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ABSTRACT 
Digital content piracy is one of the major crimes in the present world. Protection of digital content like music, video and images 
has become a major problem. Watermarking is one of the methods to protect digital content against unauthorized copying. In 
watermarking procedure, generally, watermark is embedded before it is going to be distributed over different communication 
channels. In this paper, we propose a real time watermarking procedure for digital images, where a watermark image is 
embedded into digital image during capturing images within the camera itself, by modifying the frequency coefficients of the 
host image, of any size, by using appropriate transformation technique. In our paper, to embed the watermark, stationary 
wavelet transform (SWT) is used in combination with singular value decomposition (SVD) in order to increase the robustness 
against many attacks, to increase the amount of payload and also the processing speed. This real time watermark embedding 
helps professional photographers to authorize and copy right protect their exclusive photographs.  
Keywords: real-time watermarking, professional photography, stationary wavelet transform, singular value 
decomposition, robustness, digital content piracy, copy right protection, payload.   

1. INTRODUCTION 
The ease in digital data manipulation and copying made information unsecured.  Music, video and images can be easily 
pirated and shared over Internet. One way to reduce this piracy is watermarking. Watermarking is the process of 
embedding data called a watermark (also known as Digital Signature or Tag or Label) into a multimedia object, such 
that watermark can be detected or extracted later to make an assertion about the object[1]. The host information may be 
audio, video, image or sometimes text. Watermark may be identity of the author or creator of the digital 
content.Watermark is sometimes also called the fingerprint. Watermarking provides security, authorization and/or copy 
right protection, broadcast monitoring for digital content against piracy. 

Generally, watermark can be embedded either in spacial domain or in frequency domain/transform domain. Based on 
the domain, watermarking is classified into spacial domain watermarking and frequency domain watermarking. In 
spacial domain, the pixel values of an image or video are modified, such as the LSB, as mentioned in reference [4]. 
These methods are easy but not robust against many of the intentional or accidental attacks and also can be easily 
removed. In frequency domain techniques, first the host image is translated into frequency domain using some 
transformation techniques like DCT, DWT etc. and then the watermark is embedded into these transform domains. 
Based on the visibility of the watermark, once again watermarking can be classified into visible and invisible 
watermarking schemes. In multimedia applications, irrespective of domain of interest, the watermarking schemes must 
possess the characteristics of robustness, security, high capacity and also invisible [2].  

Many of the transformation domain watermarking techniques suffer from either imperceptibility or robustness. If 
watermark is embedded in perceptually significant component, that results in a visible change in the final watermarked 
image. Otherwise, if watermark is embedded in the perceptually insignificant component, it results in loss of robustness 
and hence, less robust to most of the attacks [3]. Therefore, certainly some trade-off is a must. In this paper, main 
concentration is on a set of characteristics, namely, real-time, invisible and transformation domain watermarking 
techniques. 

2. THEORETICAL BACKGROUND 
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The wavelet transforms have gained widespread acceptance in signal and image processing techniques. Because of their 
inherent multi-resolution nature, wavelet-coding schemes are especially suitable for applications where scalability and 
tolerable degradation are important, especially in image compression techniques. Many DCT-SVD or DWT-SVD based 
algorithms can be used to embed the watermark in the host image. The experimental results with the combination of 
SWT and SVD provide more robustness against many of the attacks with better PSNR value when compared with the 
same methods using DWT and DCT, and mentioned in Table-I. Therefore SWT is preferred over DWT in this paper. 
The PSNR is improved since stationary wavelet transform (SWT) is designed to overcome the lack of translation-
invariance of the discrete wavelet transform (DWT).  

2.1 Stationary Wavelet Transform: 
The Stationary wavelet transform, which is more famously known as "algorithme à trous", was introduced by 
Holdschneider et al [9]. In stationary wavelet transform, translation-invariance is achieved by removing the down-
samplers and up-samplers in the DWT and up-sampling the filter coefficients by a factor of 2(j-1) in the jth level of the 
algorithm [10] or by inserting zeros in the filters. The SWT is an inherently redundant scheme as the output of each 
level of SWT contains the same number of samples as the input. So for a decomposition of N levels, there is a 
redundancy of N in the wavelet coefficients.  

Stationary wavelet transform (SWT), also known as undecimated wavelet transform, is evolved from discrete wavelet 
transform. Classical DWT is not shift invariant. This means that DWT of a translated version of a signal x is not the 
same as the DWT of the original signal. The decimation step after filtering makes the standard DWT time shift-variant. 
The stationary wavelet transform (SWT) has a similar tree structured implementation without any decimation (sub-
sampling) step. The SWT can be obtained by modifying the basic DWT algorithm. The DWT does not preserve 
translation invariance due to sub-sampling operations in the pyramidal algorithm. The SWT has been introduced 
because it preserves the property that a translation of the original signal does not necessarily imply a translation of the 
corresponding wavelet coefficients. To halve the bandwidth from one level to another level, the SWT utilizes 
recursively dilated filters instead of subsampling [6].  

Stationary Wavelet Transform performs a multilevel 1-D stationary wavelet decomposition using either a specific 
orthogonal wavelet or specific orthogonal wavelet decomposition filters. N must be a strictly positive integer and length 
(X) must be a multiple of 2N.  

In this paper we prefer SWT over the other wavelet transformation techniques because the SWT procedures do not 
include any down sampling steps and SWT employs null placing procedure instead of down sampling steps which is 
found in other wavelet transformation techniques [7]. We simply apply appropriate high and low pass filters to the data 
at each level to produce two sequences. Instead of decimation, two new sequences will be generated of same length as 
the original sequence. Instead, filters are modified at each level, by padding them with zeros [8]. 
 

 
 

In this algorithm, using the stationary wavelet transform, the image is decomposed into high and low frequency 
components, called first level decomposition. Once again the low frequency components of first level are decomposed 
into low and high frequency components, called second level decomposition. The preferred watermark is embedded into 
the second level decomposed low frequency components for robustness.As shown in fig-2, filters in each level are up-
sampled versions of the previous. 
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2.2 Singular Value Decomposition: 
SVD is one of the most useful tools of linear algebra with several applications in image compression, watermarking and 
other signal processing fields. The singular value decomposition has some special properties. They are: (i) The matrix 
of interest need not to be square matrix, it may also be a rectangular in size. (ii) Singular values, represented by λi, of 
an image have very good stability.  Even when a great perturbation is added to an image, its singular values do not vary 
significantly.  It helps in watermark embedding with minor modifications of singular values of image [5].  

The singular value decomposition (SVD) is a factorization of a real or complex matrix, with many useful applications 
in signal processing and statistics. The singular value decomposition of an M×N real or complex matrix M is a 
factorization of the form 

  )1(*VUM  

where U is an M×M real or complex unitary matrix, ∑V is an M×N rectangular diagonal matrix with non-negative real 
numbers on the diagonal, and V*  is an N×N real or complex unity matrix. Any M×N (M≥N) real matrix A can be 
written, for ( 1 ≤ i ≤ N  ), as 
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where U and V are orthogonal matrices, and S is an M×N matrix with the diagonal elements Si representing the 
singular values of A. Ui is the ith column vector of U, Vi is the ith column vector of V.  Ui, Vi are called left and right 
singular vectors of A respectively.  The matrix S has the structure of 
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3. PROPOSED METHOD 

The present system deals with real time processing of watermark embedding for photographers to embed their logo or 
watermark into the image at the time of capturing the image.  

In this proposed method, the usage of SWT in combination with SVD helps to increase the PSNR compared to DWT-
SVD. More over SWT also allows embedding large amount of payload (watermark) that is almost half the size of the 
host image. Another important advantage of the SWT is the watermark need not to be strictly square in dimensions 
which is a mandatory condition in many transformation techniques like DCT, DWT etc. Even a rectangular watermark 
can be able to hide inside the host. The processing speed is much more compared to DWT techniques, which is the 
important characteristic in real time applications. This is enabled with the help of SWT. 
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The watermark embedding process will be completed while the image is captured and processed in the digital 
signal/image processor of the digital camera. Before embedding the watermark into the host image, the logo or 
watermark has to be created or read into it and need to be pre-processed. The preprocessing steps involve translating 
the logo into frequency co-efficients and storing these translated co-efficients into the available memory in the digital 
camera. The block diagram for pre-processing is shown in figure-3. The embedding and extraction processes are shown 
in figure-4 and figure-5 respectively. 

 
3.1 Embedding Process: 

Step-1: The watermark or the logo need to be pre-processed for embedding. That means, the watermark image has to be 
read and SWT must be applied to the image and translated into four 3-D arrays namely, A1, H1, V1, D1. 

Step-2: SVD has to be applied to high frequency component array D1. The result will be a vector of singular values. 
These values will be multiplied with some scaling factor and stored in the available memory of the camera processor. In 
this process, a scaling factor of 0.05 is used. 

Step-3: Now, the diagonal matrices of the host and watermark image will be added when the image is captured. 

Step-4: Inverse SWT is applied to the resultant matrix to get the watermarked image. 

 
3.2 Extraction Process: 
In order to recover the watermark, reverse process of embedding procedure is applied. The SWT decomposes the 
watermarked image into single Low and three High frequency sub bands where in the watermark intensity values are 
the one of the LL, LH, HL and HH sub band of the watermarked image. In the sub band where the watermark is 
embedded is to be divided with the scaling factor ‘k’ to obtain the watermark. The procedure as follows: 

Step-1: SWT is applied to watermarked image which results in four 3-D arrays, namely, A2, H2, V2, D2. 

Step-2: SVD is applied to high frequency component array D2 and the resultant vector consists of singular values. 

Step-3: The frequency components of watermarked image will be extracted from SVD translated image by using the 
same scaling factor used in embedding process. 

Step-4: Inverse SWT is applied to resultant matrix to acquire the logo or watermark image. 

 
 

4. PERFORMANCE ANALYSIS 
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The main criteria in the performance analysis are the time required for embedding the watermark/logo image for real 
time processing and to achieve high PSNR value. The time can further be reduced by using the appropriate digital 
image/signal processor. 

From simulation results on Intel® Pentium™  i5 CPU 2410M @ 2.30GHz Processor with 4GB RAM with Matlab® 
R2008a on 32-bit Windows 7 platform, the embedding time is 0.3255 Sec. The quality of the watermarked image can 
be measured either subjectively or objectively. From the present process, it is observed that both subjective and objective 
quality of watermarked image is good.  

The PSNR is the objective criteria used to measure the quality of the watermarked image. Similarly the quality of the 
extracted watermark is measured by comparing it with the original watermark and is called similarity measure.To 
compute the PSNR, the mean-squared error is first measured using the formula,  

 

In the equation-(3), M and N are the number of rows and columns of the input image respectively. The PSNR is 
evaluated using the equation, 

 

In equation-(4), R is the maximum fluctuation in the input image data type. The quality of the watermarked image is 
measured and tabulated in Table-I.  

For computational simplicity during simulation, the Lena image is selected as the host image and Sri Venkateswara 
University logo is considered as the watermark image. The results were shown in Table-I. Even after many attacks, the 
watermark /logo has sustained without much quality loss. The same can also be simulated with any other image of our 
interest.  

Table I: Retrieved watermarks and PSNR values 

Type of attack Image Watermark PSNR MSE 

Original or 
No Attack 

 

 
 

71.237573 -0.0049 

Compression 
 

 
 

40.875451 5.3572 

Cropping 
 

 
 

29.810114 68.4650 
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Rotation 
 

 
 

34.187632 24.9872 

Salt & Pepper 
Noise 

 

 
 

44.224514 2.4776 

Speckle Noise 
 

 
 

38.681205 8.8789 

Gaussian 
Noise 

 

 
 

45.888122 1.6891 

 
5.   CONCLUSION 

Since we are using SWT, the logo or watermark capacity can be increased to large extent. Since SVD is employed in 
combination with SWT, the matrix (image) size may need not to be strictly square always. It may also be rectangular in 
size. The combination of SWT and SVD helps in increased robustness and also the quality of the cover image will not 
be degraded. Though simulation is done only on gray-scale images, the same process can also be implemented for 
colour and multi resolution images by extracting the RGB components and embedding the watermark into individual 
components separately. This application could be embedded in smart phone which enables the users to upload their 
photographs to social web sites and also can be extended further for video. 
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