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Abstract: Image denoising algorithms may be the oldest in image processing. A first pre-processing step in
analyzing such datasets is denoising, that is, estimating the unknown signal of interest from the available noisy
data. There are several different approaches to denoise images. To remove noise several techniques and image
denoising filters are used. This paper shows a comparative study and analysis of image denoising techniques
relying on fuzzy filters.
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l. INTRODUCTION

Whenever an image is converted from one form to another, such as, digitizing, scanning, transmitting,
storing, etc., some degradation occurs at the output. Hence, the output image has to undergo a process called
image enhancement. Fuzzy image processing is the collection of all approaches that understand, represent and
process the images, their segments and features as fuzzy sets. The representation and processing depend on the
selected fuzzy technique and on the problem to be solved. The idea of fuzzy sets is simple and natural. For
instance, we want to define a set of gray levels that share the property dark. In classical set theory, we have to
determine a threshold, say the gray level 100. All gray levels between 0 and 100 are element of this set: the others
do not belong to the set. But the darkness is a matter of degree. So, a fuzzy set can model this property much
better. The basis for fuzzy logic is the basis for human communication. This observation underpins many of the
other statements about fuzzy logic. Because fuzzy logic is built on the structures of qualitative description used in
everyday language, fuzzy logic is easy to use. A filtering system needs to be capable of reasoning with vague and
uncertain informatioa this suggests the use of fuzzy logic.

1. SURVEY OF Fuzzy BASED IMAGE DENOISING TECHNIQUES
The fundamental problem of image and signal processing is to effectively reduce noise from a digital
image while keeping its features intact (e.g.. edges. colour component distances. etc). The nature of the noise
removal problem depends on the type of the noise corrupting the image.

1.Noise in an image

The two most commonly occurring types of noise are
(i) Additive noise (e.g. Gaussian and Impulse noise)
(i) Multiplicative noise (e.g. Speckle noise).

Impulse noise is usually characterized by some portion of image pixels that are corrupted, leaving the remaining
pixels unchanged. Examples of impulse noise are fixed-valued impulse noise and randomly valued impulse
noise. We talk about additive noise when a value from a certain distribution is added to each image pixel, for
example, a Gaussian distribution. Multiplicative noise is generally more difficult to remove from images than
additive noise because the intensity of the noise varies with the signal intensity (e.g. speckle noise).ln tile
literature several (fuzzy and non-fuzzy filters have been studied for impulse noise reduction. Impulse noise is
caused by errors in the data transmission generated in noisy sensors or communication channels, or by errors
during tile data capture from digital cameras. Noise 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. Noise smoothing and edge enhancement are inherently conflicting
processes, since smoothing a region might destroy an edge, while sharpening edges might lead to unnecessary
noise .

2.Fuzzy Filters
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Noise reduction is an important area for image processing. Besides classical filters, there are lots of
fuzzy filters in the literature. Images can be corrupted with impulse noise, Gaussian noise or both. Depending on
the type of noise, filters can be used. The fuzzy filters are categorized into two subclasses :

(a) Fuzzy-classical filters: Fuzzy Classical filters are filters that use fuzzy logic and these are the modification
of the classical filters. Some of the fuzzy- classical filters are

(i) Fuzzy median filter- Fuzzy median filter is well known for removing impulse noise. It is the fuzzy
rank ordering of samples and is simply a replacement of conventional median filter with fuzzy counterparts.

(if) Fuzzy impulse noise detection and reduction method- this filter by Selhulte detects the impulse
noise and any other noise in the image. It contains the noise— detection step and filtering step to preserve the
edges. Fuzzy detection step uses fuzzy gradient values in eight directions with a 3 x 3 window, which indicates
the degree of central pixel as an impulse noise pixel. A fuzzy set is constructed based on the gradient.

(b) Fuzzy filters: These are filters that are totally dependent on fuzzy logic and they do not have any connection
with classical filters. A few fuzzy filters ale discussed below.

(i) Gaussian noise reduction filter (GOA) - This filter is specially designed to remove Gaussian noise.
Averaging is done for a pixel using other neighborhood pixels and simultaneously taking care of the other image
structures such as edges. To achieve this, two features are required. First, in order to distinguish between the
variations die to noise and the image structures, the filter uses gradient for all the eight directions. Second, the
membership functions are adapted accordingly to the noise level to perform fuzzy smoothing. The filter is
applied iteratively.

(i) Histogram adaptive filter (HAF) - This type of filter removes high impulsive noise, preserving edge
information. In HAF, each input pixel is considered a fuzzy variable and a square window of size 3X3 is sided
over the entire image and the filter output is associated with each centre pixel in a window. Three fuzzy sets for
dark, Medium, and bright are created and the membership functions for these fuzzy sets are calculated. Then
fuzzy inference rules based on the Takagi-Sugeno approach with a slight difference is used in a final output
decision process.

Image denoising still remains a challenge for researchers because noise removal introduces artifacts and
causes blurring of the images. This paper describes different methodologies for noise reduction giving an insight
as to which filter should be used to find the most reliable estimate of the original image data analysis of some
methods that are available in the literature is given in below section.

2.1 Fuzzy impulse noise detection and reduction method (FIDRM) [1] and noise adaptive fuzzy
switching median filter for salt and pepper noise reduction (NAFSM)

FIDRM:-
The FIDRM filter is a two step filter. First is the detection step which uses fuzzy rules to know that the
pixel is corrupted with impulse noise or not.

A. DETECTION STEP
A 3 X 3 neighbourhood window is used for each pixel (i,j) of the image (not a border pixel) . If A is the

input image, then we define the gradient «n A(1]) as the difference
v &) AL,J) =A(i+k,j+)-A( jwith kI {-1,0,1}

Where (i,j) is the center of the gradient and pair (k,I) corresponds to one of the eight directions. So the eight
gradient values corresponding to the eight directions are called basic gradients. As shown in the table, there is
one basic and two related gradients corresponding to each direction. The two related gradients in the same
direction are determined by the centres making a right angle with the direction of the basic gradient

TABLE 1 INVOLVED GRADIENT VALUES
BASIC RELATED GRADIENT
R gradient
\'jv YV awA(ij) Vo awA(i+1,j-1), ¥V awA(i-1,,j+1)
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N V A ,) YV mAGL-1) YV mA(j+1)

E V apA(i]) V apA(i-1,j-1), V aeAi+1,j+1)
E V eA(i,)) V eA>-1)), VY ®A(+1,)

2 V s0A(i,j) V sA(-1,j+1) , V soA(i+1,j-1)
S V 9A(,)) V 9A(i,j-1), V ©A(i,j+1)

\SN YV swA(i]) V swA(i-1,j-1) , ¥ ewmA(i+1,j+1)
WV wA ) V wA(i-1j) , ¥ wA(i+1,))

_F
Now the fuzzy gradient value| * & A(i,j)| for each of the eight directions is calculated by the following
fuzzy rule:

If |V RA(i,j)| is large AND | ¥ rA(i,j)| is small OR

1f] V" RAC(i,j)| is large AND| * "rA(i,j)| is small OR

V' rA(i,]) is big positive AND v’ rRA(i,J]) AND W rRA(i,]) are big negative OR
V rA(i,j) is big negative AND v’ rRA(i,j) AND W rRA(i,j) are big positive
THEN |V E A(i,j)| s large.

Where V rA(i,]) is the basic gradient value and v’ RA(,]) is the first related gradient and W RA(i]) is the
second related gradient. The terms “large”, “small”, “big negative” and “big positive” can be represented as
fuzzy sets. Fuzzy sets are represented by a membership function as shown in figure.

membership degree
1 ' T
SMALL | i LARGE
! ' R

membership degree

1

N

a a o h b"
(b)
Figure 1 Membership functions (a) SMALL respectively, LARGE (b) BIG NEGATIVE, respectively,
BIG POSITIVE

(@)

To determine if a central pixel (a nonborder pixel ) is an impulse noise pixel, the following fuzzy rule is
employed:

IF most of the eight  rA(i,j) are large THEN the central pixel is an impulse noise pixel.

If a pixel (i,j) is detected as an impulse noise pixel, then the corresponding grayscale value is stored in a
histogram

B. FILTERING STEP
Now, calculate five peak values in the noise histogram i.e. the corresponding gray scale value where maximum

is reached ( five JDK) and four parameters which are used to construct the fuzzy set more or less impulse noise.
ak= Pk-THRa bk== px-THRo
Ck = P+ THRc, dk = px+ THRd
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THRb = (2/3) THRa, THRc=(2/3) THRd
and
THRa = THRd,min(25, [c]) where[o] is the largest integer value smaller than the variance. These four

parameters are used to construct the fuzzy set more or less impulse noise as shown in figure below
membersip degres

0 a bi P G di dz bg Pz Gz dz
gray scale values

Figure 2 Membership function representing the fuzzy set “more or less impulse noise”.

NAFSM:-
The NAFSM filter is a recursive, two stage filter. The first stage is the detection stage, it will detect the
intensities of salt and pepper noise.

A. Detection Stage

In the detection stage the two peak intensities in noise histogram are searched, i.e. the two local maximums,
Lsalt and Lpepper . Then a binary noise mask N(i,j) will be created to mark the location of “noise pixels” by
using the equation

0, X(l,j)= Lsalt or Lpepper

N(i.j)= _
1, otherwise
Where X(i,j) stands for the pixel at location (i,j) with intensity X.

B. Filtering Stage
After the creation of binary noise mask N(i,j) , “noise pixels” marked with N(i,j) =0 will be replaced by an
estimated correction term. The NAFSM filter uses a square filtering window Was+1(i,j) with odd (2s+1)x (2s+1)
dimensions, given as below
W2s+1(i,j) = { X(i+m,j+n)}
where m,n  (-s,....,0,.....,9).
In the filtering window W2s+1(i,j) , the number of noise free pixels G2s+1 (i,j) are counted using
G2s+1 (i,j) = X N(i+m,j+n), where m,n(-s,....,0,....,5)
The filtering window will be expanded by one pixel at each of its four sides (i.e., s«— s+1), until the criterion of
G2s+1(i,j) >1 is achieved. These “noise-free pixels” are used for selecting the median pixel, M(i,j), given by
M(i,j)=median{X(i+m,j+n)} with N(i+m,j+n)=1
Then , the absolute luminance difference d(i,j) is computed:
d(i+kj+D) = | X (i+k+) - X (i) |
With (i+k,j+1) # (i.j)
After that, the maximum absolute luminance difference is calculated in the 3x3 filtering window.
D(i.j)=max{d(i+k,j+1)} (9)
Then the fuzzy reasoning is applied to D(i,j).

0, :D(i,j)<T1
F(i,)= (D(i,))- T/ T2-T2) - Ti<D(i,j)< T2
1, D(i,j)<T2

where D(i,j) is the local information used as input variable, and the two threshold values T1 and T2 are set
to 10 and 30, respectively, for optimal performance .
Lastly, the correction term for restoring corrupted pixels is computed by using the equation given below.
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Y(ij) = [I-F@D] - X(05) + F(i.j) - M(i.j)

2.2 Adaptive Fuzzy Morphological Filtering of Impulse Noise in Images[2]

In this method, a neural network implementation for fuzzy morphological operators is introduced, and by
means of a training method and differentiable equivalent representations for the operators an efficient adaptation
algorithms to optimize the structuring elements is derived.

Impulse noise commonly corrupts images either when defective sensors are used in the data acquisition, or when
errors occur in the transmission.. Morphological filters are derived from a shape-oriented or structural approach
to image processing. A binary or a multi-level image with these filters depends on the fitting of a function called
structuring element (SE) to the image. Shape and support of SEs are usually chosen arbitrarily.
It is necessary that the SE be large enough to include the noise features and that its shape adapt to the geometry
of the image features to be preserved.

To measure the performance of the filters, we use the peak signal-to-noise ratio (PSNR)

¥2557
L(fn)-gn))*

Where f(n) and g(n) correspond to the original and the filtered images.

PSNR = 10 log10

Noise which does not fit within the optimal structuring element is effectively removed, while the image details
are preserved.

TABLE 2 PSNR(dB) results of restored “Lena”image

Algorithm Positive Impulse Noise

10 %o 20 % 30 %o

Median filter 28.39 19.69 13.34
SD-ROM filter[27] 3326 28.08 21.50
1x1 30.88 2844 2720

2x2 3154 2959 2770

Opening filter 4 x4 31.81 2989 2816
(No. of blocks) 8 =8 32 .62 30.55 2876
16 x 16  33.33 31.50 29.65

32 x 32 34.20 32.61 30.71

the performance of the opening filter is improved by increasing the number of blocks. For severe noise
conditions (20% and 30%), the opening filter gives considerably better performance than other methods.

The anti-extensive and extensive properties of fuzzy morphological operators indicate that filtering is more
efficient with the opening and closing filters.

2.3 Random- valued impulse noise removal using fuzzy weighted non-local means(FWNLM)[3]

In this method, a new algorithm called the fuzzy weighted non-local means (FWNLM) filter for random
valued impulse noise removal. An efficient fuzzy weighting function for the NLM algorithm is presented to
shut off the impulsive components. The new filter processes pixels in accordance with the rule: the more a pixel
is corrupted, the less the pixel is exploited to reconstruct image information. Experiments show that the
FWNLM filter has a surprisingly good denoising capability.

The NLM algorithm has two drawbacks. The one is computationally expensive and many methods were
proposed to accelerate it. The other is that it is sensitive to impulse noise. It cannot adequately remove impulse
noise because NLM interprets the noisy pixels as image structures.
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TABLE 3 Results in PSNR after filtering images corrupted by mixed Gaussian and

(d)

impulse noise
Filters Lena Boat Peppers Elaine Bridge
Mixed noise (o = 20, p = 30%)
MED 23.48 23.53 2378 2435 21.74
NLM 20.59 20.96 2119 22.58 19.21
SKR 25.50 25.28 25.55 26.45 2290
GP 24.57 24.36 2472 25.21 22.68
Luo 25.77 25.03 25.75 27.13 2272
CEF 25.79 24.96 25.80 26.40 2274
DWM 25.10 24.63 25.04 25.75 22.67
FWNLM 27.85 26.60 27.88 29.72 23.30
Mixed noise (o = 10, p = 40%)
MED 22.24 22.68 23.07 2392 21.m
NLM 15,88 19.35 19.54 20.75 18.07
SKR 25.19 25.38 25.75 26.97 22.62
GP 25.88 25.71 26.23 27.31 2324
Luo 26.72 25.86 26.75 25.82 2296
CEF 26.94 26.06 27.04 28.06 23.10
DWM 26.63 26.10 26.57 27.86 2324

28.68

random- valued
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(2)
Figure 3 Results of different filters in restoring mixed noise (¢ = 10, p = 40%). a Noisy image,
b SKR, ¢ NLM, d GP, e Luo, f DWM, g CEF,h FWNLM and i the noise-free image

TABLE 4 Comparison of CPU time in seconds

p=40% p=50% p=60% o=20, o=10,
p=3% p=40%

MED 0.1 0.1 0.1 0.1 0.1
NLM L17e L1182 1,177 11182 1,118.2
SKR 1.200.3  1.452.1 1,2809  1.272.6  1,280.0
GP 2.7 27 23 2.8 2.7
Luo 310 310 31.0 il 314
CEF 8.1 12.3 12.6 12.5 12.3
DWM 188 18.8 18.9 18.8 18.9

FWNLM 11,2359 1,260.5  1,269.1 1.269.1 1.270.0

performances of this filter are surprisingly satisfactory in terms of both visual quality and quantitative
measurement. Moreover, this filter also can be used to remove mixed Gaussian and random-valued impulse
noise.

2.4 gradient detecting fuzzy logic-based algorithm (GDFF)[4]
This method presents a gradient detecting fuzzy logic-based algorithm (GDFF) for image de-nosing issue.

For the first step, GDFF selects different fixed filtering sub-windows to process the input signal by linear de-
noising. And then it modifies the de-noise results by a set of membership functions established by making full
use of edge information. Finally, these signals are summed with weight to accomplish the image de-noising.
Experiments illustrate that, GDFF performs a better de-noising effect with PSNR Gain 2.65-10.34dB compared
with WFM and FIRE, when noise probability exceeds from 0.5 to 0.8. Furthermore, GDFF exhibits more
effective performance both in reserving image edge and in removing noise

TR £y Ry g,
e I
. B £
ingur s - for
#=| Linear filter = maodify L
% tpt
i
P -
— Hpe Mag. Moy, Hzs. Her E:
o | ‘Gradientdimection | =
= decisiom il

Figure 4  Flow chart of fuzzy logic-based de-noising algorithm based on gradient  detecting

The outputs of Gradient direction decision are”- A4 B Ba5 BT \hich estimate the degree of each pixel
belongs to the edge direction according to the edge information. Linear filter’s outputs are r0, r90 , r45 , r135,
rU which correspond to different directional models. Then, it modifies the de-noised result combining with the
relativity of figure pels gray.

Finally, according to the output of judger, it sums the modified values with weight to accomplish the image
de-noising adaptively.
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255
PSNR=20l0g( ||E[;1(x,yj_m{x,}ﬂ]2)
A e

10 (x, y) is for original image, and
11 (X, y) is de-noised one. X,Y stands for numbers of pixel in rows and cols

TABLES5 PSNR compare at the noise rate of 50% and 80%

Lena |Barbalar | Cameraman

-0 Noise | 127493 | 13.64094 12.3149

|4 B[ FIRE [15.6331 [ 21.0631 | 18.0931
N |8 & WFM |22.1335 | 23.0935 | 22.1735
= H| GDFF | 250793 | 26 37093 24 7793
% | Noise 0.2153 | 10.2315 0.1407
o gi% FIRE | 12.3220 | 13.7027 | 11.0220
& B[ WFM [ 140824 | 16,9824 | 13.8824
2| GDFF |22.2035 | 24.0305 | 214035

2.5 Image Denoising Using Adaptive Neuro-fuzzy system[5]

In this method, a generalized fuzzy inference system (GFIS) in noise image processing is proposed. The
noisy image is divided by several pxp block. Each image block is fed into the GFIS model. The inferred output
from the GFIS is compared with the noise-free image block.

Peak signal to noise ratio(PSNR)=

10 log10 22—552 '

1/MNY. (ri—x:)*

Mean absolute error(MAE)=1/MNY. | '; — X | ,Mean squad error(MSE)=1/MN 3}’ (T‘i — X 1)2
where NxM is the number of processed pixels and rij and xij denote the pixel values of the restored image and

the original image, respectively.
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Schematic diagram of the generalized fuzzy inference model
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Figure 6 SCHEMATIC DIAGRAM FOR NOISE IMAGE PROCESSING
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Figure 7 RESULTS IN PSNR,MAE AND MSE FOR THE CLOWN IMAGE AT VARIOUS VARIANCE
LEVELS FOR MEDIAN FILTER, WIENER FILTER AND GFIS

GFIS gives the best performance in terms of noise suppression and detail preservation. The median filter
and the wiener filter can achieve reasonably good performance for low corrupted images, but they will not work
efficiently when the noise level is above 50%.

1. CONCLUSION

Fuzzy image processing is the collection of all approaches that understand, represent and process the
images, their segments and features as fuzzy sets. The representation and processing depend on the selected
fuzzy technique and on the problem to be solved. Fuzzy logic is conceptually easy to understand. It is flexible.
With any given system, it is easy to layer on more functionality without starting again from scratch. Fuzzy logic
is tolerant of imprecise data. It can model nonlinear functions of arbitrary complexity.

Analysis of various fuzzy techniques gives the result that NAFSM is able to outperform FIDRM filter
in terms of PSNR, execution time and MSE. The NAFSM filter is able to suppress high-density of salt-and-
pepper noise, at the same time preserving fine image details and edges. The NAFSM filter is able to yield good
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filtering results with efficient processing time even at high percentages of salt and pepper noise. Future research
should focus on further shortening of the processing time of NAFSM filter by estimating the local information
adaptively based on fuzzy inference. In the near future, we may extend GFIS to process color images. We can
try to develop more adequate fuzzy sets by adaptively determining the shape and number of GDFF membership
functions. In addition, different kinds of noise, such as pulse noise, salt pepper noise, can also be tested to
evaluate the performance of GDFF further. Finally, we can add the implementation of a GDFF hardware version
is in progress.
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