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Abstract: Removal of noise from the original signal is still a challenging issue for researchers. Image denoising is a applicable issue
found in diverse image processing and computer vision problems. The important property of a good image denoising model is that it
should completely remove noise as far as possible as well as preserve edges. There are various existing methods to denoise image. Each
method has its own advantages, disadvantages and assumptions. This paper presents a review of some significant work in the field of
Image Denoising. The brief introduction of some popular approaches is provided and discussed. Insights and potential future trends are

also discussed.
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1. Introduction

In today’s growing digital world, Digital Images play an
important role in daily routine applications such as Magnetic
Resonance Imaging, Satellite Television as well as in areas of
research and technology including Geographical Information
System. Noise is unwanted signal that interferes with the
original image and degrades the visual quality of original
image. The main sources of noise in digital images are
imperfect instruments, problem with data acquisition process,
interference  natural phenomena, transmission and
compression [1]. Image denoising is a procedure in digital
image processing for the removal of noise, which may
corrupt an image during its acquisition or transmission, while
retaining its visual quality. Thus; image denoising is the
necessary and foremost step for image analysis. So, it is
necessary to depute some effective image denoising
techniques to prevent this type of corruption from digital
images.

Image Denoising has a fundamental problem in the field of
image processing. This paper provides various techniques for
noise removal and gives us also the insights into the methods
to determine which method will provide the reliable and
approximate estimate of original image given its degraded
version [17].

One of the methods used to remove noise is the wavelet
transform in digital image. A wavelet is a mathematical
function useful in digital signal processing and image
compression. The use of wavelets for these purposes is a
recent development, although the theory is not new. The
principles are similar to those of Fourier analysis. In signal
processing; wavelets make it possible to recover weak signals
from noise. This has proven useful especially in the
processing of X-ray and magnetic-resonance images in
medical applications. Images processed in this way can be
"cleaned up" without blurring or muddling the details.
Techniques based on thresholding of wavelet coefficients are
gaining popularity for denoising data. The idea is to
transform the data into the wavelet basis, where the large

coefficients are mainly the signal and the smaller ones
represent the noise.

Modelling of noise is dependent on several factors such as
data capturing instruments, transmission media, and
quantisation of image and discrete sources of radiation.
Depending on the noise model, different algorithms can be
used. In ultrasound images, speckle noise [2] is observed
whereas in MRI images rician noise [3] is observed.

2. Introduction to Image Denoising Techniques

Image denoising is the fundamental problem in Image
processing. Wavelet gives the excellent performance in field
of image denoising because of its characteristics like sparsity
and multiresolution structure. With the popularity of Wavelet
Transform for the last two decades, several algorithms have
been developed in wavelet domain. The focus was shifted to
Wavelet domain from spatial and Fourier domain. Ever since
the Donoho*s wavelet based thresholding approach was
published in 2003, there was surge in the image denoising
papers being published.

Although his approach was not revolutionary, it did not
require tracking and correlation of the wavelet maxima and
minima across the different scales as proposed by Mallat
[4]. Thus there was renewed interest in wavelet approach
since Donoho’s [5] demonstrated a simple solution to
difficult problem domain. Researchers published different
approaches to compute the simulation parameters for wavelet
coefficients. To achieve optimum threshold, data adaptive
threshold [6] were introduced. Substantial improvements in
perceptual quality could be obtained by translation invariant
method based on thresholding of an Undecimated Wavelet
transform [7].Much effort has been devoted to Bayesian
denoising in wavelet domain. Gaussian scale mixtures and
hidden markov models have also become popular and more
research is continued to be published
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3. Various Noise Models

Noise is present in image either in additive or multiplicative
form [8].

1. Additive Noise Model

Noise signal that is additive in nature gets added to the
original signal to produce a corrupted noisy signal and
follows the following model:

WX, y) =s(X,y) + n(X,y) .ovnnnnn. )

2. Multiplicative Noise Model

In this model, noise signal gets multiplied to the original
signal. The multiplicative noise model follows the following
rule:

W(X, ¥) = 8(X,¥) X N(X,Y) cevenrenriannenenneannnnn. 2)

Where, s(x,y) is the original image intensity and n(x,y)
denotes the noise introduced to produce the corrupted signal
w(x,y) at (x,y) pixel location.

4. Types of Noise

Various types of noise have their own characteristics and are
inherent in images in different ways.

1. Gaussian Noise

Gaussian noise [9] is evenly distributed over the signal. Each
pixel in noisy image is the sum of true pixel value and a
random gaussian distributed noise value. This noise has a
probability density function [pdf] of the normal distribution.
It is also known as Gaussian distribution. It is a major part of
the read noise of an image sensor that is of the constant level
of noise in the dark areas of the image [24].

2. Salt and Pepper Noise

The salt-and-pepper noise are also called shot noise, impulse
noise or spike noise that is usually caused by faulty memory
locations ,malfunctioning pixel elements in the camera
sensors, or there can be timing errors in the process of
digitization .In the salt and pepper noise there are only two
possible values exists that is a and b and the probability of
each is less than 0.2.If the numbers greater than this numbers
the noise will swamp out image. For 8-bit image the typical
value for 255 for salt-noise and pepper noise is 0 [29].

Reasons for Salt and Pepper Noise:

a. By memory cell failure.

b. By malfunctioning of camera’s sensor cells.

c. By synchronization errors in image digitizing or
transmission.

3. Speckle Noise

Speckle noise [10] [11] is multiplicative noise. This type of
noise occurs in almost all coherent systems such as SAR
images, Ultrasound images etc. The source of this noise is
random interference between the coherent returns.

4. Amplifier Noise
The typical model of amplifier noise is additive, Gaussian,
independent at each pixel and independent of the signal

intensity. In color cameras, blue color channels are more
amplified than red or green channel, therefore, more noise
can be present in the blue channel. Amplifier noise is a major
part of the "read noise" of an image sensor, that is, of the
consistent noise level in dark areas of the image [12]. This
type of noise has a Gaussian distribution, which has a bell
shaped probability distribution function given by,

1
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5. Various Denoising and Filtering Techniques

Various denoising techniques have been proposed so far and
their application depends upon the type of image and noise
present in the image. Image denoising is classified in three
categories: Spatial Filtering, Transform Domain Filtering and
Wavelet Thresholding Method. Objectives of any filtering
approach are:

e To suppress the noise effectively in uniform regions.
e To preserve edges and other similar image characteristics.
e To provide a visually natural appearance [13].

5.1Spatial domain filtering

This is the traditional way to remove the noise from the
digital images to employ the spatial filters. Spatial domain
filtering is further classified into linear filters and non-linear
filters [14].

5.1.1 Linear Filters

A mean filter is the optimal linear for Gaussian noise in the
sense of mean square error. Linear filters tend to blur sharp
edges, destroy lines and other fine details of image. It
includes Mean filter and Wiener filter [14].

a) Mean Filter

This filter acts on an image by smoothing it. It reduces the
intensity variations between the adjacent pixels [15].
Mean filter is an averaging linear filter. Here the filter
calculates the average value of the image with noise in a
predefined area and the centre pixel intensity value is then
changed by average value of pixels in the neighborhood.
This process is repeated for all pixel values in the entire
image.

b) Weiner Filter

Weiner filtering [16] method requires the information
about the spectra of noise and original signal and it works
well only if the underlying signal is smooth. Weiner
method implements the spatial smoothing and its model
complexity control corresponds to the choosing the
window size. H(u, v) is the degradation function and H(u,
v)* is its conjugate complex. G(u, v) is the degraded
image. Functions Sf(u, v) and Sn(u, v) are power spectra
of original image and the noise. Wiener Filter assumes
noise and power spectra of object a priori.
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5.1.2 Non- Linear

In recent years, a variety of non-linear median type filters
such as rank conditioned, weighted median, relaxed median,
rank selection have been developed to overcome the
shortcoming of linear filter. With the non-linear filter, noise
is removed without any attempts to explicitly identify it.
Spatial filters employ a low pass filtering on the group of
pixels with the assumption that noise occupies the higher
region of frequency spectrum. Generally spatial filters
remove the noise to reasonable extent but at the cost of
blurring the images which in turn makes the edges in the
picture invisible.

a) Median Filter

Median Filter Median filter is a best order static, non- linear
filter, whose response is based on the positioning of pixel
values on basis of rank contained under the filter region.
Median filter yield good result for salt and pepper noise.
These filters are basically smoothers for image processing, as
well as in signal processing. The benefit of the median filter
over linear filters is that the median filter can remove the
effect of input noise values with huge magnitudes [30].

5.2 Transform domain filtering

The transform domain filtering can be divided according to choice
of basic functions.

5.2.1 Spatial Frequency Filtering

Spatial frequency domain denoising method is a kind of
Transform Domain, filtering where low pass filters (LPF.) is
used by using Fast Fourier Transform (FFT).Here denoising
is done by designing a cut-off frequency. The main
disadvantage of Fast Fourier Transform (FFT) is the fact that
the edge information is spread across frequencies because of
FFT basis function and it is not being localized in time or
space which means that time information is lost and hence
low pass filtering results in smearing of the edges.But these
methods are time consuming and may produced artificial
frequencies in processed image[18].

5.2.2 Wavelet Domain Filtering

Working in Wavelet domain is preferred because the Discrete
Wavelet Transform (DWT) make the signal energy
concentrate in a small number of coefficients, hence, the
DWT of the noisy image consists of a small number of
coefficients having high Signal to Noise Ratio (SNR) while
relatively large number of coefficients is having low SNR.
After removing the coefficients with low SNR (i.e., noisy
coefficients) the image is reconstructed by using inverse
DWT. As a result, noise is removed or filtered from the
observations [18]. A major advantage of Wavelet methods is
that it provides time and frequency localization
simultaneously. Moreover, wavelet methods characterize
such signals much more efficiently than either the original
domain or transforms with global basis elements such as the
Fourier transform [19]

5.3Wavelet Based Thresholding

Wavelet thresholding is a signal estimation technique that
exploits the capabilities of Wavelet transform for signal
denoising. It removes noise by killing coefficients that are
irrelevant relative to some threshold that turns out to be
simple and effective, depends heavily on the choice of a
thresholding parameter and the choice of this threshold
determines, to a great extent the efficiency of denoising.
There are several studies on thresholding the Wavelet
coefficients [20]. The process, commonly called Wavelet
Shrinkage, consists of following main stages [21]:

Input Wavelet Estimate
Noisy p| Transform | | Threshold
Image WT & Shrink
WTC
Denoised Output Inverse
Image < Filter e—| Wawvelet
Transform

Figure 1: Block diagram of Image Denoising using Wavelet
Transform

5.3.1 Thresholding Method

There are various thresholding techniques which are used for
purpose of image denoising such as hard and soft
thresholding. Hard thresholding which is based on keep and
kill rule is more instinctively appealing and also it introduces
artifacts in the recovered images [22] whereas soft
thresholding is based on shrink and kill rule, as it shrinks the
coefficients above the threshold in absolute value [23]. In
practice, soft thresholding has been used over hard
thresholding because it gives more visually pleasant image as
compared to hard thresholding and reduces the abrupt sharp
changes that occur in hard thresholding [24]. In MATLAB,
by default, hard thresholding is used for compression and soft
thresholding for denoising [25].

5.3.2 Threshold Selection Rules

In image denoising applications, the selection of threshold
value should be such that Peak Signal to Noise Ratio (PSNR)
is maximize [20]. Finding an optimal value for thresholding
is not an easy task. A small threshold will pass all the noisy
coefficients and hence the resultant images may still be noisy
whereas a large threshold makes more number of coefficients
to zero, which leads to smooth image and image processing
may cause blur and artifacts, and hence the resultant images
may lose some signal values [26]. Threshold selection is
based on non adaptive threshold and adaptive threshold.

a) Non Adaptive Threshold
Visu Shrink is non adaptive universal threshold, which
depends only on a number of data points. It is found to
yield an overly smoothed estimate. It suggests a best
performance in terms of mean square error (MSE), when
number of pixels reaches infinity. Its threshold value is
quite large due to its dependency on number of pixels in
image [27]. The drawback is that it cannot remove the
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Speckle noise. It can only deal with additive noise.
Threshold T can be calculated using the formulae,

T= o,/ 2logn? 5)

where o is the noise level and n is the length of the noisy
signal [19].

b) Adaptive Threshold

There are two types of adaptive threshold i.e. Sure Shrink
and Bayes Shrink. Sure Shrink derived from minimizing
Stein’s Unbiased Risk Estimator, an estimate of MSE
risk. It is a combination of universal threshold and SURE
threshold. It is used for suppression of noise by
thresholding the empirical wavelet coefficient.. The goal
of Sure Shrink is to minimize the mean square error. Sure
shrink suppresses the noise by thresholding the empirical
wavelet coefficient [21]. The Bayes Shrink method has
been attracting attention recently as an algorithm for
setting different thresholds for every subband. Here
subbands are frequency bands that differ from each other
in level and direction [28]. The purpose of this method is
to estimate a threshold value that minimizes the Bayesian
risk assuming Generalized Gaussian Distribution (GGD)
prior.

6. Conclusion and Future Scope

In this paper, numerous amounts of Image Denoising
Techniques are discussed. The selection of Denoising
technique depends on what kind of denoising is required.
Further, it depends on what kind of information is required.

The purpose of this paper is to present a survey of digital
image denoising approaches. As images are very important in
each and every field so, Image Denoising is an important pre-
processing task before further processing of image like
segmentation, feature extraction, texture analysis etc. The
above survey shows the different type of noises that can
corrupt the image and different type of filters which are used
to improve the noisy image. The study of various denoising
techniques for digital images shows that wavelet filters
outperforms the other standard spatial domain filters. Spatial
filters operate by smoothing over a fixed window and it
produces artifacts around the object and sometimes causes
over smoothing thus causing blurring of image. Therefore,
Wavelet transform is best suited for performance because of
its properties like sparsity, multiresolution and multiscale
nature.

As the future perspective can be seen, the mentioned methods
can be implemented that to look how it can be used on
different images. With different spatial resolution, different
behaviours of same image would be quite interesting.

Since selection of the right denoising procedure plays a major
role, it is important to experiment and compare the methods.
As future research, we would like to work further on the
comparison of the denoising techniques. If the features of the
denoised signal are fed into a neural network pattern
recognizer, then the rate of successful classification should
determine the ultimate measure by which to compare various
denoising procedures.

References

[1] Kenneth, R. 1979, Digital Image Processing, Prentice
Hall, New Jersey.

[2] Stefan Schulte,Mike Stefan Schulte, Mike Nachtegael,
Valerie De Witte, Dietrich Van der Weken , Etienne
E.Kerre,”Fuzzy Random Impulse Noise removal from
Image sequences”

[3] Rafael C. Gonzalez and Richard E.Woods, “Digital
Image Processing”, Pearson Education, Second Edition,
2005.

[4] Kenny Kal Vin Toh,Nor, Ashidi Mat Isa,” Noise
Adaptive Fuzzy Switching Median Filter for Salt-and-
Pepper Noise Reduction”, IEEE Trans. Image
Processing, Vol 17, No. 3, March 2010.

[5] Sheng-Fu Liang, Shih-Mao Lu, Jyh-Yeong Chang, and
Chin-Teng (CT) Lin, “A Novel Two-Stage Impulse
Noise Removal Technique Based on Neural Networks
and Fuzzy Decision”, IEEE Trans. Image Processing,
Vol 16, No. 4, August 2008.

[6] H. Guo, J. E. Odegard, M. Lang, R. A. Gopinath, L. W.
Selesnick, and C. S. Burrus, "Wavelet based speckle
reduction with application to SAR based ATD/R," First
Int'l Conf. on Image Processing, vol. 1, pp. 75-79, Nov.
1994.

[7] Robert D. Nowak, “Wavelet Based Rician Noise
Removal”, IEEE Transactions on Image Processing,vol.
8, no. 10, pp.1408, October 1999

[8] Matlab6.1 —Image Processing Toolboxl,
http:/www.mathworks.com/access/helpdesk/help/toolbox
/images/

[9] Umbaugh, S. E. 1998, Computer Vision and Image
Processing, Prentice Hall PTR, New Jersey.

[10]Gagnon, L. 1999. Wavelet Filtering of Speckle Noise-
ome Numerical Results, Proceedings of the Conference
Vision Interface, Trois-Reveres.

[11]Goodman, J. W. 1976. Some fundamental properties of
Speckle, J. Opt. Soc. Am., 66, pp. 1145-1150.

[12]Pawan Patidar, Manoj Gupta, Sumit Srivastava, Ashok
Kumar Nagawat,” Image De-noising by Various Filters
for Different Noise”, International Journal of Computer
Applications, November 2010, Vol.9, No.4 ,0975-887.

[13]Yousef Hawwar and Ali Reza, “Spatially Adaptive
Multiplicative Noise Image Denoising Technique”, IEEE
Transaction On Image Processing, December 2002,
Vol.11, No. 12.

[14]Motwani, M.C., Gadiya, M. C., Motwani, R.C., Harris,
F. C Jr. Survey of Image Denoising Techniques.

[15]Windyga, S. P. 2001, Fast Impulsive Noise Removal,
IEEE transactions on image processing, Vol. 10, No. 1,
pp-173-178.

[16]Kailath, T. 1976, Equations of Wiener-Hopf type in
filtering theory and related applications, in Norbert

Wiener: Collected Works vol. III, P.Masani, Ed.
Cambridge, MA: MIT Press, pp. 63-94 .
[17]1Kanika Gupta, S.K. Gupta, “Image Denoising

Techniques — A Review paper”, International Journal of
Innovative Technology and Exploring Engineering
(JITEE), March 2013, Vol.2, Issue-4.
[18]S.Arivazhagan, S.Deivalakshmi, K.Kannan,
“Performance Analysis of Image Denoising System for
different levels of Wavelet decomposition”, International

Volume 3 Issue 7, July 2014

Www.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: 0201522

1880




International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Impact Factor (2012): 3.358

Journal of Imaging Science and Engineering (IJISE),
July 2007, Vol.1, No.3.

[19]1dan Ram, Michael Elad, and Israel Cohen, “Generalized
Tree-Based Wavelet Transform”, IEEE Transactions On
Signal Processing, September 2011,Vol. 59, No. 9.

[20]Rakesh Kumar and B. S. Saini , “ Improved Image
Denoising Technique Using Neighboring Wavelet
Coefficients of Optimal Wavelet with Adaptive
Thresholding”, International Journal of Computer
Theory and Engineering , June 2012, Vol. 4, No. 3.

[21]Sachin D Ruikar, Dharampal D Doye, “Wavelet based
image denoising technique”, International Journal of
Advanced Computer Science and Applications, March
2011, Vol.2, No.3.

[22]Sethunadh R and Tessamma Thomas ,“Spatially
Adaptive Image Denoising using Undecimated
Directionlet Transform”, International Journal of
Computer Applications (IJCA), December 2013, Vol.84,
No.11, 0975-8887.

[23]S.Kother Mohideen, Dr. S. Arumuga Perumal, Dr.
M.Mohamed Sathik, “Image De-noising using Discrete
Wavelet transform”, International Journal of Computer
Science and Network Security (IJCSNS), January
2008,Vol.8 No.1.

[24]S.S.Patil, A.B.Patil, S.C.Deshmukh, M.N.Chavan,
“Wavelet  Shrinkage  Techniques for Images”,
International Journal of Computer Applications,

September 2010, Vol.7, No.1, 0975 — 8887.

[25] Akhilesh Bijalwan, Aditya Goyal, Nidhi Sethi, “Wavelet
Transform Based Image Denoise Using Threshold
Approaches”, International Journal of Engineering and
Advanced Technology (IJEAT), June 2012, Vol.1, Issue-
S.

[26] Abdolhossein Fathi and Ahmad Reza Naghsh-Nilchi,
“Efficient Image Denoising Method Based on a New
Adaptive Wavelet Packet Thresholding Function”, IEEE
Transaction On Image Processing, September 2012, Vol.
21, No. 9.

[27]1David L. Donoho and Iain M. Johnstone, “Ideal spatial
adaption via Wavelet Shrinkage”, Biometrika,
September 1994, Vol.81, 425-455.

[28]E.Jebamalar Leavline, S.Sutha, D.Asir Antony Gnana
Singh, “Wavelet Domain Shrinkage Methods for Noise
Removal in Images: A Compendium”, International
Journal of Computer Applications, November 2011, Vol.
33, No. 10.

[29]Priyanka Kamboj, Versha Rani, “A Brief Study Of
Various Noise Model And Filtering Techniques”,
Journal of Global Research in Computer Science, 4 (4),
April 2013, 166-171.

[30]Vikas Gupta, Dr. Vijayshree Chaurasia Dr. Madhu
Shandilya, “A Review on Image Denoising Techniques”,
International Association of Scientific Innovation and
Research (IASIR) NJETCAS 13-340; © 2013, IJETCAS.

Author Profile

Manoj Gabhel is currently pursuing his MTech (2012-14) from the
department of Electronic & Communication Engineering
Specialization in Digital Communication at Dr. C.V.R.U. Bilaspur
(C.G). He had done his B.E. in Et&T Engg. from K.I.T. Raigarh
(C.G) in 2008 and PG Diploma in Industrial Automation System
Design From NIELIT Calicut Kerala India in 2009. His Area of

Interest includes Communication System. He has one year
experience as a Lecturer in GEC Jagdalpur (C.G).

Aashish Hiradhar is currently worked as a Assistant Professor at
Dr. C.V. Raman Institute of Science and Technology Bilaspur (C.G).
His Area of Interest includes Communication System, Signal
processing.

Volume 3 Issue 7, July 2014

Www.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: 0201522

1881






