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Abstract – This paper attempts to undertake the study of
Denoising Methods. Different noise densities have been
removed by using filters Wavelet based Methods. Fourier
transform method is localized in frequency domain where the
Wavelet transform method is localized in both frequency and
spatial domain but both the above methods are not data
adaptive .Independent Component Analysis  (ICA) is a
higher order statistical tool for the analysis of
multidimensional data with inherent data adaptiveness
property. In This paper we try to presents a review of some
significant work in the area of image denoising and finds the
one is better for image denoising. Here, some popular
approaches are classified into different groups .after that we
conclude for best technique for Image Denoising.
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I. INTRODUCTION

There are several techniques from which we can remove
the noise such as denoising techniques and they are like
wavelet denoising, principle component analysis, Adaptive
PCA, sparse code shrinkage method etc. there are two
basic approaches for image denoising which is like spatial
filtering method and transform domain filtering method.
All type of techniques are of low pass filter type .Noise is
major problem which is to be remove from images; they
are like additive or multiplicative in nature. There are
various type of noise present in the images such as
Gaussian noise, salt and pepper noise, speckle noise,
Brownian noise, etc. removing of noise is the challenging
problem for the researchers. Selecting appropriate
techniques for denoising plays an important role. Filtering
transform domain is more efficient and introduces fewer
artifacts. The focus of recent research has been on the
higher order statistical method and the non linear
transform domain filtering.[1] although image denoising
has been researched quietest ensively, developing a
denoising method that could remove noise effectively
without eliminating the image fine details and edges is still
a challenging task.

Until recent years many denoising methods have been
proposed [1]. Some recent non-linear methods suggest
employing different denoising approaches for the smooth
and non-smooth regions. However if the filtering approach
is data adaptive it comes out with promising result, and
that is the inherent property of ICA techniques. In this
paper we are going to discuss some important denoising
methods .The methods are as follows –

II. FILTERING METHOD

Any image acquired by a device is susceptible of being
degraded by the environment of acquisition and

transmission. The restoration of images tries to minimize
the effects of these degradations by means of a filter.
Therefore, a fundamental problem in the image processing
is the improvement of their quality through the reduction
of the noise that they can contain being often known as
"cleaning of images". A great variety of techniques
dedicated to carry out this task exist. Each of them
depends on the types of the noise in images. During image
acquisition, the photoelectric sensor induces the White
Gaussian noise due to the thermal motion of the electron.
In recent years many researchers are interested in this area
and study the performance of the noise removing filters for
image transmissions. Several filters have been studied and
implemented for noise reduction. Median operation is
combined into sigma filter to enhance the polluted image
by L.Alparone et al. An enhanced version of Lee’s sigma
filter is derived for filtering of images affected by
multiplicative noise with speckle statistics. A new edge-
preserving filter which is called the mean and median
hybrid (MMH) filter is developed to achieve all kinds of
noise removal, as well as edge preservation. Hybrid filter
that consists of a nonlinear filter and a fuzzy weighted
linear filter is derived to reduce the mixed noise. They
adopted the first part uses the statistics techniques are used
to remove the large magnitude impulsive noise then the
second part uses a weighted average linear filter to remove
additive Gaussian noise and small ripple impulsive noise .
Three variants are combined in trimmed mean filter by
fuzzy set to get better noise smoothing result. J.H.Wang et
al proposed histogram method is used as the input of fuzzy
filter to remove the heavy tailed noise. Chio and
Krishnapuram developed one new approach to image
enhancement based on fuzzy logic technique. Here, three
filters have been introduced for removing impulse noise,
smoothing out non-impulse noise and enhancing edges.
Histograms of homogenous image regions are used to
characterize and classify the corrupting noise. The
histogram information of the input image is used to
determine the parameters of the membership functions of
an adaptive fuzzy filter. The filter is then used for the
restoration of noisy images. Majority of above-mentioned
filtering methods more or less has the drawback of
removing thin lines, distorting edges and blurring fine
details in the image during noise removal process.

III. WAVELET BASED METHODS

This approach focuses on exploiting the multiresolution
properties of Wavelet Transform. This technique identifies
close correlation of signal at different resolutions by
observing the signal across multiple resolutions. This
method produces excellent output but is computationally
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much more complex and expensive. The modeling of the
wavelet coefficients can either be deterministic or
statistical. Wavelets are especially well suited for studying
non-stationary signals and the most successful applications
of wavelets have been in compression, detection and
denoising. In recent years, there has been a fair amount of
research on wavelet based image denoising. The paper
published by Donoho and Johnstone (1994), developed a
theoretical framework for denoising signals using Discrete
Wavelet Transform (DWT). The algorithm is simple but
provides good results for a wide variety of signals. The
method consists of applying the DWT to the original data,
thresholding the detailed wavelet coefficients and inverse
transforming the set of thresholded coefficients to obtain
the denoised signal.
A. Denoising Procedure

Given a noisy signal y = x + n where x is the desired
signal and n is independent and identically distributed
(i.i.d) Gaussian noise N (0, σ2), y is first decomposed into
a set of wavelet coefficients w = W[y] consisting of the
desired coefficient θ and noise coefficient n. By applying a
suitable threshold value T to the wavelet coefficients, the
desired coefficient θ=T[w] can be obtained; lastly an
inverse transform on the desired coefficient θ will generate
the denoise signal x = WT[θ]. The wavelet decomposition
process is iterated with successive approximations being
decomposed in turn, so that the image is broken down and
represented by a small number coarser component in the
lower spectral band (LL block) and a large number of
detailed components in the higher spectral band (LH, HL
and HH blocks).In general a signal has its energy
concentrated in a small number of coefficients, while noise
has its energy spread across over a large number of
coefficients. Hence, through suitable thresholding or
wavelet shrinkage of the higher spectral bands components
(where the noise predominantly lies) we can greatly
reduce or remove the noise speckle of the image in a
wavelet domain. Since the noise characteristics can be
different in each higher spectral block, each block will
have to be thresholded separately according to its local
noise variance. Finally, the thresholded coefficients are
used in a wavelet reconstruction process to retrieve the
speckle-reduced image with little loss of detail.
B. Thresholding Techniques

According to wavelet analysis, one of the most effective
ways to remove speckle without measuring out the sharp
edge features of an ideal image is to threshold only the
high frequency components while preserving most of the
sharp features in the image. The approach is to shrink the
detailed coefficients (high frequency components) whose
amplitudes are smaller than a certain statistical threshold
value to zero while retaining the smoother detailed
coefficients to reconstruct the ideal image without much
loss in its details. This process is sometimes called wavelet
shrinkage since the detailed coefficients are shrunk
towards zero. There are three schemes to shrink the
wavelet coefficients, namely the “keep-or-kill” hard
thresholding, “shrink-or-kill” soft thresholding introduced
by Donoho et al. (1995) and third is semi-soft or firm
thresholding from Bruce and Gao (1997). Shrinking of the

wavelet coefficient is most efficient if the coefficients are
sparse that is the majority of the coefficients are zero and a
minority of coefficients with greater magnitude can
represent the image.

IV. PRINCIPLE COMPONENT ANALYSIS

Principal component analysis(PCA) is a linear data
adaptive type of transform technique which is also known
as Hotelling transform .In this transform linear subspace
fit for the given data is to be calculated i.e. optimizing for
the minimum mean square distance between the data
points and their projection on the subspace . If it is
assumed that the dimension of the data is m and the
dimension of the transform subspace is n, then it is
required to find the orthogonal vector wi ,where
(i=1,2,3…. n) .The principal components are found by
optimizing the direction of maximum data variance under
the constraint of the orthogonality to previously found
direction[1] . we can use PCA to solve this kind of
problems. Principal components are the direction of
greatest variability (covariance) in the data, then the next
orthogonal (uncorrelated) direction of the greatest
variability. So first remove all the variability along the
first component, and then find the next direction of
greatest variability and so on Principal component
analysis(PCA) is a linear data adaptive type of transform
technique which is also known as Hotelling transform .In
this transform linear subspace fit for the given data is to be
calculated i.e. optimizing for the minimum mean square
distance between the data points and their projection on
the subspace . If it is assumed that the dimension of the
data is m and the dimension of the transform subspace is
n, then it is required to find the orthogonal vector wi,
where (i=1, 2, 3…. n). The principal components are
found by optimizing the direction of maximum data
variance under the constraint of the orthogonality to
previously found direction [3].

V. ADAPTIVE PCA

To obtain the principal component vectors, traditionally
the covariance matrix is calculated then eigen values are
obtained, and corresponding to each eigen value, a
component (eigen) vector is found. This procedure is
complicated and computationally intensive thereby
making it restrictive to apply for real world applications
such as data compression and data extraction. Moreover,
the PCA hardware implementation for real time
application becomes even more challenging. To get over
the hurdles from the traditional PCA technique, the simple
sequential PCA techniques are introduced. These
techniques are based on learning approach to obtain
sequentially principal component vectors. Some works in
PCA are reported using Hebbian or anti-Hebbian learning
and gradient-based learning. There are several reports that
are successful in using PCA for data reduction and
detection. Most of the works are software-based due to the
complication of the hardware requirements. A large
percentage of the image denoising algorithms assume an
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orthogonal basis decomposition of the signal. While this
may be an efficient way to decompose the image for
compression purposes, several authors have shown that an
over-complete representation of the signal is superior for
image denoising. The main advantage of over complete
expansion is summarized as a suppression of the Gibbs
phenomena. In the Translation- Invariant denoising
algorithm is achieved by shifting the signal multiple times,
denoising each shifted signal separately (using orthogonal
decompositions for each shift), shifting back and then
averaging the results. When denoising shifted versions of
the signal, edge artifacts occur at different locations. When
the signals are shifted back and averaged these edge
artifacts are averaged as well. The authors showed that a
uniform thresholding in a Translation Invariant denoising
does well in eliminating some of the edge artifacts seen in
orthogonal wavelet denoising. The authors extend the idea
of by simultaneously processing all the shifted versions to
obtain more accurate statistical models for signal
components. The work extends the idea of wavelet
thresholding to an adaptive wavelet thresholding method
based on context modeling. Each wavelet coefficient is
modeled as a random variable of a generalized Gaussian
distribution with an unknown parameter. Experimentally
from adaptive PCA we conclude that in results State-of-
the-art results in terms of both denoising and detail
reservation. Relatively high complexity (due to application
of PCA locally). This method is competitive and
outperforms some of the current best denoising methods,
especially in preserving image details and introducing very
few artifacts.

VI. INDEPENDENT COMPONENT ANALYSIS

The ICA method was successfully implemented in
denoising Non-Gaussian data. One exceptional merit of
using ICA is it’s assumption of signal to be Non- Gaussian
which helps to denoise images with Non-Gaussian as well
as Gaussian distribution. Independent component analysis
(ICA) is a method for finding underlying factors or
components from multivariate (multidimensional)
statistical data. What distinguishes ICA from other
methods is that it looks for components that are both
statistically independent and non Gaussian. Here we
briefly introduce the basic concepts, applications, and
estimation principles of ICA [3]. When the independence
assumption is correct, blind ICA separation of a mixed
signal gives very good results. It is also used for signals
that are not supposed to be generated by a mixing for
analysis purposes. A simple application of ICA is the
"cocktail party problem", where the underlying speech
signals are separated from a sample data consisting of
people talking simultaneously in a room. Usually the
problem is simplified by assuming no time delays or
echoes. An important note to consider is that if N sources
are present, at least N observations (e.g. microphones) are
needed to get the original signals. This constitutes the
square case (J = D, where D is the input dimension of the
data and J is the dimension of the model). Other cases of
underdetermined (J < D) and over determined (J > D)

have been investigated. ICA finds the independent
components (aka factors, latent variables or sources) by
maximizing the statistical independence of the estimated
components. We may choose one of many ways to define
independence, and this choice governs the form of the ICA
algorithms. The two broadest definitions of independence
for ICA are-
1) Minimization of mutual information
2) Maximization of non-Gaussianity.

In general, ICA cannot identify the actual number of
source signals, a uniquely correct ordering of the source
signals, nor the proper scaling (including sign) of the
source signals.ICA is important to blind signal
separation and has many practical applications. It is
closely related to (or even a special case of) the search for
a factorial code of the data, i.e., a new vector-valued
representation of each data vector such that it gets
uniquely encoded by the resulting code vector (loss-free
coding), but the code components are statistically
independent. The main concept of ICA applied to images
insists on the idea that each image (sub image) may be
perceived as linear superposition of features ai(x, y)
weighted by coefficients si. In case of ICA, features are
represented by columns of mixing matrix A and si are
elements of appropriate sources. In addition ICA features
are localized and oriented and sensitive to lines and edges
of varying thickness of images (see Figures 4 and 5).
Furthermore the sparsity of ICA coefficients should be
pointed out. It is expected that suitable soft-thresholding
on the ICA coefficients leads to efficient reducing of
Gaussian noise.

VII. CONCLUSION

Both Principal (PCA) and Independent Component
analysis (ICA) are transformations that rely on statistics of
the given data set. PCA is based on the information given
by the second order statistics, whereas ICA goes up to
high order statistics. Therefore the result obtained by ICA
is assumed to be more meaningful than the one gained by
PCA. ICA technique is computationally faster and gives
better results. Some aspects that were analyzed in this
paper may be useful for other denoising schemes,
objective criteria for evaluating noise suppression
performance of different significance measures. I CA is
superficially related to principal component analysis and
factor analysis. ICA is a much more powerful technique,
however, capable of finding the underlying factors or
sources when these classic methods fail completely.
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