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Abstract - Image restoration and enhancement are fundamental
problems in image processing. The principal purpose of
restoration is to improve a corrupted image by using a priori
knowledge of degradation rule while the goal of enhancement
is to obtain a better image than the original one for a specific
purpose. In brief, restoration is an objective process whereas
enhancement is a subjective process. Image denoising,
sometimes called noise removal or noise reduction, plays an
important role to achieve those purposes. Denoising is a
procedure which removes the existing noise in an image and
minimizes the loss of information in a (supposed) clean image.
Wavelet transform has been a popular research subject in many
science and engineering areas as well as pure mathematics for
the last two decades. In signal and image processing field,
wavelet transform tends to replace the role of Fourier
transform. Wavelet has been used in many kinds of image
processing applications such as compression, image analysis,
computer graphics and watermarking besides denoising. Those
algorithms are served as low-level processing units in computer
vision and pattern recognition fields. The main goal of image
denoising is to enhance or restore a noisy image and help the
other system (or human) to understand it better. In this
research, some efficient approaches for image denoising using
wavelet and SURE-LET transforms have discussed.
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I INTRODUCTION

Image processing has got wide varieties of applications in
computer vision, multimedia communication, television
broadcasting, etc. that demands very good quality of
images. The quality of an image degrades due to
introduction of additive white Gaussian noise (AWGN)
during acquisition, transmission/ reception and storage/
retrieval processes. It is very much essential to suppress
the noise in an image and to preserve the edges and fine
details as far as possible. In the present research work,
efforts are made to explore efficient spatial-domain and
transform-domain image filters that suppress noise quite
effectively.

Digital Image Processing usually refers to the processing
of a 2-dimensional (2-D) picture signal by a digital
hardware. The 2-D image signal might be a photographic
image, text image, graphic image (including synthetic
image), biomedical image (X-ray, ultrasound, etc.),

satellite image, etc. In a broader context, it implies
processing of any 2-D signal using a dedicated hardware,
e.g. an application specific integrated circuit (ASIC) or
using a general-purpose computer implementing some
algorithms developed for the purpose.

An image is a 2-D function (signal), f (x,y), where x and
y are the spatial (plane) coordinates. The magnitude of f at
any pair of coordinates (x,y) is the intensity or gray level
of the image at that point. In a digital image, x, y, and the
magnitude of f are all finite and discrete quantities. Each
element of this matrix (2-D array) is called a picture
element or pixel. Image processing refers to some
algorithms for processing a 2-D image signal, i.e. to
operate on the pixels directly (spatial- domain processing)
or indirectly (transform-domain processing). Such a
processing may yield another image or some attributes of
the input image at the output. It is a hard task to distinguish
between the domains of image processing and any other
related areas such as computer vision. Though, essentially
not correct, image processing may be defined as a process
where both input and output are images.

During acquisition, transmission, storage and retrieval
processes an image signal gets contaminated with noise.
Acquisition noise is usually additive white Gaussian noise
(AWGN) with very low variance. In many engineering
applications, the acquisition noise is quite negligible. It is
mainly due to very high quality sensors. In some
applications  like  remote  sensing,  biomedical
instrumentation, etc., the acquisition noise may be high
enough. But in such a system, it is basically due to the fact
that the image acquisition system itself comprises of a
transmission channel. So if such noise problems are
considered as transmission noise, then it may be concluded
that acquisition noise is negligible.

Image denoising is needed because a noisy image is not
pleasant to view. In addition, some fine details in the
image may be confused with the noise or vice-versa. Many
image-processing algorithms such as pattern recognition
need a clean image to work effectively. Random and
uncorrelated noise samples are not compressible. Such
concerns underline the importance of denoising in image
and video processing.
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I. IMAGE DENOISING METHODS

Images obtained from the real world are always mixed
with noise. The noise brought in is derived from multiple
sources. The imperfect instrument itself would produce a
certain amount of noise when the image is taken. When
transforming the optical signal into a digital signal, the
pixel’s value at specific location is dependent to the
number of photons the corresponding captor has received.
So the instability of the number of receiving photons can
cause the production of noise. Moreover, during image’s
amplification and transmission, additional perturbations
can be introduced by electronic devices and transmission
lines.

There are several different types of noise in digital images.
For instance, shot noise is generated by the random way
photons are emitted from a light source especially when
the light intensity is limited and it is usually characterized
by Poisson distribution. Thermal noise, also known as dark
current noise, is produced by thermal agitation of electrons
at sensing sites and highly dependent on the sensor’s
temperature and the exposure time. Images with impulsive
noise, which is generally caused by the malfunctioning of
elements in the camera sensors or timing errors in the data
transmission process, have bright pixels in dark areas and
dark pixels in bright areas. And quantization noise often
happens due to the errors when an analog signal is
converted to a number of discrete digital values.

There are many different kinds of image denoising
algorithms. They can be broadly classified into two
classes:

e  Spatial domain filtering
e Transform domain filtering

Spatial domain filtering refers to filtering in the spatial
domain, while transform domain filtering refers to filtering
in the transform domain.

Image denoising algorithms which use wavelet transforms
fall into transform domain filtering.

Spatial domain filtering can be further divided on the basis
of the type of filter used:

e Linear filters
e Non-Linear filters

An example of a linear filter is the Wiener filter in the
spatial domain. An example of a non-linear filter is the
median filter. Median filtering is quite useful in getting rid
of Salt and Pepper type noise. Spatial filters tend to cause
blurring in the denoised image. Transform domain filters
tend to cause Gibbs oscillations in the denoised image.

Transform domain filtering can be further divided into
three broad classes based on the type of transform used:

e Fourier transform filters
e Wavelet transform filters
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Figure 2.1 Denoising using Wavelet Transform Filtering.

Wavelet Transform

Wavelet transform is a great tool in image and signal
processing. Many desnoising approaches using wavelet in
the literature show that the wavelet is very efficient for
image denoising. Unlike the Fourier transforms, the
wavelet transform decomposes input data in terms of time
and scale by basis wavelet function, called mother wavelet.
So various types of wavelets with different properties
could be designed. In addition, researchers have developed
different types of approaches to reinforce the theory by
filling up some possible deficiencies. For example, MRA
theory has been combined with discrete wavelet transform
(DWT) to play a critical role in image processing. Also
filtering theory from signal processing makes the theory

more fruitful. As a result, there exist numerous kinds of
wavelet algorithms figure 2.1 demonstrate the basic image
denoising using wavelet transform filtering.

e SURE- LET

The Thresholding algorithm SURE- LET. It directly
simulates the denoising procedure as a linear combination
of basis nonlinear processes with unknown weights. These
weights are calculated via a linear system of equations by
minimizing the mean square error between the clean image
and the corrupted one based on the Stein’s unbiased risk
estimate (SURE). They also take full advantage of the
interscale relationships of the wavelet coefficients by
integrating an interscale predictor.

137



:::5::L1]1TE

ISSUE: 44, VOLUME 27, NUMBER 02, 2017

INTERNATIONAL JOURNAL OF INNOVATIVE TRENDS IN ENGINEERING (WITE)

ISSN: 2395-2946

The SURE-LET has the best denoising performance
among these four algorithms due to the fact that the
threshold is subband adaptive and it is not dependent on
any particular statistical model of the noise-free data.
Meanwhile, its computation only takes a couple of seconds
for 512 x 512 images, which makes it very competitive.

I1. RELATED WORK

S. Saxena, H. S. Khanduga, S. Mantri and S. Puri,[1] Our
objective of this research work is to frame an efficient
method based on wavelet so that sparsity and multi-
resonate structure of wavelet properties can be used for
Image Denosing. So fulfilling the objective to make an
efficient Image Denoising technique we have proposed an
Image denoising technique which is based on squared
error-Stein's unbiased risk estimate linear expansion of
thresholds (SURE-LET). This technique is a combination
of SURE-LET and Wavelet Transform. This hybrid
approach gives good result because the sparsity and multi-
resonate properties of wavelet will fetch linear noise less
relation matrix as well as related matrix. The SURE-LET
can able to transform the unknown weight as well as the
quadratic estimation with peak boundary values. The
results are calculated and compared with the help of peak
signal to noise ratio (PSNR) and mean square error (MSE).
The comparative study suggests that our hybrid approach
has outperformed from the previous approach.

H. Sadreazami, M. O. Ahmad and M. N. S. Swamy,[2]
Statistical image modeling has attracted great attention in
the field of image denoising. In this work, a new image
denoising method in the contourlet domain is introduced in
which the contourlet coefficients of images are modeled by
using the Bessel k-form prior. A noisy image is
decomposed into a low frequency approximation sub-
image and a series of high frequency detail sub-images at
different scales and directions via the contourlet transform.
To estimate the noise-free coefficients in detail subbands, a
Bayesian estimator is developed utilizing the Bessel k-
form distribution. In order to estimate the parameters of
the distribution, a characteristic function-based technique
is used. Simulation results on standard test images show
improved performance both in visual quality and in terms
of the peak signal-to-noise ratio and structural similarity
index as compared to some of the existing denoising
methods. The proposed method also achieves an excellent
balance between noise suppression and details
preservation.

A. Kethwas and B. Jharia,[3] Nowadays images are very
fundamental type data for transmission. In this research
work, a mixed domain image denoising method based on
the wavelet transform median filter and nonlinear diffusion
are proposed. The wavelet transform is used to convert the
spatial domain image to wavelet domain coefficients.

Wavelet transform produces approximation, horizontal,
vertical and diagonal detailed coefficient which represents
the various spatial frequency bands. These coefficients
may be filtered by wiener filter or fuzzy filter separately.
One is based on median and moving average, while other
one used on probabilistic way, respectively. Research work
presents the two different techniques for image denoising,
first technique is ATMAV (Asymmetrical Triangular
Moving Average Filter) with HAAR wavelet transform
and second is ATMED (Asymmetrical Triangular Median
Filter) with HAAR wavelet transform. Both techniques are
based on fuzzy logic based filters. Comparative analytical
study based on PSNR and mean square error shows that
HAAR with ATMED wavelet is better technique for image
denoising.

K. Thakur, P. Ambhore, J. Kadam and A. Sapkal,[4]
Medical imaging suffers from image noise. To remove this
noise spatial domain and transform domain techniques are
used. But spatial domain techniques have limitation of
edge blurring w.r.t transform based techniques. Therefore
in this research work have proposed a transform based
denoising technique. Used Dual tree DWT and Rotated
version of Dual Tree DWT jointly to improve our
denoising results. Our main focus is to get more directional
information from this transform which will improve
denoising results. Compared our results with existing
methods and results are very encouraging. PSNR is used as
image quality measure.

H. Sadreazami, M. O. Ahmad and M. N. S. Swamy,[5] A
new contourlet-based method is introduced for reducing
noise in images corrupted by additive white Gaussian
noise. This method takes into account the statistical
dependencies among the contourlet coefficients of
different scales. In view of this, a non-Gaussian
multivariate distribution is proposed to capture the across-
scale dependencies of the contourlet coefficients. This
model is then exploited in a Bayesian maximum a
posteriori estimator to restore the clean coefficients by
deriving an efficient closed-form shrinkage function.
Experimental results are performed to evaluate the
performance of the proposed denoising method using
typical noise-free images contaminated by simulated noise.
The results show that the proposed method outperforms
some of the state-of-the-art methods in terms of both the
subjective and objective criteria.

F. Ayari and C. Ben Amar,[6] Analysis of material
microstructure images have been an important research
topic. In fact, multiple pertinent information can be
extracted from material texture images such as inclusions,
fraction surfaces, heterogeneous components,
crystallographic planes orientation, porosity and so on.
Actually, this information depends from the amount of
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noise included in the image. Thus, it is very important to
enhance methods exploited for image de-nosing in such
cases. In fact, images issued from scanned electronic
microscopy as well as computed tomography are used in
multiple security applications such as baggage screening
and in the encrypted domain, it used to protect privacy of
outsourced data in cloud computing. In this research work,
propose a comparative study between two popular
techniques used in image de-noising that are; Sure-let
wavelet technique and weighted bilateral filtering. Our
goal is to grasp the versatility of those methods in de-
noising microstructure composite material images. Results
of both outputs are well discussed. In our case, found that
sure-let wavelet de-noising gives better output results
guantitatively and qualitatively.

V. PROBLEM STATEMENT

Image denoising attempts to recover a noise-free image by
eliminating or reducing the noise on the observed image.
This processing can be modeled as obtaining an optimal
estimate of the unknown noise-free image from the
available noise-corrupted image. A large number of
scientific literatures have emphasized on image denoising
in the last decade and there is still existing a wide range of
interest in the subject nowadays. Although various
algorithms and tools have been proposed, derived and
improved, the problem is that many denoising techniques
always suffer over-softening the crucial image features as
well as introducing artifacts. Thus the searching for an
efficient image denoising method is still a challenging
task.

V. CONCLUSION

Various image denoising algorithms and methods used for
image denoising has discussed in the research. Several
well known algorithms for denoising natural images were
investigated such as spatial domain filtering, Transform
domain filtering image denoising methods and their
algorithms. The performance evaluated using the literature
review and past outcome or exceeding the performance of
other algorithms. There are different types of noises that
may corrupt a natural image in real life, such as shot noise,
amplification noise, quantization noise etc. However, only
zero-mean additive white Gaussian noise was considered
because of it’s simplicity. A major part of the research
refers to the review, and performance assessment of past
image denoising algorithms based on various techniques
including the Wavelet transform.
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