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ABSTRACT

Context. The problem of localization of the effect of errors in data transmission channels when using compression and noise-
immune coding methods in the conditions of compliance with the speed of data delivery in infocommunication systems of the
aerosegment. The object of the study is coding methods for increasing the reliability of video information resources in infocommuni-
cation networks using airmobile platforms.

Objective. The goal of the work is to methodology development of increasing the reliability of video information in the info-
communication networks of the aerosegment.

Method. The use of noise-immune coding methods to ensure the required level of reliability of video information transmitted in
infocommunication systems of the acrosegment has a number of significant disadvantages: it leads to a significant increase in the bit
volume of compactly presented video data; the time delay for the delivery of video information is growing, which is critical in the
conditions of using airmobile platforms. An increase in time delays in the process of delivering video information leads to the fact
that the video information will not be transmitted in full and, as a consequence, in the conditions of aeromonitoring, to the loss of
data reliability; time for processing video data increases. The advantage of using compression coding technologies to solve the prob-
lem of increasing the reliability of video information transmitted in infocommunication systems of the aerosegment is to reduce the
bit volume of the video information resource. However, the existing video processing technologies are based on the use of statistical
coding methods and the identification of a series of identical sequences of repeating elements. But the use of such technologies does
not provide the required level of error localization. Restructuring method was developed based on identifying patterns in the internal
binary structure of message elements by a quantitative attribute. The sign of the number of series of units in the binary structure of
message elements is used as a tool for restructuring. Distinctive features of the method are that the restructuring of the information
space is carried out without loss of integrity on the basis of structural features by the number of binary series.

Results. The analysis of existing directions for solving the problem of increasing the level of reliability of video information
transmitted in the infocommunication systems of the aerosegment was carried out. A method of internal data restructuring has been
developed, which allows obtaining the following results: conditions are provided for additional reduction of structural redundancy of
code representation of information due to significant reduction of information space capacity as a result of using internal data restruc-
turing on the basis of the number of series of units; conditions are created for localization of errors in the process of reconstruction of
video information resources; conditions are created to reduce the time for data processing, due to the fact that the developed method
of data restructuring does not require transformations over the elements of the message.

Conclusions. It is necessary to improve the existing compression coding technologies in the direction of identifying patterns, tak-
ing into account which will allow localizing the destructive effect of errors arising in the communication channel.

KEYWORDS: video information resource, coding, reliability, efficiency, communication channel, aecrosegment, compression
technology.

o ABBREVIATIONS K" is a number distorted pixels that affect the quality
CS is crisis situations; of visual perception, %;
UAV is unmanned aerial vehicles; P(¢) is a probability of bit errors under conditions of

VIR is video information resources;
BCH is Bose-Chowdhury-Hawkingham codes;
SU is series of units.

interference and interference in the communication chan-
nel;
P(ug) is a probability of the appearance of elements

NOMENCLATURE ug in video sequence U();

Je is a message clustering functionality U(6) of the PSNR. is a peak signal-to-noise ratio under condi-

plural U(R;) on the basis of A, A=A, 7“|A\; tions of interference and interference in communication
fer(ug,;) is a element clustering functionality ug channels, dB; . )
PSNRg,,. is a necessary value of peak signal-to-

video sequences U(0) with the same amount A; SU; . .
noise ratio;
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PSNR; is a value of peak signal-to-noise ratio for
development method;.

qo-1>9o are previous and current binary digits,
which specify the internal binary structure of the element
ug message U(0);

T 4o 1s a delays time, ms;

T, 1s a transmission time, s;

U(0) is a video sequence;

ug 1s an element of video sequences;

U(h;) is a set (cluster) of elements ug, the binary

representation of which has the same value of the sign A,
ie. A=2;;

U(9) is an alphabet of video sequences U (0) ;

V,. is a transmission speed, Mbps;

A is a quantitative sign;

Ay 1s a value of quantity A SU on o-th step,

ot=1,|u\§|2 .

INTRODUCTION

Significant rates of digitalization of society are ac-
companied by increasing the role of information space at
both state and regional levels [1-3]. Especially in the field
of security, the main objects of which are the population
and the system of critical infrastructure of the city [3—5].

In this direction, video services play an important role
as a means to improve the efficiency of departmental
bodies and line ministries in terms of timely detection,
prompt coordinated response to threats to critical
infrastructure of the city, and prompt decision-making on
their location [6—8]. In turn, the threats that may arise in
modern society and the system of critical infrastructure
can lead to crises of man-made, natural, criminogenic,
terrorist nature [9—11].

It should be borne in mind that the critical
infrastructure system is characterized by such properties
as complexity, scale and mobility [12]. In this regard, the
use of infocommunication systems of the aerosegment
segment has become especially important [13—15]. Thus,
unmanned aerial vehicles (complexes, drones) are
actively used for mobile monitoring of remote objects and
areas [16-18]. This allows for timely detection and
prompt response to crisis (emergency) situations.

Thus, the use of remote infotainment technologies
based on airborne means in order to increase the effec-
tiveness of actions aimed at prevention and timely re-
sponse to crisis situations (CS) is a very important issue.

Thus, the use of unmanned aerial vehicles provides
the following tasks [19-21]:

— obtaining up-to-date information about the object
(territory) of observation — video surveillance in real time;

— monitoring of remotely remote objects of observa-
tion;
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— simultaneous monitoring of a significant number of
observation objects;

— monitoring of large areas;

— monitoring of dynamic objects.

For the transmission of video images in the infocom-
munication systems of the aerosegment, wireless commu-
nication channels are used, which are characterized by the
presence of a whole range of interference (interference) of
natural and artificial nature [22-24]. In this regard, it is
necessary to take into account the following problematic
aspects of the implementation of wireless technologies
[24]:

— low resistance to errors in data transmission chan-
nels;

— the need to take into account the electromagnetic
compatibility of on-board radio equipment with wireless
devices.

This leads to a significant loss of authenticity of video
information due to:

— receiving a video information resource with a sig-
nificant delay;

— loss of relevance of the received video data;

— complete destruction of video information in seman-
tic content;

— Inability to identify image objects.

Thus, the use of unmanned aerial vehicles on the one
hand allows increasing the level of informatization of
control systems, and on the other is leads to a significant
loss of reliability of video information.

The purpose of the work is development of a meth-
odology to increase the reliability of compactly presented
video images in infocommunication networks in terms of
ensuring the required level of efficiency.

1 PROBLEM STATEMENT
Suppose we have a video sequence U(0) consisting

of elements u; (izl,_O) and transmitted over a data
channel under error conditions P(g). The task is to de-
velop a method of internal data U(B) restructuring by

identifying patterns in the internal binary structure [ug ]
of the elements ug of the video sequence U (0) on a

quantitative sign A for further clustering.

Restructuring of the information space should provide
the required level of reliability of the reconstructed video
image, the quantitative assessment of which is the peak
signal-to-noise ratio PSNR, .

For the developed method, the peak signal-to-noise ra-
tio at a given error level ( P(g) = 107 ,P(e)= 107 ) in the
data channel should have the following value:

PSNR, >15-25dB..

2 REVIEW OF THE LITERATURE
Analysis of recent scientific publications shows that
currently actively used UAVs, which are characterized by
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an increase in maximum flight altitude to 7000 m [25—
27]. In this regard, the requirements for the resolution of
on-board video surveillance equipment installed on board
the UAV are increasing.

To obtain video information using the air segment,
airborne means are actively used, which are characterized
by the following features [28-30]:

— image resolution — not worse than 4000 x 3000 pix-
els [28];

— video resolution — not worse than Full HD (1920 x
1080 pixels) [29];

— image format — JPEG / DNG (RAW) [29-30];

— video format — MP4 / MOV (MPEG-4 AVC /
H.264, HEVC / H.265) [28-30];

— frame rate per second — 24... 60 [30].

In turn, the increase in the resolution of video images
in terms of increasing the height of aerial monitoring
leads to the fact that:

— requirements for ensuring the appropriate level of
reliability of video information resources (VIR) are in-
creased. This is due to the fact that the number of ele-
ments (pixels) that describe the object of observation de-
creases, resulting in an increase in their semantic load.
Accordingly, the loss of the element due to errors in the
communication channel leads to a decrease in the level of
reliability of the VIR;

— the volume of the video image increases. This leads
to an increase in the number of video processing opera-
tions. Accordingly, with the same computational com-
plexity and increasing volumes of video information, it is
necessary to look for opportunities to reduce the complex-
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Exchange of infocommunication systems with
alternative airmobile platforms

Action of interferences and obstacles in
communication channels:

- electromagnetic compatibility;

- electromagnetic noise;

- signal attenuation in the environment;

- the need to separate signals from interference,
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ity of the processing of VIR to ensure the desired level of
efficiency of delivery to the final destination.

So increase the reliability of compactly presented vid-
eo images in infocommunication networks is an urgent
scientific and applied task.

3 MATERIALS AND METHODS

Let’s break feature space into rectangular regions lim-
iting the range of values of each feature by its minimum
and maximum values. Then the partition projections into
feature axis allow allocating feature intervals for each of
the rectangular block. The intervals can be formed as
cluster projections or as a regular grid, or on the basis of
class boundaries in sample one-dimensional projections
on the feature axes [24].

The use of the aerosegment involves the implementa-
tion of a number of requirements for VIR from the stand-
point of ensuring the required level of reliability, which
are shown in Table 1. The requirements specified in
Table 1 are formed taking into account:

— analysis of QoS (quality of service) indicators [31—
33];

— requirements for providing video information in
critical infrastructure systems [34];

— results of practical research [35-37].

The scheme of formation of these requirements, taking
into account the peculiarities of the use of wireless com-
munication channels for the delivery of video information
is shown in Fig. 1.

Quantitative indicators of these requirements are given
in Table 1.
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Figure 1 — The scheme of formation of requirements to video information resources in the conditions of use
aerosegment
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Table 1 — Requirements for video information resources in the
conditions of using the air segment

Ne Indicator Necessary
s/n value
1. | Peak signal-to-noise ratio PSNR, under >15-25

conditions of interference and interference in
communication channels, dB

2. | Number K' distorted pixels that affect the 7-8
quality of visual perception, %
3. | Probability of bit errors under conditions of | 107°... 107
interference and interference in the communi-
cation channel, P(g)

Time delays 7,7 , ms 120

Analysis of the data listed in table 1 show that the
main requirements for VIR in the use of the aerosegment
are the following:

1. Ensuring the reliability of the video information
resource in the conditions of errors in the communication
channel, which is determined by the following quantita-
tive indicators:

— peak signal-to-noise ratio PSNR. under conditions

of interference and interference in communication chan-
nels, which should not be less than 15-25 dB;

— number K' distorted pixels in the reconstructed
video image that affect the quality of visual perception
should not exceed 7-8%;

2. Probability of bit errors under conditions of inter-
ference and interference in the communication channel,
P(e).

3. The required level of time delay T,; in the proc-

ess of data delivery of video information resource using
wireless communication technologies. Time delays T,

should not exceed 120 ms. Otherwise, in the conditions of
air monitoring, significant time delays lead to the fact that
video information will not be transmitted in full. So this is
what will lead to the loss of its credibility.

On the other hand, infocommunication systems using
airmobile platforms are characterized by the presence of
interference and interference in communication channels due
to the following factors [38—40]: electromagnetic compati-
bility of airborne radio navigation equipment with wire-
less devices; low resistance of wireless communication
technologies to errors; electromagnetic noise; the need to
separate signals from interference; mutual electromag-
netic interference of devices of one channel (or adjacent
frequencies); signal attenuation in the environment.

These factors pose a threat to the loss of information,
the destruction of video images, reducing the efficiency of
their delivery due to the need to re-record and transmit
video data.

There are the following areas of solving the problem
of increasing the reliability of video information
transmitted in infocommunication networks using
airmobile platforms, namely [41-44]:

1) using existing noise-tolerant coding technologies;

2) compression coding technologies with localization
of errors that occur in the communication channel.
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Estimation of efficiency of use of existing technolo-
gies of noise-tolerant coding of video data. One of the
ways to solve the problem increase the reliability of video
information is the use of existing noise-tolerant coding
technologies. The most common are the Bose-
Chowdhury-Hawkingham (BCH) codes and the Reed-
Solomon codes. The essence of the use of these noise-
tolerant coding technologies is the need to introduce addi-
tional corrective (verification) bits in the process of form-
ing code structures assigned to the data VIR.

Fig. 2-3 shows estimates of video transmission time

in a given level of errors (P(e)=10"*..107) at a given
baud rateV;. =5 Mbps,V,. =40 Mbps) and pixel depth
(8 bits) using standard noise-tolerant encoding methods.
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Figure 2 — Diagram of the dependence of the transmission time
of the video frame on the resolution at a given transmission

speed, V. =5Mbps
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Figure 3 — Diagram of the dependence of the transmission
time of the video frame on the resolution at a given transmission

speed, V. =40Mbps

Analysis of the data shown in Fig. 2-3 shows that:

1. Given the average recording frequency of 30
frames per second, it can be concluded that the on-board
equipment for video surveillance and video transmission
on the studied airborne means does not provide full regis-
tration and transmission of all video information gener-
ated per second.
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2. The minimum time for transmitting video informa-
tion from the UAV is:
— at a video transfer rate of 5 Mbps and error rates in

the data channel P(¢) = 107* - from 3 to 40 minutes;
— at a video data transfer rate of 40 Mbps and a given
level of errors in the data channel P(e) = 1074~ from 24 s

to 5 min;
— at a video transfer rate of 5 Mbps and a given level

of errors in the data channel P(¢) = 107 - from 2.5 to 30

minutes;
— at a video data transfer rate of 40 Mbps and a given

level of errors in the data channel P(g) = 107> — from 18 s

to 3.5 minutes

3. Increasing the pixel depth to 24 bits increases the
transmission time of video information by 3 times.

Increasing time delays in the process of delivering
video information leads to the fact that the video informa-
tion will not be transmitted in full and, as a consequence,
in the conditions of aecromonitoring to the loss of reliabil-
ity of VIR data.

Thus, we can conclude that the use of existing noise-
tolerant coding technologies can increase the resilience of
VIR to errors in data channels due to the use of additional
corrective digits, but has a number of significant disad-
vantages:

— leads to a significant increase in the bit size of video
data;

— there is a growing delay in the delivery of video infor-
mation, which is critical in the use of airmobile platforms;
— video processing time is increasing.

In the conditions of aerial monitoring, significant time
delays lead to the fact that video information will not be
transmitted in full. So this is what will lead to the loss of
its credibility.

On the other hand, it is possible to localize the effect
of errors on the quality of recoverable images due to the
existing psycho visual redundancy. But it is on the
elimination of psycho visual redundancy in the existing
methods of compression coding is achieved the basic
value of the level of compression of video images.

Therefore, it is necessary to increase the reliability of
the video information resource based on the study of the
possibilities of reducing the negative impact of errors in
the process of compression and reconstruction of video
frames.

Estimation of efficiency of wuse of existing
technologies of compression coding of video data from
a position of maintenance of necessary level of
reliability. Analysis of the effectiveness of existing
compression video coding technologies from the
standpoint of ensuring the required level of reliability in
the event of errors in the reconstruction process shows
that existing video coding algorithms, built on processing
technologies implemented on JPEG platform, have
significant shortcomings. This is due to the fact that the
action of errors for existing approaches has an avalanche
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effect, which leads to the destruction of video images in
the reconstruction process.

Estimation of reliability of video images in infocom-
munication systems of an aerosegment on an indicator of
a peak ratio signal / noise PSNR, at a given error rate

(P(e)=10"*..107) in data transmission channels is
shown in Fig. 4.

PSNR ,,dB

1402

turated medium saturated high

EPir] = 0,001 B =0, 00001
Figure 4 — Diagram of the dependence of the peak signal-to-
noise ratio PSNR,, from mistakes P(g) in the communication

channel

Analysis of the data shown in Fig. 4 shows that the
use of existing compression coding technologies does not
provide an appropriate level of reliability of video infor-
mation for infocommunication systems of the air segment.
This is due to the fact that the value of the peak signal-to-
noise ratio PSNR, at a given level of errors in the proc-

ess of reconstruction of the video information resource
does not meet the required PSNR, i.e. the following

nec’
condition is not met:

PSNR, < PSNR. ., PSNR, <15-25dB.

nec?’

So at the level of errors P(g) in the communication

channel equal to P(g)= 107 the value of the peak signal-
to-noise ratio PSNR, less than the minimum required
value of 3% for high-saturated video to 38% for low-
saturated video.

In turn, at the level of errors P(e) in the communica-

tion channel equal to P(¢) =107* the value of the peak
signal-to-noise ratio PSNR, less than the minimum re-

quired value of 36% for high-saturated video to 47% for
low-saturated video.

Hence the use of existing compression coding tech-
nologies leads to a significant loss of reliability of infor-
mation, namely the video resource can be obtained with a
significant delay and will be in this case irrelevant, or
completely destroyed in semantic content, ie not subject
to reconstruction. This is due to the fact that existing com-
pression coding technologies are based on the use of sta-
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tistical coding methods and the detection of a series of
identical sequences of repeating elements. This situation
leads to a number of significant shortcomings, namely:

1. Low resistance to errors in data transmission
channels, as statistical coding methods are based on non-
uniform code constructions.

2. Due to the formation of non-uniform structural
characteristics (lengths of series of transformant
components with zero values) to reduce redundancy in
transformants, the occurrence of errors in the
reconstruction process can lead to a shift in the data of the
video information resource.

Therefore, this direction does not provide the required
level of localization of errors. Therefore, it is necessary to
improve existing compression coding technologies in the
direction of identifying patterns, taking into account
which will localize the destructive effects of errors that
occur in the communication channel.

To solve the problems associated with improving the
reliability of VIR data while ensuring the required level of
efficiency in the use of compression coding technologies,
it is necessary to ensure the following conditions:

1) to ensure the localization of errors to reduce their
impact on destructive action in the process of reconstruc-
tion of video data;

2) due to the restructuring of the information space,
within  which unlikely elements will be coded

ue P(ui) —0), increase the value of probabilities
Pug) by dividing the power of the original alphabet and

the length of the video sequence into local sets.

To do this, it is proposed to use a fundamentally new
approach — internal restructuring, which takes into ac-
count the laws of internal binary structure of the element

ug (ug €U(D)) on a quantitative sign A.

Structural and functional scheme of clustering of

Video sequence clustering U(0) on a quantitative
sign A of the set U(X;) is given by the following

expression:

U©)—L4s U (A1), s U, s U} (1)

For internal data restructuring as quantitative feature is
proposed to use quantity A series of units (SU) in the
binary representation of elements. The advantages of us-
ing this quantitative feature are the simplicity of algo-
rithmic implementation (the process of forming a quanti-
tative feature involves the use of only arithmetic and logi-
cal operations).

Quantity formation cycle A SU, in the binary repre-
sentation of the element ug, is given by the following

system of expressions:

o

@

{7"01’ = 4a-1 = 4995
Aog+1 = gu0# 49q-

Clustering of elements g video sequences U(0) with
the same amount of SU is given by the following expres-
sion:

St 2) :UO)—L U ):.:U0 ) 5U)f - (3)

Alphabet clustering U(3) video sequences U(6)

based on the amount of SU in the binary representation of
the elements u; is given by the following expression:
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Figure 5 — Structural and functional scheme of clustering of elements ug video sequences U(0) on a quantitative basis A of the set

U,)
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4 EXPERIMENTS

To assess the effectiveness of the developed method
of internal restructuring of video information resource
data, a number of experimental studies were conducted.

Test video images of different degrees of saturation
were used as source data: low-, medium- and high-
saturation.

A discrete symmetric channel without memory was
used as the data channel.

The following error probability values were used to
assess the effect of errors on the reliability of the recon-
structed video image: P(g) = 1074, P(e)= 107,

Modeling of experimental research results was per-
formed using the developed software product.

Comparative assessment of the reliability of video
information in infocommunication systems of the
aerosegment by the indicator of the peak signal-to-noise

ratio PSNRSdm at a given error rate ( P(¢) = 1074..107)

in data transmission channels with algorithms of the
JPEG family is shown in Fig. 6-7.

PSNR,,dB
20,81
20,00

16,28

15,00

10,00

5,00

-
§\\‘
-

|

&Y

medium saturated

0,00
weakly saturated highly saturated
atm DM
Figure 6 — Diagram of the dependence of the peak signal-to-
noise ratio at a given error level P(¢) from the degree of image

saturation for developed and existing methods, P(¢) =107

PSNR,,dB
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Figure 7 — Diagram of the dependence of the peak signal-to-noise
ratio at a given error level P(€) from the degree of image

saturation for developed and existing methods, P(g) = 1074

© Karlov D. V., Tupitsya I. M., Parkhomenko M. V., 2022
DOI 10.15588/1607-3274-2022-3-12

126

5 RESULTS
Analysis of the results of the reconstruction of VIR data

at a given level of errors ( P(g) = 1074..107 ) by the value

of the peak signal / noise ratio is presented in Fig. 67
indicates that:

1. The use of the developed coding method allows to
increase the level of reliability of VIR data at a given level of
errors in the reconstruction process. So for the case when the
error in the discrete symmetric data channel without memory

is set to a value equal to P(8)=10_5 the use of the

developed coding method allows to increase the reliability of
video information, which is determined by the quantitative
assessment of the peak signal-to-noise ratio, by an average of
53.08% compared to existing methods.

Accordingly, for the second case under study (when

P(e) = 10‘4) the developed method allows to increase the

reliability of video information by an average of 93.8%.

2. The developed method of compression coding of
video information solves the scientific problem of increasing
the reliability of video information in infocommunication
systems of the aerosegment. This means that the following
condition is met:

PSNR. >215-25dB.

6 DISCUSSION

Analysis of the effectiveness of modern video coding
technologies shows that existing approaches do not provide
the required level of reliability in terms of ensuring prompt
delivery. Thus, experimental studies of the impact of errors
in the data transmission channel show that the use of noise-
tolerant coding technologies leads to a significant increase
in the amount of coded data. In turn, this leads to time de-
lays in the delivery of video data (Fig. 2-3).

The use of existing compression coding technologies
based on the JPEG platform allows more compact presen-
tation of coded data [32, 33]. This allows ensuring com-
pliance with the requirements for the efficiency of deliv-
ery of video information resources by eliminating psycho-
visual redundancy [11, 13]. However, it should be borne
in mind that at the coding stage, the algorithms of this
family use a statistical approach [1-4, 6]. This means that
the result of statistical coding is the formation of non-
uniform codes assigned to the elements of the video se-
quence [7-9]. In turn, the results of experimental studies
presented in Fig. 4, indicate that the use of this approach
in the process of forming code structures does not allow
localizing the effect of errors in communication channels.

The use of the proposed method (Fig. 5), which is
based on the restructuring of the information space in
quantitative terms, allows without loss of integrity to pro-
vide additional reduction of the structural redundancy of
the code representation of the video sequence. This is due
to the fact that further coding of video sequence elements
occurs in the statistical space of clusters. In turn, this al-
lows to increase the level of reliability of video data due
to the localization of errors within the sequence of code
constructs assigned to one cluster (Fig. 6—7). Comparative
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analysis of the developed method with the existing ones
shows that the proposed approach allows providing the
required level of reliability (Fig. 6-7).

CONCLUSIONS

1. For infocommunication systems using airmobile
platforms are characterized by the presence of
interference and interference in communication channels.
This poses a threat to the loss of information, the
destruction of video images, reducing the efficiency of
their delivery due to the need to re-capture and transmit
video data. In this connection the problem of increase
needs to be solved reliability of video information
transmitted in infocommunication networks using
airmobile platforms. There are the following ways to
solve this problem: use existing noise-tolerant coding
technologies; compression coding technologies with
localization of errors that occur in the communication
channel.

2. A study of the use of noise-tolerant coding
methods to ensure the required level of reliability of video
information transmitted in infocommunication systems of
the air segment shows that this direction increases the
resistance of VIR to errors in data channels through the
use of additional correction bits. But it has a number of
significant disadvantages:

— leads to a significant increase in the bit size of com-
pactly presented video data;

— there is a growing delay in the delivery of video
information, which is critical in the use of airmobile
platforms. Increasing time delays in the process of
delivery of video information leads to the fact that video
information will not be transmitted in full and, as a
consequence, in the conditions of aerial monitoring to the
loss of reliability of VIR data;

— video processing time is increasing.

3. The advantage of using compression coding
technologies to solve the problem of increasing the
reliability of video information transmitted in the
infocommunication systems of the air segment is to
reduce the bit size of the video information resource.
However, existing video processing technologies are
based on the use of statistical coding methods and the
detection of a series of identical sequences of repeating
elements. But the use of such technologies leads to a
number of significant disadvantages, namely:

— low resistance to errors in data transmission
channels, as statistical coding methods are based on non-
uniform code constructions. This is due to the fact that the
action of errors that occur in the communication channel
leads to an avalanche effect;

— due to the formation of uneven structural
characteristics (lengths of series of transformant
components with zero values), to reduce redundancy in
transformants, the occurrence of errors in the
reconstruction process can lead to a shift in the data of the
video information resource.

Therefore, this direction does not provide the
required level of localization of errors.
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4. Tt is substantiated that it is necessary to improve
the existing compression coding technologies in the
direction of identifying patterns, taking into account
which will allow localizing the destructive effect of errors
that occur in the communication channel.

5. Thus, for the first time a method of restructuring
based on the detection of patterns in the internal binary
structure of the message elements was developed.
Distinctive features of the method are that the
restructuring of the information space is carried out
without loss of integrity on the basis of structural features
by the number of binary series. This allows you to get the
following results:

1) conditions are provided for additional reduction
of structural redundancy of code representation of
information due to significant reduction of information
space capacity as a result of using internal data
restructuring on the basis of the number of series of units.

2) conditions are created for localization of errors in
the process of reconstruction of video information
resources;

3) conditions are created to reduce the time for data
processing, due to the fact that the developed method of
data restructuring does not require transformations over
the elements of the message.
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AHOTANIA

AxTyanbHicTs. [Ipo6nema yokanizanii BIIMBY NOMIJIOK y KaHaJaX Nepeaadi JaHUX NPH BUKOPUCTAHHI METOJIIB KOMIIPECIHHOTO
Ta 3aBaJ0CTIHKOro KOJyBaHHS B yMOBaX JOTPHMAHHS IIBUAKOCTI JOCTaBKU JaHUX B IHGOKOMYHIKAI[IHHUX CHCTEMaX aepOCErMEHTY.
OO6’€eKTOM JOCHIPKEHHS € METOAN KOXYBaHHS JUIS ITiABUICHHs HAaIiHHOCTI BiJeoiH(popMaLiiiHuX pecypciB B iHQOKOMYHIKaliHHUX
MeperKax 3 BUKOPUCTaHHIM aepOMOOIIbHUX IIaTGOPM.

Merton. BukopucTaHHs METOMIB 3aBaIOCTIHKOTO KOAyBaHHs Ul 3a0e3MeueHHs HeOOXiHOTO PiBHS JIOCTOBIPHOCTI BifeoiH(pop-
Marlii, o nepeaaeTbes B iHPOKOMYHIKAIHHUX CHCTEMax aepOCErMEeHTY, Ma€ PsJl ICTOTHUX HEAOJIKIB — HPH3BOIUTH O 3HAYHOTO
30iIbIICHHST OITOBOrO 00’€My KOMIIAKTHO MPEICTABICHUX Bi/e0300pa)KeHb; 3pOCTae YyacoBa 3aTPHMKa Ha JOCTAaBKY BifeoiH(popma-
1ii, 0 B yMOBaX BHKOPHCTAHHS aepOMOOUTPHHUX TUIATPOPM € KpUTHYHUM. [liABHUIIEHHS 4acOBUX 3aTPUMOK Y IPOIECi JOCTaBKU
BiZeoiH(OpMaIii TPU3BOIUTH O TOTO, MIO: BigeoiHdopMalito Oyze mepeaaHo He B IOBHOMY 00cs3i 1, IK HACNiOK, B yMOBaX aepo-
MOHITOPHHTY JI0 BTPaTH JOCTOBIPHOCTI JaHMX; 30LIBIIYETHCS Yac Ha 0OpoOKy BimeonaHux. [lepeBaroro BUKOPHUCTAHHS TEXHOJIOTIH
KOMITPECIHHOTO KOJyBaHHS JUIsl BUPIMISHHS 3a1adi MiIBUIIEHHS JOCTOBIPHOCTI BiZIe0300paskeHsb, M0 ePeNaOThCs B IHPOKOMYHIKa-
HIHHUX CHCTEMaX aepOCETMEHTY, € 3HWKEHHsI 0ITOBOTO 00’ €My BifeoiHhopManiitHoro pecypcy. OMHaK iCHYI0U1 TeXHOJOTil 00poOKH
BiZieoJaHNX 0a3yIOTHCS HA BUKOPHCTAHHI METOIB CTATHCTHYHOTO KOJXYBaHHS 1 BUSBIICHHI cepiif 0THAKOBHX IOCIIITOBHOCTEH eleMe-
HTIB, 1[I0 IOBTOPIOIOTHCS. AJie BUKOPHCTAHHS TAKHX TEXHOJIOTIH He 3a0e3rneuye HeoOXiqHOTO piBHsI JoKamizamii aii moMuiok. Po3po-
OJIeHMH METOJl pecTPYKTypHu3aLii Ha OCHOBI BUSIBJICHHS 3aKOHOMIPHOCTEH y BHYTPIIIHIN NBIHKOBIH CTPYKTYpi €JIEMEHTIB IOBiIOM-
JICHHSI 32 KUJIbKICHOIO O3HaKoI0. [HCTPYMEHTOM Ul PEeCTPYKTYypH3allii € 03HaKa KUIBKOCTI cepiii OMUHHUI y ABIMKOBIH CTPyKTYpi
€JIEMEHTIB IOBiJOMJICHH. BiZIMiHHI XapaKTEepUCTHKKA METOAY MOJAraloTh y TOMY, L0 pecTpyKTypu3ais iHdopmariiHoro mpocropy
3aifiCHIOEThCS 63 BTPATH LIUTICHOCTI HA OCHOBI CTPYKTYPHOT O3HAKH 32 KUIBKICTIO JIBIHKOBUX CEpiid.

PesyabTatn. IlpoBemeHO aHami3 ICHYIOUMX HAmpsMKIB BHpIMICHHS NPOOJEMH MiABHUINEHHS pIiBHSA OCTOBIPHOCTI
BimeoiHpoOpMaIii, moO TmepesaeTbcss B 1HOOKOMYHIKAIIMHUX CHCTEMax aepocerMeHTy. Po3poOieHuii MeTon BHYTPIIIHBOI
PECTPYKTYpH3aLlii JaHNUX J03BOJISE OTPUMATH HACTYIIHI pe3yabTaTH: 3a0e3MeyOThCsl yMOBH 0JATKOBOTO CKOPOUYECHHS CTPYKTYPHOI
HaJMIPHOCTI KOJIOBOTO IPEICTaBICHHS iH(OpMAIl 3apaXyHOK CyTTEBOTO CKOPOUYCHHS HOTY)KHOCTI iH(pOpMamiifHOro mpocTopy B
pe3yNbTaTi BUKOPUCTAHHS BHYTPIIIHBO! PECTPYKTYpH3aLil JaHUX 3a 03HAKOIO KLTBKOCTI Cepil OAMHHUIIG; CTBOPIOIOTHCS YMOBH JUIS
JIoKauizanii Aii MOMUJIOK B IpoLieci PeKOHCTPYKIIT BiZieoiH(pOpMaLiHHUX pecypciB; CTBOPIOIOTHCS YMOBH Ul CKOPOYEHHS 4acy Ha
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00pOoOKy NaHHX, B 3B’SI3KYy 3 THM, IO PO3POOJICHUI METO PECTPYKTypH3alil JaHUX HE BHMArac IpOBEJICHHS MEPETBOPECHb HaJl
CJIEMECHTaMH OBiJOMJICHHSL.

BucnoBkn. Heo0xiHO BIOCKOHAIIOBATH iCHYIOUI TEXHOJIOTI KOMIIPECIHOTO KOJyBaHHs y HAaIPsMi BUSABIICHHS 3aKOHOMipHOC-
Tei, 00K SIKMX A03BOJIUTD JIOKANi3yBaTH PyHHIBHY /if0 TOMUJIOK, [0 BUHUKAIOTh y KaHaJi 3B’SI3KY.

KJIFOYOBI CJIOBA: BigeoindopmauiitHuii pecypc, KoayBaHHs, JOCTOBIPHICTh, ONEPATUBHICTh, KaHAJ 3B’ 3Ky, a8POCETMEHT,
TEXHOJIOT1i CTUCHEHH.

YK 621.327:681.5

METOA0JOI'us NOBBIINEHUSA JOCTOBEPHOCTH BUJEOMH®OPMAIIMA B UTHOOKOMYHUKALIMOHHBIX
CETSAX AEPOCEI'MEHTA

Kapaos . B. — 1-p TexH. Hayk, npodeccop, HauanbHUK Kadeapbl aBUAIIMOHHBIX PAaJAMOTEXHUUECKUX CUCTEM HABHUTALUM U T10-
caaku XapbKOBCKOT0 HallMOHANBbHOTO yYHUBepcuTeTa Bo3mymmueix Cun um. U. Koxxeny6a, XapbkoB, YkpanHa.

Tymuna U. M. — npenonaBarens Kadeapbl 60eBOro MPUMEHEHHS M 3KCIUTyaTal[iy aBTOMATH3UPOBAHHBIX CHCTEM YNPABICHUS
XapbKOBCKOTO HAIIMOHAJILHOTO yHUBepcuTeTa Bo3mymHeix Cut um. Y. Koxeny6a, XappkoB, YkpanHa.

IMapxomenko M. B. — kaHJ. TexH. HayK, CTapIINi IpernogaBaTelsb Kadeapsl 00eBOro IPHMEHEHHS U SKCIUTyaTal[id aBTOMATH-
3UPOBAHHBIX CHCTEM YIpaBJICHUS XapbKOBCKOTO HAI[MOHAIBHOTO yHHBepcurera Boszmymmeix Cunm um. WM. Koxeny6a, Xappkos,
VYkpauna.

AHHOTANUS

AkTyanbHocTb. [IpobneMa nokanu3anuy BIUSHUS OIIHMOOK B KaHanaX Mepefadyu JaHHBIX MPU MCIOIb30BAaHUH METOJOB KOM-
MIPECCHOHHOTO ¥ ITOMEXO0YCTOHYMBOrO KOJUPOBAHHS B yCIOBHAX COOMIOJCHUS ONEPATUBHOCTH JOCTABKHU JaHHBIX B HH()OKOMMYHH-
KaI[MOHHBIX CHCTeMax aepocerMeHTa. OOBEKTOM HCCIEHOBAHHS SBIISIOTCS METOABI KOAUPOBAHMS JUIS MOBBIMICHUS] TOCTOBEPHOCTH
BH/ICONH(OPMAIIMOHHEIX PECYPCOB B NH(POKOMMYHHUKAIIOHHBIX CETSX C HCIIOJIb30BAaHUEM aePOMOOMIBHBIX IIIaT(hOpM.

Mertona. lcnionp30Banne METONOB MTOMEXOYCTOHYMBOIO KOJUPOBAHUS JUIs 0OecIiedeHUsI HEOOXOAUMOTO YPOBHS JOCTOBEPHOCTH
BUJICOMH(pOPMALIUHY, [IepejaBaeMOl B MHPOKOMMYHUKAIMOHHBIX CHCTEMAaX aepOCerMEHTa, MMEeT PsiJ] CYIIECTBEHHbBIX HEJJOCTATKOB:
MIPUBOANT K 3HAYUTEILHOMY YBEJIMUCHUIO OMTOBOrO 00beMa KOMIIAKTHO INPEACTABICHHBIX BHICONAHHBIX; PacTeT BPEMEHHas 3a-
JIepKKa Ha JI0OCTaBKy BUJICOMH(DOPMALMH, YTO B YCIOBHUSX HCIIOJIb30BAHUS a€POMOOMIBHBIX INIATGOPM SABIACTCS KPUTHUESCKHM.
IToBbllIeHHE BPEMEHHBIX 3aA€PKEK B IPOLECCE JOCTAaBKU BHACOMH(OPMAIMU NPHUBOAUT K TOMY, YTO: BHAeoMH(popManus Oyxner
nepesiaHa He B MOJTHOM 00beMe U, Kak CIISJICTBHE, B YCIOBUSIX a6POMOHHTOPUHTA K NTOTEPE JOCTOBEPHOCTHU JAHHBIX; YBEIUUUBACTCS
BpeMs Ha 00pabOTKy BHAEOAHHEIX. [IpenMyecTBOM UCHONB30BaHHS TEXHOJIOTHI KOMIIPECCHOHHOTO KOAHUPOBAHUS ISl PEIICHUS
3a7a4X TOBBIIIEHUS JOCTOBEPHOCTH BHICOMH(POPMANNH, TepefaBaeMoil B HHPOKOMMYHHKAIIMOHHBIX CHCTEMaX aepOCETMEHTA, SB-
JISIeTCSI CHIDKEHHE OMTOBOro 00beMa BHACOMH(DOPMAIMOHHOTO pecypca. OIHAKO CYMIECTBYIOIINE TEXHOJIOTHH 00pabOTKH BHIEO-
JaHHBIX 0a3UPYIOTCS HA WCIIOIb30BAHHU METOJOB CTATHCTHYECKOTO KOJWPOBAHMS W BBHISBICHHU CEpHH OJMHAKOBBIX ITOCIENOBA-
TEJILHOCTEH MOBTOPSIONIMXCS dJIeMeHTOB. Ho MCIonb30BaHne TaKuX TEXHOJIOTHI He 0OecrieunBaeT HEOOXOIUMBIH YPOBEHb JIOKAJIHU-
3anuy IeWcTBUs ommOoK. PaspaboraH MeTOX pecTpyKTYpH3allMi Ha OCHOBE BBISBIICHUS] 3aKOHOMEPHOCTEH BO BHYTPEHHEH JBOWY-
HOHM CTPYKTypE 3JI€EMEHTOB COOOIIEHHUS 0 KOJHMIECTBEHHOMY Npu3HaKy. HCTpYMEHTOM Ul PECTPYKTYpPH3ALUHN SBISETCS TIPU3HAK
KOJIMYECTBA CEPUH EIMHMI] B JIBOMYHOH CTPYKType 3/IeMEHTOB cooOmieHHs. OTIHYUTEeNbHbIE XapaKTEPHUCTUKA METOJA COCTOST B
TOM, YTO PECTPYKTYpHU3aLUs HHPOPMAIIOHHOTO NIPOCTPAHCTBA OCYIIECTBIISICTCS 0€3 MOTEPH LEIOCTHOCTH Ha OCHOBE CTPYKTYPHOTO
MIPU3HAKA 110 KOJIUYECTBY CEpHil eANHUII.

PesyabTatel. [IpoBeneH aHamm3 CyHmIECTBYIONIMX HAIPABICHHH PEIICHUS MPOOIEMBI MOBBINICHUS YPOBHS IOCTOBEPHOCTH
neperaBaeModl B MH(OKOMMYHUKAIMOHHBIX CHCTEMaxX aepocerMeHTa BuieomHpopMmanuu. Pa3paboTaHHBIM MeTOn BHYTpeHHeH
PEeCTPYKTYPH3allMM JAaHHBIX II03BOJISIET IIONYYHTH CIIEAYIOIIME pPEe3yJbTaThl: O0ECIeYHBAIOTCS YCIOBHS JIOMOJTHUTEIHHOTO
COKpAIIIEHHs CTPYKTYPHOH N30BITOYHOCTH KOJOBOTO TpeJCTaBIeHIs NH(GOPMAIUHU 3a CUET CYIIECTBEHHOTO COKPAIIEHHST MOITHOCTH
HH(OPMAIIMOHHOT'0 NPOCTPAHCTBA B PE3YJIbTATE MCIIOIb30BAHUS BHYTPEHHEH PeCTPYKTYPHU3AlMH JJaHHBIX 110 NMPU3HAKY KOJIMYECTBA
CepHil €IMHHII; CO3/AIOTCS YCIOBHS IS JIOKAaJM3allMU JIEWCTBUS OIIMOOK B IIPOIECCE PEKOHCTPYKLMH BUJICOMH(POPMAIMOHHBIX
PECYpCOB; CO3IAIOTCS YCIOBHUsS ISl COKPAILlEHHs BPEMEHH Ha OOpabOTKy AaHHBIX B CBSA3H C TEM, 4YTO pa3pabOTaHHBIH MeETOx
PECTPYKTYpHU3alluH AaHHBIX He TpeOyeT MPOoBEICHUs MPeoOpa30oBaHUil HaJl 3I€MEHTaMH COOOIIEHHSI.

BeiBoabl. Heo6xoanMo coBepIIeHCTBOBATh CYIIECTBYIOIINE TEXHOIOTHH KOMIIPECCHOHHOTO KOAUPOBAHMS B HANPABICHUH BbI-
SIBTICHHUSI 3aKOHOMEPHOCTEH, y4eT KOTOPBIX MO3BONUT JOKAJIH30BaTh Pa3pyIIUTENbHOE AeiicTBHE OIMOOK, BO3HUKAIOIINX B KaHAIe
CBSI3U.

KJIIOUEBBIE CJIOBA: BuieonH($pOopMannoHHEIH pecypc, KOAUPOBAHKE, TOCTOBEPHOCTD, ONIEPATHBHOCTD, KaHAI CBSI3H, aepo-
CErMEHT, TEXHOJIOIMHU CIKATHS.
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