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Abstract

Efficient impulse noise removal is an important issue in image
processing. It is caused error in the data communication
generated in noisy sensors or communication channels or by
error during the data capture from digital cameras, scanning i.e.
one form of image is converted to another form. In this paper we
review on generalized classical and fuzzy filters for good
impulse noise reduction, analysis and compare the various filter
performance such as mean square error, peak signal to noise
ratio as well as in terms of visual quality and low execution
time.

Keywords-Digital Image, Noise
Classical filter, Fuzzy filter.

Impulse noise, removal,

1.Introduction

The investigation of the quality image has been
extensively used for many consumer applications. The impulse
noise reduction is a first preprocessing method in dealing with
improve the overall system quality of an image has been
corrupted by different types of noise that are likely to
contaminate image during analog transmission or storage [1],
when the received or storage in signal level. The great
challenges of image de-noising techniques is better noise
reduction as well as without any unchanged the image values
and it give more efficiency of the image.

In a color image to grayscale digital image (Y) is
represented by two dimensional arrays for the co inside lines (m,
n) defines a position in Y is called as pel or pixel element [2], In
the two dimensional gray scale image intensity is stored as an 8-
bit value giving 256 possible values from black and white colors
represented as O or 255 integer values has been represented.
Since this period, we considered as multiple integer values pq,
P2, Ps..-pn- Position (m, n) of the image are occurred by the
impulse noise can be denoted as [3].

=Y (m, n) with probability 1-p;
= p; with probability pr;
N (m, n) = p, with probability pr,

= pn With probability pr, 1)

In equation 1, where pr is the probability that a pixel is
corrupted and N is the corrupted image

Digital images acquired through many consumer digital
products are often corrupted by impulse noise during image
acquisition, image transmission or recording in faulty hardware.
There are three important types of noise represented above
mentioned image processing functions i) impulse noise, ii)
multiplicative noise, and iii) additive noise[4]. In these three
noises, the value of each pixel in the image is changed from its
original value with a small amount. In this case, noisy pixels are
very different from their surroundings area. Salt-and-pepper
noise is caused by sharp sudden changes of pixel values of the
entire image.

The formation of the paper presents the impulse noise and its
types in the first section, the dedicated results of general
classical and fuzzy filters for removing impulse noise level and
visual experiment in second section. In the survey of both
general classical and fuzzy filters, we will investigate whether
fuzzy filters perform better than general classical filters and
produce better results and also confirmed by good visual
results.Figurel represents the original onion color image and
converted into gray image, these images corrupted with varying
proportions of impulse noise. It can be analyzed from the
images that the impulse noise gets circulated equally over the
total image in the form of black and white pixels.

Figurel. (a) original onion image (b) RGB to gray image
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(c)impulse noise occurred in onion image with 10% (d) impulse
noise occurred in onion image with 15% (e) impulse noise
occurred in onion image with 20% (f) impulse noise occurred in
onion image with 25%

11.Performance Of Classical Filters

The classical filters is generalizes such that they are
still implement using low sensitivity and low noise structure.
These filters can have several pass band and stop band regions
and arbitrary weights can be used, some transmission and
attenuation zeros can be fixed.

A. Linear filter:

Linear filter have been the dominating filter class
through the history of signal processing, due mainly to the
second theoretical basis provided by the theory of linear systems
and the computational efficiency of linear filtering algorithms.
Despite the elegant linear system theory, not all signal
processing problems can be satisfactorily addressed through the
use of linear filters. Linear filters tend to blur sharp edges, fail to
remove heavy tailed distribution noise effectively, and perform
poorly in the presence of signal depend noise [5]. The gray
value of an image pixel (m, n) replaced by linear filter and
combination of the gray values in a neighborhood of the pixel is
(2s+1) (2s+1).

= Y= WK )AG -k, j- 1) @)

The coefficients w (k, 1) is self-determining of the
processed pixel (m, n). In the early improvement of digital
image processing, linear filters were the most important tools,
their numerical simplicity with suitable performance in various
applications made them easy to design and implementation for
example Mean filter.

The mean (average) filter smoothes image data, thus
eliminating noise. This filter performs spatial filtering on each
individual pixel in an image using the gray level values in a
square or rectangular window surrounding each pixel [6]. The
mean filter is a simple sliding-window spatial filter that replaces
the center value in the window with the average of all the pixel
values in the window. The window, or kernel, is usually square
but can be any shape

B.Non-Linear Filter:

A non-linear filter has been confirmed very useful is
the class of median based filters. During the last few years their
theory has also been developing very fast. It is the estimation of
the authors that median based filters today give one sound move
toward to non linear filtering. The success of median filters is

based on two essential properties (i) edge preservation and (ii)
efficient noise attenuation with robustness against impulsive
type noise. An important shortcoming of the median that has
poor to use in many other fields is that the filter output is always
constrained, by definition, to be one of the samples in the input
window. For example, that the median loses as much as 40%
efficiency over the sample mean when used as a position
estimator in Gaussian environments.

a. Generalized Min-Max Filter:

The generalized min-max filter [7] method is applied to
find darkest points in the image and to reduce salt noise, and to
find brightest points to reduce pepper noise in the image, for
removing the pepper noise were adapted in midpoint algorithm
is used to compute midpoint between minimum and maximum
values. This process is for all corrupted pixels in the image and
yields improved results for the noise density level up to 72%.

b. Standard Median Filter:

The standard median filter [8] is one of the non-linear
filters which modify the noisy image intensity average value for
the spatial noise distribution and reduce the normal variance of
the output image. In the impulse noise removal operation to
performance of this filter uses a two dimensional mask that is
implemented to every pixel in the noisy image. To implement
the cover means to centre at every pixel value, calculating the
covered pixel value of 255 and decide which the value of 255 is
the median value

c. Adaptive Median Filter:

The adaptive median filter (AMF) [9] has been applied
widely as an advanced method compared with standard median
filter for the spatial processing to determine which pixel in an
image have been affected by impulse noise and classifies pixel
as noise by comparing each pixel in the image to its surrounding
neighborhood is adjustable as well as the threshold for the
comparison. A pixel that is different from a majority of its
neighbors, as well as being not structurally aligned with those
pixels to which it is similar is labeled as impulse noise. These
noise pixels are than replaced by the median pixel value of the
pixels in the neighborhood that have passed the noise labeling
test. The median filter performs well as long as the spatial
density of the impulse noise is not large, however the adaptive
median filter can handle impulse noise with probabilities even
larger than median filter.

d. Adaptive Switching Median Filter:

The salt-and-pepper impulse noise removal using
adaptive switching median filters [10]. This computationally
efficient filtering technique is implemented by a two pass

ISSN: 2231-5381

http://www.ijettjournal.org

Page 4585




International Journal of Engineering Trends and Technology (IJETT) — Volume 4 Issue 10 - Oct 2013

algorithm; the first pass is identification of corrupted pixels that
are to be filtered is perfectly detected into a flag image using a
variable sized detection window approach. In the second pass is
detected flag image, the pixels to be modified are identified and
corrected by a more suitable median.

e. Improved Progressive Switching Median Filter:

Improved progressive switching median filter [11]
implements noise detection and filtering procedures are
progressively repeated for a number of iterations. But improved
progressive switching median filter proposed for salt and pepper
noise removal from digital images. Results of comparative
analysis of this algorithm with other filters for impulsive noise
removal show a high efficiency of this approach reasonably to
other ones. In this filter to restore images highly corrupted by
salt- and —pepper impulsive noise. The algorithm is developed
by switching scheme an impulsive detection algorithm is used
prior to filtering, thus only a quantity of all the pixels will be
filtered and progressive methods both the impulse detection and
the noise filtering procedure are progressively applied through
various iterations.

I11.Performance Of Fuzzy Filters

This section of the paper discusses various fuzzy filter
based noise removal techniques used to enhance the quality of
images. Fuzzy logic represents a good mathematical frame work
to deal with unchanging of information. Most of the
enhancement techniques in the classical mean and median filters
have been employed in various applications for impulse noise
removal but cannot achieve the edge sharpness and contrast of
the image [12].

The fuzzy filtering techniques provide very effective
noise removal in digital images. Fuzzy filters are non-linear
filters and perform to detect the impulse noise and replaced with
a new pixel value depending upon the information from the
neighboring pixels.

Recent fuzzy filters are used in various fields of image
processing, interpolation, morphology and other functions also
used in industrial and medical image processing [13].

A. Weighted Fuzzy Mean Filter:

The Weighted fuzzy mean filter [14] is proposed and
analyzed for removing heavy additive impulse noises from
digital images. By the filtering of each WMF filter, the filtered
output signal is the mean value of the corrupted signals in a
sample matrix and these signals are weighted respectively by a
membership grade of an associated fuzzy member stored in a

knowledge base. The high quality of global restoration of WFM
filter can recover the noise and better contrast level.

B. Adaptive Fuzzy Median Filter:

Most of the noise removal method implemented in
median filter because is an excellent noise removal power. The
adaptive fuzzy median filter [15] to perform restoration of salt-
and —pepper impulse noise corrupted image and certain efficient
at highly corrupted impulse noise. In this filter estimate noise
level based on fuzzy set theory and function the corrupted pixel
or method of windowing technique is extended, then suitable
median value to replace the noisy pixels. This filter has been
used in many applications that it is simple and assumes no
earlier knowledge of any explicit input image. Various
enhancement problems of this filter exhibition and ability very
well not only for low level impulsive noise in the image it
response also a high level impulse noise.

C. Fuzzy Logic and Median Heuristic Filter:

The Fuzzy logic and median heuristic filter[16] is one
of good methods it can implemented in real application with low
time consuming and have better results in peak signal to noise
ratio. We utilize a heuristic median filter for noisy pixels and its
neighborhood, this heuristic filter is similar function to trim
median filter but in this method use from average of neighbor
pixels by this concept that good replace pixel is to neighbor
pixel and remove all pixels that have 0 or 255 values. Then they
can use other than noise value of pixel which is average value.
Finally replace all noisy pixels. But this filter method used for
certain applications only not suitable for all methods.

D. Fuzzy Control Based Filter:

The group of fuzzy filters is depends upon the iterative
fuzzy functions [17]. In this type of fuzzy control based filter
(FC) are constructed and used to remove the impulse noise and
Gaussian noise and iterative fuzzy control filter (IFC) s
implemented in iteratively and designed by seven separate
categories of classes for gray value difference are considered
from negative big to positive pig. Similarly used for another
group of FC filter is modified iterative fuzzy control filter
(MIFC) for the idea is to iteratively sharpen the shape of the
fuzzy set and avoid getting blur images or videos in the
restoration operation.

The other type of FC filter is extended iterative fuzzy
control based filter (EIFC) is slight modification of IFC filter
and constructed to respond to blurring of the image. In this filter
the member functions are considered for after use of little
iteration.
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E. FIRE Filters:

The impulse noise removal function is done by another
one better solution is fuzzy inference ruled by else-action filter
(FIRE) [18]. In this filter to perform fuzzy rules to estimate the
degree of pixel consider as noisy pixel or rounded an error value
and determine a rectification of error based on this estimation.
However the fire filter presently cannot properly remove
impulse noise by estimating a correction term based on a set of
fuzzy rule But the important concepts are implemented in the
fire filter is to fire rules on different patterns of neighbor pixels,
and the time concentration not applicable for surrounding area.

Similarly another noise removal FIRE filter [19] is constructed
in the same way for this filter name is dual step FIRE filter and
piecewise linear FIRE filter. There are three differences
between FIRE filter and DS-FIRE filter, the first one is
processed pixel (m, n) is neighborhood function, which the
shape of a both sign (positive and negative value) and make 32
neighbor pixels, second one membership functions of fuzzy sets
both sign value are consider as linear and instead the shape of
triangular, third one is neutralization of little adjustment. In the
real time application the DS-FIRE filter do better performance
and consequently give more information, and therefore this filter
much better compare than other fuzzy filters.

IV Analysis Of Classical And Fuzzy Filters:

The performance of the various types classical and
fuzzy filters on a standard onion.png image are used for
analysis. Objective comparisons of the performance of these
filters on images corrupted by various levels of impulse noise
ratios are made with the mean square error (MSE) values and
the peak signal to noise ratio (PSNR) of the images restored by
them.

The MSE and PSNR value are the two error matrices
used to compare image compression quality. The MSE
represents the cumulative squared error between the compressed
and the original image, whereas PSNR represents a measure of
the peak error. To compute the PSNR, we need to calculate the
mean squared error using the following equation.

> [1y(m,n) - 2(m,n)]’

MSE= MmN 3)
M x N

Where M and N are the number of rows and columns in the
input image respectively. Then the block computes the PSNR
using the following equation.

R?]
MSE

PSNR= 10 log 1

(4)

Where R is the maximum function in the input image data type.

For example, if the input image has a double-precision floating
point date type, then R is 1 if it has an 8-bit unsigned integer
data type, R is 255

V. Comparison of filter performance and visual
results:

The various types of classical and fuzzy filters have
been evaluated by different experiments with different noise
level has been added. Evaluation of filter performance is carried
out numerical and visual results. Different impulse noise level
have been added to the original gray level image and performed
by the both filters, the fuzzy filter are considered as best
response than classical filters. Because fuzzy filters are perform
very clear output image and considerable value of mean square
error and peak signal to noise ratio

TABLE | Performance of Classical Filter

. Noise
Filter Types density MSE PSNR
Mean and average filter | 70% 169.52 25.12
Min-max filter 65% 157.72 26.86
Standard median filter 46% 186.57 25.38
Adaptive median filter 52% 30.51 36.71
Adaptive switching | gq0, | 91757 28.47
median filter

Improved progressive | g4, | 196 36 37.32

switching median filter

In table I the evaluated various types of classical filter
results are obtained and compared the best performance based
on the characterization of mean square error and peak signal to
noise ratio. Here original onion image is taken for the reference
and add some noise density level with different classical filters.
Table 1 shows the filter method which work fine for the
particular noise density level and PSNR rate is shown from 25-
40 for minimum noise density level removed by the filters. So in
the above compared the resultant value certain classical filters
only remove around 68% impulse noise density level.

TABLE Il Performance of fuzzy Filter

. Noise
Filter Types density MSE PSNR
We'ghte‘fji Ift‘éizy Mean | 5006 | 176.46 21.30
Adaptive fuzzy 65% | 157.72 26.86
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median filter
Fuzzy logic and 46% | 186.57 25.38
median heuristic filter
(psfrefter | 52 | 1| %7
(ii)PWL-fire filter ° ' ‘
FC Filters

(|E;%\I/IFIICZZC|:: 'F"Ift';r 67% | 16857 27.12
(iDEIFC Filter 69% | 154.43 27.65

71% | 146.31 28.46

In table 11 the evaluated various types of fuzzy filter
results are obtained and compared the best performance based
on the characterization of mean square error and peak signal to
noise ratio. The similar original onion image is taken for the
reference and adds some noise density level with different fuzzy
filters. Table Il shows the filter method which work better
performance for the particular noise density level and PSNR rate
is shown from 20-40 for maximum noise density level removed
by the filters. So in the above compared the resultant value
certain fuzzy filters only remove around 70% impulse noise
density level.

In the above mentioned numerical value of Table | and Table Il
is summarized to add in the salt and pepper noise for the original
onion image, we compared the mean square error and peak
signal to noise ratio of both general classical and fuzzy filters.
The fuzzy filter (DS-FIRE, PLW-FIRE)is always best one
compare than classical filter because it perform better response
of low level to high level impulse noise.

Figure.2. results of DS-FIRE and PWL-FIRE filters. (a) Original
onion gray image (b) onion image with 20% impulse noise (c)
results of DS-FIRE filter (d) results of PLW-FIRE filter

V. CONCLUSION

In this paper, we have compared different types of
linear and non-linear, fuzzy filter techniques with various level
of impulse noise removal are discussed. In analysis value of
numerical and visual results, it originate the classical filter that
median filtering is better than mean or average filter to remove
impulse noise but it produce the result is blur image and affect
the edge details. At the similar time other classical filters is also
used to incorrectly destroys the edges and remove smaller
percent of noise levels and find the difficulty with higher level
noises. Fuzzy based filters perform better noise removal
approach and great deal with low level noise to high level noise
corrupted in the images. In survey of classical and fuzzy filter
techniques the DS-FIRE and PWL-FIRE filters are better
performance than other filters.
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