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Abstract—
Digital Watermarking is one of the data hiding
technique, has been popular in today for providing
copyright protection. Fundamentally, to implement
a digital watermarking, there are two approaches,
pixel modification based and frequency domain
based. In frequency domain based watermarking
techniques, DCT and DWT are commonly used and
popular today Watermarking embedded in
frequency domain using DWT or DCT can affect
the
imperceptibility
and
robustness
of
watermarking.
In order to compare the
imperceptibility & robustness of the both algorithms
make use of simple attacks such as resizing, rotation
&cropping.
Index Terms—
Digital watermarking, Discrete cosine transform
(DCT), Discrete wavelet transforms (DWT), and
Peak Signal to Noise Ratio (PSNR), Mean squared
Error (MSE)
I. INTRODUCTION
At present, our digital era provides many economic
opportunities such as cheap distribution and also faces
serious risks in distribution of illegal copies.
Since digital multimedia have become progressively
advanced in the rapidly growing field of internet application,
data securities, including copyright protection and data
integrity detection, have become a vast concern. One key for
achieving information security is digital watermarking,
which embeds hidden information or secret data in the image
[1]. This technology works as a suitable tool for identifying
the source, creator, owner, distributor, or authorized
consumer of a document or image. Also watermarking can be
used to detect a document or image is illegally distributed or
modified [2].
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Watermark techniques can be divided into two groups:
Visible and invisible, the visible watermark is used if
embedded watermark is intended to be seen by human
eyes, For example, a logo inserted into corner of an image.
While the invisible watermark is embedded into a host image
by sophisticated algorithms and is invisible to the human
eyes [3]

According to the embedding, watermarking techniques
divided into two embedding domain, spatial domain and
frequency domain [3, 9].The main concept of spatial domain
[10] is to insert a watermark into an image by modifying the
gray value of certain pixels in the image [11, 12]. The
classical methods are to modify the last significant bits (LSB)
of specific pixels of the host image based on the watermark
bits [3].For frequency domain, themain concept to insert a
watermark into frequency coefficients of the transformed
image using the discrete cosine transform (DCT), the
discrete wavelet transform (DWT) [13], or other kind of
transforms techniques [3, 9]. There are requirements and
constraints in design effective watermarking algorithms the
three fundamental amongst it are:



Imperceptibility: should the difference between the
watermarked image and the original image not
noticeable and visible by human eyes,
• Robustness: is the ability of watermarking to survive
and withstand any intentional or unintentional
attacks,
• Capacity: is the number of bits embedded into the
original image
The above watermarking requirements are conflicting
with each other. If watermark is embedding bits into
higher frequency coefficient would change the
image as little as possible and achieve the
imperceptibility. However, that would reduce the
robustness since the watermarked image may
experience filtering and the hidden watermark may
be vanished. Also if watermark is Embedding bits
into lower frequency coefficient would increase the
robustness. However, this would sacrifice the
imperceptibility [14],[15]. The watermarking
problem can be viewed as an optimization problem.
Therefore, genetic algorithm (GA) can be used for
solving such problem [16], [17].
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Watermarking embedding domain:

2.1 Discrete Cosine Transform (DCT): Discrete
cosine transform (DCT) is a general orthogonal
transform for digital image processing and signal
processing, with such advantages, as high
compression ratio, small bit error rate, good
information integration ability and good synthetic
effect of calculation complexity. DCT is a widely
used mechanism for image transformation and has
been adopted by JPEG to compress images; discrete
cosine transform (DCT) is a Fourier-related
transform similar to the discrete Fourier transform,
(DFT) [18]. Discrete cosine transform (DCT) turn
over the image edge to make the image transformed
into the form of even function [19]. It’s one of the
most common linear transformations in digital
signal process technology. The DCT allows an
image to be broken up into different frequency
bands, making it much easier to embed
watermarking information into the middle
frequency bands of an image. The middle frequency
bands are chosen such that the most visual
important parts of the image (low frequencies) is to
be avoided without over-exposing it to removal
through compression and noise attacks (high
frequencies)[20]. In DCT domain, DC component
is more suitable to embed watermark than AC
component (AC). Firstly, DC component has larger
perceptual capacity. So, after embedding
watermark it doesn’t cause obvious change for
visual quality of original image; secondly, signal
processing and noise interference have smaller
influence for DC component than AC component
[21].
The DCT coefficients for output image are
computed according to the input as equation.1.
Where is the input image with size pixels, is the raw
and is the column of the image, whereas is the DCT
matrix.

The image recreated by applying inverse DCT
according to equation 2.

Discrete Wavelet Transform (DWT):
The wavelet transformation is a mathematical tool that
can examine an image in time and frequency
domains, simultaneously [22]. Discrete wavelet
transform (DWT) is simple and fast transformation
approach that translates an image from spatial
domain to frequency domain. The DWT provides a
number of powerful image processing algorithms
including noise reduction, edge detection, and
compression [23].

Advantages of DWT over DCT:
According to [24] and [25], there is the DWT advantage over
DCT as:
1. No need to divide the input coding into non-overlapping
2-D blocks, it has higher compression ratios avoid blocking
artifacts.
2. Allows good localization both in time and spatial
frequency domain.
3. Transformation of the whole image introduces inherent
scaling
4. Better identification of which data is relevant to human
perception higher compression ratio

\
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Genetic Algorithms

DISCRETE COSINE TRANSFORM (DCT)

Genetic Algorithms (GAs) introduced by Holland [26].GA is
most widely used amongst the artificial optimization
intelligent techniques. A GA is a stochastic searching
algorithm based on the mechanisms of natural selection and
genetics. GAs has been proven to be very efficient and stable
in searching for global optimum solutions
In general, GAs start with some randomly selected
population, called the first generation. Each individual in the
population called chromosome and corresponds to a solution
in the problem domain. An objective called fitness function is
used to evaluate the quality of each chromosome. The next
generation will be generated from some chromosomes whose
fitness values are high. Reproduction, crossover and
mutation are the three basic operators used to repeat many
time until a predefined condition is satisfied or the desired
number of iteration is reached. According to the applications
for optimization, designers need to carefully define the
necessary elements for dealing with the GA. Then, the fitness
function in addition to the terminating criteria is evaluated
with the natural selection, crossover, and mutation
operations [27].

The Discrete cosine transform (DCT) is most
popular due to several reasons. One of the reason is
that most of the compression techniques developed
in the DCT domain (JPEG, MPEG, MPEG1, and
MPEG2) & therefore image processing is more
familiar with it.
DCT is one of the most common linear
transformations in digital signal process technology.
Two-dimensional discrete
(2D-DCT) is defined as

cosine

transform

The corresponding inverse transformation (Whether
2DIDCT) is defined as

Watermarking based on GA related works
Researchers used GA to optimize the watermarking
requirements, Wang et al [28] presented watermarking based
on Genetic algorithm. They used bit substitution method.
Huang et al [29] proposed watermarking method based on
GA and DCT domain. They embedded watermark with
visually recognizable patterns into image by selection
modifying the middle frequency parts of the image. The GA
is applied to search for the locations to embed into DCT
coefficient block. In addition, Hsiang et al [16] proposed a
robust watermarking based on DCT and GA. They tried to
design a particle fitness function to solve the tread-off
between the three watermarking matrices. On the other hand,
they have considered the capacity to be constant. Moreover,
Hsiang et al [30] have proposed watermarking based wavelet
packet transform (WPT). They have assumed watermarked
consists of 0’s and 1’s all bits of the watermark are embedded
into host image. Also, Promcharoen and Rangsanseri [31]
presented new approach for watermarking based on DCT.
The authors used fuzzy C-mean (FCM) to classify the 8*8
block to texture or non-texture region. They used GA to find
out the optimized parameter. As well as, Patra et al [32]
proposed the digital watermarking scheme based on singular
value decomposition (SVD). The authors used GA to
optimize the conflict between quality and robustness. They
used Sun et al algorithm for quantization embedding.
Furthermore, Li et al [33] proposed watermarking based on
DWT domain. They used Arnold transform and GA to
improve the performance of watermarking algorithm.
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The 2D-DCT can not only concentrate the main information
of original image into the smallest low frequency coefficient,
but also it can cause the image blocking effect being the
smallest, which can realize the good compromise between
the information centralizing and the computing complication
[3]. The DCT allows an image to be broken up into different
frequency bands, making it much easier to embed
watermarking information into the middle frequency bands
of an image. In order to invisibly embed the watermark that
can survive lossy data compressions, a reasonable tradeoff is
to embed the watermark into the middle-frequency range of
the image.
The middle frequency bands are chosen such that they have
minimized that they avoid the most visual important parts of
the image (low frequency) without over-exposing themselves
to removal through compression and noise attacks. DCT
domain watermarking can survive against the attacks such as
noising, compression, sharpening, and filtering.
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In practice, such transformation will be applied recursively
on the low-pass series until the desired number of iterations
is reached.
The new JPEG2000 standard has adopted a new technique,
the wavelet transform. The basic idea in the DWT for a one
dimensional signal is the following. A signal is split into two
parts, usually high frequencies and low frequencies. The
edge components of the signal are largely to the high
frequency part. The low frequency part is split again into two
parts of high and low frequencies. This process is continued
an arbitrary number of times, which is usually determined by
the application at hand

Watermark Embedding in DCT

Watermark Embedding using DWT

Watermark Detection in DCT
DISCRETE WAVELET TRANSFORM (DWT)

Discrete wavelet transforms (DWT), which transforms a
discrete time signal to a discrete wavelet representation. It
converts an input series x0, x1,xm, into one high-pass wavelet
coefficient series and one low-pass wavelet coefficient series
(of length n/2 each) given by:

Where
Sm (Z), tm (Z): wavelet filters,
K: the length of the filter, and i=0... [N/2]-1.

A step of wavelet transform decomposes an image into four
parts: HH, HL, LH and LL in Figure. LL is low frequency
coefficient, LH is high frequency coefficient horizontally, HL
is high frequency coefficient vertically, and HH is high
frequency coefficient diagonally. Watermark should be
embedded in low frequency coefficients.

Flow of DWT Process
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the result image of the process is predicted original image,
not original image. By this way, embedded watermark can be
recovered by subtraction of predicted original image from
watermarked image. The processes can be illustrated as
followed

Scale -2 Dimensional DWT
One of the many advantages, the discrete wavelet transform
is the watermarking method has multi resolution
characteristics and is hierarchical.DWT has effective also in
structural attacks as compare to DCT. DWT has significant
advantages over geometric attacks such as compression,
scaling & cropping. It is generally observed that DWT is
more robust to cropping.
One more advantage of DWT is that it shows acceptable
performance with scaling attacks whereas DCT technique
doesn’t work with scaling attacks.

THEORETICAL ISSUE

Watermark Extraction Process in spatial domain
In the extraction process, several different extraction
methods are used according to embedded algorithm.
Commonly, averaging and correlation are used in most of the
method to extract watermark bit because they are simple and
efficient. The following figures describe the embedding and
extraction processes in the frequency domain based
watermarking.

There are mainly two parts in every digital watermarking
technique. These two parts are embedding in which
watermark is inserted and watermark extraction in which
watermark is recovered.
The spatial domain approached digital watermarking
techniques are not too much complex. In the watermark
embedding, watermark energy is directly added or subtracted
to the corresponding host or cover image pixel. In the other
word, the watermark embedding process can be seen as the
addition of watermark and host image and the output is
watermarked image. The embedding process can be
demonstrated as follow

Watermark Embedding Process in frequency domain

Watermark Embedding Process in spatial domain
On another side, in the watermark recovery
process, original host image can be predicted and estimated
from watermarked image by removing modified
watermarked pixels and replacing with the best neighbor
pixels. This process is called original image prediction and
ISSN: 2278 – 1323

Watermark Extraction Process in frequency domain
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The frequency domain transform based algorithms are slow
compared with spatial domain based. Although frequency
domain approaches methods are robust against compression
and filtering attacks but weak in geometrical attacks [10].
However, they can give better perceptual transparency.
CONCLUSION
In this paper we have represent various technique based on DWT and DCT, by
studying various technique and method based on DWT and DCT it is shown
that DWT provide better performance than DCT.
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