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DISCRETE ATOMIC COMPRESSION OF DIGITAL IMAGES:
ALMOST LOSSLESS COMPRESSION

In this paper, we consider the problem of digital image compression with high requirements to the quality of
the result. Obviously, lossless compression algorithms can be applied. Since lossy compression provides a
higher compression ratio and, hence, higher memory savings than lossless compression, we propose to use
lossy algorithms with settings that provide the smallest loss of quality. The subject matter of this paper is al-
most lossless compression of full color 24-bit digital images using the discrete atomic compression (DAC) that
is an algorithm based on the discrete atomic transform. The goal is to investigate the compression ratio and
the quality loss indicators such as uniform (U), root mean square (RMS) and peak signal to noise ratio (PSNR)
metrics. We also study the distribution of the difference between pixels of the original image and the corre-
sponding pixels of the reconstructed image. In this research, the classic test images and the classic aerial im-
ages are considered. U-metric, which is highly dependent on even minor local changes, is considered as the
major metric of quality loss. We solve the following tasks: to evaluate memory savings and loss of quality for
each test image. We use the methods of digital image processing, atomic function theory, and approximation
theory. The computer program "Discrete Atomic Compression: User Kit" with the mode "Almost Lossless
Compression" is used to obtain results of the DAC processing of test images. We obtain the following results:
1) the difference between the smallest and the largest loss of quality is minor; 2) loss of quality is quite stable
and predictable; 3) the compression ratio depends on the smoothness of the color change (the smallest and the
largest values are obtained when processing the test images with the largest and the smallest number of small
details in the image, respectively); 4) DAC provides 59 percent of memory savings; 5) ZIP-compression of
DAC-files, which contain images compressed by DAC, is efficient. Conclusions: 1) the almost lossless com-
pression mode of DAC provides sufficiently stable values of the considered quality loss metrics, 2) DAC pro-
vides relatively high compression ratio; 3) there is a possibility of further optimization of the DAC algorithm;
4) further research and development of this algorithm are promising.

Keywords: atomic functions, discrete atomic compression, discrete atomic transform; almost lossy image

compression.

Introduction

Digital image compression is a distinct branch of
data compression. All existing methods of such pro-
cessing can be classified according to various criteria. In
general, image compression methods are divided into
two types: lossless and lossy compression algorithms
[1]. It is clear that the algorithm is called lossless if the
original image can be exactly restored in the process of
decompression. In other words, the original and decom-
pressed images are exactly the same. In spite of this
important feature, full-color digital images, such as digi-
tal photos are often compressed using lossy compres-
sion algorithms (we note that the JPEG algorithm is the
most popular). In most cases, lossy compression pro-
vides a higher compression ratio and hence higher
memory savings than lossless compression. Besides,
loss of quality may be visually imperceptible or may not
be perceived as significant. This explains the wide-
spread use of lossy compression algorithms. However,
some changes may not be acceptable in the future. Some

local quality losses can be visually insignificant, but at
the same time adversely affect the process of analysis
and lead to incorrect results. In some cases, for example,
when processing medical images, the consequences of
such errors can be disastrous. One solution to this prob-
lem is to regulate the quality of selected areas of the
image. Nevertheless, not all compression algorithms
provide an implementation of this approach. Moreover,
it can be inapplicable when processing the big data. An-
other solution is to use compressors with settings that
minimize the quality loss of the entire image, and not
just the selected areas.

In the paper [2], discrete atomic compression
(DAC) of digital images was introduced. This algorithm
is based on the application of so-called atomic functions
[3]. DAC is an algorithm for lossy compression of full
color 24-bit digital images. Also, it was shown in [2]
that DAC is an effective image compression tool. In this
paper, classic test images and classic aerial test images
were used. It follows from the obtained results that
DAC provides higher compression ratio than the JPEG
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algorithm with the same quality of results. We used
such modes of these algorithms that do not provide min-
imal loss of quality. Although, in each case, the differ-
ences between the original image and the corresponding
decompressed image are invisible or hard to see.

The aim of this paper is to investigate the effi-
ciency of DAC with settings that provide the maximal
quality of the result.

1. Formulation of the problem

In the current research, we use the computer pro-
gram "Discrete Atomic Compression: User Kit" with the
mode "Almost Lossless Compression" [4]. Using this
software, we compress the classic test images (Lena,
baboon, peppers etc.) and the classic aerial images [5].

The main task of this paper is to evaluate
memory savings and loss of quality for each test image.

To determine the effectiveness of the DAC algo-
rithm, we use the compression ratio and metrics of qual-
ity loss. The compression ratio (CR) is defined by the
formula

CR = Siz¢ of original image

size of compressed image

Using this value, we also can obtain a percentage

of memory savings (PMS)
PMS = (1 —L)&OO% .
CR

We note that evaluation of the quality of the result
is extremely subjective.

Further we use the following metrics of the differ-
ence between the source data x =(x;,x5,..,x,) and

the data y=(y,ys,...y,) obtained during the pro-

cessing:
1) the uniform metric (U-metric)
U= max |Xi _Yi|§
i=1,2,...n
2) the root mean square metric (RMS-metric)

n
RMS = lZ(Xi —vi)’;
i=1

3) peak-to-peak signal-to-noise ratio (PSNR-
metric)

max
PSNR =20-log;, RMS
(in the current research, max=255).

High dependence on even minor local changes is
an important feature of the uniform metric U. It is obvi-
ous that if U is small, then all changes, which were ob-
tained during the process of compression and decom-
pression, are minor. For this reason, this measure is ma-
jor in the study of the almost lossless compression. Two

other metrics provide estimation of the average loss of
quality.

A more comprehensive analysis of quality loss can
be carried out by studying the distribution of difference
between pixels of the original image and the corre-
sponding pixels of the reconstructed image. Consider
the function

n(k)

f(k) = N’
where N is the total number of pixels and n(k) is the
number of the reconstructed image pixels whose varia-
tion from the corresponding pixels of the original image
equals k. This function in combination with the metrics
U, RMS and PSNR is the main tool for analyzing loss of
quality.

In the next sections, we present and discuss the re-
sults of compression of the test images.

2. Almost lossless compression using DAC

The DAC algorithm is based on atomic functions
up, (x) . The feasibility of this approach was shown in

[6]. Further, in [7], discrete atomic transform (DAT),
which is the core of DAC, was introduced. This proce-
dure provides the implementation of all useful proper-
ties of atomic functions in data processing and especial-
ly in image compression.

DAT is an operator that associates the source data
d=(dy,....d,) to the set of values ©=(o,..,0,)

called DAT-coefficients. Analysis and processing of the
source data can be carried out by analyzing and pro-
cessing the correspondent DAT-coefficients. All ad-
vantages of such an approach are presented in [7].

The figure 1 shows the main steps of DAC.

digital image -»| RGB—YCrCb | DAT
DAC-file <«| coding (44 quantization

Fig. 1. Discrete atomic compression of digital image

As it can be seen, DAC is based on the classical
scheme: preliminary processing — discrete transform
— quantization — coding (this image compression
model is well described in chapter 8 of [8]). This princi-
ple is used in the JPEG algorithm [9], which is the most
popular algorithm for compression of digital photos, and
the JPEG2000 algorithm [10]. Besides, it is applied to
medical image compression [11] and chaotic image
compression encryption technology [12].

The tables 1 and 2 show the results of processing
of the test images using almost lossless mode of DAC.
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More detailed analysis of quality loss is presented
in the tables 3 — 6.

All files used in this study are available at
https://drive.google.com/drive/folders/1 yXjs2BHmK w6

pRi- me-r1F-ViNdY2dCJ?usp=sharing.

Table 1
Compression of the classic test images
No Original image DAC "Almost Lossless Compression"
. . loss of quality
name size, kB | size, kB CR PMS, %
U RMS PSNR
1 | baboon 769 735 | 1,046258503 | 4,42132639 8 | 1,21640 | 46,42927538
2 | Barbara 1216 626 | 1,942492013 | 48,51973684 9| 1,21546 | 46,43599019
3 | boats 1330 513 | 2,592592593 | 61,42857143 8 | 1,17136 | 46,75699582
4 | cablecar 721 344 | 2,095930233 | 52,28848821 71 1,17042 | 46,76396892
5 | cornfield 721 406 | 1,775862069 | 43,68932039 | 10 | 1,18209 | 46,67779274
6 | fl6 769 333 | 2,309309309 | 56,69700910 8 | 1,19353 | 46,59413681
7 | flowers 531 350 | 1,517142857 | 34,08662900 8 | 1,20695 | 46,49701803
8 | fruits 721 343 | 2,102040816 | 52,42718447 9| 1,21238 | 46,45802834
9 | goldhill 1216 606 | 2,006600660 | 50,16447368 8 | 1,21398 | 46,44657297
10 | Lena 769 379 | 2,029023747 | 50,71521456 8 | 1,22126 | 46,39464095
11 | monarch 1153 400 | 2,882500000 | 65,30789245 9 | 1,14618 | 46,94574709
12 | peppers 769 414 | 1,857487923 | 46,16384915 7 | 1,21311 | 46,45279995
13 | sailboat 769 508 | 1,513779528 | 33,94018205 8 | 1,21890 | 46,41144207
14 | splash 769 296 | 2,597972973 | 61,50845254 8 | 1,20767 | 46,49183805
15 | Tiffany 769 378 | 2,034391534 | 50,84525358 8| 1,16178 | 46,82832569
average 2,020225651 | 47,48023892 | 8,2 | 1,19676 | 46,57230487
min 1,046258503 | 4,42132639 7 | 1,14618 | 46,39464095
max 2,882500000 | 65,30789245 | 10 | 1,22126 | 46,94574709
Table 2
Compression of the classic aerial images
No Original image DAC "Almost Lossless Compression"
. . loss of quality
name size, kB | size, kB CR PMS, %
U | RMS PSNR
1 | Earth 769 425 | 1,809323993 | 44,73342003 | 8 | 1,22213 | 46,38845551
2 | Foster City 769 459 | 1,669928021 | 40,31209363 | 8 | 1,21846 | 46,41457808
3 | Oakland 3073 1607 | 1,912321346 | 47,70582493 | 8 | 1,22066 | 46,39890934
4 | San Diego 1 769 622 | 1,235643732 | 19,11573472 | 8 | 1,22670 | 46,35603630
5 | San Diego 2 769 497 | 1,546529440 | 35,37061118 | 9 | 1,21915 | 46,40966075
6 | San Diego 3 769 385 | 1,998922367 | 49,93498049 | 8 | 1,22224 | 46,38767376
7 | San Diego 4 3073 2370 | 1,296329477 | 22,87666775 | 8 | 1,20916 | 46,48112817
8 | San Diego 5 3073 1579 | 1,945743036 | 48,61698666 | 8 | 1,22066 | 46,39890934
9 | San Diego 6 3073 2155 | 1,425615638 | 29,87308819 | 8 | 1,21977 | 46,40524465
10 | San Francisco 1 769 405 | 1,896838145 | 47,33420026 | 7 | 1,21267 | 46,45595093
11 | San Francisco 2 3073 1619 | 1,897806934 | 47,31532704 | 8 | 1,19967 | 46,54956764
12 | San Francisco 3 3073 1777 | 1,729200335 | 42,17377156 | 8 | 1,20832 | 46,48716433
13 | San Francisco 4 3073 2218 | 1,385301749 | 27,82297429 | 8 | 1,21806 | 46,41742998
14 | San Francisco 5 3073 2141 | 1,435042274 | 30,32866905 | 8 | 1,22078 | 46,39805550
15 | Stockton 1 3073 1816 | 1,692115786 | 40,90465343 | 8 | 1,21586 | 46,43313219
16 | Stockton 2 3073 1824 | 1,684465804 | 40,64432151 | 8 | 1,21961 | 46,40638408
17 | Stockton 3 3073 1808 | 1,699652806 | 41,16498536 | 8 | 1,22133 | 46,39414311
average 1,662398875 | 38,60166530 | 8 | 1,21737 | 46,42249551
min 1,235643732 | 19,11573472 | 7 | 1,19967 | 46,35603630
max 1,998922367 | 49,93498049 | 9 | 1,22670 | 46,54956764
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Table 3

Loss of quality: the distribution of differences between pixels. The classic test images, part 1

o

flk)

baboon

Barbara

boats

cablecar

cornfield

f16

flowers

fruits

0,04259110

0,04295670

0,05627250

0,05276290

0,04681400

0,04669190

0,04522100

0,04377850

0,48899800

0,49047800

0,50920300

0,52220900

0,51208900

0,50313900

0,49138100

0,49125600

0,35786400

0,35468500

0,33782300

0,32895500

0,34439300

0,34820200

0,35504400

0,35491500

0,09272770

0,09334730

0,08249950

0,08123780

0,08194580

0,08637620

0,09106080

0,09226890

0,01546860

0,01620610

0,01258960

0,01287430

0,01291500

0,01359940

0,01527620

0,01540930

0,00201035

0,00208333

0,00146698

0,00172933

0,00159912

0,00173569

0,00178453

0,00205485

0,00028229

0,00021701

0,00013236

0,00020345

0,00020345

0,00023270

0,00020995

0,00028483

5,34E-05

2,17E-05

1,10E-05

2,85E-05

2,85E-05

1,91E-05

1,10E-05

2,44E-05

3,81E-06

0

2,21E-06

8,14E-06

3,81E-06

1,10E-05

4,07E-06

O[XR| QAN N[ BR[|~

0

4,82E-06

0

0

0

0

4,07E-06

0

4,07E-06

0

—_| —
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0

0

0

A4

0
0
0

0

0
0
0

(=] Rl Kol Kl )

0

0
0
0

0
0
0

0

Table 4

Loss of quality: the distribution of differences between pixels. The classic test images, part 2

o

flk)

goldhill

Lena

monarch

peppers

sailboat

splash

Tiffany

0,04284820

0,04209900

0,05376180

0,04740910

0,04259870

0,04525380

0,06578450

0,49018600

0,48700700

0,53701300

0,48584700

0,48698400

0,49289700

0,49826000

0,35701200

0,35754000

0,32715400

0,35435900

0,35762800

0,35299700

0,33242800

0,09236830

0,09456250

0,07091270

0,09382250

0,09443660

0,09113310

0,08614730

0,01529220

0,01638030

0,00993856

0,01619720

0,01601410

0,01517490

0,01512910

0,00204716

0,00211716

0,00108846

0,00210571

0,00212860

0,00223541

0,00203705

0,00022666

0,00025559

0,00011190

0,00024414

0,00017929

0,00025940

0,00017166

1,45E-05

3,05E-05

1,53E-05

1,53E-05

2,29E-05

4,58E-05

3,43E-05

4,82E-06

7,63E-06

2,54E-06

7,63E-06

3,81E-06

7,63E-06
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0

0 2,54E-06

0
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0

0
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0
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Table 5

Loss of quality: the distribution of differences between pixels. The classic aerial images, part 1

flk)

Earth

Foster city

Oakland

San
Diegol

San
Diego2

San
Diego3

San
Diego4

San
Diego5

0,04190440

0,04193500

0,04203220

0,04145810

0,04188920

0,04150770

0,04559900

0,04200360

0,48611800

0,48713700

0,48636000

0,48236500

0,48694600

0,48531700

0,48933200

0,48730100

0,35854700

0,35866200

0,35854100

0,36127500

0,35958900

0,35937500

0,35449600

0,35757800

0,09483340

0,09444050

0,09451960

0,09600450

0,09337230

0,09526440

0,09264370

0,09490110

0,01613240

0,01579280

0,01618100

0,01647950

0,01602550

0,01614000

0,01564790

0,01583580

0,00220108

0,00186920

0,00208187

0,00207901

0,00195313

0,00214767

0,00202656

0,00207520

0,00023651

0,00015259

0,00026035

0,00030899

0,00017929

0,00022125

0,00021935

0,00027084

2,29E-05

3,81E-06

2,00E-05

2,29E-05

3,43E-05

1,91E-05

3,15E-05

3,05E-05

3,81E-06

7,63E-06

4,77E-06

7,63E-06

7,63E-06

7,63E-06

3,81E-06

3,81E-06

O[XR| QAN N[ B |W[N—O

0

0

0

0

3,81E-06

0

0

0

0

—_| —
—| O

0

A4

0
0
0

0
0
0

0
0
0

0
0
0

0

0
0
0

0
0
0

0
0
0
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Table 6
Loss of quality: the distribution of differences between pixels. The classic aerial images, part 2
flk)
k San San San San San San Stock- Stock- Stock-
. Fran- Fran- Fran- Fran- Fran-
Diego6 . . . . . tonl ton2 ton3
ciscol cisco2 cisco3 cisco4 cisco5
0] 0,0421114 | 0,0442581 0,0442104 | 0,0429630 | 0,0421381 0,0422058 | 0,0424204 | 0,0421171 | 0,042406
1| 0,4860550 | 0,4898410 | 0,4997080 | 0,4945230 | 0,4874360 | 0,4859630 | 0,4892440 | 0,4868580 | 0,486005
2 | 0,3595030 | 0,3557700 | 0,3524550 | 0,3553660 | 0,3583210 | 0,3587230 | 0,3572160 | 0,3584540 | 0,357903
31 0,0945873 | 0,0926285 | 0,0874720 | 0,0903444 | 0,0943747 | 0,0947676 | 0,0932684 | 0,0943613 | 0,095200
41 0,0155869 | 0,0153313 | 0,0142670 | 0,0148525 | 0,0154858 | 0,0160923 | 0,0156298 | 0,0159044 | 0,016183
51 0,0019149 | 0,0019111 | 0,0016698 | 0,0017366 | 0,0020237 | 0,0019989 | 0,0019769 | 0,0020303 | 0,002032
6 | 0,0002203 | 0,0002250 | 0,0001917 | 0,0001964 | 0,0001974 | 0,0002317 | 0,0002222 | 0,0002450 | 0,000240
7 1,91E-05 3,43E-05 2,29E-05 1,72E-05 2,10E-05 1,62E-05 1,91E-05 2,48E-05 | 2,67E-05
8 1,91E-06 0 2,86E-06 9,54E-07 1,91E-06 1,91E-06 3,81E-06 4,77E-06 | 2,86E-06
9 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0
>
10 0 0 0 0 0 0 0 0 0
0,6 -
0,5
0,4 -
0,3 -
0,2 -
0,1 -
O T T T T T T 1
6 7 8 9 10 11
e "Sailboat" e @»"Cornfield"

Fig. 2. Graphs of the distribution functions for the test images "Sailboat" and "Cornfield"

3. Discussion of the results

It follows that, in terms of U-metric and RMS-
metric, loss of quality in the processing of the test imag-
es "Sailboat" and "Cornfield" are the smallest and the
largest, respectively. However, if we compare the corre-
sponding distribution functions, we see that the differ-
ence between the results is extremely minor (see figure
2). Hence, loss of quality is quite stable and, therefore,
predictable.

The value of the compression ratio as well as the
loss of quality significantly depends on the image. The
smallest and the largest CR-values are obtained when
processing the test images "Baboon" and "Monarch",
respectively. First of all, this is due to the smoothness of
the color change (see figures 3, 4). This feature is typi-
cal for algorithms based on the use of smooth functions
(see [7] for more details). Nevertheless, application of
DAC provides memory savings. Note that the total size

of the source images is 51409 kB. The total size of
DAC-files, which were obtained using almost lossless
mode of DAC, equals 30338 kB. This means that ap-
proximately 40,98 percent of the memory has been
saved.

Another useful feature of DAC-files is the possi-
bility of their additional compression using the ZIP al-
gorithm. Applying this algorithm, we get an archive of
size 25870 kB. In other words, ZIP compression of
DAC-files is efficient (fig. 5).

Conclusions

From the presented results, it follows that the al-
most lossless compression mode of DAC provides suf-
ficiently stable values of quality loss metrics. Their val-
ues indicate small loss of quality. It is clear that the
quality of the result and the size of the saved memory
are inversely related. Despite the high quality, DAC
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provides relatively high compression ratio. Since ZIP
compression of DAC-files is useful, there exists a pos-
sibility of further optimization of the DAC algorithm.
Hence, further research and development of this algo-
rithm are promising.

Fig. 3. The test image "Baboon". This image contains a
huge number of sharp color changes

Fig. 4. The test image "Monarch". This image contains
large areas with smooth color changes

It should be mentioned that the following problems
are of interest:

1) compression of JPEG images using the DAC
algorithm (this problem is of particular interest, since
the JPEG algorithm is de facto the standard for com-
pression of digital photos);

2) compression of special classes of digital images,
such as medical images, using DAC;

3) development of algorithms for recognition of
DAC-images;

4) watermarking of DAC images;

5) DAC-files protection;

6) application of the DAC algorithm to video
compression.

51409

43062

size, kB
Bsource images
@ ZIP-archive of source images
B dac-files

[ ZIP-archive of dac-files

Fig. 5. Size of the test data and the processing results

It is clear that each of these problems is a separate
direction for the further development of the technology
presented in this article.
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JAUCKPETHE ATOMAPHE CTUCHEHHS HIU®POBUX 305PAKEHb:
CTUCHEHHSI MAWMKE BE3 BTPAT

1. B. bpucina, B. O. Maxapiueg

VYV po0oTi po3rasSHYTO MPOOIEMY CTUCHEHHS IU(GPOBUX 300pakeHb 3a YMOBU HAsIBHOCTI BHCOKHMX BHMOT [0
SIKOCTI pe3yiabTaTy. be3yMOBHO, Y I[bOMY BHITAJKy MOJKHA CKOPHUCTATHUCS aJrOpUTMaMK CTHCHEHHS 03 BTpAaT SIKOC-
Ti. Uepe3s Te, 1110 CTHCHEHHS 3 BTpaTaMH SIKOCTI J0O3BOJISIE OTPUMATH OB BUCOKHHM KOS(IIIIEHT CTUCHEHHS Ta €KO-
HOMIIO TaM'sITi, Hi’kK aJlTOPUTMH CTHCHEHHS O€3 BTPaT, MU MPOIOHYEMO BHKOPHMCTAHHS aJITOPHUTMIB 3 BTpaTaMH 3
HaJaIITyBaHHIMH, IO TapaHTYIOTh HaMMeHI BTpaTH AKOCTi. IIpeaMeToM BUBYCHHS CTATTI € CTUCHEHHS MaiKe
0e3 BTpAT SKOCTI KOIBOPOBUX 24-0ITHUX HU(DPOBUX 300paKeHb 3 BUKOPHUCTAHHSAM JUCKPETHOTO aTOMapHOI'O CTHUC-
uenns (JJAC), 110 € anropuTMOM, OCHOBAHHUM Ha BUKOPHCTaHHI JUCKPETHOrO aTOMapHOro IepeTBopeHHs. MeTolo €
JOCTIKeHHS KOe(illi€EHTY CTUCHEHHS Ta TMOKA3HUKIB BTPAT SKOCTI TakuX, sk piBHoMipHa (U) Ta cepemHbOKBampa-
tnuHa (RMS) MeTpuku, a Takox BigHomeHHs curaai-myM (PSNR). Mu Takox TOCTiKYEMO PO3TIOALT BiIXUICHHS
MIKCENiB BUX1JHOrO 300pakeHHs BiJ BiAMOBIAHUX IMKCENIB BiJHOBIEHOI0 300pakeHHs. Y IBOMY JOCTIIKEHHI MU
BHKOPHUCTOBYEMO KIIACHYHI TECTOBI 300paX€HHs Ta KITacH4Hi aepodoTo3HIMKH. U-MeTpHKa, 10 3HAYHO 3aJICKUTH
HaBiTh BiJl HE3HAYHHUX JOKAIBHUX 3MiH, PO3TIAAAETHCA Y SKOCTI OCHOBHOI'O 1HAMKATOPY BTPAT SAKOCTI. 3aBAaHHS:
OL[IHUTH €KOHOMIIO IaM'sTi Ta BTPATH SKOCTI I KOKHOI'0 TECTOBOIO 300paskeHHs. Y JaHii poOOTI MU BUKOPHUCTO-
BYEMO MeTOIH IH(ppoBoi 00p0oOKH 300pakeHnb, Teopii aToMapHuX (YHKI[H Ta Teopii HaOMMKEHb. Y JaHOMY JOCITI-
JDKEHHI BUKOPHUCTaHO KoMI'toTepHy mporpamy "Discrete Atomic Compression: User Kit" y pexumi "Almost Loss-
less Compression". OTprMaHO HACTYITHI Pe3YyJbTATH: 1) PI3HUI MK HAaHMEHIIMMH Ta HAHOITBIIUMU BTpATaAMH €
HE3HAYHOIO; 2) BTPATH SIKOCTI € CTIHKMMU Ta NependavyBaHUMU; 3) KoeillieHT CTUCHEHHS 3aJIeKHUTh Bifl MIaJKOCTI
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3MiH KOJIbOPY (HaliMEHIIe Ta HaHOLIbIIe 3HAaYeHHsI 0yJI0 OTPUMAaHO TP 00pOOIIi TECTOBUX 300payKEHb BiIIIOBIIHO 3
HaHOINBIIOK Ta HAWMEHIIIOI KIMBKICTIO MajuX AeTanel Ha 300paskenHi); 4) Bukopuctanus JJAC mae eKOHOMIIO
maM'sTi y po3mipi 59 BifcotkiB; 5) ZIP-ctucuenns JAC-daiinis, 1m0 MicTATh 00po0eHi 3a gqomomoroo JAC 30-
OpakeHHs, € epekTuBHUM. BHCHOBKM: 1) CTUCHEHHS Maibke 0e3 BTpat 3a poromororo aiaroputmy JAC 3abe3mneuye
CTi#iKi 3HaYeHHS iHAMKATOPiB BTpaT sikocti; 2) JJAC 3a0e3neuye MOCTaTHHO BHCOKHI KOC(IIIEHT CTUCHEHHS; 3)
nopaibiia ontumizanis anroput™my JAC e MmoxnuBoro; 4) nmoganbinuid po3BUTOK Ta gociimkeHas JJAC e nmepcrnek-
TUBHUMH.

KirouoBi ciioBa: aroMapHa (GyHKITS; TUCKPETHE aTOMAapHE CTUCHEHHS, JUCKPETHE aTOMapHE MEPETBOPCHHS;
CTHCHEHHs Maibke 0e3 BTpar.

JTACKPETHOE ATOMAPHOE CXKATHUE IIU®POBBIX U30BPAKEHU:
C)XXATHUE [IOYTHU BE3 IIOTEPH

U. B. bpvicuna, B. A. Makapuuee

B pobote paccMoTpena mpobieMa cxatus U(POBBIX U300paKCHUH MPH YCIOBUH HAJWYHS BBICOKHX TpeOO-
BaHUH K Ka4eCTBY pe3yibTata. HECOMHEHHO, B 3TOM ClTydae MOXKHO HCIIOJIh30BaTh aJITOPUTMBI CXKaThsA Oe3 MOTeph
KadecTBa. Tak Kak CXKAaTHE C MOTEPSMHU KauyecTBa IO3BOJIACT MOJYYHUTH 0OJee BBICOKHM KOA(DGHUIIMCHT CXKATUA U
9KOHOMHMIO MaMSATH, YeM aJTOPUTMBI CKAaTUS Oe3 MOTeph, MBI MpelaracéM HCIOIb30BaTh CKATHE C IMOTEPSAMHU C
HACTPOHKaMHU, KOTOPbIE TApaHTHPYIOT MOJyUYeHHEe MUHAMAIBHBIX MOTePh KauecTBa. IIpeaqMeToM H3y4eHHUS CTaThU
SIBIIICTCS COKATHE TOYTH 0e3 MOTEePh MOJHOIBETHBIX 24-OUTHBIX IU(POBBIX M300paKEHHUI C UCIONB30BAHUECM IHC-
kpeTtHOro atomMapnoro cxatus (JJAC), koTopoe SBISETCS aJrOPUTMOM, OCHOBAHHBIM Ha ITPUMEHCHUU JUCKPETHOTO
aToMapHoro npeodpasoBanus. Llesblo sBsercs ucciaenoBanue Ko3hGUIMCHTa CKATUS U TaKUX IOKa3aTeNeil mo-
Tepb KauecTBa, kak paBHoMepHas (U) u cpeanekpanpatuueckas (RMS) MeTpuku, a Takke OTHOIICHUE CUTHAI-IITYM
(PSNR). MsI Takxe HccaeayeM pacipeaeieHne OTKIOHEHHS MUKCeNel UCXOMHOro H300pakeHHss OT COOTBETCTBY-
FOIMX MUKCENICH BOCCTAHOBJICHHOI'O M300pakeHUs . B MaHHOM HCCIICIOBAaHMM MBI HCHONB3yeM KIACCHYECKUE Te-
CTOBBIC N300paKeHHsI U KIaccuueckue a3pohoTocCHUMKH. U-MeTpuKa, KOTopasi B 3HAUUTEIBLHON Mepe 3aBUCUT JTaxe
OT HE3HAYUTEIBHBIX JIOKAIBHBIX U3MCHEHHH, paCCMaTPUBACTCI KaK OCHOBHOM HMHIMKATOp IMOTEPh KauecTBa. 3ama-
HHeE: OLICHUTh SKOHOMHIO TIAMATH M TOTePh KayeCTBa Ui Ka)KIOr0 TECTOBOTO M300paxkeHus. B maHHON paboTe MBI
HCIIONBb3yeM MeTOIbI u(pPOBOi 00pabOTKU N300paKeHHUH, TEOPUH ATOMAPHBIX (DYHKIIUH Ta TCOPHH PUOIMKCHUH.
B manHoMm McciaeaoBaHUM MCIOJIL30BaHa KOMIbIoTepHas mporpamma "Discrete Atomic Compression: User Kit" B
pexxume "Almost Lossless Compression". TTonydeHsl cieayromue pe3yabTaThl: 1) pa3HUIa MEXKIY HAMMEHBIIUMU
Ta HaHOOJBIIUMH MOTEPSIMU SABJIICTCS HE3HAUMTENILHOW; 2) MOTEPH KauecTBa SBIIAIOTCS YCTOWYHMBBIMHM M TIPEACKa-
3yeMbIMH; 3) K03(DOUIMEHT CxKATHs 3aBUCHT OT IIAJKOCTH M3MCHCHHS I[BeTa (HaUMEHbIICe U HauOoJbIIee 3Have-
HUE OBUIO MONYYEHO MPU 00pabOTKE TECTOBBIX M300PaKCHUM COOTBETCTBEHHO ¢ HAMOONBIIMM W HAUMEHBITUM
YUCIIOM MEJIKHX JeTanel Ha u3obpakenun); 4) npumeHenne JJAC maeT SKOHOMHMIO MaMITH B pa3mepe 59 mpolieH-
10B; 5) ZIP-cxkatne JJAC-(aiioB, KoTopele comep:kar oopadoranubie ¢ nmomMonsio JAC n3obpakeHus, sIBISETCS
a¢dexTrBHBIM. BhIBOABL: 1) cxaTue mouytn 0e3 MoTeph ¢ momMomsio anropurMa JJAC obecreunBaeT yCTONYUBBIC
3HAYCHUS UHIUKATOPOB MOTeph KauecTBa; 2) JIAC obecrniednBaeT JOCTATOYHO BBICOKHMH KO3(DOUITMEHT CoraTHs; 3)
nanpHeimas ontuMusanus anroputMma JIAC sBisercss BOSMOXKHOW; 4) najbHEHIee pa3BUTHE U UCCIICAOBAHHUE aJl-
roputma JIAC siBisieTcs: IepCreKTUBHBIM.

KiroueBble cjioBa: aroMapHas (QYHKIHS, TUCKPETHOE aTOMAapHOE CXKAaTHE; TUCKPETHOE aTOMapHOe Mpeodpa-
30BaHUE; CKATUE MMOYTH O€3 TTOTEPh.
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