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Abstract

RELATED WORK

The dual-tree complex wavelet transform (DTCWT) is a
relatively recent enhancement to the discrete wavelet
transform (DWT), with beneficial properties such as shift
invariant, good directionality, perfect reconstruction. These
properties are well utilized to obtain improved robustness and
perceptibility. Principle component analysis is used as a
predictive model and is an excellent technique for inserting
the watermark in the host image. The watermark energy is
distributed in the principle component of DTCWT sub bands
in order to improve robustness and perceptibility of
watermarking algorithm. Performance parameters are
evaluated. PSNR is 59 db and correlation coefficient is 1. The
algorithm is resistant to geometrical attacks.

There has been a drastic increase in the research of
watermarking. To develop an efficient watermark algorithm
literature survey involves extensive study of journals, research
articles and through light on this research.
Marzieh Amini et.al [1] proposes watermark algorithm using
DWT and principle component analysis. The robustness of the
algorithm is improved compared to the previous work.
Baolong et.al [4] developed a robust watermark algorithm
using DTCWT and mean quantization technique to enhance
embedding capacity to 1024 bits and robustness against all
attacks and also achieves PSNR 40 to 42db. Koritala
Nagavardhani [5] proposes DWT and block based PCA
watermarking algorithm which improves the bit error rate and
also robust against all geometric attacks. Ho Anthony T.S. [6]
et.al proposes a system for an authentication application using
histogram and fast Haadamard transform to achieve
correlation factor of 0.96.

Keywords: DTCWT, PCA, 2D signal spectrum, 2D DWT,
Digital Watermarking.

INTRODUCTION

The paper is organized as follows: Section 1 introduction,
section 2 explains the DT-CWT, PCA and watermarking
technique. Section 3 experimental results. Section 4
conclusion and 5 is the references.

Creating a digital copy, transmitting and distributing have
become a daily routine of multimedia technology in internet
era. Digital image watermarking provides copyright
protection, by hiding appropriate ownership information in
digital images. This ownership information may be in the
form of logo or called as 'watermark'. The image formed after
hiding 'watermark' in original image is called 'watermarked
image'. There are four essential parameters [3], which are
commonly used to determine quality of watermarking scheme.
They are robustness, perceptibility, payload, and security.

Dual Tree Complex Wavelet Transform (DTCWT)
The standard DWT is a very powerful tool for many signal
processing applications. But it suffers from three major
limitations like shift sensitivity, means shift in the input leads
to large [2], changes in the coefficients of the filter. Poor
directivity example inability to distinguish between +45° and
−45° spectral features. Absence of phase information. These
problems can be solved by DTCWT [2] .The DTCWT for 2-D
image is obtained by separate filtering along rows and then
columns. However, if row and column filters both suppress
negative frequencies, then only the first quadrant of 2-D
signal spectrum is obtained. The most computationally
efficient way to achieve a pair of conjugate filters is to
maintain separate imaginary operator j1 and j2 for row and
column processing as in Fig. 1 The input image X is

Robustness is a measure of immunity of watermark, against
intentional attacks like image processing attack or geometrical
attack, like compression, filtering, rotation, scaling, [3]
resizing, cropping etc. Imperceptibility means quality of host
image should not be destroyed by presence of watermark.
Payload is the number of bits to be embedded in cover image.
It is called 'watermark capacity'. Security is ability to secure
and resolving the rightful ownership. The effective attack
handling is essentially required during testing of image
watermarking techniques.
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decomposed into eight sub bands as shown in figure 1, the
first stage consists of row processing, and the second stage
consists of column processing filters. The butterfly structure is
designed with sign inversion operation and 2’s complement
operation to reduce computation complexity. The division
operation by √2 is replaced with threshold operation. The
DTCWT produces six band pass sub images of complex
coefficients at each level, which are strongly oriented at
angles of ±150, ±450, ±750.

is selected for registration. The LL sub band at level three is
considered for feature selection, gradient along the rows and
columns is estimated using the Sober operator. The maximum
gradient along each row and column is selected by
comparison. The maximum gradient point indicates the
presence of significant feature at that point in an object. The
gradient map is computed from the maximum points obtained
and are combined to obtain combined gradient map. From the
gradient map estimated, the corresponding approximation
coefficients from the LL band are identified. The features
selected from LL band comprises of significant features at that
level.

Figure 1: 2-D Dual- tree complex wavelet transforms.

The implementation of 2-D DTCWT consists of two steps [2].
Firstly, an input image is decomposed up to a desired level by
two separable 2D DWT branches, branch a and branch b,
whose filters are specifically designed to meet the Hilbert pair
requirement. Then six high-pass sub bands are generated at
each
level.
Secondly, every two corresponding sub bands have the same
pass-bands are linearly combined by either averaging or
differencing.[1] As a result, sub bands of 2D DT-CWT at each
level are obtained as[2]

Figure 2: Pyramid structure of DTCWT

Principle Component Analysis
Principal Component Analysis (PCA) is a mathematical
procedure [9] that uses the orthogonal transformation to
convert a set of observations of possible correlated variables
in to set of values of uncorrelated variables called Principal
Component. The number of principal component is less than
or equal to the number of the original variables.

The two LL real and complex sub band capture the low
frequency components. The decomposed sub bands are in
pyramidal form and are organized in a hierarchy as shown in
Fig.2.The six wavelets defined by oriented shown above have
the sum/difference operation is ortho normal, which
constitutes a perfect reconstruction wavelet transform. The
imaginary part of 2D DT-CWT has similar basis function as
the real part. The 2D DT-CWT structure has an extension of
conjugate filtering in 2 dimensions.

The basic idea behind using the PCA is to distribute the
watermark energy over all low low sub bands of DTCWT,
resulting watermark robustness by representing [8] an
excellent domain for inserting the watermark. To obtain the
PCA components of matrix X, firstly calculate the covariance
matrix as is defined by [1]:
Cx=E{(X-m) x (X-m)T}

As there are eight sub bands at each level, each capturing the
features at different frequency resolutions. The proposed work
estimates the features from all sub bands and the best feature

…(1)

Where E , m and T denote expectation operation ,mean of
matrix X and matrix transpose, respectively [1]. The principal
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components of X are the eigenvectors of Cxwhich can be
derived by
Cx =



In whichand are the matrix of
eigen values defined as

8)

… (2)
eigenvectors and matrix of

Attacks are intentionally applied to the stego image
and proved that algorithm is much more resistant to
geometrical attacks like Gaussian, poisson, speckle,
pepper salt noise and cropping, rotation.

9) PSNR,MSE,CC(correlation coefficient) are calculated
before and after attack .Values are given in table 1 and2

=e1,e2 ,e3,...,en and =1,,2 3 .....n.
The matrix  is an orthogonal matrix called basis function of
PCA.PCA transforms the correlated image into uncorrelated
coefficients by taking the inner product of the Image with
basic function.
Y =T X

… (3)

Where Y is the Principle component matrix which represents
the principle component of matrix X.

Watermarking Technique
Watermarking is developed using transform based domain
technique. In this technique, the transform coefficients are
modified rather than the pixel value. DCT (Discrete Cosine
Transform), DWT (Discrete Wavelet Transform), DFT
(Discrete Fourier Transform) etc. are common transform
techniques. Here, the proposed algorithm is developed using
DTCWT (dual tree complex wavelet transform) and PCA
(principle component analysis) to increase robustness of the
watermarking. The Fig.3 shows the block diagram of
watermarking and extraction technique.

Figure 3: Block diagram for generating stego image and
extracting the watermark.

The watermarking algorithm is as follows.

The extracted watermarks can be compared with original
watermark subjectively. Beside subjectively judgment for the
watermark fidelity, an objective measurement of similarity
between the original watermark and the extracted watermark
in the following way: For instance, applying any image
processing operation(compression, resizing),
to the
watermarked image that performs low pass filtering , will
result in loss of multiscale DT-CWT coefficients in higher
frequency bands of the watermark. In this case, multiscale
DT-CWT coefficients in lower frequency sub bands are used.
The signals are usually embedded into the perceptually
important components of the host image to achieve a balance
of perceptual quality and robustness.

1) Image of any size or format such as .jpeg, .bmp, .png
etc can be taken as cover or host image. Similarly the
watermark image shown in Fig.4.
2) Pre-process the host and watermark image to scale
and convert RGB to intensity image.
3) DTCWT is applied to both cover image and watermark
image shown in Fig.5 .Two level decomposition is
carried out to embed the watermark. Low Low band is
considered for embedding.
4)

Principle component analysis is applied to cover image
to obtain the principle components of the image shown
in Fig.6.

EXPERIMENTAL RESULTS

5) LSB modification technique algorithm used along with
xor operation before embedding the watermark image.
A stego image is generated. shown in Fig.7

Various experiments are conducted to demonstrate the
imperceptibility and robustness of this method. To check the
perceptibility of the algorithm Peak signal to noise ratio
(PSNR), mean square error of the original and watermarked
images is calculated using following equation(4)and
equation(5).Robustness of the watermark is evaluated by
correlation coefficient, given by equation(6)

6) Compressed stego image is transmitted in the media.
7)

Reverse operation is applied to extract the watermark.
Inverse DTCWT is applied to bring back image in
spatial domain.
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Figure 6:. PCA of Host Image

i 1 j 1

Where W(i,j) is original watermark, W(i,j )extrac is
extracted watermark. Normalized correlation coefficient
(NCC) is used for evaluating the similarity of the original
watermark and extracted watermark image. Algorithm is
checked for different images. Corresponding PSNR, MSE,
NCC are calculated. This is shown in Table.1.The same
values are obtained if the images of column 1 and 2 are
interchanged. The pay load of 1bpp is considered throughout
the analysis.

Figure 7:. Watermarked and recovered Water mark image

Table 1: Different watermark images embedded in desert
image
Host image 512x512 Watermark image PSNR MSE NCC
Figure 4:. Host Image and Water mark.

Desert.jpg

Barbara.jpg

59.54 0.07

1

Desert.jpg

cameraman.jpg

59.52 0.07

1

Desert.jpg

Pen.jpg

59.55 0.07

1

Desert.jpg

Lenna.jpg

59.56 0.07

1

Desert.jpg

book.jpg

59.64 0.07

1

The geometrical attacks are applied before reception in order
to check the robustness of the watermarking algorithm. The
good quality image watermarking technique is robust towards
any attack. Thus, to check performance of image
watermarking techniques, tests must be performed under
various attacks like noise, cropping, rotation, blurring. In the
each attack PSNR, MSE, correlation coefficient is calculated
which is shown in Table.2.

Figure 5:. DTCWT of Host Image and Water mark
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Table 2:.PSNR, MSE and CC of different attacks.
Type of attack

PSNR
(dB)

MSE

Correlation
Coefficient

Without Attack

59.54

0.07

1

Poisson noise

59.54

0.07

0.0247

Gaussian noise

49.77

0.69

0.7775

Pepper salt noise

49.47

0.79

0.7690

Rotation

59.543

0.07

0.0401

Cropping

45.52

1.97

0.249
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In Table.3 latest research paper parameters are tabulated.
These parameters are compared with Table.1of the current
work.
Table 3: Comparison of results with paper [7]
Image
(Prevous Method)

PSNR
(dB)

MSE

Coefficient of
Correlation

Lenna[7]

46.96

1.32

0.98

Barbara[7]

43.97

2.62

0.986

Pepper[7]

43.34

4.860

0.9999

The effect of adding noise such as Gaussian white, Poisson
pepper and salt, speckle noise and corresponding PSNR,
MSE, CC is calculated. Noise attack is tested for constant
mean different variance and found to be robust. This
algorithm does not so support much for rotation and cropping
attack an additional algorithm has to be used to improve the
correlation coefficient.

CONCLUSION
A robust watermarking scheme using DTCWT and PCA is
developed. Perceptibility is checked by calculating PSNR,
MSE, NCC and different attacks are applied to check the
robustness. PSNR is found to be 59 db. A NCC is 1. Therefore
developed algorithm is resistant to most of geometrical
attacks.
Further embedding process is carried out for different pay
loads.
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