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information support for critical infrastructure (CI)
management
characterized by the following aspects :

spread for the analysis of the state of the objects of
monitoring. Video images and dynamic video data are
used here [1];

collection and
including the use of unmanned aerial vehicles [2];

networks (ICN) as well as on-board platforms [3].

METHOD OF COMPRESSION AND ENSURING THE FIDELITY
OF VIDEO IMAGES IN INFOCOMMUNICATION NETWORKS

Subject research in the article is the methods of compressing video images under conditions of ensuring the
desired level of their fidelity in the delivery process using infocommunication networks. The goal is to develop
methods of encoding video images for increasing the level of their compression in the conditions of ensuring
required reliability. Task: to substantiate the approach regarding the structural clusterization of transformed
video segments in the conditions of preserving their reliability; to develop a method of structural and
statistical coding of transformants in the spectral-cluster space; conduct a comparative evaluation of the
effectiveness of various methods of encoding video segments. The methods used: mathematical models for
estimating the amount of statistical and structural redundancy in the clustered spectral space of video
segments; methods of statistical coding. The following results have been obtained. The potential effectiveness
of representing a transformant in clustered space by the number of series of units in binary description of their
components has been substantiated. A method of structural-statistical coding in the spectral-cluster space has
been created. The basic component of this technological approach is the evaluation of the estimates regarding
the potential ability to eliminate various types of redundancy in the current cluster. Here, the amount of
redundancy is reduced considering the statistical and structural features of the cluster. The comparative
evaluation revealed the advantages of the created method over coding methods in standardized platforms. The
advantage is achieved in terms of the peak signal-to-noise ratio by at least 30%. and in terms of a compression
ratio by an average of 12 %. Conclusions. The scientific novelty of the obtained results is as follows: for the
first time, a method of structural-statistical coding of video segments in spectral space based on their
clusterization has been created. The differences of the method lie in the fact that the component of the
transformant is simultaneously interpreted as an element of the statistical and combinatorial cluster space; the
potential capabilities of eliminating various types of redundancy in the clustered transformant are considered.
This provides an increase in the level of compression of video images for a given level of reliability.

Keywords: aerial photographs; video data compression; information reliability; structural clustering; coding
in spectral-cluster space; structural-statistical redundancy.

a) completeness of video information
resources [4]. The number of pixels in a video frame has
increased by an average of 16 times over the past few
years;

b) timeliness and fidelity of video information [5].
Timeliness is defined by the total time delays for
processing and transmitting the information. Fidelity is
defined by the level of correspondence between the
restored and original video images.

Hence, the question regarding ensuring the
necessary quality indicators for ensuring a remote video
service arises [6]. Here, it is necessary to take into
account the following peculiarities:

- the process of video information analysis in ClI
systems;

- significant criticality of video information
regarding the impact on the decision-making process

Introduction

Formulation of the problem. The organization of

systems in  modern conditions is

1) the use of video information resources is widely

2) application of mobile remote sensors for
registration of video information,

3) application of wireless infocommunication

Accordingly, the requirements are increasing for:
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and the level of consequences in case of its disruption.
There are recommendations regarding the quality of
providing video information in aerial monitoring
systems. They are determined by the standards
STANAG 4671:2009 [7], STANAG 7023:2009 [8].
Given that, the following requirements come into force:

1) regarding the determination of the fidelity of the
received video information. A hierarchy of levels has
been established for the quantification of fidelity, viz:

- for the highest criticality of information, it is
necessary to ensure a mode of processing without loss
of information. In this case, the number of distorted
pixels or the mean square deviation should be zero;

- for the least critical information, pixel distortions
of video frames are allowed. The admissible level of
such distortions according to the peak signal-to-noise
ratio (PSNR) should be at least 25-33 dB. It depends on
the purpose of the video frames;

2) regarding time delays in the process of
processing and transmitting video frames. Such an
indicator depending on the criticality and time of
relevance (aging) of the information should be at the
level of several 10 ms to several seconds.

The abobe-mentioned trends require the use of
ICN with the required level of information transmission
speed. At the same time, there is an imbalance for the
systems that provide remote video services using
wireless ICN on aviation platforms. It refers to the fact
that exists:

- on the one hand, lagging of the rate of increase in
ICN productivity in terms of data transfer rate;

- on the other hand, the growth rate of the bit
intensity of video information streams.

Such imbalance leads to the occurrence of
significant time delays in the process of video
information delivery. It results in the losses of [9]:

- the relevance (adequacy) of video information
regarding the current state of the objects of monitoring;

- the fidelity of video information. This is due to
the fact that in the case of a limited connection time, a
video frame or a group of them will not be received in
full.

These destructions are the cause of the disruption
of the decision-making process in critical infrastructure
systems.

Therefore, there is an urgent need to solve the
scientific and applied problem of improving the quality
of remote video  services using  wireless
infocommunication networks.

State of the art. To solve this problem, a set of
technological solutions is used.

The main components here are as follows:

1) increasing the  bandwidth  of
infocommunication networks [10];

wireless

2) the application of technologies for reducing bit
intensity of a video stream [11 — 19].

Let's consider the first direction. The destabilizing
factors inherent in wireless information transmission
systems should be taken into account, namely:

- the presence of a whole spectrum of interference,
electromagnetic noise, and interference of artificial
origin;

- mutual electromagnetic interference of devices of
the same channel (or neighboring frequencies);

- signal attenuation in the environment.

All this leads to a potential increase in the
probability of errors in the codegrams that are
transmitted with the use of wireless infocommunication
networks.

On the other hand, there are requirements for
information  transmission  networks in  critical
infrastructure systems. They relate to the fact that [20]:

- the probability P(e) of a bit error in the case of

transmission of a general information stream should not
exceed the level of 10, i.e. P(e) <107*;

- in the case of transmission of a video information
stream, it is necessary to ensure that: the number vi, of

distorted pixels is no more than 3...5 %; the number
Vpac Of lost packets is no more than 3 %.

To ensure the above requirements for on-board
ICN, interference-resistant coding methods are used.
The most widespread are parity check codes, Bowes-
Choudhury-Hockingham (BCH) codes [21], Reed-
Solomon codes [22].

The use of these code systems creates a possibility
for detecting and correcting bit errors. Such errors occur
in codegrams during their transmission through
communication channels. This possibility is achieved
due to the additional involvement of redundant binary
digits. This increases the original bitrate Vpq of video

frames by an average of 1.5 to 3 times. Accordingly,
time t, delays in the process of their transmission by

infocommunication networks are increasing. The losses
regarding the efficiency of information can reach 10
times.

Therefore, it can be asserted that the application of
interference-resistant codes leads to an increase in the
information load on:

- on-board means of video information recording;

- computing devices;

- information transmission technologies.

Risks arise regarding the loss of fidelity and
relevance of video information in case of overflow of
on-board media and a limited communication session.

Let's consider the second direction. The
localization of the destructive influence of channel
errors on the fidelity of restored video images concerns
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the consideration of psychovisual features [11]. This
direction is based on the fact that some distortions of
individual pixels and areas of a video frame do not lead
to desruption of overall visual evaluation. In this case,
errors at the syntactic level of the description of a video
image do not lead to a loss of fidelity at the level of its
structural and semantic content [12].

At the same time, certain psychovisual features of
video images are used in modern compression
technologies. As a result, the bit volume of the video
frame is reduced [13]. By eliminating the amount of
such redundancy the greatest reduction in the bit volume
of video images is achieved [14].

Hence arises the conflict between ensuring the
fidelity of video images and their timely delivery. This
refers to the fact that the amount of psychovisual
redundancy is used for:

- localizing the destructive effect of channel errors
on the fidelity of video images;

- reducing the bit volume of video images.

Therefore, the implementation of remote video
services using on-board ICNs puts forward additional
requirements for the technologies reducing the bit
volume of video data. Thus, the goal of the article is to
develop methods of encoding video images to increase
the level of their compression under the conditions of
ensuring the required fidelity.

Rationale of the approach
for improving video compression
methods under the conditions
of ensuring their fidelity

To ensure a reduction in the bit intensity of video
data, standardized platforms are used, namely: JPEG for
encoding static video images [15]; MPEG-4,
H.264/AVC, H.265/HEVC for encoding a dynamic
stream of video frames [16].

At the core of such platforms is a technological
solution based on the elimination of a number of
psychovisual and statistical redundancies. At the same
time, such processing is carried out in the frequency-
spectral representation of a video segment [17].

The reduction of the amount of psychovisual
redundancy is carried out on the basis of quantization of
transformant components (an array of spectral
coefficients). Here the features of the high-frequency
components of a transformant are taken into account.
Such components mostly contain information about
small details of a video segment [18].

Statistical redundancy in transformants is due to
the presence of probabilistic features. This will be
manifested in the fact that [19]:

- transformants have limited capacity (the number
of components with different values);

-the law of probability distribution of the
transformant components tends to be uneven.

The exclusion of the amount of redundancy occurs
due to the use of statistical coding methods. The
examples of such methods are various modifications of
the Huffman code [23, 24] and arithmetic coding [25,
26]. To increase the compression ratio, the lengths of
series of components that have zero values are
additionally taken into account [27].

Such technological solutions are most effective in
the case [28]:

- of encoding low-informative video images;

- when it is assumed that there are no codegrams
damaged by channel interference.

On the contrary, the lowest effectiveness of the
specified methods appears in the case of:

- processing sufficiently informative video images,
which include aerial photographs;

- taking into account the destructive effect of
channel errors.

This is due to the systemic shortcomings of
standardized technological solutions. They concern the
following:

1. The limited value of the compression ratio due
to:

a) the reduction of psycho-visual and statistical
redundancy of transformants, which is potentially
reduced in the process of encoding;

b) the increase in capacity of a transformant and,
the approximation of the probability distribution of
components to the uniform law;

c) the increase in the degree of saturation of the
video segments with small details.

The informative weight of the high-frequency
components of the transformant increases. In these
conditions, additional elimination of the amount of
psychovisual redundancy is accompanied by:

- the significant loss of the quality of video
images;

- the resolution of aerial photographs;

- the destruction of individual informative sections
of a video frame.

2. The low level of stability of the decoding
process of the codegrams damaged by channel errors in
terms of maintaining the fidelity of video segments.
Such circumstances are caused by the following
vulnerabilities of standardized technologies:

- in the case of using non-uniform-prefix (NUP)
codegrams, an error in one bit inevitably results in the
failure to decode subsequent codegrams. An avalanche
effect regarding the propagation of the channel error to
the decoding process of other codegrams arises;

- the effect of error propagation is significantly
enhanced in the case of forming codegrams taking into
account the length of a series of zero components.
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The estimates of the negative impact of channel
errors on the fidelity of video images are shown in the
form of diagrams in Fig. 1. The level of fidelity of
restored video images is estimated by the indicator of
the peak signal/noise PSNR, . The level of errors in the

data channels is (P(e)=10"* and

transmission

P(e) =107°). The estimation is carried out without the
use of interference-resistant coding.
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Fig. 1. Diagram of the dependence
of the peak signal/noise PSNR, ratio P(e)
on the communication channel

The analysis of the diagrams in Fig. 1 allows us to
state that the required level of PSNR,¢s is not provided

in any case. A decrease in the value of PSNR, relative
to the level of PSNR, is observed. Depending on the
informativeness of video segments, the value of

PSNR,, is: 3-38% for P(g)=10">; 3647 % for

e
P(s) =107,

Therefore, standardized compression technologies
are not resistant to the influence of channel errors on the
decoding process of damaged codegrams.

Hence it is proposed to improve standardized
methods in the following directions:

1) to identify new regularities the consideration of
which will create conditions for:

- additional reduction of the bit volume of video
segments without introducing losses regarding the
fidelity of information;

- the localization of the destructive effect of
channel errors in the process of video image
reconstruction;

2) to form code constructions using a mode of
uniform or locally uniform code formation.

Justification of the approach to structural
clusterization of transformants

It is necessary to create new coding systems that
are not associated with information loss. One of the

directions is the development of transformant
restructuring technology. It ensures:

1) the redistribution of components in such a way
that the law of distribution of probabilities of their
occurrence tends to be uneven;

2) the reduction in the capacity of data sets
(clusters);

3) the waiver of the prefixity of codegrams in the
event of an increase in the capacity of data sets, a
decrease in the probability of emerging individual
components;

4) the use of uniform code constructions as well as
information reference markers. Uniform codegrams of
individual components serve as reference markers
between the sequences of uneven codegrams;

5) the reduction of bit costs for the informative
part of code structure of a transformant;

6) the stabilization of the change of probabilities
for the segment transformants. Statistical models for
transformants within the segment will have stationary
characteristics.

A variant of the creation of the given properties
lies in the transformant clusterization [29, 30].

The clusterization of transformants is proposed to
be carried out in the binary space of components. The
potential for additional reduction of the amount of
redundancy in the binary description of transformant is
created. At the same time, information loss is excluded.

The clusterization is based on the approach to
partitioning the general space of bit-length binary
sequences [29]. The length of binary sequences is equal
to ¢ bit. Such space is determined by the set of possible
permutations with repetition, which are formed from
£ -bit binary sequences. The specified binary sequences
form a set Q(¢). Based on the definition of the set

Q(0), its volume | Q(¢)| is determined by the following

formula: | Q(¢)| = 2" . Therefore, the clusterization of a
set Q(¢) of binary sequences is in the formation of
separate subsets Q(¢; 0) according to the structural
feature 0. At the same time the subsets Q(¢; 6) do not
intersect, i.e.:

QU ) N QLG ) =D, where y =y

and Q(¢; v), Q¢; x) € Q) .

The number of subsets Q(¢; 6) and their volume
| Q(¢; 0)| depends on the choice of a specific feature 0 .

As such a feature 0, it is proposed to use such a
structural characteristic of binary sequences as the
number of series of units. This is due to the possibility
of determining:
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- the volume of the set of admissible binary
sequences;

- the potential amount of structural redundancy
that can be reduced in the coding process.

Accordingly, for the selected feature, we have the

following expressions for finding quantitative
parameters | Q(¢; 0)], © of the clusterization,
namely [29]:
{+1 l+1
o ) = —H! (2L

2-O-((+1-2-0)1"

Here ® is the nominal number of values that the
feature O takes, i.e. the nominal number of subsets
Q(¢; 0) which is formed for the sets Q(¢) by the
feature 6. So we have the following expression for the
structure of the set Q(¢) by the selected feature 0 :

[£+1/2]

Q) = Gijlgz(e; 0)= Qs 0).
0=0 0=0

The volume | Q(¢)| of the set Q(¢) due to the
values| Q(¢; ©)|of the subsets | Q(¢; 0)| is represented
by the following relation [29]:

[¢+1/2]

| Q(0)] = ZI Q4 0)].

0-1
> s 0)=
0=0

Hence for a given ¢ between the volume | Q(¢)|
of the general binary space Q(¢) and the volume
| Q(¢; 0)| of the subset Q(¢; 6) the relation holds:

(0 +1)!

(2.e)!.(/+1—2.9)1<|Q(€)|=24' 9=0.6-1.

|Q(¢;0)|=

Accordingly, the binary sequences of the subset
Q(¢; ©) are /-bit permutations with repetitions that

contain O of series of units.

Development of the method
of structural-statistical coding of
transformants in the spectral-cluster space

It is proposed to carry out the clusterization of the
transformant Y, into separate clusters Y(0),. The

distribution of the y(”) components by clusters is
carried out by determining the number 6 of series of

units. The value 6 in the binary description [y(“)] of

the component is found the functional

Parger (LY 1,36) [30].

The implementation of statistical coding in the
spectral-cluster space has the following features [31]:

1. On the one hand, the advantages relative to the
case of statistical encoding of transformants are
achieved. Such advantages relate to:

1.1. Increasing the number R(0), of statistical

using

redundancy that can potentially be reduced in the
process of coding the components y(6; g)(“) SC

Y(6), - The increase in the level of uneven distribution

of clustered components is achieved.

1.2. The creation of the conditions for reducing the
length of codegrams of clustered components relative to
the case of their processing as part of the entire
transformant. Therefore, the components in the cluster
Y(), have a higher probability than in the

transformant.

The conditions are created for a syntactic

description of the clustered components y(0; g)(“) with
the codegram Cy,.(0; g)(“) of the shorter length

Vyar(6; g)i’j than the length vvan(”) of the codegram

Cvar.(uj) . Therefore, the inequality holds

Vyar (0 9); J) < vvar(”) Here cy, Y is the codegram

0y
of the components y(6; g)(“) in the composition of the

entire transformant.

2.0n the other hand, there are still systemic
shortcomings associated. They are related to the coding
of transformants for sufficiently informative video
images. This is manifested in the increase in the length

Vyar(0; g)(”) of the NP codegrams c,,,(0; g)(“) in the

case of an increase in the capacity D(e”) of the SC
Y(0),,i.e:

u

Vyar(9; g)|J - Vvar|( J) Or Vyar(0; g)(u) —>/

for D — DWW

To eliminate the identified shortcomings, it is
proposed to develop coding with additional
consideration of structural properties of clusters.
Accordingly, it is necessary to develop a technology for
limiting the growth of the lengths of NP codegrams. For
this purpose, you need to identify the cases of:

- increasing the power of cluster;
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- the approximation of the distribution of
probabilities of the emergence of components in the
cluster to a uniform law.

It is proposed to use the principle of duality of
transformant components in the basis of such a
technological mechanism. It lies in the fact that a
clustered component can simultaneously be considered
as:

- an element of the statistical cluster space;

- an admissible element of a structural cluster, i.e.
as one of the admissible permutations with repetitions
with a specified number of series of units.

Therefore, clustered components are admissible
combinations of the structural cluster space according to
the determined feature 0. In this case, the set of
components within the SC is considered according to
the structural approach.

At the same time, there are possible cases for the
SC when the potential number Rg, (), of redundancy,
which is reduced taking into account structural
restrictions, will exceed the number Rg,(0), of
redundancy taking into account statistical dependencies.
So, the inequality holds: R, (), = Rgat(0)y -

In this case, to further reduce the bit volume, it is
necessary to code clustered components taking into
account structural features of their binary description.
Accordingly, it is proposed to use the property of
structural clusters. It lies in the limitation of the realistic

power D(e”) for the ©6-th SC by the value of the
nominal power Dy , .
That is, the inequality holds D{") < Dy ,. The

nominal capacity Dg , of the SC means the maximum

possible number of binary sequences [y’(e;d)(”)]z,

d =1, Dy, Which:
- contain 0 of a series of units;
- have such values y'(6; d)(“) of the decimal

description when the condition is met:

[y ©: 0N 1. [y ©: Y1 € YO,

and y'(0; 0 = y'(0; ).

At the same time, under such conditions, the
specified binary sequences are admissible combinations.
The entire set of such admissible 7 -bit
combinations makes a subset Q(¢; 6) . Hence the value

Dy ¢ is equal to the volume [Q(/; )| of the subset
Q(¢; ©) according to the structural feature 6. So

Y'(8), € Q(¢; 0) e Q1) ,
and
(/+1! <ol

D(U)S Dg, =|Q¢; 0)] =
9 0.0 =1 Q¢ 0)| 2-0)-(¢+1-2-0)!

On the other hand, it is possible to use the
principle of formation of locally uniform (LU)
codegrams for the admissible binary sequences

[y(o; g)(“) ] within the defined SC. The uniformity is
caused by the fact that the length of the locally uniform

(uniform length) codegram v (6; g)i(’L}) for the binary

description [y(0; g)(“) 1, of the component y(6; g)(“)
is limited by the value Vg ,. Therefore, the inequality
holds: vy, (0; g)i("})

The locality of this property is caused by the
heterogeneity of V; , values for different SCs.

< Ve,f .

The use of such a code strategy is due to the
limitation of code values E(6; g)(“) of binary

sequences [y(0; g)(“) 1> by the nominal power Dg , of
the cluster. Therefore, the inequality holds:
E©0; 9){Y) <D, 1.
Indeed, the nominal power Dg , of the SC Y(0),

is the number | Q(¢; 6)| of admissible binary sequences

[y'(0; )1, that have:

- different code values E(O; g)i(’t}) ;

- the same number 0 of series of units.
Therefore, in the event of an increase in the length

Vyar(0; g),“; it is

of the NP codegrams C,,.(0; g)IJ ,
suggested that the binary sequences [y(6; g)(“)]z be
coded taking into account structural features of the
cluster. Accordingly, the LU codegrams v (6; g)i(}})
are formed. This will allow us to:

- limit the growth of lengths v,,(6; g)(“) of the

NP codegram C,,,(0; g)i(“j-);

- create reference codegrams cf(6; g)i(“j) in a

general bit stream. Therefore, to localize the destructive
effect of channel interference in the case of decoding

the NP codegrams c\,,(0; g)(“) damaged by them.
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Let us consider the method of encoding the binary
[y6; 9){ 1,

components y(6; g)(“) The structural and statistical

syntactic  description of clustered

regularities {P’(0),;0} of the cluster Y(0), are taken

into account here.

Stage 1. The first technological stage is related to
the estimation of the number of redundancy in the
current cluster Y(0),. Two approaches are used,

namely the detection of:
- the probabilities p'(0; d)(”) of emergence of

the y'(0; d)(“) components and realistic capacity Dg”) :
- the number of 6 series of units for ¢ bit binary
description [y(6; g)(“) 1, of the components y(6; g)(“)

Therefore, firstly, the estimation of the number
Rgat (0), Of statistical redundancy in the Y(0), SC is

carried out. Such redundancy can potentially be
eliminated during a coding process (formation of

uneven-prefix codegrams Cy,.(0; g)(“)) That is, the

potential ability of statistical methods to eliminate the
maximum number of redundancy in a cluster is
established. For this purpose, the entropy H(0), of the

distribution P'(6), of clustered components y'(9; d)(“)
is calculated. The expression is used:

D(U)

H(©)y = - Z p'(6; d){)-log, p' (0; d){ .
d=1

Secondly, the minimum number R, (0), of
structural redundancy in the 0 -th cluster is estimated.
The formula is used to determine the number | Q(7; 0)|

of admissible sequences [y'(6; d)(“)]z in a structural

set Q(¢; 0) by the feature 0 :

| Q(4; 0)] = Dy ¢ = (L+1)!/ ((2-O)L- (L +1—2-0)1) .

Here Dg, is the number of admissible binary
sequences in a structural cluster Y(0), (volume of the
set  Q4;0)), e the

[y'(6; d)(”) ], that satisfy the conditions:

number of sequences

- the decimal description y'(a.; d)(“) has different

values, i.e.: y'(a; d)(“) ¢y(B;y)l(Lj),

- the number of series of units is equal to 9,
a=B=0, y=d, v,d=1Dg,;

- the length ¢(6; )} and ¢(6;7){) of binary

sequences [y’(e;d)(“)]z and [y'(6; y)(“)]z are equal
to the magnitude 7.
Hence the upper limit Vy, of the amount of

information of a cluster structural
calculated in the following way:

description is

(+1

> log, ¢ z|092 0.

¢=0+2-2-6 ¢=2

Voo =[00g3Dg ¢ 1+1~

Stage 2. The purpose of the second technological
stage is to compare the estimates regarding the potential
ability to eliminate various types of redundancy in the
current cluster Y(6),. This refers to the use of coding
methods which take into account its statistical and
structural features.

For a 0 -th structural cluster, the condition when
the value Vy, exceeds the value H(0), is checked.

Here H(0), is the lower limit of the amount of
information contained on average in one y'(0; d)(“)
element of the current 0 cluster, taking into account its
statistical features; Vy, is the upper limit of the
amount of information that falls on one binary element
[y’(e;d)(“)]2 of a cluster, taking into account
structural features.

Therefore, the two values - H(0), and V,, - are

compared. Two options are possible.
The first option, if the inequality holds:

H©)y = Vo, - 1)

The following values are used in this expression:

If inequality (1) holds, then:

1) the possibilities for reducing the amount of
structural redundancy in a ©6-th cluster exceed the
possibilities for eliminating the amount of statistical
redundancy;

2) most often for the lengths v, (6; g)(“) and

vufr(e;g)i,j of the codegrams c\,ar(e;g)i'j and

cufr(0; g)i(‘L} of syntactic description of the y(6; g)(”)

components, the following inequality is fulfilled in the
case of their statistical and structural coding:

Vur(0; 0) = Ve < uar(®; 9, 9=1,G§,
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Here Vg, (6; g)i(’L}) is the length of NP codegrams

for clustered components y(6; g)");

Cyar(0; )1 V&

Vs (0; g)(“) is the length of the LU of the syntactic
description of the code values E(6; g)(“) of the binary

elements [y(0; g)(u) I>-

In this case, for the clustered components, a more
effective syntactic description is built in the case of their
coding in the structural-cluster space. For the specified
option, the structural coding of the binary description

[y(6; g)(“) 1, of clustered components y(6; g)(“)

the feature 0 is carried out.
The second option. On the contrary, if between the
values H(0), and V; , the following inequality holds:

H(®)y < Vo, 3)

then two situations are possible, namely when:
a) the vy,.(6; g)(”) length of the NP codegrams

Cuar(0; O); | ) for all y(o; g)(“) components in the

cluster Y(6), will be less than the v (0; g)i(}}) length

of the LU codegram c(6; g)IJ :

Vufr(e; g)i(yj Vee > Vvar(e g)|J v g =1 G((gu) y (4)

b) on the contrary, when between the values
Vi (6; g)i(’ and V,,(6; g)(“) the inequality (2) holds.

For the option when the condition (4) is fulfilled,
the following can be asserted: due to the clusterization
of transformants, the conditions are created for reducing
a greater amount of statistical redundancy in
comparison with the elimination of the amount of
structural redundancy. In this case, element-by-element
statistical coding is performed for the clustered

components [y(e;g)(“)]z Such coding can be

organized based on the use of one of the modifications
of a statistical code.

Otherwise, under the conditions of fulfillment of
the inequalities (1) and (3), mixed results of the

comparison of the lengths v (6; g)(“) and

vvar(e;g)i(’t}) of the codegrams of the clustered
component y(6; g)(“) are possible. Under the specified

conditions, the fulfillment of inequality (2) is caused by

the fact that the entropy value H(0),, is the lower limit

Vyar(0; g)(“) of the lengths of NP codegrams. That is,

HO)y < Vyar(0: ). 9=1,G{" .

L]’
Vp. ¢ is uniform within the current cluster Y(0),,, then

When the value

the relation is fulfilled: v (6; g)i(’L}) =V, = const .

In this case, it is proposed to organize a
preliminary selection of the y(6; g)(“) components to
verify the fulfillment of one of the inequalities (2) or

(4).
In the future, we will define such selection as
structural selection in the space of statistical codes or

structural-statistical ~ (SS)  selection  of  cluster
components.
Accordingly, based on the results of such

selection, one of the approaches to their coding will be
introduced to the binary sequences y'(6; d)(“).

The structural selection of statistical codes can be
technologically implemented by directly comparing the

Vyar(0; d)(“) lengths of the NP codegrams
Cvar (©; d)(“) with the Vg, length of the LU

codegrams c5(0; d) (U of the current cluster.

Here, a typical selection of codegrams is done
based on the following relation:

c(®; )Y =cyar(®; )Y x
= Vo, o)) +

—Vo,r)) -

x (L—sign(L—sign (Vy,(0; d)i,j

1 (8;0) 2 - sign(L—sign(vye, (6; )Y

The basis of this selection relation includes the
sign functional sign with the help of which the
identification of cases regarding the fulfillment of one
of the inequalities (2) or (4) is achieved. The value

c(0; d)(“) is a pointer to the class of the technological

process.
Depending on the result of the comparison of the

values vy, (0; d)i(’L}) and Vp ¢, the code representation

of sequences [y(e;d)<“)]2, d=1 D(”) is realised.

Hence, greater adaptation of the structural selection to
the features of statistical codes of the current cluster is
achieved.

Such an approach requires the involvement of the
information, namely the threshold p(e)(“) of

probabilities.
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Then, if its value exceeds the probability, i.e.:

p'(0; &)Y > p )Y

ij then the corresponding NP

codegram cvar(e;d)i(’“j) will have a greater length
Vyar(6; d)i(’L}) than the nominal Vg, length of the LU

codegrams Cys, (6; d)i("‘j). The threshold p’(e)i(}}) value
is chosen empirically based on the processing of the

transformed segments for sufficiently informative video
images.

Comparative evaluation of the effectiveness
of different methods of encoding
transformed video segments

The comparative evaluation of the created coding
method is carried out according to the indicators of
PSNR (Fig. 2) and the compression ratio Kcomp
(Fig. 3). The standardized approach is implemented in
the JPEG platform.

The value of PSNR is estimated in the conditions
of the probability of occurrence of bit errors at the level
P(g) =107, The error model corresponds to a discrete
symmetric channel without memory.

PSNR,,dB
25

22.14

=
©
N
[N

20

15

8.82

10 A 8.3

5 4

777

R

sufficiently informative

Fig. 2. Diagram of the dependence of the PSNR value
on the degree of saturation of video images
for various coding methods

0

low informative very informative

According to the results of the analysis of the
diagrams in Fig. 2, it can be concluded that the created
method of transformant coding allows us to increase the
level of fidelity of video images by the indicator of the
peak signal/noise ratio from 30 to 70 % on average. The
win amount depends on the level of informativeness of
video segments. Accordingly, the conditions are created
to ensure the value of PSNR at the level of 22-25 dB.
Therefore, the conditions are created to ensure the
requirements for the level of reliability of video images.

The dependence of the K¢omp value on PSNR is

realised for sufficiently informative video segments,

which corresponds to the average level of saturation
with small objects.

‘o
2
12 _ % 105
10.2
12: § 75
i: § Ny e
5\ N\
28,6 31,74 349 PSNR, dB

Fig. 3. Diagram of the dependence of the ko, Value
on PSNR for different coding methods

Based on the analysis of the given diagrams, it can
be stated that the created method for the given PSNR
ensures an increase in the level of compression by an
average of 13 %.

Conclusions

1. The potential effectiveness of representing the
transformant in the clustered space by a number of
series of units in the binary description of their
components has been substantiated. The conditions are
created for the clustered transformant to additionally
reduce the amount of redundancy without a loss of
information, including the amount of redundancy taking
into account dependencies in the binary description.

2. A method of structural-statistical coding in the
spectral-cluster space has been developed. This method
is based on the principle of the duality of transformant
components. It lies in the fact that a clustered
component can simultaneously be considered as: an
element of the statistical space of a cluster; an
admissible element of a structural cluster.

The basic components of this technological
approach are the following stages:

-the evaluation and comparison of estimates
regarding the potential ability to eliminate various types
of redundancy in a current cluster;

- the application of the coding methods that take
into account its statistical and structural features;

-the structural-statistical ~ selection of the
components. This makes it possible to detect non-
uniform prefix codegrams, the lengths of which exceed
the nominal, locally uniform length of a cluster.

Scientific novelty. The method of structural-
statistical coding of video segments in spectral space
based on their clustering was created for the first time.
The differences of the method lie in the fact that:
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1) a transformant component is simultaneously
interpreted as an element of statistical and combinatorial
cluster space;

2) the potential capabilities of eliminating various
types of redundancy in the clustered transformant are
taken into account.

Further research will deal with the development
of methods for encoding marker arrays that contain
information about transformant clusters.

Research results can be applied as follows:

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: the review and
analysis of information sources — Sergii Pchelnikov;
the analysis of technologies for restructuring the
spectral space of a video segment — Vitalii Kolesnyk;
the analysis of wulnerabilities of  existing
infocommunication technologies on onboard platforms
— Sergii Pchelnikov; the justification of directions for
the improvement of coding methods - Andrii
Krasnorutsky; the justification of the approach to
clusterization of video segments in the spectral space by
a structural feature in the binary description of their
components — Vladimir Barannik; the development of
a model of statistical redundancy in the spectral-cluster
space of a video segment — Andrii Krasnorutsky;
creating an approach to coding in the spectral-cluster
space — Valeriy Barannik, Vitalii Kolesnyk; the
development of a clustered component selection model
— Vitalii Kolesnyk, Andrii Krasnorutsky; the text of
the previous version of the article — Vladimir
Barannik; the analysis of the results of the comparison
of different methods — Pavlo Zeleny; the selection and
use of modeling tools and construction of diagrams —
Vitalii Kolesnyk; editing and post-editing — Andrii
Krasnorutsky, Vitalii Kolesnyk; formulation of
conclusions — Pavlo Zeleny, Andrii Krasnorutsky,
Vitalii Kolesnyk.

All the authors have read and agreed to the
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METO/J CTUCHEHHS 1 3ABE3IIEYEHHS JOCTOBIPHOCTI BIIEO30OBPA’KEHD
B IHOOKOMYHIKAIIMHUX MEPEKAX

Bonooumup Bapannix, Auopin Kpacnopyuvkuii, Bimanii Konecnik,
Banepii bapannix, Cepeziii Iluenvnirkos, Ilaéno 3enenuii

IIpeameTrom nociikeHb B CTaTTi € METOAM CTHCHEHHS Billeo300pakeHb 32 yMOB 3a0e3NeueHHs IOTPiOHOro
PIBHSI IOCTOBIPHOCTI B MPOIIECI TOCTABKHM 3 BUKOPUCTAHHSAM 0e37pOTOBUX 1HYOKOMYHIKALIHHUX Mepex. MeTolo €
po3poOka MeTOAiB KOTYBAaHHS Bile0300paskeHb M 30UIBIICHHS PiBHSA iX CTHCHEHHS 32 YMOB 3a0€3Ie4eHHS
moTpiOHOI TOCTOBIpHOCTI. 3aBAaHHsA: OOTPYHTYBATH MiAXiA MIOAO CTPYKTYpPHOI KiIacTepm3arlii TpaHCPOpMOBAHHUX
BiJIEOCETMEHTIB 32 YMOB 30€peKEHHS IX JOCTOBIPHOCTI; pO3POOUTH METOH CTPYKTYPHO-CTAaTHCTUYHOTO KOTYBaHHS
TpaHc(HOPMAHT B CHEKTPAIBHO-KIACTEPHOMY MPOCTOPI; MPOBECTH MOPIBHSIBHE OIIHIOBaHHA €()EKTHBHOCTI Pi3HUX
METOMIB KOIYBaHHS BifeocerMeHTiB. MeTOAM MOCTiKeHbp 0a3ylOThCS HA: MAaTEMAaTHYHUX MOZETSX OLIHIOBAHHS
KUTBKOCTI CTaTUCTHYHOI Ta CTPYKTYPHOI HAagMIPHOCTI B KJIACTEPHU30BAaHOMY CIIEKTPAJIILHOMY IPOCTOpi
BiIEOCETMEHTIB, a TaKOX METOJaX CTaTHCTHYHOro KoxyBaHHiA. OTpuMmaHi Taki pe3yabTaTH. OOIpyHTOBaHO
MIOTEHIIIHHY e(QEeKTHBHICTh TNPEACTABICHHA TpPaHC(HOPMAHTH B KIACTEPH30BAHOMY IIPOCTOPI 3a KITBKICTIO Cepii
OJMHHIb B JBIHKOBOMY ONHUCI iX KOMIOHEHT. CTBOPEHO METOX CTPYKTYPHO-CTaTHCTHYHOTO KOAYBAaHHS B
CIIEKTPaIbHO-KIIACTEPHOMY TpocTopi. ba3oBo0 CKIIaZIOBOIO JaHOT'O TEXHOIOTIYHOTO MiIXOAY € BU3HAYEHHS OLIHOK
00 TIOTEHIIWHOI CIPOMOXHOCTI YCYHEHHS pPI3HMX BHIIB HAJAMIPHOCTI B TOTOYHOMY Kiactepi. KimbkicTs
HAJMIipHOCTiI CKOPOYYETHCS 3 BPaXyBaHHAM CTaTUCTUYHHX Ta CTPYKTYPHHX ocoOnmBocTtelt kimactepy. [lopiBHsIbHE
OLIIHIOBaHHS BHSBWJIO TEpEeBard CTBOPEHOO METOAY BIJIHOCHO METOHIB KOJAYBaHHS B CTaHIAPTHU30BAHUX
wiatdopmax. IlepeBara mocsrHyTa 3a MOKA3HHKOM ITIKOBOTO BiHOIIEHHS CHUTHAJ/IIyM, sk HaiimeHm Ha 30 %, 3a
Koe(illieHTOM CTHCHEHHS B cepenHboMy Ha 12 %. BucHoBku. HaykoBa HOBM3HA OTPUMAaHUX PE3yJIbTaTiB MONATAE B
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HaCTYITHOMY: BIEpIIE CTBOPEHO METO]| CTPYKTYPHO-CTaTHCTHYHOTO KOXYBAaHHS BiJIEOCETMEHTIB B CIEKTPAJIbHOMY
MIPOCTOpPI Ha OCHOBI iX Kiactepizamii. BiaMiHHOCTI METORY MOJATAOTH y TOMY, IIO: KOMIIOHEHTa TpaHC(HOpPMaHTH
OHOYACHO IHTEPIIPETYETHCS SK €NEeMEHT CTATHCTHYHOrO Ta KOMOIHATOPHOTO KIIACTEPHOTO IPOCTOpY;
BPaxoOBYIOTHCSI OTEHII{HI CIPOMOXXHOCTI YCYHEHHsI pi3HUX BHUIIIB HaIMIpPHOCTI B KJIacTepi30BaHii TpaHC(HOPMaHTI.
e 3a0e3neuye miIBUIICHHS PIBHS CTUCHEHHS BiZIe0300payKeHb JUISI 33[]aHOTO PiBHA iX JOCTOBIPHOCTI.

Kaw4oBi caoBa: aepodoTO3HIMKH, CTHCHEHHS BiJICOIaHMX, JOCTOBIPHICTH iH(OpMAIli; CTpyKTypHa
KJIacTepH3alisi; KOJyBaHHS B CHEKTPaIbHO-KIACTEPHOMY MPOCTOPI; CTPYKTYPHO-CTATUCTUYHA HA/IMiPHICTB.
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