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ABSTRACT

Digital images can be corrupted by impulse noise. An effort
has been made to remove impulse noise from the digital
images. The impulse noise can be added to consumer based
like television and digital cameras. The algorithm to remove
impulse noise from digital images must be simple and remove
noise efficiently and at the same time must also retain the
details of an image.
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1. INTRODUCTION

The acquisition of digital images involves some impulse noise
added at the time of acquisition. Impulse noise can be added
at various stages such as at the time of image acquisition,
image transmission, image recording. Impulse noise can be
generated by various sources such as due to electronic
appliances or atmospheric disturbances. So to improve the
quality of images, removal or elimination of impulse noise is
a very important step involved.

There are many impulse detection techniques available today
which are mainly based on various techniques such as local
signal statistics [1], fuzzy based techniques [2], weighted
median [3][13], rank order thresholding methods [4] require
prior training. An impulse detection which is based on rank
order thresholding and soft switching impulse detector. A
number of algorithms exists which are capable of eliminating
impulse noise and at the same time details of the image are
also being preserved such as median filter and its
modification[ 5] has the capability of suppressing noise. There
is a disadvantage involved in median filter approach that it
tends to modify noise free pixels along with noisy pixels as
this algorithm is implemented across the image in a uniform
manner.

Median filter is a filtering technique [6][7][8]. While using
median filter the finer details of a image are lost because it
uniformly modifies all the pixels of an image. To eliminate
the drawbacks of the median filter technique an approach of
removing noise based on some decision is given in [23]. This
paper has put forward a decision based algorithm signal
adaptive median algorithm. The aim was to detect noise with
accuracy, high PSNR value and also preserving the edges of
the image for the finer details.

The paper that makes several other modification of median
division are[19][20][21][22]. In decision based filtering
classification plays an important role.
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Fig. 1. In decision based filtering classification plays an
important role

Classification of pixels into corrupted or uncorrupted pixels
is based on decision rules. It needs defined decision measure
for the representation of local property. The paper selectively
applies the filtering operation on the corrupted pixels. The
algorithm outperforms many other existing techniques.

Comparison of various filters is done in [9].Noise can be
removed from images by using filters. There are various
filters available which can differ in performance. Different
kind of noise such as Gaussian noise, salt and pepper noise,
poison noise, speckle noise can be added to an image. It is
very important to remove noise from images using filters. In
[9] the performance of various filters is compared based on
the PSNR value. PSNR is peak signal to noise ratio which can
be used to compare original image with the image after the
removal of noise. A higher PSNR value indicates that the
image is less noisy [10, 11]. Noise removal is a very
important concept in image processing. Addition of noise in
images leads to error at the time of taking decisions based on
the images.
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Fig. 2. Process of de-noising and restoration of an image.

To restore images by removing different kind of noises
various filters are reviewed in [11]. Based on the review of
[11] below tables are formulated.

Table 1. Showing advantages and drawbacks of various
filters used to remove noise from an image.

Filters Advantages and Drawbacks

Median filter Most popular, simple to
implement and efficient filter.
Causes blurring in the image.

Adaptive median filter Does not change pixel value.
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Will not smear detect pixels
in high noise level.

Mean filters Simpler structure
Good behaviour in presence
of signal dependent noises

[15].
Gaussian smoothing filter Known for blurring and
suppressing the noise [16].
Adaptive wiener filter Statistical approach to filter

out the noises
Not applied as a fixed filter
throughout the image because
in each region the
characteristics of an image are
not the same.
Reduces blurring of an image.
Produces edges of good
sharpness

Table 2. Showing specific features of different kinds of

noise.
Noise Specific features
Gaussian noise It can influence the values of
all the pixels.
Salt and pepper noise Contains black and white

spots in an image.
Caused due to errors in data
transmission and image

sensor.

Poisson noise Electronic noise caused by
the paucity of photons.

Speckle noise It is a multiplicative noise

caused by coherent
processing of backscattered
signals from multiple
distributed objects.
Enriches the mean grey level
of a local area [17, 18].

The filter which is most appropriate to remove the noise of
varying density is shown below in the form of table.

Table 3. Showing appropriate filters for two different
noise densities.

Noise Noise density Appropriate
Filter
Speckle Noise Low Noise Adaptive Wiener
Density Filter
Speckle Noise High Noise Mean Filter
Density
Gaussian Noise Low Noise Adaptive Wiener
Density Filter
Gaussian Noise High Noise Adaptive Wiener
Density Filter
Salt and Pepper Low Noise Adaptive Median
Noise Density
Salt and Pepper High Noise Adaptive Median
Noise Density
Poison Low Noise Adaptive Wiener
Density Filter
Poison High Noise Adaptive Wiener
Density Filter
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According to table 3, in speckle noise if the noise density is
low i.e. noise is between 10 % -30 % then Adaptive Wiener
Filter works best. In high density speckle noise i.e. noise
density between 40 % - 80 % mean filter is considered to be
the best filter for denoising images. Adaptive Wiener Filter
gives the best performance for low density noise as well as
high density noise for Gaussian noise. For low density noise
and high density noise of Salt and Pepper, Adaptive Median is
the best performer. For low density noise and high density
noise in case of poison noise, Adaptive Wiener is the best
performer.

2. ANEW APPROACH TO REMOVE
IMPULSE NOISE

The noise considered in this paper is salt and paper impulse
noise as shown in [12][1] [13]. In the case of salt and pepper
noise there are only two possibilities each image pixels either
has value 0 or 255.

Image corrupted by noise

A

Detection of impulse noise
|

v

Removal of impulse noise

v

Noise free image which is close to
original image

Fig. 3. Algorithm to remove impulse noise

2.1 Detection of Impulse Noise using Fuzzy
Based Approach

The idea is to examine each pixel of the input image and to
find out whether the pixel is corrupted by impulse noise or not
.The detection of the impulse noise is making use of fuzzy
based approach.

Let I be an input image. Let the size of image be MxN. X i j
denotes the value of pixel at the position i and j respectively.
In paper [13] it is clearly depicted that a image which is not
corrupted by noise has very well separated edges and is
locally and smoothly varying.

In [14] it is shown that noisy pixel is generally located close
to 0 or 255.

2.1.1 Fuzzy Impulse Detection Technique

The paper presents a new impulse noise removal algorithm
based on fuzzy impulse detection technique to restore digital
images corrupted by impulse noise.

The proposed algorithm performs significantly better than
many existing algorithms.

The low complexity makes it very suitable for hardware
implementation.

Therefore, it can be used to remove impulse noise in many
consumer electronics products such as digital cameras and
digital television for its performance and simplicity.
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Algorithm:

Fuzzy impulse detection

Input to the algorithm: An image with 20% noise added
Output: Noise free image.

Step 1: Read the Noisy Image.

Step 2: Create a 3x3 window, W j; centered at X j;

Step 3: Test to see if x j; is a noisy pixel by matching if its
intensity is equal to 0 or 255.

Step 4: If it does not match, then x j is a noise free pixel.
Otherwise, calculate maximum value.

M jjof Ixj_s l forall s jis an element which belongs to W
ands jj » X

Step 5: Now membership function, f jis evaluated based on M
i e

0 Mij<TI
Fij=
Mij-T1
T? —T1 Tl <Mij<T2
1 Mij > T2

(.

To give the pixel x ij a fuzzy flag indicating how much it
looks like an impulse pixel, the two parameter membership
function is used where T1 and T2 are two pre-determined
parameters. [24]

2.1.2 Impulse Noise Cancellation

Step 6: In this step, new value of pixel x; is replaced by a
linear combination of its original value x j; and the median m
ijof W

Yij= (L) * x i+ Fijemy;

where yj; is the restored value of x;;

2.1.3 Implementation Detail

The proposed impulse noise removal algorithm based on
fuzzy impulse detection technique is used to correct the noisy
image and its result is compared with image corrected by
median filter.

2.1.4 Regarding algorithm

The algorithm suits to find defects in images in which
defected area is constantly of darker region than its
surroundings. The defected area of lighter region is not
properly detected. Also the algorithm is not able to detect
defects in mesh like or noisy patterns.

2.2 Removing Impulse Noise

Once the pixels corrupted by impulse noise are detected, the
next step is the removal of impulse noise. Let say impulse
noise is detected at pixel position x ij. The goal is to restore
the original pixel value at the pixel position i.e. the pixel value
prior to the addition of impulse noise. The aim is to restore the
noise free pixel and hence get noise free images. So once the
membership function f ij is calculated for each pixel x ij of the
input image, the following conclusion is drawn.
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impulse noise.

0<fij<1 yi j = linear Pixel value
combination of corrupted by
Xijandmij impulse noise.

Fij yij Interpretation
0 yij=xij No noise detected
at pixel
Xij
1 yij=mij X i j highly
corrupted by

Where y ij = restored pixel value after noise removal

M ij = median value.

3. EXPERIMENTAL RESULTS

The results shown are modified version of the original
algorithm. In step 4 of the original algorithm, there was a
need to calculate the “MINIMUM?” value. If this is followed,
impulse noise is not removed from the resultant image.
Instead, if “MAXIMUM” value is used, the resultant image is
free of impulse noise. Test images used are gray scale test
images. This algorithm works in iteration for better results.
Restored image is better in quality as compared to image after
the noise removal by median filter approach [fig C and D].
PSNR value is peak signal to noise ratio which helps to assess
the results [1]-[14].

PSNR value is a parameter to assess the resemblance between
original image and restored image. Higher is the PSNR Value,
greater is the resemblance between original image and
restored image i.e. maximum noise is removed.

Fig.5 Image with 20% impulse noise added
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Fig.6 Median filtered image

Fig.7 Restored Image after the removal of impulse noise

4. CONCLUSION

A new technique to remove impulse noise is presented here.
Higher PSNR value indicates that the restored image is of
higher quality and nearly similar to the original image. If there
is no noise in the image i.e. if the image is noise free then the
PSNR value is infinity.

Table 4. Interpretation based on psnr value

PSNR Value Interpretation

Higher PSNR value Restored image is similar to

original image

Infinity value of PSNR Noise free image

Low PSNR value Restored image has greater

amount of

Higher PSNR value represents better image quality.
Therefore, from the results we can see that the proposed noise
removal algorithm based on fuzzy impulse detection
technique is better than a simple median filter.The algorithm
works successfully for binary images as well. The future
scope of the noise removal technique is to attain the higher
PSNR value so that the restored image is similar to the
original image to a large extent i.e. noise free restored image.
PSNR value of proposed fuzzy logic based filtered image is
41.7063 whereas for median filtered approach the PSNR
value is 36.057. The comparison between PSNR value of the

median filtered approach and fuzzy logic based filtered
approach depicts that the fuzzy logic based approach
outperforms the median filtered approach. The future scope is
to improve the PSNR value of the algorithm in order to
improve the restored image quality.

Table 5.Comparison between median filter approach and
the proposed approach.

Filtering Approach PSNR Value
Median filter approach 36.057
Fuzzy logic based approach 41.706
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