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1. Based on the ideas described in [1-6], we sub-
stantiate and propose an approach to attain a method of
impulsive-noise suppression. This approach makes it
possible to reconstruct image contours and image fine
details. For comparison with the method proposed,
other well-known algorithms were analyzed. We imply
the AMNF and AMNE?2 filters [3], and also the AMNF3
[5, 10] and the GVDF [6] filters that employ the angu-
lar-divergence technique in the multichannel pixels, as
well as the WVDF1, WVDE2, LWVDF, CWVDEF, and
SWVDF algorithms [7, 8]. The latter algorithms are
based on geodesic trajectories. The PVYMM [9] and
VMEF SAR [10] filters constructed on the basis of the
highest statistics theory were also used.

The approach proposed in the present study makes
use of the method of pixel angular divergence in a mul-
tichannel image together with the theory of fuzzy sets,
which forms the filtered final image.

2. The method developed allows us to determine the
presence of noise, contours, and fine details in a sliding
window in the course of image processing. The pro-
cessing is realized in the 3 X 3 sliding window, where 8
pixels (from x; to x;) neighboring the central pixel x, are
employed. The color-image pixel at the point i is con-
sidered as the vector x; with three components, namely,

red (R), green (G), and blue (B): x; = (xf , x? , x? ). The
sliding 3 X 3 window is inside a large 5 X 5 window
used for the determination of quantities in different
directions with respect to neighboring pixels in the 3 X
3 processing window.

The eight pixels neighboring the central pixel x,
each correspond to one direction, namely, N (north), E
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(east), S (south), and W (west), NW (northwest), NE
(northeast), SE (southeast), and SW (southwest), as is
shown in Fig. 1.

We now define gradients in the form Vx,f = Ixf - x,f l,

Vil =|x = x0|, Vb =|x% = x),k=0,1,....n% =2
and repeatedly denote them with allowance for Fig. 1.
Thus, we obtain

VLG, ), 2P+ &, j+ D]

L =Lk j+0| = VEoxG ), D
k,le (-1,0,+1), B = (R, G,B).

Here, each of the pairs (k, [) corresponds to one of eight
pixel directions at the point (7, j). Eight values of the
gradient associated with the corresponding directions
are called basic gradient values (see Fig. 1). In order to
avoid spreading contours and fine details, we use four
auxiliary gradient quantities. They are calculated with
respect to the basic gradient. The calculation procedure
for the SE direction is clarified in Fig. 1. For this direc-
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Fig. 1. Basic and auxiliary directions for gradients and vec-
tor quantities (SE).
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tion, the basic gradient is VE 11X, j) = VEE , whereas
four auxiliary gradients are written out as

V?o,z)x(i— Lj+1D= VgE(rell)’

V?Z,O) (+1,j-D= VgE(relZ)v VR’,,') @-Lj+D=
VgE(reB) ) V(Bi,j) x(i+1,j-1)= VgE(reM)'

Introducing the subscript Y= (N, E, S, W, NW, NE,
SE, SW), we determine the gradient values for the case
of the basic direction and its four complementary val-
ues in the case of other directions similarly to the case
of the SE direction. We now introduce two fuzzy sets
called SMALL and BIG. The SMALL set determines
the level of the membership function for the gradient
quantity in the case when its value is sufficiently small
and the membership function takes a large value. Thus,
when the value of the membership function is close to
unity, this guarantees the absence of movement (no-
movement case) and/or the absence of noise (no-noise
case) in the sampling to be analyzed. In other case,
when gradient quantities exhibit significant differences
between their components, this determines large values
of the membership function in the BIG fuzzy set. The
Gaussian membership functions used in these cases are
written out as

1, if V$<med2,

W(VESMALL) = (VP — med,)’
20,

(2
} otherwise,

med, = 10, 6; = 1000; and
1, if V0>med,,

“(VE(BIG) = (VB—medl)2
20,

} NG)
otherwise,

med; = 60.
We now determine the angular deviation between

. R G B R
multichannel vectors x; = (x;, x;, x;) and x, = (x, ,

xg, xf) for each component (color). For example, for
the R component in the SE direction, we write out the

basic angular deviation and four auxiliary angular devi-
ations in the form
R .o R R . . R
00, 1yx(i, j) = O, 0y x(i— 1,7+ 1) = Ogg(ernys
R . . R
000X+ 1,7-1) = Osg(ren)s

R . . R
e(i,j)x(l —1,j+1) = Oggpersys

R . . R
0 px(i+1,7-1) = Osg(rens)-
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Fuzzy values of angular deviations are characterized by
the Gaussian membership function

1, if 0 <med,,

0P SMALL) = B 2 @)
u(o, ) = { (6, — med;)
expy ————=

5 } otherwise,

20,
med; = 0.8, ; =0.8; and

B
w(6’BIG)

1, if 60> med,,
(&)

= B 2
0, — med
exp{—w } otherwise,

2
20;

med, =0.1.

The proposed fuzzy rules are based on gradient
quantities and angular deviations. They are used to
determine the fact whether the central pixel corre-
sponds to noise and/or to the absence of noise, or if this
is a local movement.

Fuzzy rule 1 determines the value of the fuzzy
angular and gradient quantity VEFSSF:
IF (V) is BIG AND V), is SMALL AND V5 ..,
is SMALL AND V¥ .5, is BIG AND V), is BIG)
AND (6" is BIG AND 6", is SMALL AND 6] .,
is SMALL AND 6”5, is BIG AND 6", is BIG)
THEN V!76" is BIG.

This fuzzy rule contains nine conjunctions. The opera-
tors being used in the fuzzy conjunction are defined for
two cases: (1) outside of the brackets, the AND opera-
tor is equivalent to min(A; B), (2) inside the brackets, it
is defined as A AND B =A@ B. The membership func-

tion for the central pixel xE (i, j) in the BIG fuzzy set

and in the 7y direction is defined as VEFGSF and is calcu-
lated in the following manner:

VPO = min(W(VPBIG) - w(V) .1, SMALL)
X W(Vh ez SMALL) - (V3 BIG) - (V5 4 BIG);
w(OYBIG) - 1(8] 1, SMALL) - 11(80 .1, SMALL)

X W(Be13 BIG) - 1By BIG)). ©6)

The multichannel central pixel is considered to be a
noise pixel or belongs to the BIG fuzzy set when the

basic quantities J( Vs ) and p( 95 ) are close to their aux-
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iliary quantities (W(V3ers) ) BV )y (H(Beis))
},L(Gg(rem))) and also differ from the quantities (u(Vs(reH)),

u( VS(reIZ) ), (U( es(rell) ), I 95<relz> ). The presence of
noise is determined with the help of the following fuzzy
rule.

Fuzzy rule 2 determines for an fuzzy quantity the
value of the noise factor in the form %

IF V6% is BIG OR V5'05" is BIG OR Vi 6y
is BIG OR V505 is BIG OR VA5, 6%, is BIG OR

VAol is BIG OR VE5,08% is BIG OR Vi 0bF
is BIG THEN rB is BIG.

According to this rule, large values of the membership
function in the BIG (noise) fuzzy set testify to the pres-
ence of noise in the sampling, which is used in the algo-
rithm for noise suppression. This also determines the
type of filtration in dependence on the fact whether this
is a noise pixel or this is a local variation of the image.
Fuzzy rule 2 contains seven disjunctions, and the oper-
ator being used for the disjunctions is defined as

B

ro= max(VSEGSE, max(VE@GBF el

BF
nw»> max (VyEOxg,

, max(VEFGﬁp, @)
E).

max(V SW, max(VBFe

max(VBFGBF VBF

3. The value of the membership function for the cen-
tral pixel is determined in the fuzzy noise set. Here, we
use the following rule to determine whether a pixel cor-
responds to the noise component or is noise-free. IF
> 0.3 THEN the filtration is realized on the basis of
the values of the membership function being deter-
mined for the BIG fuzzy set. Otherwise, the filter is

determined as not varied pixel y?,mpm = xE‘ .

The threshold value 0.3 is determined on the basis of
optimum values for criteria in the course of processing
simulation according to the given algorithm. Insofar as
the values of the membership function yield the
weights for each component, we make use of the nega-
tion operator. For the membership function of the
noise-free NO BIG fuzzy set, this operator is written

out in the form QEF =1- VSFeE’F. For the central pixel,

the weight was chosen as &E’F =3,/1-+". The values

of the components in the 3 X 3 sampling window are

XE =(XEW9 XE’ x[SSE’ XEV’ XE’ XE’ xll?\)IW’ XEI’ XEIE) They

are presented in increasing order and determine the
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ordering for the corresponding weights of the fuzzy
logics:

1 2 3 4 5 6 7
xB()SxB()Sxﬁ()SxB()st()ﬁxg()ﬁxg()

8 9 B(1 2 3 4
(5) (6) (7 (8) 9)
s&‘j s&‘j <PV <P <l

The filtration procedure results in the choice of one of
the neighboring components possessing the least prob-
ability to be distorted by noise. It was proposed to real-
ize the filtration using not only weights of the fuzzy
logics but also their ordering, which is seen from for-
mula (8). This allows us to exclude the components
located at a sufficiently long distance with respect to the
central pixel. This is realized by introducing the vari-

able sumP = B U where j decreases from 9 to 1, the

decrease of j bemg correct as long as

2§$F+ 31-+°

sumP > X

2

We also define the variable sum® = B U where j varies

from 9 to 3 as long as this condition i 1s satisfied. We find
the output value for the filter as the j,, ordered value for
the number j satisfying the inequality

Y esdi-rf

sum®B > 2

2

If the condition for j < 2 is not fulfilled, then we choose
5(/)

4. The properties of the filter proposed and of algo-
rithms well known in the literature were studied on the
basis of standard criteria, namely, the peak signal-to-
noise ratio expressed in decibels (PSNR) [4-6], mean
absolute error (MAE) [7], and the normalized chro-
matic difference (NCD) [10, 11]. 320 x 320 pixel color
test images (Lena, Baboon, Peppers, Parrots, and Gold-
hill) (RGB-space, 24 bits) were independently distorted
by impulsive noise of various intensities in each image
channel. Among other algorithms that had been studied
by us, there were ABST_* and Wilc_ [3], MAMNFE,
AMNF, AMNF?2 [3], AMNF [4, 11], AVMF [10], SAP-
FRWA- [12], BVDF- and GVDF-filters [3], the INR
algorithm [2], the WVDFI, WVDF2, LWVDE
CWVDF, and SWVDF filters [7], the MMKNN*-* fjl-
ters [4, 5, 10], the PVMM algorithm [8], and the VMF
SAR filter [12].

Table 1 shows the testing results for the best filters
among the aforementioned ones. This table confirms
that the novel algorithm is the best under conditions of
both low-intensity and intermediate-intensity noise
(from O to 30%). Table 2 illustrates values of the PSNR
criterion for the Baboon test image. The proposed

for the j,, ordered value the output one: yothput =X
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Table 1. NCD values for Lena color image (noise 0-50%)

Filter 0 5 10 15 20 25 30 40 50
ABST_CMS 0.0195 0.203 0.213 0.0226 0.024 0.0258 0.0283 0.0359 0.0465
AMNEF2 0.019 0.0199 0.0207 0.0217 0.0228 0.0244 0.0264 0.0338 0.0453
AMNF3 0.0188 0.0195 0.0203 0.0212 0.0222 0.0234 0.0252 0.0316 0.0418
VMF 0.0154 0.0162 0.0171 0.0185 0.02 0.0221 0.0252 0.0348 0.0485
FDCF 0.0017 0.0037 0.0059 0.0084 0.0115 0.0158 0.0206 0.0352 0.0537
INR 0.0164 0.0166 0.0171 0.0176 0.0184 0.0197 0.0214 0.0281 0.0405
LWVDF 0.017 0.0187 0.0208 0.0234 0.0265 0.0307 0.0362 0.0524 0.0744
MMKNN_CMS | 0.0159 0.0168 0.0178 0.0191 0.0206 0.0225 0.0251 0.0333 0.0452
VMF_SAR 0.001 0.0044 0.0085 0.0134 0.0178 0.0228 0.0278 0.0415 0.0585
Wilc_CMS 0.0073 0.0096 0.0128 0.0166 0.0207 0.0255 0.0302 0.0434 0.0592
WVDF1 0.0137 0.0156 0.0181 0.0213 0.025 0.0302 0.0367 0.0544 0.0766

Table 2. Results obtained according to PSNR criterion for Baboon color image (noise 0-50%)

Filter 0 3 5 10 15 20 30 40 50
AMNEF3 23.84 23-75 23.65 2357 23.44 2341 23.34 23.15 21.35
FDCF 29.24 28.31 27.41 27.16 26.82 25.32 23.25 18.83 15.75
INR 27.32 26.93 26.64 26.51 26.47 25.83 24.82 22.83 19.85
VMEF_SAR 30.12 28.32 27.32 26.41 24.84 23.34 22.45 18.65 17.74

FDCF algorithm operates efficiently in correspon- sity range from 7 to 35%. Figure 2 presents the
dence with the PSNR criterion within the noise-inten- zoomed Lena image demonstrating the best recon-
sity range from 3 to 15%. The MAE criterion shows  struction of contours and fine details compared to
that the novel filter is the best within the noise-inten-  well-known filters.

VMF_SAR INR
Fig. 2. Zoomed image (“Lena”) distorted by impulsive noise of 15% intensity.
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5. Thus, the approach developed and realized in the
novel FDCEF filter uses combined processing based on
the angular information and the theory of fuzzy sets.
This algorithm has shown its high efficiency in the sup-
pression of impulsive noise and in reconstruction of
contours and details, as well as chromatic characteris-
tics. This is in correspondence with both widely used
PSNR, MAE, and NCD criteria and visual estimates of
filtered images.
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