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Abstract

The article shows that one of the main purposes of projects for the development of informatization of the state is
the proper provision of the necessary information to the centers of analysis and decision-making. It is important
to comply with the requirements for the timeliness, reliability and security of information delivery processes.
The necessity for the formation of homogeneity spaces for the group of transformants of the general video
stream for the implementation of the possibility of accounting for inter-transformant dependencies in the SPD of
arrays of spectral elements is substantiated. A model for constructing homogeneity spaces (clusters) from the
transformant group based on the power of the SP by the number of spectral SP has been developed. This creates
the conditions for the implementation of the compression procedure with the additional removal of the amount
of inter-transformant redundancy in the SPD-transformant.
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1. Introduction

One of the main objectives of state informatization projects is to adequately provide decision-making and
analysis centers with necessary information [1, 2]. It is crucial to meet the requirements for timeliness,
reliability, and security in the information delivery processes [3, 4, 5]. In modern conditions, monitoring
objects are often located far from the analysis centers that assess their condition. This necessitates the
development of remote information collection and transmission means using various technological
solutions. Unmanned systems have become particularly in demand [6]. This is due to several advantages
that these systems offer for monitoring hard-to-reach areas or regions experiencing emergencies [7, 8].
Consequently, this approach to information provision is actively utilized by governmental organizations
and relevant ministries. Therefore, unmanned systems (UAS) play an important role in the overall chain
of organizing information support for decision-making subsystems. As a result, certain requirements
are set regarding the performance characteristics of UAS, such as the generation of the initial format of
digitized images, processing, and transmission of information [9, 10].

It is important to note that these UAS characteristics depend on many factors, including the external
conditions of monitoring and internal factors such as the energy capacity and payload of the UAS [11, 12,
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13, 14, 15]. In practice, such factors often limit the capabilities of the UAS telecommunication equipment.
Consequently, the timeliness and reliability of information transmission are feasible only for lower-level
image formats [16, 17].

On the other hand, the information analysis procedure, including the use of intelligent analysis,
calls for implementing higher-level image formats on UAS [18, 19, 20]. Clearly, a contradiction arises
regarding the discrepancy between acceptable and necessary levels of image formats for unmanned
systems [21, 22, 23]. This increases the risk of losing access and reliability of the transmitted information.

Localization of such conflicts can be achieved by appropriately reducing the information load created
by digitized images. Specific methods aimed at reducing redundancy are used for this purpose [21, 22, 23].
These methods are referred to as image compression technologies. Therefore, enhancing the image
format level for UAS based on compression methods is a relevant scientific and practical task.

2. The main material presentation

Currently, there are established standards for implementing image compression, with the majority
being based on reducing redundancy in the spectral space of individual fragments. These methods
are built by considering certain characteristics in the description of image fragments. Compression
processes are implemented by predicting the presence of: fragments with low visual sensitivity; and
fragments with a high level of correlation dependencies. In the spectral space, these characteristics of
fragments are manifested as follows: transformation of range intervals towards a limited number of
low-frequency components; presence of sequences of spectral components with insignificant deviation
of range interval—spectral sub-bands sb(t; 0),, [24, 25, 26, 27, 28, 29, 30, 31].

The existence of these characteristics forms the basis for constructing compression methods in the
spectral-parametric description of transformants (SPOT). This representation is formed by a set of
parameters {\(¢; 0)q; sign(t; 6)q } for each spectral sub-band (SB) sb(%; 6), which are determined by
the zig-zag direction through the two-dimensional transformant. Different approaches are used to
process the set of parameters \(¢; §)q; sign(t; 6)q [24, 25, 26, 27].

Most of these approaches take into account local statistical dependencies either for individual
components A(t;0), and s(t;0), independently or try to consider the dependency between these
components in pairs loc(t; 0),. Thus, higher-order statistical dependencies are insufficiently tested
in redundancy reduction processes. Moreover, the dependencies between fragments in a group of
video frames are often not considered. This lack of consideration decreases the effectiveness of image
compression methods and reduces the opportunities to address the contradictions. Therefore, the
purpose of this article is to develop image compression methods based on their spectral-parametric
description, considering higher-order dependencies.

3. Development of a model for representing the transformant in
spectral-parametric description

As a result of performing discrete cosine transformation (DCT) on an image fragment, an array of
spectral components Y (¢; 0 )(1) is formed. Here, ¢ is the index of the spectral component array within
the general video stream group, and J represents the quantization parameter. Accordingly, to construct
its spectral-parametric description, a sub-band discretization process is implemented by constructing
vectors loc(t; 0), of two components loc(t; §)q = {A\(t;0)a; sign(t; §)a}: A(t; 0)q is the length of the
spectral sub-bands; sign(t; ), is the level of spectral sub-bands.

The number n(¢; §)g, of vectors loc(t; §), depends on the number of spectral sub-bands within
the transformant. In turn, the number of spectral sub-bands depends on the complexity of the SPOT
structure. In the general case, the values of n(t; ), for each spectral component array within the
video stream group will be different, n(t; 0)s, = var. The value n(t; 0)gp, for the t-th transformant also
depends on the level 7(t);, s of informativeness of the original video fragment and the quantization



strategy F'(t; d) gyt for the spectral space. Hence, in the general case, we have the following functional
relationship:
n(t; 6)sp = fun(r(t)ing; F'(t; 0)kot)- (1)

The informativeness 7(t);, s of video fragments is often considered in three levels. Each level is
determined by the concentration of fine details within the video fragment (VF). Accordingly, we have
VFs with low, medium, and high detail density. Through the conducted procedure, the initial array
Y (t;6)) is transformed into SPOT P(t;§). In this description, each of the columns forms a vector-
component of the SPOT: the left column represents the component L(¢; 5)(1) of the lengths of the
spectral sub-bands L(t;0) = {A(t;)1; - .. ; A(t; 0)n(:6).,, J> the right column represents the component
S(t; 6)(M of the levels of the spectral sub-bands S(t;8) = {sign(t;)1;...; sign(t; O)n(t:6). ) -

It is clear that, to account for the dependencies within the SPOT-transformants group, their corre-
sponding features must be considered. Therefore, it is necessary to ensure their homogeneity. This
will enable the compression procedure to be implemented with a higher level of redundancy reduction.
The solution approach involves clustering the SPOT-transformants within the video stream group by
the parameter n(t; 0)gp. Thus, it is proposed to implement the features among SPOT-transformants
within the group during compression. To do this, homogeneous spaces are first formed. Clusters include
spectral element arrays with homogeneous SPOT parameters. The process of recombining the group of
transformants into homogeneous clusters is organized by the parameter n(t; )4, — the power of the
spectral-parametric description of the transformant by the number of spectral sub-bands. Then, if we
denote a group of T" spectral element arrays in the SPOT as P(6)p, P(d)r = {P(t;0);...; P(T;0)}, a
sequence n(J)p is formed, n.(8) 55 = {n(t;8) sy} ;. The power n(t; §)gp of SPOT, according to formula
(1), depends on the quantization mode level § and the informativeness r(t) of the image fragment. Thus,
constructing homogeneous spaces from the transformants is proposed based on the power of their
SPOT.

Constructing homogeneous spaces from transformants by the power of their SPOT allows us to
realize the inter-transformant features. Such clusters are denoted as 2(J; \), where \ is the cluster
marker. Each such cluster is characterized by a value of n(t; §). The current transformant P(t; ) in
SPOT is then added to the cluster Q(4; \), that is, P(&;d; A) := P(t;0), if the condition is satisfied:
sign(n(t; 6)sp —n(t;0)x) =0 =n(t;0)) == Q0 N) |+ 1, t=1,...,T.

Here: P(&;0; \) is the &-th transformant in the cluster 2(9; \), and n(J; A) is the number of trans-
formants in the A-th homogeneity space. The total number of clusters for a group of transformants in
SPOT equals A, A =1, A.

Clustering ensures that the number of spectral sub-band parameters is balanced for adequately
detecting dependencies in the sequence of transformants. Accordingly, dividing the transformant group
into homogeneous spaces enables implementing the procedure for accounting for dynamic dependencies
in the inter-transformant SPOT space. This approach allows identifying features among the components

of parameters A(t; ), and sign(t; 0), of SP slices: slice L(5)£3) of spectral sub-band lengths, and slice
S ),9) of spectral sub-band levels.

4. Creation of a method for binary block coding of structural
components of spectral-parametric description
Let’s consider the processing of transformants within a specific k-th cluster. In the process of encoding

the set of transformants P(&; d; \) belonging to cluster A, the following aspects need to be taken into
account:

« each transformant P(&; d; \) is represented in a spectral-parametric description,
P(&0;2) = {L(& 05 A), S(&03M)},

where L(&;d; \) and S(§; 0; ) are structural components of the SPOT of the {-th transformant
in the A-th cluster;



« each transformant P(&;; \), £ = 1,...,|P(d; \)| in this cluster contains the same number;
« there are dependencies in the structural-parametric SP slices L(&; \) and S(&; \):

L& A) = {n(€s A), m(€2; A), - oo l(€ns A}
S(&N) = {sign(€1; M), sign(€a; A), ..., sign(&n; A}

For the set of transformants within the A-th cluster, such dependencies are due to the homogeneity
of the properties for the corresponding spectral sub-bands. To account for this feature, it is proposed to
determine the upper and lower bounds of the defined intervals for the components of the respective SP
slices L(&; A) and S(&; A\):

max(L(;

min(L(¢;

), max(sign(&; A)),
), min(sign(; A)).

Considering the constraints min(L(&; X)), min(S(&; A)) in the direction of the slices, the correspond-
ing actual values of the components L(&; A) and S(&; \) of the SP slices will belong to smaller intervals
diap(L(&; N)), diap(S(&; A)) of definiteness. In this case, their values will be truncated from below
(normalized). To describe the significance of reducing the magnitudes of diap(L(&; \)), diap(S(&; A)),
it is proposed to use coefficients k(L(&; X)) and k(S (&; N)).

Then, for SP slices within individual clusters, the conditions hold:

A
A

diap(L(&; A)) < k(L(&A)) - max{L(§;A)}, 0 <K(L(§A) <1,

diap(S(€: V) < k(S(& V) - max{sign(€; A)}, 0 < k(S(&N) < L.

The smaller these parameters are, the shorter the interval of definiteness for the components of the
corresponding SP slices will be. The nature of changes in the values of parameters k(L(&; \)) and
kE(S(&; \)) from position ¢ will differ depending on the type of structural-parametric components of
SPOT. Since the components of SPOT have different structural origins, we have the following:

1. For components of the structural component L(&;0; \):
E(L(&A) ~ a.

At positions of vector L(&; \) corresponding to smaller values of «, the length of the definiteness
interval of the differential normalized components L(; ) will approach zero.
2. For components of the component S(&; d; A) of the SPOT transformant:

(1= k(S(&A)) ~ 8.

At positions of vector S(&; \) corresponding to smaller values of /3, the length of the definiteness
interval of the differential-normalized components sign(&; \) will be the largest.

Hence, the amount of information I;(P(;d; A)) in the transformant P(&; J; \), represented by the
components L(§;0; A) and S(&;J; \) of its spectral-parametric description, changes. The value of
I4(P(&;0; X)), depending on the nature of constraints F'(L(§;9; A))igp and F'(S(&; 65 X))igp in the

SPOT components, is described generally as follows:

Ta(P(& 65 0)) = b(&; 65 A) - logo (F'(L(&56;A))igp - F(S(&505A))igp)

Here, the values F'(L(;9; A))igp and F'(S(&;9; A))igp depend on the consideration of additional
dependencies for components in the SP slices L(&;d) and S(&;9):

diap(L(&; 6))
F(L(§§ 5; )\))iqp = pOW(L(f; 5)) ’

1, otherwise

if diap(L(&; 6)) > min(L(& \))



diap(5(¢&; )
F(S(Ev 5? )\))iqp = pOW(S(f; 5)) ’

1, otherwise

if diap(S(&; 6)) = min(S(&; )

Second approach: finding the amount of redundancy R(loc(; 0; \)) per LKM of SPOT when addi-
tional constraints are considered on the range of values of components L(&; §; \) and S(; d; A). From
here, we can determine the amount of information I;(loc(; 0; A)) that is on average contained in one
LKM loc(§; 0) for the transformant in the spectral-parametric description P(&; §; \). The following
expression is used for this purpose:

[d(lOC(f; 6; )‘)) = b(€7 6; )‘) ’ logQ(F<L(€a 5; )‘))atap ' F(S<£7 6; A))atap)

Thus, depending on the type of constraints imposed on the components of the SPOT structural
components, two approaches can be used to determine redundancy.

First approach: determining the amount of redundancy R(loc(§; d; \)) per LKM of SPOT for the case
where additional dependencies on SP slices are not considered. In this case, the value R(loc(&;d; \)) is
determined by the following expression:

b(&; 65 A) — logy(diap(L(&; 6; A)) - diap(S(&; ;1))
b(&; 95 M)
Given this, the value R(loc(§; 0; \)) is estimated by the formula:
R(loc(&;6; 1)) = 100 - <1 _ 10g2(diaP(L(f;222)5).')\(;1313(5(5;5;A))))

In these expressions, the value b(; 0; \) represents the number of bits on average contained in one
spectral sub-band (SSP) for the SPOT of the ¢-th transformant of the A-th cluster.

R(loc(&;6; X)) = 100 -

M (£;9) 1
loc(§6:0) = Y ————Rq
R( OC(&‘? Y )) p M(g’ 5)R

Thus, the need for forming homogeneous spaces for the group of transformants of the general video
stream is substantiated to allow for the accounting of inter-transformant dependencies in the SPOT
arrays of spectral elements. This makes it possible to align sub-groups of homogeneous transformants
according to the characteristics of their SPOT (number of spectral-SP).

5. Conclusions

1. A model for describing the transformant based on spectral-parametric representation parameters,
considering the formation of spectral-SP, has been developed.

2. The necessity of forming homogeneous spaces for groups of transformants of the general video
stream has been substantiated to allow for the consideration of inter-transformant dependencies in
SPOT arrays of spectral elements. This enables alignment of homogeneous sub-groups of transformants
according to the characteristics of their SPOT (number of spectral-SP).

3. A model for constructing homogeneous spaces (clusters) from a group of transformants based
on SPOT power by the number of spectral SP has been developed. This creates conditions for im-
plementing the compression procedure with additional removal of inter-transformant redundancy in
SPOT-transformants.

4. Models have been created to estimate the amount of redundancy in the SPOT representation of
transformants in a cluster, determined by two types of dependencies: spectral-parametric dependencies
within the transformants of the cluster; inter-transformant dependencies in the structural-parametric
slices of the transformant sequence in the cluster. This allows estimating additional redundancy that
can potentially be reduced by considering inter-transformant constraints in the direction of SP slices.



5. A comparative assessment of the characteristic of dynamic change in the bit volume of images
in the sequence showed that for peak signal-to-noise ratio levels of 27 dB - 37 dB, the developed
compression method provides an average gain of 17% and 11%.
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