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INVESTIGATION OF THE MECHANISM FOR MEDIAN IMAGE FILTERING
IN COMPUTER SYSTEMS AND SPECIAL PURPOSE NETWORKS

A successful solution to solve an impulse noise is to use median filtration proposed by John Tuke in 1971 for
the analysis of economic processes. It should be noticed that median filtration is a heuristic processing method, its
algorithm is not a mathematical solution to a strictly formulated problem. Therefore, the researchers pay much at-
tention to the analysis of the image effectiveness processing on its basis and comparison with other methods.

When applying a median filter, each image pixel is sequentially processed. For median filtration, a two-
dimensional window (filter aperture) is used, usually has a central symmetry, with its center located at the current
filtration point. The dimensions of the aperture are among the parameters that are optimized in the process of ana-
lyzing the algorithm efficiency. Image pixels, that appear within the window, form a working sample of the current
Step.

However median filtering smoothens the image borders to a lesser degree than any linear filtering. The
mechanism of this phenomenon is very simple and is as follows. Assume that the filter aperture is near the boundary
separating the light and image's dark areas, with its center located in the dark area. Then, most likely, the work
sample will contain more elements with small brightness values, and, consequently, the median will be among those
elements of the work sample that match this area of the image. The situation changes to the opposite, if the aperture
center is shifted to the region of higher brightness. But this means the presence of sensitivity in the median filter to

brightness variations.
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Introduction

Problem statement. It is known that a color image
requires at least three numbers per pixel to accurately
convey its color. The method chosen to represent the
brightness and color is called the color space [1]. All
color spaces can be listed from the RGB space that can
be obtained from the camera or scanner. The red, green,
and blue are the main components of the colors repre-
sent three dimensions of this space. RGB space is well
suited for computer graphics, because it uses these three
components for color formation [2]. However, RGB
space is not very effective when it comes to real images.
The fact is that to save the color of an image, you need to
know and store all three components of the RGB, and the
if one of them is missing, it will greatly distort the visual
image representation. Also, when processing images in
RGB space, it is not always convenient to perform any
pixel conversion, because, in this case, it will be neces-
sary to list all three values of the RGB component and
write back. This greatly reduces the performance of vari-
ous image processing algorithms. For these and other
reasons, many video standards use brightness and two
signals that carry information about the red and blue
components of the signal, as a color model other than
RGB. The most famous among such spaces is YCbCr [3].

It is known that human eyes are less sensitive to
color, than to their brightness. In the RGB color space,

all three components are considered equally important,
and they are usually stored with the same resolution.
However, you can display a color image more effi-
ciently, separating the brightness from color information
and presenting it with a higher resolution than color.

Often, all images have a lot of small details that
greatly impede image processing, and may also result in
some algorithms that are not working correctly, such as
contour selection. Therefore, there is a need for pre-
processing images that reduces the amount of small
parts. Usually Gauss filter [4] is used to solve such
problems.

Analysis of the last publications. A lot of research-
ers have compared features noise affecting the pixels in
image is Gaussian in nature and uniformly deters informa-
tion pixels in image irrespective of their intensity values.
This behaviour of noise can also be identified as Additive
White Gaussian Noise. As a result of research is novel
attempt is made by incorporating the Markov Random
Field based Energy Minimization based objective/fitness
function for imparting adaptive image denoising using
metaheuristic intelligence, as shown in [5].

Computer vision is nowadays is one of the promis-
ing and evolving areas in information technology. Im-
age processing is increasingly used in several applica-
tions such as automotive, medical or aerospace. Every
computer vision application involves capturing several
images with the help of camera. Image acquisition, im-
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age transmission & image security are the three impor-
tant aspects of image processing system. However, the
comparison in [6] does not include of complete image
processing system including improved median filtering
with better PSNR and operating frequency.

In [7], the image encryption algorithm using
block-based scrambling and image filtering was pro-
posed. The main idea of the encryption algorithm is to
utilize image filtering to permutate and diffuse plain-
images. Using the linear relation, we build a codebook
containing (MXN+1) pairs of cipher-images and the cor-
responding plain-images, where MXN is the size of
plain-images. The proposed codebook attack indicates
that the encryption algorithm is insecure.

Another study on the comparison of methods do
not consider any prior to extend the accuracy of the
depth map. Ultimately, even the improved depth map
might lack the accurate structure of the object was con-
ducted in [8]. They The improved performance of
guided filters has been ranked against the depth maps of
synthetic and real image sequences where the corre-
sponding scenes have diverse range of geometrical
complexities.

In [9] was performed developed an Image Filter-
ing and Labelling Assistant (IFLA) system to expedite
the most time-consuming portion of this process. This
system supplies object-marked images to help research-
ers identify and label those that are useful. Initial
evaluations showed that IFLA is more exact than man-
ual methods.

Due to varrying imaging principles and interwined
complexity of structures, different types of imafes must
be combined, as single-modality images may only pro-
vide limited information was proposed in [10]. A multi-
modal image fusion method that integrates multimodal
images having low resolution with reduced computational
complexity to improve the accuracy of target recognition
and for providing a basis for research, is not used.

Resolution is one of the most important parameters
of low-light-level (LLL) image intensifiers, reflecting
the target detection performance of assembled night
vision devices under 10—3 to 10—1 Ix dark environment.
The traditional methods of measuring this parameter are
classified into subjective evaluation and objective test.
The disadvantages of subjective evaluation are strong
subjectivity and low accuracy, while the traditional ob-
jective test method shows the weaknesses of excessive
human intervention and large time consumption. It was
described in [9].

The research aims and objectives. The aim of ar-
ticle is to investigation of the mechanism for median
image filtering in computer systems and special purpose
networks.

The objective of article is the process of a median
image filtering for in computer systems and special pur-
pose networks.

Statement of basic materials

Filling the values operation of the median filter for
the pixel value of the elementary object will correspond
to the following expression:

i:k—LkJ-m,
m

yk:xi:j’ Lk

, (D
J, k=0.2m+1)% -1
m

j =
Here are
Xij — the value of the pixel of the original image

with coordinates i and j;
Y — a set of pixels' values included in the func-

tion's structure of the median filter;

k — pixel values' index of the median filter;

m — the radius of the median filter.

Fig. 1 [11] gives an explanation of the performed
medial filtering operations, and shows the location of
the median filter elements' values for radius values. In
this case, the final, resulting value of the median filter
will be obtained after sorting the found items by their
value.

here are

{ y'k} — a declinely sorted collection of the values

of the median filter's function;
'
Yo — the pixel's first value in the sorted set struc-
ture of all values of the median filter's function;

'
y1 — the pixel's second value in the sorted set

structure of all values of the median filter's function;

(2m+1)2 —1 — the maximum number of median

filter's elements for a rectangular window;
m — the median filter's radius.

'

The value y 2 +1)2 will be the median value of
m+1)? =

1
2
the median filter. Therefore, it will be the solution of
processing one pixel. In order to find the following val-
ues, the window function shifts to the right and when
the image border reaches down one pixel down and
moves from the original zero position on the horizontal
axis until the image boundary is reached. In the end, an
array containing the found values of the median filter
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will be formed [12]. In this work, the median filtering is
implemented using the software package Mathcad 15.
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Fig. 1. Median filtering rectangular window

The example below describes the use of a rectan-
gular median filter matrix, but applying a rectangular
window has errors in finding the correct mean value. To
minimize this error, use the window in the form of a
“snowflake”, which is given by the formula:

il =1l < m;
lj<m,j=0; €)
lj|<m,i=0,

Vi =%,

here is
=Ll
lj<m, j=0;, ¢ — the condition for selecting the
|j| <m,i=0.

elements of the median filter for the window in the
“snowflakes” form;

The explanations for median filtering for windows
in the “snowflakes” form and in the form of a circle are
shown in fig. 2 and fig. 3 [12] respectively. Each of
these windows gives good results in analyzing individ-
ual image components, so in order to verify the results it
is suggested to use the average value obtained as a result
of separate three operations.
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Fig. 2. Median filtering in the form of a “snowflake”
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Fig. 3. Median filtering in a circle-shaped window

Examples of this algorithm's work for an image
having an average saturation with small details given in
Fig. 4 [13], at various values of the size and type of fil-
ter aperture. To determine the best result, the peak to
noise ratio of each image is calculated.

Fig. 4.Image distorted by impulse noise

The Gauss filter is based on the Gaussian functions
of one and two variables:

G(x)= e 20"
21
- (4)
_.X +y
G(xy)= L e 2,
216>
here are
o — standard deviation of normal distribution,

which specifies the “blurring degree” of the processed
image;

x, y — distance from the starting point (pixel) to the
point for which the value of the function is calculated
vertically and horizontally, respectively.

In the general case, Gauss distribution has the form
shown on fig. 5 [8]:

48



Cucmemu 06pooku ingpopmauii, 2021, eunyck 3 (166) ISSN 1681-7710

A As a result of applying the Gaussian filter, all dis-
- ‘l \‘ torted pixels (pixels, which brightness is very different
V‘\\ Ill 'l| from the brightness of the neighboring pixels) take an
\{ { average value, noise is suppressed, and the contours of
o It the objects are emphasized, which is very useful in rec-
NI ognizing images on digital images.

a 7| 1 \ In this work, the Gauss filter is implemented by us-

N AT 6,<6,<0; ing the software package Mathcad 15.

V2R . .
—= — — = Conclusions

Fig. 5. The Gaussian distribution for different values . .
& 1. For best results it is expedient to use for each

image type your template size, as well as its type.

2. For the first type of image, it is best to choose a
filter size of 5 pixels.

3. For all image types, regardless of the filter's
size, the best result can be obtained by using a “snow-
flake” pattern.

Z Z e () N 3 4. An increase in the size of the filter is not feasi-
i=k j= ble because it leads to an increase in the algorithm's
running time and a “tampering” of the image.

Thus, based on the Gauss function, a convolution
matrix is constructed, for which the average weighted
value of the neighboring pixels is calculated for each
pixel of the image:

here is
k — the dimension of the matrix of convolution.
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3A36UYAll MAE YEHMPATIbHY CUMEMpIio, 3 YeHMPOM, POZMAUOSAHUM 6 ROMOYHI mouyi Gitempayii. Pozmipu anepmypu éxoosme
6 YUCIIO napamempie, AKi ONMUMI3YIOMbCs 8 npoyeci ananizy egpexmugnocmi aneopummy. Ilikceni 300pasicenus, uwjo 3'961a10mMvcs
¥ GiKHi, ymeopioloms pobouuil 3pazok NOMO4HO20 KPOKY.

Oonax medianna Ginempayis 321a0%4Cye KOPOOHU 300padicerst 6 MeHWIl Mipi, Hidic OyOb-sika niniuHa Ginbmpayis. Mexa-
HI3ZM Yb020 Asuwa Oyace npocmull i nonseae 6 nacmynuomy. Ilpunycmumo, wo anepmypa @inbmpy 3Haxo0umvcs nopyy 3 Kop-
O00HOM, WO po30inae caimai i memHi oonacmi 300pascenns, 3 yeumpom 6 memniu ooaracmi. Tooi, weudwie 3a éce, pobouuii 3pa-
30K Oyde micmumu Oilbule eleMeHMi8 3 HeGeIUKUMU 3HAYEHHAMU ACKpAgocnii, i, omoice, Mediana Oyoe ceped mux elemeHmis
Ppobouoeco 3paska, Axi eionogioaroms yit obnacmi 306padxcentns. Cumyayis 3MIHIOEMbCS HA NPOMULEHCHY, IKWO YEeHMp anepmy-
pu 3miwyemoca 8 obracms Oinbwiol AcKkpagocmi. Ane ye 03HAYAE HAABHICMb YYMAUBOCMI 8 MediaHHOMY inbmpi 0o eapiayiil
ACKpasocmi.

Kniouosi cnosa: medianna ginompayis 306pasicenisi, enemenm, pieetb, HAOMIPHICMb, IMAYIbCHULL ULYM.

WCCNEAOBAHUE MEXAHU3MA ®UNbTPALUU MEAUAHHBIX U30EPAXEHUA
B KOMMbIOTEPHbIX CUCTEMAX U CETAX CMELUWANBHOINO HASHAYEHUA

A.A. Tumouxko, B.B. Jlapun

Meouannas ursmpayus — 3mo 26pucmudeckuil Menmoo 06pabomxu, ee aneopumm He A6IAEMC MAMEMAMUYeCKUM peule-
HUuem cmpoeo cgopmyauposannoi 3a0auu. Ilosmomy 6onvuioe Humanue ObLIO YOeIeHO ananusy d@dexmusHocmu 0opabomru
BUOCOUHPOPMAYUOHHO20 PECYPCA HA €20 OCHOBE U CPABHEHUIO C OpyeuMu Memooamu. TIpu npumenenuu meouanHo2o guivmpa
Kaoicovlil nuKcenb uz0opasicenus 06pabamviéaemcs nocie008amenvHo. /s MeOuanHol Guibmpayuu ucnoab3yemces 08yMepHoe
OKHO (anepmypa unompa), 0ObIYHO umeruee YeHMPANbHYIO CUMMEMPUIO, C YEHMPOM, PACNOJIONCEHHIM 6 MEKYuel mouke
Qunempayuu. Pazmepuvl anepmypol 6X005m 6 YUCIO NAPAMEMPO8, KOMOPbie ONMUMUSUPYIOMCS 8 NPoYecce ananu3a dggexmus-
Hocmu aneopumma. Iluxcenu usobpasicenus, noasnaowuecs 6 Okne, 0bpaszyiom pabouuti 0bpasey mexyue2o maza.

Oonako MeouaHHas Quibmpayus ceraxcugaem epaHuysbl U300padCceHus 6 MeHvbuiell CmeneHu, uyem aodas TuHeluHAas
Qunempayus. Mexanusm 5mozo A61eHUs OUeHb NPOCM U 3aKII0Yaemcs 6 credyiouem. Iipeononoscum, umo anepmypa guiompa
HaxXooumcs pao0om ¢ epanuyell, pasoeiiroujeli cemuvle U memHvie 00AACMU U300PANCEHUSA, C YEHMPOM 8 MEeMHOU 00aacmu.
Toeoa, cropee 6ceeo, pabouuii obpazey Oyoem codepaicamv OObUE INEMEHMOE C HEOOIbUUUMU SHAYEHUAMU APKOCMU, U, C1e00-
samenvHo, Meouana 6ydem cpeou mex 1eMeHmo8 pabouezo 0opasya, KOmopvie COOMEEMCmMEYOm Mol 0daacmu uzoopasice-
HUA.

Knroueswie cnosa: meouannas puabmpayus uso0padcenusl, s1emMenm, yposets, u3oblmoyHoCmb, UMNYTbCHbIN WYM.
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