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The method of color coding which allows to carry out the independent analysis
of brightness and color is considered. Algorithms for processing digital images, the
task of which is to change the relevant parameters, are analyzed. The conclusion about
modification of image parameters is made.

One of the fundamental problems of today is the problem of visual perception. It
arose a long time ago. It is relevant today, because the image is a natural means of
communication between man and machine in any processing, analysis and control sys-
tems. Image processing is responsible for image conversion (filtering). The development
of modern computer technology and information technology contributes to the wides-
pread implementation of automatic image processing systems. The main purposes and
algorithms of image processing are defined: improving the image for computer percep-
tion and improving the image for human perception.
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The practical significance. A digital image consists of pixels. In the case of mono-
chrome or color images, images that have not undergone color correction, each pixel
corresponds to the value read from the corresponding image converter element.

If a color image has undergone a color correction process, each pixel corresponds to
a set of numbers that describe its brightness and color.

The color can be represented by different models: RGB, Lab, XYZ, Yxy, Luv, HSL,
HSV, HSB, etc. [1, 6].

In typical solutions, the image is converted to a so-called additive RGB model. In
this model, the pixel describes three values that correspond to the intensities of the com-
ponents (red, blue, and green) of the registered color.

The description of the color model requires the introduction of the definition of
illuminator and standard observer.

[luminator — is a light picture with a specific spectral distribution. The type of illu-
minator is important for human perception of color, it also depends on some values of the
conversion factors between models. Several common types of illuminators have been
introduced. For example, D55, D65, D75 luminaires corresponding to daylight with a
temperature of 5500K, 6500K and 7100K respectively.
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Standard observer — it is a certain function that forms a person’s color vision, which
eliminates the influence of individual differentiation on their perception. The most com-
monly used type of standard observer used is the CIE 1931 Standard Observer 2°, the
characteristics of which correspond to day vision in strong enough light, for a viewing
angle of 2°. This type of observer was proposed by the CIE (Commission Internationale
de I’Eclerage, International Commission on Lighting) in 1931.

RGB model — it is a convenient model for decomposing the image into components
during registration and for display on monitors. The additive RGB model is also used,
however, less useful in terms of advanced analysis and conversion. For example, chang-
ing the brightness in the RGB model affects all parameters of the model, making it diffi-
cult to compare objects of the same color, but illuminated by light of different intensities.

The CIELAB model is an example of a color coding method that allows indepen-
dent analysis of brightness and color. In the CIELAB model, brightness is described
by the L* parameter, and color information is described by the a* and b* parameters.
Conversion between RGB and CIELAB systems requires the use of the XYZ model. The
first step is to calculate the auxiliary values R’, B* and G’, as well as R”, B” and G” for
each RGB channel.

for R, G, Be|l]

24
If (R>0.04045) then R' = (wj else R'= R

1.055 12.92

24
If (G >0.04045) then G'= G+0.055 else G'=——
1.055 12.92

24
If (B>0.04045) then B'= B+0.055 else B'=——
1.055 12.92

R"=R"100; G"=G"100; B" = B"100;

For observer 2° and illuminator D65, the following relationship is used between the
values of R”, B” and G” and XYZ

X=R"0.4124+G"0.3576+ B"-0.1805
Y=R"0.2126+G"0.7152+ B"- 0.0722
Z=R"0.0193+G"0.1192+ B"0.9505

The parameters of the XYZ model correspond to the parameters of the relative co-
ordinate space xyz [2-4]. The values in the conversion correspond to 2° observer and
illuminator D65.

The conversion to the target CIELAB form is then performed.

For the observer 2° and illuminator D65:

X, =95.047,Y, =100, Z,  =108.88;
X':L;Y'ZL;Z'ZL

X,, Y, Z

ref
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If (X'>0.008856) then X" =3/X" else X" =(7.787- X ) +%
If (Y'>0.008856) then Y" =Y " else Y= (7.787-Y') + %

If (Z'>0.008856) then Z"=3Z" else 2" = (7.787- Z") +%

L'=(116-Y")-16
a =500-(X-Y)
b =200-(Y"-Z")

Objectives and methods of image processing

In the case of the primary creation of the image (photo) often have problems of the
following nature: the image is noisy or fuzzy, dark or low-contrast, it has the wrong co-
lors (wrong white balance) or unevenly lit.

Accordingly, you can identify the main goals for image processing.

The first goal is to improve the image for computer perception, ie with the help of
various known tools (algorithms) to further simplify image recognition.

The second goal is to improve the image for human perception, ie to improve the
image so that it looks more attractive and “better” from a subjective point of view. These
include image processing in various graphic editors (Photoshop and others), to improve it
and meet the aesthetic needs of man with a beautiful image [4, 8].

The recorded digital image undergoes various transformations depending on its pur-
pose. One of the operations is a procedure for reconstructing a color image based on an
image obtained from an image converter equipped with a mosaic filter.

Along with the very dynamic development of technologies related to image recor-
ding and processing, many new methods and algorithms have been developed in recent
years. Many methods, which are currently of almost purely theoretical importance (due
to the high requirements for computing power and image quality, as well as the ability to
store and transmit them), are widely used in practice.

Processing algorithms can be divided into those whose task is to change specific
parameters of the image, and those whose purpose is to remove certain features from
the image.

The first group includes, among other things, operations aimed at improving the
visual quality of the image (subjective or corresponding to specific, objective criteria),
adapting it to the requirements established by the algorithms by which the image will
be processed (for example, image compression, reduces calculation time), changing the
way color information is recorded, etc.

The second group includes operations that allow you to select image elements that
meet certain criteria (for example, a certain color, type of texture, contours, etc.). For
such image elements, you can calculate various parameters that describe them. You can
perform image recognition based on certain parameters.

Image processing, changing its parameters
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A monochrome image can be considered as a two-dimensional signal
I(u;,u,),
with real values, and the values of u, and u, are valid coordinates. In the case of color
images, we can assume that the values of /(u,;u,) are vectors of real numbers, and the
components of these vectors correspond to the values of the components that describe
the pixel parameters in the adopted color registration model (RGB, CIELAB, etc.).

The image registration process using image converters can be interpreted as a pro-
cess of image sampling and quantization. The image projected by the optical system on
the surface of the transducer is analyzed by a matrix of photocells of the transducer. Each
of the photocells analyzes the brightness level of the image fragment corresponding to
the area occupied by this photocell. The brightness level is converted to an electrical
quantity (voltage in CMOS converters or charge in CCD converters). This process can
be considered as a sample of a two-dimensional signal. Then each sample is converted
by analog-to-digital converters into a number. As a result of recording, the monochrome
image becomes a signal [3, 4-7].

10,.1,),
with discrete domain and values
1:Q>{,.,E},E€?2,Qc?
then the color image takes the form of a signal
[:Q—>E Ee?,Qc?

where p — is the number of parameters provided in the color registration model for exam-
ple, for the RGB model p = 3). Discrete image elements are called pixels. It is known
from the Shannon-Nyquist sampling theorem that a limited signal range can be fully
reproduced using samples of this signal if the sampling frequency is at least twice the
frequency value that limits the frequency band of the sampled signal. In the case of sam-
pling electrical signals from converters that supply a time-varying analog signal, low-
pass filters are used to limit the bandwidth of the signals. In the case of image converters,
it is necessary to limit the bandwidth of the signal (image) to a value determined by the
resolution of the converter. The image is an optical signal. For an image, you can define
the frequency of the brightness changes in the selected area as a function of changing the
position of the point lying in that area. In order to distinguish the period and frequency
that describe the change in signal over time, the terms spatial period and spatial frequen-
cy are used. If the spatial period of brightness changes in an image with a sinusoidal
light distribution is equal to As, then the frequency of this signal can be determined by

the expression
w= i (1)
As
For such a signal, you can determine the sampling density required to record it.
In image converters, this determines the minimum distance between the light-sensitive
elements of the converter. According to the sampling theorem, this distance must satisfy

the condition

Ak < L 2)

2w
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In practice, condition 2 requires limiting the image bandwidth achieved by optical
image blurring elements, which are called “antialias filters” in the English literature, or
limiting the resolution of lenses at the design stage.

Conclusions. Image processing can be in the coordinate region of the image or in
the transformed domains (for example, in the frequency domain).

Modification of image parameters performed in the area of image coordinates can
be carried out according to several basic patterns of behavior: point operations, spatial
filtering and morphological operations.
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Po3zenanymuii memoo Konbopo6o2o KoOY8anus, sSIKUll 003605€ NPOBOOUMU HE3AEiC-
HUtl ananiz sickpasocmi ma Konwopy. Ilpoananizoeani ancopummu onpayro8aHHs yu@dposux
300pasicens, 3a460AHHAM AKUX € 3MIHA BIONOBIOHUX napamempis. 3pobieHull BUCHOBOK
npo moougixayiro napamempis 306padicenus. QOHI€ 3 QyHOAMEHMATLHUX NPOOIEM
Cb0200EHHS, € NPobIeMa 30p08020 chpuliHamms. Bunuxna éona oysice dasno. Bona €
AKMyanvbHo0 i 6 MenepiHill Yac, momy wo 300padiceHHs ye npupooHil 3acio cniiky-
6AHHA THOOUHU | MAWUHU 8 OYO0b-SKUX cucmemax 00pooKu, ananizy i kokmponro. Lug-
pose 300padicents cKaa0acmvcs 3 nikcenis. Y aunaoky MOHOXPOMHUX 300padicetb abo
KOIbOPOBUX, 300pAdCEHHS, AKI He 3A3HAIU KOIbOPOKOPEKYil, KoJceH nikcenb 6ionosioac
SHAUEHHIO, 3YUMAHO20 3 BIONOBIOHO20 UOMY eleMenma nepemeaoproeayd 300paiceHs.

AKugo Konbopose 300pasicents npoUuUIIO NPoYec KOIbOPOKOPEKKYIi, Mo KOJCeH NiK-
cenb 8ionogioae Habopy yupp, wo onucyoms 1020 ACKPAGiCMs Ma KOLip.

Onpayrosarns 300padsicents 8i0nN0sidac 3a nepemeopents (pinbmpayiro) 300pasicenHs.
Possumox cyuacrhux 3acobie komn romepHoi mexuixu i iIHopMayitiHux mexHono02il cnpusie
LUUPOKOMY 6NPOBAONCCHHIO 8 NPAKMUKY CUCTNEM AGIMOMATUYHOT 00PpOOKU 300padcenHsl.

Memoro cmammi € usHauumu OCHOGHI YiNi i aneOPUMMU ONPAYIOBAHHS 300PANCEHD.!
NOKPaWeHHs1 300padicetHsl OJisl CHPUTIHAMMS KOMN T0Mepom ma NOKPAUenHs 300padiceH-
HSL OJ1SL CRPULHAMMSL 300PaNCEeHHS TH0OUHOTO.
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Onpayrosanmst 300pasicerb modice Oymu 6 KOOpOUHAmMuil oonacmi 300pasicenns aoo
6 mpancghopmosanux domeHax (Hanpuxiaod, 6 wacmomuii ooracmi). Moougixayis na-
pamempis 300paxcerts, wo nPosoOUmMsCs 8 001ACMI KOOPOUHAM 300PANCEHHS, MOICEe
30TUCHIOBAMUCS BIONOBIOHO 00 OEKIILKOX OCHOBHUX 3PA3KI8 NOGEOTHKU: MOYKOBUX ONe-
payiti, npocmoposoi pinempayii ma mopghonociunux onepayil

Knwuogi cnoea: memoo xonbopo6oco KOOYEaHHs, anHali3 ACKpagocmi ma Koabopy,
AneoOpUMMU ONPAYIOBAHHS YUDPPOBUX 300paAdICeHb, YUPDPOse 300paAdiCeHHs, KOMPHI MO-
oelli, onpayr8ants 300paxiceHs, Yili ONPayO8aAHHs 300padiCetb, 3MIHA NAPAMEmpIs 30~
OpadicenHs.
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