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Abstract—Wavelets were developed independently by
mathematicians, quantum physicists, electrical engineers and
geologists, but collaborations among these fields during the
last decade have led to new and varied applications. What
are wavelets, and why might they be useful to you?
This paper will tell you how Reversible watermarking has
found a huge surge of experimentation in its domain in past
decade as the need of recovering the original work image
after extracting the watermark arises in various applications
such as the authentication, law enforcement, medical and
military applications, it is crucial to restore the original
image without any distortions.
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I. INTRODUCTION

A wavelet is a mathematical function used to divide a
given function or continuous-time signal into different
scale components. Usually one can assign a frequency
range to each scale component. Each scale component can
then be studied with a resolution that matches its scale. A
wavelet transform is the representation of a function by
wavelets.

The wavelets are scaled and translated copies (known as
"daughter wavelets") of a finite-length or fast-decaying
oscillating waveform (known as the "mother wavelet").

Wavelet transforms have advantages over traditional
Fourier transforms for representing functions that have
discontinuities and sharp peaks, and for accurately
deconstructing and reconstructing finite, non-periodic
and/or non-stationary signals.
A. WAVELET THEORY

Wavelet theory is applicable to several subjects. All
wavelet   transforms may be considered forms of time-
frequency representation for continuous-time (analog)

signals and so are related to harmonic analysis.
For times bygone, there are several methods being used

to study the signals. Transforming them from one domain
to other has succeeded in providing a lot more
information. The research then focused on to the methods
of transforming the signals to get the best way of
information access. The  transformation methods can be
listed out as fourier transform, laplace transforms, Wigner
distribution,  Randon process etc. Among these the fourier
transform has been more popular. In this tranformation the
signal is represented in frequency domain. The spectrum
thus obtained could give a good view of  the frequency
content of the signal. But to explain which frequency
components occur at which time instants, the
transformation failed. The signals here are categeorized
into two types stating them as stationary and non-

stationary. The main difference between them is that, in
stationary signals, the frequency components exist at all
times where as in non-stationary signals they exist for
certain frequencic instants only.
B. The Fourier Transform

In 19th century, the French mathematician J.Fourier,
showed that any periodic function can be expressed as an
infinite sum of periodic complex exponential functions.
FT decomposes a signal to complex exponential functions
of different frequencies. It is defined by the following
equations:

 jft

X(f) =  x(t) e^ dt




 2jft

x(t) =  X(f)  e^ df -


Here t stands for time, f stands for frequency, x denotes
the signal in time domain, X denotes the   signal in
frequency domain. X(f) is called the fourier transform of
the signal and x(t) is called the Inverse Fourier transform
of X(f).

So we can conclude that FT gives information about
what frequency components exist, but nothing about at
what times these frequency components occur. To
overcome this drawback of  FT the researchers came up
with a revised version of FT called SHORT TERM
FOURIER TRANSFORM.
C. Short Term Fourier Transfrom

The non-stationary signals have different frequencies at
different intervals of  time. So, some part of the signal,
until where the frequency is constant can be taken as
stationary. To do this, a window function of width equal to
the time interval is chosen and multiplied with the signal.
To this signal again FT is applied. This is a revised version
of FT and is called SHORT TERM FOURIER
TRANSFORM.

-j2ft

STFT (t, f) =  [ x(t)  w( t- t )] e^ dt

In the above equation, is the signal, w(t) is the window
function, and  is the complex conjugate. The STFT of the
signal is nothing but the FT of the signal multiplied by a
window function. For every t and f a new STFT
coefficient is computed.
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If the frequency components are well separated from using an alternative approach called
each other in the original signal, then we have to sacrifice
some frequency resolution and go for good time
resolution. This proves to be quite a significant drawback
of STFT when it comes to the analysis of practical signals
which are highly non-stationary. The wavelet transform
comes to play here! The wavelet transform solves the
dilemma of resolution to certain extent.

II. TYPES OF WAVELET TRANSFORM

MULTIRESOLUTION ANALYSIS. MRA, by its name,
analyses the signal at different frequencies with different
resolutions. Every spectral component is not resolved
equally as in the STFT. It is designed to give good time
resolution and poor frequency resolution at high
frequencies and good frequency resolution and poor time
resolution at low frequencies. This approach makes sense
especially when the signal has high frequency components
for short durations and low frequency components for long
durations. Practically the signals that are encountered are

Wavelet transforms are broadly divided into three often of this type.

classes: continuous, discrete and multiresolution-based.

A. Continuous Wavelet Transform
A continuous wavelet transform (CWT) is used to

divide a continuous-time function into wavelets.

The working of wavelet is as follows
We pass the time-domain signal from various high pass

and low pass filters, which filters out either high frequency
or low frequency portions of the signal. This procedure is

Unlike Fourier transform, the c ntinuous wavelet repeated, every time some portion of the signal

transform possesses the ability to construct a time- corresponding to some frequencies being removed from

frequency representation of a signal that offers very good the signal. Then we have a bunch of signals, which

time and frequency localization. In mathematics, the actually represent the same signal, but all corresponding to

continuous wavelet transform of a continuous, square- different frequency bands. We know which signal

integrable function x(t) at a scale a > 0and translational corresponds to which frequency band, and if we put all of

value is expressed by the following integral

However, there are two main differences between the
STFT and the CWT:

1. The Fourier transforms of the windowed signals are
not taken, and therefore single peak will be seen
corresponding to a sinusoid, i.e., negative frequencies are
not computed.

2. The width of the window is changed as the transform
is computed for every single spectral component, which is
probably the most significant characteristic of the wavelet
transform.
B. Discrete Wavelet Transform

It is computationally impossible to analyze a signal
using all wavelet coefficients, so one may wonder if it is
sufficient to pick a discrete subset of the upper halfplane

them together and plot them on a 3-D graph, we will have
time in one axis, frequency in the second and amplitude in
the third axis. This will show us which frequencies exist at
which time (there is an issue, called "uncertainty
principle", which states that, we cannot exactly know
what frequency exists at what time instance, but we can
only know what frequency bands exist at what time
intervals.

III. SOME IMPORTANT DEFINITIONS

A. Thresholding
Thresholding is  the simplest method of segmentation.

From a grayscale image, thresholding can be used to
create binary images.

B. Scaling Factor
An orthogonal wavelet is entirely defined by the scaling

filter - a low-pass finite impulse response (FIR) filter of
to be able to reconstruct a signal fro the corresponding

decomposition and reconstruction filters are defined.
wavelet coefficients. One such system is the affine system Daubechies and Symlet wavelets can be defined by the
for some real parameters a>1, b>0. The corresponding scaling filter.
discrete subset of the halfplane consists of all the

C. Scaling Function
points with integers
corresponding baby wavelets are now given as

. The Wavelets are defined by the wavelet function ψ(t) (i.e.
the mother wavelet) and scaling function φ(t) (also calledψm,n(t) = a − m / 2ψ(a − mt nb).
father wavelet) in the time domain.

A sufficient condition for the reconstruction of any
signal x of finite energy by the formula

The wavelet function is in effect a band-pass filter and
scaling it for each level halves its bandwidth. This creates
the problem that in order to cov  r the entire spectrum, an
infinite number of levels would be required. The scaling

is that the functions
frame of

form a tight function filters the lowest level of the transform and
ensures all the spectrum is covered.

Meyer wavelets can be defined by scaling functions.
C. Multiresolution based wavelet transform.

Although the time and frequency resolution problems
are results of a physical phenomenon i. e Heisenberg’s

D. Scaling Function
The wavelet only has a time domain representation as

the wavelet function ψ(t).
uncertainity principle, and exist regardless of the
transform used, it is possible to analyze any signal by
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IMAGES PSNR
1.LENA 35.1800408
2.BOAT 31.8961370
3.BARBARA 26.3364360
4.CAMERAMAN 24.2248270
5.CARTOON 13.4425555

IV. EXPERIMENTS 5. Read the watermark and reshape it for insertion.
6. Find the length of all the bit planes and the

A. Analysis in Wavelet Transform
 For images we use separable Wavelet Transform.
 First we apply a 1-D filter bank to the rows of the

image.
 Then we apply same transform to the columns of

each channel of the result.

watermark to form the header.
7. Insert the header, compressed data and watermark

into the image.
8. Perform Inverse Integer Wavelet Transform to

get the watermarked image.
The similar process is required to be followed for the

lossless recovery of the Original Image and the watermark.
 Therefore, we obtain 3 high pass channels

corresponding to vertical, horizontal, and diagonal,
and one approximation image.

 We can iterate the above procedure on the low pass
channel.

 Analysis filter bank diagram:

B. Synthesis in Wavelet Transform

D. Different Images which
Experiments

are Used In The

C. Steps Used in Embedding process
The embedding process for the algorithm is as described

below:
1. Read the Original Image.

Fig. (IMAGES): Lena, Boat, Cameraman, Cartoon

V. RESULT AND FUTURE SCOPE

In this paper till now we cover the main important
points regarding to related to the image processing work
like in reversible watermarking scheme.

This paper investigate reversible watermarking using
IWT and also one of the main part is that why lena image
is used mostly in watermarking? Reason is lena image has
the best PSNR among other images.also lena image is high
frequency image.

Table1: Comparison of Different Images Based on PSNR.

2. Perform Integer Wavelet
Original Image.

Transform of the

3. Construct binary Images from the 5bit of CH, CV
and CD

4. Compress the data in the 5th bit plane of CH, CV
and CD by arithmetic encoding.
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In the future we work on audio as well as video as
watermark which are helpful to the media for
authentication purpose.
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