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Spatial domain is manipulating or changing an
image representing an object in space to enhance the
Abstract-The fundamental steps involved in digital image
image for a given application. Techniques are based on
processing are image acquisition, preprocessing,
segmentation, representation and description, recognition,
direct manipulation of pixels in an image .Used for
and interpretation. Before we proceed with the
filtering basics, smoothing filters, sharpening filters,
segmentation process it is necessary to condition the image.
unsharp masking and laplacian..The spatial technique
The conditioning of the image can be carried out by
methods are simple and easy to implement and also the
preprocessing. Digital image enhancement techniques
speed of operation is high. In spite of these advantages,
provide a multitude of choices for improving the visual
there are certain situations in which the spatial domain
quality of images. One of the preprocessing techniques is
filters are not easily addressable. Under such
image enhancement. Image enhancement technique is
circumstances it is more appealing and intuitive to use
defined as a process of an image processing such that the
the frequency domain filtering approach.
result is much more suitable than the original image for a
‘specific’ application.
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I.

• Techniques are based on modifying the spectral
transform of an image
• Transform the image to its frequency representation
• Perform image processing
• Compute inverse transform back to the spatial
domain

INTRODUCTION

Image processing is the process of obtaining some
meaningful information from an image. It reduces the
amount of data and filters out useless information. An
image is represented by means of matrix elements called
as picture element (PIXEL). The principal objective of
image enhancement is to modify attributes of an image
to make it more suitable for a given task and a specific
observer. The choice of attributes and the way they are
modified are specific to a given task. Moreover,
observer-specific factors, such as the human visual
system and the observer's experience, will introduce a
great deal of subjectivity into the choice of image
enhancement methods. There exist many techniques that
can enhance a digital image without spoiling it. The
enhancement methods can broadly be divided in to the
following two categories:
1. Spatial Domain Methods
2. Frequency Domain Methods

–
High frequencies correspond to pixel
values that change rapidly across the image (e.g.
text, texture, leaves, etc.)
–
Strong low frequency components
correspond to large scale features in the image
(e.g. a single, homogenous object that dominates
the image)
Image Transform




Spatial Domain
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A mathematical operation that takes a function
or sequence and maps it into another one.
The transform of a function may give additional
/hidden information about the original function,
which may not be available /obvious otherwise.
An operation may be easier to apply on the
transformed function, rather than the original
function.
 Continuous transform: map functions to
functions
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•

 Discrete transform: map sequences to
sequences
Key steps:
(1) Transform the image
(2) Carry the task(s) in the transformed domain.
(3) Apply inverse transform to return to the
spatial domain.

DISADVANTAGES:
FT uses complex exponentials (sinusoids) as
building blocks.For each frequency of complex
exponential, the sinusoid at that frequency is compared
to the signal.FT identifies all spectral components
present in the signal; however it does not provide any
information regarding the temporal (time) localization of
these components.



II.
•

FOURIER SERIES

FT only provides what spectral components
exist , not where in time they are located.
Need some other ways to determine time
localization of spectral components

SHORT TIME FOURIER TRANSFORM (STFT)

Any function that periodically repeats itself can be
expressed as the sum of sines and/or cosines of
different frequencies, each multiplied by a different
coefficient.

1.
2.
3.
4.
5.
6.

Choose a window function of finite length
Put the window on top of the signal at t=0
Truncate the signal using this window
Compute the FT of the truncated signal, save.
Slide the window to the right by a small amount
Go to step 3, until window reaches the end of
the signal

5

III.
•
•
•





FOURIER TRANSFORM

f ( x)e  j 2ux dx where j   1

–

Inverse Fourier transform:


f ( x)   F (u )e j 2ux du
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Perfect knowledge of what frequencies
exist, but no information about where these
frequencies are located in time

Functions that are not periodic (finite) can be
expressed as the integral of sines and/or cosines
multiplied by a weighting function.
Fourier transform is to represent a signal as a
linear combination of sinusoidal signals of
various frequencies.
The one-dimensional Fourier transform and
its inverse
– Fourier transform (continuous case)

F (u )  

25
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For each time location where the window is
centered, we obtain a different FT
– FT
provides
the
spectral
information of a separate time-slice
of
the
signal,
providing
simultaneous time and frequency
information

DISADVANTAGES






Time/Frequency localization depends on
window size.
Once you choose a particular window size, it
will be the same for all frequencies.
Many signals require a more flexible
approach - vary the window size to
determine more accurately either time or
frequency.
Overcomes the preset resolution problem of
the STFT by using a variable length
window.
Heisenberg principle
The function used to window the signal is called
the wavelet.
• Overcomes the preset resolution problem of
the STFT by using a variable length
window:
–
Use narrower windows at high
frequencies
for
better
time
resolution.
–
Use wider windows at low
frequencies for better frequency
resolution.
 DWT performs a multiresolution analysis of
a signal with localization in both time and
frequency.

WAVELET TRANSFORM
Analysis windows of different lengths are used
for different frequencies:
– Analysis of high frequencies Use
narrower windows for better time
resolution
– Analysis of low frequencies  Use
wider windows for better frequency
resolution
This works well, if the signal to be analyzed
mainly consists of slowly varying characteristics with
occasional short high frequency bursts.

Disadvantages
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By decomposing the image into a series of
highpass and lowpass bands.
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The wavelet transform extracts directional
details that capture horizontal, vertical, and
diagonal activity.
The wavelet transform has many limitations
when it comes to representing straight lines
and edges in images.
To overcome the weakness of wavelets in
higher dimensions,
Candes
recently
proposed the Ridgelet transform which deals
effectively with line singularities in 2-D.
IV.







image pixels over a certain set of lines.



Lk;l denotes the set of points that make up a
line on the lattice Z2p as follows:


•

•

Wavelets can be implemented as a set of
filter banks comprising a high-pass and a
low-pass filter, each followed by downsampling
by
two
Once the Radon and wavelet transform have
been implemented, the Ridgelet transform is
straightforward.

•

Each output of the radon projection, i.e, each
row of radon transformed image, is simply
passed through the wavelet transform.

THE FINITE RIDGELET
TRANSFORM

The transform allows representing edges and
other singularities along curves in a more
efficient way.
The basic idea is to map a line singularity in
the two-dimensional (2-D) domain into a
point by means of the Radon transform.
Then, a one-dimensional (1-D) wavelet is
performed to deal with the point singularity
in the Radon domain.
It is summation of image pixels over a
certain set of lines. Those lines are defined
in a finite geometry in a similar way as the
lines for the continuous radon transform in
the Euclidean geometry.
The FRAT is defined as summations of



THE FINITE RADON TRANSFORM
• Computing the kth Radon projection, i.e.,
the kth row of the array, we need to pass all
pixels of the original image once and use p
histogrammers: one for every pixel in the
row.

CURVELET TRANSFORM
•
•
•

Multi-resolution
Directional
Anisotropy:
– Parabolic
scaling
provides
anisotropy
– Key difference from rotated 2-D
wavelet.
The curvelet transform can be decomposed with four
step:
(1) Subband Decomposition
(2) Smooth Partitioning
(3) Renormalization
(4) Ridgelet Analysis

The sub-band decomposition is simply applying a
convolution operator:

P0 There
f 
f
 f  2 s  f and
are0some connections between Curvelet
Image
i

FRAT Domain
k

FRIT Domain
k

FRAT
l

Wavelet this part. The sub-band decomposition can
be approximated using the well known wavelet
transform:

m
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the location and orientation of edges, and for
extracting and classifying basic edge
features such as corners and junctions.
Where the analyzing elements ψas are well
localized waveforms at various scales and rientations.
As a result, the shearlet transform acts as a multiscale
directional difference operator and rovides a number
of very useful features:
 Improved accuracy in the detection of edge
orientation.
Using anisotropic dilations and multiple
orientations, the shearlet transform precisely
captures the geometry of edges.
 Well organized multiscale structure.
It is a multiscale transform, based
on the same affine mathematical structure of
traditional wavelets.

Computational efficiency.
The discretization of the shearlet transform
provides a stable and computationally efficient
decomposition and reconstruction algorithm for
images.

Using wavelet transform, f is decomposed
into S0, D1, D2, D3, etc.
P0 f is partially constructed from S0 and D1,
and may include also D2 and D3.
s f is constructed from D2s and D2s+1.

DISADVANTAGES
•

Is the parabolic scaling law optimal for all
types of boundaries?
• If not, what scaling law will be optimal?
curvelets is not built directly in the discrete
domain and they do not provide a multiresolution
representation of the geometry.
V.

SHEARLET TRANSFORM

Shearlet Transform include contourlets, complex
wavelets , ridgelets and curvelets . The shearlet
framework provides a unique combination of
mathematical rigidness and computational efficiency
when addressing edges, optimal efficiency in dealing
with edges, and computational efficiency.
Specifically, for an image u, the shearlet transform is
a mapping
u → SHψu(a, s, x),
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