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DEVELOPMENT OF A METHOD FOR 

COMPRESSING IMAGES ON THE BASIS 

OF JPEG ALGORITHM

У роботі розглянуто проблему оптимізації зображень, а саме зменшення фізичного розміру зображен-
ня, шляхом якомога меншого погіршення якості зображення. Об’єктом дослідження є методи для обробки 
та стиснення зображень. Під час аналізу методів було виявлено одну з найбільших проблем, яка полягає  
у тому, що при вирішенні задачі обробки та стиснення зображення досліджені методи дозволяють досягти 
найменшої втрати якості, але внаслідок цього значно зменшується коефіцієнт стиснення. Для подолання 
цієї проблеми було прийнято рішення розробити модифікацію JPEG алгоритму стиснення. Запропонована 
модифікація полягає у додатковому квантуванні спектру після дискретного косинусного перетворення,  
а потім отриманий спектр подається на кодер Хаффмана, який робить стиснення ще більш ефектив-
ним. Отримано метод вирішення задачі оптимізації зображень, який дозволяє отримати зображення  
з меншим розміром та більшим коефіцієнтом стиснення при збереженні оптимальної якості. Це пов’язано 
з тим, що запропонований метод має ряд особливостей, таких як вихідне кольорове зображення, що може 
мати 24 біта на точку, зокрема є можливість задання ступеня стиснення. Завдяки цьому забезпечується 
можливість отримання при коефіцієнті якості, що дорівнює нулю співвідношення сигнал/шум, яке складає 
54,2 dB. У порівнянні з відомим алгоритмом LZW, це дозволяє отримати оброблене зображення зі значно 
меншим фізичним розміром. Проведена оцінка якості зображення в залежності від параметрів задачі та 
показано, що для задач малої та середньої розмірності розроблений метод забезпечує мінімальну втрату 
якості. Результати рішення задачі для конкретного прикладу демонструють перевагу розробленого ме-
тоду над існуючими. Отримані результати можуть бути успішно застосовані для вирішення проблеми 
оптимізації розміру зображення при максимальному збереженні якості.

Ключові слова: метод стиснення, оптимізація зображення, JPEG алгоритм, якість зображення, розмір 
зображення.
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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 

is divided into blocks of 8×8 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]:

DCT
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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:

P DCT P DCTDCT
T= ⋅ ⋅ ,  (2)

where P – image block of size 8×8 elements; PDCT – block 
after passing the DCT; DCT – cosine transform matrix; 
DCT T – 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 (8×8). 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]:

P DCT P DCTDCT
T= ⋅ ⋅ .  (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 quality 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.

References

1. David, S. (2004). Image Compression. Data Compression. New 
York: Springer-Verlag, 251–512. doi: http://doi.org/10.1007/ 
0-387-21832-7_5 



INFORMATION AND CONTROL SYSTEMS:
REPORTS ON RESEARCH PROJECTS

34 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 2/2(52), 2020

ISSN 2664-9969

2. Gray, R. M. (1991). Image compression. Data Compression Con-
ference. Snowbird. doi: http://doi.org/10.1109/dcc.1991.213293 

3. Howard, P. G., Vitter, J. S. (1992). Parallel lossless image com-
pression using Huffman and arithmetic coding. Data Compres-
sion Conference. doi: http://doi.org/10.1109/dcc.1992.227451 

4. Ansari, R., Memon, N., Tseran, E. (1998). Image lossless com-
pression methods. Journal of Electronic Imaging, 7 (3), 486–494. 
doi: http://doi.org/10.1117/1.482591 

5. Horspool, R. N. (1991). Improving LZW (data compression 
algorithm). Data Compression Conference. doi: http://doi.org/ 
10.1109/dcc.1991.213347 

6. Salari, E., Whyte, W. A. (1991). Compression of stereoscopic 
image data. Data Compression Conference. doi: http://doi.org/ 
10.1109/dcc.1991.213336 

7. Halder, A., Banerjee, A. (2010). An efficient image compres-
sion algorithm for almost dual-color image based on k-means 
clustering, bit-map generation and RLE. International Confe-
rence on Computer and Communication Technology (ICCCT). 
doi: http://doi.org/10.1109/iccct.2010.5640529 

8. Firas, A. J., Hind, E. Q. (2012). Five Modulus Method for Image  
Compression. Signal & Image Processing: An International Jour-
nal, 3 (5), 19–28. doi: http://doi.org/10.5121/sipij.2012.3502 

9. Wu, X., Memon, N. (1997). Context-based, adaptive, lossless 
image coding. IEEE Transactions on Communications, 45 (4), 
437–444. doi: http://doi.org/10.1109/26.585919 

10. Tinku, A., Ping-Sing, T. (2005). JPEG – Still Image Com-
pression Standard. JPEG2000 Standard for Image Compression. 
Springer, 55–78. doi: http://doi.org/10.1002/0471653748.ch3 

Fedorchenko Ievgen, Senior Lecturer, Department of Software 

Tools, National University «Zaporizhzhia polytechnic», Ukraine,  

e-mail: evg.fedorchenko@gmail.com, ORCID: http://orcid.org/0000-

0003-1605-8066

Oliinyk Andrii, PhD, Associate Professor, Department of Soft-

ware Tools, National University «Zaporizhzhia polytechnic», Ukraine,  

e-mail: olejnikaa@gmail.com, ORCID: http://orcid.org/0000-0002-

6740-6078

Stepanenko Alexander, PhD, Associate Professor, Department of 

Software Tools, National University «Zaporizhzhia polytechnic», 

Ukraine, e-mail: alex@zntu.edu.ua, ORCID: http://orcid.org/0000-

0002-0267-7440

Korniienko Serhii, PhD, Associate Professor, Department of Soft-

ware Tools, National University «Zaporizhzhia polytechnic», Ukraine, 

e-mail: kornienko.zntu@gmail.com, ORCID: http://orcid.org/0000-

0002-5435-0773

Kharchenko Anastasia, Software Developer, Zaporizhzhia, Ukraine, 

e-mail: kharchenko.13.08@gmail.com, ORCID: http://orcid.org/0000-

0002-4313-555X

Laktionov Valerii, Software Developer, Zaporizhzhia, Ukraine, e-mail: 

wyknait@gmail.com, ORCID: http://orcid.org/0000-0002-0147-5257


