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2 Introduction

1.1 Background

Usually when we speak about notse, it means something which worsens the perfor-
mance of a system. Dictionary [1] says that noise is a disturbance, especially a random
and persistent disturbance that reduces the clarity of a signal and so limits system per-
formance. Indeed, we all suffer from the background noise in TV and radio receivers.
Engineers always want to screen it out. Presence of such noise is a part of our real life
and cannot be neglected or completely eliminated. Interestingly a number of scientific
studies carried out since last few decades have shown the good side of noise. A number
of natural phenomenon can be explained if the presence of noise is taken into account
(e.g. ice ages) [2]. Experiments were also carried out to study the effect of addition of
noise to system performance and human perception of signals. These systems include
audio compact discs [3], analog to digital devices [4], video images [5], schemes for vi-
sual perception [6, 7], and cochlear implant [8, 9]. The aim of this thesis is to develop

improved image processing algorithms aided by addition of noise.

The term stochastic resonance was first used in the context of noise enhanced signal
processing in 1981 by Benzi et al. [10, 11, 12] wherein they addressed the problem of
periodic recurrence of Earth ice ages. They used the time-scale matching condition for
stochastic resonance, i.e., the average waiting time between two noise-induced inter-well
transition which is comparable with half the period of the periodic force for double-well

potential.

Stochastic Resonance (SR) is characterized by response of a system to noise. The
signal-to-noise ratio (SNR) rises sharply to a maximum value, then gradually decreases
for higher noise intensities, as noise is added to a system. In case of stochastic resonance,
resonance is induced by noise intensity, unlike in case of resonance where it is induced

by frequency.

SR phenomenon was also reported by Fauve et al. [13] in 1983. They studied the
noise dependence of the spectral line of an ac-driven Schmitt trigger. Schmitt trigger
circuit was used to demonstrate the effect of SR and it was observed that it is based on
bistability. Six years later, SR phenomenon was observed in a bidirectional ring laser,

where deliberate addition of noise is shown to lead to an improved output signal-to-noise
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ratio [14, 15, 16]. Both the Schmitt trigger circuit and the bidirectional ring laser are
based on bistable systems. So, bistability was thought to be the necessary condition for

stochastic resonance [15].

The first important milestone in the mid nineties was investigation of SR in neural
and excitable systems. Prior to this, SR was only observed in bistable systems. The
second important milestone was the extension of SR from periodic to aperiodic driving
signals. Further extensions of initial and expansion periods include analysis of different
types of noise other than the standard additive white Gaussian noise [19], multiplicative

noise [17] to colored noise [18].

In late nineties and early two thousand a lot of research on SR was reported. Other
developments in more recent years include: analysis of SR in discrete time rather than
continuous time systems [20], controlling of stochastic resonance [21, 22|, detection of
signal using SR [23, 24, 25, 26, 27, 28] and study of adaptive and robust SR in noisy

neurons and threshold neurons [29, 30, 31].

SR phenomenon in bistable system is known to exist for more than 75 years. Accord-
ing to Peter Debye [32] the dielectric properties of polar molecules in a solid, effectively
shows SR behavior. The formula for SNR was not derived, and there was no comment
about optimized measure using non-zero noise intensity. More recently, Kalmykov et
al. [33] pointed out that another work of Debye can be related to SR, stating that it
is possible to generalize the Debye model of relaxation over a potential barrier and to

estimate the effect of anomalous relaxation on the SR effect.

Researchers and scientists have already applied stochastic resonance in image pro-
cessing applications, such as edge detection [34, 35], image enhancement [36, 37, 38],
image de-noising [39, 40], image segmentation [41] and watermark detection [42, 43]. Our
research work is devoted to the study of SR phenomenon in image applications such as:
enhancement of approximately dark images, segmentation of noisy, blurred images un-
der different brightness levels, detection of watermark from the distorted watermarked

images and detection of logo from distorted watermarked images.
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1.2 Motivation

Most of the images we obtain in real life situation are contaminated with noise.
Filtering techniques for noise removal distort the image content. Hence the motivation
behind this research work is to add controlled amount of noise for enhancement of image
content instead of trying to remove noise by filtering operation. This technique of noise
addition for signal enhancement is at the heart of stochastic resonance (SR) and has
been successfully applied in various image processing applications such as edge or line
detection [34, 35], image enhancement [36, 37, 38|, image segmentation [41] and signal

detection [42, 43].

Enhancement of very low contrast images without any artifact is a challenging task.
The existing techniques [44] enhances the noise while enhancing the image. So, we need
to develop a new SR based contrast enhancement technique which can enhance very low

contrast images without any blocking or spot kinds of artifacts.

In image processing area, not a single algorithm exists which can properly segment
noisy, blurred and varying brightness images. Color thresholding and a newly developed
SR-extended segmentation [41] provide simple and fast technique for image segmenta-
tion. The color thresholding method is sensitive to the color of the illuminating light
and other noise effect in images. SR-extended segmentation is tested to a color image
with one object where the input image has high contrast. When this algorithm is tested
on multi-object multi-colored images, the edge accuracy of segmentation results are not
appriciable. Therefore, in order to get proper segmentation of noisy, blurred and vary-
ing brightness images a new method is to be developed. The new method can properly

segment the image.

Data authentication is a challenging task among signal processing community. Wa-
termarking provides the authentication of data. The existing watermark detection tech-
niques [45, 46] are not able to authenticate data convincingly when watermarked image
is corrupted by signal processing attacks like addition of salt and pepper noise, Gaus-
sian noise, random noise etc. New techniques need to be developed to improve data

authentication.
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The initial work for data authentication is based on statistical techniques [45, 46].
Data authentication can also be achieved using logo watermarking which is easy to con-
vince non-technical arbitrator. The existing logo detection method [47] is not able to
extract the original logo from the corrupted watermarked image. Therefore, a novel
method is to be developed which can provide original logo from the corrupted water-

marked images.

1.3 Problem Definition

As stated in the previous section new techniques are to be developed for image
processing applications where existing techniques fail to provide satisfactory result. In
view of the importance of SR in image processing applications, we formally state the

problems undertaken in the thesis work as follows.

e Study the analytical and simulation performance of non-linear, non-dynamical SR
phenomenon for enhancement of low contrast images. In order to improve the
enhancement performance of very low contrast images, two enhancement methods
have been proposed. The first method is based on non-dynamical SR phenomenon
where a new threshold expression is derived. The second method of enhancement
is based on probability of goodness of the noise added very low contrast image. In

this method optimal noise standard deviation expression is derived.

e Study the analytical and simulation performance of suprathreshold stochastic res-
onance (SSR) technique for color image segmentation. Our algorithm is tested
on different noisy images having varying brightness using different distribution of
noises to make the algorithm robust. Gaussian and Uniform noise distributions

are used for color noisy image segmentation.

e Application of SSR for robust watermark detection from watermarked images has
been studied so that authenticity of the watermarked image can be confirmed.
Improvement of the detector response for Gaussian and Uniform noise distribu-

tion in the presence of different attacks is discussed. Using these distributions
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in watermark detection and obtaining positive detector response also shows the

robustness of the SSR phenomenon.

e Dynamic stochastic resonance for detection of original logo from the distorted
watermarked image is studied. Improvement in detection of logo from the distorted
watermarked image using DWT transform with SSR and combined DWT and DCT

transform with SSR is discussed.

This thesis aims to meet above stated objectives. The complete research work is pre-

sented in four main chapters (excluding Introduction and Conclusions).

1.4 Stochastic Resonance

The word noise in ordinary consciousness is associated with the term hindrance. It
was traditionally believed that the presence of noise can only make the system worse.
However, recent studies have convincingly shown that in non-linear systems, noise can
induce more ordered regimes, which cause the amplification of weak signals and increase
the signal-to-noise ratio. In other words, noise can play a constructive role in enhancing
weak signals. Stochastic resonance is one of the most shining and relatively simple
examples of this type of nonlinear systems under the influence of noise. More technically,
SR occurs if the SNR, power spectral density (PSD), input/output correlation have a
well marked maximum at a certain noise level. This concept was extensively studied

and comprehensively reviewed by Namara et al. and Gammaitoni et al. [15, 21].

In order to exhibit SR, a system should have three basic properties: a non-linearity
in terms of barrier or threshold, sub-threshold signals for example signals with small
amplitude and a source of additive noise. It occurs frequently in bistable systems or
in systems with threshold like behavior. The general behavior of SR mechanism shows
that at lower noise intensities, the weak signal does not cross the threshold, so very
less SNR. For large noise intensities, the output is dominated by the noise, also leading
to a low SNR. But, for moderate noise intensities, the noise allows the signal to cross
threshold giving maximum SNR. Thus, a plot of SNR as a function of noise intensity

shows a peak at an optimum noise level.
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1.4.1 Stochastic Resonance-Classification

The concept of stochastic resonance phenomenon is broadly classified in two cate-
gories. First, it is a non-linear non-dynamic phenomenon and second, it is a non-linear
dynamic phenomenon. However, recently a new form of stochastic resonance is investi-
gated by Stocks in 2000 [49], called suprathreshold stochastic resonance. These concepts

are explained below.

Non-linear Non-dynamic Stochastic Resonance

The general block diagram of non-linear non-dynamic stochastic resonance phe-
nomenon is shown in Fig. 1.1. It consists of input signal, random noise and threshold.
Moss et al. and Jung et al. [50, 51] described non-linear non-dynamic SR phenomenon,

and set a rule which can be seen in Fig. 1.2.

Noise

¢ Threshold
Signal ——®»| + —— = Output

Figure 1.1: Block diagram of non-dynamic stochastic resonance.

The rule is the following: whenever sum of signal and noise crosses the threshold a
rectangular pulse is obtained as shown in Fig. 1.2a and 1.2b respectively. The pulse
indicates the unidirectional threshold crossing of the combination of signal and noise.
This type of non-dynamic SR is called threshold based SR. The power spectrum of
rectangular pulse train is a sinc function. They [50, 51] derived an expression for SNR

in a threshold based SR system as discussed below.

There are two major assumptions for deriving SNR for non-dynamic system. (i)
signal frequency w < (v), where (v) is the mean threshold crossing rate of Gaussian
noise, and (ii) the width of the pulses 7 is narrow, ie., 7 < <’U>_1. The theory of
non-dynamic SR begins with a classical formula given by Rice [52], for mean threshold

crossing rate of Gaussian noise with cut off frequency fy as given in eq. 1.1

7



8 Introduction

A

) Sub-threshold signal (Bsinwt), threshold (straight line) and random
noise

(b) A rectangular pulses which mark the threshold crossing of signal and
noise

Figure 1.2: Threshold realization of stochastic resonance.

N ] S5 125(f)df

X % [_ 202 |\ f57 5(F)df )

In eq. 1.1, A is the threshold, o is the standard deviation of noise and S(f) is the power
spectral density of Gaussian noise. The individual threshold crossing event is marked
by a small rectangular pulse of width 7 and height A. Under the above mentioned
assumptions the power spectrum of the pulse train corresponding to Gaussian noise is

defined by the Campbell’s pulse noise theorem [50, 53] which is given by.

A27'2<’U> = —A%r “—exp(——) (1.2)

This is the noise spectra at low frequency or no frequency modulation. So, the mean

amplitude of the random pulse train is given by

(V) = [Ar(v)] = [AT\J;%} exp (-5,2) (1.3)

The pulse sequence is generated in the threshold based system as the sum of Gaussian

noise and sinusoidal signal B sin(wt) of frequency w crosses the threshold A. The output

8
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signal to noise ratio as derived in [50] is given below.

B 2fo A3 B> A3
SNR—lOlog[ /3 cap | =53 (1.4)

where A = Ay + Bsin(wt)

Non-linear Dynamic Stochastic Resonance

A classic one-dimensional nonlinear dynamic system that exhibits stochastic reso-
nance is modeled with the help of Langevin equation of motion given in [54] in the form

of eq. 1.5 given below.

dz(t)  dU(x)
N & + VDE() (1.5)

where U(z) is a bistable potential given in eq. 1.6. D is the noise variance and &(t) is

the noise.

2 xt

Ulz) = —a% +b— (1.6)

Here, a and b are the bistable double well parameters which are positive. The double
well system is stable at z,, = j:\/% separated by a barrier of height AU = % when the
() is zero.

Addition of a periodic input signal [Bsin(wt)] to the bistable system makes it time
dependent and the dynamics is governed by eq. 1.7.
dx(t) dU (x)

7 +Bsin(wt)—|—\/5£(t) (1.7)

where B and w are the amplitude and frequency of the periodic signal respectively. It
is assumed that the signal amplitude is small enough so that in the absence of noise it
is insufficient to force a particle to move from one well to another. Substituting U(z)

from eq. 1.6 into eq. 1.7.

dx(t)
dt

= [ax — bz®] + Bsin(wt) + VDE(t) (1.8)
In the absence of periodic force the particle fluctuates around its local stable states. The

9
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rate of transition of particles () between the potential wells under the noise-driven

switching is given by Kramer’s rate [54] as in eq.1.9.

=[5 )

When a weak periodic force is applied to the unit mass particle in the potential well,
noise-driven switching between the potential wells takes place and synchronized with the
average waiting time, Ty (D) = i, between two noise-driven inter-well transitions that
satisfies the time-scale matching between signal frequency w and the residence times of

the particle in each well [21]. That is

2T(D) =T, (1.10)
where T, is the period of the periodic force.

The most common quantifier of stochastic resonance is signal-to-noise ratio. For a

symmetric bistable system, SNR is obtained as [21].

Bx,, 2
SNR=m(—5") (1.11)

Substituting the value of r; from eq. 1.9 to eq. 1.11 we get

SNR = [\/%Ww <Bgm>2] exp<—2zg> (1.12)

The SNR expression for dynamic stochastic resonance as derived in [34, 53] is given

below.

SNR = [\/ﬁ(in)z} exp (-2‘;%> (1.13)

Here o4 is the standard deviation of the added noise in the stochastic resonance based

system and oy is the internal noise standard deviation of the original bistable system.

10
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Suprathreshold Stochastic Resonance

Suprathreshold stochastic resonance (SSR) phenomenon is a form of SR phenomenon
that occurs in arrays of identical threshold devices subjected to independent and iden-
tically distributed additive noise. In such arrays, SR occurs regardless of whether the
signal is subthreshold or not, hence the name suprathreshold SR. The block diagram of
a SSR phenomenon is shown in Fig. 1.3. The SSR phenomenon shows that this effect
is maximized when all threshold value is taken as the signal mean [55]. A more general
case of SSR where the thresholds are not identical is described in [56]. Therefore, to
optimize the performance of the threshold devices thresholds are selected accordingly.
The SSR phenomenon is quite general and is not restricted to any particular type of

signal or noise distribution.

Add noise and
then Threshold

Add noise and

/ then Threshold

Add noise and
then Threshold

Input signal,
X

Add noise and
then Threshold

Add noise and
then Threshold

Figure 1.3: Block diagram of SSR phenomenon.

Fig. 1.3 consists of n threshold devices. The i** device in the system is subject to
additive noise, (§;). In each individual input signal, X, noise ;, is added. The signal,
Y;, is unity if the sum of signal, X, and noise &; is greater than the threshold A (mean
of the signal). The output signal is zero otherwise. The thresholded signals Y;, are

summed to obtain the output, ¥’ which is the result of SSR phenomenon.

11
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1.5 SR Applications in Image Processing

Stochastic resonance phenomenon finds applications in many image processing tasks
such as image enhancement, image segmentation, data and image detection etc. A brief

review of reported literature is given below.

1.5.1 Image Enhancement Application

Most of the denoising algorithms suppress the noise from the signal. The noise is
usually thought to be a nuisance which disturbs the system. Stochastic resonance, on
contrary, is a phenomenon in which noise can be used to enhance rather than hinder
the system performance. The first experimental work on visualization of stochastic
resonance was reported in [57]. Recently some of the works on application of stochastic
resonance for image processing that have been reported in literature are (a) edge or line
detection [34, 35] (b) image enhancement [36, 37, 38], (c) image segmentation [41] and
signal detection [42, 43].

First experiment of stochastic resonance for image visualization was reported in 1997
by Simonotto et al. [57]. They reported the outcome of a psychophysics experiment
which showed that the human brain can interpret details present in an image contam-
inated with time varying noise and the perceived image quality is determined by the

noise intensity and its temporal characteristics.

In 2000 Piana et al. [58] described two experiments concerning the visual percep-
tion of noisy letters. The first experiment found an optimal noise level at which the
letter is recognized for a minimum threshold contrast [57]. In the second experiment,
they demonstrated that a dramatically increased ability of the visual system in letter

recognition occurs in an extremely narrow range of noise intensity.

Stochastic resonance was used for visualization of noisy images by Marks et al. [59]
in 2002. They have shown that the multiple realization of the stochastic resonance
phenomenon on noisy images, averaged together to form a composite image converges

to the original image.
Qinghua et al. have used SR phenomenon for image enhancement in 2003. They

12
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have applied SR for image enhancement of low contrast sonar images [36]. In this work,
they have reported the image enhancement technique which showed that an additional
amount of noise besides the noise of the image itself would be helpful to enhance low

contrast images.

Theoretical analysis of parametric stochastic resonance for two dimensional case is
developed by Xu et al. [60]. The two-dimensional parameter-tuning stochastic resonance
provides an innovative and promising approach for image processing applications such

as enhancement, segmentation etc.

In 2007 Peng et al. [61] reported a novel preprocessing approach to improve the low
contrast medical image using Stochastic Resonance. The enhancement is improved by
adding some suitable noise to the input image. Traditionally considered as a nuisance,
noise can sometimes play a constructive role in image processing. Stochastic resonance
is one such nonlinear phenomenon where the output signals of some nonlinear systems

can be amplified by adding noise to the input.

Study of 2-D image processing by means of bistable stochastic resonance (BSR) is
discussed by Zhang et al. [62] in 2008. They reported that improvement in the image
quality, peak signal-to-noise-ratio (PSNR) by tuning the system parameters is possible.
Although BSR can change the images histogram and generally deteriorate the image
quality. The example of a noise-polluted image processing using BSR, proves the Zhang

et al. method.

Stochastic resonance (SR) based wavelet transform for the enhancement of unclear
diagnostic ultrasound images is reported by Rallabandi in 2008 [38]. This method en-
hances the edges more clearly and it can simultaneously operate both as an enhancement

and a noise-reduction process.

Yang et al. [63] developed an elementary theory of two-dimensional (2D) parameter-
induced stochastic resonance (PSR) for nonlinear image processing in 2009. That is, the
concept of PSR from the one-dimensional (1D) case to the (2D) case. In order to tackle
the application of SR in image processing, where adding noise may not be an easy
task. PSR based method provides a different, but promising perspective for applying

SR phenomenon to nonlinear image processing such as denoising, segmentation etc.

13
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1.5.2 Image Segmentation Application

A new scheme for color image segmentation using stochastic resonance is reported
by Janpaiboon et al. [41] in 2006. It was shown that the addition of a small amount of

noise improves the segmentation accuracy of noisy colored images.

In 2007 Peng et al. [61] used SR for segmentation of mammogram mass images. At
first, level set evolution (without re-initialization) (LSEWRI) method [64] is employed
to do the input mammogram mass images for segmentation and then use the SR phe-
nomenon to further improve segmentation performance. This procedure is iterated 300

times to achieve a correct segmented image.

1.5.3 Image Detection Application

Image processing has been widely used in different areas, such as diagnosing tumors
in medical images, detecting cancerous cell in mammogram images, detecting and iden-
tifying hostile targets in military images etc. For the images corrupted by noise, most of
the de-noising algorithm will try to remove or suppress the noise from the noisy images,
because the noise is usually thought to be nuisance. Here noise is used for detection of

images.

Qinghua et al. have used SR phenomenon for line detection from noisy images
based on Radon transform [34] in 2003. They have shown that the bistable stochastic
resonance based Radon transform can easily extract weak lines from very strong noisy
images. This SR based Radon transform algorithm is used in the bearing-time record

and the LOFAR display.

In the same year 2003 Hongler et al. [35] reported that the ubiquitous presence
of random vibrations in vision systems can be used for edge detection. They showed
mathematically and experimentally that the relevant part of the information needed to
detect the edges of an image is contained in the modulation of the variance of the output

random signal.

A constructive action of noise for impulsive noise removal from noisy images is re-

ported by Histacle et al. in 2006 [39]. This process is based on the restoration process

14
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of Perona-Malik [48] in which a Gaussian noise is purposely added. The new process of

Histacle et al. outperform the original process of Perona Malik [48].

A novel watermarking scheme based on stochastic resonance was reported in 2006
by Guangchun et al. [42]. The watermark is viewed as a weak binary signal, and the
median frequency discrete cosine transform (DCT) components of all the 8 x 8 image
blocks are randomly permuted to be an approximate white Gaussian noise (WGN).
When the watermark signal which are corrupted by the noise passed through the well

tuned nonlinear system, output signal-to-noise ratio gets improves.

An aperiodic stochastic resonance signal processor for communication systems based
on bistable dynamic mechanism is proposed for detecting baseband binary pulse ampli-
tude modulation signals in 2008 by Sun et al. [43]. To demonstrate processors usability,
a digital image watermarking algorithm in the DCT domain is reported. The watermark
and the DCT coefficients of the image are viewed as the input signal and the noise in

the watermark detection process respectively.

1.6 SR Applications in Signal Processing

Stochastic resonance phenomenon find many applications in signal processing. Some

of them are discussed below.

A novel nonlinear filtering approach for detecting weak signal in heavy noise from
shot data record is introduced by Asdi et al. [65] in 1995. Asdi et al. discussed an
approach that relies on a nonlinear filtering of an input signal using a bistable system.
They have shown that by adaptively selecting the parameters of the bistable system, it
is possible to increase the ratio of the square of amplitude of a sinusoid to that of the

noise intensity around the frequency of the sinusoid (stochastic resonance).

The dynamic stochastic resonance phenomenon is used in detecting periodic signals
such as sinusoids [20, 53] and also detecting aperiodic signals such as pulse amplitude

modulation signals [66].

Aperiodic stochastic resonance for fixed length binary sequence was studied in [67].

In communication systems, channel is always affected by the noise but it can’t be re-

15
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moved neither by the transmitter nor by the receiver. So, it is more useful to tune the
overall system (channel property with the noise) parameters with noise rather to remove

the noise for the optimum response [31, 68, 69, 70].

Noise has been utilized for life support system by Suki et al. in 1998 [71]. Previously,
doctors used mechanical ventilators to provide life support for patients at the time of
respiratory failure. If this is used for a long period, these mechanical machines can cause
damage to lungs, leading to partial pressure of oxygen in the arteries. In conventional
mechanical ventilation, the respiratory rate and volume of air inspired per breath are
fixed, although during natural breathing these parameters vary appreciably. Therefore,
a computer-controlled ventilator has been introduced by Suki et al. in 1998 [71], that can
use noise to mimic this variability. They investigated a conceptual model of lung injury
in which the partial pressure of arterial oxygen is improved significantly by computer

controlled rather than conventional mechanical ventilation.

A real time human balance control system is developed by Collins et al. [72] in
2003. Here low-level input noise (mechanical or electrical) is used to take out the pain
in movement of body part in humans. Therefore, it improve the performance of the
human balance control. This mechanism is very helpful for patients who are not able to

stand due to paralysis attack.

Application of SSR in information theory and neural coding was developed by Mc-
Donnel et al. respectively [73, 74]. This mechanism is very helpful for data communi-

cations.

SR-based technique has been used to create a novel class of medical devices (such
as vibrating insoles) for enhancing sensory and motor function in elderly, patients with

diabetic neuropathy, and patients with stroke [75].

1.7 The Layout of the Thesis

A brief overview of the work carried out in the thesis and organization of the same

are summarized below.

Chapter 1 presents the motivation and objective of the thesis works. A brief in-

16
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troduction to stochastic resonance (SR) and its variants: Non-linear non-dynamic SR,
non-linear dynamic SR and suprathreshold SR (SSR) have been presented in this chap-
ter. A review of reported literature on SR applications in image and signal processing

is also presented.

Chapter 2 proposes a generalized expression of signal-to-noise ratio (SNR) and power
spectral density (PSD) for combinations of n sinusoidal input signals having different
amplitudes, frequency and phase. These expressions are plotted with respect to noise
standard deviation. Applicability of stochastic resonance for enhancement of very low
contrast images is introduced in this chapter. The threshold expression for stochastic
resonance phenomenon is also derived. Later on, to overcome the time complexity of
enhancement algorithm, optimal noise standard deviation is derived which is based on

the probability of goodness of an image.

Chapter 3 presents a SSR technique for segmentation of noisy, blurred color images
with different intensity values. In this approach, Gaussian noise and uniform noise is
added separately for segmentation of input images. Three parameters namely corre-
lation coeflicient, change in object position and number of mismatch pixels are used
as performance measure. Performance of the proposed segmentation technique is com-
pared with that of SR-extended segmentation algorithm [41], watershed segmentation
algorithm [44], marker controlled watershed segmentation [44] and integrated region

mapping based segmentation [91] and found to be significantly better.

Chapter 4 focuses on watermark detection based on suprathreshold stochastic reso-
nance (SSR). Uniform noise of mean zero and variance one with a specific seed value is
considered as watermark. Two new techniques are reported for detection of watermark
based on SSR. The first technique is called SSR and single threshold, in which different
thresholded frames are averaged to get single frame. This single frame is used in the de-
tection process. The second technique is called SSR and maximizing network, in which
different thresholded frames are maximized to get single frame. This single frame is used
in the detection process. Mathematically and experimentally it has been observed that
the correlation improves significantly in both these approaches. Latter on, the whole

experiment is repeated using Gaussian noise with specific seed values as a watermark

17
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and the same is used for watermark detection process using SSR. Experimentally it is

observed that the response is better for these cases also.

Chapter 5 presents the detection of logo from distorted watermarked images using
stochastic resonance. A non-linear dynamic SR phenomenon is used for logo detection.
In our proposed work, combined DWT and DCT with the stochastic resonance is used
for logo detection. The proposed technique is compared to the existing techniques and
found to perform better in terms of correlation coefficient and peak signal-to-noise-ratio

between extracted logo and embedded logo.

Generally in logo detection, the extracted logo quality degrades in the presence of
strong attacks. Stochastic resonance improves the logo detection even in the presence
of strong attacks. We observed experimentally that the correlation coefficients when
the watermarked image suffers pulse noise attack or the Gaussian noise attack is more
than that when the watermarked image does not suffer from any attack. So, the noise

imposed by the attack is helpful to the logo detection.

The final chapter summarizes the important conclusions drawn from the work carried
out in the thesis. The comparative results are also discussed in brief. The advantage and
disadvantages of all the proposed methods are also highlighted. The thesis concludes by

suggesting scope for future work.

18



1.7 References 19

References

1]
2]

J. P. Pickett “The American Heritage Dictionary of the English Language,” 4th ed. Boston, MA:
Houghton Mifflin, 2000.

K. Wiesenfeld and F. Moss, “Stochastic resonance and the benefits of noise: from ice ages to
crayfish and SQUIDs,” Nature (London), vol. 373, no. 6509, pp. 33-36, Jan 1995.

S. P. Lipshitz, R. A. Wannamaker and J. Vanderkooy, “Quantization and dither: A theoretical
survey,” Journal of Audio Eng. Soc., vol. 40, no. 5, pp. 355-374, May 1992.

M. Bartz, “Large-scale dithering enhances ADC dynamic range,” Microwave and RF, vol. 32, pp.
192-194, May 1993.

D. W. E. Schobben, R. A. Beuker and W. Oomen, “Dither and data compression,” IEEE Trans.
Signal Processing, vol. 45, pp. 2097-2101, August 1997.

M. Riani and E. Simonotto, “Stochastic resonance in the perceptual interpretation of ambiguous
figures: A neural network model,” Phys. Rev. Lett., vol. 72, no. 19, pp. 3120-3123, May 1994.

M. Riani and E. Simonotto, “Periodic perturbation of ambiguous figure: A neural network model
and a nonsimulated experiment,” Il Nuovo Cimento D, Luglio-Agosto, vol. 17, nos. 78, pp. 903-913,
1995.

R. P. Morse and E. F. Evans, “Enhancement of vowel coding for cochlear implants by addition of
noise,” Nature Medicine, vol. 2, no. 8, pp. 928-932, August 1996.

F. Moss, F. Chiou-Tan and R. Klinke, “Will there be noise in their ears?,” Nature Medicine, vol.
2, no. 8, pp. 860-862, August 1996.

R. Benzi, A. Sutera and A. Vulpiani, “The mechanism of stochastic Resonance,” J. Phys. A: Math.
Gen, vol. 14, pp. L453-1.457, 1981.

R. Benzi, G. Parisi, A. Sutera and A. Vulpiani, “Stochastic resonance in climatic change,” Tellus,
vol. 34, pp. 10-16, 1982.

R. Benzi, G. Parisi, A. Sutera and A. Vulpiani, “A theory of stochastic resonance in climatic
change,” SIAM Journal on Applied Mathematics, vol. 43, pp. 565-578, 1983.

S. Fauve and F. Heslot, “Stochastic resonance in a bistable system,” Phys. Lett., vol. 97A, no. 1,
pp. 5-7, 1983.

B. Mc. Namara, K. Wiesenfeld and R. Roy, “Observation of Stochastic Resonance in a ring laser,”
Phys. Rev. Lett., vol. 60, no. 25, pp. 2626-2629, 1988.

B. Mc. Namara and K. Wiesenfeld, “Theory of Stochastic Resonance,” Physical Review A, vol.
39, no. 9, pp. 4854-4869, May 1989.

L. Gammaitoni, F. Marchesoni, E. Menichella-Saetta and S. Santucci, “Stochastic resonance in
bistable systems,” Physical Review Letters, vol. 62, pp. 349-352, 1989a.

Bohou Xu, Jianlong Li and Jinyang Zheng, “Parameter-induced aperiodic stochastic resonance in
the presence of multiplicative noise and additive noise,” Physica A, vol. 343, pp. 156-166, 2004.

Peter Hanggi, Peter Jung, Christine Zerbe and Frank Moss, “Can colored noise improve stochastic
resonance,” Journal of statistical physics, vol. 70, no. 1-2, pp. 25-47, 1993.

A. Populis and S. U. Pillai, “Probability, Random variables, and Stochastic Process,” Tata
McGraw-Hill Publishing Company Limited, New Delhi, India, 2004.

S. Zozor and Pierre olivier Amblard, “SR in discrete time nonlinear AR(1) model,” IEEE Trans.
on signal Proc., vol. 47, no.1, pp. 108-122, January 1999.

L. Gammaitoni, P. Hanggi, P. Jung and F. Marchesoni, “Stochastic resonance”, Reviews of Modern
Physics, vol. 70, pp. 223-287, 1998.

L. Gammaitoni, M. Locher, A. Bulsara, P. Hanggi, J. Neff, K. Wiesenfeld, W. Ditto and M. E.
Inchiosa, “Controlling stochastic resonance,” Physical Review Letters, vol. 82, pp. 4574-4577, 1999.

19



20

Introduction

[23]
[24]

[25]

[26]

[27]

[28]

[29]
[30]
[31]
[32]
[33]
[34]

[35]

[38]
[39]
[40]

[41]

S. M. Kay, “Can detectability be improved by adding noise?,” IEEE Signal Processing Letters,
vol. 7, no. 1, pp. 8-10, 2000.

Bart Kosko and Sanya Mitaim, “Robust Stochastic resonance: Signal detection and adaption in
impulsive noise,” Physical Review E, vol. 64, pp. 1-10, October 2001.

S. M. Kay, J. H. Michels, Hao Chen and Promod K. Varshney, “Reducing Probability of Error using
Stochastic Resonance,” IEEE Signal Processing Letters, vol. 13, no. 11, pp. 695-698, November
2006.

Hao Chen, Promod K. Varshney, J. H. Michels and S. Kay, “Theory of the Stochastic Resonance
Effect in Signal Detection: Part I: Fixed Detectors,” IEEE Transaction on Signal Processing, vol.
55, no. 7, pp. 3172-3184, July 2007.

Hao Chen and Promod K. Varshney, “Theory of the Stochastic Resonance Effect in Signal De-
tection: Part II: Variable Detectors,” IEEE Transaction on Signal Processing, vol. 56, no. 10, pp.
5031-5041, October 2008.

Renbin Peng, Hao Chen and Promod K. Varshney, “Noise Enhanced Detection of Micro-
Classifications in Digital Mammograms,” IEEE Journal of selected topic in Signal Processing,
vol. 3, no. 1, pp. 63-73, February 2009.

Bart Kosko and Sanya Mitaim, “Stochastic Resonance in noisy threshold neurons,” Neural Net-
works, vol. 16, pp. 755-761, 2003.

Bart Kosko and Sanya Mitaim, “Robust Stochastic Resonance for simple threshold neurons,”
Physical Review FE, vol. 70, pp. 1-10, September 2004.

Sanya Mitaim and Bart Kosko, “Adaptive Stochastic Resonance in noisy neurons based on mutual
information,” IEEE Transaction on Neural Networks, vol. 15, no. 6, pp. 2152-2183, 2004.

M. I. Dykman, P. V. E. McClintock, “What can stochastic resonance do?, Nature, vol. 391, pp.
344, 1998.

Y. P. Kalmykov, W. T. Coffey, and S. V. Titov, “Bimodal approximation for anomalous diffusion
in a potential,” Physical Review FE, vol. 69, pp. 021105.1-021105.7, 2004.

Qinghua Ye, Haining Huang, Xinyi He and Chunhua Zhang, “A SR-based Radon transform to
extract weak lines from noise images,” in Proc. of IEEE ICIP, vol. 5, pp. 1849-1852, 2003.

M. Hongler, Y. Meneses, A. Beyeler and J. Jacot, “Resonant Retina: Exploiting Vibration Noise
to Optimally Detect Edges in an Image,” IEEE Trans. Pattern Analysis and Machine Intelligence,
vol. 25, no. 9, pp. 1051-1062, 2003.

Qinghua Ye, Haining Huang, and Chunhua Zhang, “Image enhancement using stochastic reso-
nance,” Proc. of IEEE ICIP, vol. 1, pp. 263 - 266, October 2004.

Renbin Peng, Promod K. Varshney, Hao Chen and J. H. Michels, “Adaptive algorihms for digital
mammogram enhancement,” SPIE Medical Imaging Conference, San Diego, CA, 16-21 February
2008.

V. P. Subramanyam Rallabandi, “Enhancement of ultrasound images using stochastic resonance
based wavelet transform,” Computerized medical imaging and graphics, vol. 32, pp. 316-320, 2008.

A. Histace, and D. Rousseau, “Constructive action of noise for impulsive noise removal in scalar
images,” IEEE FElectronics Letters, vol. 42, no. 7, March 2006.

Hao Chen, Promod K. Varshney and J. H. Michels, “Denoising Noisy Images with Noise,” Asilomar
Conference on Signal, Systems, and Computers, Pacific Grove, CA, November 2007.

Sittichote Janpaiboon and Sanya Mitaim, “Adaptive Stochastic Resonance in Color Object Seg-
mentation,” IEEE International Joint Conference on Neural Networks, vol. 1, pp. 2508-2515,
2006.

Guangchun Wu, and Zhengding Qiu, “A novel watermarking scheme based on stochastic reso-
nance,” IEEE 8th International Conference on Signal Processing, vol. 2, pp. 1-4, 2006.

20



1.7 References 21

[43]
[44]
[45]

[46]

[47]
[48]
[49]

[50]

[57]
[58]

[59]

[60]

[61]

[62]

Shuifa Sun and Bangjun Lei, “On an aperiodic stochastic resonance signal processor and its
application in digital watermarking,” Signal Processing, vol. 88, pp. 2085-2094, 2008.

R. C. Gonzales and R. E. Woods, “Digital Image Processing,” Reading, MA: Addison Wesley,
1992.

R. Dugad, K. Ratakonda and N. Ahuja, A new wavelet-based scheme for watermarking images,
in Proceedings of IEEFE, ICIP98, Chicago, IL, USA, 1998.

Thai Duy Hien, Zensho Nakao and Yen-Wei Chen, “Robust digital watermarking based on princi-
pal component analysis,” International Journal of Comput. Intell. Appl., vol. 4, no. 2, pp. 183-192,
2004.

Ali Al-Haj, “Combined DWT-DCT digital image watermarking,” Journal of computer science,
vol. 3, no. 9, pp. 740-746, 2007.

P. Perona and J. Malik, “Scale-space and edge detection using anisotropic diffusion,” IFEE Trans.
on Pattern Analysis and Machine Intelligence, vol. 12, no. 7, pp. 16-27, July 1990.

N. G. Stocks, “Suprathreshold stochastic resonance in multilevel threshold systems,” Phys. Rev.
Lett., vol. 84, no. 11, pp. 2310-2313, 2000.

Frank Moss, David Pierson and D. O’Gorman, “Stochastic Resonance: Tutorial and Update,” Int.
Joumal Bifurcation and Chaos, vol. 4, no. 6, pp.1383-1397, 1994.

P. Jung, “Threshold devices: fractal noise and neural talk,” Phys. Rev. E, vol. 50, pp. 2513-2522,
October 1994.

S. O. Rice, “The theory of random noise,” Bell system Tech J., vo. 23, pp. 282, 1944.

Peter Jung and Peter Hanggi, “Amplification of small signal via SR,” Physical Review A, vol. 44,
no. 12, pp. 8032-8042, December 1991.

H. Risken, “The Fokkar Plank Equation,” Springer verlag, Berlin, 1984.

N. G. Stocks, “Information transmission in parallel threshold arrays: suprathreshold stochastic
resonance, Physical Review E, vol. 63, no. 041-114, 2001a.

M. D. McDonnell, N. G. Stocks, M. E. C. Pearce and D. Abbott, “Stochastic Resonance: From
Suprathreshold Stochastic Resonance to Stochastic Signal Quantisation,” Cambridge University
Press, ISBN 978-0521882620, 2008.

E. Simonotto, M. Riani, S. Charles, M. Roberts, J. Twitty and F. Moss, “Visual perception of
stochastic resonance,” Phys. Rev. Lett., vol. 78, no. 6, pp. 1186-1189, 1997.

M. Piana, M. Canfora and M. Riani, “Role of noise in image processing by the human perceptive
system,” Physical Review E, vol. 62, no. 1, pp.1104-1109, July 2000.

R. J. Marks, B. Thompson, M. A. El-Sharkawi, W. L. J.Fox and R. T. Miyamoto, “Stochastic
resonance of a threhold detector: image visualization and explanation,” ISCAS, pp. IV521- 523,
2002.

Bohou Xu, Zhong-Ping Jiang, Xingxing Wu and Daniel W. Repperger, “Theoretical Analysis of
Image Processing Using Parameter-Tuning Stochastic Resonance Technique,” in Proceedings of
the American Control Conference, New York City, USA, July 11-13, 2007.

Renbin Peng, Hao Chen and Pramod K. Varshney, “Stochastic Resonance: An Approach for En-
hanced Medical Image Processing,” IEEE/NIH Life Science Systems and Applications Workshop,
vol. 1, pp. 253-256, 2007.

Ying Zhang, Yong-gang Leng, Shu-min Wan and Guo-long Huang, “The Application of Bistable
Stochastic Resonance in Image Processing via Tuning System Parameters,” in Proceedings of the
IEEE International Conference on Information and Automation, June 20-23, Zhangjiajie, China,
2008.

Yibing Yang, Zhongping Jiang, Bohou Xu and Daniel W Repperger, “An investigation of two-
dimensional parameter-induced stochastic resonance and applications in nonlinear image process-

ing,” J. Phys. A: Math. Theor., vol. 42, pp. 145207.1-145207.9, 2009.

21



22

Introduction

[64]

[65]

[66]

[67]
[68]
[69]

[70]

[71]

[72]
[73]

[74]

[75]

[76]

[77]

[81]

[82]

C. Li, C. Xu, C. Gui and M. D. Fox, “Level set evolution without re-initialization: A new varia-
tional formulation,” in Proc. CVPR, vol. 1, pp. 430-436, 2005.

A. S. Asdi and A. H. Tewfik, “Detection of weak signals using adaptive stochastic resonance,”
IEEE International conference on Acoustic, Speech, and Signal Processing, vol. 2, pp. 1332-1335,
1995.

F. Duan and B. Xu, “Parameter induced stochastic resonance and baseband binary PAM signals
transmission over an AWGN channel,” Int. Journal of Bifurc. Chaos, vol. 13, no. 2, pp. 411-425,
2003.

G. Hu, D. Gong, X. Wen, “Stochastic resonance in a non-linear system driven by an aperiodic
force,” Physics review A, vol. 46, no. 6, pp. 3250-3254, 1992.

J. J. Collins, C. C. Chow and T. T. Imhoff, “Stochastic Resonance without tuning,” Nature,
London, vol. 376, pp. 236-238, July 1995.

A. R. Bulsara and A. Zaror, “Threshold detection of wideband signals: a noise-induced maximumn
the mutual information,” Phys Rev E, vol. 54, pp. R2185-R2188, 1996.

B. Xu, F. Duan, R. Bao and J. Li, “Stochastic resonance with tuning system parameters: the
application of bistable system in signal processing,” Chaos, Solitons Fractals, vol. 13, no. 4, pp.
633-644, 2002.

B. Suki, A. M. Alencar, M. K. Sujeer, R. K. Lutchen, J. J. Collins, Jr. J. S. Andrade, E. P.
Ingenito, S. Zapperi, H. E. Stanley, “Life-support system benefits from noise,” Nature, vol. 393,
pp. 127-128, 1998.

J. J. Collins, A. A. Priplata, D. C. Gravelle, J. Niemi, J. Harry, and L. A. Lipsitz, “Noise-enhanced
human sensorimotor function,” IEEE Eng. Med. Biol. Mag., vol. 22, no. 2, pp. 76-83, 2003.

M. D. McDonnell and D. Abbott, “Optimal quantization in neural coding,” in Proc. IEEE Inter-
national Symposium on Information Theory, Chicago, pp. 494-496, 2004.

M. D. McDonnell, N. G. Stocks and D. Abbott, “Optimal stimulus and noise distributions for
information transmission via suprathreshold stochastic resonance, Physical Review E, vol. 75, pp.
061105.1-061105.13, 2007.

A. A. Priplata, B. L. Patritti, J. B. Niemi, R. Hughes, D. C. Gravelle, L. A. Lipsitz, A. Veves, J.
Stein, P. Bonato and J. J. Collins, “Noise-enhanced balance control in patients with diabetes and
patients with stroke,” Ann Neurol, vol. 59, no. 1, pp. 4-12, January 2006.

J. S. Lim, “Two-Dimensional Signal and Image Processing,” NJ: Englewood Cliffs, Prentice-Hall,
1990.

G. Deng, L. W. Cahill and G. R Tobin, “The study of logarithmic image processing model and
its application to image enhancement,” IFEE Trans. Image Processing, vol. 4, no. 4, pp. 506-512,
1995.

A. Laine, J. Fan, and S. Sculer. “A Framework for Contrast enhancement by dyadic wavelet
analysis, Digital Mammography,” Elsevier Amsterdam, 1994.

T. J. Brown, “An Adaptive Strategy for Wavelet Based Image Enhancement,” Proc. IMVIP, vol.
5, pp. 67-81, 1998.

Laurence Meylan, and Sabine Susstrunk, “High Dynamic Range Image Rendering With a Retinex-
Based Adaptive Filter,” IEEE Transaction on image processing, vol. 15, no. 9, pp. 2820-2830,
September 2006.

D. Jobson, Z. Rahman, and G. Woodell, “A multiscale Retinex for bridging the gap between color
images and the human observation of scenes,” IEEE Trans. Image Processing, vol. 6, no. 7, pp.
965-976, July 1997.

Z. Gingl, L. B. Kiss, F. Moss, “Non dynamical stochastic resonance: Theory and experiments
with white and various colored noises,” Luglio-Agosto, vol. 17, no. 7, pp. 795-802, 1995.

22



1.7 References 23

[83]

[84]

[85]
[86]
[87]
[88]
[89]
[90]

[91]

[100]

[101]

[102]

Z. Gingl, L. B. Kiss, F.Moss, “Non dynamical SR: Theory and experiments with white and
Arbitrarily Coloured noises,” Furophysics Letters, vol. 29, no. 3, pp. 191-196, January 1995.

Sameer Singh and Keir Bovis, “An evaluation of conyrast enhancement techniques for mammo-
graphic breast massed,” IEEE Transaction of Information Technology in Biomedicine, vol. 9, no.
1, pp. 109-119, March 2005.

H. D. Cheng, X. H. Jiang, Y. Sun and J. Wang, “Color image segmentation: Advances and
prospects,” Journal of Pattern Recognition, vol. 34, pp. 2259-2281, 2001.

A. W. Liew, H. Yan and N. F. Law, “Image segmentation based on adaptive cluster prototype
estimation,” IEEE Trans. Fuzzy Syst., vol. 13, no. 4, pp. 444-453, 2005.

N. R. Pal and S. K. Pal, “A review on image segmentation techniques,” Pattern Recognition, vol.
26, no. 9, pp. 1277-1294, 1993.

J. Bruce, T. Balch and M. Veloso, “Fast and Inexpensive Color Image Segmentation for Interactive
Robots,” in Proc. IEEE/RSJ Intl Conf. Intelligent Robots and Systems, 2000.

W. N. Lie, “Automatic target segmentation by locally adaptive image thresholding,” IEEFE Trans.
Image Processing, vol. 4, no. 7, pp. 1036-1041, July 1995.

Z. Wasik and A. Saffiotti, “Robust Color Segmentation for the RoboCup Domain,” in 16th Inter-
national Conference on Pattern Recognition, vol. 2, pp. 651-654, 2002.

Jia Li , James Z. Wang , Gio Wiederhold, “IRM: integrated region matching for image retrieval,”
Proceedings of the eighth ACM international conference on Multimedia, Marina del Rey, California,
United States, pp. 147-156, October 2000.

Ruey-Ming Chao, Hsien-Chu Wu, Zi-Chun Chen, ¢ ‘Image segmentation by automatic histogram
thresholding,” in Proceedings of the 2nd International Conference on Interaction Sciences: Infor-
mation Technology, Culture and Human, pp. 136-141, November 24-26, 2009, Seoul, Korea.

http://www.flickr.com/photos/80327698@N00/3166736209/

J. B. T. M. Roerdink and A. Meijster, “The watershed transform: definitions, algorithms, and
parallelization strategies,” In Fundamenta Informaticae, vol. 41, pp. 187-228, 2000.

Kyung-Seok SEO, Chang-Joon PARK, Sang-Hyun CHO, Heung-Moon CHOI, “Context-Free
Marker-Controlled Watershed Transform for Efficient Multi-Object Detection and Segmentation,”
Publication IEICE TRANSACTIONS on Fundamentals of Electronics, Communications and Com-
puter Sciences, vol. E84-A, no.6, pp. 1392-1400, 2001.

Ahmad A. Mohammad, Ali Al haj and Sameer Shaltaf, “An improved SVD-based watermark-
ing scheme for protecting rightful ownership, Signal processing, vol. 88, no. 9, pp. 2158-2180,
September 2008.

J. Shieh, D. Lou, and M. Chang, “A semi-blind watermarking scheme based on singular value
decomposition,” Computer Standards And Interface, vol. 28, pp. 428-440, 2006.

R. Liu and T. Tan, “An SVD-Based Watermarking Scheme for Protecting Rightful Ownership,”
IEEFE Trans. Multimedia, vol. 4, no. 1, pp. 121-128, March 2002.

M. Barni, I. J. Cox, and T. Kalker, “Digital watermarking,” in 4th international workshop on
digital watermarking, Siena, Italy, September 15-17, 2005.

I. J. Cox, J. Kilian, F. T. Leighton and T. Shamoon, “Secure Spread Spectrum Watermarking for
Multimedia,” IEEE Trans. Image Processing, vol. 6, no. 12, pp. 1673-1687, 1997.

Mohamed Ouhsain and A. Ben Hamza, “Image watermarking scheme using nonnegative matrix
factorization and wavelet transform,” Ezpert Systems with Applications, vol.36, Part 1, pp. 2123-
2129, March 2009.

B. Chandra, and S. Srinivas, “A Robust Image Watermarking Scheme using Singular Value De-
composition,” Journal of multimedia, vol.3, no. 1, pp. 7-15, May 2008.

23



24 Introduction

[103] Gaurav Bhatnagar and Balasubramanian Raman, “A new robust reference watermarking scheme
based on DWT-SVD,” Standards and Interfaces, vol. 31, pp. 1001-1013, 2009.

[104] Xiang-Yang Wang, Hong-Ying Yang and Chang-Ying Cui, “An SVM-based robust digital image
watermarking against desynchronization attacks,” Signal Processeing archive, vol. 88, no. 9, pp.
2193-2205, Sep. 2008.

[105] Chin-Chen Chang. Chia-Chen Lin, Chun-Sen Tseng, and Wei-Liang Tai, “Reversible hiding DCT-
based compressed images,” Information Sciences, vol. 177, no. 13, pp. 2768-2786, June 2007.

[106] Faisal T. Alturki, Ali F. Almutairi and Russell M. Mersereauu, “Analysis of blind data hiding
using discrete cosine transform phase modulation,” Signal Processing: Image Communication,
vol. 22, no. 4, pp. 347-362, April 2007.

[107] M. Barni, F. Bartolini, V. Cappellini and A. Piva, “A DCT domain system for robust image
watermarking,” Signal Processing, Special Issue in Copyright Protection and Access Control for
Multimedia Services, pp. 357-372, 1998,.

[108] D. Kundur, D. Hatzinakos, “Digital watermarking using multiresolution wavelet decomposition,”
in Proceedings of IEEE, I[CASSP98, vol. 5, Seattle, WA, USA, 1998, pp. 2969-2972.

[109] J. R. Kim, Y. Shik Moon, “A robust wavelet-based digital watermark using level-adaptive thresh-
olding,” in Proceedings of IEEE, ICIP99, Kobe, Japan, 1999.

[110] F. Yaghmaee and M. Jamzad, “Using Julian set patterns for higher robustness in correlation based
watermarking methods,” in Proceedings of Fifth IEEE Int. Symposium on signal processing and
information technology, pp. 358-362, December 2005.

[111] M. Barni, F. Bartolini, A. Piva, “Improved wavelet based watermarking through pixel wise mask-
ing,” IEEFE Trans. Image Process., vol. 10, no. 5, pp. 783-791, 2001.

[112] Thai Duy Hien, “Robust multi-logo watermarking by RDWT and ICA,” Signal Processing, vol.
86, no. 10, pp. 2981-2993, 2006.

[113] Xiangui Kang, Winjun Zeng, and Jiwu Huang, “A Multi-band Wavelet Watermarking Scheme,”
International Journal of Network Security, vol. 6, no. 2, pp. 121-126, March 2008.

[114] D. S. Chandra, “Digital image watermarking using singular value decomposition,” in: Proceedings
of the 45th Midwest Symposium on Circuits and Systems, vol. 3, pp. 264-267, 2002.

[115] A. A. Reddy and B. N. Chatterji, “A New Wavelet Based Logo-watermarking Scheme,” Pattern
Recognition Letters, vol. 26, pp. 1019-1027, May 2005.

[116] E. Ganic, A. M. Eskicioglu, “Robust Embedding of Visual Watermarks Using DWT-SVD,” Journal
of Electronic Imaging, vol. 14, no. 4, pp. 1-13, 2005.

[117] S. Wang and Y. Lin, “Wavelet Tree Quantization for Copyright Protection Watermarking,” IEEE
Trans. Image Processing, vol. 13, no. 2, pp. 154-164, February 2004.

[118] S. Agreste, and G. Andaloro, “A new approach to pre-processing digital image for wavelet-based
transform,” Journal of Computational and Applied Mathematics, vol. 221, no. 2 pp. 274-283,
November 2008.

[119] C. Lin, M. Wu, J. Bloom, I. Cox, M. Miller and Y. Lui, “Rotation, Scale, and Translation Resilient
Watermarking for Images,” IEEE Trans. Image Processing, vol. 10, no. 5, pp. 767-782, May 2001.

[120] L. Knockaert, B. Backer and D. Zutter, “SVD Compression, Unitary Transforms, and Compu-
tational Complexity,” IEEE Trans. Signal Processing, vol. 47, no. 10, pp. 2724-2729, October
1999.

[121] C. Chang, C. Lin and Y. Hu, “An SVD oriented watermark embedding scheme with high qualities
for the restored images,” in International Journal of Innovative Computing, Information and
Control, vol. 3, no. 3, pp. 609-620, June 2007.

[122] Veysel Aslantas, “An optimal robust digital image watermarking based on SVD using differential

evolution algorithm,” Optics Communications, vol. 282, no. 5, pp. 769-777, March 2009.

24



1.7 References 25

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]
[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139)]

Soroosh Rezazadeh and Mehran Yazdi, “Nonoblivious Image Watermarking System Based on
Singular Value Decomposition and Texture Segmentation,” in Proceeding of world Acadimy of
Science, Eng. And Tech., vol. 13, pp. 255-259, March 2009.

J. Liu, X. NiuCand and W. Kong, “Image Watermarking based on Singular Value Decomposi-
tion,” in Proceeding of the 2006 International Conference on Intelligent Information Hiding and
Multimedia Signal Processing, pp. 457-460, Pasadena, CA, USA, December 2006.

Vesyel Aslantas, “Singular-value decomposition-based image watermarking using genetic algo-
rithm,” AEU-Int. J. Electron. Commun., vol. 62, no. 6, pp. 386-394, December 2008.

Ming-Shi Wang, and Wei-Che Chen, “A hybrid DWT-SVD copyright protection scheme based on
kmeans clustering and visual cryptography,” Computer Standards and Interfaces, vol. 31, no. 4,
pp. 757-762, June 2009.

E. Yavus and Z. Telatar, “Improved SVD-DWT Based Digital Image Watermarking Against Wa-
termark Ambiguity, in Proceedings of the 2007 ACM symposium on Applied computing, pp. 1051-
1055, Seoul, Korea, March 2007.

F. Huang and Z. Guan, “A Hybrid SVD-DCT Watermarking Method Based on LPSNR,” Pattern
Recognition Letters, vol. 25, no. 15, pp. 1769-1775, November 2004.

Wei Lu, Wei Sun, and Hongtao Lu, “Robust DWT-SVD Domain Image Watermarking: Embed-
ding Data in All Frequencies,” Computers and Electrical Engineering, vol. 35, no. 1, pp. 183-188,
January 2009.

Wei Lu, Wei Sun, and Hongtao Lu, “Robust Watermarking based on Sub-sampling and Nonneg-
ative Matrix Factorization,” in Informatica, vol. 19, no. 4, pp. 555-566, January 2008.

Ali Al-Haj, “A habrid digital image watermarking algorithm,” 4th International Conference on
innovation in information technology, pp. 690-694, November 2007.

Min-Jen Tsai, Hsiao-Ying Hung, “DCT and DWT-Based Image Watermarking Using Subsam-
pling,” in Proceedings of the 24th International Conference on Distributed Computing Systems
Workshops, vol. 7, pp. 184-189, 2004.

M. D. Mcdonnell and D. Abbott, “A characterization of suprathreshold stochastic resonance in
an array of comparators by correlation coefficient,” Fluctuation and noise letters, vol. 2, no. 3, pp.
213-228, 2002.

H. C. Sateesh Kumar, K. B. Raja, K. R. Venugopal and L. M. Patnaik, “Automatic Image
Segmentation using Wavelets,” International Journal of Computer Science and Network Security,
vol. 9, no. 2, 2009.

Rongfeng Zhang and Daniel Trad, “Noise Attenuation: A Hybrid Approach Based on Wavelet
Transform,” CSEG Geophysics, University of British Columbia, 2002.

G. Al-Hudhuda, M. K. Ibrahimb and M. Al-Akaidib, “Automatic production of quantisation
matrices based on perceptual modelling of wavelet coefficients for grey scale images,” Image and
Vision Computing, Article in press, october 2009.

Sheng Bao and Ling Yan, “Study of stochastic resonance by correlation coefficient,”
http://narnia.cs.ttu.edu/drupal /node/47

V. K. Rohatgi, A.K. Md. Ehsanes Sales “An introduction to probability and statistics,” John
Wiley sons series in probability and statistics, second edition, ISBN 9814-12-603-9, singapore,
2002.

G. W. Braudaway, “Protecting publicly-available images with an invisible image watermark,” in
Proceeding of IEEE Int. Conf. on Image Process., vol. 1, pp. 524-527, October 1997.

<

25






