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Abstract
Along with the development of information technology, digital
signal have ruled the world of signal processing. This
development in digital signal processing has motivated research
in analog to digital transformations in various fields. Digital
image processing is also one such field.
Wavelet transform has become one of the most powerful tool of
signal representation. Nowadays, it has been used in image
processing, data compression, and signal processing. This paper
introduces basic concepts for Wavelet Transforms and some
applications of Wavelet Transform.
Keywords:
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Compression.

1. Introduction
Wavelets are functions that “wave” above and below the xaxis, have
 Varying frequency
 Limited duration
 An average value of zero.

of the signal. The higher C is, the more the
similarity.
3. Shift the wavelet to the right and repeat steps 1
and 2 until you've covered the whole signal.
4. Scale the wavelet and repeat steps 1 through 3.
5. Repeat steps 1 through 4 for all scales.
Let us say, the given signal was f(t), its continuous wave
transformation is given as:
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Here, τ = translation parameter (measure of time),
1/√s = normalization constant,
S = scale parameter (measure of frequency),
f(t) = given signal.
Wavelet analysis produces a time-scale view of the input
signal or image.

Fig 2. Resolution

Fig 1. wavelets

The conventional sinusoidal waves provide only the
frequency information and temporal information is lost.
Such signals are not useful in applications where we need
both frequency and temporal information e.g. musical
score.
Like sines and cosines in FT, wavelets[1] are used as basis
functions ψk(t) in representing other functions f(t):
f (t )   ak k (t )
k

To convert any signal to a continuous wavelet transform,
some steps are to be followed which are:
1. Take a wavelet and compare it to a section at the
start of the original signal.
2. Calculate a number, C, that represents how
closely correlated the wavelet is with this section

As we can see in fig 2, the location of curve at any time t
represents the location of the events and the shape of the
curve tells about resolution.
Similarly we can evaluate the inverse cwt as well.
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Now let‟s talk about discrete wavelet transform. In this
case we consider the signal in discrete samples. So f(t) in
above case cannot be determined. Hence we cannot
integrate the expression to get the wave transformation.
So in this case we turn this integration operation to
summation operation.

a jk 
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Here a is wavelet transform of signal f(t).
Similarly, inverse wavelet transformation can be derived
as:
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2. Application of wavelet in Image Processing:
Image processing is a very vast field. It encompasses
various areas:
1. Image Compression
2. Image Denoising
3. Image Enhancement
4. Image Recognition
5. Image Fusion
6. Image Matching
7. Edge Detection
8. Image Retrieval etc.
Wavelet techniques can be applied to all of these areas.
The reason for such a wide spread use of wavelet in image
processing is that it analyses the image in much similar
way as human visual system does. The following sub
sections give a brief overview of application of wavelet
transformation in some of the above mentioned fields.

31

There are several desired features [3] of an image
compression method which are:
1. Targeted Compression Ratio
2. Low Complexity/ Low Memory
3. Region of Interest
4. Operations on Compressed Data
5. Progressive/Embedded

2.1 Image Compression
Image compression is a widely addressed researched area.
Many compression standards are in place. But still here
there is a scope for high compression with quality
reconstruction. The JPEG standard makes use of
Discrete Cosine Transform (DCT) for compression.
The introduction of the wavelets gave a different
dimensions to the compression. various papers that aim at
the analysis of compression using DCT and Wavelet
transform have been written. Extensive experimentation
need to be carried out to arrive at any conclusion. [2]
We will consider digital images. As we know, the image is
a matrix of integers ranging from 0 to 255. These values
specify shades of grey where 0 represents pure black and
255 represents pure white. These integers can be specified
using 8 bits (1 byte) for each pixel. In image compression
we generally consider grey scale images only. That is
because the human visual system responds much more
sensitively to intensity than to colour attributes.
The process of image compression or decompression can
be described by Fig 3: [3]

Fig 4.An illustration of how compression is done using wavelet
algorithm.

In this algorithm the sample space is passed through high
pass filter and a low pass filter. The left arrow shows low
pass filter in this Fig 4. The outputs of both low pass and
high pass filters are passed through down sampler and by
doing so the sample space is reduced to half. The output of
a low pass filter is called approximation and is processed
again. The output of high pass filter is called detail. This
recursive method invoking depends on the level of
sampling of image.

Fig 5. Recursive method of image sample space
Fig 3. Compression and Decompression process
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The procedure in Fig 5 shows block diagram can be
repeated n number of times where sample space is of size
2n.
There are various algorithms that use wavelet
transformations for Image compression, such as JPEG
2000, SPIHT and ASWDR. The previous image compares
the result of compression of Gold hill image using these
algorithms [3].
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Calculate the DWT of the image.
Threshold the wavelet coefficients. The threshold
may be universal or sub b and adaptive.
Compute the IDWT to get the denoised estimate.
Soft thresholding is used in the different
thresholding methods. Visually more pleasing
images.

In wavelet domain, the most essential information in a
signal is compressed into relatively few, large valued
coefficients, which coincide with the areas of major spatial
activity (edges, corners…) of an image. On the other hand,
noise is spread over all coefficients and at typical noise
levels the important coefficients can be well recognized [5].
K. V. Suresh and Aravind. B .N as in [5], proposed a
method to denoise image which makes use of 12 images
 One image with no shift.
 Three images with only row shift.
 Three images with only column shift.
 One image shifted both row wise and column
wise.
 Four images with constant shift in row and
variable shift in columns.
They measured the experimental results by
Where,

2.2 Image Denoising

This method was verified over various images. One of the
demonstration given in [5] is given on the next page.
There are various such methods earlier designed to remove
effect of noise using wavelet transformation making sure
that minimum important information is lost in the process
of denoising.

Images are often corrupted due to impact of noise during
transmission. The noise will deteriorate the quality of the
images. In order to deal with the follow-up to a higher
level, it is necessary to deal with image noise. The purpose
of image denoising is as much as possible to maintain the
main features of the original image and remove noise from
the image.
Literature records several papers addressing various
methods of image denoising. Among these methods,
wavelet based methods/algorithms are very popular. An
effective approach of wavelet thresholding (VisuShrink
and Sure Shrink) for denoising was introduced by Donoho
and Johnstone [6] [7]. These algorithms offer advantages of
smoothness as well as adaptation.
Basic steps involved in any denoising algorithm are:
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2.3 Edge Detection:
Edge detection is a fundamental element in image analysis.
Edges correspond to the singularities in the image and are
related to the local maxima of wavelet coefficients. In
simple words we can define edge as neighbouring pixels
with large differences in values. Edges may be cause by
various reasons which are as below:
 Discontinuity in depth (Silhouettes)
 Discontinuity in reflectance (texture)
 Discontinuity in lighting (shade)

Edge detection process is very ambiguous. The various
pixel values given below show how edge detection is
suffered with ambiguity.

For edge detection, a smoothing function (such as a spline)
and two wavelet functions are defined.
Wavelet functions are usually the first and second order
derivatives of the smoothing function. One example is
given below:

Edge detection is used in various fields. Some of them are
given below:
In edge detection we keep the detail coefficients and
discard the approximation coefficients. High coefficients
mean an edge is there. The commonly used edge
detection operators contain: Sobel operator, Robert
operator, Prewitt operator, and so on. Let us see the
effect of various operators [8].

 Computer vision
Image processing in the human visual system has a
complicated hierarchical structure that involves
several layers of processing. At each processing level,
the retinal system provides a visual representation that
scales progressively in a geometrical manner. Intensity
changes occur at different scales in an image, so that
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their optimal detection requires the use of operators of
different sizes. Therefore, a vision filter have two
characteristics: it should be a differential operator, and
it should be capable of being tuned to act at any
desired scale. Wavelets are ideal for this
 Vehicle Edge Detection [8]
In recent years, the transportation industry in our
country has been developed rapidly as all kinds of
vehicles have been grown in a large number. As a
negative impact, casualty accidents have happened
frequently.
Therefore, the requests for traffic
monitoring and safety management have increased day
by day.
 Spectrum Sensing [9]
Spectrum scarcity is one of the major issues faced in
Wireless communication technology. Efficient
spectrum utilization is of utmost importance to
alleviate the problem of interference and reduced data
rates.

2.4 Image Enhancement
The aim of image enhancement is to improve the
interpretability or perception of information in images for
human viewers, or to provide `better' input for other
automated image processing techniques. Image
enhancement techniques can be divided into two broad
categories:
 Spatial domain methods, which operate directly
on pixels, and
 Frequency domain methods, which operate on the
Fourier transform of an image.
There are various fields where image enhancement is very
useful these days. Some of these applications are:
 Image Resolution Enhancement [10]
Resolution has been frequently referred as an
important aspect of an image. Images are being
processed in order to obtain more enhanced
resolution. One of the commonly used techniques for
image resolution enhancement is Interpolation.
Interpolation has been widely used in many image
processing applications such as facial reconstruction,
multiple description coding, and super resolution.
There are three well known interpolation techniques,
namely nearest neighbour interpolation, bilinear
interpolation, and bicubic interpolation. Image
resolution enhancement in the wavelet domain is a
relatively new research topic and recently many new
algorithms have been proposed. Discrete wavelet
transform (DWT) is one of the recent wavelet
transforms used in image processing.
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 Fingerprint image enhancement [11]
Fingerprints are used in many applications such as
forensics, access control etc. A fingerprint
identification system plays vital role in any
identification systems due to its uniqueness and
persistence. The main principal of fingerprint
matching systems is to correctly match the input
fingerprint image with the already stored fingerprint
image in the database. Minutiae points resulted in
either ridge ending or ridge bifurcation.
Binarization based method and direct grey scale
approaches [12] are faster and efficient. Direct grey
scale enhancement performs well and gives better
results. Modified Gabor based filtering [12] performs
better for dirty and pitiable quality images with broken
ridges and blocks. The average error percentage of
Binarization approach is considerably lower than the
other schemes like direct grey scale, Gabor based etc.
All these schemes have their own positivity‟s and
negativities. Image enhancement using phase
preserving [13] is very good. Low quality images like
images having white noise and dry skin images are
improved evidently through this method. Spectral
analysis technique [14] gives more refined results which
other techniques does not.
 Medical Image Enhancement [16]
Image enhancement technology plays a vital role in
medical imaging. The main purpose of image
enhancement in medical imaging is used to provide
better results, as Doctors always prefer high quality
picture to diagnose the results
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Conclusions
In this paper we discussed about wavelet and the two ways
used for wavelet transformation, that are discrete and
continuous wavelet transformations. Wavelets are the
functions of varying frequency, limited duration and an
average value of zero. This paper provides brief review of
wavelet in some fields like image compression, image
denoising, edge detection, image enhancement etc.
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