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IMAGE COMPRESSION BASED ON CLASSIFICATION CODING
OF CONSTANT-PITCHED FUNCTIONS TRANSFORMERS

The subject of research in the article are the processes of video image processing using an orthogonal
transformation for data transmission in information and telecommunication networks. The aim is to build a
method of compression of video images while maintaining the efficiency of its delivery at a given informative
probability. That will allow to provide a gain in the time of delivery of compressed video images, a necessary
level of availability and authenticity at transfer of video data with preservation of strictly statistical regulations
and the controlled loss of quality. Task: to study the known algorithms for selective processing of static video
at the stage of approximation and statistical coding of the data based on JPEG-platform. The methods used
are algorithm based on JPEG-platform, methods of approximation by orthogonal transformation of
information blocks, arithmetic coding. It is a solution of scientific task-developed methods for reducing the
computational complexity of transformations (compression and decompression) of static video images in the
equipment for processing visual information signals, which will increase the efficiency of information delivery.
The following results were obtained. The method of video image compression with preservation of the
efficiency of its delivery at the set informative probability is developed. That will allow to fulfill the set
requirements at the preservation of structural-statistical economy, providing a gain in time to bring
compressed images based on the developed method, relative to known methods, on average up to 2 times. This
gain is because with a slight difference in the compression ratio of highly saturated images compared to the
JPEG-2000 method, for the developed method, the processing time will be less by at least 34%. Moreover,
with the increase in the volume of transmitted images and the data transmission speed in the communication
channel - the gain in the time of delivery for the developed method will increase. Here, the loss of quality of the
compressed/restored image does not exceed 2% by RMS, or not worse than 45 dB by PSNR. What is
unnoticeable to the human eye. Conclusions. The scientific novelty of the obtained results is as follows: for the
first time the method of classification (separate) coding (compression) of high-frequency and low-frequency
components of Walsh transformants of video images is offered and investigated, which allows to consider their
different dynamic range and statistical redundancy reduced using arithmetic coding. This method will allow to
ensure the necessary level of availability and authenticity when transmitting video data, while maintaining
strict statistical statistics. Note that the proposed method fulfills the set tasks to increase the efficiency of
information delivery. Simultaneously, the method for reducing the time complexity of the conversion of highly
saturated video images using their representation by the transformants of the discrete Walsh transformation
was further developed. It is substantiated that the perspective direction of improvement of methods of image
compression is the application of orthogonal transformations on the basis of integer piecewise-constant
functions, and methods of integer arithmetic coding of values of transformant transformations. It is
substantiated that the joint use of Walsh transformation and arithmetic coding, which reduces the time of
compression and recovery of images; reduces additional statistical redundancy. To further increase the degree
of compression, a classification coding of low-frequency and high-frequency components of Walsh
transformants is developed. It is shown that an additional reduction in statistical redundancy in the arrays of
low-frequency components of Walsh transformants is achieved due to their difference in representation.
Recommendations for the parameters of the compression method for which the lowest value of the total time of
information delivery is provided are substantiated.

Keywords: images; compression; information intensity; orthogonal transformations.

Introduction video service for the remote provision of video

information services in a video monitoring system using

Problem statement. For information support of ~Unmanned systems. The product of the video service is

the visual information management system, there is a  the receipt of visual information (images) [1-3].
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Many requirements are put forward for information
support of control systems, which include remote video
systems: increased efficiency; high-quality information
content; reduction in the cost of obtaining infor-
mation [4, 5].

The time cycle of the video service control system
includes the time of delivery of visual information
(images), the identification of objects of interest in the
resulting image, the time for making decisions and
bringing instructions to control objects [6, 7].

An analysis of the effectiveness of the use of video
service systems, namely the assessment of time delays in
bringing information to interested persons, allows us to
assert that the delivery time of visual information (imag-
es) is a main characteristic of the information support
process for control systems [5, 6]. Time delays in com-
municating information negatively affect the timeliness
of decision-making, and, consequently, the entire man-
agement cycle. Reducing this time is the essence of in-
creasing the efficiency of the service for remote provision
of video information services in the control system.

Additionally, in a given time cycle, a significant
component is the time of decision-making. However,
this stage begins its countdown after the process of identi-
fying objects of interest in the resulting image [8, 9, 13].
And how the information objects will be presented in
this image will influence both the time of identification
and the probability of correct identification, and,
consequently, the effectiveness of decision-making in
general [10-12].

Visual information (images), with a significant
level of informativeness, characterized by a high degree
of saturation with small details, color differences [14,
16, 20]. In the process of clarifying the tasks of identify-
ing objects when reading information from images, re-
quirements are put forward for increasing the resolution
of the on-board digital optical system [21-23]. An in-
crease in the resolution of the optical system increases the
information intensity of the formed image, which can
reach tens of Gbps [15, 17, 19]. Alternatively, due to the
growth of information intensity of video information,
there is a requirement to increase the performance of ded-
icated information transmission channels, which increas-
es the cost of obtaining information [16-18].

Evaluation of compliance with the requirements for
obtaining high-quality operational video information for
control systems regarding the existing remote video
service, taking into account the stage of identification of
the obtained image, indicates that the existing capabilities
of the on-board equipment of the unmanned complex do
not provide the required time for image delivery in cases
when the required level of resolution of the resulting
image is set for the solution of the corresponding class
tasks for identifying objects [24, 26, 31].

Here a scientific and technical problem arises: to
ensure a decrease in the information intensity of the video
stream of remote video systems at a given video image
reliability.

Analysis of recent research and publications.
Existing remote video systems use information
technologies with the JPEG platform to reduce the time
of video information delivery via dedicated video
information transmission channels [25, 28]. Such
technologies for providing information reduce
information intensity by distorting information about the
key features of identifying image objects, which leads to
a decrease in the reliability of the received video
information [27, 29, 30]. At the level of providing
information in a digital image, there is an imbalance: the
possibility of the required level of promptness of
delivery of an image with questionable reliability of
information is provided, and vice versa, providing the
required level of providing information on the delivered
image, its promptness of delivery is lost. This affects the
reliability of information related to aging. This is
explained by the peculiarity of the digital image and the
peculiarity of modern image processing technologies in
the system of providing video services [32, 35, 42]. For
existing information technologies for coding video
information, the gain in efficiency is compensated by a
decrease in the image resolution, which leads to a
decrease in the reliability of the resulting image and
distortion of the quality of its information content [34,
37, 41].

Thus, the purpose of the article is to build a
method of image compression while maintaining the
efficiency of its delivery at a given informative
probability. This creates conditions for ensuring
structural and statistical regulations, and for ensuring
the necessary level of availability and authenticity of
video data.

Presentation of the main material

Development of efficiency criteria for a
subsystem for processing and transmitting data for a
remote video service. Remote video services use
compact video presentation techniques to adapt to the
performance of data transmission systems [33, 36, 39].
The main indicators of the quality of such methods are:
compression ratio K.y, time spent on compression

Teom and decompression Ty.om . an indicator of the

degree of quality loss as a result of image compression
and decompression. The standard error & is used as such
an indicator:

Keom = ) 1)
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where V,, — original image volume;
Veom — compressed image size.
V
Teom = U o, )

com

where V,, — original image volume;
U¢om— image compression speed.

u dcom

T goom =

where Vo, —original image volume;
Ugeom — image decompression speed.

N M )
2 2. (Xij = Vi)
5= |:1J:1N v , (4)

where X; j — the values of the matrix elements of the
original image, y;j j — the values of the matrix elements

of the reconstructed image, NxM — is the dimension of

the image.

An analysis of the use of remote video service and
the main indicators of the quality of the compression
process shows that as a criterion for the efficiency of the
data processing and transmission subsystem, taking into
account their compression, it is necessary to use a
criterion that includes the compression time Ty, , the

image decompression time Ty, and the transmission
time of compressed T;, images through communication

channels [38-40]. Hence, the expression for evaluating
the efficiency criterion will take the form:

Tinf =Tcom +Ttr + Tdcom: ®)

where Tj,¢ — total time for processing and transmitting
video data.

V,
Ty =0, (6)
Uy
where U,, — video data transmission rate over the

communication channel.
In accordance with expression (5), the most
effective compression method will be the one for which,

on the one hand, equality 5% ~ 8%t holds, and on the
other hand, one of the systems of inequalities holds:

(7)

dev exist
F(l) _ Keom = Keom
com exist '

d
(Teom + Tdcom ) o< (Teom + Tecom )

or

dev exist
Keom < Kcom

2 d ist .
Féorzn =3(Teom + Tcom ) & < (Tcom + Tdcom )% (8)
i <1

where K%V K&t _ the values of the compression

ratios, respectively, for the developed and existing
methods;

(Tcom +Tdcom )dev, (Teom +Tacom)
of the total time of compression and decompression,
respectively, for the developed and existing compression
methods;

XISt _ ysalues

T, TS _ values of the time to bring data,
respectively, for the developed and existing compression

methods;

5%V &St _ yvalues of the root-mean-square error

indicator, respectively, for the developed and existing
compression methods;
E(L) F(2)

com? com
compression method.

This indicator is directly related to the assessment of
the efficiency of information delivery and takes into
account the peculiarities of the subsystems for processing
and transmitting data with compression. Here, on the one
hand, there is an additional increase in processing time
due to the time spent on compression and decompression
of the original images. On the other hand, an additional
reduction in the time of transmission of video data
through communication channels due to a decrease in the
amount of presented data.

The estimation of the compression ratio of images
and the time of their transmission through
communication channels for various methods, depending
on different classes of images, is shown, respectively, in
Fig. 1 and Fig. 2 [14].

efficiency functionals of the

Koo

.

0,55 0,75 0,95

Fig. 1. Graphs of the dependence of the compression
ratio K oy on the degree of correlation for different

compression methods
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In fig. 1, 2 shows the estimated compression ratio
and transmission time for existing compression methods:
1 — no compression; 2 — methods of entropy coding;
3 — compression methods with the identification of the
lengths of the series; 4 — illustrates compression
techniques based on differential pulse code modulation
(DPCM) and prediction; 5 — methods of interpolation
compression; 6 — illustrates compression techniques
based on preliminary 2D orthogonal transform.

|
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Fig. 2. Graphs of the dependence of the transmission
time Ty, of compressed images through communication

channels on the degree of correlation for different
compression methods

Analysis of the graphs shown in Fig. 1, 2 shows that
the existing compression methods do not provide a
solution to the problem of prompt delivery of video
information due to the low value of the compression ratio
and the long processing time of weakly correlated
images. This is due to low compression ratios and long
processing times.

The highest compression ratio of image data is
achieved on the basis of methods that take into account
psycho-visual ~ redundancy and  two-dimensional
correlations in the processed blocks. Therefore, it is
proposed to build the improvement of compression
methods using orthogonal transformations, which allow:
to reduce the degree of correlations, to increase the
degree of uneven distribution and to distribute the error
over the entire processed fragment.

However, the existing compression methods based
on orthogonal transformations have inherent
disadvantages, which are:

— it is required to perform a large number of
operations, both for the orthogonal transformation itself
or for performing a wavelet transform, and for
performing arithmetic coding;

— trigonometric functions are not reasonably used
for the approximation of slob-correlated fragments of
images.

This leads to an increase in processing time, to a
decrease in the compression ratio of images, and to an
increase in the loss of quality of the reconstructed images.

Therefore, in order to achieve this goal, it is
necessary to solve a scientific and applied problem,
which consists in the development of methods for
reducing the computational (time) complexity of
transformations (compression and decompression) of
static video images in signal processing equipment for
technical samples of remote video services..

Justification of the choice of a two-
dimensional orthogonal transformation for the
development of a method of video data
compression. The development of a method for image
compression is proposed to build on the basis of
improving methods based on two-dimensional
orthogonal transformations and entropy coding.

To substantiate the choice of two-dimensional
orthogonal transformation of images, which provides a
decrease in processing time and a decrease in the
approximation error of weakly correlated images, it is
necessary to compare different types of orthogonal
transformation in terms of time costs for processing.

The following types of orthogonal transformation
were analyzed:

- discrete cosine transform (DCT);

- discrete Walsh transform (DWT);

- discrete Haar transform (DHT);

- wavelet transform (WT).

The number of operations for various orthogonal
transformations are summarized in Table 1 [14].

Table 1
Number of operations for orthogonal
transformation types
Number of operations Atype
Type K, Ky operations
DCT | NM/ogo,NM | NM‘ogo,NM Real
DWT | NM/Zog,NM - Integer
DHT 2(NM-1) NM Real
= NM = NM
WT EJ( pr 1) Sgo( 5 1) Real

DWT has a significant advantage here. The
estimation of the gain in terms of processing time for
different types of orthogonal transformation was carried
out for a processor with a clock frequency of 800 Hz. The
analysis showed that the minimum gain for DWT,
relative to other types of conversion, is 3.6. This is due to
the fact that, unlike DCT and DHT, the values of the
elements of the Walsh basis matrix are integers taking
only two values 1 and -1. Therefore, performing the
Walsh transform is based only on integer addition and
subtraction operations. In addition, the addition
(subtraction) operations performed for the DCT and DHT
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transformations are, respectively, real and partially real,
which leads to an additional increase in processing time
relative to the time required to perform integer addition
(subtraction) operations for the Walsh transform.

For highly saturated images, the use of the basis of
piecewise constant functions is more effective than the
basis of trigonometric functions, if the complexity of
machine implementation is used as a criterion, and,
therefore, the simplicity in practical implementation,
which is expressed in a decrease in the time complexity
of the approximation.

The product of the interaction of image elements
and orthogonal transformation functions is an image
transformant. The transformant is characterized by the
distribution of its informative elements in the low-
frequency and high-frequency regions.

For highly saturated images, the use of the basis of
piecewise constant functions is more efficient than the
basis of trigonometric functions, if the complexity of the
machine implementation is used as a criterion.

The product of the interaction of image elements
and orthogonal transformation functions is an image
transformant. The transformant is characterized by the
distribution of its elements that carry information content
in the low-frequency and high-frequency regions.

An assessment of the informativeness of
transformants of different types of orthogonal
transformations is carried out by determining the amount
of information per one component of the transformant.

To assess the informativeness of transformants of
various types of orthogonal transformations,
informational estimates of the statistical redundancy in
the Haar and Walsh transformants are carried out.

The estimation of the amount of information in the
components of the Haar and Walsh transformation vector
was carried out on the basis of the known values of the

2

variance oy of the original image elements and the

covariance function K(x;;x;) of this image. For this, a
mathematical model of Walsh transformants has been
developed.

Each component y(k;¢) of the transform is
obtained as a result of a linear transformation of the
elements of the original block of the image. The
component value for block sizes is found by the formula:

1 2 . -
ylkf)==— 2. F Ky x () )
H i=1
where f(k;i);, — the value of the matrix of discrete
values of the k-th basis function of the orthogonal
transformation;
x(i;j) — values of i j-th elements of the block of the

original image;

Cn— is the normalization factor.

In accordance with Lyapunov's theorem [14], at
large values n > 8, the probability distribution of the

values y(k;¢) of the quantity approaches the normal
distribution law. Then, for the known values of the

variance c(x)izj of the values x(i;j), the variance

G(y)ﬁg of the values y (k;¢) is equal to:

o= 2H2 G0 +2 X KGix,), (10)
i=1

i<t

where C2H , f(k;i)f - honrandom quantities;
r
K(x;;X¢) — covariance coefficient equal to:
K(xi;X) =0 (x); 5 () 0% (—au(i—1)) ;
c(x)ij, o (X), P standard deviation of elements
located in the source block, respectively, at positions with
coordinates (i;j) and (t;j).

o — reciprocal of constant exponent.
As a result of the orthogonal transformation, we

obtain a vector Y™ consisting of the components
y(K:2):

Y® —y@ ),y )} (11)

Then, if the components of the Y®*)  vector
correspond to the normal distribution law, then the
differential entropy is equal to:

HE = [ [POYEA), ... y(id)x

—00 —00

xP(yE2A), .., y(mA)) ,

where P(y(LA), ..., y(n;A)) — is the joint probability

(12)

density of the vector y®) components.
For the normal law of the probability distribution of
quantities P(y(LA), ..., y(n;A)) is equal to

1

J(zm”AnHo(y)'ﬁx
k=1
1 & Dy YA Y(Usn)
x exp (- o (13)
2A, uZ::l s (Y)éy o(y)2),
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where A, — is the normalized correlation determinant
HR(ka;)’ux)H of matrix with order n;

Dy, —its algebraic complement;

R (Yia:Yun ) —normalized covariance function:

K(Ykw:Yur)

R(Yin:Yuw. )= :
SV W un

Formula (12) for finding the value H%F) taking
into account expression (13) is equal to:

n
Hg?):1,43€ogz J(@2re)" Ho(y)ﬁk Ay . (14)
k=1

If the cross-correlation of the vector components
y®) increases, then the correlation determinant in the
limit tends to 0. Otherwise, when the cross-correlation

of the wvector components y®) decreases, the
correlation determinant increases and tends to 1. Then
expression (14) takes the form

n n
H® = S H® = S143009, 5(y)2, J(2re) , (15)

k=1 k=1

where Hﬁ) — the amount of information on average per

(k; L) -th component of the vector Y

H(k'i) =1,43/09g, cs(y)ﬁ;L J(@me) .

Since, as a result of the orthogonal transformation,
the de-correlation of the original elements occurs, the
condition A, =1 is satisfied for the joint distribution of

the components of the transformant. This means that the
amount of information in transformants of a discrete
orthogonal transformation is estimated by the formula
(15). From the analysis of expressions (15) and (16), it

(16)

follows that in order to estimate the values of H%rB) and
H(kEi) , it is necessary to determine the value c(y)ﬁk of

the variance, which depends on the values f (k; i)f (type
r

of basis functions) of the variance of the elements of the

original image blocks and the correlation coefficients
f(k:i)? .
tr

For most constituents, the variance of the Walsh

transform component will be less than the variance of
the Haar transform component. Therefore, the amount

of information H(W)grB) per vector of components of

the Walsh transform will be less than the amount of
information H(H)%E’) per vector of components of the
Haar transform:

HW)E) < HH)®) . (17)

Consequently, as a result of the Walsh transform,
an output sequence is generated that carries a smaller
amount of information. This means that the Walsh
transform has more potential for increasing the
compression ratio when processing weakly correlated
images than the Haar transform.

Image processing methods based on DCT and
wavelet transforms result the use of algorithms of higher
computational complexity and have a real type of
mathematical operations, which, in turn, will increase
the time spent on image processing. This results a high
probability of non-compliance with the requirement to
maintain its relevance in real time [1-3].

Development of a video data compression
method with an orthogonal transformation
subsystem. To solve this problem, a method of video
information compression based on the classification
coding of transformants of piecewise constant functions
is proposed (Fig. 3).

' 1 stage : : 2 stage, ! 3 stage :
1 1 -
[N f 1 1
1 — Pixel 1 Masiv
Original Lyt 1 1
! blocks |1 Walsh
. " DWT 1
: image 1y nxn T’f | transform 1
I 1 1
Ll = = —!
e !
1
1| Formation of an array of :
_* high-frequency High frequency array ]
i components !
|=m o mmees Ssage” "7 TTTTTTTTT
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1
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1 1
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1 1
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Fig. 3. Block diagram of the video information
compression method based on the classification coding
of transformants of piecewise constant functions

The proposed compression method includes a
discrete orthogonal Walsh transform, with a preliminary
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division of the original image into blocks of pixel nxn
dimensions and integer arithmetic coding of the classified
Walsh transformants.

The technology of the developed coding method
includes several stages.

The first stage involves reading the original
components of the image in MxN dimension.

The second stage involves the formation of three
working matrices based on RGB color components. It is
assumed here that each matrix of the color component is
divided into blocks of nxn pixels (Fig. 4).

This is due to the non-stationary properties of the
image in different parts of the frame and a large number
of operations to perform orthogonal transformation for
the entire image frame. Performing orthogonal
transformations for local blocks will increase the degree
of homogeneity of structural properties (degree of
coherence) and reduce the number of operations for the
Walsh transform.

In case of multiples of frame sizes nxn, the

number of blocks Z will be equal to:

Z=MxN/n?. (18)

At the third stage of the compression process, a two-
dimensional discrete Walsh transform is performed

(Fig. 5).

B
G

R

pdecomposition

nxn

Fig. 4. The stage of splitting the matrices
of color components of the original image into blocks
of equal pixel nxn sizes

o]

B

Transformants
DWT ...

nxn

Fig. 5. Forming arrays of Walsh transforms

This stage is given by the expressions:

Y(n,n)=n—12FW<n)X(n,n)ﬁN(n); (19)

fogpn -1
Y oe (k) e
Fw(k, 0)=(-1) ©&7° ik =0,n-1; (20)
Vo (K)=Kq_1; vy (K)=kg_1+Kg-2

where Y(n,n) — transformant of the orthogonal Walsh
transform with dimension n x n;

X(n,n) —array of size n x n, composed of elements
of the original image;

Ry (n) — column of the matrix of discrete values of

the basis function of the Walsh transform.

As a result of performing the orthogonal Walsh
transform on the image blocks, a sequence of
transformants with the size n x n of elements is formed.

As a result of performing the orthogonal Walsh
transform, in addition to reducing the degree of statistical
relationships, a decrease in psycho-visual redundancy is
carried out.

An additional increase in the compression ratio is
possible by taking into account the features of the DWT
transformants. These features are that:

1) the low-frequency and high-frequency
components of the transformants of orthogonal
transformations carry different amounts of information.
The maximum value of the component falls on the first
element of this matrix, located in the upper left corner;

2) the distribution laws of the probabilities of the
appearance of the values of the low-frequency and high-
frequency components of the transforms of the DWT
transformation performed for realistic images are
approximated, respectively, by the normal law and the
Rayleigh distribution law.

Taking into account these features, in order to
further increase the degree of image compression, it is
proposed to organize separate processing of low-
frequency and high-frequency components.

To further increase the value of the compression
ratio, the classification coding of the Walsh transform
transforms is used. The proposed coding is based on
separating the low-frequency components of the
transformants into a separate array of coefficients.
Further, it is assumed that the high-frequency and low-
frequency components of the transformants are processed
separately, which takes into account their different
dynamic ranges.

Before such processing, the amount of information

H.p inthe DWT transform was equal to [14]:
2 (W
Hy=—n ng )=

Sty
=-n? S P(y(ko) fog, P(y(ke) »  (21)
y(k;()=0
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where S, — power of the alphabet transformants, equal
to the number of different component values;

HQN) — the amount of information, on average per

one component of the DWT.

Since the value that the low-frequency component
takes differs from the values of other transformants, then,
in the case of dividing the transformant, the amount of

information H%,B) in the remaining components will be
equal to:

Syr-1
HE = —(n2-) Y P(y (k) rog, Py (k1) ,
y(k;0)=0
(22)
etc.:

Hy= HP + P(y(E1) fog, P(Y@LD). (23)
Since P(y(L1) :i2 , this ratio will take the form:
n

B 1 1
Hy=H{P + = rog, = .
n n

(24)
Comparison of expressions (21) and (23) implies
that:

Hy > H® (25)

In order for the amount of information H(N)

contained in the low-frequency component y (1) to be
less than the value P(y(L1) fog, P(y(L1)), according
to the expression:

HN < P(y@D) rog, P(Y@D),  (26)
it is required to carry out additional processing of low-
frequency components. For this, it is necessary to take
into account the fact that low-frequency components are a
characteristic of the average brightness in a fragment of
the image. Moreover, this characteristic of local
fragments is relatively uniform for adjacent parts of the
image frame. In this regard, it is proposed to form arrays
of low-frequency components.

Figure 6 shows the mechanism for the separate
processing of the DWT coefficients.

When choosing a method for processing low-
frequency components, it is necessary to take into
account the fact that the human eye perceives a realistic
image in terms of the frequency of color boundaries.
Hence follows the importance of the low-frequency
coefficients of the DWT transformant. Consequently, the

loss of some of the low-frequency coefficients can lead to
a significant loss of information.

Avrithmetic

Formation of an encoding of an

array of high-7>

Array of dwt frequenc array of high-
transforms containing cor?] one):\ts frequency —
the absolute values of P components

the components

> Formation of an
array of low-
frequency
components

/

Difference representa-
tion of the coefficients
of the array of low-
frequency components

Array of the difference
representation of the coefficients of
the array of low-frequency
components containing the absolute
values of the components

Y

Arithmetic coding of the array of the
difference representation of the coef-
ficients of the array of low-frequency
components containing the absolute
values of the components

The matrix of signs of the
components of the
difference representation
of the coefficients of the
array of low-frequency
components

¢ l

Compressed data representation (code)

A

Fig. 6. Structural diagram of the mechanism for separate
processing of DWT coefficients

Therefore, it is proposed to compress the arrays of
low-frequency components based on the elimination of
statistical redundancy by means of their arithmetic

coding. The amount of information H per element of
the low-frequency components matrix is equal to:
s(N)

HN = - Sy (y(ki0) fog, Py (v(Ki0) , (27)
y(k;£)=0

where sﬁnN) — the power of the array of low-frequency

components, equal to the number of different component
values;
Pn (Y (k; £)) — the probability of occurrence of a low-

frequency component with value y(k; /) .
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This allowed to increase the compression ratio by
20%, which in turn led to a decrease in the amount of
image data entering the communication channel (Fig. 7).

In fig. 7 shows the following compression methods:
1 - JPEG-2000; 2 — developed method; 3 — JPEG.

Koo
100 3

s

. |

0,55 0,75 0,95

Fig. 7. Graphs of the dependence of the compression
ratio Koy, on the degree of correlation for developed

and existing compression methods

To obtain on the receiving side of the original
images with a minimum error, a reconstruction method
has been developed that takes into account the features of
the compression process, including: the classification of
code combinations of the arithmetic code formed for the
arrays of high-frequency components and arrays of low-
frequency components of the Walsh transform. When
forming the DWT transformant, it is taken into account
that the low-frequency components are presented in a
difference form. After forming the transform, the inverse
two-dimensional discrete Walsh transform is performed.

The estimation of the compression ratio for highly
correlated images (correlation coefficient at the level of
0.55) is given in Figure 8.

PSNR, dBj
55
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—o— developed a compression method
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Fig. 8. Graphs of dependence of peak signal-to-noise
(PSNR) on the degree of compression ratio K.y,

for developed and existing compression methods

The developed method has an advantage in the
signal-to-noise ratio of 1-2 dB, compared to
JPEG-2000.

Conclusions

Comparative evaluation of the developed and
known methods of image compression allows us to
assert:

The developed compression method based on
classification coding and Walsh transforms provides:

1) in case of equality of RMS:

- gain in compression ratio relative to the method
implemented in the JPEG format for highly saturated
images by an average of 38 %;

- in comparison with the method implemented in
the JPEG 2000 format, the gain in the compression ratio
for low-saturated images is on average 14%, and for
medium and highly saturated images the compression
ratio does not differ significantly (on average it does not
exceed 1 %);

2) the loss of quality of the
compressed/reconstructed image does not exceed 2 %
according to the RMS criterion or is not worse than 45
dB according to the PSNR criterion. Which is not
perceptible to the human eye;

3) the developed compression method provides
only an integer type of arithmetic operations, which
significantly affects the speed of the compression
algorithm and a decrease in round-off errors in
computer calculations in comparison with existing
COMPressors;

4) the gain in time for bringing compressed images
based on the developed method relative to the known
methods reaches, on average, 2 times. This gain is
because, with a slight difference in the compression
ratio of highly saturated images in comparison with the
JPEG-2000 method, the processing time for the
developed method will be at least 34% less. Moreover,
with an increase in the volume of transmitted images
and the speed of data transmission over the
communication channel, the gain in time to finish for
the developed method will increase.

Thus, the purpose of the article on ensuring the
necessary level of availability and authenticity of
information when transmitting video data is considered
to be achieved.

For the first time, the method of classification
(separate) coding (compression) of high-frequency and
low-frequency components of Walsh transformants of a
video image is offered and investigated that allows
considering their various dynamic range and the
statistical redundancy reduced with the use of arithmetic
coding. This method will allow ensuring the necessary
level of accessibility and authenticity when transmitting
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video data while maintaining strict statistical
regulations. It should be noted that the proposed
methods fulfill the set tasks to increase the efficiency of
information delivery.

At the same time, the method of reducing the time
complexity of the conversion of highly saturated video
images using their representation by the transformants
of the discrete Walsh transformation was further

developed. It is substantiated that the perspective
direction of improvement of methods of image
compression is the application of orthogonal

transformations based on integer piecewise-constant
functions and methods of integer arithmetic coding of
values of transformant transformations.

It is substantiated that the joint use of Walsh
transformation and arithmetic coding, which reduces the
time of compression and recovery of images; reduces
additional statistical redundancy. To further increase the
degree of compression, a classification coding of low-
frequency and high-frequency components of Walsh
transformants is developed. It is shown that an
additional reduction of statistical redundancy in the
arrays of low-frequency components of Walsh
transformants is achieved due to their difference
representation. Recommendations on the parameters of
the compression method for which the lowest value of
the total time of delivery is provided are substantiated.
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KOMITPECCH S U30BPAKEHUI HA OCHOBE KJACCHUPUKAIIMOHHBIX KOANPOBKHA
TPAHC®OPMAHTOB KYCOYHO-ITIOCTOSSHHBIX @ YHKIIUU

B. B. bapannuk, A. A. Kpacnopyuykuii, C. C. Illynseun,
B. Il. Epowenko E. C. Cuouenko, A. H. I'opouenxo

IIpenmeToM mcceOBaHUM B CTaThe ABISIIOTCS MPOLECCH 00pabOTKM BHIACOM300PAXKEHUS C MPUMEHEHHEM
OPTOTOHOJILHOTO IpeoOpa3oBaHKs Uil NepeJadd IaHHBIX B HH(MOPMAIMOHHO-TEJICKOMMYHHKAIMOHHBIX CETSX.
3ajaya: WccrnenOBaHHUSA W3BECTHBIX alITOPUTMOB CENCKTHBHONW OOPAaOOTKHM CTATHUECKOTO BHUJICOM300pa’KCHHS Ha
9Tarne anmnpoKCHUMAlMU M CTaTHCTHYECKOTO KOJUPOBaHMs JaHHBIX Ha ocHoBe JPEG-mnardopmel. Mcnoiabp3yeMbiMu
METOJaMM SBISIIOTCS: alroputM Ha ocHoBe JPEG-miardopMbl, METOABI anmpoKCHMalMyd OPTOTOHAIBHBIM
npeoOpa3oBaHueM MH(POPMATUBHBIX OJIOKOB, apudmMeTHdeckoe KoaupoBaHue. IIpencTaBieHo pemieHne Hay4HoOit
3a/1a4d, HampaBIeHHOH Ha pPa3paboTKy METOJOB YMEHBIICHUS BBIYHCIUTEIBHOIN CIIOKHOCTH NpeoOpa3oBaHUI
(KoMIIpeccHH M IEKOMIIPECCHH) CTaTUYECKUX BUIEON300pakeHHH B anmaparype oOpabOTKH CHUTHAIOB BU3YyaJbHOM
nHpopmanuy, yTo 0OECIEUNT NOBBILICHHE ONEPAaTHBHOCTH AoBeneHus nHpopmanuu. [lomydeHsl cienyromue
pe3yJbTaThl. Pazpaboran MeTo KOMIIPECCHH BHJICOM300paKEHNI C COXpaHEHHEM OICPATHBHOCTH €ro JIOCTaBKH
NpY 3aJaHHOW MH(POPMATHBHOW JIOCTOBEPHOCTH. METOJ OCHOBaH Ha Ha KJIACCH(UKAIMOHHOM apu(METHUECKOM
KomupoBaHMM TpaHcopmaHT Yomma.YTo MNO3BOMUT MNPH TPH COXPAHEHWH CTPYKTYPHO - CTATUCTHYECKOH
3aKOHOMEPHOCTH BBINIOJIHUTH IIOCTaBJICHHBIE TpeOoBaHusA. OOecreyeHHe BBIMIPHINIA TI0 BPEMEHH JIOBEICHUS
C)KaThIX BUJICOJIAHHBIX HA OCHOBE pa3pabOTaHHOTO METO/Id, 10 CPAaBHEHHIO C N3BECTHBIMH METO/IAMH, B CPETHEM 10
2 pa3. JlaHHBI BBIMTPHIII OOYCIIOBJIIEH TEM, YTO NpPH HE3HAUUTENbHOW pasHuie B K0I(DDUIMEHTE CHKATH
CHIIFHOHACBIIICHHBIX H300pakeHUi 1mo cpaBHeHHIo0 ¢ meronom JPEG-2000, mans pa3paboTaHHOTO MeToJa BpeMs
00paboTku OymeT MeHblie MuHEMYM Ha 34%. IlpudyeM ¢ pocToM OOBEMOB IMEpEAaBACMBIX H300paKCHUH U
CKOPOCTH TI€peAadyH AAHHBIX 10 KaHAJIy CBA3M - BBIMTPBHIN 110 BPEMEHH, Ul pa3paboTaHHOTO Meronga Oynmer
yBeau4yuBaThes. [Ipu 3TOM, moTepsi KauecTBa C)KaToro / BOCCTAHOBJICHHOTO M300pakeHMsi He mpeBblmaer 2% 1o
kputepuro RMS, wiu ne xyxe 45 n1b no kputeputo PSNR. Uto He ouryTumo 1Jis 4eI0BEeUecKoro riasa. BeiBoasl.
Hayuynas HOBM3HA MOJYYECHHBIX PE3YIbTAaTOB 3aKIIOYACTCAd B CIEAYIOIIEM: BIIEPBBIC MPEUIOKEH U HCCIIEAOBAaH
METOJl KJIacCH(UKAIMOHHOTO (pa3/ielIbHOT0) KOJMPOBAHMS (CXKATHsI) BBICOKOYACTOTHBIX M HHM3KOYACTOTHBIX
COCTaBIIAIONMX TPaHCPOPMAHT YoJla BUACON300paKEeHNUS, MTO3BOJIAIONIAS YIUTHIBATh UX Pa3HBIN TUHAMHYECKUN
JMana3oH W CTaTHCTHYECKYI0 HW30BITOYHOCTh, YMEHBINAIOIIYIOCS C HCIOJb30BaHHEM apH(pMETHUECKOTO
KoaupoBaHUA. TakoW TOAXOJ TO3BOMUT MPHU COXPAHEHWH CTPYKTYPHO - CTAaTHCTHYECKOW 3aKOHOMEPHOCTH
obecrieunTh HEOOXOIUMBIH YPOBEHB JOCTYITHOCTH M JJOCTOBEPHOCTH IPHU Iepesade BUIACONAHHBIX. [lepuiaraeMblii
ITOJIXO/T BBITIONTHSET MOCTABJICHHBIE 3aB/Ia4M 110 MOBBIIICHUIO ONEPATHBHOCTH A0BeAeHUs nHpopMmanuu. [Ipu 3ToMm,
TIOJTY4YWJI IalIbHEeHIIee pa3BUTHE METO/I YMEHBIIEHHS BPEMEHHOHN CII0KHOCTH NPe00pa30BaHMsl CHIbHOHACHIIIEHHBIX
BHICON300paKEHNH C CIIOIB30BAHUEM UX MPEICTABICHUS TPAaHC(POPMAHT TUCKPETHOTO MpeodpazoBaHus Y oJa.

KaloueBble ciaoBa: u300paxxeHHe; KOMIIpeccHs;, HWH(OpMalMOHHAs WHTEHCUBHOCTh, OPTOTOHAIIbHbIE
mpeobpa3oBaHusl.

KOMITPECIA 30BPA’KEHDb HA OCHOBI K.JIACPIQ{IKA].[IFIHOFO KOAYBAHHS
TPAHC®OPMAHT KYCKOBO-ITIOCTIMHUX ®YHKIIN

B. B. bapannuk, A. O. Kpacnopyuwvkuii, C. C. Illynvein,
B. Il. €Epowenko, €. C. Ciouenko, A. M. I'opodienuxo

I[IpeqMeToM IOCTiKCHb B CTAaTTi € MPOLECH OOPOOKU Bie0300pakeHHS 3 3aCTOCYBAHHIM OPTOTOHOJIEHOTO
MIEPETBOPEHHA IS Tepenadi JaHuX y iH(popMaliiiHo-TeIeKOMYHIKaiHHUX Mepexax. MeToro € mo0yaoBa METOLy
KoMmIpecii Bifieo300paxkeHb 31 30€pEKEHHSIM ONEpPaTUBHOCTI HOro JOCTAaBKM INpH 3alaHid iHpOpMaTHUBHIH
BiporigHocTi. IIlo H03BOMUTE Mpu 30€peKeHHI CTPYKTYPHO -CTATUCTHYHOI 3aKOHOMIPHOCTI Ta KOHTPOJBOBAaHOI
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BTPAaTH SIKOCTi, 3a0€3MEYUTH BUTPAIl 3a YacOM [OBEICHHS CTHCHYTHX Bife0300pa)keHb, HEOOXiTHUI pPiBEHb
JOCTYITHOCTI Ta JOCTOBIPHOCTI TpPH Tepelnadi BicOJaHHWX. 3aBAAHHSA: JOCTI/DKCHHS BiJJOMHUX aJTrOPUTMIB
CeJIEKTUBHOI 0OPOOKH CTATHYHOTO BiIe0300pakeHHS Ha eTalli alpOKCHMAIlil Ta CTATUCTHYHOTO KOTYBAaHHS NaHHMX
Ha ocHOBi JPEG-miardopmu. BukopuctoByBaHUMH MeTOAAMHU €: anroput™ Ha ocHoBi JPEG-mnardopmu, meronu
aTmpoKCiMaIlii OPTOTOHAIEHUM TEPETBOPEHHAM iHPOpPMaTHBHEX OJIOKIB, apupMeTnaHe KomyBaHH:. [IpemcTaBieHO
pilneHHsT HayKoBoOi 3ajadi, CHpsSMOBaHOI Ha pO3pOOKY METOMIB 3MEHIIEHHS OOYHMCIIOBAJIBHOI CKIIAJIHOCTI
TIepeTBOPEeHb (KoMIIpecii i ekoMrpecii) cTaTHYHUX Bifeo300pakeHb B amaparypi oOpoOKM CHTHAJiB Bi3yalbHOI
iHpopMarii, o 3a0e3rnednTh IMiABUIIEHHS ONEPAaTHBHOCTI JNoBeaeHHs iH(opmaunii. OTpuMmaHi Taki pe3yJabTaTH.
Po3pobnerno merox kxomrpecii Bimeo300pakeHs 31 30epeKeHHSIM ONEPAaTHBHOCTI HOTO IOCTaBKH IPH 3afaHii
inpopmatuBHii BiporigHocTi. I[lo 103BONMTE TPH 30ePexeHHI CTPYKTYPHO-CTATUCTHYHOI 3aKOHOMIPHOCTI
BHKOHATH TOCTAaBJICHI BUMOTH. 3a0€3MEYWTH BUTPAIl 332 YacOM JOBEIEHHS CTUCHYTHX 300pa’keHb Ha OCHOBI
PO3pOOIEHOTO METOAY, IIOJ0 BiJOMHUX METOJIB, B CEpEAHBOMY /10 2 pa3iB. JlaHuii BUrpamr oOyMOBJIEHHH THM, IO
IIpU HE3HAYHIN BiIMiHI B KOCQIIi€HTI CTHCHEHHS CHIHPHOHACHYCHHX 300pakeHb B MOpiBHAHHI 3 MeTtonoM JPEG-
2000, mast po3poOieHOro METOAy 4Yac oO0poOku Oyae MeHmie MiHiMym Ha 34%. I[lpudomy 3 pocTtoM 0OCSTiB
mepeannX 300pakeHb 1 MIBHUAKOCTI Iepenadi AaHUX N0 KaHAly 3BSI3KYy - BHTpAIl 3a 9acoM IOBEACHHS I
po3pobieHoro MeToay Oyne 30impinyBaTucs. [Ipu oMy, BTpata sSIKOCTI CTHCHEHOTO / BiIHOBJICHOTO 300pa)KCHHS
He nepeBuinye 2% 3a kpurepieMm RMS, a6o we ripme 45 b 3a kputepiem PSNR. Ilo Hi BigA4yTHO AJISI IIOACHKOTO
oka. BucHoBkn. HaykoBa HOBM3HA OTpHMaHMX pPe3yJbTaTiB IOJISITAE B HACTYMHOMY: BIIEpIIE 3alPOIOHOBAHHH i
JNOCTIDKEHHH  MeTon  kiacuikamiiHOro  (pO3ILTBHOTO) KOMyBaHHS  (KOMIIpecii) BHCOKOYACTOTHHX 1
HU3bKOYACTOTHUX CKJIQJIOBUX TpaHc(opMaHT Youia Bifeo300pakeHHs, II0 JO3BOJISIE BPaxOBYBaTW IX Ppi3HHIMA
JMHAMIYHMH Jiarna3oH i CTaTUCTHYHY HaIMIPHICTh, 3MEHIIYBaHy 3 BHKOPUCTaHHSIM apH()METHYHOI'O KOAYBaHHS.
Takuit miaxix JO3BONUTE NPH 30ePeKeHHI CTPYKTYPHO — CTATUCTUYHOI 3aKOHOMIPHOCTI 3a0e31eunT! HeoOXiqHuit
PiBeHb MOCTYMHOCTI Ta AOCTOBIPHOCTI mpH mepenadui Bizeonanux. BapTo 3a3HaumTH, 1110 3aMpPOMOHOBAHI MiAX0AH
BUKOHYIOTb ITOCTABJICHI 3aBJaHHS IIOJO MiABUICHHS ONEPaTUBHOCTI HoBeneHHs indopmaii. [Ipu oMy, ogepxas
MOJABIINKA PO3BUTOK METOJ 3MEHIIECHHS YacOBOI CKJIHOCTI NEPETBOPEHHS CUIILHOHACHUEHHX Bi/1€0300paeHsb 3
BUKOPUCTaHHIM IX IPEICTaBICHHSA TpaHC(HOPMAHTAMH IHCKPETHOTO NepeTBOpeHHs Yoimia. OOIpyHTOBAaHO, LIO
MEPCIEKTUBHAM HAIPSMKOM YJOCKOHAJICHHS METOMIB CTHCKY 300pakeHb € 3aCTOCYBaHHS OPTOTOHAJIBHHUX
MIEPETBOPEHD Ha OCHOBI LIJTOYHCEIFHUX KyCKOBO-TIOCTIHHUX (PYHKIIIH, i METOIB IUJIOYNCETHHOTO apu()hMETHIHOTO
KOJyBaHHsS 3HaueHb TpaHCPOpPMaHT mnepeTBopeHHs. OOIPyHTOBaHO, IO CHUIbHE BUKOPHCTaHHS IEPETBOPEHHS
Youua i apuMeTHIHOro KOIYBaHH:, SIKe JO3BOJISE 3HU3UTH YaC CTHCHEHHS 1 BIIHOBJICHHS 300paKeHb; CKOPOTHTH
JOAaTKOBY CTaTUCTMYHY HaAMIpHICTh. /[l JOAAaTKOBOTO MiIABMINEHHS CTYNEHS CTHCKY pO3pOOISEThCS
ki1acu(ikaniiHe KOAyBaHHS HH3bKOYACTOTHHX i BUCOKOYACTOTHUX CKJIAJOBHX TpaHchopmaHnT Youma. [TokasaHo,
IO JIOJJATKOBE CKOPOYEHHS CTATUCTUYHOI HAaJMIPHOCTI B MacMBax HHU3bKOYACTOTHHX KOMIIOHEHT TpaHC(HOpMaHTH
Youma IOCSraeTbesl 33 PaXxyHOK iX Pi3HULEBOro mopaHHs. OOIPyHTOBYIOTBCS PEKOMEHIALil MI0N0 MapaMeTpiB
METOJly CTUCHEHHSL, JIJIs SIKUX 3a0e3NeuyeThesl HaiiMeHIle 3HaYeHHsI CyMapHOTo 4acy J0BeIeHHs iH(popMallii.
Kuaro4osi ciioBa: 300pakeHHsT; KOMIIpecis; iHpopMaIliifHa iIHTEHCHBHICT; OPTOTOHAJIbHI ITEPETBOPCHHS.
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