PROBLEMELE ENERGETICII REGIONALE 2(62) 2024
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Abstract. The purpose of the article is to substantiate the feasibility of using object contrast as an
informative feature for the formation of images used in technical vision systems. This goal is achieved
by studying the dependence of the contrast of objects in images on the viewing geometry and
determining the conditions under which the greatest similarity of the compared images is ensured. The
solution to the first problem is based on the presentation of reference information about sighted objects,
taking into account the navigation parameters of mobile robots. By modeling in the MATLAB software
environment for typical viewing conditions, selective images were obtained using randomly selected
fragments from Google Earth Pro, the distribution of contrast values and the cross-correlation function
of the original and selective images. The influence of viewing angles on the distribution of contrasts and
the formation of the decisive function was determined. The studies were performed for viewing angles
of -60°, -80° and -90° for altitudes in the range from 500 to 600 meters. The most significant result is a
model of a set of reference images, taking into account the influence of navigation parameters on the
contrast of objects, as well as experimentally established dependences of the distribution of contrasts for
typical viewing conditions. The novelty of the work lies in the fact that the procedure for generating
images and the decision function using the contrast of objects has been further developed. This will
significantly increase the efficiency of selection of objects with insignificant brightness characteristics.
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Rezumat. Scopul articolului este argumentarea fezabilitatii utilizarii contrastului obiectelor ca caracteristica
informativa pentru formarea imaginilor utilizate in sistemele tehnice de viziune. Acest obiectiv este atins prin
studierea dependentei contrastului obiectelor din imagini de geometria vizualizarii si determinarea conditiilor
in care se asigurd cea mai mare similitudine a imaginilor comparate. Solutia primei probleme se bazeaza pe
prezentarea informatiilor de referinta despre obiectele vazute, tinand cont de parametrii de navigare ai robotilor
mobili. Prin modelarea in mediul software MATLAB pentru conditii tipice de vizualizare, imaginile selective
au fost obtinute folosind fragmente selectate aleatoriu din Google Earth Pro, distributia valorilor de contrast si
functia de corelare incrucisata a imaginilor originale si selective. S-a determinat influenta unghiurilor de
vizualizare asupra distributiei contrastelor si a formarii functiei decisive. Studiile au fost efectuate pentru
unghiuri de vizualizare de -60°, -80° si -90° pentru altitudini in intervalul de la 500 la 600 de metri. Rezultatul
cel mai semnificativ este un model al unui set de imagini de referintd, luand in considerare influenta
parametrilor de navigare asupra contrastului obiectelor, precum si dependentele stabilite experimental ale
distributiei contrastelor pentru conditiile tipice de vizualizare. Noutatea lucrarii constd in faptul cd procedura
de generare a imaginilor si functia de decizie folosind contrastul obiectelor a fost elaborata in continuare. Acest
lucru va creste semnificativ eficienta selectiei obiectelor cu caracteristici de luminozitate nesemnificative.
Cuvinte cheie: robot mobil, contrast obiect, parametri de navigare, cuantizare imagini, functie de decizie.
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IIpuMeHenne KOHTpPacTa 00bEKTOB 1J1s GOPMHPOBAHNS H300pakeHUH, HCIOIb3yeMbIX B CHCTeMax
TEXHHYECKOro 3peHHs A1 HAaBUTAllUH MOOMJIBHBIX POOOTOB
Tumouxo A.W.}, Boiiuenko A.}, 3aknpos C.2, Tonosnsik /1.5, Imutpues O.% Mananka U.*
!Jletnas akanemus HanuoHanbHOro aBUAallMOHHOTO yHUBepcuTeTa, KponuBHUIKM, YKpanHa
?HcenenosaTenbCKuii MHCTUTYT BOeHHOM passenku, Kues, Ykpauna
STocynapcTBeHHBI HAyYHO-HCCIE0BATEIbCKMI MHCTUTYT HCIIBITAHUN U CEpTH(PUKALIUU BOOPYKEHUS 1
BOEHHOU TexHUKH, Uepkacchl, YKkpauHa

Annomayus. llenbio craThy sBIsieTCsl 000CHOBaHHUE 1e7IECOO00PAa3HOCTH PHUMEHEHHUSI KOHTPAcTa 00BEKTOB B
KauecTBe HMH(OPMATHUBHOTO NpHU3HAKa i1 (OPMHUPOBAHUS HM300paKECHUI, HCIOIB3YEMbIX B CHUCTEMax
TEeXHUYECKOTo 3peHus. [locTaBiieHHas 11e1b JOCTHraeTCs ITyTEM HCCIIeIOBaHMs 3aBUCUMOCTH KOHTpacTa 0ObEKTOB
Ha W300paXCHMAX OT TEOMETPUH BU3MPOBAHHMA M OIPEACICHHS YCIOBHH, HMPH KOTOPBHIX OOecHeuuBacTCS
HanOoIbIIee CXOJACTBO CPaBHMBAEMBIX M300pakeHHMH. PemieHne mepBoil 3amadun OCHOBAaHO Ha INPEACTAaBICHUU
STaIOHHOH HH(pOopMaIK 00 00beKTaX BU3UPOBAHUS C YIETOM HaBUTAIIMOHHBIX TAPaMETPOB MOOMIBHBIX POOOTOB
B BHJIE MHOTOMEPHBIX MAaTpHIl, B KOTOPBIX A KaXKJOTO OTACIHHOTO 3JIEMEHTA i-TO 3TAJIOHHOTO M300paKCHUS
(opmupyeTcst CBOS COOTBETCTBYIOLIAas p-MepHas Mmarpuia. JlanmpHeimas mpoueaypa BBIACICHHS HCKOMOTO
00beKTa Ha TEKyIeM H300pakeHNH BKIIFOUAET 3Tar OMHAPHU3AIIH C TIOCIIETyIONIM KBAHTOBAaHUEM B BHIOPAaHHOM
Jana3oHe KOHTpacToB. [lyrem MonenupoBanus B nporpaMMHoii cpene MATLAB amst THTIOBBIX 3HaU€HHIT BEICOTHI
TIOJIy4eHBI CEIEKTUBHBIE H300pa)KEHUS paiioHa MPUBS3KY C HCIIOJIb30BAaHUEM CIIy4aifHO BEIOPAHHBIX ()PArMEHTOB M3
Google Earth Pro, pacrnpenesenus 3HadYeHHI KOHTPACTOB M B3aMMHAs KOPPEILSIMOHHAS (DYHKIMS HCXOAHOTO U
CEJIEKTUBHOT'O N300payKeHHH. Y CTAaHOBJICHO, YTO UCTIOIb30BAaHHUE KOHTPACTa 00bEKTOB B KAUECTBE MH(POPMATHBHOTO
napaMeTpa MO3BOJIsieT (OPMUPOBATh YHUMOJAAIbHYIO pelnaronylo ¢yskouio. [lyremMm MopenupoBaHus
OIIpeIeJICHO BIIMSIHUE YIIIOB BU3UPOBAHUI Ha pacnpe/ieieHne KOHTPACTOB, a, COOTBETCTBEHHO, HA (DOPMHUPOBAHHUE
pemarormeit GyHKmH. VccnemoBaHus BBIONHEHBI I yIiIoB Bm3MpoBaHus -60°, -80° um -90° mig BBICOT B
muamazoHe oT 500 mo 600 metpoB. Hambomnee CymeCTBEHHBIM pe3yTbTATOM SIBIISTIOTCS MOJETH COBOKYITHOCTH
STAJOHHBIX M300paXKEHUH C y4eTOM BIMSHHS HABUTAIIMOHHBIX ITApaMETPOB Ha KOHTPACT OOBEKTOB, a TakXke
9KCIIEPUMEHTAIbHO YCTAHOBICHHBIC 3aBHCUMOCTH DACIPENENICHHS KOHTPACTOB JJIsI THUIOBBIX YCIOBHH
Bu3MpoBaHui. HoBu3Ha pabOTBHI 3akKiroyaeTcss B TOM, YTO NOJydHiIa JaJbHEHIIee pa3BUTHE NPOLEIypa
(hopMupoBaHUs N300paKEHNH 1 pemaroniel pyHKINH ¢ NCTIoNb30BaHNEM Habopa M300pakeHNni, HOCTPOCHHBIX C
HCIIOJIb30BaHUEM MH(POPMATHBHOTO MapaMeTpa — KOHTpacTa 00BEKTOB. DTO MO3BOJIMUT 3HAYUTENFHO MOBBICUTH
3¢ HEKTUBHOCTD CENIEKINH 0OBEKTOB C HE3HAYUTEIbHBIMU SPKOCTHBIMH XapaKTepUCTHKAMU.

Knrouesvie cnosea. MOOWIBHBIM pPOOOT, KOHTPACT OOBEKTOB, HAaBUTAllMOHHBIE IapaMeTphl, KBAaHTOBaHUE
n300paxKeHui, peraromas GyHKIUS.

INTRODUCTION

vehicles (UAVS) in many fields, including the
military sphere. Known works explore the
influence of geometric distortions on the

Mobile robots (MR) equipped with technical
vision systems (TVS) are extensively used for

various objects monitoring on the line of sight
(LOS), for assessing the condition of objects
during the search and rescue operations [1]. The
solution to monitoring tasks is primarily
determined by the quality of information provided,
which depends on the informational features (IF)
used for image formation. These are measured by
the TVS sensors and used in the formation of
current images (CI) [1]. At the same time,
reference images (RI) used for forming the
decisive function (DF) must correspond to CI [2].
One possible feature for the image formation is an
object contrast, which depending on the
background type, can be sufficiently informative,
allowing for the formation of selective images and
the extraction of the required object on them.
Methods and algorithms for the image formation
have been developed in many recent publications
[3-7]. This is associated with the widespread
development and application of unmanned aerial

formation of the DF [8], as well as the possible
appearance of false objects [9]. In this regard, the
task is typically solved wusing a single
informational feature - signal intensity. A
significant number of publications are devoted to
the development and improvement of methods for
object extraction from images [10-13]. However,
as the analysis has shown, these works do not pay
sufficient attention to the use of various
informational features for describing the images.
Typically, the object brightness is used. In the
work [14], a method for forming DF in
determining an unmanned aerial vehicle (UAV)
using radiometric and optoelectronic channels for
obtaining information is proposed. To form
images the brightest objects in the line of sight are
offered. The advantage is the increased accuracy
of UAV localization by adapting them to
perspective and scale distortions of images, while
the disadvantage is the inability to use the method
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for the UAV localization in conditions of
developed infrastructure with the presence of
small-sized and low-contrast objects. Issues
related to the extraction of small and elongated
objects are considered in works [15-25]. The
application of adaptive thresholds followed by the
application of different operators has been
investigated.

Thus, as the analysis has shown, despite the
significant number of methods for image
formation, object selection on images, and the
exploration of using contrast as an informative
feature for image formation, as well as studying
changes in contrast depending on geometric
conditions of measurement, attention has been
scarcely paid to the latter, which necessitates
further research to address this gap.

The aim of the article is to justify the
feasibility of using object contrast as an
informative feature for forming RI used in TVS
for the navigation of mobile robots.

To achieve this goal, the following tasks are
needed to be addressed:

- define the problem and investigate the
dependence of object contrast of typical surfaces
on the viewing geometry of TVS;

- determine the conditions under which the RI
fragment exhibits the greatest similarity to CI.

METHODS, RESULTS, AND DISCUSSION

1. Problem statement and investigation of the
dependence of object contrast of typical surfaces
on the viewing geometry of TVS.

In TVS, one of the options for representing
standard information about viewing objects is the
use of multidimensional matrices. This is due to
the need to account for the navigation parameters

of MR (altitude h , latitude «, longitude $), as

well as the angular orientation parameters (roll,
yaw, pitch), leading to the formation of N-
dimensional matrices, where for each individual
element of the i-th RI, its corresponding p-
dimensional matrix is formed. Based on this, the

set of RI fragments RI —>S:(Siljzwip)can be
represented as follows:

S=S,,,=(5.)-
The multi-indices in (1) traverse their range of
values depending on the selected discretization
steps and the size of the RI fragments, chosen not

less than the size of the control or reference object.
Thus, the set of RI constitutes a multidimensional
matrix, the structural diagram of which is shown
in Fig. 1.
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Fig. 1. The structure of the scheme of the matrix
describing the set of fragments in the reference
images.
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Problem statement. For the considered model
of the set of R, it is necessary to solve the problem
of forming the set S=S, , =((s,., ) using object
contrast AB as an informative feature, which will

subsequently ensure the formation of a unimodal
DF:

R(r)=Fy (S (rt,).S,(hapABL ) >max,  (2)

where S, (r.t, ) - Cl formed by TVS;

So (o p.ABz, ) - RI fragment corresponding to
the navigation parameters of MR h,a, £ at the
current time t .

At the same time, the accuracy characteristics
of TVS will be determined according to the
following formula:

1
O°R(rt)
or?

®)

Oop =

The solution to this problem necessitates
investigating the dependence of the contrast AB of
LOS objects on the geometric viewing conditions

by altitude h and orientation angles «, 5.
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Solution of the problem.

In TVS, the classical correlation algorithm
serves as the basis for forming the DF, in
accordance with (1). Therefore, to determine the
closest RI fragment to CI, we will use the
coefficient of cross-correlation (CCC), which for
each coordinate value and change in altitude
(i,J,4h) is determined according to the

expression [1, 2]:

Mz N2 [S (m,n)-S,. ]x
K. (i j)= 1 ZZ[ w(Mmn)-Sg ] -
M2N2 m=1 n=1XI:S(:l(rn_|—k-1'n_|_|':I-)-SCIH]
4)
where i=1..M,-M,,j=1..N,-N,;

1 M N
§ = ZZS m,n ,
i M2N2 m=1 n=1 RI( )

My N

- 1
Sei, =WZZSCI (m+k-1,n+1-1),

1 =1 j=1

Taking into account that we are interested in Rl
fragments S, (h,a,8,AB,¢,) constructed using

object contrast for various geometric conditions,
to extract the desired object from Cl using contrast
as an informative feature, it is necessary to
perform binarization of RI and subsequent
quantization based on selected contrast values K,

By choosing quantization levels within
0.5<K, <1,wewill highlight the Rl fragment the

closest to ClI.

It is obvious that in each specific case, viewing
objects and backgrounds will have different
brightness values, and consequently, different
contrast values will occur. Therefore, we will
utilize modeling of selective images constructed in
the MATLAB software environment using
randomly selected LOS fragments from Google
Earth Pro (Fig. 2-10).

Figures 11, 12, and 13 show the results of
modeling the cross-correlation function (CCF),
which effectively represents the DF. They
demonstrate that using object contrast as an
informative feature allows for the formation of a
unimodal DF.
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Fig. 2. The original image from a height of 1000

meters.

Fig. 3. Selective images (Fig. 1) by contrast.
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Fig. 4. Contrast distribution in the
image (Fig. 1).
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Fig. 5. The original image from a height of 2000 Fig. 8. The original image from a height of 3000
meters. meters.

Fig. 9. Selective images (Fig. 7) by contrast.
Fig. 6. Selective images (Fig. 4) by contrast.

4 1
0.9
0.9
il 0.8
5k
0.7 3
0.6
0.6
057
051
| 0.4
041 |
{ | ' 03 1‘ \
0.3
0.2t “H’ ;\I . \ l
01} ) h\” “ R = fa WM\L | r -‘jL‘U!L,,M.“n.
' I 6 = et i
0 " L L L L 0 200 400 600 800 1000 1200
0 200 400 600 800 1000 1200
Fig. 7. Contrast distribution in the Fig. 10. Contrast distribution in the
image (Fig. 4). image (Fig. 7).
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R(x,Y) allows obtaining a unimodal DF. At the same time,
oo changes in viewing angles can significantly affect the
formation of the DF.
0.8
56 2. Viewing conditions of TVS ensure the closest

resemblance of RI fragments to CI.

The task of determining the angular viewing
conditions will be accomplished by modeling in the
MATLAB software environment using the selected
typical surfaces mentioned above.

The results of forming the DF for viewing angles of
-60°, -80°, and -90° at a height of 500 m are presented
in Figs. 14-16, and for a height of 600 m in Figs. 17—
19.

Fig. 11. Cross correlation function of the original R(x,y)
1

image (Fig. 2) and the selected image (Fig. 3).
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500 Y/ Fig. 14. Decisive function for viewing angle 90°
o (600 m).

Fig. 12. Cross correlation function of the original

image (Fig. 5) and the selected image (Fig. 6).
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Fig. 15. Decisive function for viewing angle 80°
(600 m).

Fig. 13. Cross correlation function of the original
image (Fig. 8) and the selected image (Fig. 9).

The results of the research on the dependence of

image object contrast on shooting height show that
using object contrast as an informative parameter
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0.4
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Fig. 16. Decisive function for viewing angle 60°
(600 m).
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Fig. 17. Decisive function for viewing angle 90°
(500 m).
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Fig. 18. Decisive function for viewing
angle 80° (500 m).
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Fig. 19. Decisive function for viewing
angle 60° (500 m).

Analysis of the modeling results indicates that
with decreasing altitude and deviation of the
viewing angle from the normal, the decisive
function increasingly exhibits a multi-extremal
nature. This is due to the growing influence of
small-scale objects, which, due to spatial
smoothing, are not taken into account in the
contrast distribution and formation the selective
images. At the same time, the appearance of side
outliers, with the amplitudes lower than the main
lobe, can be mitigated through quantization to
form a unimodal DF. Thus, the presented research
results show that in MR equipped with TVS,
object contrast can be used as an informative
parameter for monitoring the condition of objects
in hard-to-reach areas. However, at low altitudes,
the use of contrast alone may be insufficient for
image formation and DF, requiring the complexity
of the TVS secondary processing system and,
consequently, the application of additional
informative features.

CONCLUSIONS

Thus, the feasibility of using object contrast as
an informative feature for forming both Rl and Cl
used in TVS for the navigation of mobile robots
has been justified as a result of the conducted
- research.

A new problem statement for image formation
in TVS has been proposed, and the dependence of
object contrast of typical surfaces on TVS viewing
geometry has been investigated. Modeling has
shown that object contrast can be used as an
informative feature of viewing objects under
certain conditions. Selective images constructed
using contrast allow TVS to form a unimodal DF.
However, at low altitudes (less than 500 m) and
with an increased deviation of the viewing angle
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from the normal (-60°), the formation of a
unimodal decision function becomes challenging
due to the increased influence in the small-scale
objects. This will require the complexity of the
TVS secondary processing system and,
consequently, the application of additional
informative features.
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