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ABSTRACT

Reducing noise from the color images is a veryaatesearch scope in image processing. In thisrpape
modified fuzzy based image filtering algorithm i®posed for reducing impulse noise. This papergmiss
a new fuzzy filter for the removal Impulse noisecimlor images. For dealing with the Impulse nome,
algorithm is developed to search for a set of ungued pixels in the neighborhood of the pixelmErest
and to compute the median of this set. A modifiedz¥ filter consisting of two sub filters with ndve
membership functions is proposed to cancel ouintipeilse noise. The first sub filter detects thesggiixel
by utilizing three fuzzy membership functions, defil for this purpose. The corrupted pixels are then
corrected using the median of the noise free pixeie second sub filter makes use of the relatetwben
different color components of a pixel to remove tasidual noise in the color image. Simulation lssu
shows that the proposed fuzzy filter effectivelyjnoves the additive noise by preserving fine detailhe
image.
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1. INTRODUCTION by the filter value. Almost all noise reduction
algorithms are executed in two steps, i) detect the
Image restoration is a major research area korrupted pixels and ii) correct the pixels by
image processing. Images can become corruptegplacing the filter estimated values [2].
during any of the phase take acquisition, pre- o . .
procegssing){ comprezsion, transmigsion, sto?a eThe "?‘Pp".ca“"” of fu_zzy techqurJ]e?_ Ilrcli image
and/or reproduction phases of the processing [ rocessing 1S a promising research field. Fuzzy
Noise reduction is a preprocessing step in ima chn!ques haye already bee_n applied n seyeral
enhancement. Last one decade research in t mams_of image processing (e.g., filtering,
image restoration of noise affected image it erpolatlon, a_nd morphology), _and_have numerous
original image is going on. Image detailpracncal applications (e.g., in industrial and

preservation and impulse noise attenuation aﬂgedlcal image processing) 3]

difficult to achieve simultaneously in the area of Image filters exist in three domains: spatial,

image restoration design. The types of the noiseequency and fuzzy domain. This study deals with
are: additive and multiplicative. The major catggor fuzzy filters which offer several advantages over

in additive noise is Impulsive noise and Gaussiaolassical filters even as they preserve the image
noise. Speckle noise is the multiplicative noige [2 structure. Moreover, fuzzy filters are easy toizeal

Generally the noise reduction process has tw%y means of simple fuzzy rules that characterize a

phases. The first phase is called noise detectio?n‘:"’m'cular noise.

which is used to identify whether the pixels are In this paper a new fuzzy filter was proposed for
corrupted by noise or not. The second phase ike removal Impulse noise in color images. Already
noise reduction. Before applying the filter, theseveral fuzzy filters for noise reduction have been
identified pixel is discriminated by either the @ix developed, e.g., the well-known FIRE-filter from
is noise or image fine details like edge, texturd7,8,9], the weighted fuzzy mean filter from [10]
color, etc. Then the noise affected pixel is repthc and [11], and the iterative fuzzy control baset&fil
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from [12]. Also, [13] represent a robust fuzzyone or two of its components corrupted with
median filter for impulse noise reduction of grayimpulse noise. Mathematical modeling of impulse
scale images. Most fuzzy techniques in image noiswise in color images is as follows:

reduction mainly deal with fattailed noise like Of, j,k) with P,

impulse noise. These fuzzy filters are able toA(l,J,k):{ ik ith (-

outperform rank-order filter schemes (such as the 7, 5.k) - with (1= p,) (2)
median filter). Nevertheless, most fuzzy techniques Where,k =1,2,3 represents red, green and blue
are not specifically designed for Gaussian noise @omponents. The probabilitie$k can have equal
do not produce convincing results when applied tor unequal values. In Equation (B represents the
handle this type of noise [3,4,6]. final corrupted image, while O an@ are the

For dealing with the Impulse noise, an algorithm:mmbers of corrupted and uncorrupted - pixels

is developed to search for a set of uncorruptec?sloectlver [4.5]

pixels in the neighborhood of the pixel of interes@.2. Algorithm For Median Of Noise

and to compute the median of this set. A new fuzzy

filter consisting of two sub filters with several This paper uses an algorithm to determine the

novel membership functions is proposed to cancéhedian of noise free pixels in the neighborhood of

out the impulse noise. The first sub filter detehts a pixel under interest that is presented in[4]. The

noisy pixel along with the amount of noise in it bymedian of the noise free pixels is utilized to nfipdi

utilizing three fuzzy membership functions, definedhe pixel corrupted with impulse noise. This median

for this purpose. The corrupted pixels are theis computed separately for each color component in

corrected using the median of the noise free pixelghe following steps:

The second sub filter makes use of the relation « Take a window of sizewxw centered on the

between different color components of a pixel to  pixel of interest in the corrupted image.

remove the residual noise in the color image. The « Arrange all the pixels of the window as a

result of this method can be compared with those vector. Sort the vector in an increasing order

obtained by other filters. and compute the median of the sorted vector.

Calculate the difference between each window

pixel and the median of the vector.

e Arrange all the window pixels having the
differences less than or equal to a parameter
9, inavector.

This paper is organized as follows. Section 2 '
presents the problem statement. Section 3 illesdtrat
the design of the proposed fuzzy filter by
introducing the relevant concepts. The main results
are detailed in Section 4. Finally, conclusions are

drawn in Section 5. * Sort the new vector and obtain the median med
of the sorted vector.

2. PROBLEM STATEMENT The above Algorithm uses a mask3x 3 for

image scanning and median (med) is used to find

2.1. Impulse Noise For Color Images the correction term for each pixel in the noisy

. . image.
A color image can be represented via several

color models such as RGB, CMY, HSV and CIE53  proPOSED FUZZY EILTER

The most well known of these is the RGB mode

which is based on Cartesian coordinate system.; girycture Of ImpulseFilter

Images presented in the RGB color model consists

of three component images, one for each primary The proposed filter is designed for the reduction

color (Red, Green and Blue)[4]. Consider a colopf impulse noise in color images. The designing of

image represented in the i-j plane, then the thirfliter is done by treating each color component

coordinate k =1,2,3 will represent the color geparately. Interactions among these color

component of the image pixel @f). Let A be the  components are used to determine the similarity of

image function them\(i,j,1) will represent the Red the central pixel against the neighboring pixelse T

component of pixel afi,j). Similarly, Ai,j,2) and  nature of impulse noise is random in the sense that

A(i.j,3) represent the Green and Blue componentg corrupts some pixels while leaving others

respectively. o . _untouched. So our objective is to identify the gois
_Images corrupted with impulse noise containixels along with the amount of noise present. It

pixels affected by some probability. This impliesmay be noted that the impulse noise bears sinyilarit

that some of the pixels may not have a trace of aRyjth the high frequency content of images like

noise at all. Moreover, a pixel can have eitheoall egges and fine details because both reflect sudden
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changes in pixel values. The novel of three difiere  Similarly the differences between red and green

membership functions, viz., Great, Dissimilar andcomponents and that between red and blue

Extreme are used to differentiate the noisy pixelsomponents of the neighboring pixels atg,j+0 )

from the high frequency contents. The proposedre calculated as [4,5]:

impulse filter consists of two sub filters as foli. d (i+0,j+p)=|Ai+0,j+pD)-Al+0,j+p2)
The primary task of this sub filter is to recognized to o) =lA 4o i+ oD -Al+o i +03

the noisy pixel along with the amount of noise w(*0 i+ p) =M+, [+ p=Al+0, ] +p3)

present, and modify the corrupted pixel value with The second differences of the above pair-wise

the median (med) of the noise-free pixels pregent differences in (5) are computed from the following

the neighborhood. The three above mentioneequation:

novel membership functions are framedArg (i+0,j+p)=|d,(i+0,] +p)_drg@,j)‘

subsequently to identify the noisy pixels. The = ] ) ] ]

difference between the central pixel and the mediafio i+, i+ 0) =|dy (i +0,j+0)—=d, (., j)|

of the noise-free pixels in the neighborhood of a We also need the differences between the

window is denoted as [4,5]: neighboring pixels and the central pixel of the eam
N P . color component in the window given by:
Du(i2 k) =|AG, ] D=med i, j.) () AG+0,i+p)=|Ai+0,i+pD-ALIY  (7)

The difference equations for the other two color A second membership function is devised to
components are obtained by replacing 1 in Equatianeasure the degree of similarity of the centraébpix
(2) by 2 and 3 respectively. to the neighboring pixels. This membership

We now suggest a new membership function, tlunction describes the fuzzy set called Dissimilar
represent a fuzzy set “Great” that indicates howver the discrete universe of discourse N
large the difference is. A pixel with higher noise={0,1,2,3,4,5,6,7,8}. Let, N be the number of
will have a larger difference with the median valuesimilar pixels in the window of size wxw. The
This is defined by the membership function as:  number N is decided based on the differences
calculated in Equations (6) and (7) and the

1 D,(.j.)2a o o > /
nd.]. D2, similarity criterion. Considering a 3x3 window, the

o D,(,j,)- . . LT i
Hyrea Dol 1, 1) = Dol D7a, a<D,(j.D<a, (3) membership function is defined as:
2
0 D,j.0<a, 02 O=4andD, <9, @®
. . _— = . = <
The parametersr, and, in Equation (3) ar'gd'ss'm"ar(o’ D) =404 O=3andD, .52
obtained from experimentation. The membership 1 otherwise
function that represented by Equation (3) is Note that D, in Equation (8) is defined in
depicted in Figure 1. Equation (2) and the parametes, is the same as
H ot used in the similarity criterion. The membership
function for Dissimilar is shown in Figure 2.
! -— /{ ':‘dz'ssz'mz'f =
- i A
& 1
0.8 P
0.6 i
0 >
o o, Dy g: ?
Figure 1: Membership Function for fuzzy set “Great” 6 ;
>
The degree of similarity of a pixel with respect 01 23456782910
to its neighborhood pixels means whether it is yois Figure 2: Membership Function for fuzzy set
or not. To decide whether a pixel is similar to a “Dissimilar”

neighborhood pixel, a similarity criterion is
devised. For example, for the red component, the The third membership function is characterized
differences between red and green component and follows. If we arrange pixels of the window in a
that between red and blue components anector V and sort them in an increasing order, we
computed as follows [4,5]: will obtain two extreme pixel values, and .
0 = ; ; The closer the value of a pixel is to these extseme

d,(,j))=A0,jD-A(,j.2 X . ! -

of {) Al {’1) ( J ) (4) the higher is the possibility of the pixel beingsyo
dp @, 1) =|AG I D) -AG,) ) This concept is used in obtaining Fuzzy set
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“Extreme”. The membership function for the fuzzypixel itself in the case of extremely corrupted
set “Extreme” applicable to each color componenpixels. Now the modified pixels arising out of the

is given as: first sub filter (i.e. the output) are obtained as:
001 Ay iy 1K) =AG, j,K) +D8AG, j,k) (12)
(p=v_ +opz PZVmm & PSVp+01 The extremely corrupted color components are
~ 001 replaced with the median (med) of the noise free
Hossend P) = (P—V_ —01)? P2V, =01 & P<Vie  color components of the neighborhood while the
0 otherwise noise free components are left untouched. Pixels

having noise in between are treated accordingego th
(9) amount of noise present in it. It can be observed
Where, p represents the pixel value of each coldhat the above modified pixels are immediately put

component. to use to correct the subsequent pixels.
The membership function for the fuzzy set The output from the first sub filter serves as the
Extreme is shown below. input to the second sub filter. This filter invokbe
Mo interactions among the color components to remove

the impulse noise.
Differences between the color pairs are given as

[4]:
g 0,1 =[A € 1) - A (L] 2)

; : .y dio (1) =[A €1 D~ A 41 3) (13)
V ain Vs Ao 1) =[Ae €.1.2 - A (11.3)

) ) ) _noise present in the color component of a pixel as

The degree of noise present in a pixel igart of this sub filter. For example for the Red
ascertained from the following fuzzy rule [4]: component have [4]:

Lemma31l.1FD,(.j]) is Greatand(,j) IS |emma32 IFd,(,j) isGreatand,(i,j) is
Dissimilar neighborhood and the central pixel isgreat THEN the red component of the pixel is
Extreme THEN this pixel is noisy. noisy.

In this rule, noise designated by, {.j1) = @iS  Thjs rule does not hold always. Suppose there is
fuzzy variable. This rule is the Mamdani fuzzyg req color region then the above differences vl
model. Note that we are not using any membershigrge even without any noise but in that case the
function for the fuzzy set formed by the variables. edian of the region is again red. Hence this

Let the membership functions Great, Dissimilagiyation doesn't affect the performance of our

and Extreme be denoted B, 4y #Bd  for thewer Similar fuzzy rules are coined for other@o

red component. Then the degree of noise in the redmponents. We fuzzify adaptive differences (13)
component of a pixel is evaluated as[4,5]: to evolve the membership function (3) with two
N, G(,jD)= parameters a, andr, . Note thaf afd  will

min(iy, (Dy €7 D), e (O, Dy €, D), er (AG, (1))} (10) replace the origi_nakvl amd, inthe funct(éreat
) ) ) ) . S0 as to have different shapes. Correction terms fo
Equation (10) is obtained using the fuzzy rule innis filter are computed in similar lines as in the

Lemma 3.1. Antecedents in the fuzzy rule argrst sup filter. The degree of noise present in a
combined using the fuzzy operator AND which iSpixel is[4]:

implemented as “minimum” operation. The S . o 14
correction term for the red component is computer(]jd C38) =min{ayg €, 1), Al D} (14)

as. _ _ _ Where, Hyy andi,, are the membership

DAQ,J 1) =Ny @)1 x(med(,j)-Ag,]1) (11)  functions of Great sets of color pairs, red-greed a
As N, (,j) in Equation (10) gives the degree Ofaq-plue respectively.

noise present in the Red component of the pixel at The correction term is given by:

the location (i,j); It will be zero for noise freexel AV ¢djan=mdd) Yal(reedarglrakylgtet)) (15) s in
and will have some value between 0 and 1 for thge first sub filter whose output i, . The fina
noisy pixel. The correction term will become zefro loutput of the impulse filter is a set of modified
the pixel is noise free and its value is equalhi® t pixels given by:

difference between the median (med) of noise fre

Koo 1K) = Ay, 1K) + A, G, 1.K) (16)

pixels in the neighborhood and the value of the

116



Journal of Theoretical and Applied Information Technology
10" January 2014. Vol. 59 No.1 P

© 2005 - 2014 JATIT & LLS. All rights reserved-

" A mmm—
YT

ISSN: 1992-8645 www.jatit.org E-ISSM17-3195

The modified pixels from the second sub filte
are immediately employed to correct the
subsequent pixels [4,5].

3.2.ALGORITHM FOR IMPULSE FILTER i
The steps of the algorithm for Impulse filter by
consider one color component are as follows [4,5]:
Step 1: Compute the median of noise free pixels‘m

Figure 4: iginal Images for Sim
The impulse noise is added to above original
. . ages. Percentage of the added impulse noise to
(med) as per qlgonthm in2.1. . images or noise density is %20. The noisy images
Step 2: ComputeD, (i, j,1)=|]A¢,j ,1)-med (,j,1) and are shown in figure 5.
Determine Ugear  in the fuzzy set Great
using (3). N
Step 3: Calculate no. of pixels similar to central
pixels ‘O’ using “Similarity Criteria”.
Step 4: Determine the degree of similarity of
AG,j,1) in the fuzzy set Dissimilar using iy ,
(8). @)
Step 5: Determine the membership value of pixelgmemmess: :
in the fuzzy set Extreme using (9). '
Step 6: Calculate the correction term using (11)
and add it to original value to obtain|
denoised value. Repeat the steps for ot
color components. Apply the process f :
the whole image pixel by pixel. Figure 5: Impul(sbez Noise in Images:
Step 7: For the image obtain in above, Compute ) > . o
the differences:drg,drb andjgb as per (13) (a). Noisy density is 20%, (b). Noisy density i%30
and _fu22|fy th_em using membersh|p4_1_ Results Of The I mpulse Noise Fuzzy Filter
function Great with parameters, ang, . In this paper, the window size of 3x3 is
Step 8: Use (14) to calculate correction term foreyperimented. The primary process of simulation is
red component and for other similargone by median filter. A comparison between

equations are used. o __median filter and proposed fuzzy filter for diffete
Step 9 Elnal output of impulse filter is obtained noisy densities (up to 20% and 30%) are drawn in
using (16). Figures 6 and 7. The best results for higher
percentages of the impulse noise, as the window
4. MAIL RESULTS size of 3x3 produces better results up to 30%

impulse noise, this filter is meant to deal withwlo

A color image consisting of an M x N x3 arrayand middle_ percentages of the impulse noise._This
of pixels at locations (i,j) was seen as three gralgVvel of noise is usually found in many practical
scale images corresponding to RGB componentapplications.
The data class of the component images determinggss
their range of values. If an image is of class deub
the range of values is [0,1]. Similarly, the raruje TN
values is [0,255] or [0,65535] for RGB images offfes==
class uint8 or uintl6, respectively[4].The color®™
images as follows with the impulse noise are
considered as test images. The original images are
shown in figure 4.

(b)
Figure 6: The comparison of between median filted a
designed fuzzy filter (noisy density is 20%):
(a). Results of Median Filter, (b). Results of fufiizer.
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filter. Simulation results shows that the proposed
fuzzy filter effectively removes the additive noise

by

[1]

(b)
Figure 7: The comparison of between median filted a
designed fuzzy filter(noisy density is 30%):
(a).Results of Median Filter, (b). Results of fufittgr.

(2]

The performance of this filter is illustrated
through a set of color images with the impulse
noise of densities up to 30%. The optimal values
for the parameters ofa,,a,,3,,5,,9,,0scdssed in [3]
Section 3 are experimentally determined to be
0.078, 0.15, 0.5, 0.6, 0.0001 and 0.0001
respectively. They are obtained using a window
size of 3x3 for the lower and the middle percentage
of the impulse noise. It can also be observep]
visually that the proposed filters are quite efffiet
in noise reduction. The under tables demonstrate
the result of experiments.

Table 1: The Comparison Of Between Methods (Nd:20{5]
Methods Noisy Percentage of
Density(ND) I mprovement
Median Filter %20 %60

Fuzzy Filter (Proposed) %20 %90

[6]

5. CONCLUSION
[7]

This paper proposed a new fuzzy filter for
additive noise reduction consisting of only impulse
noise. This filter recognizes the noisy pixel,
modifies the corrupted pixel value and remove
impulse noise. Its main feature is that this filter
with the new proposed of membership functions in
equations (3), (8) and (9), removes the impuIng]
noise of densities up to 30%able ) and tries to
determine corrupted pixels to reduce their
contribution in smoothing process. The shape of the

preserving details in the color images.

Experimental results show the feasibility of thevne
filter.
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