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Abstract: This paper presents a two stage fuzzy based noise reduction-cum-edge detection filter i.e.
INAFSM (image & noise adaptive fuzzy switching median) filter for efficient removal of impulse noise (salt
and pepper noise) from grayscale images. So the main objective of this work is to get almost an actual
image from the corrupted image. Also, it focuses on the analysis of FIDRM, FSM, NAFSM and the
proposed filter (INAFSM) on the basis of PSNR (dB), and the MSE (mean square error). The analyzed
results show that INAFSM is able to cope up with all types of grayscale images corrupted with impulse
noise.
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I Introduction

Removing or reducing impulse noise is a very active research area in image processing. Impulse noise is caused
by errors in the data transmission generated in noisy sensors or communication channels, or by errors during the
data capture from digital cameras. Noise is usually quantified by the percentage of pixels which are corrupted.
Corrupted pixels are either set to the maximum value or have single bits flipped over. In some cases, single
pixels are set alternatively to zero or to the maximum value. This is the most common form of impulse noise and
is called salt and pepper noise. Nevertheless other types of impulse noise are possible as well. An algorithm that
is especially developed for reducing all kinds of impulse noise is NAFSM (Noise Adaptive Fuzzy Switching
Median Filter) [32]. The result is an image quasi without (or with very little) impulse noise so that other filters
can be used afterwards. This nonlinear filtering technique contains two separated steps: an impulse noise
detection step and a reduction step that preserves edge sharpness. Experimental results show that NAFSM
provides a significant improvement on other existing filters. NAFSM is not only very fast but also very effective
for reducing little as well as very high impulse noise. But the limitation is that it cannot perform well with all
types of images. A new method INAFSM (image & noise adaptive fuzzy switching median filter) is proposed
here for removing impulse noise from almost every type of grayscale image. The work in this paper is based on
two image processing steps viz. noise reduction and edge detection as shown below in the block diagram form:

Input Enhanced
Noisy INAFSM Image
Image I Fuzzy
Proposed Based Edge
—> Filter Edge —> Image
Detector

Fig.1 Steps in Proposed Work

The input image corrupted with any amount of impulse noise is applied to the proposed INAFSM noise
reduction filter as input. The output of this filter is the enhanced image with very fine details. This enhanced
image is then applied to the proposed fuzzy based image edge detector. The output of the system is the edge
detected image with very fine edges. In the following sections, the FSM (fuzzy switching median) filter is
discussed first with the introduction of NAFSM (noise adaptive fuzzy switching median) filter afterwards. The
improvement over NAFSM i.e. the proposed method, INAFSM (image & noise adaptive fuzzy switching
median filter) is then explained with the fuzzy logic edge detection algorithm applied to the enhanced image.

1. Fuzzy Switching Median Filter
The digital images that the fuzzy switching median filter [24] deals with are grayscale images whose intensity
values are stored as an 8-bit integer. Thus the possible gray level values are 256 in the range [0 256]. The
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impulse noise takes on minimum and maximum values and appears with certain probability in the digital images
[1]. The noise can be either negative or positive. The negative impulse appears as black i.e. peppers with zero
intensity and probability p,. Conversely, the white impulse appears with probability p,, and the intensity value
equals to 255. If the level of impulse noise lies between zero up to 0.25, the image is considered to be corrupted
as low and if it ranges above 0.45, the noise is considered as high otherwise the noise is treated as moderate
noise. The fuzzy switching median filter operates in two separate modules viz. noise detection and noise
filtering stages.

1. Noise Adaptive Fuzzy Switching Median Filter

The noise adaptive fuzzy switching median filter [32] was proposed after fuzzy switching median filter [24] by
the Kenny Kal et al and is a two stage recursive filter. The two impulse noise intensities are found before
detecting the noisy pixels in the image. If a pixel is classified as a noisy pixel, the filtering stage is called
otherwise the noise free pixel is restored without any alteration. The NAFSM algorithm works similar to FSM
except with little advancements. The detection stage works same as in the fuzzy switching median filter. A noise
mask N(i,j) is created using the two salt & pepper noise intensities and the noisy image according to the rule
mentioned below:

N 0, X (i,j) = Lsait OF Lpepper
N (i,J) = 3 1, otherwise

The noise adaptive fuzzy switching median filter works well with high levels of impulse noise. However there
are some problems associated with its processing. The drawbacks that were encountered while experimenting
with various types of images are outlined as below:
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Fig.2: Flowchart for the Proposed Method (INAFSM)
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When calculating the number of noise-free pixels in the square filtering window, the filter returns G;; = 0 even
when the pixel under consideration is noise-free. Due to this reason, the filtering window is expanded
unnecessarily up to 7x7 where finally the pixel is restored with the median value of first four pixels even when it
is noise-free. The NAFSM filter fails to cope up with images having backgrounds with black or white pixels.
Due to the absence of intensities other than impulse noise intensities in the square filtering window up to 7x7,
the pixel is restored with median value which can be black when the background is white or vice-versa. These
two problems have been considered in what is known as INAFSM, the proposed method i.e. image and noise
adaptive fuzzy switching median filter. The noise detection module of the proposed method works according to
the method adopted by the NAFSM filter. However the filtering action works differently from the one used by
FSM or NAFSM filters. The filtering action begins the same way by considering the 3x3 square window
initially. The number of noise-free pixels G; are then calculated using the noise mask N (i, j). If the square
filtering window contains at least one noise-free pixel i.e. the pixel with N(i,j) = 1, the filtering stage then
calculates the median using those noise free pixels.

V. Results

The various standard images were tested for analyzing the performance of the proposed method. For
comparative analysis, other fuzzy based filters such as fuzzy impulse noise detection & reduction method
(FIDRM), fuzzy switching median filter (FSM), noise-adaptive fuzzy switching median filter (NAFSM) are also
tested with the same images. Figure 3.1 shown below are the histogram plots of Lena image corrupted with
varying levels of impulse noise i.e. 10%, 50% and 90& respectively. Figure 3.2 shows the standard Lena image
corrupted with 10%, 50% and 90% impulse noise respectively. At high levels of noise, the image details are
totally invisible and hence very difficult to extract. Figure 3.3 shows the filtering performance of fuzzy impulse
noise detection and reduction method. Further, Figure 3.4 analyzes the performance of fuzzy switching median
filter at different noise levels. The FIDRM filter works well for low levels of impulse noise but degrades after
moderate or high levels of noise. However, the FSM filter works well at low and moderate impulse noise levels
but performs poor at high levels of noise.
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Fig. 3.1 Noisy Lena Image Histogram (a) Histogram of 10 % Noisy image, (b) Histogram of 50 % Noisy
image, and (c) Histogram of 90 % Noisy image

Fig 3.2 (a), (b) & (c) Lena Image corrupted with 10%, 50% & 90% impulse noise respectively.

(@) )
Fig. 3.3 (a), (b) & (c) Lena Image filtered by FIDRM_with 10%, 50% & 90% impulse noise respectively.
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Fig. 3.4 (a), (b) & (c) Lena Image filtered by FSM with 10%, 50% & 90% impulse noise respectively.

Figure 3.2 shows the standard Lena image corrupted with 10%, 50% and 90% impulse noise respectively. At
high levels of noise, the image details are totally invisible and hence very difficult to extract. Figure 4.3 shows
the filtering performance of fuzzy impulse noise detection and reduction method. Further, Figure 4.4 analyzes
the performance of fuzzy switching median filter at different noise levels. The FIDRM filter works well for low
levels of impulse noise but degrades after moderate or high levels of noise. However, the FSM filter works well
at low and moderate impulse noise levels but performs poor at high levels of noise.

ﬂmm

(a) (b) (©)
Fig. 3.5 (a), (b) & (c) Lena Image flltered by NAFSM W|th 10%, 50% & 90% impulse noise respectively.

(@) (b) (c)
Fig. 3.6 (a), (b) & (c) Lena Image filtered by Proposed Method (INAFSM) with 10%, 50% & 90%
impulse noise respectively.

The huge database of standard images has been taken to analyze the performance of various impulse noise
reduction filters. The size of the images has been taken to be 256x256, the reason being the appropriate size for
short simulation time as well as the processing at this size maintains almost all the image details. The above
Figure 3.3 to Figure 3.6 shows the performance of various fuzzy filters. Figure 4.1 shows the histogram of
standard Lena image corrupted with 10%, 50% and 90% levels of impulse noise. In Figure 3.3, the performance
of FIDRM filter is shown. The FIDRM filter works well with very low levels of impulse noise only and fails to
filter out moderate & high noise. Figure 3.4 shows the images filtered out by Fuzzy switching median filter.
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Fig. 3.7 Peak-Signal-to-Noise Ratio Vs % Noise of 256x256 Lena Image
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As can be analyzed well, the FSM filter works nice for low levels & moderate noise levels but again the FSM
filter also could not perform well in high noise environments.

However, the NAFSM filter works better with low to high levels of noise but still the PSNR value could not
achieve betterment at low levels of noise. The NAFSM filter also fails to filter out the noise from the images
having backgrounds of black or white pixels. In Figure 3.6, the Lena images filtered with the proposed method
are shown. The proposed method works excellent from very low levels of impulse noise to over high noisy
environments. Figure 3.7 & Figure 3.8 shows the PSNR & MSE values respectively for various levels of

impulse noise for standard Lena image of size 256 x 256.
alflx
P I3t Ven boeet Todh Debug Desitop Wnhe mebp v X
da k! AR08 =0 HOS 80
Compasson of MSE fr 256 x 295 Lena e
m ¥ T I
BB ‘L
l onil:
i) ( — |
" —— Croponed FIAFSY
L 74
|I ‘| |
o | |/
| 2.
g J
w W f f A
[ f /
2 / /
st
II
‘A
L} 1" a R
"
<
%L u’"n
_a 0
n b1 d b 0 8 @ T‘! lbl )]
S NOSE

Fig. 3.8 Mean Square Error Vs % Noise of 256x256 Lena Image

V. Conclusion
The proposed filter (INAFSM) is able to suppress very low to very high density of noise from digital images of
various types. The visual results along with peak signal-to-noise ratio and mean square error plots explain the

excellent performance of the proposed technique over other methods discussed in this report.
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