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METHOD OF RECURRENT TRUNCATED-POSITIONAL CODING VIDEO
SEGMENTS IN UNEVEN DIAGONAL SPACE

The subject of research in this article is methods of encoding transformed video segments to reduce their bit
volume without loss of information integrity. The goal is to develop a technology for coding uneven diagonal
sequences under the conditions of their arbitrary positioning in the transformant. Task: to justify the approach
of creating new methods of encoding video segments, considering the features of the combinatorial configura-
tion of transformants; to create a method of formatting the coordinate system of spectral components in an un-
even diagonal direction; to develop a method of encoding non-uniform diagonal sequences in a two-
dimensional spectral space; to build a technology for recurrent realization of the process of sliding truncated-
positional coding of uneven-diagonal sequences. The methods used are: mathematical models for estimating
the number of structural-combinatorial and psychovisual-combinatorial redundancies in an uneven-diagonal
spectral space; methods of positional coding. The following results were obtained. Potential advantages of
considering the combinatorial configuration of the transformant based on its reformatting according to the
non-uniform diagonal structure are substantiated. The technology of recurrent truncated positional coding of
video segments in non-uniform diagonal space has been developed. It is based on two technological compo-
nents. These include: the first component - a pyramidal system of positioning diagonals and their component in
the transformant is created. The second component - a method of recurrent implementation of truncated-
positional coding of uneven-diagonal sequences, is constructed. Such coding is organized regardless of the po-
sitioning of the diagonals in the two-dimensional spectral space of the transformant. Comparative evaluation
revealed the advantages of the created method over standardized transformant coding methods. The advantage
is achieved by the level of bit volume reduction and reaches an average of 15-30 %. Conclusions. For the first
time, a method for establishing the coordinates of the components in the diagonals was developed. It is based
on considering the features of the structural configuration of the transformant. This creates conditions for re-
ducing time delays for processing video segments. For the first time, a method for recurrent coding of diago-
nals based on truncated-positional systems was created. This makes it possible to avoid the cases of the viola-
tion of the conditions of mutually unambiguous code conversion.

Keywords: video information services; video segments; bit volume reduction; transformants; uneven diago-
nals; truncated-positional coding; combinatorial configurations.

munication systems (ICS). Among the most popular
video services are [1]:

Introduction

The formulation of the problem. In modern con-
ditions, the state of video information support plays a
significant role. This applies to the issues of provision:

1) the complete information of support and deci-
sion-making systems. Special attention is paid to receive
timely information about the current state of critical
infrastructure objects;

2) holistic and up-to-date information for society
and the individual.

Video information support is implemented by
providing appropriate services using information com-

- video conferencing;

- remote video monitoring using stationary and
mobile ground and aerospace platforms.

In turn, the effectiveness of their functioning de-
pends on the presence of a balance between the intensity
levels of the video information flow and the bandwidth
of the information communication network [2].

At the same time, it is necessary to consider the
limited bandwidth of the ICS. This is due to the follow-
ing factors [3]:
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- using the ICS segment, which is based on mobile
wireless communication technologies. Such technolo-
gies are characterized by a lower transmission speed
compared to leading information and communication
technologies;

- the occurrence of a complex interference situa-
tion during the transmission of information using wire-
less technologies;

- the presence of events related to the violation of
the reliable functioning of the ICS. These include [4]:

a) cybernetic attacks, for example DDoS attacks;

b) errors in the process of designing ICS;

c) destructive actions of the opposing side, which
are aimed at destroying or disabling critical infrastruc-
ture objects. Including objects of energy and infor-
mation communication infrastructure. This leads to a
significant drop in the bandwidth of the IC.

On the other hand, recently, the demand for video
information services has been increasing significantly.
Hence, the intensity of the bit stream of video and in-
formation traffic increases. The level of intensity ex-
ceeds the speed characteristics of modern ICS. In crisis
conditions, such an imbalance becomes signifi-
cant [5, 6].

The consequences of which are the following
events:

1. Reduction in the effectiveness of information
support systems and decision-making during the man-
agement of critical infrastructure components [7].

2. Not timely informing society during emergen-
cies [8].

3. Violation of the process of functioning of dan-
gerous industries (for example, nuclear power
plants) [9].

Therefore, the scientific and applied problem,
which concerns the lowering of the imbalance between
the information load of the information communication
network and its bandwidth, is relevant.

The state of the art. Solving this problem is com-
plex in nature. One of the components here is the crea-
tion of information technologies for coding the video
information stream. Such coding is aimed at reducing
the bit volume of video data. Accordingly, the level of
information load of ICS decreases [10].

The basic technologies here are those that use the
JPEG platform [11]. Its basis is formed by the sequence
of transformations of video segments. For them, a tran-
sitional format is created with subsequent coding and
construction of a syntactic binary description [12]. The
transitional format is created to increase the potential for
reducing the number of different types of redundancy.
Examples here are: statistical, structural and psychovis-
ual redundancy of video segments [13].

Among the various types of redundancy for video
segments, psychovisual redundancy is the most com-

mon [14]. Accordingly, there is a dependence of the
level of reduction of the bit volume of the video stream
on the amount of psychovisual redundancy. A variety of
technological mechanisms are used to eliminate psy-
chovisual redundancy. They include:

- transformations of the color description of the
video segment [15];

- reformatting of the macrosegment structure [16];

- thinning of rows and columns of mac-
rosegments [17];

- formation of spectral space [18];

- quantization of the range of components of the
spectral space [19].

At the same time, the processes of reducing the
amount of psychovisual redundancy lead to the loss of
the integrity of video segments. Hence, on the one hand,
a reduction in the information load of ICS is achieved.
However, on the other hand, the loss of the integrity of
video information occurs [20]. Therefore, we have a
contradiction between the requirements for ensuring the
timeliness of the delivery of video information and its
integrity.

To eliminate such a contradiction, it is necessary to
create a new class of coding methods. Here it is pro-
posed to use the concepts of establishing and eliminat-
ing the number of structural types of redundancy in
transformed video segments [21, 22].

The justification of the approach for creating
new methods of encoding video segments. It is pro-
posed to improve the coding methods toward creating
transformations in the spectral space. In this case, a

transformant Y(oc,B)g) is formed. Most often, discrete

cosine transformation (DCT) is used to transform a vid-
eo segment into spectral space. Such a transformation
has  the  following mathematical notation:

Pyct - X(a,ﬁ)g) - Y(a, B)Q) . This formula uses vid-
eo segment values and transformers considering their
positions in the (a, ) -th macro segment and in the se-
quence of video frames. That is:

X(a,B)g) - (-th segment in the (o,B) -th mac-
rosegment or segment in the ¢ -th position in the (o, ) -

th macrosegment of the video image with an index 1 in
the inter-frame sequence (in the video tensor);

Y(oc,ﬁ)g)—é—th transformant in the (o,f)-th

macrosegment at the t -th position in the group of video
frames.

The use of spectral description of video segments
has advantages. They relate to the possibility of estab-
lishing various regularities in the structural content of
the transformant [23]. This provides the potential for
applying different approaches to evaluate their informa-
tiveness.
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1. The first approach is based on taking into ac-
count psychovisual features regarding the perception of
changes in the structural and vivid (SV) content of the
video segment [24]. This refers to the fact that:

1) the most informative innovation from the stand-
point of psychovisual perception of the video segment is
carried by the low-frequency components of the trans-
former;

2) less sensitivity of visual assessments is mani-
fested to changes in the field of description of small
details.

2. The second approach. The heterogeneity of the
ranges of changes in the values of the spectral compo-
nents creates conditions for unevenness [25]:

- the appearance of components in different parts
of the transformant;

- according to the distribution law of the probabil-
ity of occurrence of the values of the components of the
transformer. Components that have smaller values may
appear more often in the transformant.

3. The third approach considers quantization of the
spectral range of the transformant [26]. Hence, the val-
ues of the transformer components decrease. There are
cases when the value of spectral components will be
zero. Such components can form series [27]. A condi-
tion is created for the description of such series by the
value of their length. That is why the transformant has
structural redundancy. At the same time, the length of
the specified series is uneven. The longest series length
is achieved for the high-frequency region of the trans-
former. Therefore, there is a dependence of the proba-
bility of the appearance of the transformant component
on the length of the series. Taking into account such
conditional dependencies creates an opportunity to elim-
inate the structural and statistical redundancy of the
transformant [28].

We will generalize the above approaches in rela-
tion to set restrictions on the configuration of compo-
nents in the transformant [29]. This aspect is asserted
here. The arrangement of components according to their
informative weight in the transformant has characteristic
features [30]:

- it is carried out according to certain rules;

- it has certain topological and structural features.

Therefore, restrictions are imposed on possible
samples regarding the formation of the transformant
content. This is due to its structural and psychovisual
features. Thus a combinatorial configuration is formed
for the transformant. It is considered a combinatorial
object. The specified property of the transformant must
be considered in the coding process. For this purpose,
the corresponding combinatorial category is used. As
such categories, it is proposed to use permutations with
repetitions with restrictions on the ranges of changes in

the values of its elements. Permutation with repetitions
has the following features [31]:

- first, it takes into account both the positions and
the very values of the components in the transformer;

- second, the number of permissible permutations
with repetitions depends on the value ranges of its com-
ponents.

In turn, such signs create conditions for:

- accounting for the positions of the components in
the transformant. This is necessary for determining the
areas of low and high frequencies of the spectral space;

- considering restrictions on the range of changes
in component values. This is necessary to account for
the unevenness of the spectral range in different parts of
the transformant.

Methods of considering the combinatorial re-
strictions of transformants are described in scientific
papers [29, 30]. Here are the following differences:

- the positioning of the components in the trans-
formant is carried out in an even-numbered format;

- spectral ranges are set according to the directions
of rows and columns.

However, such methods have certain disad-
vantages. They are the following:

1. There is an influence of the spectral ranges of
the low-frequency region of the transformant on the
ranges of the components in its high-frequency region.
Then, the ranges of high-frequency components will be
excessive relative to their real spectral ranges. Hence,
the potential for reducing the number of combinatorial
redundancy decreases.

2. There is a need to obtain additional information.

3. The dependence of the reduction of the spectral
ranges on the direction of the diagonal bypass of the
transformer is not considered.

4. Redundancy caused by a series of components
with zero values is not considered.

Therefore, the technology of detecting spectral
ranges by rows and columns does not fully consider the
combinatorial configuration of the transformer.

To eliminate the mentioned shortcomings, it is
suggested to consider the diagonal structure of the
combinatorial configuration of the transformant. This
will allow:

1) reduce the ranges of changes in component
values within individual diagonals;

2) establish cases when the range of changes in
component values will be equal to one;

3) consider the tendency of spectral components to
form monotonous sequences in diagonal direction.

4) consider the presence of strict monotonicity
(increasing or decreasing) for adjacent components of

the diagonal. Between the values y(a,B,T)iﬁ,’i“),
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y(aB,7){"% of adjacent components of the diagonal
Y(a.p)"®  of the
condition is fulfilled:
vy(aB )¢ e Y(,p) :
y(oB )P = y(eup 1)y
In this regard, adopt the following designations:

Y(o, )i - (-th
transformant of the (., 3) -th macrosegment;

transformant, the following

¢-a diagonal in the

y(a,B,t)gf’i) - y-th component of the & -th

diagonal transformant Y(ot.B)g) :

Thus, it is necessary to develop a technology for
encoding transformed video segments. At the same
time, it is necessary to consider the peculiarities of their
combinatorial configuration in diagonal format.

The development of the technology is based on
two established methods.

The first method consists of the created system of
diagonally uneven positioning of the components in the
transformant according to their uniform coordinates.

The second method concerns the formation of a
code value for individual diagonals, considering their
unevenness and arbitrary positioning in the two-
dimensional spectral space.

Therefore, the purpose of the research of this arti-
cle concerns the development of a technology for cod-
ing uneven diagonal sequences under the conditions of
their arbitrary positioning in the transformant.

Method of Formatting the Coordinate
System of Spectral Components
in an Uneven Diagonal Direction

We describe the transformant Y(oc,B)g) in a di-

agonal format. It is proposed to distinguish two levels of
the diagonal format (DF) of the syntactic description of
the transformant. The first level consists of setting the
configuration of diagonal sequences. To do this, we

define the sequence Y(oc,B)g"i) as the ¢ -th diagonal in
the ¢-th transform of the (a.,p)-th macrosegment. The

transformant Y(oc,B)g) will then be described by a set

Y(@B)? ={Y(@p},
€=12n-1. Here, n the linear size of the trans-
formant.

The number v4 of diagonals depends on the linear

size of the transformant. If the linear size of the trans-
formant is n, then the number of diagonals is (2n-1),

of diagonals:

el vqg =2n-1.

The order of indexing diagonals is proposed to be
determined in the direction starting from the upper left
corner to the lower right corner of the transformant.

Hence, the diagonal Y(a,B)g’l) , which is located in the
upper left corner, has an index &=1. The diagonal

Y(a,B)g'Z”’l) in the lower right corner has an index
E=2n-1.

The second level of the syntactic format of the
transformant concerns the description of individual di-

agonals. In the general case, the diagonal Y(oc,B)g"i) is
formed by the following set of components

y(e 0§ :

Y(@B)"Y ={y(@B 09}, 1 =1n .
According to the configuration of transformants,
their diagonals Y(a,B)g"i) have the following features.

1. The length Ne of the diagonal Y(a,B)g"i) de-

pends on its location relative to the main diagonal. The
main diagonal of the transform is the diagonal with in-
dex &=n. It divides the transformant into two half-
zones (triangles). Accordingly, the first half-zone
AilY(a,B)g) includes diagonalsif 1<&<n.

2.The lengths Ne of the diagonals are symmet-
rical relative to the main diagonal with the index £=n.

Therefore, the equality holds: nz =np, _¢ .

3. The length Ne of the diagonal Y(oc,B)g"i) is
determined by the value of its index & in the trans-
formant. The value Ne is found according to the follow-

ing formula:

e = 2n-sign(l+sign(o.—1)) - (—1519n (+sign(=a))y ¢
In this formula, the disignation is taken: a=£-n.
Functional sign(c.—1) are used to filter cases

when £<n and £>n+1.

Therefore, the diagonal transformants have an un-
even length.

Hence, it can be stated that for the diagonal format
of the transformant, the transformation of its structural
configuration is carried out. The conversion is made
from a uniform row-column format to an uneven pyram-
idal format.

In this case, the system of positioning components
in diagonals will have a sliding character. In this case,

the components y(oc,B,r)gf@ will be positioned in the

transformant by two coordinates, namely:
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- the first coordinate is determined by the diagonal
index € ;

- the second coordinate is determined by the posi-
tion y of the component in the diagonal.

At the same time, the limits of the index change y

are uneven and depend on:
- diagonal index & ;

- its belonging to a haIf-zoneA'lY(a,B)g) or

a2 (@B)).

Therefore, it is necessary to create a method of
binding the uneven diagonal (pyramidal) system of
components positioning to the initial uniform system of
positioning "row-column”. Such binding will allow the
positioning and identification of diagonals relative to
the initial row-column coordinate system of spectral
components.

To develop such a binding, it is necessary to create
a system of expressions that will allow:

- to build a functional for reformatting the coordi-
nate system of the transformant components;

- determine the coordinates of the diagonal com-
ponents through their coordinates according to the "row-
column™ system.

First, let's set the diagonal

Y(oc,B)g'i). In general, there are two directions. For

the first direction, the bypass is made starting from the
lower left. In contrast, for the second option, the bypass
has a direction toward the lower left corner of the trans-
former.

Therefore, in the process of deploying the trans-
formant along the diagonals, the periodicity of the
change in the direction of their bypass must be consid-
ered. Therefore, it is proposed to create a reformatting
of the coordinate system of the transformant to an une-
ven-diagonal (pyramidal) one in two stages.

In the first stage, we will develop a reformatting
system without considering the change in the direction
of bypassing the diagonals. Accordingly, at the second
stage, we will additionally consider such a change.

For certainty, we choose from the beginning the
first direction of bypassing the component in the diago-
nal. Let's establish the dependence between the coordi-

bypass direction

nates of two adjacent components y(Ot,ﬁ,r)gf’F’),

y(o,B,0) 7

column" system. For this purpose, it is suggested to
consider the following:
1. The peculiarity of changing the values of the

diagonals Y(oc,B)g'&) in the "row-

coordinates of two adjacent components y(oc,B,T)i(ﬁ).

y(a,ﬁ,r)i(ﬁ)l‘j_l of the diagonal in the “row-column™

system. It refers to the existence of a relationship be-
tween the coordinates of neighboring components

y(oB)), y(oB,0){) ;4 of the diagonal. The coor-
dinates (i; j) of the next component are determined by
recurrent expressions:
ii=i-1; j=j+1. 1)
Hence, for the coordinates of the two components
y(oc,B,r)gf’F’) and y(oc,B,r)gfé) in the pyramidal sys-
tem, the coordinates (i; j) and (i—1; j+1) of the com-
ponent will correspond, in the "row-column" system:
(B0 v 0P =

= {y((l, [3! T)|(YZJ) ; Y(aa [31 T)|(f_)1’ j_]_} .

2. The coordinates of the initial component of the
diagonal in the "row-column™ system depend on its lo-
cation relative to the main diagonal of the transform.
They are calculated by the indices of the corresponding
row and column. From here we have:

1) if the diagonal Y(a,B)g’i) is located above the

main one, & <n. The first component y(oc,B,r)y'i) of
the diagonal has the following coordinates in the "row-
column-column”  system: i=&; j=1.  Or
y(oc,B,r)y":) - y(oc,B,r)g)l. Here, y(oc,B,r)g)l - the
first component of the ¢ -th diagonal in the "row-

column™ coordinate system.
The coordinates of the following components of

the diagonal Y(oc,B)g"i) are obtained using expression
(1). The pyramidal coordinates of the y -th component
of the & -th diagonal through the coordinates of the
"row-column" system are determined by the formulas:

{€—x+1 1+ -1} or {E—x+1; x}.
The following correspondence is performed:

Yy = y@BoL .,
Here y(“'B’T)g—)xﬂ; 14y-1 is the y -th component

of the & - diagonal in the "row-column™ coordinate sys-

tem.
Hence, the positioning of the components in the

diagonal Y(a,B)g@ is given as follows:
Y((X«IB)’(C['§) ={y(aiﬁlt)é/_)x+1’ 1+X_1}! X = 1! ni y
2) if the diagonal Y(aB){"? is located below the
main diagonal, £ > n+1 . The coordinates of the first

component y(oc,B,r)y"g) of the diagonal in the "row-
column" system are determined by the formulas: i =n;
j=&-n+1.Then
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VB0 = y(@B )b -

Here, y(a.B,7){")

nE—n+l is the first component of
the ¢ -th diagonal in the "row-column” coordinate sys-
tem for & > n+1. The correspondence between the two

coordinate systems of the diagonal components is de-
scribed as follows:

y(oc,B,r)gf’a) = y(oa,B,‘c)Eexﬂ; oy

where y(a,B,r)(()

Nyl E—nty y -th component of the

& -th diagonal, £ > n+1 .

Hence, the content of the diagonal Y(a,[})g'é) is
given by the expression:

V(@B ={Y(@B )Y, e niy b 1= 0

Let us now consider the case of the presence of a
change in the direction of bypassing the diagonals in
the process of unfolding the transformant. Here it is
proposed to take into account the dependence of the

direction of the diagonal Y(a,B)g"i) on the condition
of parity of its index . If the value of the index is

paired, then the diagonal is bypassed in the first
direction. On the contrary, for an unpaired one &, the

diagonal is bypassed in the second direction.
To determine the parity condition of the index & ,

it is suggested to use the functional &mod(2) or
Emod(2) = & — [£/2]-2 . Then we have:

- if Emod(2) =0, then & is paired;

- if Emod(2) =1, then & is unpaired.

Then the general system of expressions for
ordering the components depending on the direction of

the diagonal bypass and its location in the transformant
has the following form:

{y@B 9L b =1ng,
—> E-[E/2]-2=1&&E<n;

{y((x’l B’ T) f]é_)x_'_l’ g_n+x }l X, = l, nE_’ ’

— £-[E/2]'2=1& E>n+1;

Y (o, B)V9) = @)

B, e aba=1ne,
—> E-[E/2]'12=0&&<n;

B, b =1 e,
- E-[E/2]'2=0& &E=2n+1.

To generalize the created system of expressions
(2), it is suggested to use the following functionals:

1) sign(o.—1) for filtering cases when & <nand
E>n+1;

2) comp(&; n) to compare the values of £ and n.
The functional comp(&; n) includes the function
sign(a.—1) and is given as follows:

0, > &<n;

comp(&; n)=5i9n(1+5ign(a_1)):{1 - E>n+1. ®)

Here a=£-n.

Then, for different directions of bypass of the
components in the §&-th diagonal, we have the

following generalization for establishing the aspects
between the pyramidal and row-column coordinate
systems:

Ye—y+1-a-comp&;n), x+oa-comp&; n):

Se-[e2]2=1;
y(o B 0){"S = @)
Yy+a-comp&; n), E—y+1-a-comp(&;n)

—§&-[&/2]-2=0,
g=12-n-1; x=Ln;.

Formulas (2) - (4) establish the relationship
between the coordinates of the diagonal components of
two positioning systems: uneven-diagonal (pyramidal)
and uniform row-column. Here, the change in the
direction of their bypass of the diagonals and their
location relative to the main diagonal is considered.

Method of Encoding Non-Uniform
Diagonal Sequences
in a Two-Dimensional Spectral Space

Let us consider the process of creating a method
for encoding uneven-diagonal sequences in the two-
dimensional spectral space of transformants. The coding
of the diagonals should consider the features of their
combinatorial configuration. It is necessary to ensure
the elimination of combinatorial redundancy in the
spectral ranges of diagonals. At the same time, it is
necessary to ensure the exclusion of the loss of integrity
of video segments. It is proposed to organize the
encoding of transformant diagonals based on the use of
a truncated-positional basis [30, 31]. Code values

E(a,B)g'g) are formed for diagonals Y(oc,[ﬁ)g’i).

Then, the encoding process is described by the
following relation:

ne
E@p)® =3 A, V@™
x=1

A, V(@B =
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(yg—xﬂ—a-comp(&; n), x+oa-comp&; n) ~
— truncat (y(o, B, r)gf_'? 5 (o, B, r)gff:))) x

x (W/(cu, B, 7)) Y20 COMRE; ) = (10N Hs0nCed gy

- - [&/2]-2=1; ®)
( Yy+o-comp&: n), E—y+1-a-comp&; n) —
— truncat (y(o., B, 1)°F; y(a B, 1)) x

« (W/(c, B, 7)(0) )20 0omR(E; m) - (10N AOnCedy gy

- &-[&/2]-2=0.

The following designations are used here. The
functional for determining monotonicity toward the
values of two adjacent components of the diagonal of
the transformant:

truncat (y(a, B, T)y;%) : y(OL, B' T)g,i)) —

Sign(L+sigN(Y ey 41— ocompe; n), 1+ occomp(&; n) ~
~Ye—y+2—acomp(&;n), y 1+ acomp(E; )
| oe-rea2-=1 ©
sign(L+sigN(Y . +o.comp(e; n), E—y+1-o-comp(&; n) —
—Yy-Lra-compE;n),E—x+2—o-comp(&; n)) )

— &-[&/2]-2=0.

Expressions (5), (6) make it possible to determine

the value E(a,B)g@ regardless of the positioning of the

current diagonal in the two-dimensional transform.
However, the created coding method does not take into
account the non-uniformity of the length of the diagonal
sequence, i.e. Ng =var . Therefore, this method can

lead to a violation of the conditions of the mutual
unambiguity of code conversion.

In turn, this can lead to:

- violation of the syntactic correspondence
between the input sequence and its circular value. For
example, a situation may occur when the code value is
formed for several diagonals of the transformant;

- overflow of the permissible length of the code
word.

Method for Recurrent Realization
of the Process of Sliding
Truncated-Positional Coding
of Uneven-Diagonal Sequences

To exclude such events, it is necessary to develop
a recurrent technology of sliding truncated-positional
coding. The recurrent concept is based on the following
principles:

1. The principle of forming the code value starts

from the first y(oc,B,r)y’i) component of the diagonal.
Therefore, the coding process has a direction toward the

smaller elements of the truncated positional number
(TPN).
2. The principle of formation of a code value

ADE(a, B)) under the following conditions:

- by adding the current element y(a., B, r)gf":) ;

- taking into account the code value

A(X’l)E(cx,B)g'E-') obtained for the sequence

A(Xfl)y(a’ﬁ)gé) .

ADY () =Ly Bty (e b0 T

previous elements of TPN.
3. The principle of adding a smaller element

y(oB, 1) of the TPN. The previous code value

A(X’l)E(cx,B)g'E-') is increased by the value of the
spectral range w’(a,B,r)(”’g) of the current element
y(a B, 7){"%) of the TPN.

At the same time, it allows you to control the way
of processing elements of the sliding TPN (uneven
diagonal sequence). Accordingly, it is proposed to

check the end of the current diagonal Y(a,B)g’@ in the
process of recurrent coding. The sign here is the
processing of its last component y(a,B,r)gi'é).
Therefore, the measure of the completion of the coding
process of the & -th TPN consists in checking the ratio
between the current number y of processed elements
and the length Ne of the TPN. Such a measure is

described by the following inequality y < ng . Or with

the definition of the value Ne:

x<2n-comp(&; n)— (-1 SOy e ()
Let us now consider the process of rebuilding

ratios (5), (6) into the recurrent format. For this purpose,
it is proposed to use the concept of the current code

value. Here, the code value A(X‘l)E(oc,B)g@ is formed
for the current number (y—1) of elements of the sliding
truncated-position number. At the same time, the
smallest Y(G:B,T)gfﬁ)- This is because the coding is

carried out toward decreasing the weight of TPN
elements. That is, the direction of coding is chosen from
bigger to smaller elements of the TPN. Hence, at each
step of the recurrent process, a smaller element of TPN
is added.

Accordingly, the beginning of recurrent coding is
given by the input condition:

ADE(a, B9 = y(a, B, 089 .
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Therefore, the initial (input) code value

A(l)E(a,ﬁ)g‘*‘i) is given by the first component
y(o,B, 0% of the diagonal Y(c,B){"®. Then,

according to the second and third principles, taking into
account the features of the truncated positional system,
we have the following description of the recurrent
technology:

APE(a, ) = ADE@, ) - w(ap )" +

+ (Y(op 1)y -

— truncat (y(a B, 1){*; y(e,B, )59 =
= (B "D w(eB DD + (y(ap DD -
— truncat (y(o, B, 1) s y(o, B, 1))
or in the general case for adding the y -th element of the
& -th TPN:
A(X)E(OL, B)Efﬂi) _ A(Xfl)E(oL, B)g@) W'(ot, B, T)(ﬂi) 4
+ (V@B D)y -

— truncat (y(a, B, 7)) y(0, B, 0)§9) .
The recurrent process of forming the code value
E(oc,B)g@ for the diagonal Y(oc,B)g'é) is completed

after adding its last element y(a,ﬁ,r)ﬁé’é). That is, we
have:
E@p!? = A" P =
= A" VE@p D e p) D +
+(y(ou 1) 2 —truncat(y(ou B o)y % v B0 )

Let us now present the relations describing the
recurrent process of formation of the code value for
TPN, considering their formation for non-uniform
diagonal sequences in the two-dimensional space of the
transformant. Here it is necessary to use the system of
reformatting the coordinates of the spectral components
of the diagonal into the coordinates of the two-
dimensional row-column format. Taking into account
what we have:

1. In the case of an unpaired value of the index &

of the current diagonal in the transformant, i.e.
E—[&/2]2=1:
A(X)E(oc,ﬁ)g'g) - A(Xfl)E(a,B)g"t’)~W'(OL,B,I)(€’E>) i
~(Ye—y+1-a-comp(g; n), x+a-comp(&; n) ~
— truncat (y(a, B, 1) y(@,.09) . (@)
In this expression:

1) the component A(X’l)E(oc,B)g'g) is set using
the following ratio:

x—1
A(X*l)E(a’B)‘(Cf.i) — ZAYV(OL;B)S;Z'E)) —

y=1
x—1
ZZ(yé—y+1—a-c0mﬁ(é; n), y+o-comp(g; n) ~
y=1

— truncat (y(ot, B, 7)2; y(ou B, )Y ) %
(W0, B, ) (48) ) 20 compz; ) (-110nsionCedy e -y
2) the initial value of the code A(l)E(a,B)g'i) :

A(l)E(OMB)g'é) = yE;oc-coqu); n), 1+ a-comp(§; n) ; (9)

3) the function of determining the direction of

monotonicity for the values of two adjacent components
of the diagonal of the transformant:

truncat (y(o, B, T)ﬁﬁ) ;y(o, B D)D) =

=SIgN(+SIgN(Ye_y 11— a-comp(&; n), 7+ a-comp&; n) —
=Yy +2—acomp&;n),x~1+acompe;n)) - (10)
2. In the case of an even value of the index & of
the current diagonal in the transformer, i.e.
E—[&/2]-2=0:
A(X)E(Ohﬁ)‘(f'&) _ A(Xfl)E(OL,B)g’i) -W'(OL,B,I)((‘E’) 4

+Yy+a-compE; n), E—y+1—a-comp(&; n) —

— truncat (y(o., B, 1) gf_? ;y(a, B, ) gf’g) ). (11)

In this expression:
1) the component A(X’l)E(oc,B)g'EJ) is set using
the following ratio:

x—1
AV = 3 A, V(@B =
y=1
x—1
= 2 (Yy+a-comp&; n), e—y+1-a-comp&: n) —
y=1

— truncat (y(ot, B,7) 25 y(ou B )Y )

x (W) (49) 20 omRE: - (ISR

2) the initial (input) value of the code value:
AVE(,p)9)

A(l)E(a,B)g’i) = Y1+a-comp&; n), E—a-comp&; n) 5 (12)

3) the function of determining the direction of

monotonicity for the values of two adjacent components
of the diagonal of the transformant:

truncat (y(o, B, 1) s y(ou B 1)) =
= SigN(L+SigN(Y, 1. o-comp(e; n), E—y+1—a-compE; n) ~
=Yy —L+o-compE; n), E—y+2—c-comp(; n) ) - (13)

Thus, relations (7) — (13) provide a mathematical
description of the recurrent technology for the
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space of the transform, regardless of their location w0 { M, bit
relative to the main diagonal. At the same time, the - \ 4B —
limitation of the length of the diagonal and its /%' P%gg é% dB PSNR 25dB
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The developed method is integrated into a stand-
ardized technology at the stage of transform processing
after quantization. Thus, to obtain transformed video
segments, it is planned to use processing stages accord-
ing to the standardised JPEG platform. At the same
time, the developed coding method eliminates addition-
al loss of information integrity.

Let us consider a comparative evaluation of the
level n of the bit volume of the coded video segment.

Two options for encoding transformers have been stud-
ied, namely, using created (IM) and existing (PT) tech-
nologies [19, 31].

Experimental evaluation is carried out for video
segments of three basic types as part of video frames,
which have different levels of saturation with small de-
tails and structural objects. The type of video segment is
determined by the level of its informativeness in terms
of structural-semantic content and structural-bright
characteristics. The identification of video segments by
the specified qualitative and quantitative features is con-
sidered in this study [31]. Next, we will use three types
of video segments, namely: low-informative (LI), medi-
um-informative (MI) and highly informative (HI). The
quantization parameters of the spectral range of the
transformant correspond to the level of the peak sig-
nal/noise ratio, which is 25 and 45 dB. The results of the
experimental evaluation are presented in the form of
diagrams in Fig. 1.

Based on the results of the analysis of the given
diagrams, the following can be concluded. The level of
bit volume for the created transformant coding technol-
ogy decreases relative to the existing ones:

1) depending on the peak signal noise ratio
(PSNR): for the provision mode of 45 dB on average by
30 %; for the provision mode of 25 dB by an average of
17 %;

2) depending on the level of informativeness of
video segments: the greatest reduction in bit volume is
achieved for highly informative (by 30 %) and medium-
informative (by 27 %) video segments in the 45 dB
PSNR provisioning mode.

Fig. 1. Diagrams of the dependence of the quantities
on the level of informativeness of video segments
and the value of the PSNR

Therefore, it can be stated that due to the consider-
ation of the features of the combinatorial configuration
of transformants in the non-uniform diagonal coordinate
system of its components, the potential for additional
reduction of structural-combinatorial and psycho-visual-
combinatorial redundancy is achieved by at least
15-30 %, depending on the level of informativeness of
the video segment and the level of provision of PSNR.
At the same time, such a process does not involve addi-
tional distortions during the processing of transformant
components.

Comparison of PT and IM methods by the level of
integrity of the recovered video frames is carried out by:

- PSNR indicator;

- visual assessment results.

An example of a restored video image using the
above methods is shown in Fig. 2.

Fig. 2, a shows the original video image. The vid-
eo image is classified as low-informative with the pres-
ence of objects. Fig. 2, b and Fig. 2, ¢ show the restored
video images using the IM PT methods, respectively.
For both methods, compression is provided at the level
of 27 times.

The following results were obtained:

- visual assessment of the restored video images in
Fig. 2 shows the presence of visually noticeable halos
on the boundaries of object contours for variant "b";

- the developed method provides an average 8 dB
advantage in terms of the value of the PSNR.

Conclusions

1. The potential advantages of considering the
combinatorial configuration of the transformant on the
basis of its reformatting according to the uneven
diagonal structure are substantiated. This creates
conditions for establishing additional dependencies in
the structural-spectral content of the transformant.
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c)

Fig. 2. Video image:
a) — Initial video image;
b) — restored using the IM method;
c) — restored using the PT method

2. The technology of recurrent truncated positional
coding of video segments in non-uniform diagonal

space has been developed. It is based on two
technological components. These include:

2.1. The first component. A pyramidal system for
positioning diagonals and their component in the
transformant has been created. At the same time,
binding to a uniform "row - column" coordinate system
is ensured. The positioning of the components in the
diagonal is ensured regardless of: uneven length of the
diagonals; the direction of their bypass; their location
relative to the main diagonal of the transformant.

2.2. The second component. A method of recurrent
implementation of sliding truncated-positional coding of
uneven-uniform-diagonal sequences is constructed.
Such coding is organized independently of the
positioning of the diagonals in the two-dimensional
spectral space of the transformant. The method is based
on technological mechanisms that ensure:

- control of uneven length of the diagonal;

- determination of the current code value based on:
use of the previous code value; the integration of
information about the current element of a truncated
positional number.

Scientific novelty. For the first time, a method of
establishing the coordinates of the components in
diagonals was developed on the basis of considering the
peculiarities of the structural configuration of the
transformant. The difference in the method is that the
identification and positioning of the diagonals in the
transformant is carried out:

1) regardless of. the direction of their bypass;
location relative to the main diagonal;

2) with simultaneous reference to the uniform "row
- column" coordinate system.

This creates conditions for reducing time delays
for processing video segments.

For the first time, a method for recurrent coding of
diagonals based on truncated positional systems was
created. The difference in the technology is that:

- the number of excessive sequences is eliminated.
This number results from the equality of the values of
two adjacent components of the diagonal;

- the indexing of the components is carried out
under conditions of arbitrary location of their diagonal
in the transformant.

This makes it possible to avoid the cases of the
violation of the conditions of mutually unambiguous
code conversion.

3. Due to the consideration of features of the
combinatorial configuration of the transformant in the
non-uniform diagonal coordinate system, additional
reduction of structural-combinatorial and psycho-visual-
combinatorial redundancies is achieved. The gain in
terms of bit volume reduction reaches at least 15-30 %.
The improvement volume depends on the level of
informativeness of the video segment and the level of
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the provision of PSNR. At the same time, such a process
does not involve additional distortions during the
processing of transformant components.

Further research concerns the development of a
method of truncated positional coding, taking into
account the presence of components with zero values in
the diagonals of the series.

Research results are expected to be applied in
the following aspects:

1) as a component of complex technologies of vid-
eo compression, namely at the stage of encoding trans-
formed video segments;

2) for on-board complexes in the systems of video
image formation and transmission;

3) for systems of video monitoring in terms of en-
suring the conditions for increasing the resolution of
video images;

4) on end nodes of infocommunication networks to
reduce their bit load.

Contribution of the authors: review and analysis
of sources information — Oleksandr lhnatiev; analysis
methods for representing video segments in spectral
space — Valerii Kozlovskyi, Viacheslav Khlopiachyi;
analysis requirements for the quality characteristics of
the provision video information services — Oleksandr
Ihnatiev; analysis of the shortcomings existing trans-
former coding methods based on the elimination of psy-
chovisual redundancy — Roman Onyshchenko; sub-
stantiation of directions for improving coding methods
in spectral space — Sergii Shulgin; justification of the
approach to the interpretation of the transformer as a
combinatorial object — Roman Onyshchenko;
development of a method for formatting transformants
according to an unevenly diagonal texture — Sergii
Shulgin, Oleksandr lhnatiev; development of a model
for the representation of diagonal sequences in a trun-
cated-positional space — Sergii Shulgin; creating an
approach to encoding transformant diagonals according
to a sliding scheme — Vladimir Barannik, Sergii
Shulgin; development of a recurrent coding scheme for
uneven diagonal sequences — Sergii Shulgin,
Oleksandr lhnatiev; text of the previous edition of the
article — Vladimir Barannik; analysis of the results of
comparing different methods — Tatyana Belikova; se-
lection and use of modeling and charting tools —
Oleksandr lhnatiev; editing and post-editing — Sergii
Shulgin, Oleksandr Ihnatiev; formulation of conclu-
sions — Sergii Shulgin, Tatyana Belikova, Oleksandr
Ihnatiev.
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TEXHOJIOI'ISI PEKYPEHTHOT'O YCIYEHO-IIO3UIIMHOI'O KOJTYBAHHSA
BIZEOCEI'MEHTIB B HEPIBHOMIPHO-JATATI'OHAJIBHOMY ITPOCTOPI

Bonooumup bapannik, Cepeiu Ilynvein, Banepiii Koznoecokuii, Poman Onuuienko,
Temsana benixoea, Onexcanop Iecnamuce, B’auecnae Xnon’auuii

IIpeameTom noCIiKEHBb B CTATTI € METOJM KOJIyBaHHS TPaHC()OPMOBAHHX BiJIEOCETMEHTIB ISl 3MEHIICHHS X
6iToBoro 00’eMy 0e3 BTpaT IiTICHOCTI iH(popMarlii. MeTor € po3poOka TEXHOJOTIT KOJAYBaHHS HEPiBHOMIPHHUX Jlia-
TOHAJBHUX MOCIIIOBHOCTEH B YMOBaXx iX JIOBUIBHOTO MMO3HIIIOHYBaHHS B TpaHC(hOpMaHTi. 3aBAaHHA: OOIPYHTYBATH
IiJX1]] 010 CTBOPESHHS HOBMX METOJIB KOJYBaHHS BiJICOCETMEHTIB 3 BPaxyBaHHIM OCOOIMBOCTEH KOMOIHATOPHOL
KoH(Qirypalii TpancOpMaHT; CTBOPUTH MeTofl pOpMaTyBaHHS CUCTEMH KOOPJIMHAT CIIEKTPAIIBHUX KOMIIOHEHT 3a
HEepiBHOMIPHO-/[laroOHaJIbHUM HarpsMKOM; PO3pOOUTH METO]] KOAYBaHHS HEPIBHOMIPHUX JiarOHaJILHHUX ITOCIIiIOB-
HOCTE B JIBOBUMipHOMY CIIEKTPAJIEHOMY IPOCTOPI; MOOYIyBaTH TEXHOJIOTIIO PEKyPEHTHOI pealtizallii nmpouecy KoB-
3HOI'0 yCIYEHO-TIO3UIIIHHOTO KOIYyBaHHS HEPIBHOMIPHO-ZIarOHaJbHUX IOCHTIJOBHOCTEH. BHKOpHCTOBYBaHHMHU Me-
TOAAMM €. MaTeMaTH4YHI MOJIeTi JUIS OLIHIOBAHHS KUIBKOCTI CTPYKTYpPHO-KOMOIHATOpPHOI Ta MCHXOBI3yaJbHO-
KOMOIHATOPHOI HAaJMIpHOCTI B HEPIBHOMiPHO-/1iarOHAIILHOMY CIIEKTPAJILHOMY IPOCTOPi; METOAU MO3UIIHHOIO KO-
nyBanHs. OTpuMaHi Taki pe3yjabraTH. OOIpyHTOBaHO HAsIBHICTH IepeBar, siki 3a0e3Me4YyroThCsl HA OCHOBI: Bpaxy-
BaHHsI KOMOIHAaTOpHOI KOH]Iryparii TpaHchOpMaHTH; HEPIBHOMIPHO-/IiarOHAJILHOTO (hopMaTyBaHHS TpaHC(HOpMaH-
TH. Po3po0OisieHa TEXHOJOTisSE PEKypeHTHOrO YCIYeHO-TIO3UIIMHOIO KOAYBAaHHS BiJIEOCEMEHTIB B HEPIBHOMIipHO-
JiaroHaJbHOMY TipocTtopi. TexHosoris 0a3yeThesi Ha IBOX CKIIAJIOBHX, a caMe: MipaMiJajibHil cuCTeMi MO3HIIOHY-
BaHHs JiaroHajell Ta X KOMIIOHEHT B TpaHC(OpPMaHTI; PEeKypeHTHOI peaizallil yCiueHO-ITO3HIIHOr0 KOJTyBaHH:
HEepIBHOMIPHO-[laroHaJIbHUX TOCioBHOCTeH. [Ipy 1bOMY KOIyBaHHsI OpraHi3yeThCs HE3aJEKHO BiJ MO3HIIOHY-
BaHHS JliaroHajell B ABOBUMIPHOMY CIIEKTpaJbHOMY MpocTopi Tpancdopmantu. J{ist po3poOiieHOro MeToy BiJfHOC-
HO ICHYIOUHMX JOCSATa€ThCsl TiepeBara 3a piBHEM 3MEHILEHHsS! 0ITOBOro 00’€MY, SIKMH CTaHOBHUTHh B CEPEAHbOMY BiJ
15 % mo 30 %. BucnoBku. Brepie po3po0ieHO MeTOA BCTAHOBIEHHS KOOPAMHAT KOMIIOHEHT B AiaroHajsX Ha
OCHOBI BpaxyBaHHsI 0COOJIMBOCTEH CTPYKTYpHOI KoH(irypauii Tpancdopmantu. Lle cTBoproe yMOBHU [Uisi 3MEHILICH-
HSl YaCOBHX 3aTPUMOK Ha 00pOOKY BiZieocerMeHTiB. Briepiiie CTBOpEHO METO/1 PEKypEeHTHOr0 KOIYBaHHsI liaroHasei
Ha OCHOBI 3aCTOCYBaHHS YCIYEHO-TIO3UIIIMHUX cucTeM. lle 103BOJIsIE YHHKHYTH BUINAJKIB HAasBHOCTI MOPYIIEHb
YMOB B3a€MHO OHO3HAYHOT'O KOJIOBOTO IIEPETBOPEHHSL.

Koarwuogi cioBa: BifeoindopmaliiiHi cepBicu; BileOCErMEHTH; 3MEHIIIEHHsI 0ITOBOro 00’eMy; TpaHCpOpMaH-
TH; HEPIBHOMIPHI JliaroHali; yciueHO-T03UIIi{He KOJyBaHHS; KOMOIHATOpHI KOH]Iryparrii.

Bapannik Bomonumup BikTopoBuu — 1-p TexH. Hayk, npod., mpod. kad. IITYY4HOro IiHTENEKTy Ta
IporpamMHoro 3abe3neueHHs, XapKiBChbKuii HallioHabHKUN yHIBepcuTeT iMeHi B. H. Kapasina, Xapkis, Ykpaina.

IMyabrin Cepriii CepriiioBu4 — KaHJ. TEXH. HAyK, JOKTOpPaHT Kad. iHdopMariitHo-MepexeBol iHKeHepii,
XapKiBCHKUH HAITIOHAIFHUHA YHIBEPCHUTET PaliOeTIeKTPOHIKH, XapKiB, YKpaiHa.

Ko3noBcbkuii Banepiii BikropoBuy - 1-p Texs. HayK, pod., mpod. kad. 3acTrocyBaHHs 3ac00iB CrelliaTbHAX
TENeKOMYHIKaliiHUX cucTteM, HamioHanpHMN TexHIUHUN yHiBepcuTer Ykpainum “KuiBcbkuii moONiTeXHIYHHN
inctutyT imeHi Irops Cikopcrkoro”, Kuis, Ykpaina.

Onumenko Poman CepriiioBuy — Buki. Kad. mOBITpsHOI HaBiramii Ta OOHOBOrO YIIPaBIIHHS aBialli€ro
npoTHOTO (hakysabTeTy, XapKiBChKuil HarfioHanbHuii yHiBepcureT I[loBitpsaux Cun im. 1. Koxkenyba, Xapkis,
Vkpaina.

BeaikoBa Tersina BsiuecsiaBiBHA - KaHZ. TEXH. HayK, JOKTOPAHT Kad. iHGopMmaIiiiHO-MepexeBol 1HKeHepil,
XapKiBCHKUI HAITIOHAIEHUMA YHIBEPCHUTET PaliOeIeKTPOHIKH, XapKiB, YKpaiHa.

IrnateeB Ouexcanap OJekciiioBu4 — cTya. kad. aBTOMaTH3aIlii MPOSKTYBaHHSA OOYHMCIIOBAIBHOI TEXHIKH,
XapKiBCHKUI HAITIOHAEHUHA YHIBEPCHUTET PaliOeIeKTPOHIKH, XapKiB, YKpaiHa.

Xuom’suuii  B’syecnap  AHartoniioBM4 - KaHI. TEXH. HAyK, Jom. Ka@. BiHCHKOBO-TEXHIYHOL
Ta BIHCHKOBO-CIEIabHOI  IATOTOBKM, XapKiBCBKUM HamioHambHHK  yHiBepcureT [loBiTpsaux Cun
im. I. Koxxeny6a, XapkiB, YkpaiHa.



142 ISSN 1814-4225 (print)
Radioelectronic and Computer Systems, 2023, no. 2(106) ISSN 2663-2012 (online)

Vladimir Barannik — doctor of technical sciences, professor, professor of the department of artificial
intelligence and software, V. N. Karazin Kharkiv National University, Kharkiv, Ukraine,
e-mail: vvbar.off@gmail.com, ORCID: 0000-0002-2848-4524, Scopus Author ID: 27867503300.

Sergii Shulgin — PhD, Senior Scientific Researcher, Department of Information and Network Engineering,
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine,
e-mail: sssh.sergey@gmail.com, ORCID: 0000-0001-5174-290X, Scopus Author ID 57189324397.

Valerii Kozlovskyi - doctor of technical sciences, professor, professor of the Department application of means
of special telecommunication systems, Institute of Special Communications and Information Protection
of National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine,
e-mail: valerey@ukr.net, ORCID: 0000-0003-0234-415X.

Roman Onyshchenko - lecturer of the department air navigation and combat aviation management of the
Flight Faculty, Ivan Kozhedub Kharkiv National Air Force University, Kharkiv, Ukraine,
e-mail: roman1990onishenko@gmail.com, ORCID: 0000-0002-2332-5196.

Tatyana Belikova — PhD, Senior Scientific Researcher, Department of Information and Network Engineering,
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine,
e-mail: belikova.tatiana.nure@gmail.com.

Oleksandr Ihnatiev — Student, Kharkiv National University of Radio Electronics, Kharkiv, Ukraine,
e-mail: oleksandr.ignatyev10@gmail.com, ORCID: 0000-0003-1227-6840.

Viacheslav Khlopiachyi - PhD, Associate Professor of the Department of Military-Technical and Military-
Special Training of the Reserve Officer Training Faculty under the contract, Ivan Kozhedub Kharkiv National Air
Force University, Kharkiv, Ukraine,
e-mail: rezon.zenit@gmail.com, ORCID: 0000-0003-4038-9551.


https://nure.ua/en/department/department-of-information-and-network-engineering-ine
mailto:sssh.sergey@gmail.com
mailto:valerey@ukr.net
mailto:roman1990onishenko@gmail.com
https://orcid.org/0000-0002-2332-5196
https://nure.ua/en/department/department-of-information-and-network-engineering-ine
mailto:belikova.tatiana.nure@gmail.com
http://orcid.org/%200000-0003-1227-6840

