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Abstract:

In image processing, noise reduction and restoration of
image is expected to improve the qualitative inspection of
an image and the performance criteria of quantitative
image analysis techniques Digital image is inclined to a
variety of noise which affects the quality of image. The
main purpose of de-noising the image is to restore the
detail of original image as much as possible. The criteria
of the noise removal problem depends on the noise type
by which the image is corrupting .In the field of reducing
the image noise several type of linear and nonlinear
filtering techniques have been proposed. Different
approaches for reduction of noise and image enhancement
have been considered, each of which has their own
limitation and advantages.

Keywords:
Wavelet transform, Median filter, Salt and Pepper noise,
impulse noise, TVL1 noise, PSNR and RMSE.

LINTRODUCTION:

Image restoration is preliminary track in image processing
in current time. Image noising (distortion) is one of the
well-known and a common issue in Image processing
system. Image denoising operation is often used to
denoise the degraded image. Image noising is generally
seen due to various types of noise, for example
Gaussian noise, Impulsive noise, Poisson noise and
Speckle noise etc. These are fundamental noise types in
case of digital images. Impulsive noise is completely
removed by conventional median filter rather than
other noise types. Impulsive noise is classified into Salt
and Pepper noise and random valued noise.

In this paper, initially we use salt and pepper noise
because it is the most common and seen in general
image processing operations. Noise is introduced in
images during image acquisition or transmission or
recording. This phenomenon may happen due to
Electronic or photometric sources. If the image formation,
transmission and reception processes in Electronic or
photometric sources are imperfect, they produce blurred
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image.

Image formation processes such as spreading of focal
length, non-stationary camera placement cause
bandwidth reduction in an image. Salt and pepper
noise are generally caused by camera sensors,
misaligned lenses and weak length of focal etc., That is
why careful study of salt and pepper noise is
essential which leads to proper selection of noise
model for image denoising operations. Day by day the
demand of the quality images is increasing. That is why
the proposed scheme is to try to maintain the quality
of visual perception of an image and also try to
remove most of the noisy part in the degraded
images.

Non-linear techniques have been proposed and used
successfully for image denoising. However, traditional
linear filtering does not perform well in case of non-
linear operation of impulsive noise during image
formation and transmission. An image signal has
structural constraints, for examples lines, junctions,
edges, corners and other fine details.

II. WAVELET TRANFORM:

Fourier Transform has been used for time frequency
analysis. Fourier Transform has certain limitations
and those are overcome by Wavelet transform, so
wavelet transform is good replacement for Fourier
transform. The wavelet transform is able to analyze
the time frequency content of an image. It provides
multi resolution operations. Wavelet transform works
on dilation and translation properties that give a group
of template functions. Unlike Fourier transform, wavelet
transform can be chosen with more freedom without the
need of using sine-cosine pairs

(A) Discrete Wavelet Transform (DWT):

DWT is used to find the approximation and detailed
coefficients of a discrete signal. DWT represents the
time frequency analysis of discrete signal. Spectrum
analysis and spectral behavior of the signal in time
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is essential and that is analyzed by DWT. In wavelet
decomposition, signal breaks it into two classes; low
pass and high pass. These classes are separately used
to carry information of original signal as shown in Fig.
L.

Highpazs

I1I. MEDIAN FILTER:

Median filter (Non-linear filter) works on medial pixel
value of its surrounding neighbors instead of mean
filter (linear filter). To preserve the smoothness in a
resultant image median filter is most prominent choice.
A median filter operates on pixel based noise
reduction approach under structural constraints. In
order to retain the smoothness and edges median
filters are best choice among the other non-linear
filters. In the context of Order statistics theory, the
intensity value of an image is critical choice in
deciding the ranking of the neighboring pixels. To
overcome the above criteria value of noisy pixel is
replaced by the median value of surrounding pixel
values.

IV. PROPOSED METHOD:

Here an integration of wavelet transform and median filter.

This integrated approach is used for removal of salt
and pepper noise from an image.

Basically here a comparison of three most popular and
elegant noise models, impulse model, proposed salt &
pepper noise model and TVL1 noise. These three noise
models are compared on the basis of iterative noise
density in the proposed method. We exploit the powerful
integration of wavelet transform and median filtering
approach. These two schemes are jointly used to
remove salt and pepper noise in an image. This
combined approach overcomes the limitations of each of
them. Multilevel wavelet decomposition is used in this
paper. The multilevel wavelet decomposition is used to
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arrange coefficients in a manner that enables time-
frequency analysis. These coefficients are improved
via wavelet in order to achieve the smoothness.
Smoothness is generally seen in the low pass region
where as edges are seen in the high pass region.
Here there is an exploitation of iterative noise density
scheme in salt and pepper noise model. The filtering
window is set of 3x3 pixels. Of course 3x3 filtering
window itself cannot be justified under restriction of
the expansion of the filter size. Result needs the
adaptation in a given filter according to optimum
choice.

To preserve smoothness and edges of an image we
need wavelets operation in much more depth for which
wavelet is reasonable choice. That is why an integration
of wavelet based iterative noise density and Median filter
is the best approach for salt and pepper noise. In this
paper an image is corrupted by salt and pepper noise.
That is why to estimate the noise densities of salt
and pepper noise is essential and successfully measured in
our algorithm.

First wavelet transform decomposed the noisy image

Z (j, k) in the form of approximate and detail
components. In the proposed method, the detail
components are set to zero. Further the approximate
pat using the median filter.

The following equations represent the proposed method.

Z(j,k) = D[j(,K)] +1(,k)

Where f(j.k) is original image, [( J,k) is Noise signal,
Z( j,k) is degraded image and D is degrading function.

I(j,k)e A={l,...E}X{l,...F} is 256X256
resize gray level image at pixel location (j. k)

Where {l,....E}and {l,.....F}are the rows and

columns of /( j,k) respectively.

Input image with Salt and
Pepper Noise
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1
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Median filtering Details make it
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Noisy image Z(j,k) probably identified in terms of
noise intensities. For a good quality image needs the following
noise intensities values 0 represents black (Pepper) and 1
represents white (Salt) [24].

The DWT of degraded image Z( J, k) is

w( i, k) =W(j.k)Z(].k)
This implies the approximation and details signals

w(j,k)={A}, f, D, f, D}, f, D) f}

Whereas A;f is the approximation corresponds to Low
frequencies and Dl}f,D;f and D, f are details of the
wavelet w( J, k) set to zero.

D}, f=0, D} f=0and D}, f=0

Since image denoising schemes based on neighbor

pixels. Original pixels of an image are caused by noise.

In median approach, frst identified those noisy pixels and
comparing each of pixels by their neighbors. Noisy
pixel secures some different value. Therefore this value is
replaced by median value of its surrounding neighbor
pixels

Apply median filtering upon the approximation
coefficients of wavelet transform and estimate the
noise variance (1').

i =MED{A* ,A? A’

22 B T R Y o

‘
g /’1}, = }
Taking Inverse Discrete Wavelet Transform (IDWT)
FGak) =Ww(j, k)
Our objective is to obtain the denoised image ‘,J?(_j,k) is

close to original image f( j.k) as possible.

Erroris e( J,k) = jﬂr(j,k)—f(.fs k)

That is why Mean square error is
- 1 8& T
MSE=—>" 3 [£(j.k)= F(j.k)T
The Peak signal to noise ratio is given by
PSNR = 2010g ;557 253 dB
D Y LG k)= F (k)P
p=0 g=0

V. DIFFERENT NOISE TYPES IN IMAGES:

Noise is introduced in the image at the time of image
acquisition or transmission. Different factors may be
responsible for introduction of noise in the image. The
number of pixels corrupted in the image will decide the
quantification of the noise. The principal sources of noise
in the digital image are:
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a) The imaging sensor may be affected by environmental
conditions during image acquisition.

b) Insufficient Light levels and sensor temperature may
introduce the noise in the image.

¢) Interference in the transmission channel may also
corrupt the image.

d) If dust particles are present on the scanner screen, they
can also introduce noise in the image.

Noise is the undesirable effects produced in the
image. During image acquisition or transmission,
several factors are responsible for introducing noise in
the image. Depending on the type of disturbance, the
noise can affect the image to different extent. Generally
our focus is to remove certain kind of noise. So we
identify certain kind of noise and apply different
algorithms to remove the noise. Image noises can be
classified as Salt & pepper noise, Impulse noise and
TVLI noise.

(A) IMPULSE NOISE:

Impulse noise corruption is very common in digital
images. Impulse noise is always independent and
uncorrelated to the image pixels and is randomly
distributed over the image. Hence unlike Gaussian noise,
for an impulse noise corrupted image all the image pixels
are not noisy, a number of image pixels will be noisy and
the rest of pixels will be noise free. There are different
types of impulse noise namely salt and pepper type of
noise and random valued impulse noise. In salt and
pepper type of noise the noisy pixels takes either salt
value (gray level -225) or pepper value (grey level -0)
and it appears as black and white spots on the images. If
p is the total noise density then salt noise and pepper
noise will have a noise density of p/2.

(B) TOTAL VARIATION NOISE:

Total variation based methods are widely applied for
image enhancement and particularly for de-noising. The
majority of these is designed for a specific noise
model. The alternative total variation based approach
proposed here can deal with multiple noise models via
two-pass iterative algorithm basing on total variation.
The first pass is designed for draft denoising and to
detect noise region. The second pass restores the noise
region by total variation based inpainting.
Experiments on Salt & Pepper and Impulse noise
models demonstrate the effectiveness of the proposed

method.
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The alternating minimization algorithm recently proposed
in to the case of recovering blurry multichannel (color)
images corrupted by impulsive rather than Gaussian noise.

The algorithm minimizes the sum of a multichannel
extension of total variation (TV), either isotropic or
anisotropic, and a data fidelity term measured in the L1-
norm. We derive the algorithm by applying the well-
known quadratic penalty function technique and prove
attractive  convergence properties including finite
convergence for some variables and global g-linear
convergence. Under periodic boundary conditions, the
main computational requirements of the algorithm are fast
Fourier transforms and a low-complexity Gaussian
elimination procedure. Numerical results on images with
different blurs and impulsive noise are presented to
demonstrate the efficiency of the algorithm. In addition, it
is numerically compared to an algorithm recently
proposed in that uses a linear program and an interior
point method for recovering gray scale images. Total
variation denoising (TVD) is an approach for noise
reduction developed so as to preserve sharp edges in the
underlying signal.

V.SIMULATION RESULTS:

(A) GUI Window:

Removal of Salt and Pepper Noise in Digital Images

Input Image
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(B) GUI window of noise models:
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Removal of Salt and Pepper Noise in Digital Images

Aty TV Home

Selecting Noise Level-1 for the input image
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Decomposed structure and Denoised image
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Image obtained after noise removal

Similarly, by randomly selecting the Noise levels
present in the GUI window we can get the images
applied with chosen noise levels thereby removing
the noise we shall get the denoised image as a
resultant output. As per the work done in the paper
the noise levels of Level 2, 4 & 7 are selected and
tested on the image and accordingly the resultant

RMSE and PSNR graph is simulated for
corresponding values.

For better understanding the graphical results
displayed in the command window alternatively.

S e ot e

RMSE & PSNR Graph of Noise Level

>> main

Moise Value.....2

PSNR VALUE
52,2418

MSE VALUE
0.0238

Hoise Value..... 4

P3NR VALUE

52.2415

MSE VALUE
0.0238

Moise Value..... 7

PSNR VALUE
82,2418

MSE VALUE
0.0239

10,020000" +0.040000" +0.070000"

0.0200  0.0400  0.0700 Hax

2,3933582-02" *2,393358e-02¢ *2,395358e-02"

©.0239  D0.023%  0.0238 Ha®

'5.2241532401" *5.224283e401" 15,224183e400"

L4

RMSE & PSNR values displayed in the
command window for corresponding noise levels

the

are

2018

ISSN: 2366-1313

| Removal of Salt and Pepper Moise in Digital Images ‘
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Application of impulse noise to the input image
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VI.CONCLUSION:

Moise 1o be added

In this paper, it is shown that Salt and Pepper noise model
perform well using wavelet transform and median filter
approach. Hence it is observed that the proposed method
simply produces better results over the nearly constant
result of traditional noise models. The increase in the
PSNR value and down fall in the RMSE value against the
noise makes the result better. In the proposed method,
median filtering minimized Salt and Pepper noise more
accurately as compared to other noise models. Different
approaches for reduction of noise and image enhancement

have been considered, each of which has their own

limitation and advantages.
Noise to be added to the original image
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