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Abstract—Image filtering, which removes or reduces noises
from the contaminated images, is an important task in image
processing. This paper presents a novel approach to the problem
of noise reduction for gray-scale images.

The proposed technique is able to remove the noise
component, while adapting itself to the local noise intensity. In
this way, the proposed algorithm can be considered as a
modification of the median filter driven by fuzzy membership
functions. Experimental results are compared to static median
filter by numerical measures and visual inspection. As was
expected, the new filter shows better performances.

Keywords— Image de-noising, fuzzy logic, median filter, noise
intensity.

I. INTRODUCTION

In the process of imaging and transmission [1], it’s hard to
avoid the interference of different kinds of noise. So, image
enhancement became an important step in many image
processing applications.

Images can be contaminated [2] with different types of noise, for
different reasons. For example, noise can occur because of the
circumstances of recording, transmission, or storage, copying,
scanning etc. Impulse noise and additive noise are most
commonly found. It is a great challenge to develop algorithms
that can remove noise from the image without disturbing its
content.

In literature several (fuzzy and non-fuzzy) filters have been
studied [3] [4] [5] [6] for impulse noise reduction. These
techniques are often complementary to existing techniques and
can contribute to the development of better and robust methods.
Traditionally, image enhancement techniques such median
filtering has been employed in various applications in the past
and is still being used but it still suffers from several
drawbacks.

A fuzzy theory based image enhancement is used to create
dynamic filter in order to avoid these problems and is a better
method than the traditional methods such as static filter. The
proposed filter provides an alternative approach in which the
noise of gray-scale image is removed according to its
intensity.
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The organization of the paper is as follows. The proposed
approach is described in Section 2 and we have compared the
fuzzy smoothing simulation results with that of the non-fuzzy
methods in Section 3. At the end, conclusions and future
prospects of the works are presented in Section 4.

II. IMAGE ENHANCEMENT

A. Impulse noise

The impulse noise (or salt and pepper noise) is caused by
sharp, sudden disturbances in the image signal; its appearance
is randomly scattered white or black (or both) pixels over the
image. Fig. 1.1 shows an original image and the image which
is corrupted with salt and pepper noise.

The mathematical formulation of the salt and pepper noise is
defined as follows [10]:

P, forz=a
P(z)=<R, forz=b €))
0 otherwise

Where,mean p=aP, + bR, , variance
o’ = (a- ,u)2 P, +(b- ,u)2 R, , z random variable

z=a+,/bIn(l —w) where w is uniformly distributed random

variable in the interval (0,1).

(b)

Figure. 1: (a) Original Image (b) Noisy image

Noise filtering can be viewed as replacing every pixel in
the image with a new value depending on the fuzzy based
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rules. Ideally, the filtering algorithm should vary from pixel < Fuzzy output will differentiate between noise intensities and
to pixel based on the local context [7]. assigns each intensity, the right size filter.
» Compare the results with static filter with the best size.

B. Median filter [II. EXPERIMENTS AND RESULTS

The median filter is the most popular nonlinear method for The proposed fuzzy filter is applied on different gray-scale
image filtering. In a sliding window, the center a pixel is images to test its performance by visual inspection, at first.
replaced by the median value of the neighboring pixels. The results from standard median filter and the proposed

A median filter is more effective than convolution when the  fuzzy median filter respectively.
goal is to simultaneously reduce noise and preserve edges.
The output of the median filter sized N is given by:

Y =Rp, N (X) siN=2n+1
R, n(X)+R X (2
Y = n,N( ) . n+1,N( ) SiN =2n

Another more explicit notation is often used for the median
filter:

Y =median (X) 3)

The original value of the pixel is included in the
computation of the median. Median filters are quite popular
because, for certain types of random noise they provide
excellent noise reduction capabilities, with considerably less
blurring than linear smoothing filters of similar size [8][9].

C. Adjustment of Filter size

In order to choose the appropriate adjustment of the filter
size, we have analysed the filter performance in terms of
PSNR and for different gray-scale images, which have been  Figyre. 2: (a) Original Image, (b) Noisy image (noise rate: 0.1), (c) Filtered
contaminated with different densities of salt and pepper noise. image using static median of size 3x3, (d) Filtered image using proposed

We have observed that when the percentage of impulses is fuzzy median filter
low the optimal performance is obtained for filter sized (3x3).

(d)

However, as the number of impulses in the image increases,
the size of median filter should also increase.

Origiral image «— Noise intensities

Diffrents size

et hursifetion -
= of filter

Fig.1.Fuzzy Image Processing

D. Proposed approach:

The proposed algorithm is to avoid the problem that occurs by the
variation of noise intensities in the same image. The proposed
algorithm is started by the following steps:

« Input to the system original image.

» Adding salt and pepper noise to the original image.

* Produce fuzzy logic rules.

* Corrupted image will be passed to fuzzy logic.

(d)
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Figure. 3: (a) Original Image, (b) Noisy image (noise rate: 0.2), (c) Filtered
image using static median of size 3%3, (d) Filtered image using proposed
fuzzy median filter

()

(©) (d)

Figure. 4: (a) Original Image, (b) Noisy image (noise rate: 0.4), (c) Filtered
image using static median of size 55, (d) Filtered image using proposed
fuzzy median filter

© (d)

Figure. 5: (a) Original Image, (b) Noisy image (noise rate: 0.6), (c) Filtered
image using static median of size 9%9, (d) Filtered image using proposed
fuzzy median filter

In order to demonstrate the performance of the proposed
method, we compared the experimental results of the
proposed dynamic filter with those of static filter. Above, we
present a few of the experimental results for gray-scale images
contaminated with homogeneous impulse noise.
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From the above experiments, we can conclude that the

proposed approach outperforms median filtering with the
following advantage that the overenhancement is signiffcantly
decreased or eliminated.
The superior performance of the proposed approach is due to
diverses reasons such as that it takes care of the fuzziness in
the images by using fuzzy set theory, the necessary parameters
are determined automatically based on the nature of the
images, and the proposed approach uses noises intensities to
decide enhancement/de-enhancement, since, in the same
image, noise has different effects in different image regions,
this amount to the difference in brightness, color and texture
of an area to another, and therefore, it can prevent over-
enhancement effectively.

However, such a visual comparison is not sufficient to
evaluate accurately all filters. To compare quantitatively these
filtering techniques, we use The Peak signal to noise ratio
(PSNR). The PSNR between the filtered output image and the
original image of dimensions M x N pixels is defined as:
MAX; )
vMSE

Where MAXi is max pixel value of the image and MSE is
defined as :

M
2
i
M x N

The obtained values of PSNR after de-noising different
images with static and proposed filters are respectively
reported in the next table.

PSNR =20 x IOglo(

N
>y, iy-si. HF

MSE = ]

Table 1.PSNR variation

23

Noise intensity 0.1 0.2 0.4 0.6
Fuzzy filter PSNR(dB) | 73.60 | 65.52 | 59.12 | 53.29
Static filter PSNR (dB) | 73.60 | 64.81 | 58.69 | 52.62
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Figure.6: PSNR variation’s curve

To increase performance of our proposed method, we apply
it on different images contaminated with aleatory noise, i.e.,
we apply to each window of the image a noise with different
intensities, than we test the efficiency of the dynamic filter on
it. The results from standard median filter and the proposed
fuzzy median filter respectively.
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Figure. 8: (a) Original Image, (b) Image contaminated with aleatory noise ,
(c) Filtered image using static median of size 11x11, (d) Filtered image using
proposed fuzzy median filter

(d)

Figure. 6: (a) Original Image, (b) Image contaminated with aleatory,
(c) Filtered image using static median of size 11x11, (d) Filtered image using
proposed fuzzy median filter

Figure. 9: (a) Original Image, (b) Image contaminated with aleatory noise,
(c) Filtered image using static median of size 11x11, (d) Filtered image using
proposed fuzzy median filter

The obtained values of PSNR after de-noising different
images with static and proposed filters are respectively

(© (d) reported in the next table.
Figure. 7: (a) Original Image, (b) Image contaminated with aleatory noise, Table 2.PSNR variation
(c) Filtered image using static median of size 11x11, (d) Filtered image using .
proposed fuzzy median filter Fuzzy filter PSNR(dB) | 59.547 | 58.473 | 56.103 | 51.205
i v Static filter PSNR 53.768 | 52.024 | 51.927 | 47.092
,- (dB)
60 [ I Dynamic fiter
© I Static filter
(a) (b) c>0 0.5 1 15 2 25 3 35 4 45 5

Experiences

Figure.6: Comparison of PSNR variation
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