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Abstract 

With the fast development of network, it becomes urgent to protect copyright and 

rightful ownership of an image, and digital watermark technology is a comprising 

solution to do that. However, the false positive problem exists in a number of 

watermarking schemes based on singular value decomposition (SVD). This paper offers a 

novel image watermark scheme to avoid the false positive problem, which combines with 

discrete cosine transform (DCT), discrete wavelet transform (DWT), and shuffled singular 

value decomposition (SSVD). In order to address the problem, the principal components 

obtained by SSVD are embedded into a constructed matrix composed of the direct current 

(DC) component which is extracted from the non-overlapping image block acquired by 

dividing the low frequency. The low frequency is obtained by applying DWT to the host 

image. Otherwise, the experiments concerning the imperceptibility and robustness are 

conducted in this paper. Compared with other reliable watermark methods, the obtained 

experimental results demonstrate that the proposed method has excellent imperceptibility 

and behaves satisfactory robustness in resisting the attacks such as Salt and Pepper noise, 

Gaussian noise, and image cropping, etc. 

 

Keywords: Digital Watermarking; Discrete Wavelet Transform (DWT); Discrete Cosine 

Transform (DCT); Shuffled Singular Value Decomposition (SSVD) 

 

1. Introduction 

Due to the rapid evolution of network technology, it becomes much easier for folks to 

get digital information and kinds of resources. The Internet is greatly convenient to 

exchange information between individuals, but meanwhile, it leads to a multitude of 

security problems at the aspect of copyright disputes. Facing these issues, the digital 

watermarking technique is a promising solution for copyright protection, which is a 

technology of embedding watermark with intellectual property rights into carriers [1] such 

as image, audio, and video. The two importance properties of robust watermarking 

methods are imperceptibility and robustness. The imperceptibility refers that the 

watermark embedded in the cover image is hard to be perceived by naked eyes. The 

robustness is defined as the ability against a host of innocent and malicious attacks such 

as signal processing operations and geometric attacks. 

Over the past several decades, a number of watermarking schemes have been proposed 

and implemented by many researchers since its release. An ocean of watermarking 

schemes is mainly divided into two types: (i) Spatial domain and (ii) Transform domain. It 

is worth mentioning that the least significant bit (LSB) [2] is one of the most 

representative methods in spatial domain, which embeds the watermark into the cover 

image by modifying the least significant bit. The transform domain includes discrete 

cosine transform (DCT) [3], discrete Fourier transform (DFT), and discrete wavelet 

transform (DWT), etc. In 2002, Liu and Tan [4] first proposed the singular value 

decomposition (SVD) based watermark scheme, which took full advantage of the stability 

of SVD. Owing to its stability, a sea of hybrid watermarking methods with regard to SVD 
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sprang up for a while, for example, a watermarking scheme based DCT-SVD [5], a 

watermarking algorithm based SVD-DWT [6], and a watermarking method based 

DWT-DCT-SVD [7, 8]. However, Zhang and Li [9] stated the critical defect of Liu and 

Tan’s scheme, which is also called as false positive problem. Besides that, an attack 

aiming at the watermarking scheme based on SVD was presented in [10]. If there is a 

question, there will be an answer. Jain et. al., [11] presented a reliable watermarking 

scheme based on SVD in which the major components were inserted into the cover image. 

It is based on the fact that the left and right singular matrices obtained by SVD can store 

most information of a watermark. The problem has also been solved in [12]. 

In this paper, we propose a novel watermarking scheme based DCT-DWT and shuffled 

singular value decomposition (SSVD) after summarizing the common point from the 

watermarking schemes solved the false positive problem. First of all, the host image is 

performed by one-level DWT using ‘Haar’ wavelet and the low frequency approximation 

sub-band LL1 is acquired. Meanwhile, the SSVD is performed on the watermark and the 

principal components are chosen as the embedding information, while the rest 

components are viewed as a part of keys. LL1 is divided into non-overlapping image 

blocks, and then a constructed matrix is composed of the direct current (DC) components 

derived from the image block DCT coefficients obtained by DCT on each image block. 

The principal components of watermark are embedded into the constructed matrix. The 

watermarked image is obtained after a series of inverse transformations. 

The remaining part of the paper is organized as follows. Section 2 gives the 

preliminaries, which includes the SVD transform, the basic SVD-based watermarking 

scheme, the weakness of the SVD-based watermark scheme, the SSVD and evaluation 

criterion of watermark scheme. The proposed watermark method is designed in Section 3, 

including the procedure of watermark embedding and watermark extraction. Experimental 

results on the proposed scheme are shown in Section 4. Conclusions and remarks on 

possible further work are given finally in Section 5. 

 

2. Preliminaries 

In this section, we review the SVD transform, the basic watermarking scheme based 

SVD [4] and point out the weakness of the method. Besides that, the SSVD is introduced 

briefly in this section. The evaluation criterion is given here, which includes normalized 

correlation (NC) and peak-signal-to-noise ratio (PSNR). 

 

2.1. Singular Value Decomposition 

SVD is an effective numerical analysis tool used in matrices analysis. In the SVD 

transform, a matrix 1A  with size of 1 1N N  can be resolved into three parts 

   T

1 1 1 1 1 2 1 2

0
, , , , , ,

0 0
N Nu u u v v v

 
   

 
A U S V ,                             (1) 

where the 1U
 and 1V

 are the 1 1N N
 unitary matrices. 1 2[ , , , ]Nu u u

 and 

1 2[ , , , ]Nv v v
 are the column vectors. 1S

 is an n n  diagonal matrix, where 

1 2( , , , )    rdiag
. The diagonal element 

i  denotes the ith singular value of 1A
. 

The SVD transformation can be performed on an image of any size. It should be noted 

that the two unitary matrices of an image, 1U
 and 1V

, specify the geometric information 

of an image, while the singular values 1S
 represent the luminance information of an 

image [11]. 
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2.2. SVD-based Watermarking Method 

In the section, we review briefly the SVD-based watermarking method in [4]. The 

process of watermark embedding is as follows. Firstly, the SVD is applied on the host 

image 2A , 

T

2 2 2 2A U S V .                                                          (2) 

Then, a watermark matrix 1W  is added into the singular value matrix 2S , and the 

new matrix 2 1S W  is decomposed into w1U , w1S , and w1V  by SVD transform, 

where   is the scaling factor that determines the embedding intensity of 1W , 

T

2 1 w1 w1 w1 S W U S V .                                                   (3) 

The watermarked image w1A  is obtained by 

T

w1 2 w1 2A U S V .                                                        (4) 

In the procedure of watermark extraction, the watermark 1


W  is extracted from the 

watermarked image w1A . The watermark extraction can be described as follows, 

T

1 1 w1 1

   A U S V ,                                                        (5) 

T

1 w1 w1 w1

 D U S V ,                                                        (6) 

1 1 2( ) /  W D S .                                                     (7) 

Note that the matrices w1U , 2S , and w1V  are the keys in the watermark extraction. 

The above is the whole SVD-based watermarking scheme. 

 

2.3. Weakness of SVD-based Watermarking Method 

An attack was proposed in [9], aiming at the SVD-based watermarking scheme [4] 

mentioned in Section 2.2, which was also called as the false positive problem. After 

performing SVD on an image, the matrices 2U  and 2V  represent the details and 

structure of the image, while the matrix 2S  specifies the luminance of the image stated 

previously in Section 2.1. In [9], the authors have pointed out that in Eq. (7), the extracted 

watermark 1


W  and 1

D  were different just in the diagonal values, which was up to the 

scaling factor  . Accordingly, the malicious image attackers can use the fake fU , fV  

matrices, which are from 
T

2 f f f f S W U S V , to create a fake matrix as 
T

f f w1 f

 D U S V  

in Eq. (6). As a result, the extracted watermark in Eq. (7) will be similar to the fake 

watermark rather than the original watermark. It is obvious to be seen that a line across 

the diagonals of the fake extracted watermark. 

Suppose the original cover image is available in [9], the attackers could use the same 

steps to embed the fake watermark in the original image and obtain the fake singular 

matrices fU  and fV . Then fU  and fV  are used to make a false positive watermark in 

the process of watermark detection. 

Figure 1 shows the results of false positive test, in which the fake extracted watermarks 

are extracted from the watermarked image Lena by using different fake watermarks 

(Cameraman and Baboon, etc.). By modifying the singular value of the original 

watermark, one can easily create their own watermark as shown in Figure 1 (e) ~ (h). 

From Figure 1, we can see that a serious false positive problem exists in the 

watermarking scheme [4] based on SVD. Furthermore, the problem exists in [5-8]. By 

comparing these schemes, it is not difficult to find such a fact that the key step of 
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embedding watermark is T

2 1 w1 w1 w1 S W U S V , and the matrices, w1U  and w1V , are 

deemed as a part of keys in the procedure of watermark extraction. w1U  and w1V  

represent the details and construction of the watermark stated previously. So it should be 

avoided embedding the watermark into the cover image by Equation (3). 

 

       
(a)                 (b)                  (c)                (d) 

       
(e)                 (f)                 (g)                 (h) 

Figure 1. False Positive Test: (a) Original Image Lena; (b) Original Watermark 
Image Boat; (c) Watermarked Image; (d) Extracted Watermark Using Its Own 

Keys; (e) Extracted Fake Watermark Cameraman; (f) Extracted Fake 
Watermark Baboon; (g) Extracted Fake Watermark House; and (h) Extracted 

Fake Watermark Peppers 

2.4. Shuffled Singular Value Decomposition 

SSVD was proposed in [13], which is a variation on SVD-based image compression, 

actually. The change can be regarded as a pretreatment step in which the input image is 

scrambled, after which it is performed to the standard SVD transformation. The 

modification comprise a pretreatment step, which is expressed as 
3

ˆ( )SX A , where Ŝ  

denotes the shuffled operator and X  is the permuted image. The size of the image 3A  

is 2 2N N  and 2

2 1N n , where 1n  is integer. 
3

ˆ( )SX A  is formed by two steps. In 

the first place 3A  is divided into 1 1n n  blocks. And then taking the thi  block in row 

major order and placing its image pixel values in row priority to constitute the thi  row 

of X . 

Figure 2 demonstrates that the reconstructed image generated by SSVD is better than 

the image reconstructed by SVD in visual quality under the same image rank condition. In 

Figure 2, there are a couple of concepts to explain. The SVD transform is applied on 

image matrix 3A , namely, T

3
  A U S V . A rank-r approximation to 3A  is the matrix 

T

r r r rA U S V , where rS  is the top-left r r  sub-matrix of S ; rU  is made up of the 

first r  columns of U ; and rV  consists of the first r  rows of TV . 
T

r r r r
  X U S V  

denotes the approximation image , which is similar to X . 

The PSNR value comparison between SSVD and SVD is shown in Figure 3. It can be 

seen that PSNR value increases as the growth of rank r, which signifies that the 

approximation image is more and more similar to the original image Barbara. In addition, 

it is obvious that the PSNR values of SSVD are better than that of SVD under the same 
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rank r , which means that the image 1ˆ ( )rS X  is a much better approximation for 3A . 

From Figure 2 and Figure 3, we can observe intuitively that the performance of 

reconstructed image by SSVD is better than that of reconstructed image by SVD. The 

advantages of SSVD in reconstructed image are the vision effect of approximation and 

PSNR values in Figure 2 and Figure 3, respectively. 

 

       
(a)                 (b)                 (c)                (d) 

       
(e)                  (f)                (g)                (h) 

     
(i)                  (j)                  (k) 

Figure 2. SVD and SSVD Applied on Image Barbara with Size of 256×256: (a) 
Original Image Barbara; (b) Approximation Image with SVD Rank-2; (c) 

Approximation Image with SSVD Rank-2; (d) Approximation Image with SVD 
Rank-5; (e) Approximation Image with SSVD Rank-5; (f) Approximation 

Image with SVD Rank-10; (g) Approximation Image with SSVD Rank-10; (h) 
Approximation Image with SVD Rank-20; (i) Approximation Image with SSVD 
Rank-20; (j) Approximation Image with SVD Rank-50; and (k) Approximation 

Image with SSVD Rank-50 
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Figure 3. PSNR Comparison between SVD and SSVD 

2.5. Evaluation Criterion 

The PSNR value between the original image I  with size of M N  and the 

watermarked image I  is defined as 

2

max
10

MSE

( )
PSNR 10 log (dB)

I

E
  ,                                            (8) 

21 1

MSE 0 0

1
( ( , ) ( , ))

N M

i j
E i j i j

MN

  

 
   I I ,                                   (9) 

where maxI  is the maximum possible pixel value of original image I , and for two 

images having 8 bits per pixel, maxI  is often chosen as 255, so it is in this paper. MSEE , 

which is the abbreviation of mean squared error between the original image I  and the 

watermarked image I , is defined by Eq. (9). Typical PSNR value ranges from 30 dB to 

50 dB. The higher PSNR value is, the harder to distinguish the difference between the 

original image and watermarked image by human naked eyes [14]. 

The NC between the original watermark and extracted watermark is obtained as 

2 2

( , ) ( , )
( , )

( , ) ( , )








 

   

i j

i j i j

i j i j
NC

i j i j

W W
W W

W W
,                          (10) 

where W  represents the original watermark and 
W  represents the extracted 

watermark. The NC is a positive value which is less than or equal to 1. A larger NC value 

means that the extracted watermark is more similar to the original watermark. 

 

3. Proposed Watermarking Scheme 

In the section, a novel watermarking method based on DWT-DCT and SSVD is 

proposed, which contains watermark embedding and watermark extraction. The details of 

the two processes are described in later sub-sections. 
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3.1. Watermark Embedding 

In the procedure of watermark embedding, there are several basic points concerning 

DWT and DCT. We will introduce them briefly. DWT is performed on an image, which is 

divided into four sub-bands, a low resolution approximation sub-band (LL), horizontal 

(HL), vertical (LH), and diagonal (HH) detail sub-bands. In [3], Huang et. al., presented 

that the better robustness can be realized if watermark is added in direct current (DC) 

components because DC components have much greater perceptual capacity than 

alternating current (AC) components. Accordingly, the DC components are chosen as the 

location of embedding watermark. Figure 4 shows a block diagram of watermark 

embedding. The detailed steps of embedding the watermark W  with size of 2 2N N  

into a M M  gray scale host image I  are shown below: 

Step 1: The SSVD is performed on W  by 

T

w w wW U S V .                                                         (11) 

Step 2: The principal components USW , which will be embedded into the cover image, 

are obtained by Eq. (12). The rest components T

wV  are viewed as a part of keys in 

watermark extraction, 

w wUSW U S .                                                         (12) 

Step 3: The host image is decomposed by one-level wavelet transformation with ‘Haar’ 

wavelet, and the sub-band 1LL  with size of / 2 / 2M M  is obtained. 

Step 4: The 1LL  is divided into m m  non-overlapping image blocks and the block 

size is chosen as 2/ 2m M N . Let ( , )i jB  denotes the position of an image block at 

( , )i j , where 2, 1,2, ,i j N . 

Step 5: Apply DCT on each image block ( , )i jB . A new matrix dB  is composed of 

DC components extracted from each block DCT coefficients, and dB  needs to be stored, 

which will be used to extract watermark information in watermark extraction. 

Step 6: The principal components of W  are embedded into dB , 

d d( , ) ( , ) ( , )i j i j i j   USB B W ,                                           (13) 

where d ( , )i jB  is the distorted DC component in image block ( , )i j  and   denotes 

the embedding strength. 

Step 7: Inverse DCT is performed on each image block ( , )i j  and the DC components 

are replaced by the corresponding values in d
B . After this step, the distorted LL  is 

obtained. 

Step 8: The watermarked image wI  is reconstructed by applying one-level inverse 

DWT. 
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Figure 4. Block Diagram of Watermark Embedding 

3.2. Watermark Extraction 

In this subsection, the watermark W  is extracted from the watermarked image w

I  

possibly corrupted by different attacks. Figure 5 shows the schematic diagram of the 

watermark extraction. Its detailed steps are as follows. 

Step 1: One-level ‘Haar’ DWT is applied on the watermarked image w

I , and the low 

frequency sub-band *

1LL  is acquired. 

Step 2: *

1LL  is divided into non-overlapping image blocks with size of m m , which 

are denoted as ( , ) i jB , where 2, 1,2, ,i j N . 

Step 3: DCT is performed on each block ( , ) i jB  and the DC component is extracted 

from each image block to organize the new matrix d

B . 

Step 4: The principal components are obtained by 

d d[ ( , ) ( , )] /i j i j   USW B B .                                            (14) 

Step 5: The extracted watermark 


W  is obtained as 
T

w

  USW W V .                                                         (15) 
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Figure 5. Block Diagram of Watermark Extraction 

4. Experimental Results and Performance Analysis 

In the section, the experiments with regard to the imperceptibility and robustness of the 

designed scheme and the false positive test are given. Otherwise, compared with other 

reliable watermark methods, the proposed scheme shows its advantages and 

disadvantages. All results are presented in the form of tables and figures, which can 

convey the effect intuitively. Besides that, the proposed scheme is called as proposed 

method 1, while the scheme is called as proposed method 2 due to the fact that SSVD is 

replaced by SVD. 

 

4.1. Imperceptibility and Robustness Test 

In the section, some experiments are done to evaluate the proposed scheme’s 

imperceptibility and robustness. The original cover image and the watermark image are 

gray scale images with size of 512×512 and 64×64, respectively. In the procedure of 

watermark embedding, the size of the image block is 4×4. The imperceptibility between 

original image and watermarked image is measured by PSNR, while the quality of 

extracted watermark is evaluated by NC mentioned previously. The PSNR value is used to 

measure the similarity between the original image and the watermarked image, while the 

NC value evaluates the similarity between extracted watermark and original watermark. 

In the experiment to test the imperceptivity, the watermark image is embedded into 

different host images in different scaling factors. The PSNR and NC values are recorded 

in Table 1 and Table 2. From the two tables, it is obvious that it is appropriate that the 

embedding intensity   is set as 0.10 to balance the imperceptibility and robustness. 

 



International Journal of Security and Its Applications  

Vol. 10, No. 10 (2016) 

 
 

200  Copyright ⓒ 2016 SERSC 

Table 1. PSNR Values of Watermarked Images under Different Embedding 
Intensities 

Embedding intensities 0.01 0.05 0.10 0.50 

Lena 59.66 45.67 39.75 26.85 

Baboon 59.66 45.67 39.75 26.37 

Boat 59.66 45.71 39.85 28.18 

Bridge 59.66 45.67 39.75 26.30 

Table 2. NC Values of Extracted Watermarks under Different Embedding 
Intensities 

Embedding intensities 0.01 0.05 0.10 0.50 

Lena 0.9600 0.9957 0.9984 0.9800 

Baboon 0.9600 0.9957 0.9984 0.9918 

Boat 0.9600 0.9954 0.9980 0.9660 

Bridge 0.9600 0.9956 0.9984 0.9944 

 

Figure 6 shows the results of watermark embedding and watermark extraction without 

any attacks, where   is chosen as 0.10. In order to test the robustness of the proposed 

method, various attacks are added to the watermarked image and extracted watermark is 

taken from the watermarked images under attacks. Figure 7 shows the watermarked 

images under attacks and Figure 8 shows the extracted watermark corresponding to the 

attacked watermarked images in Figure 7. 

From Table 1, with the increasing embedding strength, PSNR value is on the decline, 

which means that the imperceptibility of watermark is getting worse. From Figure 7 and 

Figure 8, we can see that the extracted watermarks are identifiable after the watermarked 

image corrupted by a number of attacks, such as Salt and Pepper noise, Gaussian noise, 

JPEG compression, different filtering methods like mean filter and median filter, image 

sharpening and image cropping, etc. 

 

       

(a)                 (b)                  (c)                 (d) 

Figure 6. Imperceptibility of the Watermark Scheme: (a) Host Image; (b) 
Original Watermark; (c) Watermarked Image; and (d) Extracted Watermark 
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(a)                 (b)                 (c)                 (d) 

       
(e)                 (f)                  (g)                 (h) 

       
(i)                 (j)                  (k)                 (l) 

Figure 7. Watermarked Images under Various Attacks: (a) Gaussian Noise (0, 
0.001); (b) Salt and Pepper Noise (0.01); (c) JPEG Compression (QF = 70); (d) 

JPEG Compression (QF = 50); (e) JPEG Compression (QF = 20); (f) Image 
Rescaling (512×512200×200512×512); (g) Median Filter (3×3); (h) Mean 
Filter (5×5); (i) Mean Filter (3×3); (j) Image Sharpening; (k) Image Cropping; 

and (l) Speckle Noise (0.01) 

      
(a)           (b)         (c)           (d)          (e)          (f) 

      
(g)           (h)         (i)           (j)           (k)          (l) 

Figure 8. Extracted Watermarks under Corresponding Attacks in Figure 7 

In Table 3, the embedding information is different. TSV
W  is defined as T

T

w w
SV

W S V  

and   is set as 0.10. Then the PSNR values are 39.75 dB and 39.68 dB corresponding to 

USW  and TSV
W , respectively. The NC values are included in Table 3, which are used to 

estimate the similarity between the extracted watermarks and original watermarks 

(different principal components). Based on the results on Table 3, the proposed scheme 

has strong ability to resist various attacks added into the watermarked images. Besides, 

the PSNR values of the watermark scheme are still within the acceptable limit, which 
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indicates that the watermark embedding in the image cannot be found by human vision 

system. 

Table 3. Test of Imperceptibility and Robustness of the Designed Scheme 

Embedding information 
US

W
 

TSV
W  

Embedding strength 0.10 0.10 

PSNR (dB) 39.75 39.68 

NC 

Gaussian noise (0, 0.001) 0.9592 0.9570 

Salt and Pepper noise (0.01) 0.8905 0.9025 

JPEG compression (QF = 70) 0.9934 0.9935 

JPEG compression (QF = 50) 0.9856 0.9867 

JPEG compression (QF = 20) 0.9193 0.9178 

Image rescaling 0.9769 0.9816 

Median filter (3×3) 0.9779 0.9811 

Median filter (5×5) 0.9052 0.9269 

Mean filter (3×3) 0.9468 0.9668 

Image sharpening 0.9862 0.4498 

Image cropping 0.9196 0.6036 

Speckle noise (0.01) 0.8988 0.9088 

 

4.2. False Positive Test 

In this experiment, an experiment concerning the false positive problem is conducted 

for the designed watermark scheme.   is set as 0.10, while its PSNR value is 39.75 dB 

and its NC value is 0.9984. We conducted a false positive test by replacing the key 
T

wV  

from the original watermark image with other images such as Cameraman and Peppers. 

Figure 9 (a) and (b) show the host image and the watermark, respectively, while (c) is the 

extracted watermark. Figure 9 (d)~(h) are obtained by changing the key T

wV  taken from 

Cameraman and Peppers, etc. Besides that, the other steps are same exactly. From the 

results in Figure 9, they indicate that the proposed scheme can avoid the false positive 

problem mentioned in [8]. 

 

4.3. Comparison with Other Reliable Watermark Schemes 

In this section, this experiment is conducted to compare the performance of the 

proposed method with other reliable watermark methods [11, 12]. The scheme mentioned 

in [11] embedded the principal components USW  of the watermark into the singular 

value matrix of the original image by using an appropriate embedding strength. In the 

procedure of watermark extraction, the original host image I  and the inverse matrices 

(
1U  and T 1( )V ) are necessary to extract the watermark from the watermarked image 

possibly corrupted by various attacks, which also increase storage requirement and 

computational burden. In [12], the original image I  is not needed in the watermarking 

scheme and avoids the operation of matrix inversion. The difference between the 

proposed scheme and [12] is that the new constructed matrix to embed the principal 

components is composed of DC component of each image block, while the new 

constructed matrix inserted the principal components is organized by the largest singular 

value of each image block. The comparison results are shown in Table 4, in which the 

PSNR and NC values are listed. It is obvious that the proposed method and the other two 

methods have their own advantages and disadvantages. The imperceptibility of the 

proposed scheme is better than the other two schemes under the same embedding strength. 

The proposed watermark scheme is robust to resist the attacks mentioned in Table 4. The 
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proposed method 1 is that the watermark is applied by SSVD, while SVD is performed on 

the watermark in the proposed method 2. 

 

       
(a)                 (b)                (c)                (d) 

       
(e)                  (f)                 (g)               (h) 

Figure 9. Results of the False Positive Problem: (a) Original Image Lena; (b) 
Original Watermark; (c) Extracted Watermark Using Its Own Keys; (d) 

Extracted Watermark Using Cameraman; (e) Extracted Watermark Using 
Baboon; (f) Extracted Watermark Using Boat; (g) Extracted Watermark Using 

Bridge; and (h) Extracted Watermark Using Peppers 

Table 4. Comparison with Other Reliable Watermark Schemes 

Methods 
Jain et. 

al., [11] 

Guo and 

Prasetyo 

[12] 

Proposed 

method 1 

Proposed 

method 2 

Embedding strength 0.10 0.10 0.10 0.10 

PSNR (dB) 20.98 39.70 39.75 39.69 

NC 

Gaussian noise (0, 0.001) 0.9695 0.9614 0.9595 0.9595 

Salt and Pepper noise 

(0.01) 
0.9157 0.8882 0.8877 0.8858 

JPEG compression 

(QF = 70) 
0.9960 0.9940 0.9934 0.9941 

JPEG compression 

(QF = 50) 
0.9877 0.9862 0.9856 0.9866 

JPEG compression 

(QF = 20) 
0.9550 0.9229 0.9193 0.9235 

Image rescaling 0.6589 0.9676 0.9769 0.9805 

Median filter (3×3) 0.7083 0.9729 0.9779 0.9821 

Median filter (5×5) 0.5799 0.8897 0.9052 0.9224 

Mean filter (3×3) 0.7086 0.9439 0.9468 0.9555 

Image sharpening 0.9781 0.9741 0.9786 0.9763 

Image cropping 0.8236 0.9205 0.9196 0.9255 

Speckle noise (0.01) 0.9196 0.9027 0.9012 0.9038 

 

5. Conclusions 

A novel watermark scheme based DWT-DCT and SSVD is proposed in this paper. A 

novelty of the proposed scheme is that the principal components are chosen to embed into 
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the constructed matrix composed of DC component of DCT coefficients in each image 

block, instead of the whole watermark, while the rest components of the watermark are 

viewed as a part of keys needed in the process of watermark extraction. The watermark 

scheme avoids the false positive problem occurred in other watermark schemes based on 

SVD. Otherwise, it shows excellent robustness in resisting attacks such Gaussian noise, 

Salt and Pepper noise, image cropping, and median filter, etc. The proposed scheme can 

be extended to the video, audio, color image or other works. However, there are a few 

disadvantages in this proposed scheme, which is the poor performance in resisting some 

attacks like rotation, affine transformation, translation, and image-enhancement, etc. One 

of the orientations of the improved watermark scheme is to be robust to the attacks stated 

above. 
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