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Abstract— Digital image watermarking (DIW) is one of the 

ways that is resilient to various attacks on the image based 

digital media where data authentication is done with the aid 

of embedding a watermark in picture traits.  This work 

incorporates a new approach for DIW using 3level lifting 

wavelet transform (3LWT)-Walsh Hadamard transform 

(WHT)-Singular Value Decomposition (SVD) in YCbCr 

color gap. Extensive experiments exhibit that the proposed 

watermarking algorithm has a good imperceptibility and high 

robustness to quite a lot of long-established image processing 

attacks, similar to motion blurring, and usual attack. To 

evaluate the effectivity of the algorithm and the fine of the 

extracted watermark image (WI), we used commonly 

recognized photo pleasant operate measurements, 

comparable to Peak signal-to-noise ratio (PSNR), executing 

time for embedding and root mean square error (RMSE). 

Effect point out the acceptable invisibility of the removed WI 

(PSNR = 64.4765 dB), as good as quality watermark 

extraction (PSNR = 23.4101).   
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I. INTRODUCTION 

Today the biggest problem faced by the world is privacy and 

security. The authentication of information becomes a 

primary requirement [1]. In Digital watermarking (DW) the 

data could be multimedia as Images, video, audio, etc. 

Watermarking technique protects your data from illegitimate 

manipulation; in short, it’s a way which provides security of 

information from manipulation of original data. The 

information which is covered in digital signal is known as 

host signal [2]. 

Why we use LWT over Discrete Wavelet Transform (DWT)? 

      Wavelet transform is a time domain localized 

analysis method.  It decomposes the image into different 

spatial do- main and independent frequencies. When the 

picture is DWT transformed, it's decomposed into 4 districts 

particularly LL which is a low frequency district and 3 high 

frequency districts specifically LH(level detail), HL(Upright 

detail) and HH(Diagonal detail). Fig. 1 explain the one level 

DWT decomposition process. One drawback of DWT is that 

using bigger DWT basis features or wavelet filters produces 

blurring and likewise ringing noise near edges in pictures. 

This disadvantage of DWT is overcome in LWT. Other 

advantages of LWT are that it significantly reduces the 

computation time and speed up the computation process. 

Fast Fourier Transform (FFT): 

The FFT is utilized on spatial domain image to 

acquire FFT coefficients. The FFT computation is rapid in 

comparison with DFT, on account that the number of 

multiplications compulsory to calculate N-factor DFT are less 

i.e., Handiest (N/2) [log2N] in FFT as in opposition to N2 in 

DFT. The features of DWT are obtained from approximation 

band only. The points of FFT are computed using the 

magnitude values.[3]. 

YCbCr color space: 

YCbCr represents color area as brightness and color 

change signals whilst RGB represents color as red, green and 

blue add-ons. In YCbCr, Y is luminance, Cb is the difference 

of blue component and luminance (B−Y) and Cr is the 

difference of red component and luminance (R − Y) Cb or Cr 

are identified as chrominance apparatus. 

Singular Value Decomposition (SVD): 

SVD is factorization of an actual or elaborate matrix 

into 3 matrices. Keep in mind an m×n real or intricate matrix 

M.  Then its SVD is will get as follows, M = USV T (four) 

here U is an m × m actual or tricky unitary matrix, S is an 

m×n rectangular diagonal matrix with non–poor exact 

Numbers on the diagonal, V is an n×n actual or intricate 

unitary matrix. The diagonal entries of S are the SVs of M 

inside the lowering order. The major advantage of using SVD 

is that when the singular matrix is used to implant the 

watermark, lesser number of values of host image is altered. 

Hence, when a very small disturbance occurs in the image, 

the variation in SVs can be neglected.[4]. 

II. LITERATURE SURVEY 

1) This paper offers the comparative examine of DW 

technology based totally on DWT and SVD on numerous 

coloration areas. The equal technique is implemented to 

various color areas like RGB, YUV, and YCbCr within 

the case of a color picture. The value of WI is measured 

making use of PSNR and the nice of extracted watermark 

is measured using Pearson’s correlation coefficient. 

2) This paper affords a blind dual watermarking mechanism 

for digital shade pictures wherein invisible sturdy 

watermarks are embedded for copyright safety and 

Fragile watermarks (FW) are implemented for 

verification picture. For the purpose of copyright 

protection, the primary watermark is embedded by using 

the DWT in YCbCr color house, and it can be extracted 

blindly without entry to the host image.    

3) In DW, a watermark is embedded into a CI in this sort of 

manner that the resulting watermarked signal is strong to 

unique distortions induced by means of either usual 

knowledge processing in a great surroundings or 

malicious attacks in an unfriendly environment. 

4) In this paper, we have now proposed a brand new 

algorithm for the watermarking of digital pictures 

making use of cascading of 2 transforms i.e. DCT and 

LWT. Proposed algorithm takes the approximation 

components of the LWT develop into of CI after which 

applies DCT to embed watermark data. Watermarked 

information is embedded in core frequency aspect 

utilizing evaluation situated correlation manner. 
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5) The paper grants a novel semi-blind watermarking 

scheme for image copyright security, which is developed 

within the LWT and is centered on SVD. Now we have 

now been used fractal decoding to create a very compact 

illustration of WI. Inside the watermark extraction part, 

the implanted codes are extracting from the WI. 

III. PROPOSED WORK 

We presented a new method for DW using three-level LWT-

Walsh transform and SVD. On this algorithm, we insert WI 

into CI in low frequency band of picture via editing the 

singular parameters and produce a relaxed WI under several 

attacks like motion blur, and average attack. Let the 

dimensions of the CI is MXM and dimension of the WI gray 

picture is NXN. After that, RGB image is changed into 

YCbCr format where Y is luminance model, Cb is 

chrominance od blue and Cr is chrominance of red. Then, 

apply LWT-WHT-SVD on each component. Firstly, take Y 

channel, perform first level LWT to generate four sub-bands 

namely- LL (Low-low), LH(Low-High), HL(High Low) and 

HH(High High). For Second level of LWT, select LH band to 

re-generate sub-bands. Finally, perform third level of LWT, 

select again LH band for robustness and security. After that, 

select HL band for further process. The Hadamard transform 

consists of orthogonal Walsh functions. Each row (or 

column) of the Hadamard matrix is a Walsh function defined 

in the interval (-1/2, 1/2). The elements of a Hadamard matrix 

take the values of +1 or -1. In WHT, select HL band of 3-

LWT and generate hadamard matrix. Apply SVD on WHT 

coefficients which is obtained three matrix namely two 

orthogonal matrix U, V and one singular matrix S. 

Proposed Algorithm 

Embedding Algorithm  

Input: Cover Image (CI) and Watermark Image (WI) 

Output: Watermarked Image 

1) Read CI ‘P’ and watermark image ‘WI’ with NXN size. 

2) The cover image and watermark image is converted into 

YCbCr color space from RGB color space and one of the 

channel is chosen for embedding. 

3) Perform 1-LWT on the Y channel of P and WI to split 

into four groups. 

4) Perform 2-LWT on the LH band of P and WI to split into 

four groups. 

5) Perform 3-LWT on the LH band of P and WI to split into 

four groups. 

6) Apply WHT on HL band of cover and watermark image. 

for x,m = 0,1,2,........,M-1, and y,n = 0,1,2,... ...... N-1.For 

MxM square images the above transform pair is reduced 

to 

𝐻(𝑚, 𝑛) =
1

𝑀
∑ ∑ 𝐻𝐿(𝑥, 𝑦)𝑁−1

𝑦=0
𝑀−1
𝑥=0 (−1)∑ [𝑏𝑖 (𝑥)𝑏𝑖 (𝑚)+𝑏𝑖 (𝑦)𝑏𝑖 (𝑛)]𝑢−1

𝑖=0                             

(1)                        

𝑏𝑧 (𝑘) is the kth bit in the binary representation of z, 

𝐻𝐿(𝑥, 𝑦) is the HL band of cover and watermark image 

in rows and columns. For (m,n) = 0,1,2,. . . . . . . . . . . .N-

1,n is order of sequence 

7) Perform SVD on the WHT coefficient of the P and WI 

image. 

[𝑈𝑗 , 𝑆𝑗 , 𝑉𝑗] = 𝑠𝑣𝑑(X(k) )                                      (2) 

 

8) Change the singular value (SV) of Si by embedding the 

SV of  WI such that  

  Se = Si +  alpha ∗ Sj         (3) 

Where WI is customized matrix of Siand alpha denotes 

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

Sj power of watermark.  

9) Embed singular matrices with orthogonal matrices for 

last WI as W with below formula: 

𝑊 = 𝑈𝑖 ∗ 𝑆𝑒 ∗ 𝑉𝑖′                (4) 

10) Apply 2D-IWHT to recreate the matrix. 

𝐻𝐿(𝑥, 𝑦) =
1

𝑀
∑ ∑ 𝐻(𝑚, 𝑛)𝑁−1

𝑦=0
𝑀−1
𝑥=0 (−1)∑ [𝑏𝑖 (𝑥)𝑏𝑖 (𝑚)+𝑏𝑖 (𝑦)𝑏𝑖 (𝑛)]𝑢−1

𝑖=0   

(5)                  

11) Perform the three level inverse LWT (ILWT) on the 

LWT transformed image, to obtain the WI on four 

coefficients. 

Input: Watermarked Image  

Output: Attacked Image 

12) Apply Motion Blur (MB) and Average attack (AA) on 

watermarked image for security and robustness. 

 

Fig. 1: Flow diagram of Embedding System 

Extraction Algorithm 

Input: Watermarked Image 

Output: Extracted Watermark Image 

13) Apply three levels LWT transform to decompose the WI 

W into four overlapping sub-bands. 

Start 

K=0; Cover Image P; Watermark Image 

WI; N=level of decomposition 

Is 

K>N 
Stop 

Perform 3-LWT on I to get 

LL,LH,HH and HL band and 

select LH band to decompose the 

image 

Perform SVD on WHT 

coefficient of image I and WI by 

scaling factor alpha  

Reconstruct Image using 3L-

ILWT to get watermarked image 

K=K+1 

Perform WHT on HL band of 

image P and WI 

Perform IWHT on HL band 
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14) Apply WHT to HL sub band using equation (1).                                                                                                                    

15) Apply SVD to Xm sub band i.e., 
[𝑈𝑚 , 𝑆𝑚 , 𝑉𝑚] = 𝑠𝑣𝑑(Xm)                    (6) 

16) Modify the singular value of Si by extracting the SV of  

WI such that  

  Sj = (Sm−Si )/alpha                           (7) 

17) Extract singular matrices with orthogonal matrices for 

final extracted WI and CI W with below formula: 

𝑊 = 𝑈𝑚 ∗ 𝑆𝑗 ∗ 𝑉𝑚′                                        (8) 

18) Apply 2D-IWHT to reconstruct the matrix in equation 

(5). 

19) Perform the three level inverse LWT (ILWT) on the 

LWT transformed image, to obtain the extracted 

watermark and CI on four coefficients. 

20) Calculate PSNR and RMSE value of watermarked and 

CI. 

𝑅𝑀𝑆𝐸(𝑥) = √
1

𝑁
||𝑥 − 𝑥^||2 =

1

𝑁
∑ (𝑥 − 𝑥^)²𝑁

𝑖=1       (9) 

Where x is CI, x^ is WI, N is the size of the CI 

𝑃𝑆𝑁𝑅(𝑥) =
10 𝑋 log ((255))

𝑅𝑀𝑆𝐸(𝑥)
                                (10) 

Where m is the maximum value of the CI 

 
Fig. 2: Flow daigram of Extraction System 

IV. RESULT ANALYSIS  

In this paper, several color images and gray images of size 

512 X 512 are used as the CI and WI. The experimental result 

performed on ten images namely Airplane, House, Tulips, 

Pepper, Lena, Cameraman, Baboon, Lifting Body, Bridge 

and Boat. It's presented on MATLAB platform making use of 

image Processing Toolbox.  In this research, two presentation 

parameters have been used to demonstrate the performance 

of the proposed method. The two parameters are- PSNR and 

RMSE. 

 
Fig. 3: Experimental Dataset 

 
Fig. 4: Watermarking Process 

 
Fig. 5: Attack Process 

 
Fig. 6: Extraction Process 

 

Tick 

Label 

Cover 

Image 

Watermark 

Image 

Ref[5] 

PSNR 

Proposed 

PSNR 

A Airplane House 52.1186 57.5769 

B Tulips Pepper 52.1670 55.9715 

C Pepper Airplane 52.1812 64.4765 

D Lena Cameraman 52.0408 60.1313 

E Baboon Liftingbody 52.1232 49.9436 

F Bridge Boat 52.2080 50.7842 

Table 1: Psnr comparison between ref[5] and proposed for 

watermarking. 
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Tick 

Label 

Watermarked 

Image 

Ref 

Embedding 

Time 

Proposed 

Embedding 

Time 

A Airplane 0.8413 0.3089 

B Tulips 0.7334 0.3984 

C Pepper 0.6598 0.4528 

D Lena 0.5987 0.2603 

E Baboon 0.6806 0.2609 

F Bridge 0.6450 0.2801 

Table 2: time comparison between ref[5] and 

proposed for extraction. 

Table II shows the comparison between Ref and 

proposed scheme using Embedding Time. It describes the 

time of adding two images using proposed algorithm. 

Tick 

Label 

Cover 

Image 

Watermark 

Image 

Attacks 

Blur Avg 

A Airplane House 45.50 11.33 

B Tulips Pepper 60.20 24.68 

C Pepper Airplane 37.86 4.48 

D Lena Cameraman 38.54 10.90 

E Baboon Liftingbody 69.67 31.68 

F Bridge Boat 59.70 33.39 

Table 3: RMSE after various attacks when Y-channel was 

used for watermarking. 

Tick 

Label 

Cover 

Image 

Watermark 

Image 

Attacks 

Blur Avg 

A Airplane House 18.97 3.25 

B Tulips Pepper 25.13 2.55 

C Pepper Airplane 13.72 2.15 

D Lena Cameraman 13.98 2.18 

E Baboon Liftingbody 18.20 2.20 

F Bridge Boat 21.71 4.84 

Table 4: RMSE after various attacks when Cb-channel was 

used for watermarking. 

Tick 

Label 

Cover 

Image 

Watermark 

Image 

Attacks 

Blur Avg 

A Airplane House 15.31 3.24 

B Tulips Pepper 33.10 2.55 

C Pepper Airplane 18.35 2.11 

D Lena Cameraman 14.91 2.20 

E Baboon Liftingbody 17.61 2.22 

F Bridge Boat 18.04 4.18 

Table 5: RMSE after various attacks when Cr-channel was 

used for watermarking. 

Tick Label Extracted Cover Image Proposed PSNR 

A Airplane 45.2025 

B Tulips 43.8420 

C Pepper 51.1364 

D Lena 47.4376 

E Baboon 38.6091 

F Bridge 39.3012 

Table 6: proposed psnr for extracted cover image. 

Tick 

Label 

Extracted Cover 

Image 

Ref 

PSNR 

Proposed 

PSNR 

A Airplane 20.5526 23.4101 

B Tulips 19.7778 22.1781 

C Pepper 17.2545 23.4101 

D Lena 18.5931 20.4176 

E Baboon 19.0080 19.2690 

F Bridge 15.7766 18.1603 

Table 7: psnr  comparison between ref[5] and proposed for 

extracted watermark image. 

 
Fig. 7: PSNR Comparison between Ref[5] and Proposed 

Method For Watermarked Image 

 
Fig. 8: Time Comparison between Ref[5] and Proposed 

Method 

In Fig5, pink line shows proposed PSNR and orange 

line shows Ref PSNR. It clearly proved that proposed PSNR 

is better than Ref method. In Fig6, embedding time is 

decresed by proposed method as compared to Ref method. 

V. CONCLUSION 

In this research, we found that the digital watermarking is 

more understandable and easier technique for data hiding. In 

this research, we presented a new approach for DIW using 3-

LWT-WHT-SVD on YCBCR elements for extra safety and 

quality. It achieves secure watermarking in an efficient 

manner and increase robustness. It increases PSNR value 

after applying blurred attack on it. Color Image processing in 

this study provides more security because Embedded 

Watermark can only discover by knowing the selected Color 

Component. 

FUTURE WORK 

 The work can be prolonged of equipment execution and 

performance examination in other change areas like 

wavelet discrete transform. 

 We effort to improve the work efficiency with other 

transform such as use with Hadamard and DCT also 

apply attacks to evaluate performance. 

 In our work use of medical pictures, in future we can also 

use satellite pictures as well. 
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In the future, we will work on several attacks like 

scaling, compression, blurred etc. and also improve 

performance. 
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