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Y po6omi posensnymo npobiemy onmumizauii 306pajcens, a came sMeHuenHs Qi3uurnozo posmipy 300pacer-
1S, WAAXOM SAKOMO2A MEHUL020 Nozipuienis sxocmi soopaxcenns. Q6 cxmom docaiodcenis € memoou ons 06pooKu
ma cmucnenns 306pancens. Iio uac ananisy memooie 6yno useieno o0ny 3 HAUGIILWUX NPOOIeM, AKA NOLALAE
Y momy, wo npu supiutenni sadayi 06poOKU ma cCMUcHeHHst 300paxcetis 0cioxceni Memoou 003601510mMb 00Csizmu
HatMenuLoi empamu SKocmi, ane 6HACIIO0K Ub020 3HAUHO 3MEHULYEMbCS Koediyicum cmuchenns. /[is nodoranms
yiei npobaemu 6.0 npuiinamo piwenis pospobumu modudixayiio JPEG arzopummy cmucnenis. 3anpononosana
moduixayis noisieae y 000amrko8oMy KEAHMYBAHHI CHEKMPY NiCs OUCKPEMHO20 KOCUHYCHOZ0 NePemeopPeHHsl,
a nomim OMpUMAnuil cnexmp nodaemocs na xkodep Xaggmana, axuii pobums cmucnenns we 6iioul epexmus-
Hum. Ompumano memoo supiwenns 3adaui onmumisayii 300pajcenv, AKuil 0036016 OMPUMAMU 300PAHCCHHSL
3 MEHWUM PO3MIPOM Ma OinbuuM Koediyienmom cmucrenns npu sbepecenii onmumaivhoi sxocmi. Lle nos’ssamno
3 MUM, W0 3ANPONOHOBAHUT MEMOO MAE PO 0COOIUBOCMEN, MAKUX SK BUXIOHE KOTHOPOBE 300PAINCEHHSL, U0 MOHCE
mamu 24 6ima na mouxy, 30Kpema € MOACIUGICMb 3a0aANH CMYNeHs CMUCHeNH. 3a80KU YbOMY 3a6e3neuyemocs.
MOJNCIUBICI OMPUMAHHS NPU KOeDIUieHMI AKOCMI, U0 QOPIBHIOE HYJIO CNIBBIOHOWEHHS CUZHAL/WYM, SKe CKAA0AE
54,2 dB. Y nopisnsanni 3 eidomum anzopummom LZW, ye dozeonse ompumamu o6pobrene 306paxcenis 3i 3Haumno
meHwum Qisuunum posmipom. Ilposedena oyinka sxocmi 300paxcenust 6 3aneicnocmi 8i0 napamempie 3adaui ma
NOKA3aHo, wo 0 3a0au Maioi ma cepednvoi posmipnocmi po3pobienuil memood 3abesneuye MiHiMaIbHy empamy
axocmi. Pesynvmamu piwenns 3adaui 015 KOHKPEMH020 NPukiady 0eMoHCmpylomy nepesazy po3pooienozo me-
mody nad icuyrouumu. Ompumani pesyromamu MoJCyms OyYmu Ycniuno 3acmocosami 0ns supiuenis npooiemu

ONMUMI3AUTT POSMIDY 306padNCeHHS NPU MAKCUMATLLHOMY 30ePelcenti SKocmi.
Kmouosi cnosa: vemod cmucnens, onmumisayis so6paxcenns, JPEG anrzopumm, saxicmo 300paceis, po3mip

300pascenns.
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1. Introduction

Recently, compression and image processing methods have
been widely used in various fields of information technology,
for example, to increase the speed of loading content on
sites with a large number of images. However, the known
methods do not allow to achieve optimal image compression,
as they are based on a not quite perfect balance between
image quality and size. With large compression, the size de-
creases significantly, but the image quality is also significantly
lost, and vice versa, if to maintain the quality, the image
size is reduced not in the amount in which it is necessary.
Therefore, the urgent task is to develop a modification
of the image processing and compression method [1]. The
object of research is methods for processing and compress-
ing images. The aim of research is to develop a method for
processing and compressing images in order to minimize
image size, without significantly affecting image quality.

2. Methods of research

Saving space in JPEG starts at the image submission
stage. Instead of the usual RGB, it uses YCbCr. The image
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is divided into blocks of 8x8 pixels. Each block undergoes
a discrete cosine transform (DCT), which translates the block
spatial in spectral form. A spectrum can be compressed more
efficiently than individual pixels. Additionally, the spectrum
is quantized, which increases the number of zeros in the
block. Quantization spectral coefficients are compressed in
series. After the series is compressed, the result is fed to the
Huffman encoder [2], which makes the compression even
more efficient. Further, the entire process is repeated for
each image block. It follows that the higher the degree of
quantization, the more concise the output image.

The main stage of the method is the discrete cosine
transform (DCT), which is a type of Fourier transform [3].
It allows to move from the spatial representation of the
image to its spectral representation and vice versa. All the
transformations that are usually done on the signals during
their digital processing, one way or another, are reduced
to the decomposition of the function into other, so-called
basic functions [4].

But such a two-dimensional representation allows to
notice interesting features — it can be seen that the hori-
zontal coordinate of the position of the basic function
characterizes the horizontal component of the changes in
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the image in the original square, the vertical coordinate —
the vertical component. The larger, for example, the coef-
ficient in front of the basis function, located to the right
of the beginning, the more abrupt the transitions of the
image in the horizontal plane are [5].

Applying the DCT to each working matrix, let’s obtain
a matrix in which the coefficients in the upper left corner
correspond to the low-frequency component of the image,
and in the lower right to the high-frequency component.

It is possible to create the DCT matrix using the fol-
lowing formula [6]:

1/N, if i=0

T, = 1
V2N Cos((2]+1)1 3.14/2N), if i>0, S

where N — the size of the matrix is 8; i — the row of the
matrix 0<i<7 and j — the column of the matrix 0<j<7.
Let’s carry out matrix multiplication using:

Pyer = DCT-P-DCT”, (2)

where P — image block of size 8x8 elements; Ppcr — block
after passing the DCT; DCT — cosine transform matrix;
DCTT — corresponding transposed matrix [7].

The quantization process uses the fact that in real
images high-frequency components are almost never found,
but not always a pixel-wide grid. Therefore, high-frequency
components can be encoded more schematically. And here we
are once again helping out by presenting the DCT results
in a two-dimensional form [8].

Now it is necessary to divide each number in the ma-
trix by the number in the corresponding position in the
quantization matrix. When obtain fractional numbers, their
main thing is to properly round to integers. If the inverse
transformation is carried out, the deviation from the refe-
rence values does not exceed 10 %. This ends the loss of
information, other transformations relate to methods without
loss of information. So, the significant positive aspects of
the JPEG algorithm are that:

a) compression degree is specified;

b) original color image may have 24 bits per point.

The negative sides of the algorithm are that:

a) with increasing compression ratio, the image splits
into individual squares (8x8). This is due to the fact that
large losses occur at low frequencies during quantization,
and it becomes impossible to restore the original data;

b) Gibbs-halo effect [9] appears along the boundaries
of sharp color transitions.

3. Research results and discussion

One of the problems with computer graphics is that an
adequate criterion for assessing image quality losses has not
yet been found. Better loss of image quality appreciates our
eyes. The measure that is now being used in practice is
called the peak to peak signal-to-noise ratio (PSNR) [10]:

Pyer =DCT-P-DCT”. (3)

Let’s study the signal-to-noise ratio for various para-
meters of the quality factor Q. With an increase in Q,
a decrease in the signal-to-noise ratio is observed. It should
be noted that at Q=0, the signal-to-noise ratio is 54.2 dB.

This is due to the fact that the image is still processed.
In this case, the losses do not occur during the quantiza-
tion process, but at the rounding stages of the variables.
Two areas should be noted: first, a sharp decrease in the
signal-to-noise ratio, and then a slight change with a sig-
nificant increase in the quality factor. This is important
from a practical point of view, as it allows the user to
greatly facilitate the search for a compromise between
image quality and compression ratio.

Fig. 1 shows a graph of the dependence of the compres-
sion coefficient on the quality factor, that is, a characteristic
of the degree of the image of the package depending on
its quality. At maximum quality (Q=0).
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Fig. 1. The dependence of the compression ratio on the guality factor

The compression ratio is minimal and equal to 4. Reduc-
ing the requirements for image quality allows to increase
the compression ratio. The dependence is saturation in
nature, which is due to the use of the adaptive Huffman
method, which in itself is limited by the compression ratio.

4. Conclusions

A solution to the problem of image processing and
compression is proposed. An image processing and com-
pression method has been developed, which consists in
solving the multicriteria problem of optimizing the physi-
cal size of an image without significant quality loss. The
developed method allows to obtain a processed image with
a much smaller physical size, it is very advisable to save
space on storage media and to speed up the loading of
Internet pages with a large number of images.

The calculation time is estimated depending on the
parameters of the problem. It is established that for problems
of small and medium dimensions the developed method
provides an acceptable calculation time. The results of
solving the problem for a specific example demonstrate
the advantage of the developed method over existing ones.
Thus, JPEG algorithm is modified for compressing the
image and optimizing the physical size of the image. The
use of this compression method in solving this problem
has shown its high computational efficiency and provides
an effective tool for solving this problem.

Thus, the obtained results allow to conclude that the
proposed method for processing and compressing images is
expedient and effective for solving the problem of optimizing
the physical size of the image without significant loss of quality.
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