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Abstract—Copyright protection has now become a 

challenging domain in real life scenario. Digital watermarking 
scheme is an important tool for copyright protection technique. A 
good quality watermarking scheme should have high perceptual 
transparency, and should also be robust enough against possible 
attacks. A well-known (Lewis-Barni) Human Visual System 
(HVS) based watermarking model is fairly successful with 
respect to the first mentioned criterion, though its effectiveness in 
color images has not been claimed. Furthermore, it is true that 
although several watermarking schemes are available in 
literature for grayscale images, relatively few works have been 
done in color image watermarking, and the little that have been 
done, have mostly been tested in RGB, YUV, YIQ color spaces. 
Thus the question remains that, which is the optimal color space 
for color image watermarking and whether this HVS model is 
applicable for that color space. There are two main contributions 
of the present work with respect to the above. First, it claims that 
for color image watermarking, the YCbCr space can be used as 
the perceptually optimum color space, the Cb component being 
the optimal color channel here. Second, it also tests the 
effectiveness of the above-mentioned HVS model in that color 
space. These have been achieved by using the HVS model to 
propose a new non-blind (original image and the watermark logo 
image both are needed for extraction) image adaptive Discrete 
Wavelet transform and Singular Value Decomposition (DWT-
SVD) based color image watermarking scheme in YCbCr color 
space.  The multi-resolution property of DWT and stability of 
SVD additionally makes the scheme robust against attacks, while 
the Arnold scrambling, of the watermark, enhances the security 
in our method. The experimental results support the superiority 
of our scheme over the existing methods. 

Keywords—color image watermarking; perceptual 
transparency; robustness; YCbCr color space; DWT; SVD  

I.  INTRODUCTION  
Digital watermarking is one of the most effective tools to 
ensure copyright protection for the multimedia content. There 
are several image watermarking schemes with a challenge to 
provide both perceptual quality as well as robustness against 
attacks, as these two measures conflict with each other. 
According to the domain of embedding, there are two types of 
watermarking schemes - spatial domain and transform domain 
based watermarking schemes. Spatial domain watermarking 

schemes embed watermark by modifying pixels of host image, 
while transform domain schemes embed watermark in 
transform domain coefficients.  In transform domain, DWT 
and DCT are mainly used for its multi-resolution and energy 
compaction properties respectively. Based on extraction 
process, there are again two types of watermarking schemes- 
blind and non-blind watermarking schemes. Non- blind 
watermarking scheme requires the host image for extraction of 
watermark while blind schemes need not. 
In the literature, there are several watermarking scheme. Cox 
et al.[1] propose to insert watermark into DCT domain 
spectral components of host image using techniques similar to 
spread spectrum communication. Podilchuk et al. [2] 
introduces two watermarking techniques in DCT and DWT 
domain based on human visual system which have been 
developed in context of image compression by Watson et 
al.[3]. Rao et al.[4] utilized Lewis and Knowles pixel wise 
masking HVS model[5] to design image adaptive 
watermarking. Barni et al.[6] modified Lewis and Knowles 
model[5] based on statistical characteristics of human vision. 
The modified model is exploited for efficient adaptive image 
watermarking through pixel wise masking. Ganic et al.[7] 
introduced DWT-SVD based non blind robust watermarking 
having better stability, rotation invariance properties. Li et 
al.[8] proposed an image adaptive DWT-SVD based image 
watermarking based on HVS. In the context of color image 
watermarking, Kutter [9] embedded watermark into blue 
component of RGB host image considering human vision is 
less sensitive to changes of blue color. However, after JPEG 
compression the red and blue components of RGB image loses 
energy significantly, so Yin et al.[10] choose green component 
to embed watermark using DWT-SVD. However, RGB 
components are not appropriate for watermark embedding as 
each RGB color channel being highly correlated watermarking 
is not robust. Kapoor et al.[11] suggested Hue component of 
HSV color model for watermark embedding. Gunjal [12] 
proposed wavelet based color image watermarking choosing   
‘V’ component of YUV color space for watermark 
embedding. Watermark embedding in YCbCr color space is 
exploited in spatial domain [13] as well as transform domain 
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in DWT [14]. In these schemes mentioned, the scaling factor 
is not image adaptively optimized which is the challenge in 
this paper. Here we present a novel image adaptive non-blind 
color image watermarking scheme. Watermarking is done in 
‘Cb’ component of YCbCr color model using DWT-SVD with 
optimized scaling factor.  YCbCr color model resembles 
human visual system [15] and is not correlated as RGB 
channels. The proposed scheme is perceptually optimized as 
well as robust against attacks and rotation invariant. In sec. II 
the necessary background theories has been discussed. The 
watermarking algorithm is presented in sec.III and the reason 
for choosing YCbCr color space is explained in sec. IV.  This 
is followed by the experimental results in sec. V. Finally, 
conclusion is drawn in sec.VI. 

II. BACKGROUND THEORY 
For our proposed watermarking scheme concepts of DWT, 
YCbCr color space, Arnold Transform, SVD and HVS model 
are used. These tools are discussed here one by one. 

A. YCbCr color space : 
A well known color space used for video and digital 
photography system is the YCbCr space where Y is the luma 
component and Cb and Cr are the blue-difference and red-
difference chroma components. For this space the 
transformation from RGB to YCbCr is as follows: 

  (1) 

On the other hand, YCbCr to RGB conversion is given by: 

   (2) 

B. ARNOLD TRANSFORM: 
One may opt for watermark scrambling to improve security 
level and one such scrambling technique is the Arnold 
transform. The Arnold Transform has a special property. Here 
the image comes to its original state after certain number of 
iterations by virtue of this transform. The number of iterations 
is termed as the ‘Arnold Period’ or the ‘Periodicity of Arnold 
Transform’. The Arnold Transform of image is as follows: 
            (3)            
where, (x, y) = {0, 1 ...N} are pixel coordinates from original 
image and ( x', y' ) are the corresponding results after Arnold 
Transform. The periodicity of Arnold Transform ( ) is 
dependent on the size of the given image. 

C. SINGULAR VALUE DECOMPOSITION: 
Every real matrix A can be decomposed into a product of 3 
matrices A =  . Here U and V are orthogonal matrices, 

= I,  = I, and S = diag ( 1, 2, ...). The diagonal 
entries of S are termed as singular values of A, the columns of 
U are termed as left singular vectors of A, and the columns of 
V are termed as right singular vectors of A. This  is known as 

the Singular Value Decomposition (SVD) of A, and can be 
written as 
            A = 1 + 2  +   …    + r      (4) 
where r is the rank of matrix A. 
Singular value has got the properties of stability, proportion, 
translation and rotation invariance. It packs maximum energy 
into few coefficients so watermarking schemes embed 
watermark into singular values for stability and robustness. 

D. HUMAN VISUAL MODEL: 
A visually optimized pixel wise quantization matrix of images 
in DWT domain was designed by Lewis and Knowles [5] 
based on the local noise sensitivity of the human eye. The 
above model was modified by Barni et al.[6] on the basis of 
statistical characteristics of human vision. They computed the 
modified quantization step of each coefficient as the weighted 
product of three terms frequency sensitivity (freq), luminance 
sensitivity (lumin) and texture masking (texture). Here 

 denotes the wavelet coefficient at position (i, j) of 
decomposition level  r  {0, 1, 2, 3} and orientation  s  {LL, 
LH, HL, HH}. 

        
                                                                                       (5) 

Frequency sensitivity deals with the maximum frequency 
range of sinusoidal gratings in which human eyes are 
sensitive. 

          (6)   

On the other hand, luminance sensitivity deals with the local 
brightness based on the gray level values of the low pass 
version of the image. Lewis and Knowles had assumed that 
the eye is less sensitive in the regions with high brightness, but 
Barni modified it based on the consideration that the human 
eye is less sensitive to changes in very dark regions as well. 

                            (7) 
      (8) 

 
          (9) 

Texture masking gives a measure of texture activity in the 
neighborhood of the pixel. It is composed as the product of the 
local mean square value of the DWT coefficients in all detail 
sub-bands and the local variance of the low-pass sub-band. 
Both these contributions are computed in a small 2X2 
neighborhood corresponding to the location (i, j) of the pixel. 
Lewis and Knowles simply added these two contributions. 
However, Barni decided to multiply the two terms, according 
to their consideration that the eye is less sensitive in textured 
areas, but more sensitive near edges. 

 

 

              

(10) 
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The fact that qstep(r, s, i, j) is chosen as the quantization step 
for a DWT coefficient at location (i, j), implies that disturbs 
having value lower than qstep(r, s, i, j)/2 are assumed not to be 
perceivable. 
Thus we choose to set the just noticeable distortion jnd as  

 jnd(r, s, i, j) = 0.5qstep(r, s, i, j)                      (11) 
   

 
Fig. 1. 4th level DWT decomposition of image 

E. RELATIONSHIP BETWEEN JND AND SVD: 

For any M x N (M > N) matrix A, let  be the change of its 
i-th singular value . Then the modification is imperceptible, 
only if 

      (12) 

where jnd(M,N)  is the just-noticeable distortion matrix, Ui 
and Vi are the singular vectors of matrix A  as calculated by Li 
et al.[8]. Li et al. [8] calculated JND values using Lewis-
Knowles HVS model [5]. Barni et al. [6] improvised that 
model specifically for watermarking purpose but there was no 
consideration for color image watermarking. In this paper we 
used Barni et. al’s HVS model to calculate JND values for 
color image watermarking.  

III. PROPOSED SCHEME 
In this paper, we propose an image adaptive visually 
optimized DWT-SVD based watermarking scheme in YCbCr 
space. The scheme is non-blind, i.e, host image and watermark 
image both are required for extraction. For color image 
watermarking the main problems are – 1) Color space 
selection, 2) Image adaptive insertion of watermark, 
maintaining imperceptibility, and 3) Robustness. 
Instead of RGB, YUV spaces, the YCbCr color space is 
chosen because it resembles human vision [15] and its color 
channels are least correlated than other spaces [16]. This is 
further explained in section IV. The ‘Cb’ component is chosen 
for watermark embedding as HVS is least sensitive in changes 
of blue color.  
Barni et al. [6] modified Lewis-Knowles [5] HVS model 
specially for watermarking purpose, but there was no 
consideration for color image watermarking. We are 
calculating image adaptive watermarking strength (‘ ’) using 
Barni et. al’s HVS model for color image watermarking in 

step 9 (in subsection A) and verify that the model is applicable 
to color images also with experimental results (high PSNR). 
From the robustness perspective, excellent spatial frequency 
localization of DWT makes the scheme robust against general 
compression, filtering types of attack. However, general 
schemes are not rotation invariant, hence the challenge was to 
make the scheme rotation invariant. We met the challenge 
using SVD for its scale and rotation invariance properties. 
Though non-blind, the security of the watermarking scheme is 
enhanced by Arnold Scrambling with a secret key.  Hence, at 
the receiver side, besides having the original image and the 
watermark image it is not possible easily to authenticate the 
watermarked image without the secret key (no of Arnold 
scrambling at transmitter). 
The algorithm has been explained in details below in 
subsections A and B. In subsection A, embedding algorithm is 
presented. After embedding the watermark, the robustness of 
the algorithm is tested using several attacks like filtering, 
compression, noise, rotation, cropping etc. Finally the 
watermark is extracted in the reverse way which is given in 
subsection B. 

A. EMBEDDING ALGORITHM 
1. Load the host RGB image. 
2. Convert the RGB image to YCbCr color space and 

separate the Y, Cb , Cr components. 
3. Choose the ‘Cb’ component and resize it to       

[1024, 1024], name it ‘I’. 
4. Read the watermark, make it binary image and resize 

to [64 ,64], name it ‘W’. 
5. Select ‘k’ as a key, and perform Arnold transform on 

the binary watermark ‘k’ times. We consider k = 100.  
6.  Perform 4 level 2-dimensional DWT on ‘I’. 

[LL1, LH1, HL1, HH1] = DWT (I). 
[LL2, LH2, HL2, HH2] = DWT (LL1). 
[LL3, LH3, HL3, HH3] = DWT (LL2). 
[LL4, LH4, HL4 , HH4] = DWT (LL3).  

7. Apply SVD to HL4 sub-band. Its USV components 
are  U_s, S_s, V_s. 

HL4  =  U_s  * S_s  * V_sT  
8. Apply SVD to the watermark ‘W’. Its USV 

components are U_w, S_w , V_w.   
W   =   U_w * S_w * V_wT 

9. Calculate image adaptive watermarking strength  ‘  ’  
from the equation (11) and (12). 
Equation (11) calculates the  JND values of images 
using Barni HVS model and equation (12) establishes 
a relation between this JND values with the 
maximum possible change in singular values 
permitted for the watermark to be imperceptible ( ).  
We are calculating JND values for HL4 sub-band in 
‘Cb’ component of the image. Maximum possible 
change in singular values ( ) is the minimum of the 
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JND values of the HL4 subband divided by U,V 
component (U_s,V_s) of HL4.  
Since we are modifying SVs of host image with SVs 
of the scrambled watermark , so the change in SV is 
scaled down by first as well as largest SV of the 
scrambled watermark  . 

  =    =  
        (13) 

10. Modify the singular values additively, 
S  =  S_s  +    *  S_w  

11. Set NEW_HL4 as, 
NEW_HL4  =  U_s  *  S  *  V_sT   

12. Apply 4 level inverse DWT , 
LL3 = IDWT [LL4, LH4, NEW_HL4, HH4 ] 
LL2 = IDWT [LL3, LH3, HL3, HH3 ] 
LL1 = IDWT[LL2, LH2, HL2, HH2 ] 
I   =   IDWT[LL1, LH1, HL1, HH1] 

13. Resize ‘ I ’  with original image size and rename it     
‘ Cb ’. 

14. Concatenate Y, Cb , Cr component to get  YCbCr 
image. 

15. Convert the YCbCr image into RGB watermarked 
image. 

16. End.  

B. EXTRACTION ALGORITHM 
1. Read color watermarked image. 
2. Convert RGB image into YCbCr color space and 

separate Y ,Cb , Cr components. 
3. ‘Cb’ component is resized to [1024,1024] and 

rename it as ‘ I ’. 
4. Apply 4 level 2-dimentional DWT on ‘ I ’. 

[LL1, LH1, HL1, HH1] =  DWT ( I ) 
[LL2, LH2, HL2, HH2] =  DWT ( LL1 ) 
[LL3, LH3, HL3, HH3] =  DWT ( LL2 ) 
[LL4, LH4, HL4, HH4] =  DWT ( LL3 ) 

5. Apply SVD to HL4. Its USV components are 
U1, S1, V1. 

HL4  =  U1 * S1 * V1T  
6. Set  

S_new  =  |S1 – S_s|/  
7. Finally, 

NEW_ W  =  U_w * S_new * V_wT 

8. Apply inverse Arnold transform on ‘ NEW_W ’  
‘ k ’ (key) times to get watermark W1.  

9. Convert grayscale image ‘W1’ to binary 
extracted watermark image. 

10.  End. 

Since, we are dealing with non-blind watermarking technique, 
the steps 6 &7 in the extraction algorithm require both original 
image and watermark for the components S_s, U_w, V_w. 

IV.  WHY YCBCR ? 
A color image consists of three color channels. For example, 
the RGB color space consist of R,G,B channels, while YCbCr 
color space consist of Y, Cb, Cr  channels. 
Let the three color channels of an image be denoted as three 
random variables X, Y, Z and the image (I) is considered to be 
a function of these random variables, i.e.  I = f (X, Y, Z). 
Since in an image the color channels cannot be independent, 
hence we consider X, Y, Z as dependent random variables. 
Correlations between pairs of (X, Y), (Y, Z), (X, Z) are , 

 ,  respectively and  are arbitrary functions.  
Consider after watermarking, image I changes by I and 
corresponding changes in X, Y, Z are X, Y, Z. These 
changes occur due to watermark insertion. 
Hence, I = X + Y + Z + 

 
For watermarking to be robust, change between original and 
watermarked image should be minimum, i.e, I should be 
minimum. This implies, ,  ,  should be minimum or 
likely to be independent i.e, changes in one color channel of 
the original image due to watermark insertion has least effect 
on the changes of other color channels. That is why YCbCr 
color space is chosen since its color channels are least 
correlated [12, 19] and quite independent [16, 18]. 

TABLE I.  COMPARISON OF RGB AND YCBCR COLOR SPACE 

Space Before attack After attack 
R 
G 
B 

Fig. 2. watermarking in B 
channel, channels are much 
correlated  

Fig. 3. watermarking bits are 
scattered much after attack  

Y 
Cb 
Cr 

Fig. 4. watermarking in 
Cb channel, channels are 
least correlated  

Fig. 5. watermarking bits are 
scattered less after attack  

 
In TABLE I, fig.2 denotes the highly correlated color channels 
of RGB color space and fig.4 represent least correlated color 
channels of YCbCr color channels. Watermark bits 
(represented as dots) are embedded in ‘B’ channel of RGB and 
‘Cb’ channel of YCbCr color space. Fig.3 and fig.5 are the 
situation after attack on fig.2 and fig.4 respectively. As the 
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color channels of RGB (fig.2) are highly correlated, spreading 
of watermark information after attack (in fig.3) is more than 
that of YCbCr color space (fig.5). Hence after attack 
watermark information contained in ‘Cb’ component is more 
than that of ‘B’ component. Thus, watermarking in YCbCr 
color space is more robust. 
Watermarking actually spread the energy of the watermark 
within the host image. This spreading of energy should be 
done in such a way that the watermark is imperceptible but 
robust against attacks. 
In frequency domain, Gaussian smoothing and histogram 
equalization attacks resemble low-pass filtering whereas 
compression, sharpening, median filtering, Gaussian noise, 
salt and pepper noise addition types of attacks act as high-pass 
filtering [17]. In natural images, maximum energy is 
concentrated in the low frequency component. So, attacks 
similar to high-pass filtering reduce the energy of the 
watermarked image significantly.  
As RGB color channels are highly correlated, the watermark 
energy is equally distributed in all the three color channels(R, 
G, B) of the host image, if watermarking is done in RGB 
space. After compression or filtering types of attack, energy in 
each color channel will be reduced which results loss of 
watermark information. If the image is converted to YCbCr 
color space, maximum energy will be concentrated in Y 
channel as Y channel is the grayscale equivalent of the color 
image. Hence, embedding watermark in Y channel makes the 
watermarking very robust, but this hampers the perceptual 
transparency of the watermarking as Y channel is perceptually 
most significant. Psycho-visually, human eye is least sensitive 
for changes in blue color and contrast sensitivity function of 
color channels also verifies the fact (fig.6). Hence to make the 
watermarking perceptually efficient, we choose Cb component 
(blue-difference channel) for watermark embedding. Thus a 
tradeoff between perceptual transparency and robustness is 
achieved. 

 
Fig. 6. sensitivity of color 
channels: blue color is least 
sensitive 

 
 
 
 

 
 
 
 
 
 
 

V. RESULTS 
The proposed scheme is implemented in MATLAB and tested 
with several standard test images like ‘lena’, ’mandrill’ etc . 
Performance evaluation based on perceptual quality and 
robustness is done using statistical measures PSNR (peak 

signal to noise ratio) and NCC (normalized correlation 
coefficient) respectively. Comparison with the existing 
schemes reveals that the scheme is better and optimized. 

TABLE II.  COMPARISON OF PSNR  

scheme Proposed   scheme Gunjal [12] Yin  [10] 

Space YCbCr  YIQ  YUV  RGB  

Embedding
channel 

    Cb      I V G 

PSNR 

 

51.9481 
(lena) 

51.9541 
(mandrill) 

5.1744 
(lena) 

5.8920 
(mandrill
) 

  48.51     
(lena) 

42.8253 
(mandrill) 

 
This comparison given in TABLE II proves our proposed 
scheme in YCbCr color space is better in perceptual quality.  
Next, result on several images verifies the image adaptability 
of the proposed scheme. High PSNR in all test images as 
shown in TABLE III assures the image adaptive optimization 
of the proposed scheme. 
The proposed scheme is robust against various attacks like 
compression, filtering, noise, rotation and cropping as 
exhibited by the TABLE IV given below. The ‘mandrill’ 
image is tested against attacks. 
 

TABLE III.  PSNR VALUES OF SEVERAL WATERMARKED IMAGES IN 
RELATION TO THE ORIGINAL IMAGES 
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TABLE IV.  NCC VALUE FOR DIFFERENT ATTACKS  

ATTACK ATTACKED IMAGE EXTRACTED 
WATERMARK 

COMPRESSI
ON 

Q=100 

 

 

NCC =0.9648 

COMPRESSI
ON 

Q=50 

 

NCC= 0.9483 

COMPRESSI
ON  

Q=5 

 

 

NCC =0.9135 

GAUSSIAN  
FILTERING 
G ([5X5],   5) 

 

 

NCC =0.9904 

MEDIAN 
FILTERING 
(3X3) 

 

 

NCC= 0.9433 

SALT & 

PEPPER  

NOISE (20%) 

 

NCC= 0.9998 

ROTATION 

     (20 ) 

 

 

NCC= 0.9640 

CROPPING  

 

 NCC =0.9450 

 
A comparison of robustness (w.r.t NCC) of the proposed 
scheme is made with the schemes in [10] and [11] in TABLE 
V given below. 

 
 
 
 

TABLE V.  COMPARISON OF NCC 

Attacks Yin   [10] 

(mandrill) 

Kapoor 
[11] 
(general 
image) 

Proposed scheme 

Lena mandrill 

JPEG 90 0.9882 - 0.9961 0.9761 

JPEG 60 - 0.9693 0.9658 0.9288 

JPEG 50 0.9402 - 0.9360 0.9483 

JPEG 30 0.8775 0.9426 0.9816 0.9335 

Median 
Filtering(3X
3) 

0.8968 - 0.9266 0.9433 

Gaussian 
noise(20%) 

- 0.8445 0.9996 0.9988 

Gaussian 
noise(50%) 

0.7415 - 0.9986 0.9949 

Salt & 
Pepper 
noise(20%) 

- 0.8033 0.9998 0.9998 

Histogram 
equalization 

- 0.9783 0.9998 0.9998 

Rotation(20
%) 

- 0.9580 0.9175 0.9640 

The comparison with Yin scheme[10] and Kapoor scheme[11] 
exhibits that our proposed scheme is comparable in 
performance for compression type attack and performs 
definitely better for other attacks like filtering, noise, 
histogram equalization and rotation. Moreover the Kapoor 
scheme[11] has not been evaluated with any benchmark 
image, unlike our scheme. 

VI. CONCLUSION 
In this paper, an image adaptive optimized DWT-SVD based 
color image watermarking scheme in YCbCr color space using 
HVS model has been proposed. The YCbCr color space is 
found as the optimum color space for watermark embedding 
with respect to RGB, YIQ and YUV color spaces and Barni et. 
al’s HVS model [6] is found equally applicable for that color 
space. In other words, Barni et al.’s model [6] is capable of 
finding visually significant components of not only gray scale 
images, but color images also. This is verified by the 
perceptually good results (high PSNR) obtained by image 
adaptive watermarking strength selection using Barni et al.’s 
HVS model [6] on color images. The ‘Cb’ component of 
YCbCr color space is used for watermark embedding, as HVS 
is least sensitive in changes of blue color. Multiresolution 
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property of DWT and stability of SVD makes the scheme 
robust.  
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