fast Walsh-Hadamard transform, key 
mapping, and coefficient ordering for ownership protection,” Symmetry (Basel), vol. 12, no. 1, Jan. 2020, doi: 10.3390/SYM12010052. 

[29] F. Yasmeen and M. S. Uddin, “An Efficient Watermarking Approach Based on LL and HH Edges of DWT–SVD,” SN Computer 

Science, vol. 2, no. 2, Apr. 2021, doi: 10.1007/s42979-021-00478-y. 
[30] M. H. Abd and O. W. Allawi, “Secured Mechanism Towards Integrity of Digital Images Using DWT, DCT, LSB and Watermarking 

Integrations,” Ibn AL-Haitham Journal For Pure and Applied Sciences, vol. 36, no. 2, pp. 454–468, 2023, doi: 10.30526/36.2.3088. 

[31] A. Zear and P. K. Singh, “Secure and robust color image dual watermarking based on LWT-DCT-SVD,” Multimedia Tools and 
Applications, vol. 81, no. 19, pp. 26721–26738, Aug. 2022, doi: 10.1007/s11042-020-10472-w. 

[32] A. Ray, “Optimal Neighborhood Kernel approach towards Incomplete Multi-View Clustering (OK-IMVC),” M.S. thesis, 

Electronics and Communication Sciences Unit (ECSU), Indian Statistical Institute, Kolkata, India, 2021. 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 13, No. 4, August 2024: 2537-2546 

2546 

[33] J. Wang et al., “A Novel Underwater Acoustic Signal Denoising Algorithm for Gaussian/Non-Gaussian Impulsive Noise,” in 

IEEE Transactions on Vehicular Technology, vol. 70, no. 1, pp. 429-445, Jan. 2021, doi: 10.1109/TVT.2020.3044994. 
[34] G. Ramesh, J. Logeshwaran, J. Gowri, and A. Mathew, “The management and reduction of digital noise in video image 

processing by using transmission based noise elimination scheme,” ICTACT Journal on Image & Video Processing, no. 13, p. 1, 

2022, doi: 10.21917/ijivp.2022.0398. 
[35] L. I. Mochurad, “Canny Edge Detection Analysis Based On Parallel Algorithm, Constructed Complexity Scale and Cuda,” 

Computing and Informatics, vol. 41, no. 4, pp. 957–980, doi: 10.31577/cai_2022_4_957. 

[36] M. Sulaman et al., “A Novel Approach for Medical Image Security Using the Radon Transform and AES-CBC Algorithm,” 
Preprint, 2023, doi: 10.21203/rs.3.rs-3175303/v1. 

[37] N. N. Khasmakhi, M. Asgari-Chenaghlu, N. Asghar, P. Schaer, and D. Zühlke, “ConvGenVisMo: Evaluation of Conversational 

Generative Vision Models,” arXiv, 2023, doi: 10.48550/arXiv.2305.17784. 
[38] C. Witharana et al., “Understanding the synergies of deep learning and data fusion of multispectral and panchromatic high 

resolution commercial satellite imagery for automated ice-wedge polygon detection,” ISPRS Journal of Photogrammetry and 

Remote Sensing, vol. 170, pp. 174-191, Dec. 2020, doi: 10.1016/j.isprsjprs.2020.10.010. 

  

 

BIOGRAPHIES OF AUTHORS  

 

 

Kusnawi     currently serves as Deputy Dean of the Faculty of Computer Science, 

Amikom University, Yogyakarta. He received a Bachelor’s degree in Computer Science from 

Amikom University Yogyakarta in 2003, Faculty of Computer Science. Received a Master in 

Information Technology at the Faculty of Electrical Engineering, Gadjah Mada University, 

Yogyakarta, in 2009. The research areas carried out include the fields of decision-making 

systems, information systems, data science, data warehouses, big data, and machine learning. 

He can be contacted at email: khusnawi@amikom.ac.id. 

  

 

Joang Ipmawati     is a lecturer from the Computer Engineering Study Program at 

Nahdlatul Ulama University Yogyakarta. He obtained a Bachelor’s degree from AMIKOM 

University Yogyakarta in 2008 and a Master’s in Informatics Engineering from AMIKOM 

University Yogyakarta in 2017. Interested in research in the fields of data science, big data, 

machine learning, and information systems. She can be contacted at email: joang@unu-

jogja.ac.id. 

  

 

Dwi Puji Prabowo     is a lecturer at the Faculty of Computer Science at Dian 

Nuswantoro University who focuses on the scientific field of Informatics Engineering. he 

obtained a Master’s Degree in Informatics Engineering in 2011 at Dian Nuswantoro 

University, Semarang. Currently, the field of research is in the field of image processing. He 

can be contacted at email: dwi.puji.prabowo@dsn.dinus.ac.id. 

 

https://orcid.org/0000-0002-2968-3744
https://scholar.google.com/citations?user=Ukt4TyYAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57202045654
https://www.webofscience.com/wos/author/record/ABE-4928-2021
https://orcid.org/0009-0002-5520-066X
https://scholar.google.co.id/citations?user=RwTrvDgAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57213687877
https://www.webofscience.com/wos/author/record/GPK-0726-2022
https://orcid.org/0009-0008-5368-5302
https://scholar.google.co.id/citations?hl=id&user=DnHKxq4AAAAJ

