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RESEARCH OF IMAGES FILTRATION METHODS IN COMPUTER SYSTEMS

Abstract. 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 efficiently, separating the brightness from color information and presenting it with a higher
resolution than color. RGB space is well suited for computer graphics, because it uses these three components for color
formation. 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 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 necessary to list all three values of the RGB component and write back.
This greatly reduces the performance of various 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.
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Introduction

Problem statement. The rapid development of
information technologies led to the use of unidirectional
specific images transmission in computer systems.
According to that, in order to improve the quality of
computer systems in public institutions, active
implementation of such systems is taking place [1-3].
The main difficulty in working with video are large
volumes of transmitted information and sensitivity to
delays in the video information transmission. Therefore,
in order to eliminate the maximum redundancy amount
in the formation of the video sequence, 3 types of
frames are used: I, P and B which form a frame group
[4-7]. For a typical low complexity video sequence, the
weight of each P-frame in the stream is approximately
three times smaller than the I-frame weight. However,
taking into account the number of P-frames in the
group, they make the main contribution to the total
video data amount. Therefore, the possibility of
upgrading coding methods for P-frames is considered
on preliminary blocks' type identification with the
subsequent formation of block code structures.

It has been analysed the images filtration
methods in the computer systems and its drawbacks has
found during processing video data.

Research publications. A lot of researchers have
investigated the images filtration methods. A
comparison of international standards for lossless still
image compression was made in [8-11] and in this case
they have thoroughly investigated the compression ratio
of all the well-known compression methods available at
that time. However, the comparison in [12-14] does not
deal with analysis of the latest computer systems
standard. Another issue is that consideration is only
given to still images.

In [15], the compression ratio and execution time
of the compression methods was investigated. In addition,
they investigated the efficiency of compression methods

based only on textual data and still images. Unmoving
images are very different from the dynamic images in a
differential-represented frame scenario.

Another study on the comparison of compression
methods was conducted in [16]. They applied many
compression standards and some compression programs
to different dynamic images. They have compared both
the compression ratio and the execution time of the
compression techniques. They have pointed out that the
compression performance depends on the type of
images and the implication of this is that these results
cannot be directly applied to dynamic images in a
differential-represented frame scenario because of the
different types of obstacles.

To ensure the timely delivery of video information
resources, it is necessary to take into account the high-
speed capabilities of communication channels. To do
this, data compression algorithms are used.

The research aims and objectives. The aim of the
study is to investigate of images filtration methods in
computer systems for reducing time of information
processing taking into account the limitations of data
processing.

Research bases

Previous Images Filtration. Selection of the bright
component. 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 [17].

There are three most common color models:

- RGB (used in computer graphics);

- YCDBCr (used in video systems);

- CMYK (used in the color press).

All color spaces can be listed from the RGB space
that can be obtained from the camera or scanner. The
red, green, and blueare the main components of the
colors represent three dimensions of this space, as
shown in Fig. 1.
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Fig. 1. RGB-colored model presented as a cube

RGB space is well suited for computer graphics,
because it uses these three components for color
formation [18]. 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 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 necessary to
list all three values of the RGB component and write
back. This greatly reduces the performance of various
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 [19].

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
efficiently, separating the brightness from color
information and presenting it with a higher resolution
than color.

The letter Y in such a color space denotes the
component of brightness, which is calculated, as a
weighted averaging of components R, G and B under
the following formula:

Y=k,R+kgG+ka, (1)

here is k - denotes the corresponding weight factor.
According to the recommendation of the ITU R
BT.601 [20] the following ratios are proposed
kp =0,229: and kp =0,114. The multiplier kg is
derived from the relation k. +kg +kj, =1. Using these

values, it is obtained a wide spread formula:

Y =0,299-R+0,587-G+0,144-B. (2)
In order to process images in this work, the bright

component of the YCbCr color space is used.
Accordingly, in order to reach this, by using the formula

2 in the software Mathcad 15. Noises in images no
system provides the perfect image quality for the object
sunder research. Images during the process of forming
their systems (photographic, holographic, and television)
are usually exposed to various occasional interference or
noise. A fundamental problem in the field of image
processing is the effective noise removal, while
preserving the image's parts which are important for
further recognition [21, 22]. The complexity of the
solution to this problem depends much on the noise's
nature. In contrast to the deterministic distortions
described by the functional transformations of the
original image, additive models, pulse and multiplicative
noise are used to describer and influences.

The most common type of interference is the
random additive noise, which is independent from the
signal. The additive noise model is used when the signal
at the system's output or at some transformation stage. It
can be considered as the sum of the useful signal and
some random signal. The additive noise model describes
well the effect of the film graininess. The fluctuation
noise in the radioengineering systems, quantization
noise in analog-to-digital converters, and the like.

Aditive Gaussian noise is characterized by adding
to each pixel images of values with normal distribution
and with zero mean values. Such noise, usually, occurs
during the digital image formation. Basic images
information is contours of objects.

Classic linear filterscan effectively eliminate, but
the degree of small parts blurriness the image may
exceed the permissible values.

Pulsed noise is characterized by the replacement of
pixels' part in the image, with the values of a fixed or
random variable. The automated digital image quality
assessment carried out using the metric of objective
image quality — Peak Signal to Noise Ratio (PSNR):

N
PSNR =10-log 255/ Z(Xl-—Yl-)z/N . ()
i=1

here are: X; — pixel of the image with which it is
compared; Y; — pixel of the image being compared;

N —the number of image pixels.

In the image, such interferences look like isolated
contrast points, an example of output and distorted
impulse noise of an image with a density of 5% is
shown in Fig. 2 and 3 respectively. Peak signal to noise
ratio in this case: PSNR =9,213 . Pulse noise is typical
of devices for inputting images from a television
camera, image transfer systems via radio channels, as
well as for digital imaging and transfer systems.

The use of linear filtration in this case is
ineffective - each of the input pulses gives feedback in
the form of a pulse filter's characteristic, and their
aggregate contributes to the noise spread in the entire
area of the image. To remove impulse noise, a special
class of nonlinear filters based on rank statistics is used.
The common idea of such filters is to detect the position
of the pulse and replace it with the estimated value,
while maintaining other pixels of the image unchanged.
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Fig. 3. Image distorted by impulse noise

Median image filtering. A successful solution to
solve an impulse noise is to use median filtration
proposed by John Tuke [23] 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 attention
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 analyzing the algorithm efficiency. Image
pixels, that appear within the window, form a working
sample of the current step.

However, as discussed above, 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.

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

i=k=[k/m|-m, j=[kim], (4)
=xl' i s
Tk =i k=0.2m+1)% -1

here are: x; j - the value of the pixel of the original

image with coordinates i and j; yj - a set of pixels'

values included in the function's structure of the median
filter; k - pixel values' index of the median filter; m -
the radius of the median filter.

Fig. 3 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.

Al

{yk}={y0 2y12¥ 2..._y(

Y

2m+U2—1}; “

Al

{yk}={y0 SIS0 S..._y(

A

2m+U2—1}’
here are: {y;f}- a declinely sorted collection of the

values of the median filter's function; y;)- the pixel's
first value in the sorted set structure of all values of the

median filter's function; yi - the pixel's second value in
the sorted set structure of all values of the median filter's

function; (2m+1)*—1 - the maximum number of

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

The value y(’ /2 will be the median value

(2m+1)? —1)
of the median filter. Therefore, it will be the solution of
processing one pixel. In order to find the following
values, 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 will
be formed. In this work, the median filtering is
implemented using the software package Mathcad 15, the
functional diagram of the algorithm is shown in Fig. 4.

The example below describes the use of a
rectangular 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:

=1l < ms
| <m,j=0; ¢, (6)
|j|<m,i=0.

Yk =%,5>

here is
=11, i < m;
| <m, j=0;
|j|<m,i=0.

the condition for selecting the elements of the median
filter for the window in the "snowflakes" form;
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Fig. 4. Median filtering rectangular window

The explanation for median filtering for windows
in the "snow flakes" for mand in the form of a circle are
shown in Fig. 5 and Fig 6 respectively.
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Fig. 5. Median filtering in the form of a "snow flake"
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Fig. 6. Median filtering in a circle-shaped window

Each of these windows gives good results in
analyzing individual image, so in order to a verify the
result site suggested to use the average value obtained a
result of separate three operations.

Examples of this algorithm's work for an image
having an average saturation with small details given in
Fig. 7, at various values of the size and type of filter
aperture.

Fig. 7. Image distorted by impulse noise

Gauss filter. 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 [18] is used to solve
such problems. The Gauss filter is based on the
Gaussian functions of one and two variables:

2
X

G(x)= ! -e_g;
2noc
(7
1 _X2+y2
G(x,y)= —u-e 20°
2no

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 (Fig. 8).

0,<0,<0;

Fig. 8. The Gaussian distribution for different values

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:
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k k
Fon = Z Z rm+i,n+jG(iaj)a ®)

i=—k j=—k

here is k — the dimension of the matrix of convolution.

As a result of applying the Gaussian filter, all
distorted pixels (pixels, which brightness is very
different from the brightness of the neighboring pixels)
take an average value, noise is suppressed, and the
contours of the objects are emphasized, which is very
useful in recognizing images on digital images.

In this work, the Gauss filter is implemented by
using the software package Mathcad 15. The value of
the parameters is selected under condition [24-26]: the
range of observation should be chosen to be the least.
For each case, the execution time is calculated.

Binaryization of the image. Important stage of
image processing and analysis is segmentation. In other
words, this is the division of an image into an area for
which a certain homogeneity criterion is performed. For
example, the allocation of regions, which has
approximately the same brightness. The concept of an
image area is used to define a coherent group of image
elements that have a certain common feature (property).

One of the basic and easy ways is segmentation
using the threshold. The threshold is a feature (property)
that helps to divide the desired signal into classes. The
operation of the threshold division is to match the
brightness value of each image 's pixel with a given
threshold value.

Operation of the threshold division, which
eventually gives a binary image, is called binary
operation. The purpose of the binarization operation is
to drastically reduce the amount of information
contained in the image. In the binarization process, the
original halftone image having a certain number of
brightness levels is converted into a black and white
image whose pixels have only two values - 0 and 255.

The need of elimination a large number of errors in
the binarization process, led to a large number of binary
methods. They are divided into two groups, which are
based on the construction of the threshold surface:

- global binarization methods;

- local binarization methods.

The threshold surface is a dimension matrix M X N
corresponding to the size of the original image. Each
matrix cell defines the threshold of binary brightness for
the corresponding pixel in the original image. In the
global binarization methods, the threshold surface is a
plane with a constant threshold brightness value. In case
of local binaryization methods, threshold brightness
values change from point to image point, and is
calculated based on some local features in the pixel
vicinity or group of pixels.

The global binarization methods:

- binarization with the upper threshold: the
simplest method. In this case, if the pixel's brightness,
below the given threshold, is converted to black (0), the
rest is white (255):

0, f(m,n) < P;

f(m.m) = {ZSS,f(m,n) >P. ®

- binarization with two thresholds: if the pixel's
value is above the upper limit - it takes the maximum
value (255), if the pixel is lowered (0), the pixels with
values falling within the range of the thresholds take the
fixed mean (127), which, usually, specified at the
following stages [27-29]:

O,f(m,n)S B;
f'(m,n)=3127,R < f (m,n) > Py;
255,f(m,n) zh.

(10)

- Berns' binarization method. A simple square
aperture with an odd number of pixels runs in a loop
over all pixels of the original image. At each step are
Min and Max for this aperture. The average value is
found P =(Min+ Max) / 2. If the current pixel is larger

than P- it becomes white (255), otherwise black (0).

Local binarization methods.

- Otts'binaryization method. This method uses a
distribution histogram of the pixels' brightness values of
the of the image. A histogram is constructed and based
on values #; =n; /N, here is N - the total number of
pixels in the image, n is the number of pixels with and
brightness level. The brightness range is divided into
two classes using the threshold brightness value k - the
integer value from 0 to L. Each class corresponds to the
relative frequencies wy w:

(11)

(k)= Z

i=k+1 M

The method, which is proposed in this work, is an
improved Burns' method. Burns' method has a great
time to perform, so the following algorithm is proposed
for improvement:

- the image is divided into blocks of some size
(optional);

- for each block the threshold is determined;

- comparing the pixel value of the corresponding block
with - the threshold value corresponding to this block.

Conclusions

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 better 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 "snowflake" pattern.

4. An increase in the size of the filter is not feasible
because it leads to an increase in the algorithm's running
time and a "tampering" of the image.
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Jocaixxenns MeroliB QiibTpanii 300pakeHb B KOMII'IOTEPHAX CHCTEMAaX
O. I. Tumouxko, B. B. Jlapin, M. M. Konmuxos, O. O. Timouxko, B. M. [1aBnenko

AHoTanisi. Y cTarTi BKa3zyeThCsl, 10 JIFOJCHKI 04i MEHII YyTJIMBI 10 KOJIBOPY, HIJK JI0 iX sICKpaBOCTi. Y KOJILOPOBOMY
npocropi RGB yci Tpu KOMIOHEHTH BBaXKAalOThCS OJHAKOBO BAXIMBMMM, 1 3a3BH4ail BOHM 30epirarorbcsi 3 OJHAKOBOIO
po3xiIbHOIO 3aaTHICTIO. OJHAK MOXIMBO eeKTUBHIlIE BioOpaxaTH KOJIbOPOBE 300paxEHHs, BIOKPEMITIOIOUH SICKPABICTh Bij
KOJIbOpOBOI iH(opMarii Ta HpencTaBIsiiodd HOro 3 BUINOK po3auIbHOIO 3xatHicTio. [Ipoctip RGB nmobpe mimxomuts mis
KOMIT'TOTepHOI Ipadiku, OCKIJIbKH BiH BUKOPUCTOBYE Ili TPU KOMIIOHEHTH 11 popMyBaHHs konbopiB. Onnak npoctip RGB He
Jy)e e()eKTUBHHMN, KOJIM CIIpaBa CTOCYEThCS pealbHUX 300pakeHb. ClipaBa B TOMY, IO Ul 30€peXEHHsI KOIbOpY 300pakeHHs
noTpibHO 3HaTH Ta 30epiraté Bci Tpu kommoHeHTH RGB, 1 sKIIO oxuH i3 HUX BIJCYTHIH, Lle CHJIBHO CIIOTBOPHUTH Bi3yaJIbHE
300paxceHHs. Kpim Toro, npu o6pobui 300paxeHs y npocropi RGB He 3aBkau 3pydHO BUKOHYBAaTH OyIb-sIKE MEPETBOPECHHS
IKCeJIiB, OCKIIBKU B LIbOMY BHITIAJKy Oyae MoTpiOHO nepepaxyBaT Bci TpH 3HaueHHs komnoHeHTa RGB i 3pobuty 3BopoTHUIt
3anuc. Ile 3HAYHO 3HMIKYE IPOSYKTUBHICTD Pi3HUX aJITOPUTMIB 00poOKHU 300pakeHb. 3 IIMX Ta IHIIMX NPUYHH 6araro CTaHAapTiB
BiJZIeO BUKOPUCTOBYIOTH SICKPABICTh Ta J{BA CUTHAIN, 110 HEepenatoTh iHGopMallito po YepBOHUI Ta CHHINf KOMIIOHEHTH CUTHAIY,
SK KOJIbOpPOBY Mozenb, BigMiHHy Big RGB. HaiiBinomimmii cepen takux mpocropiB — YCbCr. bymo BusBieHo, mo Juis
JIOCATHEHHS HAaMKpaIlUX pe3yNlbTaTiB IOLUILHO BUKOPUCTOBYBATH JUIS KOXHOIO THITYy 300pakeHHs pO3Mip MIabJIOHY, a TaKOX
fioro tu. Jlnst 300pakeHHs NepIIoro TUIy Kpaie BuOpatu (GinbTp posmipom 5 mikcenis. s BCIX THIIB 300pakeHb, HE3AJIEHKHO
BiJl po3Mipy ¢inbTpa, HaAHKpaIIUid pe3ylbTaT MOKHA OTPUMATH, BUKOPHCTOBYIOUH MIa0JIOH "CHiXHMHKA". 30LIBIICHHS po3Mipy
(UIPTpa HEMOXKIIMBO, OCKIJIBKH 1€ IIPU3BOMTH 10 30UIBIICHHS Yacy poOoTH anroputMy Ta "danbcudikarii" 300paskeHHsL.

KawuoBi ciroBa: 300pakeHHs; KOMIIOHEHT; aJIT'OPUTM; CTaHIapT; KOMIT IOTEPHI CUCTEMHU.

Hccnenopanne MeTonoB GUILTPANNA H300paKeHHii B KOMIIBIOTEPHBIX CHCTEMAX
A. 1. Tumouko, B. B. Jlapun, M. M. Konmsikos, A. A. Tumouko, B. M. IlaBienko

AHHoTanus. B crarbe ykasbiBaeTcs, UTO 4eJIOBEUYECKHE IVIa3a MEHEE UyBCTBHTENIBHBI K LIBETY, 4eM K HMX spkocTH. B
1[BETOBOM IpocTpaHcTBe RGB Bce TpH KOMIOHEHTa CUMTAIOTCS OAMHAKOBO BaXKHBIMH, M OOBIYHO OHHM XPAHATCS C OIMHAKOBOH
paspelatoieil cioco6HocThI0. OnHaKO BO3MOKHO 3(QPEKTUBHO OTpaXkaTh LIBETHOE M300paKeHHUE, OTACNsS IPKOCTh OT 1IBETOBOI
nHGOpPMALIU U TIPEICTaBIsisA ero ¢ Ooinee BbICOKUM paspenteHueM. [IpoctpancrBo RGB xopomo noaxomuT st KOMITBIOTEPHOK
rpadUKy, IOCKOJIbKY OH MCIIOJIB3YeT 3TH TPH KOMIIOHEHTa 11 (opmupoBaHus 1seroB. OnHako npocrpanctBo RGB He oueHb
s dexTrBeH, Korya 1610 KacaeTcst peajlbHbIX H300paskeHui. Jles1o B TOM, UTO JUIs COXpAaHEHHs [IBETA N300PAKEHHs HY)KHO 3HaTh H
XpaHUTh Bee TpU komrnioneHTa RGB, 1 eciii 0jMH U3 HUX OTCYTCTBYET, 3TO CHIILHO HCKa3UT BU3yallbHOE H300paxkeHue. Kpome Toro,
npu obpaborke m3obpaxenuil B npocrpancre RGB He Bcerna yn00HO BBIIONHATE JI000OE NPeoOpPa3oBaHUE TOUYEK, OCKOIBKY B
9TOM Cllydae HOTpedyeTcsl NepeduciIuTh BCe TPU 3HayeHHs KommoHeHTa RGB u crenarhs o0paTHYO 3amuch. OTO 3HAUHTENBHO
CHIDKACT HPOM3BOJUTENIBHOCTD PA3IMYHBIX AITOPUTMOB 00paboTku u3o0pakeHuil. Ilo 3TUM M ApyrMM HpHYMHAM MHOTHe
CTaHAapThI BUEO UCHOJB3YIOT APKOCTh U JIBa CUTHAJIA, epearolie HHPOPMALIMIO O KPACHOM M CHHEM KOMIIOHEHTaX CHTHalla, KaK
LIBETHYIO MOZelb, oTimuHyto oT RGB. CaMbM M3BeCTHBIM cpentt Takux mpoctpaHcTB ecth Y CbCr. bbuto oOHapyxeHo, 4To mis
JIOCTHIKEHHS JTydIHX PE3yJIbTaTOB LIEIECO00Pa3HO UCIONb30BaTh I KaKIOr0 THIIA H300paKeHHs pa3Mep A0JIoHa, a TAKKe ero
Tu. JIjis n300pakeHus epBOro THUIIA JIydllle BEIOpaTh QUIBTP pasMepoM 5 nukceneld. [ Bcex THUIOB H300pakeHHH, HE3aBUCUMO
oT pazMepa (GuIbTpa, Jy4IIHH pe3ynbTaT MOXKHO IOIYYHTb, UCHOJB3Ys MAONOH "CHeXXHHKA". YBelnuueHue pazmepa (GuibTpa
HEBO3MOXKHO, ITOCKOJIBKY 3TO IPUBOJUT K YBEIUYEHUIO BPEMEHH paboThl ainropurma u "danscuduxanun' n300paxeHus.

KamoueBblie cioBa: I/I306pa)KGHI/ISI KOMITOHEHT; aJITOPUTM; CTaHAaPT; KOMIIbIOTEPHbIC CUCTEMBI.
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