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DISCRETE ATOMIC COMPRESSION OF DIGITAL IMAGES

The subject matter of this paper is the discrete atomic compression (DAC) of digital images, which is a lossy
compression process based on the discrete atomic transform (DAT). The goal is to investigate the efficiency of
the DAC algorithm. We solve the following tasks: to develop a general compression scheme using discrete
atomic transform and to compare the results of DAC and JPEG algorithms. In this article, we use the methods
of digital image processing, atomic function theory, and approximation theory. To compare the efficiency of
DAC with the JPEG compression algorithm we use the sets of the classic test images and the classic aerial im-
ages. We analyze compression ratio (CR) and loss of quality, using uniform (U), root mean square (RMS) and
peak signal to noise ratio (PSNR) metrics. DAC is an algorithm with flexible parameters. In this paper, we use
“Optimal” and “Allowable” modes of this algorithm and compare them with the corresponding modes of
JPEG. We obtain the following results: 1) DAC is much better than JPEG by the U-criterion of quality loss;
2) there are no significant differences between DAC and JPEG by RMS and PSNR criterions; 3) the compres-
sion ratio of DAC is much higher than the compression ratio of JPEG. In other words, the DAC algorithm
saves more memory than the JPEG compression algorithm with not worse quality results. These results are
due to the fundamental properties of atomic functions such as good approximation properties, the high order
of smoothness and existence of locally supported basis in the spaces of atomic functions. Since generalized
Fup-functions have the same convenient properties, it is clear that such compression results can be achieved
by application of a generalized discrete atomic transform, which is based on these functions. We also discuss
the obtained results in the terms of approximation theory and function theory. Conclusions: 1) it is possible to
achieve better results with DAC than with JPEG; 2) application of DAC to image compression is more prefer-
able than JPEG in the case when it is planned to use recognition algorithms; 3) further development and in-

vestigation of the DAC algorithm are promising.
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Introduction

The amount of information has increased signifi-
cantly due to the rapid development of technology now.
A large part of the big data is digital images. For in-
stance, over a ftrillion digital photos were taken in
2017 [1].

As it can be seen from the fig. 1, the number of
digital photos taken annually increases significantly and
will continue to grow. It is clear that this leads to an
increase in the cost of storing, processing and transfer-
ring them over networks. Hence, the problem of digital
image compression is of high importance.

There are many different algorithms for data com-
pression. Foundations, basic principles and detailed de-
scription of the most used compression methods can be
found in [2 - 4].

Image compression has its own specific features.
One of them is that the human eye is the best criterion
for assessing of processing quality. Therefore some loss
of quality in the process of image compression is per-
missible. Using lossy compression algorithms, it is pos-
sible to obtain significant reduction in resources with
invisible or almost invisible changes of the original im-

age. The JPEG algorithm, which is the most popular
image compression algorithm, is one of them. Its de-
scription can be found in [2 - 5] (see also [6] for the
JPEG file format).
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Fig. 1. Dynamics of changes in the number
of digital photos [1]

In many cases, efficiency of data compression al-
gorithm with loss of quality depends on the features of
the applied mathematical tools. For example, the JPEG
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algorithm, which is based on a discrete cosine trans-
form, is highly effective for compression of digital im-
ages due to the good approximation properties of the
trigonometric polynomials.

Atomic functions have the same advantages. In
particular, it was shown in [7] that spaces of linear
combinations of V.A. Rvachev up-function are asymp-
totically extremal for approximation of periodic differ-
entiable functions in the norm of the space C. Also, in
the paper [8], it was prove that these spaces are extremal
for approximation of periodic differentiable functions in
L, -norm. In addition, asymptotic extremeness of some

other atomic space was obtained in [9]. In terms of ap-
proximation theory this means that atomic functions are
as perfect mathematical tool as trigonometric polynomi-
als.

One of the main disadvantages of trigonometric
functions is the non-compactness of their support. For
this reason, systems of functions with a compact support
are widely used in different applications, in particular,
in digital image processing and compression [10]. We
note that the JPEG2000 compression algorithm, which
is based on wavelets, was supposed to be a replacement
for JPEG [11], but it did not become widely used.

Spaces of atomic functions combine good approx-
imation properties with an existence of locally support-
ed basis. Hence, an idea of their application to lossy
image compression is quite natural. In [12], it was
shown that atomic functions
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can be useful in compression of full color digital imag-
es. It should be also mentioned that application of atom-
ic functions to compression of medical images was con-
sidered in [13].

In this paper, we consider application of discrete
atomic transform, which is based on the atomic function
up,(x) and was introduced in [14], to lossy compres-

sion of full color digital images.

1. Formulation of the problem

A large number of lossy image compression algo-
rithms contain the following steps: preliminary pro-
cessing of data, discrete transform of the data, quantiza-
tion and encoding of the quantized data (fig. 2).

In JPEG image compression algorithm, discrete
cosine transform (DCT) is used. Since trigonometric
polynomials have good approximation properties, data
is well represented by a small number of DCT-

coefficients. Therefore it is possible to reduce infor-
mation redundancy and hence compress the image.

1. Prelirrunaty
processing of data

U

2. Dizcrete transform

U

3. Quantization

i

4, Encoding

Fig. 2. Lossy compression scheme

In the paper [14], discrete atomic transform (DAT)
was introduced. Also, it was shown that this procedure
can be much more effective than DCT. Whence, appli-
cation of DAT to lossy image compression is prospec-
tive.

The aim of this paper is to develop full color 24-
bit image compression algorithm based on DAT and
investigate its efficiency.

2. Discrete atomic compression

Consider some full color 24-bit bitmap image rep-
resented by RGB-matrix. Figure 3 shows the process of
its compression using DAT.

1. RGE-to-YCrCh transfortm

U

2. Discrete Atommic Transform

U

3. Quantization of DAT-coefficients

U

4. Encoding of quantized coefficients

Fig. 3. Discrete atomic compression of full color
24-bit digital images

In the first step of this algorithm, transformation
from RGB to YCrCb color space is used. After this step
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we obtain the matrix Y of luma components and two
matrices Cr and Cb of chroma components. In the
step 2, we apply DAT-procedure based on the space
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to each of these matrices [14]. We get three matrices
Qy, Qc and Qe of DAT-coefficients. After that

elements of these matrices are quantized and rounded to
integers. The human eye is more sensitive to loses of
quality in luminance than in chrominance. Hence, larger
quantization coefficients can be used for elements of

Qc; and Qcy, . Finally, quantized coefficients are en-

coded using lossless compression algorithms. Run-
length encoding and statistical methods of data com-
pression are suitable for this purpose. To obtain the de-
coded image, we perform the reverse steps.

We call this algorithm the discrete atomic com-
pression (DAC) of digital images.

The combination of high quality and high com-
pression ratio is supposed to be achieved as a result of
convenient properties of DAT [14].

It can be seen that DAC is a lossy compression al-
gorithm. Major loss of quality occur during the quanti-
zation stage. By varying the quantization coefficients, it
is possible to obtain results of different size and quality.

3. Efficiency of lossy compression

The main efficiency indicator of data compression
algorithm is the compression ratio (CR)

CR = size of original image

size of compressed image

It is clear that higher value of CR means higher
memory savings.

For lossy compression algorithms, another im-
portant indicator is the measure of quality loss. There
are many numerical criteria for assessing loss of quality,
but none of them is reliable. The human eye is the best
criteria. In fact, this is one of the problems of digital
image processing.

In this paper, we use the following criteria:

1. Uniform metric (U-metric)

ij
Notice that high dependence on local changes is

the key feature of this measure.
2. Root mean square metric (RMS-metric)
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This measure characterizes averaged changes of all
pixels. Low dependence on local changes and high de-

pendence on global changes are key features of this
measure.

Let us remark that higher value of U-metric and
RMS-metric means worse quality of result.

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

2
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It differs from RMS only in another scale. Higher
value of this measure means better quality of the result.
In (1) = (3), X and Y are before and after pro-
cessing image matrices.
For the case of RGB matrices, we use
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instead of (1) — (3) respectively. Here each element of
X and Y hasred, green and blue components:

x[i104] = (xr{illi], x.glil 0], x.bliI[ 1),

yLlLi] = (yrlil(il, y-g[ilLil, ybrlLil)-

The choice of data compression algorithm is usual-
ly based on how effective and suitable this method is.

For the case of single image compression, it is nat-
ural to find optimal setting of the compressor. Note that
optimality means the smallest size at a given quality
level or the best quality at a given size limit. The proce-
dure for finding the optimal settings can be quite com-
plicated.

For the case of compressing a large number of im-
ages, the search for optimal parameters for each image
may be too expensive. A compromise solution of this
problem is the selection of such compressor mode that
is suitable for a group of test images. In this case, a
comparison of the effectiveness of different compres-
sion algorithms is reduced to a comparison of the results
of their application with some fixed settings.

In the next section, we compare several modes of
DAC and JPEG. For this purpose, the following proce-
dure is used:
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1) fix the modes of DAC and JPEG and compress
test images;

2) calculate CR-value, U-metric, RMS-metric and
PSNR-metric for each compression result;

3) compare the corresponding values of CR, U,
RMS and PSNR for each test image.

4. DAC vs JPEG
To compare DAC with JPEG, we use a set of the

classic test images and a set of the classic aerial images
[15] (fig. 4, fig. 5).

p

Fig. 5. Classic aerials: a — Earth, b — Foster City,
¢ — Oakland, d — San Diego 1, e — San Diego 2,
f— San Diego 3, g — San Diego 4, h — San Diego 5,
i— San Diego 6, j — San Francisco 1,

k — San Francisco 2, 1 — San Francisco 3,

m — San Francisco 4, n — San Francisco 3,

Fig. 4. Classic test images: a — baboon, b — Barbara,
¢ — boats, d — cable car, e —corn field, f— {-16,

g — flowers, h — fruits, i — hills, j — Lena, o — Stockton 1, p — Stockton 2, q — Stockton 3
k — monarch, 1 — peppers, m — sailboat, n — splash,

o — Tiffany
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There are different ways to compress an image by
JPEG. As it was stated in the previous section, we
should use the fixed settings of the codec for any test
image. To obtain JPEG compression of the test images,
we use computer programs MS Picture Manager and
MS Paint, which are easily accessible to the average
user. In the program MS Picture Manager, we use the
function “Export...” to obtain JPEG compression with
the best quality (for this purpose, we choose 100 for the
compression parameter). We call this mode “JPEG
100”. Further, in MS Paint, we use “Save as...” func-
tion. We call this compression “Paint JPEG”. The re-
sults thus obtained almost correspond to JPEG compres-
sion in MS Picture Manager with the parameter of
quality equal to 90. Note that we got almost the same
results using other software and web-services.

To obtain DAC compression of the test images, we
use the computer program “Discrete Atomic Compres-

sion: User Kit” with the modes “Optimal” and “Allowa-
ble” [16]. Using the first one, we get the result of DAC
processing with a high compression ratio and no visible
changes. Application of the second mode provides a
higher compression ratio with more noticeable loss of
quality.

Now we compare DAC “Optimal” with “JPEG
100” and DAC “Allowable” with “Paint JPEG”. All
original images and their compressed and decompressed
versions are available on the link to Google drive:
https://drive.google.com/file/d/1wcEYKSJIXRUM29tE
66KXXE4yP-pmvx-F/view?usp=sharing.

4.1. DAC “Optimal” vs “JPEG 100”

In the table 1, results of the classic test images
compression are presented.

Table 1

Results of compression of the classic test images by DAC “Optimal” and “JPEG 100”

No Original image DAC “Optimal” “JPEG 100”
size size loss of quality size loss of quality
name CR CR
(kB) | (kB) U | RMS | PSNR (kB) U RMS | PSNR

1 baboon 769 331 2,324 27 5,315 33,621 334 2,302 73 8,75 29,291
2 Barbara 1216 282 4,312 23 3,065 38,402 375 3,243 36 2,694 | 39,522
3 boats 1330 229 5,808 16 2,313 40,848 344 3,866 31 1,952 42,32
4 | cablecar 721 163 4,423 25 2,831 39,093 199 3,623 57 3,48 37,298
5 cornfield 721 193 3,736 24 3,1 38,302 221 3,262 55 3,878 36,358
6 f16 769 151 5,093 21 2,671 39,596 206 3,733 93 4,123 35,827
7 flowers 531 172 3,087 26 3,568 37,082 188 2,825 90 5,087 34,002
8 fruits 721 157 4,592 27 2,775 39,265 197 3,66 66 3,483 37,293
9 goldhill 1216 272 4,471 22 3,284 37,804 377 3,225 50 2,818 39,132
10 | Lena 769 164 4,689 29 3,436 37,411 222 3,464 93 3,409 37,477
11 | monarch 1153 186 | 6,199 | 16 | 2,225 | 41,186 293 3935 | 34 1,5 | 44,611
12 | peppers 769 186 4,134 24 4,113 35,849 241 3,191 120 5,841 32,801
13 | sailboat 769 241 3,191 27 4,668 34,749 271 2,838 96 6,799 31,482
14 | splash 769 124 6,202 21 2,499 40,177 195 3,944 165 4,153 35,762
15 | Tiffany 769 164 4,689 24 3,274 37,829 221 3,48 135 5,702 33,011
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Fig. 6. Classic test images. Compression ratio
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Fig. 7. Classic test images. Loss of quality: U-criterion
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Fig. 8. Classic test images. Loss of quality: RMS-criterion
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Fig. 9. Classic test images. Loss of quality: PSNR-criterion
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From table 1 and figures 6 — 9, it follows that

1) DAC “Optimal” saves more memory than
“JPEG 100” (actually, the size of DAC-file is smaller
than the size of the corresponding JPEG-file by an aver-
age of 30,59 percent);

2) “JPEG 100 produces greater local loss of quali-
ty than DAC “Optimal”;

3) DAC “Optimal” and “JPEG 100” have almost
the same averaged loss of quality.

We can obtain more accurate comparison of quali-
ty loss as follows.

Consider any test image. Let d(n) be the number
of pixels that have absolute RGB changes equal to n
after DAC “Optimal” processing. Also, denote by j(n)
the number of pixels that have absolute RGB changes
equal to n after “JPEG 100” processing. By comparing
these functions, we get more accurate difference be-
tween compression algorithms. The graphs of d(n) and
j(n) for test images “Lena”, “Baboon” and “Monarch”

are presented on the figures 10 — 12.
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Fig. 10. Graphs of d(n) and j(n) for the image “Lena”
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Fig. 11. Graphs of d(n) and j(n) for the image “Baboon”

250000

200000 -

150000

100000

50000

s (] (1)

= = j(n)

O LISLISLINL AL L L O OO O O |

0 3 6 9 1215182124 27 3033 36 39 42 45 48 51 54 57 60 63 66 69 72

Fig. 12. Graphs of d(n) and j(n) for the image “Monarch”
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We see that difference between the functions d(n) (it should be mentioned that the minimal difference
equals 5 and the maximal equals 45);

2) RMS-values and PSNR-values do not differ
3 ) R ) significantly;

Con51.der now classic .aerlal images compression 3) DAC “Optimal” compresses better than “JPEG
results, which are presented in the table 2 and figures 13 100 (it can be scen that the size of DAC-file is smaller

—16. It follows that than the size of the corresponding JPEG-file at least 13
1) on the average, U-value of “JPEG 100" loss of percent)

quality is greater than U-value of DAC “Optimal” by 20

and j(n) significantly depends on the image. On aver-

age, these functions behave in the same way.

Table 2
Results of compression of the classic aerial images by DAC “Optimal” and “JPEG 100”

Original image DAC “Optimal” “JPEG 100”
No size size loss of quality size loss of quality
name &«B) | «B) | R [UTrRMS | PSN\R | «B) | R [U | RMS | PSNR
1 Earth 769 193 3,997 | 21 3,703 36,76 247 3,122 32 3,594 | 37,018
2 Foster City 769 198 3,879 | 26 4,056 35,97 246 3,13 45 4,372 | 35,317
3 Oakland 3073 689 4,459 | 24 3,755 36,639 931 3,301 29 3,524 | 37,191
4 San Diego 1 769 277 2,773 | 27 4,694 34,701 323 2,381 50 4,67 | 34,744
5 San Diego 2 769 228 3,378 | 27 3,912 36,282 274 2,81 40 3,738 | 36,678
6 San Diego 3 769 163 4,715 | 24 3,599 37,007 224 3,44 31 3,351 | 37,628
7 San Diego 4 3073 1016 3,026 | 28 4,596 34,883 1222 2,515 70 5,103 | 33,975
8 San Diego 5 3073 702 4,377 | 21 3,349 37,632 940 3,271 28 3,065 | 38,403
9 San Diego 6 3073 988 3,11 | 27 4,453 35,158 1143 2,69 44 4,791 | 34,522
10 | San Francis-
col 769 176 4,383 | 27 3,487 37,281 224 3,444 51 4,11 | 35,854
11 | San Francis-
co?2 3073 706 4,354 | 26 3,587 37,036 908 3,385 54 3,727 | 36,704
12 | San Francis-
co3 3073 743 4,143 | 28 3,866 36,385 960 3,201 40 3,831 | 36,464
13 | San Francis-
co4 3073 1043 2,947 | 26 4,671 34,742 1200 2,562 58 4,489 | 35,088
14 | San Francis-
coS 3073 974 3,157 | 28 4,439 35,185 1139 2,697 73 4,899 | 34,329
15 | Stockton 1 3073 779 3,947 | 26 3,988 36,115 1054 2,916 41 3,304 | 37,751
16 | Stockton 2 3073 800 3,841 | 27 3,984 36,125 1039 2,957 62 4,266 | 35,531
17 | Stockton 3 3073 766 4,015 | 27 4,079 35,919 1008 3,049 36 3,616 | 36,966
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Fig. 13. Classic aerial images. Compression ratio
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Besides, if we compare visually results of DAC 4.2. DAC “Allowable” vs “Paint JPEG”
and JPEG compression, we see no visible differences.

Hence, DAC “Optimal” and “JPEG 100” have Compare two other modes of DAC and JPEG.
almost the same loss of quality. In addition, DAC First, it can be checked that visually results of
“Optimal” saves more memory than “JPEG 100”. compression are almost equal.

Therefore, we claim that application of DAC “Op- Secondly, the tables 3, 4 and figures 17 — 24 pre-
timal” is more preferable than “JPEG 100”. sent numerical results.

Table 3

Results of compression of the classic test images by DAC “Allowable” and “Paint JPEG”

Original image DAC “Allowable” “Paint JPEG”
No name size size CR loss of quality size CR loss of quality
(kB) | (kB) U | RMS | PSNR (kB) U RMS | PSNR
1 baboon 769 162 4,747 70 10,24 27,924 173 4,445 75 9,344 | 28,721
2 Barbara 1216 138 8,812 45 5,42 33,451 172 7,07 42 3,658 36,865
3 boats 1330 115 11,566 | 31 3,496 37,259 146 9,12 33 2,807 39,166
4 cablecar 721 83 8,688 55 4,608 34,87 90 8,011 60 4,152 35,765
5 cornfield 721 101 7,139 51 5,284 33,671 103 7 57 4,518 35,032
6 fl6 769 76 10,118 68 4,05 35,982 90 8,544 81 4,663 34,758
7 flowers 531 90 5,9 64 6,335 32,102 91 5,835 97 5,767 32,912
8 fruits 721 77 9,364 47 4,409 35,244 83 8,687 64 4,178 35,711
9 goldhill 1216 127 9,575 39 5,001 34,15 168 7,238 48 3,961 36,174
10 Lena 769 73 10,534 | 63 4,898 34,33 97 7,928 98 4,226 | 35,613
11 monarch 1153 105 10,981 37 3,858 36,404 131 8,802 31 2,463 40,302
12 peppers 769 84 9,155 52 5,565 33,222 113 6,805 123 6,475 31,906
13 sailboat 769 116 6,629 68 7,121 31,08 133 5,782 100 7,428 30,713
14 splash 769 57 13,491 49 3,4 37,5 80 9,613 161 4,651 34,781
15 Tiffany 769 72 10,681 67 4,868 34,383 95 8,095 132 6,188 32,3
Table 4
Results of compression of the classic aerial images by DAC “Allowable” and “Paint JPEG”
Original image DAC “Allowable” “Paint JPEG”
No name size size CR loss of quality size CR loss of quality
(kB) | (kB) U | RMS | PSNR (kB) U RMS | PSNR
1 Earth 769 87 8,895 32 5,165 33,87 113 6,813 35 4,605 34,866
2 Foster City 769 90 8,54 61 6,805 31,474 110 6,988 49 5,183 33,84
3 Oakland 3073 288 10,698 | 49 5,223 33,772 407 7,563 39 4,515 35,038
4 San Diego 1 769 135 5,726 57 8,712 29,328 166 4,648 50 5,777 32,897
5 San Diego 2 769 110 7,035 49 6,353 32,071 134 5,765 45 4,784 | 34,535
6 San Diego 3 769 68 11,438 | 43 4,881 34,361 96 8,061 38 4,304 | 35,453
7 San Diego 4 3073 490 6,28 63 9,113 28,938 599 5,133 77 6,006 | 32,559
8 San Diego 5 3073 309 9,947 38 4,83 34,452 409 7,514 35 4,16 35,749
9 San Diego 6 3073 458 6,721 56 7,162 31,03 560 5,492 51 5,8 32,863
10 | San Francis-
col 769 81 9,597 53 5,366 33,538 96 8,073 55 4,809 34,49
11 | San Francis-
co?2 3073 323 9,523 61 5,923 32,679 395 7,781 57 4,548 34,974
12 | San Francis-
co3 3073 330 9,315 59 6,716 31,589 428 7,18 44 4,71 34,67
13 | San Francis-
co4 3073 482 6,374 49 7,175 31,015 608 5,058 63 5,623 33,132
14 | San Francis-
cos 3073 449 6,851 58 7,233 30,945 553 5,56 69 5,858 32,776
15 | Stockton 1 3073 353 8,719 57 6,676 31,641 500 6,151 41 4,495 35,077
16 | Stockton 2 3073 365 8,436 58 6,466 31,918 482 6,379 73 5,212 33,79
17 | Stockton 3 3073 327 9,366 54 6,268 32,188 468 6,576 37 4,7 34,687
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Fig. 17. Classic test images. Compression ratio
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Fig. 18. Classic test images. Loss of quality: U-criterion
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Fig. 19. Classic test images. Loss of quality: RMS-criterion
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Fig. 20. Classic test images. Loss of quality: PSNR-criterion
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Fig. 22. Classic aerial images. Loss of quality: U-criterion
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Fig. 23. Classic aerial images. Loss of quality: RMS-criterion
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Fig. 24. Classic aerial images. Loss of quality: PSNR-criterion

We see that DAC “Allowable” is more “lossy”
than “Paint JPEG”. But the difference is quite small and
can be eliminated by changing of DAC settings. At the
same time, the compression ratio of DAC “Allowable”
is much higher than the JPEG’s one. This implies that
DAC “Allowable” saves essentially more memory than
“Paint JPEG” with a small deterioration in the quality
(note that visual changes are hard to see). Also, if we
reduce quantization coefficients of DAC and thus
achieve almost similar values of U, RMS, and PSNR,
we obtain such mode of DAC that still has higher com-
pression ratio.

5. Discussion of the results

In this section, we discuss the results obtained in
the previous one.

Generalized results are presented in the tables 5, 6.

First, we see that DAC provides less variation of
CR, U, RMS and PSNR. In other words, using DAC, we
can obtain more stable results.

Secondly, on the average, loss of quality obtained
by DAC “Optimal” is not greater than loss of quality
obtained by “JPEG 100”.

Thirdly, on the average, quality provided by “Paint
JPEG” is insignificantly better than quality provided by
DAC “Allowable”.

Finally, on the average, compression ratio of DAC
is essentially higher than compression ratio of JPEG.
Therefore, using DAC, we can save more memory than
with usage of JPEG. For instance, total size of the initial
image files is 51409 kB. Total size of DAC “Optimal”
files is 13456 kB and total size of “JPEG 100" files is
16966 kB. Using DAC “Allowable”, we get 6221 kB.
And, using “Paint JPEG”, we get 7889 kB.

Now we consider the results in terms of function
theory and approximation theory.

Since spaces UP;, are asymptotically extremal

for approximation of periodic differentiable functions,
DAT-coefficients are almost as perfect as DCT-
coefficients for description of data in the case of suffi-
ciently high dimension of the corresponding functional
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space. To obtain bigger compression ratio without
changing the scheme of DAC, some coefficients of
quantization should be increased. Indeed, we get higher
compression and higher loss of quality. Also, in this
case, DAT-coefficients become less perfect. Therefore
the following hypothesis is quite reasonable: CR of
JPEG is greater than CR of DAC with the same low

more effective than DAC if quality requirements are
low. If we compare general results, which are shown in
the tables 5 and 6, we get a partial proof of this state-
ment. Currently, the requirements for quality of digital
images are very high. Therefore, compression with high
or even medium loss of quality may be unacceptable by
most users. Hence, the advantage of JPEG over DAC

quality of result. In other words, JPEG is seemed to be  described above may be useless in the future.
Table 5
General results: classic test images
Compression ratio U-metric RMS-metric PSNR-metric
D D D D
Compressor g = ae @ | =| ¥ = w & = »
o =] < o o= < o = < i - <
o g = o E| E @ g = @ g g
< < < <
DAC “Optimal” 4,463 2,324 6,202 23,467 16 29 | 3,276 | 2,225 5,315 38,081 33,621 41,186
“JPEG 100” 3,373 2,302 3,944 79,6 31 165 | 4,245 1,5 8,75 36,412 29,291 44,611
DAC “Allowable” | 9,158 4,747 13,491 53,733 31 70 | 5,237 3,4 10,24 34,105 27,924 37,5
“Paint JPEG” 7,532 4,445 9,613 80,133 31 161 | 4,965 | 2,463 | 9,344 34,715 28,721 40,302
Table 6
General results: classic aerial images
Compression ratio U-metric RMS-metric PSNR-metric
D D D D
Compressor g = ae @ | =| ¥ = w & = »
S - < S o= < S - < S - <
o g = o E| E @ = = @ = g
< < < <
DAC “Optimal” 3,794 2,773 4,715 25,882 21 28 | 4,013 | 3,349 | 4,694 36,107 34,701 37,632
“JPEG 100” 2,992 2,381 3,444 46,118 28 73 | 4,026 | 3,065 5,103 36,127 33,975 38,403
DAC “Allowable” | 8,439 5,726 11,438 | 52,765 32 63 | 6,475 | 4,83 9,113 32,048 28,938 34,452
“Paint JPEG” 6,513 4,648 8,073 50,471 35 77 | 5,005 | 4,16 6,006 34,199 32,559 35,749

It should be mentioned that there is a dependence
of the compression result on some special features of
the initial test image. The smoothness of changing pixel
colors is such a feature.

Consider in more detail the results of compression
of the test images “Baboon”, “Lena” and “Monarch” by
DAC “Optimal” and “JPEG 100”.

Above all, we see that U-value of DAC is signifi-
cantly less than JPEG’s one. One of the reasons for this
is the application of chroma sub-sampling procedure in
JPEG compression. This step can be changed or can-
celed, but we thus get a new mode of JPEG that should
be compared with another mode of DAC.

One of the most important differences between
“Baboon”, “Lena” and ‘“Monarch” is the number of
sharp color changes. It is evident that “Baboon” con-
tains significant number of such jumps (see fig. 25). In

these terms, other two pictures are smoother (see figures
26 and 27). Besides, “Monarch” has large blurred areas.
Atomic functions upg(x) are nonquasianalytic.

Hence, they are less smother than trigonometric poly-
nomials, which are analytic. This implies that DAT is
more preferable than DCT in case of processing of con-
trast images. Indeed, the figure 11 illustrates that loss of
quality provided by JPEG is greater than loss of quality
obtained after DAC processing. Also, an increase in
image smoothness leads to an increase in the quality of
the JPEG processing (see fig. 10 and 12).

Contrast increasing is often used, since this kind of
image processing is visually perceived as an improve-
ment in quality. Moreover, such a procedure as reducing
the number of pixels makes significant changes that
reduce the order of smoothness (it should be mentioned
that this procedure is very often applied when uploading
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photos to Facebook, Instagram, etc). The application of
DAC to compression of digital images, which were pro-
cessed with such transformations, is reasonable.

Fig. 25. Test image “Baboon”

Fig. 26. Test image “Lena”

Conclusions

In this paper, we have introduced the discrete
atomic compression of full color 24-bits bitmap images.
Also, we’ve compared it with the JPEG compression
algorithm. The obtained results show that DAC saves
significantly more memory than JPEG with the same
loss of quality. This means that with DAC it is possible
to achieve better results than with JPEG. It was also
shown that application of DAC to image compression is
more preferable than JPEG in the case when it is

planned to use recognition algorithms. Hence, further
development and investigation of the DAC algorithm
are promising.

Fig. 27. Test image “Monarch”
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JAUCKPETHE ATOMAPHE CTUCHEHHS IM®POBUX 306PA’KEHD
1. B. bpucina, B. O. Maxapiueg

IIpeaMeToM BUBYEHHS CTATTi € AuckperHe atoMapHe ctucHeHHs (JIAC) mudpoBux 300paxeHsb, 0 € Mpole-
COM CTHCHEHHS 3 BTpaTaMH SKOCTI Ta 3aCHOBAaHMM Ha BHKOPUCTaHHI JUCKPETHOI'O aTOMAapHOI'O IEPEeTBOPCHHS
(JTAII). Metoro € gocmimkeHas epextuBHOCTI anroputMy JAC. 3aBaaHHsA: po3pOoOUTH 3aralbHy CXeMy KOMIIpecii
3 BukopuctanusaMm JIAII i mopiBasTH pe3yibTatu aaroputmiB JJAC ta JPEG. V maniii poO0Ti MU BUKOPHCTOBYEMO
MeTOaH IH(PPoBOi 0OPOOKH 300pakeHb, Teopii aToMapHUX (YHKI[iH Ta Teopil HaOIMKeHb. 111 TOro, 1mod mopiBHsI-
Tu edekTuBHicTh anroputMiB JIAC ta JPEG, MU BUKOPHUCTOBYEMO HA0OPH KJIACHYHHMX TECTOBHX 300paKeHb Ta Kia-
CUYHHX aepohoTo300pakeHb. Mu aHali3yeMo Koe(DillieHT CTUCHEHHS Ta BTPATH SKOCTI, BUKOPHCTOBYIOUH PIBHOMI-
pay (U) i cepennbokBaaparuuny (RMS) merpuxu, a takox BimHomeHHs curHan/mym (PSNR). JTAC — ue anro-
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PUTM, SIKUH MOXKHA HAJAIITOBYBATH, BUXOASYHM 3 KOHKPETHUX MOTPeO. Y daHiil poOOTI MM BUKOPHCTOBYEMO PEIKU-
Mu «OnrumansHui» Ta «J{omyctumuit»y 1poro anroputMy. Otpumano HacTymHi pesyabrat: 1) JIAC € kpamum
Hix anroput™M JPEG 3 Touku 30py U-kpurepiro; 2) Hemae 3Haunux BinMminHocted Mixk JIAC Ta JPEG 3 Touku 30py
kputepiiB RMS i PSNR; 3) koedimienT crucaerns anropurmy JIAC Buie HiXK KoeDilli€HT CTHCHEHHS aJITOPUTMY
JPEG. To6T1o 3a momomororw JTAC MOKHA OTpUMAaTH OUIBIIY €KOHOMIIO MaM’sTi Hik 3 BukopuctaHHsMm JPEG mpu
HE TIpIIid SKOCTI pe3yabTariB. Taki pe3yJapTaTd € HACTIIKOM TaKuxX (hyHIaMEHTAJIBHUX BJIACTUBOCTEH aTOMapHHX
(hyHKIIH, K TapHi alrpOKCUMAIIiHHI BJACTHMBOCTI, BUCOKHI MOPSIOK TJIAAKOCTI Ta iCHYBaHHSA 0a3HCy 3 JOKAJIbHUM
HOCIEM y ITPOCTOpax aToMapHux (GyHKIiA. OCKiUTbKY y3araabHeHi Fup-GhyHKIIiT MaloTh Taki cami 3py4Hi BIaCTHBOC-
Ti, IIIJIKOM TIPUPOJHIM € T€, 110 aHAIOTIYHI Pe3yJbTaTH CTHCHCHHS MOXKHA OTPUMATH 32 JIOIIOMOT'OK) y3araJlbHEHOTO
JIUCKPETHOTO aTOMAapHOT0 CTUCHEHHS, K¢ 0a3yeThCs Ha BUKOPHCTaHHI IUX (yHKIiH. Takok y poOOTI HaBEICHO
IHTEPIIPETAIii0 OTPUMAHHMX PE3YNbTATIB 3 TOUKH 30py TeOpil HaOMKeHb Ta Teopii dyHKii. BucHoBkm: 1) 3a m0-
moMoror JIAC MoXHa JOCITTH Kpaiiux pe3ynbraTiB Hik 3 JPEG; 2) kim0 y mogansnioMy IIaHYeETbCS BUKOPHUC-
TaHHs aJrOPUTMIB PO3ITi3HABAHHI, TO Kpallle BUKOPUCTOBYBATH CTHCHeHHs 3a jornomoror JJAC uixk JPEG; 3) mo-
JIANBIINEA PO3BUTOK Ta JociimkeHHs JJAC € mepcrnekTUBHUMH.

KurouoBi croBa: aromapHa (yHKIISA; TUCKPETHE aTOMapHE MIEPETBOPEHHS; CTUCHEHHS 300pakeHb 3 BTpaTaMH
sikocti; anroput™ JPEG.

JACKPETHOE ATOMAPHOE CXKATHUE IIU®POBBIX U30BPAKEHU
U. B. bpvicuna, B. A. Makapuuee

IIpenMeToM HM3y4eHHUs CTAThU SABJISETCS TUCKpeTHOoe aToMapHoe okatue (JJAC) nudpoBsIX H300pakeHH, KO-
TOPOE SIBISIETCS POIIECCOM CXKATHS C TOTEPSIMU KauecTBAa U OCHOBAHHBIM Ha MPUMEHEHHH AUCKPETHOIO aTOMapHO-
ro npeodpasosanus (JJAII). Heanlo asiserca uccinenosanue dbdexrusaoctd anropurMma JAC. 3agauu ucciieno-
BaHHA: Pa3paboTaTh OOIIYIO cXeMy KoMIpeccuu ¢ nmpuMmeHerreM JIAIT u cpaBHUTH pe3ynbTaThl anroputMoB JAC
u JPEG. B nmanHoit paboTe MBI HCITONB3yeM METOABI HU(MPOBOH 00pabOTKH H300paKeHH, TEOPUH aTOMaPHBIX
¢GbyHKIUH ¥ Teopuu npuOIKeHUH. [l Toro, 4ro0sl cpaBHUTE b dekTrBHOCTH anroputMoB JIAC u JPEG, MbI uc-
MOJIb3yeM HAOOPBI KIACCHYCCKUX TECTOBBIX M300paKEHHH M KIACCHUECKUX a’pOo(OTOCHUMKOB. MBI aHAIU3UPYEM
KO3 (ULUEHT CKATHU M MIOTEPU KavecTBa, HCIoab3ys paBuoMepHyio (U) u cpennekBaapatudeckyo (RMS) merpu-
KH, a Tarke oTHomenue curaan/mym (PSNR). IAC — 3To ajroput™, KOTOPBIA MOXKHO HACTPOUTH B COOTBETCTBHUH C
KOHKPETHBIMH TOTPEOHOCTSIMH. B maHHOW paboTe MBI HCHOJIB3YyeM PEKUMBI « ONTUMATBHBIN» U «J]OmMycTUMBIN
storo anroputma. [lomydens! Takue pe3yabrathl: 1) JJAC nyume aaropurma JPEG ¢ Touku 3penus U-kpurepus;
2) ¢ touku 3penus kpureprueB RMS u PSNR mexny JJIAC u JPEG HeT 3HaYUTEIBHBIX OTIHYUN; 3) KO GHHUIUESHT
coxatus anroputMa JIAC Beimie kodddunuenta cxatus anroputma JPEG. [dpyrumu cinoBamu, ¢ nomorpso JAC
MOJKHO TIOJIYYUTH OOJIBIIYIO SKOHOMHIO MaMsATH, 4eM mpu nomomnt JPEG, npu He XyamieM KadecTBe pe3yiabTaToB.
DTOT pe3yabTaT ABJISAETCS CIEACTBUEM TaKUX (DYHIAMEHTAJIbHBIX CBOWCTB aTOMAapHBIX (YHKIMH, KaK XOPOIIUE aIl-
ITPOKCUMAIIMOHHBIC CBOWCTBA, BHICOKHI MOPSAIOK TJIAJAKOCTH U CYIICCTBOBAHHE 0a3uca C JIOKAJIbHBIM HOCHUTEIEM B
MIPOCTpaHCTBAaX aToMapHbIX (GyHKIuiH. Tak kak 0000mIEHHBIe Fup-QyHKIMHM UMEIOT Takue ke yao0HbIC CBOMCTBA,
BIIOJTHE €CTECTBCHHO, YTO aHAJOIMYHBIC PE3YJbTAThl CKATHS MOXHO MOJYYHTH IIPH TOMOIIUA OOOOIIEHHOrO JHUC-
KPETHOTO aTOMapHOro Mpeo0pa3oBaHusl, KOTOPOS OCHOBAHO HAa MX INPUMEHEHHWU. Takke B paboTe MpUBEACHA WH-
TEpIIPETaIys MOTYICHHBIX PE3YJIbTATOB ¢ TOUKU 3PCHHS TCOPUHU MPUOIKECHHUNA 1 TeopuH (yHKIuH. BeiBoabl: 1) ¢
romortpio JJAC MOKHO JOCTUY JYYIINX pe3yabTaToB, yeM ¢ JPEG; 2) ecnu B JanbHEHIIEM TUIAHUPYETCS IIpUMe-
HEHHE aJrOPUTMOB PACIIO3HABAHUSA, TO MPEANOYTUTEIILHEES HCIOIb30BaTh Cxkatue ¢ momoiibio JJAC; 3) nanbpHel-
uiee pa3Butue u uccienosanue JAC aBnsercs NepCreKTUBHBIM.

KiroueBble ciioBa: atoMapHas QyHKIHS;, TUCKPETHOE aTOMapHOE MpeoOpa3oBaHue; CxKaTHE H300paKCHUH C
norepsaMu kadectna; anroput™ JPEG.

Bpoicuna Upuna BukropoBHa — KaHA. (u3.-MaT. HAyK, JOLEHT, JOLUEHT Kadenphl BBICUIEH MaTeMaTUKH U
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