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METHOD OF PROCESSING VIDEO INFORMATION RESOURCE
FOR AIRCRAFT NAVIGATION SYSTEMS AND MOTION CONTROL

Abstract. It has been considered the existing methods of processing of video information resource in modern aircraft
navigation systems and motion control. Also it is indicated that there is a contradiction between the need to reduce the
intensity of information resource for strongly saturated fragments and to maintain the correspondence of recovered
fragments to the original aerial photo. It has been described the components' characteristics of the transforming for the
image's areas with varying structure complexity. The rationalization of the dividing strategy is based on the complexity of
aerial photographs is substantiated. It is proposed to quantize the transformation's description of an aerial video information
segment in relation to the base element's value vector to a certain threshold value. The reduction of combinatorial
redundancy as a result of the application of top-level quantized levels array in a separable space is substantiated.
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high-frequency component.

Introduction

Problem statement. The rapid development of
information technologies led to the use of unidirectional
specific images transmission in surveillance systems.
According to that, in order to improve the quality of
management systems in public institutions, active
implementation of such systems is taking place [1]. As a
result, in the departmental organizations, especially in
the Ukrainian space program, aeronautical monitoring
systems with the using airless aircrafts are widely
distributed. As a result of the observation, the specific
image receiving with the help of aerial photography.
Due to the importance of the resulting image's content,
it is necessary to minimize the time for the processing
and bringing the given aerial photo in conditions of
maintaining the necessary level of the restored image's
correspondence to the original [2]. In the process of
aerial photography, in various specialized devices, the
mathematical description of the image is used as a two-
dimensional signal, which is characterized by some
volume of information [3].

Research publications. In order to justify the
problem solution, it is necessary to consider the existing
technologies for the processing of aerial photographs.
These technologies (JPEG, JPEG 2000) use processing,
which is based on static coding (variable length codes)
[4]. In the processing of aerial photographs in various
specialized devices, a mathematical description of the
image is used as a two-dimensional signal, which is
characterized by some volume of information [5]. When
encoding the image, the elimination of psycho-visual
redundancy with applying the previous transformation
and further rationing. The corresponding scheme of
basic technology is shown in Fig. 1

The research aims and objectives. When
performing basic technology, the initial information
intensity's value of the output data stream is formed
after the normalization step [6]. The effectiveness of the
base technology is expressed in the information
intensity reduction, which physically leads to a time

reduction for the delivery of aerial photographs. At the
same time, there is a problem with the restored image's
quality at high ratios [7].

Therefore, the purpose of the research is to create a
separation strategy of valuation, taking into account the
structural saturation and substantiation of the approach
to the formation of the transformation's quantized
description of the aerial photo's segment.
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Fig. 1. The scheme of the basic
technology is effective coding using previous
transformation and subsequent normalization

Research bases

To create this strategy, it is necessary to consider
the process of valuation in more detail. When digital
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processing of the analog signal is a change in the
representation of a wide (and continuous) range of input
values in a limited set of discrete output values. The
term "normalization", in the case of image processing,
involves the rounding of real numbers to integers or the
transformation of integers into smaller targets [8].

The feature of human sight is the fact that as a
result of the low sensitivity to the change of high-
frequency components of the image it is possible to
apply a coarse quantization step to the coefficients
responsible for the high frequencies [9]. The
normalization occurs as a result of the division of the
matrix of coefficients k into the so-called estimated
matrix E i.e.

Kij =| ky /ey .

where kij — values of the transformant components;

ejj —values of the normalization matrix

components;
| k | — operation of determining the whole part k.

Usually, the normalization matrix is different for
the components of color and brightness [10]. In most
algorithms of image processing, the normalization is in
the usual elemental division of a certain working
matrix's values of the components into a valuation
matrix [11]. For each component of the color difference
model (Y, U and V), its own estimation matrix is given

e=[x.3].
formula:

Application is given by the following

k..
K {i‘,

¢j

At this stage, by varying the compression ratio, the
amplitudes of the transformant components' output
values are set, and, consequently, the level of losses is
determined [12]. With the use of a valuation matrix with
coefficients' large values, a greater number of zeros is
obtained and, consequently, a greater compression
degree.

From this it follows that when forming the
normalization matrixes, at the stage of the setting the
values of their elements, there is the possibility to
control the compression degree [13]. As a result, at a
higher value of the elements of the valuation matrix, the
range of values of elements of the normalized
transformant

k@ —[y.3],

will be less. It leads to the possibility of encoding with
less information. For example, in the JPEG standard,
normalization matrixes are obtained empirically [14].
Recommendations in the standard JPEG, the
normalization data for the component of brightness are
presented in the table 1.

Table I — Rendering data for component of brightness

i J 1 2 3 4 5 6 7 8
1 11 16 16 10 40 24 61 51
2 12 12 19 14 58 26 55 60
3 13 14 | 24 16 57 40 56 69
4 17 4 | 29 | 2 87 51 62 80
5 2 18 | 56 | 37 | 109 | 58 77 103
6 35 | 24 | 64 | 55 | 104 | 81 Cp) 113
7 64 | 49 | 87 | 78 | 121 | 103 101 120
8 2 | 72 | 98 | 95 | 100 | 112 99 103

The elements' values of these matrixes for the
standard JPEG are obtained in an experienced way as a
result of the visual perception estimating [15].

To change the value of the compression ratio, the
multiplication of the initial matrixes is made on a
certain number [16].

The JPEG 2000 standard implies the use of its own
table of valuation, but it is required to transmit the
decoder together with the compressed data. It leads to
an increase in the total size of the encoded data [17]. As
an alternative, it is possible to create own normalization
matrixes (stream processing) using one parameter P,
which is defined by the user.

As a result of applying the normalization for the
algorithm, some specific effects will be characteristic
for large values of the compression ratio [18]. Losses in
the field of low-frequency components lead to the
appearance of the resulting image of the squares. Loss
of high-frequency components cause the so-called

"Gibbs effect", when around the elements of aerial
photography with a sharp drop in structural saturation
appears some halo [19].

The JPEG and JPEG 2000 algorithms are used to
compress the image, followed by its visual perception,
and the resulting compressed image is not suitable for
further digital processing [20].

As a result, it is possible to make a conclusion:
valuation is used for: saving memory; change in the
characteristics of the sequences with respect to further
compression; adjusting the compression ratio and,
accordingly, the level of losses; preparation for further
processing; add effects [21].

Formation of a quantized description
of the aerial photograph's transformation
As a result of detecting the dependencies of

dynamic ranges' unevenness and their limitations for
aerial photographs with different parameters of
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structural complexity. It is given the opportunity to
reduce the amount of statistical redundancy by applying
structural-block coding in the method of processing
aerial photographs [22].

In order to do this, the processing parameters are
determined in the course of normalization on the basis
of structural complexity's parameters. This leads to the
formation of a spectral single-normalized space [23].

The components transformants' value K@ s

characterized by a dynamic range of components k,,,
in a two-dimensional space, taking into account the
ranges of rows A, and columns A, as magnitudes
+1) .

Ay Ay = min( ké,max +1; km,max

Here A,,, - is the range of the componentk,,, ;

Ay max - the value of the range (- th column

transformants & ; A - the value of the range of the

m, max

k- th line transformants & .

In order to reduce the volume of compressed aerial
photographs, it is proposed to use quantization, which is
formed when the components of the transformants with
a high dynamic range of values are detected (Fig. 2).

4

Ay < S(K") 1o

© Al
4

0

Fig. 2. Structural and functional quantization scheme
of the array of separate representation

At quantization, the initial array distribution of a
separate representation K'={k;,,} is divided into two

components k9 and £ .

Affiliation to these components is determined by
the value's ratio A,, of one level of the array’s
dynamic range of differential representation, that is

k S(k") , {k(o);k(]) }’

where k(o), k' - the constituents of the array of a
separate representation, which include, respectively, the
elements of the lower and upper quantized levels [24].

Quantization in  massifs of  differential
representation arises as a result of the combined
approach in the process of its formation [25-28]. As a
result, a dynamic range of an array of differential
representation is formed. Which structure has at least
two gradations. From this, it follows that quantization is
the elimination of structural redundancy.

In this case, the elimination of the disadvantage,
the cause of which is the high dynamic range of
individual elements of the array of differential
representation, is possible. This is achieved by the

following characteristics of the component kO of the
upper quantized level:

- in the array of the upper range level of the
quantized  representation, there are elements
corresponding to the differences at the boundary of the
contour and the main background of the fragment aerial
photography;

- for the elements that corresponds to the boundary
of the contour and the main background of the fragment
aerial photography, is characterized by a uniform
dynamic range.

These characteristics are used in the separate
description of the component of the upper quantized
level. In a separate arrays representation of the upper-
level, elements of the array are represented as two-
dimensional position numbers in difference space. In

this case, the array code k1 will be determined in
relation to the code number that corresponds to the

minimum level ¥® of the separate space.

In connection with this, it is proposed to take into
account the minimum values in each array's row of the
upper quantized level in the process of forming the
minimum level of separation space. In this case, a
vector of minimal values in the lines is formed,

V={v,....,vp}.
The value v; is calculated as the minimum value

in the i - u row of the array kD e,

v; = min {kl-(l-) s i=l,_a.
1<j<s -

Determining the minimum values for each line
allows taking into account the features of dynamic
ranges at the boundaries of aerial photography [29].

As a result, the displacement from the initial
dynamic range of the array kD to the reduced dynamic
range, which is given by the vector of restrictions Vent ,
i.e. Vent= {ventlj ,...,ventsj}.

Here vent;; - is the difference between the

maximum Al(lj) and minimum v; values in the i - th line
of the array k1 of the upper quantized level, that is
vent; ; = Al(lj) -V .
The lower level ¥® of the two-dimensional
separation space is calculated, which is based on the
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values of the vector's elements V={v,...,v,}. The

lower-level elements ¥?) are set by restrictions on the
dynamic range of the upper quantized level.
Therefore, the distance Dist between the current

array kO and the lower level V) of the two-
dimensional number is calculated according to the
following formula:

Vent =
ey 0 50 s 4O
=Z (ki 7 =vi) H vent;g o H H vent, ¢
i=1 j=1 &= j+l y=i+l £=1

Here (k') —v;) =k}
value of the current array's elements in the lower level
of a two-dimensional space, whose position index is
equal (i; ).

Let's substantiate the necessity of representing an

- is - the displacement's

array k" in a two-dimensional separation space. To do
this f () we will write the value of the code in the
initial space:

s O] O]

FD= Z > k(l) I1 A(l) H HA(1)~

i=1 j=1 E=j+ yl+lE_,l
Let's write the relationship and get it

s O]

O] s

—V) H (A(l)—V)H H(A(l)

E=j+1 y=i+l &=1

Then, since the inequalities are fulfilled:

1 1
(k) —v)) < k)

O]

IT @y -u) H H(A”’

E=j+1 y=i+l&=1
O] 5D
Q) 0]
_“ ) < H A H H Ayé s
E=j+1 y i+l &=1

then it has led to the expression:

Vent < f(l).

In this case, the code number Dist in a separate
space, determined as a relative distance, will be less
than the difference between the code number and the

code of the lower level f )

in 10 the original quantized

space, that
Vent < f(l) —f(l.) . (1)

min

The truth of expression (1) is proved by the fact
that the use of the representation of array’s elements of
the upper quantized level in a separable space leads to
the elimination of combinatorial redundancy, which is
achieved:

— a decrease in the values distribution of the upper
quantized level's elements due to the detection of

minimum values, that is, the implementation of
inequalities

) M

(K~ =vi) <k
and

(A0 <Al

— the number reduction of numbers for which the

condition of the differential space is not followed and
preceded by the current number [30].

The total number Numb® of position numbers
for which the condition in the differential non-
equilibrium space is fulfilled is calculated according to
the following expression

5D
Numb? —H H(A“’ : 2)

Formula (2) indicates a reduced combinatorial
redundancy as a result of applying the representation of
the array of the upper quantized level in a separable
space [31]. This leads to a reduction in the time
expended on bringing highly saturated image fragments.

Conclusions

1. It has been developed the strategy for managing
time expenditures for the realization of aerial photos by
applying adaptive normalization of the components of
the image segment.

2. It has been developed an approach to the
formation of a quantized description of the aerial image
segment's transformation, which is based on the two-
level representation of the transformant's dynamic range
of values, which reduces combinatorial redundancy.
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Meton 06po0xu Bigeoindopmaniiinux pecypcis
JJIs1 CHCTEeM HaBirauii Ta ynpasJliHHS pyxXoM

O. I. Tumouxko, B. B. Jlapin, C. B. OcieBcbkui, O. O. Timouko, Axmen Abxamia

AHoTanisi. Y cTarTi po3nIsfaoThes iICHYOU1 TeXHOoril 00poOKkH BHIOBUX 300pakeHb B Cy4acHHMX 3aco0ax Hasirauii ta
yIpaBiliHHS pyxoM. Bka3yeTbcs Ha HasBHICTb NPOTHPiUUsl MK HEOOXiIHICTIO 3MEHIIYBaTH iHpOpMaLiiiHy IHTEHCHBHICTD 11
CHJIBHOHACHUYEHHUX ()parMeHTiB Ta MiATPUMKM BiJIIOBIIHOCTI BIJHOBJICHUX ()parMeHTiB BHXiJHOMY aepo(OTO3HIMKY 00'eKTiB
iHTepecy. ONMCyrOThCS XapaKTePUCTUKH KOMIIOHEHT MATpPULI MiCJIsi OPTOrOHAIBHOI'O IIEPETBOPEHHS JUISl IUITHOK 300pa)KeHHS 3
PI3HOI0 CTPYKTYPHOI HacHueHicTio. OOIpyHTOBYETbCS 3aCTOCYBaHHS PO3ALIBHOIO IIPaBWIa HOPMYBaHHA 3 YPaxyBaHHIM
CTPYKTYPHOI CKJIamgHOCTI aepodoTo3HIMKIB 00'ekTiB iHTepecy. IIpomoHyerbcs mHpoBoauTH OOpOOKY 3HAuYECHb EJIEMEHTIB
TpaHC(OPMaHTH CErMEHTY aepo(OoTO3HIMKa 00'eKTIB IHTEpECY 110 BiJHOLICHHIO 3HAYECHHS €JIEMEHTY BEKTOPY OCHOBH /10 JAESIKOIO
33JlaHOr0 TIOPOroBoro 3HayeHHsA. OOIPYHTOBYETHCS CKOPOUYECHHS KOMOIHATOPHOI HAaJMIPHOCTI B pe3yNnbTaTi 3aCTOCYBaHHS
MOJIAHHA MacHUBY BEPXHBOIO KBAaHTOBAHOTO PIBHS B PO3AUIBHOMY IpocTopi. Po3poOieHo momiTuky KepyBaHHS 4acOBUMH
BUTPAaTaMU Ha JIOBEJICHHS JaHMX aepo(OTO3HIMKA IIUIIXOM 3aCTOCYBaHHS aJalNTHUBHOI HOpMallizallil KOMIIOHEHT EJIEMEHTIB
BineoinpopmarliiiHoro pecypcy. Pospobienuit kpurepiit 10 (GopMyBaHHS 4aCTOTHOTO ONHUCY MATPHIL HiCNI OPTOrOHAJIBHOIO
MEPETBOPEHHS CErMEHTy aepo)oTO3HIMKa HAa OCHOBI JIBOPIBHEBOIO NPEJCTABICHHS [UHAMIYHOrO Jliarna3oHy 3Ha4eHb
TpaHc(OPMaHTH, 1110 A03BOJISE CKOPOTUTH KOMOIHATOPHY HaIMipHICTb.

Kaw4yoBi caoBa: 300paxeHHs; aepopOTO3HOMKa; HaIMiPHICTh; KOIYBaHHS; KBAHTYBaHHS; OPTOrOHAJIbHE IEPETBOPEHHS;
MAaTpHIIsl; JaHi; BUCOKOYACTOTHUH KOMIIOHEHT.

Merton 00padoTKu BUACOMH(OPMALIIOHHBIX PECYpPCOB
IS CHCTEM HABHUTALMHU M YIPABJIEHUS ABHKEHHEM

A. W. Tumouxko, B. B. Jlapun, C. B. OcueBckuii, A. A. Tumouko, Axmen AbGnama

AHHoTanmusi. B crarbe paccMarpuBalOTCA CYLIECTBYIOLIME TEXHOJOIMM OOpaOOTKM BHUIOBBIX M300paKeHUH B
COBPEMEHHBIX CpEJCTBAX HABUIAllMM W YIPABIEHHS [BIJKCHHEM. YKa3blBacTCd Ha HAJIMYME IPOTUBOPEUMS MEXKIY
HEOOXOIMMOCTbIO YMEHBIIATh MH()OPMALMOHHYI0O WHTCHCUBHOCTH ISl CHJIBHOHACBHIILICHHBIX (DParMEHTOB M IOIJIEPHKAHUSA
COOTBETCTBHSI  BOCCTAHOBJICHHBIX (DParMEHTOB MCXOIHOMY a3’po()OTOCHHMKY OO0beKToB HHTepeca. ONUCHIBAIOTCSA
XapaKTEePUCTUKH KOMIIOHEHT MAaTpHIBI I10CJI€ OPTOrOHAJIBHOIO MHPeoOpa3oBaHMsl UL Y4acTKOB HM300paK€HHS C pa3HOU
CTPYKTYPHOH HAaChIIEHHOCTbI0. OOOCHOBBIBAETCS MIPUMEHEHUE Pa3/IeNIbHOTO INPaBHIa HOPMHUPOBAHUS C yU4€TOM CTPYKTYPHOM
CIIO’KHOCTH a3pO(OTOCHUMKOB 00beKTOB MHTepeca. [Ipemnaraercs NpoBoUTh 00pabOTKY 3HAUCHHUH JIEMEHTOB TPAaHC(HOPMAHTBI
CerMeHra a’po(oTOCHUMKAa OOBEKTOB HHTEpPECAa 110 OTHOIIEHHMIO 3HAYEHMs OJJIEMEHTA BEKTOPA OCHOBAaHHUS JI0 HEKOTOPOI'O
3aIaHHOI'0 MOPOroBoro 3HaueHus. OOOCHOBBIBACTCS COKpaleHHe KOMOMHATOPHOW M30BITOYHOCTH B PE3yNIbTaTe NPUMEHEHHS
IPEJICTABIICHNS] MACCUBA BEPXHEr0 KBAHTOBAHHOI'O YPOBHS B Pa3JielIbHOM HPOCTpaHCTBE. Pa3paboraHa MONUTHKA YIIpaBICHUS
BPEMEHHBIMHU 3aTpaTaMU Ha JIOBEJCHHE JaHHBIX a3pOo()OTOCHUMKA ITyTeM NPMMEHEHHs aJanTHBHOW HOPMAalIN3alUHd KOMIIOHEHT
3JIEMEHTOB BHACOMH(OPMALMOHHOrO pecypca. PazpaboraHHblil kpuTepuii K pOPMHUPOBAHHMIO YACTOTHOTO OMMCAHHS MATPULIbI
HOCJIE  OPTOrOHAJILHOIO NPeoOpa3’oBaHMs CEIMEHTa adpOQOTOCHMMKA Ha OCHOBE JIBYXYPOBHEBOIO IMPEICTaBJICHUs
JIMHAMHMYECKOr0 [IMara30Ha 3Ha4eHU TpaHC()OPMAHTBI, YTO MO3BOJIIET COKPATUTh KOMOMHATOPHYIO H30BITOYHOCTb.

KawuyeBbie ciaoBa: wu3o0paxenue; a’dpodorocheMka; W30OBITOYHOCTD; KOIMPOBAHUE, KBAHTOBAHKE, OPTOrOHAIBHOE
npeobpa3oBaHne; MaTPHIA; JTAHHBIC, BHICOKOYACTOTHBI KOMITOHEHT.
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