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Annotation: The paper presents the architecture of a filter for digital color
images, which is based on fuzzy peer groups and uses a membership functions
ensemble. This allows to filter more flexible under the action of different types of

distortions in images with different structure.
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Introduction

Digital images are often exposed to noise during their registrati-
on or transfer and therefore the filtering problem is still not lost its
relevance. In digital cameras, there are three types of noise: random,
structural and line. Random noise is characterized by variations of bri-
ghtness and color above and below the actual value. A part of random
noises is always present at any exposure time and more depends on
the ISO (sensitivity). Structural noise usually occurs at slow shutter
speeds and increases at higher temperatures. Structural noise is uni-
que because it shows almost identical distribution of “hot” pixels when
shooting goes under identical conditions (temperature, exposure time,
the ISO value).

The line noise depends mainly of the camera and is a disturbance
that camera makes itself in the process of reading data from a digital
sensor. The line noise is most noticeable at high ISO settings and in the
shadows, or when the image is too lighten.

Solution of the filtering problem is complicated by the variety of
types of images, the necessity of suppressing noise components wi-
thout smoothing contours, textures and small details. To carry out this
treatment a number of methods were suggested, including adaptive,
which dif fer in speed, degree of smoothing noise and other criterions.

The vast majority of these methods are built on the required
presence of a “clean” learning signal that in practice of the image
processing is uncommon. In addition, the images can vary in color,
structural, frequency characteristics, so the applicability of filters trai-
ned on disparate images is significantly limited.

In such circumstances, an effective approach using the concept of
the so-called fuzzy peer group is represented in [1].

Fuzzy approach to image filtering

The image is processed by sliding window W, which pixels form the
set Fi;),i=1,2,..., n? (n x n — window size), Fy — the central pixel. Each
pixel is represented by a three-component vector, consisting of its R, G,
B values: Fu) = [Ff), FG). F&)] "
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Peer group for image pixel Fp is defined as the set of neighbori-
ng pixels that in some sense are similar to it. There are several ways
to determine this set [2]. One of them is based on a threshold di-
stance to decide whether the current pixel is belong to the group
or not. Thus, the peer group of pixel labeled as C*° (F;)) — is the
set {Fix) € W:||Fo — F)|| < T} where ||o|| denotes the Euclidean
norm and 7' > 0. It is evident, that Iy € C' (F(;)). According to
this approach, when the cardinality is Cd (C™ (F;))) = m, m €
{1,...,n%}, C* (F;) is called the group of m equal members. This
cardinality is used in [2] for deciding whether a pixel Fj is free from
impulsive noise, or not. Due to the use of the threshold T, peer group is
specified crispy.

In the article [1] fuzzy membership function is proposed as a
measure of similarity, resulting in a fuzzy peer group. As has been
shown in several studies [1, 3-5], this class of metrics proved its sui-
tability for fuzzy image processing procedures.

On a set of pixels F;),i = 1,2,...,n%, it may be formed the fuzzy
set C*® (F;)) whose elements F|;, are similar to I, and the degree
of similarity p (Fo, F(;)) is determined by the membership function
p (C*0 (F(;))). Fuzzy similarity measure is a monotonically decreasing

n2—-1
would be restricted by certain threshold, then the fuzzy peer group of
pixels that are similar in some ways to the central is formed within the
window. For this group fuzzy averaging is performed by some filter
whose coef ficients can be adjusted. Thus, the filtration transforms to
membership levels estimation.

The choice of membership functions significantly af fects the adapti-
ve filtering quality. Particularly, the function width determines di-
mensions of the peer group, and from the function steepness the filter’s
response to the contours and textures is depend.

In some works, such as [1, 3, 6] for this purpose such kernel
functions as splines, quadratic, Gaussian, polynomial were used.
However, they have many adjustable parameters that make such fi-
Iters computationally cumbersome. This circumstance complicates the
action of such filters in conditions when the image details, structure,
color content, etc are dif ferent.

In this paper, several types of membership functions to use for a
single filter are proposed:

function of {F(O), Fay,...,F } If the membership function value

1 (z) = 1— (0.752%), ey}

p2 (z) = e 02, @)
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A set of such functions can be defined as ps(z) =
{pa_1 (z),pa_2(x),..., pa_n (x)}. These functions are shown in Fig. 1.

us () where o = const. 3)
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Figure 1 — Graphs of functions: a)ui (z) = 1 — (0.752%); b) 2 (z) =
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For the approach under consideration the same filter uses a set of di-

fferent membership functions (C’,f 0 (Fi)) to form several fuzzy peer

groups C,fo (F3), k = 1,...,M, (M — quantity of functions in the set)
within a selected window .
The scheme of filter action is shown in Fig. 2.
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Figure 2 — Scheme of the filter action with indistinct equal groups with
dif ferent membership functions

This scheme includes a pixel processing operation, which also consi-
sts of several actions. They are shown in Fig. 3.
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Figure 3 — Pixel processing in a fuzzy peer group

Experiments

The action of fuzzy peer group filter using the proposed membership
functions has been tested experimentally without merging into the
ensemble. As the test, two images with dif ferent degrees of detail and
color content were chosen (Fig. 4).

Figure 4 — Test images: a) Parrot, b) Lena

Images were corrupted by Poisson, impulse, Gaussian and multipli-
cative noise of different intensity and processed using the proposed
filter (window size of 7 x 7 pixels). Filtering quality estimates based on
the mean square error values and visual. The experimental results are
shown in Table. 1.
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Table 1 — Results of filtering

Membership Type of noise and Mean square error

function its parameters Parrot Lena
Salt and pepper,| 1.9277e-005 0.0024

0=0.1
pi(z) = 1-0.752% [Gauss, m=0, 0=0.01 | 8.4018e-006 0.0025
Speckle, =0.05 5.2251e-005 0.0026
Poisson 6.7396e-005 0.0025
Salt and pepper, 0.3902 0.1970

0=0.1
u2 () = 3 Gauss, m=0, 0=0.01 | 4.2051e-006 0.0029
Speckle, 0=0.05 4.1529e-005 0.0030
Poisson 1.0311e-004 0.0028
Salt and pepper,| 2.7867e-005 0.0024

0=0.1
us (z) = 1+(1£)2 Gauss, m=0,0=0.01 3.7320e-005 0.0025
“" ISpeckle, 0=0.05 5.10226-005 0.0025
Poisson 5.56341e-005 0.0025

Conclusions

The experimental results show that the examined nonconventi-
onal membership functions are responsive to the color image content
structure change. For the same image, but in the case of various
noises these functions provide a close, but dif ferent filtering results.
Consequently, they can be aggregated into an ensemble in which a set
of functions will provide a variation of filters working on the same pri-
nciple, but with a more flexible adjustment to the conditions of specific
images and noise. Thus, the proposed filter based on fuzzy peer groups
effectively can suppress the noise inherent to the majority of images
taken with digital still cameras.
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