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Abstract— This paper presents secure transmission for 

digital watermarking using four level stationary or 

redundant wavelet transform (SWT/RWT) and singular 

value decomposition (SVD). In the embedding process. For 

copyright protection and image quality, we used 4-SWT-

SVD for digital watermarking. In our method, SWT is 

applied to decompose the cover image and produce the low 

and high frequency coefficients to take benefits of “power 

compaction” goods. SVD is additionally performed to 

acquire the singular values and improve the strength of the 

algorithm. The experimental outcomes give good results up-

to 49% as compared to previous results. Several results 

show that the presented method is able to withstand under 

various attacks. In this study, we determined the 

performance of this algorithm on the basis of Peak Signal 

Noise Ratio (PSNR) and Normalized Correlation (NC) value 

of various watermarked images. 
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I. INTRODUCTION 

Digital watermarking is a process in which watermark is 

embedded for protection which can later extract for various 

purposes including authentication and origination purposes. 

After embedding the watermark, there should be no 

degradation to the original data. These watermarks should 

not be removable by any unauthorized access and must be 

robust against all intended and unintended attacks. There are 

various types of watermarking techniques. Langelaar, et al., 

(2000) proposed an overview on different watermarking 

techniques.[1] 

A standout amongst the most widely recognized 

strategies utilized for watermarking is DWT, however one 

of the fundamental downsides of this strategy is that due to 

the down-sampling of its groups, it doesn't give shift 

invariance. This reasons a noteworthy change in the wavelet 

coefficients of the picture even for minor movements in the 

info picture. The shift variance of DWT reasons incorrect 

extraction of the cover and watermark picture [2], since in 

watermarking, we have to know the careful areas of where 

the watermark data is inserted, to conquer this issue, 

scientists have proposed utilizing Redundant Discrete 

Wavelet Transform.[3] 

In this calculation, the creators subsequent to 

applying SVD to the cover picture alter these coefficients by 

including the watermark. They apply SVD change again on 

the resultant grid for discovering the adjusted singular 

qualities. These singular qualities were joined with the 

known segment to get the watermarked picture. In another 

comparative work, Chandra et al. [4], embed singular 

estimations of the watermark in the singular estimations of 

whole host picture. The most vital causes of SVD-based 

calculations is quality corruption of the watermarked 

picture. Moreover, the removed watermark is not 

sufficiently powerful against regular attacks in SVD based 

calculations. Subsequently scientists, for the most part join 

SVD with different calculations, for example, SWT. 

II. RELATED WORK 

Chih-Chin Lai and Cheng-Chih Tsai [5] proposed a picture 

watermarking strategy to fulfill both impalpability and 

robustness necessities. To accomplish this target, they 

proposed a hybrid picture watermarking plan taking into 

account discrete wavelet change (DWT) and solitary quality 

disintegration (SVD). In this approach, the watermark is not 

installed specifically on the wavelet coefficients yet rather 

than on the components of singular estimations of the spread 

picture's DWT sub-groups. 

Thongkor et al., [6] proposed image watermarking 

using enhanced DWT coefficients for social networking 

services. The decomposition is done  on original host image 

blue component by applying DWT to generate coefficients 

in LL sub-band and some of them are utilized to convey 

watermark signal. 

Tabassum T and Islam [7] proposed a digital image 

watermarking technique based on identical frame extraction 

in 3- Level DWT. Here the original image is divided into 

image shots. Then select single identical frame for 

watermark embedding  from each image shot. Each chose 

indistinguishable casing is deteriorated into 3-Level DWT , 

and after that for inserting watermark select higher sub-

band. 

Satendrakumar et .al [8] In this paper, a hybrid 

picture watermarking method in light of DWT and SVD has 

been exhibited, where the watermark is implanted on the on 

the singular values of the cover image’s three level DWT 

LH3, HL3 subbands. The Experimental consequences of the 

proposed procedure have indicated both the critical change 

in detectable quality and the heartiness under conceivable 

assaults. Further work of incorporating the execution 

measured against JPEG pressure, histogram leveling (HE), 

Rotation, Scaling, complexity change (CA), editing, and 

gamma redress (GC) against different assaults our 

methodology is in advancement. 

Anand Bora et al., [9] present the focused 

examination of Digital Image watermarking strategies. They 

have demonstrated that change areas are better contender for 

the advanced watermarking than spatial system since 

previous has great vigor and visual effect. 

Deb et al., [10] proposed a joined DWT and 

discrete cosine change based digital picture watermarking 

method for copyright assurance. Here watermarking bits are 

inserted in the low recurrence band of each DWT piece of 

chose discrete wavelet change sub-band. 
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III. PROPOSED METHODOLOGY 

We presented a secure transmission for digital watermarking 

using four-level SWT and SVD. In this algorithm, we insert 

watermark image into cover image in low frequency band of 

image by modifying the singular parameters and produce a 

secure watermarked image under several attacks like salt 

and pepper noise, Gaussian noise and Speckle noise. Let the 

size of the cover image grayimage is MXN and size of the 

watermark image grayImage is NXN. 

A. Proposed Algorithm: 

1) Embedding Process; 

Input: Cover Image and Watermark Image 

Output: Watermarked Image 

 Select a gray image as a cover image and Watermark 

image. 

 Perform 4-SWT on the cover image and watermark 

image to decompose it into four non-overlapping multi-

resolution coefficient sets: h_LL3, h_LH3, h_HL3, 

h_HH3 and w_LL3, w_LH3, w_HL3, w_HH3 

 Apply SVD on three levels preceded by stationary 

wavelet transform on both the images. 

 Perform SVD on the h_LL3 coefficient of the cover 

image. 
[Ui , Si, Vi] = svd(h_LL3)                                       (1) 

Where Ui,Vi are orthogonal matrices of an image and Si is 

singular matrix and i indicate  a level of SVD 

 Perform SVD on the w_LL3 coefficient of the 

watermark image. 

 
 Modify the singular value of Si by embedding the 

singular value of  watermark image such that 

 
Where 𝑆m is modified singular matrix of Si and alpha 

denotes the scaling factor, is used to have power over the 

power of watermark signal 

 Embed singular matrices with orthogonal matrices 

for final watermark image as W with below formula: 

W=Ui*Sm*Vi'                                                    (4) 

 Perform the four level inverse SWT (ISWT) on the 

SWT transformed image, to obtain the watermarked 

original image on four coefficients: 

newhost_LL,h_LH3,h_HL3,h_HH3 

B. Extraction Process; 

Input: Watermarked Image 

Output: Extracted Watermark Image 

 Apply four level SWT transform to decompose the 

watermarked image W into four overlapping sub-bands 

(wm_LL3,wm_LH3,wm_HL3,wm_HH3). 

 Apply SVD to wm_LL3 sub band i.e., 
[Um , Sm, Vm] = svd(wm_LL3)                               (5) 

 Modify the singular value of Si by extracting the 

singular value of  watermarked image such that 

 Sj = (Sm −Si )/alpha                                               (6) 

 Extract singular matrices with orthogonal matrices for 

final extracted watermark image as W with below 

formula: 

W=Um*Sj*Vm'                                                     (7) 

 Apply noise attack (salt n pepper noise, gaussian noise 

and speckle noise) and median filtering attack on 

watermarked image 

 Calculate Peak Signal Noise Ratio (PSNR) and Mean 

Square Error (MSE) value of watermarked and cover 

image. 

MSE(x) =
1

N
||x − x^||2 =

1

N
∑ (x − x^)²N

i=1             (8) 

              Where x is cover image, x^ is watermarked image, 

N is the size of cover image 

PSNR(x) =
10 X log ((double(m).^2))

MSE(x)
                                    (9) 

Where m is the maximum value of the cover image 

 Calculate normalized cross-correlation between cover 

image and watermarked image. 

NC=
sum(sum(O_imgX w_img))

sum(sum(O_img X w_img))
                                            (10) 

Where NC is normalized cross-correlation, O_img is cover 

image and w_img is a watermarked image. 

 
Fig. 1: Flow Chart of Embedding Algorithm 

In Fig1, initialize the value of k is zero, level of 

decomposition is N, then perform four level SWT on both 

cover image and watermark image to get low frequency and 

high frequency band coefficients. After that, take the low 

frequency band for SVD. Finally, apply inverse SWT to 

produce a watermarked image after embedding process. 

 

Start 

K=0;Input Image I;N=level of 

decomposition 

Is 

K>N 
Stop 

Perform 4-SWT on I to get 

LL,LH,HH and HL band 

Perform SVD on LL band of 

image I by scaling factor alpha 

in equation 3 

Reconstruct Image using 4D-

ISWT to get watermarked image 

K=K+1 
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Fig. 2: Flow Chart of Extraction Algorithm 

In Fig2, apply attacks on watermarked image, 

initialize the value of l is zero, level of decomposition is N, 

then perform four level SWT on watermarked image to get 

low frequency and high frequency band coefficients. After 

that, take the low frequency band for SVD. Finally, apply 

inverse SWT to produce an extracted watermark image after 

the extraction process. 

IV. RESULT ANALYSIS 

A. Experimental Dataset: 

 
Fig. 3: Show Experimental Dataset For Gray Image 

B. Read Cover Image and Watermark Image: 

 
Fig. 4: (a) Show Cover Image (b) Show Watermark Image 

C. Embedded Image: 

 
Fig. 5: Show Watermarked Image 

D. Apply Salt N Pepper Noise and Median Filtering 

Attack: 

 

Fig. 6: (c) SNP Noise with 0.01 Variance (d) Median 

Filtering with 3*3 window (e) Show Extracted Watermark 

Image 

E. Apply Gaussian Noise Attack with 0.001 Variance: 

 
Fig. 7: (f) Gaussian Noise with 0.01 Variance (g) Recovered 

Cover Image (h) Show Extracted Watermark Image 

F. Apply Speckle Noise Attack: 

 
Fig. 8: (i) Speckle  Noise (j) Recovered Cover Image  (k) 

Show Extracted Watermark Image 

Image 
Base 

PSNR 

Proposed 

PSNR 

Base, 

NC 

Proposed 

NC 

Lena 22.7177 43.8432 0.7120 0.9620 

Lifting 

Body 
27.8020 45.7141 0.9666 0.9740 

Peppers 24.6148 44.6559 0.8524 0.9706 

House 23.6310 43.6561 0.7841 0.9593 

Barbara 20.4637 40.6475 0.8822 0.9982 

Table 1: PSNR and NC Comparison Between Base and 

Proposed System for SNP Noise Attack 

 

Start 

l=0;Watermarked Image 

W;N=level of decomposition 

Is 

l>N 
Stop 

Perform 4-SWT on W to get 

LL,LH,HH and HL band 

Perform SVD on LL band of 

image W by scaling factor alpha 

in equation 6 

Reconstruct Image using 4D-

ISWT to get extracted 

watermark image 

l=l+1 

Apply attacks on watermarked 

image 
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Imag

e 

Base 

PSNR 

Proposed 

PSNR 

Base 

NC 

Proposed 

NC 

Lena 22.1528 39.3061 0.7139 0.9635 

Lifting 

Body 
26.9057 40.4372 0.9681 0.9750 

Peppers 23.9136 39.8854 0.8550 0.9723 

House 23.1016 39.2240 0.7827 0.9603 

Barbara 20.3441 37.3358 0.8777 0.9991 

Table 2: PSNR and NC Comparison Between Base and 

Proposed System for Gaussian Noise Attack 

Image 
Base 

PSNR 

Proposed 

PSNR 

Base 

NC 

Proposed 

NC 

Lena 22.0171 37.8760 0.7062 0.9621 

Lifting 

Body 
26.0968 38.7264 0.9610 0.9733 

Peppers 23.4020 38.2750 0.8460 0.9707 

House 23.2216 37.7974 0.7735 0.9590 

Barbara 20.4829 35.9586 0.8562 0.9937 

Table 3: PSNR and NC Comparison Between Base and 

Proposed System for Speckle Noise Attack 

Ima

ge 

Base 

PSNR 

Proposed 

PSNR 

Base 

NC 

Proposed 

NC 

Lena 22.8994 46.3001 0.7111 0.9634 

Lifting 

Body 
27.9392 48.8306 0.9698 0.9754 

Peppers 24.8572 47.5151 0.8528 0.9724 

House 23.7758 46.1316 0.7846 0.9603 

Barbara 20.5370 42.3524 0.8842 1.0004 

Table 4: PSNR and NC Comparison Between Base and 

Proposed System for Extraction 

 
Fig. 9: Graph1. PSNR Comparison between Base and Our 

Method for SNP Noise 

The proposal is that the PSNR higher, with better noisy 

image has been   reconstructed to cover image match and the 

higher reconstructive algorithm. We wish to decrease the 

Mean Square Error (MSE) between images with respect the 

highest signal value of the image in Table1. We increase the 

NC value as compared to previous methods. 

In Graph1, it shows that the difference between base and 

proposed method in terms of PSNR value. PSNR shows the 

quality of images 

 
Fig. 10: Graph2. PSNR Comparison between Base and Our 

Method For Gaussian Noise 

 
Fig. 11: Graph3. PSNR Comparison between Base and Our 

Method for Speckle Noise 

 
Fig. 12: Graph4. PSNR Comparison between Base and Our 

Method for Extracting 

V. CONCLUSION 

This paper presents secure transmission for digital 

watermarking using four level stationary or redundant 

wavelet transform (SWT/RWT) and singular value 

decomposition (SVD) and the algorithm are required for the 

security of content. From the observation, we can say that 

proposed estimation exhibits its proficiency against attacks. 

The trial results, evaluate the eventual outcome of the 

existing technique and proposed technique considering the 

parameters of PSNR and Normalized Correlation. From the 

results we can say that the proposed technique works better 

than the previous techniques. The PSNR is 48.8306 after the 

attacks. NC is close to 0.9754 which shows the robustness to 

the attacks. The performance analysis validates that the 

presented watermarking method has good imperceptibility 
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too. The comparison outcomes with DWT-SVD based 

algorithm. It shows that the superiority of our method. 
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