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Hybrid color image watermarking using Multi 
Frequency Band 
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Abstract— In this paper we suggest a non blind watermarking technique in Discrete Wavelet Transform domain (DWT) based on Discrete Cosine 
Transform (DCT) and Singular Value Decomposition (SVD). In this method, the watermark data can be embedded in singular values of DCT coefficients 
of middle and high frequency subbands LH, HL, HH in DWT domain. And the watermark can be extracted by performing the inversion of embedding 
process. This watermarking technique is pertinent in broadcasting. Moreover it is secure in terms of integrity, authentication and robust. Experimental 
results show that the proposed method gives the watermarked image of better quality and its robustness by means of performance parameters Mean 
Square Error (MSE), Peak Signal to Noise Ratio (PSNR) and Correlation Factor (CF). Recommended technique investigated on various image formats. 
Also, robustness of proposed algorithm is tested for assorted attacks like Gaussian noise, Salt & Pepper noise, Speckle noise, Median filtering, image 
sharpening, cropping, rotation and histogram equalization. PSNR value for an acceptable degradation level was regulated to be a greater than 25 dB. 
The maximum PSNR and CF values computed from the projected method  are 67.0551 and 0.9894.  The values attained in this method are compared 
with the values of DWT–SVD technique.  

Index Terms—Discrete Wavelet Transform (DWT), Discrete Cosine Transform (DCT), Singular Value Decomposition (SVD), Mean Square Error (MSE), 
Peak Signal to Noise Ratio (PSNR), Correlation Factor (CF) 

——————————      —————————— 
 

1 INTRODUCTION 

Nowadays, the drastic increase in the digital data such as 
multimedia services in the internet, the data can be accessed 
by using computer networks. So there is a need to protect the 
unauthorized distribution of data. As a solution digital 
watermarking technique has been proposed for copyright 
protection of multimedia data [1]. The watermarking 
technique describe that the embedded watermark does not 
distort the original image perception and should be invisible. 
The watermark also should be robust to image processing 
distortions such that it is difficult for the attacker to remove 
watermark. 

So far various watermarking techniques have been proposed 
[2]. Some of these techniques embed the data in the spatial 
domain directly by modifying the pixel values of host image 
which are not strong to several image processing operations. 
Recent literature studies proposed transform domain 
watermarking techniques. based on SVD [3], DCT [4] and   
DWT [5, 6] which are more robust to image manipulations.  
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All the watermark embedding and extraction processes are 
performed in frequency domain.  But the problems in 
frequency domain method are the ambiguity in selecting the 
coefficients to embed the watermark viz. embedding the 
watermark in low frequency coefficients of DCT could cause 
image distortions i.e. geometrical modifications, weakness to 
noise [7].  Wavelet based watermarking  techniques  have 
multi resolution property where high and middle frequency  
subbands include the edges and texture of the image and low 
frequency subband contains the important image data. As 
human eye is generally not very sensitive to high and middle 
frequency bands, such bands are chosen to embed the 
watermark without being perceived by human eye [8, 9]. 
And to have more stability, singular values of image in SVD 
domain are used for embedding watermark.  The singular 
values of an image represent the intrinsic algebraic image 
properties and have good stability even when a small 
perturbation is added to an image. 

In this paper we focused on non- blind color image 
watermarking based on hybrid technique using DWT, DCT 
and SVD transformations [10].  With the knowledge of 
advantages of DWT, DCT and SVD, we proposed a method 
to embed the singular values of DCT coefficients of middle 
and high frequency subbands of host image with that of 
watermark image. In this method, the original image data is 
required to extract the watermark. 
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The outline of the paper is the following. In section 2 the 
process of watermark embedding and   detection  method  in 
hybrid domain is discussed . In section 3 we discuss the 
experimental results and in section 4 conclusion and future 
extensions of the proposed technique are presented. 

2   WATERMARK EMBEDDING AND DETECTION 

Let the host image as color image of size N x N and the 
watermark image can be either gray or color image of same 
size. The host image is first decomposed into four subbands: 
low frequency band LL, high frequency band HH, low high 
frequency band LH, high low frequency band HL using 
Daubechies wavelet. Among these, LH, HL and HH 
subbands are suitable for watermark embedding, as 
embedding watermark in LL subband causes the 
degradation of image quality. Here DWT can be applied on 
three middle and high frequency subbands plane wise. Then 
DCT coefficients are obtained by applying DCT on three 
subband DWT coefficients of R, G, B planes to have excellent 
energy compaction and decorrelation. Now SVD is applied 
to three DCT coefficient matrices in each plane to find three 
sets of singular value matrices (S1, S2 and S3). They are then 
modified with the scaled singular value matrices (SW1, SW2 
and SW3) of DCT coefficients of DWT subband coefficients at 
chosen scaling factor using the following equations 

 for  i = 1 to 3 planes   

MS1= S1 + α * SW1    (1)       

MS2= S2 + α * SW2    (2) 

MS3= S3 + α * SW3    (3) 

end 

Where α is a scaling factor used to define the strength of 
watermark 

Finally inverse SVD, inverse DCT and inverse DWT are 
performed on all coefficients in R, G and B planes to obtain 
watermarked image. The flowchart for the watermark 
embedding process is shown in figure 1.Watermarked image 
is decomposed into four subbands using DWT for R, G and B 
planes. Apply DCT to selected subbands LH, HL and HH 
and SVD is applied to DCT coefficients of 3 planes to get 
modified singular value matrices for three bands of 3 planes. 

 

Fig 1. Flowchart for watermark embedding 

      

                 Fig 2. Flowchart for watermark extraction 

Singular values of watermark are retrieved by using the 
following equations 
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for i = 1 to 3 planes   

SW1= (MS1 – S1) / α     (4) 

SW2= (MS2 – S2) / α    (5) 

SW3= (MS3 – S3) / α    (6) 

end 

SVD matrix is constructed by applying inverse SVD on the 
retrieved singular values and inverse DCT and inverse DWT 
are applied on three matrices of 3 planes to get the 
watermark image. The flowchart of the watermark extraction 
is shown in figure 2.   

3   EXPERIMENTAL RESULTS 

The proposed watermarking technique is simulated by using 
MATLAB with AMD dual core processor 2.4 GHz and 4GB 
RAM. The proposed DWT-DCT-SVD method discussed in 
the previous sections and DWT-SVD technique are applied 
on different formats of test images (color images). Five 
images peppers.png, balloons.jpg, lena.bmp, autumn.tif, 
sunset.jpg are chosen as test images and SNIST AND SVU 
logos as watermark images. Figure 3 shows the insertion of 
SNIST logo into host image Peppers and Figure 4 shows the 
embedding of SVU logo as watermark in Autumn image.  

      
  

Fig 3. Peppers image embedded with SNIST logo  
 
In order to evaluate the proposed method, we first 
investigate the relation between host and watermarked 
images by calculating MSE and PSNR with respect to 
scaling factor which is shown in Table 1.  

           
 

Fig 4.  Autumn image embedded with SVU logo 

The CF shows the similarity between original and extracted 
logo image. The comparison of results obtained by the 
proposed method with DWT-SVD technique by inserting the 
same watermark is shown in Table 2. Table 3 shows the 
correlation factors for various watermark images and Table 4 
presents performance metrics after applying attacks on 
watermarked image. 

      Table 1: MSE and PSNR values for various images    
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Table 2: Comparison of DWT-SVD and DWT-DCT-SVD          

 
\ 

Table 3: Correlation factor for different watermarks in Lena image 
with α =0.01 

 

                                                    
Table 4: Results of Attacks on watermarked  image (α =0.01) 
                                                         

   

4 CONCLUSION 
 
This paper presents a hybrid color image watermarking 
using DWT-DCT-SVD transforms to embed either gray or 
color image into middle and high frequency bands of host 
image. The proposed technique can embed the maximum 
amount of watermark while the watermark is imperceptible. 
PSNR values are computed to find out the imperceptibility 
between host and watermarked color images.  From the 
experimental results, we proved that the proposed algorithm 
achieved the two desirable characteristics imperceptibility 
and robustness and the PSNR values of DWT-DCT-SVD 
based method are improved than that of DWT-SVD method. 
We can extend the proposed method to videos in future.  
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