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METHOD FOR QUANTITATIVE CRITERION BASED TRANSFORMATION
OF THE VIDEO INFORMATION ALPHABET

Subject of study: technologies implemented in modern video coding algorithms to ensure the appropriate level
of reliability in the conditions of their compact presentation. The goal is to develop a technology
for transforming the alphabet of a video information based on a quantitative criterion while ensuring the re-
quired quality in networks. Objectives: to formulate requirements to video images in dynamic video surveil-
lance systems; to analyze the existing factors leading to an imbalance between the compression and quality
characteristics of existing video coding algorithms; to develop a technology for transforming the alphabet of a
video information based on a quantitative criterion (attribute) for the best presentation of the encoded data; to
develop a mathematical model for the formation of a quantitativeindicator for the transformation of the video
images; to analyze the effectiveness of using the developed mathematical model for the formation of a quanti-
tative indicator to provide the required trustworthiness of data for the video information resource; to assess
the effectiveness of the developed technology for transforming the original message in terms of a quantitative
indicator to ensure the best presentation of the encoded data; to investigate the dynamics of the probabilistic
and statistical characteristics of the original message as a result of transformation according to the quantita-
tive criterion of the significance of the elements. The research methods: compression coding methods imple-
mented on the basis of the JPEG algorithms. The research results: a new approach has been proposed based
on the transformation of the encoded alphabet of data by use of a quantitative criterion. A mathematical model
has been developed for the formation of a quantitative attributethat determines the significance of the elements
of the original message. Conclusions. A technology has been developed for transforming the alphabet of the
original message, which allows creating conditions for a more profitable presentation of the encoded data due
to a significant increase in the dynamic range of probabilistic and statistical characteristics for the trans-
formed message while ensuring the required level of video image quality.

Keywords: video information resource; transformation; alphabet; quantitative attribute; reliability; coding
technologies.

are growing [10-12]. The main ones are the follow-
ing [13-18]:

Introduction

Formulation of the problem. Trends of rapid dig-
ital transformation of the modern information space lead
to a significant increase in the requirements for infor-
mation resources. This is due to the fact that the infor-
mation resource occupies a very important place in the
information support system at both state and local lev-
els. It should be noted that an important role in the in-
formation system is given to video information re-
sources as a tool for timely prevention and response to
relevant crises that arise in society and in the critical
infrastructure system as a whole [1-3]. The main
sources of video information resources are static (sta-
tionary) and dynamic video surveillance systems [4-6].
Representatives of the latter are air monitoring systems
(unmanned aerial vehicles). It should be noted, that one
of the main problem factors in the use of dynamic video
surveillance systems is to limit the bandwidth of wire-
less data transmission technologies [7-9]. In this regard,
the requirements for video information resources

1. Prompt delivery of video information resources
to the end user in order to improve the management of
relevant bodies, forces and means to overcome relevant
crises that arise in society and in the critical
infrastructure system as a whole (ie ensuring timely
detection and response to relevant crises) [13, 15, 18];

2. Compact presentation of coded data with the
required level of quality [14, 16, 17]. This will ensure
the required level of data reliability in terms of
bandwidth limitations of wireless data transmission
channels, which in turn will allow to give an adequate
assessment of the informativeness of the received data
of the video information resource.

1. Analysis of recent research
and publications

Analysis of recent scientific publications shows
that currently actively developing technologies for en-
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coding video information resources, built on the concep-
tual basis of algorithms of the JPEG platform [18-21].
However, these technologies have a number of prob-
lematic factors [22-24]. The main ones are [23 - 28]:

1. Complexity of algorithmic implementation [23,
25]. This is due to the fact that the implementation of
algorithms of the JPEG family involves a number of
stages of processing, and therefore increases the time
required for data processing.

2. In addition to providing sufficiently high
compression characteristics, the loss of semantically
significant elements of video images is possible, which
leads to a decrease in the level of reliability of video
information resource data [24, 26 - 28].

Thus, there is an imbalance between the
compression characteristics of the JPEG family of
algorithms and the required level of reliability of video
images [29-31]. Thus, in the JPEG algorithm, the main
loss of information (which can lead to a significant loss
of the quality level of encoded video images) occurs at
the quantization stage [32-35]. That is, a more favorable
representation of the encoded data from the standpoint
of providing compression characteristics of the
algorithm can lead to a significant deterioration in the
level of reliability of the reconstructed video image [36-
39].

The presence of these problematic factors leads to
the need to find new approaches for a more profitable
presentation of coded data in terms of ensuring the
required level of quality [40-44]. This in turn will create
the conditions for a compact representation of the
encrypted data.

Therefore, ensuring the required (high) level of
qualityvideo images in terms of their compact
presentationis an urgent scientific and applied task.

The purpose of the article — development of a
method of transformation of the alphabet of video
information resource on a quantitative basis for a more
favorable presentation of encoded datafrom the
standpoint of creating conditions to ensure the necessary
compression and quality characteristics.

2. Development of a method
for transforming the alphabet of video
images by quantitative indicators

Forensuring the required (high)
qualityvideo images in terms of their compact
presentation proposed to develop method of
transformation of the alphabet of video information
resource on a quantitative basis, which will ensure
compliance with the following requirements:

1. Create conditions to ensure the required level
of compression characteristics. Accordingly, the
developed method should create conditions to ensure an

level of

increase in the level of compression characteristics
compared to existing methods of encoding video
images, ie the following condition must be met:

Kecompim = Kcompipy - 1)

where K compp,, 1S compression ratio of video images

for the developed method,;
Kcompgy, 18 Video compression ratio for existing

methods.

2. Ensuring the required (high) level of quality of
the reconstructed video image, ie the following
condition must be met:

MSEDM —0 , (2)

where MSEp), is standard deviation for the developed

method.

Accordingly, the developed method should
provide better indicators of the quality of the captured
images compared to existing coding methods, ie the
following condition must be met:

MSEppm < MSEgy , ®)

where MSEg), is standard deviation for existing methods.

Next, it is proposed to develop a method of
transforming the initial video image on a quantitative
basis.

Preparation of the video resource for encoding, ie
transformation of the initial video image (hereinafter the
message X(n)) on a quantitative indicator is proposed

to be conducted in two stages:

1st stage: transformation of the alphabet of coded
data;

Stage 2
message X(n) .

To transform the original video image (hereinafter
the message X(n)) in order to ensure a more favorable
presentation of coded data, it is proposed to use a
guantitative indicator - an indicator of significance
S(x;) elements X message X(n), which will take into
account the psychovisual redundancy of the encoded
video image by taking into account statistical patterns.

The mathematical description of the specified
guantitative indicator has the following look:

transformation  of the initial

P(xi)
Z, P(xj) ’

2

i1 D0, ;)P

S(xi) = @
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where S(X;) is an indicator of the importance of the
elements X; message X(n);

P(x;) is the probability of occurrence of elements
X;j in the initial message X(n) ;

X;j is element of the initial message X(n), which is

received by the center of the simulated RGB color cube,
within which the correlations of the message element
are taken into account;

X j is elements of the initial message X(n), correla-
tions with which are taken into account in the process of
forming a significant indicator  S(x;) (elements
belonging to the proposed model of the color cube
RGB, the center of which is the coded element),
i=La;

o is the number of elements of the message, the
correlations with which are taken into account to
account for psychovisual redundancy;

D(xj,xj) is the distance between the elements of

the original message X(n) .

The structural and functional scheme of the
transformation of the initial video image in quantitative
terms is shown in Fig. 1.

The initial stage of transformation of the coded
video image on a quantitative indicator is the process of
taking into account statistical patterns in the message
X(n), which is implemented by determining the
probability distribution of elements x; in the initial
message X(n).

Thus a set of values of probabilities of occurrence
of elements is formed x; in the message X(n) . This is

set as follows:
P(M) = {P(X1), .-, P(Xi)s -, P(X )} » (5)

where m is the number of different elements in mean-
ing X; message X(n), i.e. the power of the original

message alphabet X(n) ;
P(Xi)

ments X; in the initial message X(n) , i =1,m.

is the probability of occurrence of ele-

The next step is to take into account the
correlations between the coded elements x; . This stage

is realized by quantities o and B in mathematical
expression (6), the variability of which allows to
implement the process of video image quality
management.

The implementation of the stage of transformation
of the alphabet of encoded data includes the following
components:

Initial message

X(n) ={Xq; i Xjr - Xn}

- ¥ _ _

Taking into account statistical patterns in the
message

Determining the probability distribution of
elements in the message X(n)

P(x;)

I
I
I
I !
I
I

Formation of a set of values of probabilities of
occurrence of elements in the message

P(M) = {P(X1), .., P(X}), oo, P(X ) }

_TakTIQ into account the correlations of
elements in the message

for message X(n) elements X;

I
|
I
| v
|
I

Formation of a set of quantitative indicator S(X;)
values for message X(n) elements

S(m) = {S(x1), ..., S(Xi), ..., SX )}

—
Determination of a quantitative indicator S(X;) I

r—_———— P,

Video resource transformation

Determining the limit value of a quantitative
indicator

]

|

Slim |
x |
|

|

|

|

I
I
|
I Transformation of the alphabet message
I
|
I

X(m) Firanst R XI(K)

v

Transformation of the initial message

X(n) firanst 3 X'(I’I)

Fig. 1. Structural and functional scheme
of transformation of coded video image
by quantitative indicator

1. Determine the significance indicator S(x;) for
items X; initial message X(n);

2. Formationset of values of the quantitative
indicator S(x;) forelements X; message X(n). This is
set as follows:
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S(m) = {5(x1), ., S(Xi), -+ SX )}, ()

where S(m) is setvalues of the quantitative indicator
S(xj) forelements x; message X(n).

3. Definition the limit value of the quantitative
indicator S(x;) as a toolfor further transformation of

the initial message alphabet. At this stage, the quality
control of the reconstructed video image (size control) is
implementedstandard deviation MSE) in accordance
with the bandwidth of data transmission channels.

4. Video image alphabet transformation. This is
given by the following expression:

X(m) —fenst , X(yc), 7)

where X(m) is alphabet of the initial message X(n) ;
X'(k) s
basis S(X; ) message alphabet;

transformed on a quantitative

Tiranst (| X'(<) |.Sjim) is functionality of the initial
message X(n) ;

Siim 1S threshold valuethe value of the quantitative
indicator S(X;);

| X'(x) | is power of the transformed alphabet;

Kk is the number of elements in the transformed
alphabet X'(x) (power of the transformed alphabet).

Thus, in the process of forming the transformed
alphabet of coded data by taking into account the

quantitative indicator S(xj) significance regulates the

power of the transformed alphabet.
In turn, the process of transforming the alphabet of
encoded data is as follows:

- if the indicator of significance S(X;) element X;
message X(n) less than the limit value Sy, i.e. the

following condition is met:
S(Xi) < Sjim » (8)

then in the process of transformation he does not
participate in the formation of a new alphabet, i.e.:

Xj & X(x) . 9)

- respectively, if the indicator of significance
S(Xj) element x; message X(n) more than the limit

value Sji, , ie the following condition is met:
S(Xi) = Sjim » (10)

then in the process of transformation such elements
form a new alphabet, i.e.:

i & X(k) . (11)

Accordingly, as a result transformation of the
alphabet of coded data on a quantitative indicator S(x;)
power changes (decreases) |X(m)| alphabet X(m)
coded data, i.e. the following expression will be valid:

| X'() [<| X(m) |- (12)

The next step is to transform the original message
X(n) taking into account the formed on the quantitative
indicator of significance S(x;) transformed alphabet
X'(x) .

Transformation of the initial message X(n) by
quantitative significance S(xj) is given by the
following expression:

X(n) —Ttenst_y x'(n) | (13)

where X'(n) is transformed by quantitative indicators
S(xj) message.

The process of transforming the original message
X(n) quantitatively S(x;) implemented as follows:

- if the indicator of significance S(X;) element X;
initial message X(n) more than the limit value Sy,

i.e. the condition specified by expression (12) is
fulfilled, then in the process of transformation such
elements form a new message, i.e.:

Xj & X'(n) . (14)

- respectively, if the indicator of significance
S(Xj) message element X(n) less than the limit value
Siim » i-e. the condition given by expression (10) is
fulfilled, then the element X;is replaced by such an
element X5 belonging to the original message X(n)
for which the following condition is met:

if S(Xj) < Sjim , then Xj — Xg, (15)
provided that S(Xg) > Sjim , ¥ =min (y = X5 —X; |).

Thus, the process of transforming the original
message X(n) by quantitative significance S(X;)
taking into account formulas (14), (15) will be set the
following expression:

(16)

! _{Xixs(xi)zslim;
X5:S(Xi) <Sjim-
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Next, it is proposed to investigate the effectiveness
of the developed method of video image transformation
using the proposed quantitative indicator S(x;) from

the standpoint of ensuring compliance with the above
requirements (compactness of coded data in terms of
ensuring the required high level of quality).

To this end, it is proposed to determine the optimal
values o and B, which will ensure the adequacy of the
proposed mathematical model for calculating the
quantitative indicator of significance S(xj) message

element X(n).

3. Development of a mathematical model
for the formation of a quantitative indicator
of the significance of the elements
of the initial message for the method
of video image transformation

To develop an adequate mathematical model for
the formation of a quantitative indicator of
significance S(x;) elements X; initial message X(n) it is
necessary to ensure compliance with a number of
requirements:

- the developed mathematical model should
provide the required level of quality of the transformed
message;

- the transformation of the message in quantitative
terms should have a significant impact on the
probabilistic and statistical patterns, i.e. should provide
a more favorable presentation of coded data;

- mathematical model of quantitative indicator
formation S(x;) should not significantly complicate the

process of algorithmic implementation of the method of
transformation of the original message X(n).

To determine the optimal values o and
B (expression (4)) from the standpoint of ensuring the
requirements for the required (high) level of video
quality in terms of their compact representation and
algorithmic complexity of the developed transformation
method, a number of experimental studies were
conducted using the developed software, listed in
Figures 2, 3.

Halftone images (100 halftone images) of different
degrees of saturation were used as initial data for
experimental studies, typical examples of which are
shown in Figures 4-6.

In turn, the results of experimental studies to
determine the optimal from the standpoint of the above
requirements of the values of indicators o and B shown
in Fig.7-9.

Analysis of the results shown in Fig.7 shows that the
optimal value of the indicator o is the following

void countSignificance () {
int hlc = 4;
proCS = new float[proCC.length];
for (int i=0; i<proCC.length; i++) {
if (proCC[i]==0)proCS[i]=0;

else{
float sum = 1;
int chO0 = (int)red(i);
int chl = (int)green(i);
int ch2 = (int)blue(i);

for (int pO=hlc+ch0; pO0<hlc+ch0;p0++) {
for (int pl=hlc+chl;
pl<hlc+chl;pl++) {
for (int p2=hlc+ch2;
p2<hlc+ch2;p2++) {
if (p0>=0 & p0<=256 & pl>=0 &
pl<=256 & p2>=0 & p2<=256) {
int p = mycolorC(p2,pl,p0);
if(p!=1 | proCClp]!=0) {
sum+=proCC[p] /pow (cDist (i, pk
) /P) i
}
}
}
}
}
proCS[i]=proCC[i]/sum;

Fig. 2. Listing of software that implements
the calculation of the significance of the elements
of the message

void filtColors () {
for (int x=0; x<fxs; x++) {
for (int y=0; y<fys; y++){
int chO (int)masCHO [x] [y
int chl (int)masCH1 [x] [y
ly
,C

int ch2 (int)masCH2 [x] ;
int i = mycolorC(chO,chl
if (proCS[i]<=sgbd) {
if(dis)i = mycol-
orC((int) (masCHO [x] [y]+random (disK*2) -
disK), (int) (masCH1 [x] [y]+random (disK*2) -
disK), (int) (masCH2[x] [y]+random (disK*2) -
disK));

]
]
]
h2);

int nc = findNearestSig(i);
masCHO [x] [y] = (red(nc));

masCH1 [x] [y] = (green(nc));
masCH2 [x] [y] = (blue(nc));

Fig. 3. Listing of software that implements
the transformation of the alphabet of the message

value: o =8. This is due to the fact that this value
corresponds to the minimum standard deviation
MSEi.e.:

MSE = MSEip, -

A further increase in the value of the indicator is
answered o does not change the standard
deviation MSE that is, if o >8, then MSE ~ const and
is equal to:

MSE ~ 0,63% . 17)
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Fig. 4. Example of a weakly saturated image,
airplane.bmp (512x512)

Fig. 5. Example of medium saturated image,
tank.bmp (512x512)

Fig. 6. Example of a highly saturated image,
airport.omp (512x512)

Accordingly, the decrease in the value of the
indicator o leads to an increase in standard
deviation MSE. Yes if a=4, then the standard
deviation MSE will have the following meaning:

MSE = 0,9%.

MSE, %

0,8

0,6

0,4

0,2

% e —m———————

10 12 a, pIX

Fig. 7. Diagram of the dependence of the standard

deviation MSE from the value of the indicator o,

which takes into account the correlations between
the elements of the message

In turn, in Fig. 8 shows an estimate of the
dependence of the complexity of the algorithmic
implementation of the proposed quantitative indicator
on the value o..

R

3000

iter

2500
2000
1500

1000

o, pix

8 10 12

Fig. 8. Diagram of the dependence of the average
number of iterations Ry, from the value

of the indicator o

Analysis of the results shown in Fig. 6 indicates
that the increase in the value of the indicator o leads to
a significant increase in the average number of iterations
Riwr required to implement the proposed approach to
quantify S(x;) in order to further transform the data of
the information resource.

So for the case whena =8, i.e. has the optimal
value from the standpoint of ensuring the required level
of quality (the result of previous experimental studies
shown in Fig.6), the average number of iterations R,

will have the following meaning:
Riter = 500. (18)
Accordingly, a slight increase in the indicator o
leads to a significant increase in the complexity of the

algorithmic implementation, i.e. the following condition
is met:
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If 0(1 >(12, then Riterl >> Riter2 .

So when o =10 average number of iterations
R 1S equal to 1000, i.e.:

Ry =1000.

In turn, a comprehensive assessment of the
dependence of the standard deviation MSE from the
value of indicators o and B shown in fig. 9.

2 4 6 8 10

o, pix

—e—35 —e—3 —&—25 2 —m—1s

B ——as

Fig. 9. Diagram of the dependence of the standard
deviation MSE from the value of indicators o and B

The results of experimental studies shown in
Fig. 9, indicate that for the developed mathematical
model of the formation of a quantitative indicator S(x;)
the following values of indicators are adequate from the
point of view of ensuring the requirements for ensuring
the required level of video image quality o and B:

a=8, B=35. (19)

Taking into account the results of experimental
research described by expression (19), a mathematical
description of the quantitative indicator of significance

S(X;) elements x; initial message X(n)will look like
this:

P(xi)
8 P(xp) '
> s
J

=1 D(Xi,x

S(xi) = (20)

Thus, as a result of the conducted experimental
researches the mathematical model of formation of a

quantitative indicator of significance was formed S(x;)
elements x; initial message X(n) that ensures

compliance with the following requirements:
- provides the required (high) level of quality of
the transformed message, i.e. MSE — 0 ;

- differs  in
implementation.

Next, to determine the compression characteristics
of the transformed message X'(n) on the proposed

simplicity ~ of  algorithmic

quantitative basis S(X;) it is proposed to evaluate the
probabilistic and statistical characteristics of the
transformed alphabet X'(k) message X'(n) .

4. Evaluation of the effectiveness
of the developed method
of transformation of the initial message
by a quantitative indicator

To evaluate the effectiveness of the developed
method of transformation of the initial message X(n)

quantitatively S(x;) from the standpoint of a more

favorable presentation of coded data, a number of
experimental studies were conducted using the
developed software product. As limit values
Siim Quantitative indicator S(x;)the following were

used:
- for weakly saturated images the limit value

Siim equal to:

Stimwsi ~ 20,68, (21)

threshold

quantitative indicator of significance S(x;) element Xx;
initial message X(n) for low-saturated video images;
- for medium-saturated images:

WHEre Sjim ysi — valuethe value of a

S"mmsi ~ 4,61, (22)

where  Sjimys IS threshold

significance indicator S(x;) element X; initial message

X(n) for medium-saturated video images;
- for highly saturated images:

valuequantitative

S"m hsi 3,13 y (23)

threshold

significance indicator S(x;) element X; initial message
X(n) for highly saturated video images.

Evaluation of the results of the transformation of
coded data by quantitative indicators S(X;) from the

where valuequantitative

standpoint of capacity change | X(m)| alphabets X(m)
initial messages X(n) for conditions where the limit
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value Sy, takes the values given in expressions (21) -

(23), presented in Fig. 10.
Figure 10 adopted the following notation:

- 1A — power |X(m)| alphabet X(m) initial
message X(n) ;

-TA — power |[X'(x)| alphabet X'(x)
transformed message X'(n) .
|X(m)| 219 219
200
150

110
100
66 68
50 33

]

weakly saturated image medium saturated image highly saturated image

IA mTA

Fig. 10. Diagram for estimating the change in the power
of encoded data using the developed method
of transformation of different degrees of saturation
of video images

Analysis of the results shown in Fig. 10 shows that
the use of the method of transformation of the initial
message X(n) quantitatively S(x;) allows:

- reduce power | X(m)| alphabet X(m) encoded
data from 3,22 times - for highly saturated to 3,33 times
- for weakly saturated video images;

- reduce power |X(m)| alphabet X(m) coded
data by an average of 70%.

Next, in order to evaluate the effectiveness of the
proposed method of transformation of the initial
message X(n) by quantitative assessment S(x;) from
the standpoint of providing a more favorable
presentation of coded data, it is proposed to assess the
impact of the transformation of the alphabet X(m) on

probabilistic and statistical regularities in the
transformed message X'(n) . To this end, a number of

experimental studies were performed, the results of
which are shown in Fig.11 - 13.

The probabilistic distribution of elements in the
initial and transformed message for low-saturated video
images is presented in Fig. 11.

In fig. 11 the following designations are accepted:

- blue dots are elements x; alphabet X(m) initial

message X(n);

’

-red dots — elements x; alphabet X'(x)

transformed message X'(n) .

P(x;)

Fig. 11. Diagram of probability distribution
of elements in the initial and transformed message
for low-saturated video images

Analysis of the results of the alphabet transformation
X(m) initial message X(n) for low-saturation video

images in quantitative terms S(x;) from the standpoint

of estimating the dynamics of the probability distribution
of elements indicates that the proposed method of
transformation allows (Fig. 11):

- increase the dynamic range of values of the
probabilities of occurrence of elements in the message by
an average of 20%. So for the transformed message X'(n)
the minimum value of the probability of occurrence of the
element x; consists of:

Pmin(Xj) =0,004.

In turn, the minimum value of the probability of
occurrence of the elementx; in the initial message X(n)

has the following meaning:

P_..(x;) =0,0000038.

This means that the proposed method of transforming
the original message X(n) allows you to significantly
increase the minimum probability of the element in the
transformed message X'(n), ie the following condition
will be met:

Pmin (Xi) >> Pin(Xi) 5

- ensure the creation of more favorable conditions
for further encoding of the data of the video information
resource in comparison with the initial message.

Dynamics of probability distribution of elements
after using the developed method of transformation of
the initial message X(n) for medium-saturated video

images is shown in Fig. 12.



208 ISSN 1814-4225 (print)
Radioelectronic and Computer Systems, 2022, no. 2(102) ISSN 2663-2012 (online)
P(x;) Pes(Xj) ~0,052.
0,14 o
012 Thus, for medium-saturated video images, the
01 transformation of the alphabet X(m) initial message
0,08 [o]

0,06

0,04

0,02

OIA OTA

Fig. 12. Diagram of probability distribution of elements
in the initial and transformed message
for medium-saturated video images

Analyzing the results of the transformation of the
alphabet X(m) initial message X(n) for medium-
saturated video images from the standpoint of the
dynamics of the probability distribution of elements x;

(Fig. 12), we can draw the following conclusions:
- for the initial X(n) and transformed message

X'(n) the maximum value of the probability of
occurrence of the element is 0,13, i.e.:

Pmax(Xi) = Pmax(Xi) =013;

- however, the minimum value of the probability of
occurrence of the element x; in the transformed message

X'(n) 11 times the same value for the original message:
P (X;) =0,000004; P, (X{) = 0,000042;

- alphabet transformation X(m) initial message
X(n) by quantitative significance S(x;) allows you to
significantly increase the dynamic range of values of the
probability distribution of elements x' transformed

message X'(n) , i.e. the following condition is met:
P(xj) = P(x;).

So for the initial message X(n) weighted average
probability value P(x;) the appearance of the element
is 0,044, i.e..

P.,(X;)~0,044.

In turn, the weighted average probability value
P(xj) the appearance of the element X’ in the

transformed message X'(n) is 0,052, i.e.:

X(n) allows to increase the dynamic range of values of
the probability distribution of elements by an average
of 18 %.

Influence of using the developed method of
transformation of the initial message X(n) on a
quantitative basis S(x;) on the probabilistic distribution
of elements in the transformed message X'(n) for
highly saturated video images is shown in Fig. 13.

P(xi)
0,07 fe)
0,06 %
0,05 (o]
0,04 % ocoo0
(e}
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O '@
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0 @D O
0 50 100 150 200 250
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Fig. 13. Diagram of probability distribution of elements
in the initial and transformed message for highly
saturated video images

Analyzing the results of the transformation of the
initial message X(n) (highly saturated video images) in
quantitative terms S(x;) significance of the elements
shown in Fig.13, we can draw the following
conclusions:

- alphabet transformation X(m) initial message
X(n) allows you to significantly change the dynamic
range of values of the probabilities of occurrence of
elements in the transformed message X'(n) .

This is the maximum value of the probability of the
element appearing in the transformed message X'(n)

increases almost 2,7 times:

P (X)) 20,025, P (x1) ~ 0,069, Lmax(XD) 5 7
Pmax(Xi)

Accordingly, the minimum value of the probability of
occurrence of the element X; in the transformed message

X'(n) increases approximately 20 times:
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P . (X,) ~0,0000763, P, (x!)~0,0000038,

in

Pmin (XI,) ~ 20:
I:)min (Xi) ,

- for highly saturated video images, alphabet
transformation X(m) initial message X(n) allows to
increase the dynamic range of values of the probability
distribution of elements on average by almost 3 times.

The method of alphabet transformation is developed
X(m) initial message X(n) due to the proposed
quantitative S(X;)
elements x; allows to carry out process of quality

feature significance of the
management of the transformed message X'(n) . So the
growth of the threshold Sy, quantitative indicator
S(xj) the importance of the elements of the alphabet
X(m) initial message X(n) leads to a reduction in power
| X'() | X'(x)
X'(n) i.e.

alphabet transformed  message

if Sjim (1) > Sjim (6) , then | X'(<) [ X'(0) [, (24)

where S, (), Sjim (6)  is
indicator S(x;) significance k- th and 0 - th elements
of the original message X(n);
| X'(0) | is power of the alphabet X'(0), transformed
by the threshold value S, (6) quantitative indicator
S(xj) .
This, in turn, allows you to increase the probability
values P(xj) the appearance of elements in the

limit values quantitative

transformed message X'(n), i.e. the following condition
will be met:

P(Xi¢:Siim (1)) > P(X,Siim (0)) , ~ (25)

where P(X}.,Sjim (x)) is the minimum value of the
probability of occurrence of an element of the
transformed alphabet X'(x) in terms of using the
threshold value of the indicator Sjj, () ;

P(Xg,Sjim(0)) is the minimum value of the
probability of occurrence of an element of the
transformed alphabet X'(6) in terms of using the
threshold value of the indicator Sy, (6) .

However, it should be noted that the growth of the
threshold value S, quantitative indicator S(x;) along

with the positive dynamics of the probability
distribution of elements in the transformed message

X'(n) leads to a controlled deterioration in the quality

of video images (increasing the standard
deviation MSE), i.e.:
if Stim () > Sjim (0) ,
then MSE(X'(0)) < MSE(X'()) , (26)

where  MSE(X'(0))
transformed message with the alphabet X'(6) ;

MSE(X'(0)) is
transformed message with the alphabet X'(k).

Thus, the analysis of the results of estimating the
dynamics of the probability distribution of elements in the
transformed message X'(n) for different degrees of
saturation of video image classes indicates that the
developed method of message transformation X(n)

is standard deviation for the

standard deviation for the

quantitatively S(x;) significance of the elements x;
initial message X(n) allows you to provide a more

favorable representation of encoded data with the ability to
control the quality of the original video images.

Therefore, it is further proposed to develop a
method of encoding the data of the video information
resource using the proposed approach in order to ensure
a compact representation of the encoded data in a given
(high) quality video images.

Conclusions

1. In the conditions of use of dynamic video
surveillance systems one of the main problem factors is
the limitation of the bandwidth of wireless data
transmission technologies. In this regard, the growing
requirements for video information resource from the
standpoint of ensuring the required level of reliability of
video images in terms of their compact presentation.

2. To date, in order to meet these requirements are
actively used compression technologies based on the
conceptual basis of algorithms of the JPEG family.
However, they have a number of significant
disadvantages. The main ones are: the complexity of
algorithmic implementation, the imbalance between
compression and quality characteristics, which in some
cases can lead to the loss of key (small) elements that
have semantic significance in the decision-making
process to respond to crisis situations.

Therefore, the use of these technologies does not
provide the required high level of video quality in terms
of their compact presentation.

Therefore, to solve the scientific and applied
problem of ensuring the appropriate level of reliability
of video information in terms of its compact
presentation, a fundamentally new approach is proposed
- the transformation of the alphabet of encoded video



210

Radioelectronic and Computer Systems, 2022, no. 2(102)

ISSN 1814-4225 (print)
ISSN 2663-2012 (online)

data on a quantitative basis. To this end, a mathematical
model of quantitative trait formation was developed,
which determines the significance of the elements of the
initial message by taking into account correlations and
probabilistic and statistical characteristics.

3. The developed method of transformation of the
alphabet of the initial message allows to create
conditions for more favorable representation of the
coded video data. This is due to the improvement of
probabilistic and statistical patterns for the transformed
message in terms of ensuring a high level of reliability
(MSE,, —0).

So the analysis of efficiency of results of the
experimental researches received by use of the
developed software product, testifies that use of the
developed method allows:

- increase the dynamic range of values of the
probabilities of occurrence of elements in the
transformed message for low-saturated video images by
an average of 20 %.

- for medium-saturated video images, alphabet
transformation X(m) initial ~ message X(n) allows  to

increase the dynamic range of values of the probability
distribution of elements by an average of 18 %;

- for highly saturated video images to increase the
dynamic range of values of the probability distribution
of elements by an average of 3 times;

- create conditions for more favorable presentation
of encoded video data.

4. Thus, for the first time a method of video data
alphabet transformation was developed, which
simultaneously takes into account the correlations
between the elements of the original message and the
probabilistic  approach  using the  developed
mathematical model of quantitative indicator formation.

Distinctive features of the developed method are
that the transformation of the alphabet of the original
message is carried out without significant loss of quality
of the video information resource, ie
MSE,,, —0based on a quantitative feature - signs of

the importance of the elements of the original message.
This allows you to get the following results:

1) create conditions to reduce the structural
redundancy of the code representation of the video
resource by significantly increasing the dynamic range
of values of the probabilities of occurrence of elements
in the transformed message;

2) conditions are created to increase the efficiency
of further use of statistical coding methods;

3) conditions are created to reduce the time for
data processing, due to the fact that the developed
method of transforming the alphabet of video images is
simple algorithmic implementation and compared to
existing does not involve the use of a number of

processing steps (for
algorithms in another,
quantization, etc.).

example in JPEG family
orthogonal transformations,
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METOJ TPAHC®OPMAIINA AJIPABUTA BUITEONH®OPMAIIMOHHOI'O PECYPCA
IO KOJIMYECTBEHHOMY IIPU3HAKY

C. U. Xmenesckuii, U.M. Tynuya, O. A. Xmeneeckas, A. Il. Mycuenko, M. B. Ilapxomenxo, A. B. Ilepuiun,
U. B. Huxopa, A. A. Boposenckuii, A. M. Axoounuyx

IIpenMeToM U3ydeHHUS B CTaThe €CTh TEXHOJOIMH, PEaIH3yeMble B COBPEMEHHBIX AITOPHTMAax KOJHPOBAaHHS
BUJICOM300pa’KeHUH € IO3ULIK 00ECIIEYSHHUS] COOTBETCTBYIOLIETO YPOBHSI IOCTOBEPHOCTH B YCIOBHSAX MX KOMITAKT-
Horo mpezacraBicHus. Lleblo sBiseTcs pa3paboTKa TEXHOIOTHH TpaHChopManuu andaBuTa BUACOUH(OPMAIIHOH-
HOT'O pecypca 10 KOJIMYECTBEHHOMY NPH3HAKY B YCIOBHSX oOecriedeHusi TpeOyeMoro ypoBHS KauecTBa B COBpeE-
MEHHBIX HH()OKOMMYHHUKAIIMOHHBIX CETIX. 3aganue: cPOpMHUPOBATH TPEOOBAHUS K BHACOM300pAKEHUSIM B YCIOBHU-
SX HCIIOJB30BaHUS JIMHAMHYECKHX CHCTEM BHACOHAOIFOJCHUS; MPOBECTH aHAIM3 CYIIECTBYIOIIMX IMPOOIEMHBIX
(akTOpOB, MPHUBOISIIMX K ANCOATaHCY MEXy KOMIPECCHOHHBIMH M Ka9E€CTBEHHBIMHU XapaKTEPUCTHKAMH CYIIECT-
BYIOIIMX aJTOPUTMOB KOJMPOBAHHWS BHACOM300paKeHHUH; pa3paboTaTh TEXHOIOTHIO TpaHCcopMarum andaBuTa
BHACONH(OPMAIIMOHHOTO pecypca Mo KOMMYECTBEHHOMY NPU3HAKY A 00JIee BHITOJHOTO IPECTABICHHS KOANUPY-
eMbIX JaHHBIX; pa3paboTaTh MaTeMaTHYECKyI0 MOAENb (POPMHUPOBAHMS KOJNMYECTBEHHOI'O ITOKA3aTeNs JUIS TPaHC-
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(dopMaryy BUIEOM300paKEHUSI; MMPOBECTH aHATH3 A(PQPEKTHBHOCTH HCIIOIb30BaHMS pa3padOTaHHONW MaremaThye-
cKoit MoJielTH (pOpPMHUPOBAHMS KOIMUECTBEHHOTO TTOKA3aTells ¢ MO3UIMK o0ecIieueHns: TpeOyeMoro BEICOKOTO ypOB-
HS JIOCTOBEPHOCTHU JIAHHBIX BHICONH(POPMAIIMOHHOTO pecypca; MPOBECTH OLEHKY 3()(EKTUBHOCTH pa3pabOTaHHOMN
TEXHOJIOTUH TpaHC(HOPMALMA HCXOAHOI'O COOOIICHHUS MO KOJIMYECTBEHHOMY IOKA3aTeli0 C IO3HMIUM CO3JaHUs
YCIIOBUIA Ut o0ectiedeHust Oosiee BBITOHOTIO NPEICTAaBICHHUS KOAUPYEMBIX TaHHBIX; HCCIEN0BaTh JUHAMHKY BEpO-
SITHOCTHO-CTaTHCTHYECKUX XapaKTEPUCTHK HAYaJIbHOTO COOOIIEHUS B pe3yibTaTe TpaHCOpMaluH MO KOIUYECT-
BEHHOMY NPHU3HAKY 3HAYMMOCTHU 3JIEMEHTOB. MeTogaMM HCCIIEIOBaHUM, KOTOPHIE HMCIOJB3YIOTCS, SIBIISAIOTCS Me-
TOJIBI KOMIIPECCHOHHOTO KOJMPOBAaHMS, peajn3oBaHHble Ha 0aze anropurmoB cemeiictBa JPEG. [omydensr cnemy-
IOIIYE Pe3yJabTAThI: B YCIOBUSX HCIIOJIb30BAHMS TUHAMUUECKHX CHCTEM BHACOHAOIIOCHUS MOBBIIIAIOTCS TpeOo-
BaHUS K BUACOU300paKEHHSIM. DTO CBA3aHO C HATMYHEM AxcOaaHca MEXIy KOMIIPECCHOHHBIMU U KaueCTBEHHBIMH
XapaKTepPUCTUKAaMH CYIIECTBYIOIINX allTOPUTMOB KOJMPOBaHMS BHIEOM300pakeHnil. KoMIpeccnoHHbIE TEXHOIO-
THH, pealn3yeMble B anroputmax Ha 6ase miatgopmsl JPEG, uMeroT psa npodiem. OCHOBHBIE U3 HUX: CIIOXHOCTH
QITOPUTMHUYECKON peau3aliy, CHW)KEHHE YPOBHS JOCTOBEPHOCTH IAaHHBIX BHICOMH(OPMAIMOHHOI'O pecypca B
YCIOBHAX oOecredeHus: TpeOyeMoro ypoBHS KOMIPECCHOHHBIX XapaKTepUCTHK. J{JIsi ydera yka3zaHHBIX HpoOieM-
HBIX (DaKTOPOB MPEIOKEH MPUHIUITHAIBEHO HOBBIM TOIX0M — TpaHcdopManus KOIUpyeMbIX ajl(aBuTa JaHHBIX MO
KOJIMYECTBEHHOMY Npu3HaKy. Paspaborana maremaTHdeckasi MOJeNb ()OPMHUPOBAHHST KOTMYECTBEHHOTO PU3HAKA,
OIpeIeNIsIonias 3HaY4MMOCTb JIEMEHTOB UCXOAHOr0 cooblieHus. BuiBoabl. Pazpaborana Texnonorus tpanchopma-
uuK andaBUTa UCXOJHOTO COOOIEHHMS, TO3BOJISIIONIAST 00ECIIEYUTh CO3/IaHHUE YCIIOBUH Ui OoJiee TpeANoUYTUTENb-
HOT'O TIPE/ICTAaBJICHUS] KOMUPYEMBIX JAaHHBIX 32 CUET 3HAYUTEILHOTO MOBBIIICHHUS AMHAMUYECKOTO JHana3oHa Bepo-
SITHOCTHO-CTATHCTHYECKUX XapaKTEePUCTHK ISl TPaHC(HOPMHUPOBAHHOTO COOOIEHHUSI B YCIOBHUSX O0ECIIEUeHHs Tpe-
OyeMoro ypoBHsI Ka4eCTBa BHJIEOM300payKEHUI.

KunioueBble ciioBa: BuieonH(popManmoHHbI pecypc; Tpancdopmanus; andaBuT; KOIHYECTBEHHBIH MPU3HAK;
JIOCTOBEPHOCTh; TEXHOJIOTUHM KOIUPOBAHUSL.

METO/J TPAHC®OPMALIIL AJI®ABITY BIEOIHOOPMALIIITHOTO PECYPCY
3A KIbKICHOIO O3HAKOIO

C. I Xmenescovkuii, I. M. Tynuysa, O. O. Xmenescvka, O. I1. Mycienxo, M. B. Ilapxomenko, O. B. Ilepuiun,
1. B. Hixopa, A. O. bopogencovkuit, O. M. Akobdinuyk

IIpeameTom BHBYEHHS Yy CTaTTi € TEXHOJIOTII, peaii3oBaHi B Cy4aCHUX aJrOpUTMax KOAYBaHHS Bijeo300pa-
JKEHb 3 MO3UIIIT 3a0e3MeueHH s BiIIOBIIHOrO PiBHSI JOCTOBIPHOCTI B yMOBax iX KOMIIAKTHOTO NpezacTaBieHHs. Me-
TOI0 € po3poOKka MeTony TpaHchopmalii andasiTy BifeoiHpOpMaIiiiHOrO pecypcy 3a KUIbKICHOI O3HAKOK B YMO-
Bax 3a0e3mneueHHs HeOOX1IHOIO PiBHS SIKOCTI B Cy4aCHHX 1H(OKOMYHIKALIHHUX Mepekax. 3aBaaHHA: CPOPMYyBATH
BHMOTH J0 BiJ€0300paKe€Hh B yMOBaX BHKOPHCTAHHS AMHAMIYHHMX CHCTEM BiI€OCIIOCTEPEKEHHS; MPOBECTH aHAIII3
ICHYIOUHX MPOOIEMHHUX (PaKTOPIB, IO MPU3BOAATH I0 AMCOATAHCY MK KOMIIPECIHHUMU Ta SAKICHUMH XapaKTepuc-
THKaMH ICHYIOYHX aJITOPUTMIB KOAYBaHHS BiZ€0300pakeHb; Po3poOUTH MeTOI TpaHchopmariii andasiTy BimeoiH-
(hopMaIiifHOTO pecypcy 3a KiTBKICHOI O3HAKOKO AJIs1 OLIBIN BHMTIAHOIO MPENCTABICHHS KOTOBAHUX JAHHX; PO3PO-
OMTH MaTeMaTHYHY MOJETb (hOPMYBaHHs KITEKICHOTO IMOKa3HMKa IS TpaHchopMallil Bifneo300pakeHHs; IPOBECTH
aHami3 e(peKTHBHOCTI BHKOPUCTAHHS PO3pOOIIEHO] MaTeMaTHYHOI Momaeai (opMyBaHHS KiTbKICHOTO ITOKa3HUKA 3
Mo3uIlii 3a0e3meueHHs HeoOXiJHOr0 BUCOKOTO PiBHS JOCTOBIPHOCTI JaHMX BimeoiH(OPMAIitHOrO pecypcy; IpoBec-
TH OIIIHKY €(heKTUBHOCTI pO3pOOIEHOro MeToay TpaHchopMarlii Mmo4aTKOBOTO MOBIIOMIIEHHS 3a KITBKICHMM ITOKa3-
HHKOM 3 IO3ULIT CTBOPEHHS YMOB I 3a0e31eueHHs O1IbII BUT1IHOIO IPEACTaBIIEHHS KOAOBAHUX JaHMX; JOCIIiaH-
TH IMHaMIiKy HMOBIPHICHO-CTATUCTUYHHUX XapaKTEPUCTHUK MOYATKOBOrO MOBIIOMIICHHS B pe3yabTaTi TpaHcdopmarrii
3a KUIBKICHOIO O3HAKOIO 3HAYMMOCTI eJ1eMeHTiB. MeTogaMu J0CTiAKeHb, 1110 BUKOPHUCTOBYIOTLCS, € METOIN KOMII-
peciiHOro KOAyBaHHS, peai3oBaHi Ha 0a3i anroputMmiB ciMetrictBa JPEG. OTtpumaHO Taki pe3yJabTaTH: B YMOBax
BUKOPHMCTAHHS JWHAMIYHHUX CHCTEM BIJIEOCHOCTEPEIKECHHS MMIABHIIYIOTECS BHMOTH J0 Bimeo3o0pakeHb. lle
OB’ A3aHO 3 HASBHICTIO AMcOajJaHCa MiXK KOMIIPECIMHUMHM Ta SIKICHUMH XapaKTCPUCTHKAMM iICHYIOUMX aJIfTOPUTMIB
KOAYBaHHS Bifeo300pakenb. KommpeciitHi TexHOIIOri1, peanizoBaHi B anropurMax Ha 6asi miatdopmu JPEG marots
psan npobaeM. OCHOBHI cepell HUX: CKIIAJHICTh aJrOPUTMIYHOI peai3alii, 3HMKEHHS PIBHSA JTOCTOBIPHOCTI JaHUX
BimeoiH(OpMaIiiHOr0 pecypcy B yMoOBax 3a0e3IedeHHsT MMOTPiOHOro PiBHA KOMIIPECIHMX XapaKTepuCTHK. JIist
BUPIIIEHHS 3a3HAYEHUX MPOOIEMHMX (DAKTOPIB 3alpOITOHOBAHO MPHHIMIIOBO HOBHU IMiAXia — TpaHchopMallis aj-
(aBiTy KOJOBAaHUX HAHUX 3a KiJIBKICHOIO O03HAKOK. P0o3poOieHa MaTeMaTHYHA MOJAEIb (POPMYBAaHHS KiIbKiCHOL
O3HAKH, 110 BU3HAYAE 3HAUYNMICTH €JIEMEHTIB IIOYaTKOBOTO MOBimoMIIeHHS. BucHOBKHU. Po3pobiennit meron TpaHc-
(dopmariii andasiTy MOYaTKOBOTO TIOBIJOMIJICHHS, IO JO3BOJISAE 3a0€3MEUYUTH CTBOPEHHS YMOB JJISI OLTBII TIPHAHST-
HOT'O TPEACTaBICHHS KOMOBAaHUX JMaHWX 3aBJSKH 3HAYHOMY ITiIBUIIEHHIO JMHAMIYHOTO Jiara3oHy HMOBIpHICHO-
CTATHCTUYHHUX XapaKTEPUCTUK U TPAHC(HOPMOBAHOTO MOBIIOMIICHHS B yMOBax 3a0e3MEeUeHHs MOTPiOHOTO PiBHSA
SIKOCTI B11€0300pa’KeHb.

KurouoBi ciioBa: BimeoiHbopmamiiHuil pecypc; TpaHcopmarlis; andapiT; KiUTbKiCHA 03HAKa; JOCTOBIPHICTB;
TEXHOJIOTiS1 KOTyBaHHSI.
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