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Abstract— Watermarking is the process of inserting
predefined patterns into multimedia data in a way that the
degradation of quality is minimized and remain at an
imperceptible level. Many digital watermarking algorithms
have been proposed in special and transform domains. The
techniques in the spatial domain still have relatively low-bit
capacity and are not resistant enough to lossy image
compression and other image processing operations. For
instance, a simple noise in the image may eliminate the
watermark. On the other hand, frequency domain-based
techniques can embed more bits for watermark and are more
robust to attack. Some transforms such as Discrete Cosine
Transform (DCT) and Discrete Wavelet Transform (DWT)
are used for watermarking in the frequency domain. In this
thesis, we compare the DCT watermarking algorithms and
especially the DWT watermarking algorithms based on
robustness criteria. In other words, the robustness of
different transform watermark algorithms is evaluated by
applying different attacks. One main reason to consider the
DWT watermarking algorithms is that several multimedia
standards such as the JPEG2000 and MPEG-4 are based on
the DWT. These new standards brought new requirements
such as progressive, low bit rate transmission, and region-
of-interest coding. This paper presents a digital
watermarking technique which is based on DWT, DCT and
SVD. DWT has excellent spatial localization, frequency
spread and multi resolution characteristics. DCT & SVD
based watermarking techniques offer compression. These
desirable properties are used in this combined watermarking
technique. Compared with DWT-DCT, DCT SVD, DWT-
SVD based watermarking techniques; experimental results
show that this algorithm is robust to various attacks such as
JPEG compression, cropping, rotation, and noise which are
checked by the invovlement of Bacterial Foraging
Optimisation (BFO) and Parallel Bacterial Foraging
Optimisation (PBFO).
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. INTRODUCTION

The Internet is an excellent sales and distribution channel
for digital assets, but copyright compliance and content
management can be a challenge. These days, digital images
can be used everywhere — with or without consent. Images
that are leaked or misused can hurt marketing efforts, brand
image and, ultimately, sales. The possible implications of
this situation include the unauthorized distribution of such
material with the purpose of making illegal profit or
otherwise damaging the legal owner. Inevitably the business
world and the authorities have expressed great concern over
this issue, and as a result, the scientific community has
become extremely active trying to provide techniques for
copyright protection of digital material. One way to address

this problem is Image Watermarking. It is the process of
inserting hidden information in an image by introducing
modifications of minimum perceptual disturbance.
Robustness, perceptual transparency, capacity and blind
watermarking are four essential factors to determine quality
of watermarking scheme. Image watermarking techniques
can be divided into two groups in accordance with
processing domain of host image. One is to modify the
intensity value of the luminance in the spatial domain and
the other is to change the image coefficient in a frequency
domain. In recently, a transform called Singular Value
Decomposition (SVD) was explored for watermarking.
Frequency domain techniques are used commonly because
of their robustness to various types of attacks like JPEG
compression, cropping, rotation, noise, blur etc. SVD-based
watermarking algorithms are also very robust against these
attacks. DWT has excellent spatial localization and multi-
resolution characteristics, which are similar to the
theoretical models of the human visual system. DCT and
SVD based watermarking techniques offer compression.
Further Performance improvements in DWT-based digital
image watermarking algorithms, DCT-based watermarking
algorithms and SVD-based watermarking algorithms could
be obtained by combining DWT, DCT and SVD. The idea
of combining these transforms is based on the fact that
combined transforms could compensate for the drawbacks
of each other, resulting in effective watermarking.

Il. PROPOSED METHODOLOGY

The proposed algorithm uses DWT, DCT and SVD. So
before discussing the proposed algorithm. In Singular Value
Decomposition, singular values correspond to the luminance
of the image (i.e, image brightness) and the corresponding
singular vector specifies the intrinsic geometry properties of
the image. Many singular values have small values
compared to the first singular value. If these small singular
values are ignored in the reconstruction of the image, the
quality of the reconstructed image will degrade only
slightly. Slight variations of the singular values do not affect
the visual perception of the image, i.e., singular values do
have a good stability. Based on these properties of SVD,
diagonal matrix containing singular values is mainly used to
embed watermark. The DCT has special property that most
of the visually significant information of the image is
concentrated in low frequency coefficient of the DCT. In the
literature various hybrid techniques are proposed by the
researchers such as DCT-SVD, DWT-SVD and DWT-DCT.
In our proposed method, watermark is embedded into the
singular values of the low frequency band of the DCT block
of selected DWT sub band. We compare our proposed
method with DWT-SVD, DCT-SVD based techniques. Also
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DCT-DWT-BFO and DCT-DWT-PBFO techniques are seen
altogether in the input image.

A. Singular Value Decomposition:

From the viewpoint of linear algebra, the discrete image is
non-negative real matrix. The SVD of a matrix is a kind of
orthogonal transforms used for matrix diagonalization.

Let I be an image, and its size be MxN. The SVD
of I can be described as follows:

F=USVT 1)
Where U and V are two MxN and NxN unitary orthogonal
matrices, and S is an NxN diagonal matrix.

The elements of S are nonnegative values on diagonal

representing singular values of I.

The diagonal elements of matrix

S =diag (sl, s2,........, sn) satisfy the order:

> sn.

It is important to note that

— The nonnegative components of S represent the
luminance value of the image.

— Changing them slightly does not affect the image
quality and they also don’t change much after attacks,
watermarking algorithms make use of these two
properties.

s1>s82>........

B. Discrete Cosine Transform:

The DCT is similar to the discrete Fourier transform: it
transforms a signal or image from the spatial domain to the
frequency domain. It has been widely used because of its
energy compaction property. DCT is faster than DFT
because its transform kernel is real cosine function while it
is complex exponential in DFT. The DCT has special
property that most of the visually significant information of
the image is concentrated in low frequency coefficient of the
DCT.

C. Discrete Wavelet Transform:

DWT has excellent spatial localization and multi-resolution
characteristics, which are similar to the theoretical models of
the human visual system. The original image is decomposed
into four sub-band images by DWT: three high frequency
parts (HL, LH and HH, named detail sub images) and one
low frequency part (LL, named approximate sub-image).
The detail sub-images contain the fringe information while
the approximate sub-image is the convergence of strength of
original image. Relative to the detail sub-images,
approximate sub image is much more stable, since the
majority of image energy concentrates here. Therefore,
watermark is embedded into approximate sub-image to gain
a better robustness.

D. Bacterial Foraging Optimisation:

BfO is an optimization algorithm since it is efficient in
solving real world optimiztion plroblems in different
application domains. Researchers are trying to hybridize
BFOA with different other algorithms in order to explore its
local and global search propertoes separately. It has already
been applied to many real world problems and proved its
effectiveness.

E. Parallel Bacterial Foraging Optimization:

PBFO is associated with almost every problem of
engineering. The underlying principle in optimization is to
enforce constraints that must be satisfied while exploring as
many options as possible within tradeoff space. There exists
numerous optimization techniques for the noise removal.

I1l. EXPERIMENTS AND RESULTS

Fig. 3.1: Applying DWT technique to the input image
On applying discrete wavelet transform to the input
image we found that recovered image is distorted and not
clear at all.

Fig. 3.2: Applying DWT and SVD technlque to the mput
image
On applying discrete wavelet transform and
singular value decomposition to the input image we found
that recovered image is clear than earlier extracted image
but not exact.

Fig. 3.3: Applying DWT and DCT technique to the input
image
On applying discrete wavelet transform and
discrete cosine transform to the input image we found that
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recovered image is much clear and similar to the input
image.
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Fig. 3.4: Applying DWT, DCT and BFO technique to the
input image
On applying discrete wavelet transform, discrete cosine
transform along with bacterial foraging optimization to the
input image we found that recovered image is much clear
and similar to the input image.

——

Fig. 3.5: Applying DWT, DCT and PBFO technique to the
input image
On applying discrete wavelet transform, discrete
cosine transform along with parallel bacterial foraging
optimization to the input image we found that recovered
image is clear and similar with some extra information to
the input image.

IV. CONCLUSION

Param | DW | DWT | DWT+DC | DWT+DC | DWT
eters | T | +DCT | T+BFO | T+PBFO | +SVD
246 | 45.408 21.735

PSNR | 555 [ #5308 1 490657 | s54.6036 ;
NCC oéozo 0.0039 | 0.0039 0.0039 | 0.0038

- . -1.8544e- | -5.1808e- -

IF | 0.01 | 43041

el o 05 06 0.0100

Table 1: Comparison table
DCT-DWT-SVD based watermarking scheme is
gives best performance in the presence of recovery of
watermark image used to indicates the recovered data of
images. The results are verified analytically in terms of
PSNR, NCC and IF .Normalization coefficients and both are
high for novel DCT-DWTSVD watermarking scheme.
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