Intelligent Gontrol and Systems

DOI: https://doi.org/10.15407/kvt200.02.041
UDC 519.688

GRITSHENKO V.I., Corresponding Member of NAS of Ukraine,
Director of International Research and Training

Center for Information Technologies and Systems

of the National Academy of Sciences of Ukraine

and Ministry of Education and Science of Ukraine

e-mail: vig@irtc.org.ua

VOLKOV O.Ye.,

Senior Researcher of the Intelligent Control Department

e-mail: alexvolk@ukr.net

BOGACHUK Yu.P., Ph.D. (Engineering),

Leading Researcher of the Intelligent Control Department
e-mail: dep185@irtc.org.ua

GOSPODARCHUK O.Yu.,

Senior Researcher of the Intelligent Control Department

e-mail: dep185@irtc.org.ua

KOMAR M.M.,,

Researcher of the Intelligent Control Department

e-mail: nickkomar08@gmail.com

SHEPETUKHA Yu.M., Ph.D. (Engineering),

Leading Researcher of the Intelligent Control Department
e-mail: dep185@irtc.org.ua

VOLOSHENIUK D.O.,

Researcher of the Intelligent Control Department

e-mail: p-h-o-e-n-i-x@ukr.net

International Research and Training Center for Information
Technologies and Systems of the National Academy of Sciences
of Ukraine and of Ministry of Education and Science of Ukraine,
40, Acad. Glushkov av., Kyiv, 03187, Ukraine

INTELLEGTUAL CONTROL, LOCALIZATION AND MAPPING
IN GEOGRAPHIC INFORMATION SYSTEMS
BASED ON ANALYSIS OF VISUAL DATA

Introduction. Nowadays, geoinformation systems (GIS) are widely used in transport, construction,
navigation, geology, geography, military affairs, topography, economics and more.

Problem Statement. Modern GIS publications highlight a number of pressing issues
regarding the need to develop technologies and methods for the rapid formation of spatial-
temporal geoinformation data bases and dynamic mapping images. The process of prompt
formation of cartographic images of the area of unmanned aerial vehicles (UAV) flights in GIS
databases is based on the simultaneous solution of two problems — determining the location of
UAV in space, as well as the formation of a mapping image of the area under study.

The purpose of the paper is to descript the method of topographic clustering of the
obtained photographic images of UAV flights, which allows to combine visual images due to
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the semantic search of their topographic similarity, in order to realize the visual localization
of UAV and high-precision layout of the mapping image of the navigation environment in the
operational GIS database.

Materials and methods. The research conducted is based on the technologies of
intelligent processing of large arrays of video and photo data, the theory of automatic
control, methods of image processing and recognition based on descriptors of special points,
methods of computer vision, as well as on methods and algorithms of own development,
theory of navigation and dynamics of UAV flight.

Results. Procedures of topographic clustering of visual images obtained with UAV are
developed, which are used for cognitive detection, description and matching among the
characteristic features of the navigation environment.

Conclusions. The formation of a mapping image of the area of the navigation
environment using the proposed method of topographic clustering of visual images achieved
a decimeter accuracy in spatial coordinates, allowing visual localization and mapping with a
high level of accuracy.

Keywords: unmanned aerial vehicle, geoinformation system, information technology,
computer vision, intelligent control, cartographic image, aerial photography.

INTRODUCTION

Nowadays geographic information systems (GIS) are widely used at such
domains as transport, building, navigation, geology, geography, soldiery,
topography, economy etc. However, modern publications about GIS indicate an
amount of unsolved problems related to the necessity of space-time databases
and dynamical mapping patterns operative formation technologies and methods
development. Such data is necessary for fast reaction support of intellectual
control systems that need to work in the real time scale under complex
conditions of technological disasters, fire accidents, military operations,
electronic or cyberattacks etc [1, 2].

The photographic aerial survey, provided by unmanned aerial vehicles is the
most economically justified and effective remote way to supply the necessary
and current information to GIS [3]. The operative formation process of the
mapping patterns of the unmanned aerial vehicles (UAV) flying zones is based
on the simultaneous solving of two problems — the UAV intellectual control
that lies in definition of UAV location in space and also in corresponding area
mapping pattern formation.

Today, the satellite systems as, for example, global positioning system are
most commonly used for the global coordinates definition during the missions of
UAYV localization. But, due to various reasons, signals from navigation satellites
can be unavailable, lost or functioning under “Spoofing attack™ effect.

For this very reason the actual development direction is the support of
reliable functioning of the UAV in full-autonomy mode, in other words without
any signal of global positioning system. One of the modern ways of high-level
autonomy achievement is simultaneous localization and mapping on the basis of
just visual data usage problems solving [4, 5, 6]. In similar cases UAV visual
localization accomplishes on the basis of computer vision methods and
algorithms by the way of analysis and comparison of visual pictures special
points, that were done by the UAV onboard camera [7, 8, 9]. The mission of
simultaneous localization and mapping is building of the map in unknown space
or map update in previously known space or with simultaneous intellectual
control of the UAV and current location and passed route control. Complex
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incorporation of the intellectual control theory, intellectual processing of video-
and photo- data memory arrays technology, computer vision methods promotes
expansion of geographic information system function capabilities by the
production and purposeful usage of the environmental knowledge, creation of
artificial intelligence elements and intellectualization of control processes.

The disadvantage of current visual data processing methods is that some of
made decisions about special points matching cannot fit the real situation. It,
foremost, can be caused by the specifics of pictures that are using for visual
navigation, concretely by the big amount of small objects with low detailing.
Availability of wrong fits of special points decreases accuracy of the visual
navigation systems significantly and it can cause essential errors during the
calculation of UAYV visual coordinates and, under unfavorable conditions, leads
to visual localization systems breakdown in general.

For the purpose of elimination of aforementioned disadvantages and limits
of known computer vision methods, the methodology, algorithms and visual
pictures topographic clustering procedures were developed. Usage of the
information, received by the onboard UAV sensors for topographical clustering
allows accomplishing the detection, description and reliable matching amongst
characteristic features of the navigation environment. On this basement the
intellectual component of UAV visual localization and highly accurate
configuration of navigation environment mapping pattern are realized [10].

The formation of several UAV fly photographic patterns with usage of
explored district surface air photos, that were made during such flies
accomplishes for the construction of navigational space operation mapping (for
example, fly 1 and fly 2 on Fig. 1).

Fly 1

=]

A

2
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Fig. 1. Fly photographic pattern formation
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The purpose of the paper is the development of the topographic clustering
method for fly photographic patterns analysis received during the intellectual
UAYV control Firstly, such analysis gives the possibility to accomplish UAV
visual localization and secondly, allows accurate combining of visual images for
construction of fly mapping pattern because of topographic similarities semantic
search between images.

METHOD OF TOPOGRAPHIC CLUSTERING OF THE SEQUENCE OF VISUAL IMAGES, RECEIVED BY
THE UNMANNED AERIAL VEHICLES

The vast majority of known visual image analysis methods are using detectors
and descriptors, that detect specific points that are comparing with each other
afterwards in the aim of formation of, so called, “matching point set”, other
words identical points on different visual images. The biggest disadvantage of
known visual image comparison methods is the fact that some amount of
specific point’s matches can be incorrect [7, 8, 9]. One of the reasons of it is that
even during the use of totally operable global satellite navigational system,
mapping pattern formation sufficient accuracy is not guaranteed because of low
accuracy rates of contemporary civil satellite navigation systems. Any error
during the mapping pattern creation causes accuracy decreasing of the received
map, and in some cases, full unsuitability of such map.

For the correction of such disadvantage the visual image topography
clustering method is proposed. There are such features of this method as, firstly,
the extraction to cluster from the established set of specific points accomplishes
just for points that have some prescribed topographic features that are
significantly differ such cluster points from other specific points of the
established set. Another feature of the proposed method is that it has capability
to check additionally (on the basis of visual image topographic features analysis)
match point sets that has been received by known methods for the veracity.
Matching points for visual images that have not pass the required check are
interpreted as wrong and are excluded from the match point set that increases
quality and reliability of visual image analysis significantly.

Furthermore, for the aim of much more detailed exposition of the visual
image topographic clustering basic features method, it structures in the range of
sequential procedures, each of that is an indispensable part for this method
functional capabilities realization.

THE PROCEDURE OF SPECIFIC POINTS INDEXED ARRAYS FORMATION

The first of aforementioned procedures is a specific points indexed arrays
formation procedure. Input data of this procedure is an organized set of three-
element suites. Suites are formed as a result of sequential appliance of specific
point extraction algorithms and their juxtaposition algorithms. Each suite
consists of the following elements:

— specific point on the standard frame (hereafter — «default specific point»);

— specific point on the current frame (hereafter — «current specific point»);

— D numeric parameter that describes proximity degree (similitude degree)
of suite specific points (hereafter — “distance”).
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The similitude degree has been chosen in such a way that for absolutely
identical points D = 0.

The set of the input data of the procedure could be presented in the
following way:

(kp! k(D). i=1.2.....0, (1)

where kpl.b ,kp; — i-th specific point on the standard and current image (other

words b and ¢ indexes are respectively indicate the affiliation of the specific
point to the default and current image); QO — general quantity of specific points
that are defined by the standard algorithm of basic points extraction.

The method uses the suites set sortation procedure (1) due to the increasing of
distance D and chooses N first suites afterwards. Other words, the most approximate
(alike) specific points of the default and current image are choosing.

Chosen suites number in the random order from / to N:

l<kpf,kpf,Di>J, i=1,2,...,N. )

Furthermore, due to the chosen suites, two indexed arrays are developed — the
array of basic specific points (hereafter, the BKP array) and array of current specific
points (hereafter, the CKP array). In the BKP array all basic specific points from the
suites (2) are coming. In the CKP array all current specific points from suites (2) are
coming. Herewith, both arrays are organized (indexed) with respect to numerical order
(indexes) of suites that has been chosen by the formula (2):

BKP = kp! }

CKP:[kplcl i=1,2,...,N (3)

THE PROCEDURE OF BEARING THREE-POINT CLUSTERS EXTRACTION

The second by the sequence is the procedure of bearing three-point clusters extraction.
For the procedure accomplishment, all possible three-points of the BKP array are
enumerated (for such operation order of point processing in the triplet is insignificant).
On the foremost step of the enumeration triplet of points is choosing:

(kp! kp} kpy), 4)

wherei=1,...,N;j=itl, .. N k=j+1,...,N.

Triplet of points from the BKP array can be considered as three-point
cluster (hereafter, default three-point cluster). In the geometrical interpretation,
three-point cluster surely defines some geometrical figure that can be named as
“three-pointed cluster star”. The center of star (cluster mass center) can be
named point, each coordinate of that is an arithmetical average value of
corresponding point coordinates that are defined cluster. The rays of cluster star
could be named vectors that are passing out from the star center to the each
cluster specific point.
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Default image Current image

kp? i

Fig. 2. Three-point cluster and its components for the default and current image

From the CKP array, the triplet of points chooses with indexes
corresponding to the point indexes that are in cluster (4). Chosen point triplet
creates current three-point cluster.

Cluster from the specific points of current image can be written in the
following way:

wherei=1,...,N;j=i+1,...,N; k=j+1, ..., N.
Clusters (4) and (5) are creating pair that is depicted on the fig.2, for such
pair the proximity (similarity) estimation procedure accomplishes later on.

THE PROCEDURE OF STANDARD AND
CURRENT THREE-POINT CLUSTERS SIMILARITY EVALUATION

On this stage the method works in cycle, where in the first iteration the pair of i-
th ray is considered as bearing. After that the LR scale coefficient is calculated

as a correlation of the default cluster bearing ray length |lTb | to the current cluster

ray length |l_'c |:

i

i

Afterwards the method calculates the ray azimuth difference between
default and current cluster ( Az diff ) by the formula:

Az = AZ(i—b) - AZ(Z;)» (7)

where Az(i,) — i-th ray azimuth of the default cluster; 4z(i,) — i-th ray

azimuth of the current cluster.

The star rays are scaling including the LR (6) scale coefficient. After it
cluster stars of the default and current image are united in the way that cluster
star centers and bearing rays are coinciding. Herewith, current cluster star

turning on the angle Az (7) also takes place:
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~.|

. M(Azye)- (l_L -LR);

jcﬁ =M (Az g ) (.]_c -LR);

kcﬂ =M (Azyg)- (Ec -LR),

@®)

where i, , j. , k., — rays of the scaled and turned current cluster star;

M — turning matrix on the angle Az .

For each of the rays the error range Er is defined, that is scaled to the
dimensionless form with the invariance assurance to the cluster scale:

_ ‘]_b - ]_c .
T
-7 ©)
a

If the error range Er of, at least, one pair of rays appears to be greater than
prescribed limit value, the closeness (similarity) estimation of such default and
current three-point clusters finishes with failure and the procedure returns to the
stage of extraction of another one three-point cluster.

If Er error ranges for each ray pair turn to be less then prescribed limit
level, method calculates the cluster similarity error CER for chosen pair of
bearing rays by the formula:

CERijk = E}/;J + El’;k . (10)

In the second iteration, vector ]_ is chosen as a bearing vector and the

above-described procedure by the formulas (6)—(10) takes place again.
LR scale coefficient calculates by the formula:

Default and current cluster ray azimuth difference ( Az diff ) equals to:

Az = Az(j,) = Az(j,). (12)

Scaled and turned rays of the current cluster star can be found by the formula (8).
For each of the rays error range Er can be calculated by the formula:

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2020. Ne 2 (200) 47



Gritsenko V.I, Volkov O.Ye., Bogachuk Yu.P., Gospodarchuk O.Yu., Komar M.M., Shepetukha Yu.M., Volosheniuk D.O.

(13)

Afterwards, the condition of error limit value non-overrunning is checking.
After, the error of cluster similarity CER for chosen pair of bearing rays is
calculating by the formula:

CER . = Ery + Ery. (14)

In the third iteration, the method chooses vector k as a bearing vector.
Scaled LR coefficient can be found by the formula:

ir
- k| (15)
Default and current cluster rays azimuth difference ( 4z diff ) is equal to:
AZyy = AZ(Eb) - AZ(EC)' (16)

Scaled and turned rays of the current cluster star can be found by the formula (8).
For each of the rays error range Er can be calculated by the formula:

lb - l('u .
e b
i

.]b - .]cM

il

Afterwards, the condition of error limit value non-overrunning is checking.
After, the error of cluster similarity CER for chosen pair of bearing rays is
calculating by the formula:

CERki}' = Erki + Er/?i . (18)

Er, =-
(17)

Er, =

As a closeness (similarity) error CE of the default and current three-point

clusters, the minimal value between CER,, , CER , , CER,; chooses:

CE™ = min(CER,, ,CER,

jik >

CER). (19)

After that, the procedure returns to the selection of a new point triplet in
enumeration cycle of all possible point triplets from the BKP array.

After the finish of enumeration of all possible triplets as bearing three-point
clusters, a pair (default and current three-point cluster) is choosing, for which the CE
value is minimal. If CE calculation has failed for each pair of three-point clusters, it
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shall be deemed that bearing cluster extraction procedure on the default and current
images on the basis of the specific points comparison results has failed.
Default bearing cluster is written in the following way:

(kp! kp' kpl ). (20)
Current bearing cluster is written in the following way:

(kp; ,kp§ kpy ). 1)

THE PROCEDURE OF SUPPLEMENTAL POINT ADDITION
INTO THE BEARING STANDARD THREE-POINT CLUSTERS

During the accomplishment of this procedure, each point of the BKP array that has not
been included to the bearing default three-point cluster are enumerating cyclically.

Chosen point kp,b ,A=1,...,N; 1 #1i,; [ #j, | #k,, from the BKP array adds
to the bearing default three-point cluster and creates default four-point cluster.

From the CKP array the kplc point is choosing that forms a pair with kplb

from the BKP array. Chosen point from the CKP array adds to the bearing
current three-point cluster and forms current four-point cluster (Fig. 3).
4th-point cluster default cluster can be written in the following way:

b g b g b 7 b
(kpiu > kp.,-u 5 kpku kpp) - (22)
4th-point cluster current cluster can be written in the following way:
(kp; . kp',  kpi kp)) - (23)

In the geometric interpretation each of four-point clusters (22) and (23)
defines unambiguously some geometrical figure that can be named “four-rayed
cluster star”. The point, each coordinate of that is an arithmetic average value of
the corresponding cluster-forming point coordinates can be named the star
center (the mass center). As star rays can be named vectors that are tracing from
the star center to each cluster-forming point.

On the first iteration the method considers i-th rays pair ( lTob , lT;) as bearing.
The next step of the method calculates LR scale coefficient as correlation of the
default cluster bearing ray length lTob to the current cluster bearing ray length foc :

b
1

(24)
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Default image Current image
kp;,

kpf’0

kp?

Fig. 3. Additional point adjunction in the bearing three-point clusters

Afterwards the method calculates the difference between bearing ray
azimuths of default and current clusters of ( Az, ) by the formula:

AZgy = Az(i)) = Az (i), (25)

where Az(i") — i-th azimuth of the default cluster bearing ray; Az(i‘) — i-th

azimuth of the current cluster bearing ray.

The current cluster star rays are scaling including LR scale coefficient. After
it cluster stars of the default and current clusters are united in such a way that
cluster star centers and bearing rays are coinciding. Herewith, current cluster star

turning on the angle Az ., also takes place:

3 S =M (Azy)- (l_oc -LR);

J_; =M (Azye)- (J; - LR);
ks, =M(Azyy)- (k) - LR);

[° =M (Azy)-(I°-LR),

(26)

ye e 7.C
where i, j, . k

S — rays of the scaled and turned current cluster star;
M — turning matrix on the angle Az .
The Er error range for pair of default and current rays of the additional point

kp, (I¢ and l_”sr) defines:

-,
by = T 27)

If Er appears to be greater than prescribed limit value, current pair of
specific points excludes from the list of candidates for including to default and
current clusters, the procedure passes to the step of a new candidate points pair
choosing for the including to the cluster.
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On the next two iterations, remained ray pairs of three-rayed default and current
clusters are considering as bearing. For the situation, depicted on the fig. 3 — there are

ray pairs (j¢, j7)and (kS , k!). After it, each action that has been described by

formulas (24) — (27) repeats for a new chosen pair of bearing rays.
If after the finish of the cycle the error range has not overpass prescribed

limit value than current pair of points (kp; , kplb for fig. 3) marks as a candidate

for including to the default and current clusters respectively, after that procedure
passes to the step of another point-candidate choosing for including in cluster.

After the ending of candidate points cyclical enumeration for the including
in cluster, all default and bearing points, marked as candidates for including in
default and current clusters (fulfilled condition about limit value overpassing
absence) are adding to the corresponding cluster. As a result, there is a cluster
pair — default and current S-point clusters, where S>3 and S < N.

Other words, S-point cluster consists of bearing three-point cluster with
adding of all points, for which the condition of the limit value overpassing
absence is fulfilled.

SIMILAR CLUSTERS EMPHASIS BY THE SPECIFIC POINT COMPARISON RESULTS THAT HAVE
BEEN RECEIVED BY THE ALTERNATIVE METHOD OF SPECIFIC POINTS EMPHASIS

Each procedure of method work (1-27), described in 2.2-2.4 repeats for sets of
three-element tuples that are constructed by another (alternative) specific point
extracting method (during the usage of OpenCV library [11], for this aim
algorithms BRISK, ORB, AKAZE can be used). If the primary (by the first
method) and repetitive (by the second method) procedure of similar cluster
extraction procedure fails, it is regarded that clusterization procedure failed for
given image pair. Clusterization procedure for given image pair ends.

If similar cluster extraction procedure has ended successfully, there are two
pairs of similar clusters: the S S-point cluster pair for the first algorithm of
specific point extraction and the §° S'-point cluster pair for the second
(alternative) algorithm of specific point extraction. So that two pairs are the
input data for the cluster cross-check procedure.

CLUSTER CROSS-CHECK PROCEDURE

The verification of similar cluster extraction results by the specific point
comparison results proceeds by the cluster cross-check procedure that resides in
expansion of the first received cluster by the second cluster points.

Herewith, the first cluster pair S is considered to be basic and the second
one §° — additional. From the S cluster pair default and current three-point
bearing clusters (20) and (21) are extracted.

After that each point pairs of the S° cluster extra pair are enumerating
cyclically for its adding to the S cluster. Three-point default and current bearing
clusters are furnished out by the corresponding specific point from another pair
of cluster points S and form four-point cluster pair: default and current four-
point cluster (Fig. 4).
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Default image Current image

kpy,

kplcjc

Fig. 4. Cross-check procedure

On Fig. 4: (kpf: , kpfy , kp,’ju) — bearing default cluster of the S-point cluster
for the first algorithm of specific point extraction; (kp; ,kpS ,kp; ) — bearing

current cluster of the S-point cluster for the first specific point extraction
algorithm; kpfc, kp;, — point-candidate pair for the expansion of S clusters from

the extra S clusters.

Further work of the method is similar to the procedure of extra point
addition to the bearing clusters, described in the 2.4 sub-paragraph.

4-point default cluster can be written in the following way:

(kp! k" K} kpl). (28)
4-point current cluster can be written in the following way:
(kp; . kp ki Skpe,) .- (29

Each of four-point clusters (28) and (29) defines the four-ray star
unambiguously. The cluster mass center is the center of the star. Rays of the star are
vectors that begin at the star center and direct to the each point that forms cluster.

The method considers pair of i-th rays (fob , l:f) as bearing on the first iteration.
The next step of the method calculates LR scale coefficient as correlation
between default cluster bearing ray length fnb and current cluster bearing ray

length ¢ by the formula (24).
Afterwards method calculates the difference between ray azimuths of
default and current clusters ( Az, ) by the formula (25).

Current cluster star rays are scaling including LR scale coefficient. After
that current and default image cluster stars are united in such a way that cluster
star centers and bearing rays are coinciding. Herewith, current cluster star

turning on the angle Az, also takes place:
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i, = M (Azg )- (l_oC -LR);

o sr

J_Zs = M(Azdiff)'(j: -LR);

l;ocsr = M(Azdiff) : (l;ac : LR)’ (30)
Ecxr =M (Azyy)- (EC -LR),
where if ., j¢ S l;(fsr , &CW — scaled and turned current cluster star rays;

M — turning matrix on the angle Az .

The error range Er calculates for the pair of default and current rays of the

—b —
extra point kp_. (cc and cc ,):

sr

Er,. = 31)

—b
cc

If Er turns to be greater than prescribed limit level, current pair of specific
points excludes from the candidates on including in default and current clusters,
method passes to the step of another candidate-point pair choosing from
additional clusters.

On the next two iterations, remained ray pairs of three-rayed default and
current clusters are considering as bearing. For the situation, depicted on fig. 4 —

there are ray pairs (¢, j.) and (l;: , Ej’ ). Afterwards the algorithm repeats

each action that has been described in formulas (24, 25, 30, 31) for the new pair
of chosen bearing rays.
If after the cycle ending the error range Er does not overrun prescribed limit value

than current point pair (kpfc , kp;, for fig. 4) marks as candidate for expansion of the

basic default and current clusters respectively, after that method passes to another pair
of points selection from the additional cluster pair S".

After the finish of cyclic point enumeration from the additional cluster pair S,
each additional cluster point pairs marked as candidates for including in the basic
cluster pair are adding to basic default and current cluster S. So another cluster pair is
forming: extended default cluster and extended current cluster S,yended-

After full cross-check procedure accomplishes repeatedly, only for the case,
when S cluster pair is basic and S cluster pair is additional.

After the finish of cyclic point enumeration with the additional cluster pair S, all
additional cluster point pairs that marked as candidates for including in the basic
cluster pair are adding to basic default and current cluster S”. So the cluster pair is
forming: extended basic cluster and extended current cluster S yendeq-

Clusterization procedure summarizing results are forming in the following way:

— if during the cross-check extension of S cluster pair has failed by the two
point pairs from the additional cluster pair S” minimally and also failed to extend
S" cluster pair by two point pairs from the additional cluster pair S, its deemed
that clusterization procedure has failed for the given pair of images.
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— on the other case, cluster pair (Sexended OF S extended) t0 What greater
number of points from additional cluster has been added chooses as a resulting
cluster pair. If the number of added point pairs in S,yengeq A0d S ervrengea Clusters is
equal, the first pair is selected as the result.

Two points comparison reliability is achieving due to the fact that visual
image matching points that have not passed visual image topographic feature
check are interpreting as false and excluding from the matching point set.

The developed visual image topographic clusterization method utilization
offers an opportunity to reduce the possibility of false match appearing
significantly. Results of conducted experiments based on the real flight data
showed that utilization of search, description and comparison of specific points
methods including the visual image topographic clusterization method provides
the significant reduce of the false match appearing possibility during the image
comparison that is utilizing in intellectual control systems for highly-accurate
UAYV autonomous navigation support.

CONCLUSIONS

Developed visual image topographic clusterization procedures provided by the
UAV are applicable to the computer vision methods that are applying to
cognitive definition, description and matching determination amongst the
navigation environment characteristic features and realizing intellectual part of
the informational technology that could be successfully implemented to the
UAV control system for the autonomy coordinate location and forming of the
flight geoinformation patterns in GIS information databases.

Mentioned modelling and real flight testing results showed that exploring
topographic environment area mapping pattern including the usage of the
proposed visual image topographic clusterization method achieving the
decimeter accurateness for space coordinates that gives a possibility to
accomplish visual localization and mapping with the high level accurateness.
Availability of such data level accurateness simplifies processing significantly
and allows accomplishing processing stages in full-automatic mode.

According to authors, the perspective way is to continue experiments at the
domain of full switching to the autonomous navigation for UAV coordinate
determination mission during the simultaneous solving of the localization and
mapping problems. Proposed method would expand the variety of the UAV
usage by increasing of the UAV intellect and autonomy level that would have
positive influence on the active manufacturing rising and on the increasing of
the UAV complexes usage in Ukraine and all over the world.

Also, suggested method can be implemented in the perspective intellectual
control systems that are demanding modelling of conscious behavior of the human,
who extracts the data, that is necessary for environment features perception.
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IHTEJIEKTY AJIbHE KEPYBAHHS, JIOKAJIIBALIIS
TA KAPTOI'PA®YBAHHS B TEOIHOOPMALINMHUX CUCTEMAX
HA OCHOBI AHAJII3Y BI3YAJIbBHUX JAHUX

Beryn. ¥V crorozenni reoirdopmartiiini cicremu (I'IC) mmpoko 3acTOCOBYIOTH B TPAHCTIOPTI, OY/Ti-
BHHIITBI, HaBiratiii, reoJiorii, reorpadii, BiiCbKOBI# cripaBi, Tororpadii, eKOHOMIlli TOIIIO.

IIpodaemarTuka. Cydachi my6mikanii y ramnysi I'lC BUCBIT/IIOIOTH psJ] HaraabHUX IIpo-
0JieM 1110710 HEOOXITHOCTI PO3pOOIICHHS TEXHOJIOTIH Ta METOMIB ONMEPATHBHOTO ()OPMYBAHHS
6a3 IPOCTOPOBO-YaCOBUX reoiHGOPMAIIHIX NaHUX Ta JUHAMIYHUX KapTorpadidHux obpa-
3iB. [Iporec omnepatuBHOrO (opMyBaHHS KapTorpadiyHuXx oOpas3iB 00JIaCTi MOJBOTIB Oe3Iti-
notHuX JitansHux amnapatiB (bnJIA) B 06azax ganux I'IC Ga3yerbcs Ha OIHOYaCHOMY
PO3B’s13aHHI JBOX 3aB/JiaHb — BHU3HAYCHHI Micuie3HaxokeHHs: briJIA y mpoctopi, a Takox
(dhopmyBaHHI KapTorpadiqHOro 00pasy o0NacTi, IKa JOCTiIKYEThCSL.

Mera. Onuc Metoay TonorpadiuHoi Kiactepusaiii oTpumanux (ororpadivyaux odpa-
31B nonboTiB brJIA, 110 ae 3Mory noeIHyBaTu Bi3yallbHi 300paXKeHH 3a paXyHOK CEMaHTU-
YHOTO TOIIYKY iX TomorpadiuHoi moaiOHOCTI, 3 METOI 3IICHEHHS Bi3yalbHOI JIOKaji3alii
BriJIA Ta BUCOKOTOYHOI KOMIIOHOBKH KaprorpadidHoro o0pasy HaBiraumiHOro ceperoBHIIa
B ornepatuBHiii 6a3i qanux ['IC y iHTenekTyallbHOMY KepyBaHHI.

Marepiaau i Mmeroau. I[IposeneHi focnikeHHs 0a3yl0ThCsl Ha TEXHOJIOTI iHTeNeKTya-
JILHOTO OOpOOJICHHS BEIMKUX MACHBIB BiZieo- Ta (POTO-TAHUX, TEOPii aBTOMAaTHIHOTO Kepy-
BaHHS, METOIB 0OPOOJICHHSI Ta PO3ITi3HABAHHS 300pakeHbh Ha OCHOBI IECKPUIITOPIB OCOOIIH-
BUX TOYOK, METOJIiB KOMIT FOTEPHOTO 30y, @ TAKOXK HAa METOJax i aJropuTMax BIACHOI po3-
poOKu, Teopii HaBiramii Ta AMHaAMIKK MOILOTY briJIA.
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PesynbTaTu. Po3pobiieno mpouenypu TonorpadiqHoi KiacTepH3arli BisyanbHHX 300pa-
JKEeHb, OTPHMAaHUX 3a JOmoMOroro BriJIA, 1o 3aCTOCOBYIOTBCS JUIS KOTHITUBHOTO BHSIBJICHHS,
OITUCY 1 3HAXO/DKEHHS BiIMOBIAHOCTI Cepel XapaKTePHUX 03HAK HABITAIITHOTO CepeIOBHILIA.

BucHoBku. ®opmyBaHHsS KapTorpadiyHoro odpasy o01acTi HaBiramiiHOro cepenoBH-
112 3 BUKOPHCTAHHSAM 3allpONOHOBAHOI'O METOAY TomnorpadiuHoi KiacTepu3aii Bi3yaabHHX
300paxeHb CcsArae ACHUMETPOBOI TOYHOCTI 32 MPOCTOPOBHMH KOOPJHMHATAMH, IO JIA€ 3MOTY
BUKOHYBATH Bi3yallbHY JIOKAJTI3alli0 Ta KapTorpadyBaHHs 3 BUCOKMM PiBHEM TOYHOCTI.

Knrouosi cnosa: besninomuuti simanvuuti anapam, 2eoinpopmayiiina cucmema, ingopma-
YItiHI MexXHON02Il, KOMN TOMepHULl 3ip, IHMeneKmyaibHe Kepy8anHs, Kapmozpagiunuil obpas,
aepohomosHimox
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Komap H.H.,
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e-mail: dep185@irtc.org.ua

Bonowentox J[.A.,

Hayd. COTp.

OTA. MHTEJUIEKTYalbHOTO YIIPABICHUS

e-mail: p-h-o-e-n-i-x@ukr.net

MexayHapoIHBIH HayYHO-Y4YEeOHBIH LEHTP HH(POPMALIMOHHBIX
texHostoruit u cucteM HAH Vkpaunsl 1 MOH Ykpaussl,
mp. Akan. I'mymkosa, 40, r. Kues, 03187, Ykpanna

WHTEJIEKTYAJIBHOE YIIPABJIEHUE, JIOKAJIU3 AL
N KAPTOI'PA®MPOBAHUE B TEOMHO®OPMALIMOHHbBIX CUCTEMAX
HA OCHOBE AHAJIM3A BU3YAJIBHBIX JAHHBIX

Beenenne. B nacrosiiee Bpems reouHdopmarponsbsie cucteMbl (I'MC) mmpoko mpuUMeHs-
IOTCSl B TPAHCIOPTE, CTPOUTENHCTBE, HABHTAllUW, T'E€OJIOTMH, Teorpaduu, BOCHHOM Jeie,
Tornorpadum, 5JKOHOMUKE H T.1.

Ipodaemaruka. CoBpemeHHble myOnukamu B oonacti [YIC ocBemaroT psiyi HaCyIIHBIX
pobJieM 0 HEOOXOAUMOCTH Pa3pabOTKU TEXHOJOTHI M METOJIOB OIEPATHBHOTO (HOPMHUPOBAHHUS
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0a3 MPOCTPaHCTBEHHO-BPEMEHHBIX T'€OMH(OPMAIMOHHBIX JAHHBIX M JHHAMHUYECKHX KapTorpa-
¢ugeckux obpa3os. [Iporece oneparuBHOro GopmupoBanus Kaprorpaduyeckux odpa3os obiac-
TH TOJICTOB OECIIMIIOTHBIX JieTaTesbHbIX anmnaparoB (briJIA) B 6a3ax panubix ['MC 6asupyercs Ha
OZIHOBPEMEHHOM DELICHUH JIBYX 3aa4 — OINpeIelieHUs MecTomonoxkenus briJIA B mpoctpaHcT-
Be, a Tarxke (POPMHUPOBAHHS KapTOrpauuIeckoro odpasza McciaeayeMoi 00IacTu.

Hens. Onucanue Merona Tonorpaduyeckoil KIacTepu3aly MOIydeHHbIX (oTorpaduue-
CKHX 00pa3oB 1moieToB BrJIA, 4to mo3BoisieT 0ObeUHATE BH3yallbHbIC W300paXKEeHUs 3a CUET
CEMAaHTHYECKOT0 MOMCKA UX TOMOrpaduyecKoro CXOACTBA C LEIbI0 OCYIIECTBICHHUS BU3YaIbHOM
nokan3aiuy BriJTA ¥ BBICOKOTOYHOH KOMIIOHOBKH KapTOrpaduueckoro odpasa HaBUTAlIOHHON
cpensl B onepatuBHON 0a3e qaHHbIX ['MIC npy MHTEIUIEKTY IbHOM YIIPABIICHUH.

Matepuaibsl 1 MeToIbI. [IpOBeICHHBIE HCCIICIOBaHMS 0a3HPYIOTCS HA TEXHOJIOTHH HHTEN-
JICKTYaJIbHON 00pabOTKH OOJBIINX MACCUBOB BHICO- M (POTO-TAHHBIX, TEOPUH aBTOMATHICCKOTO
YIIpaBICHHUS, METOJIOB 00OpabOTKM M paclO3HABaHMS W300pPKCHUH HAa OCHOBE JCCKPHUIITOPOB
0COOBIX TOYEK, METOJIOB KOMITBIOTEPHOT'O 3pSHHS, a TAKKe Ha METOJaX U alrOPUTMAaX COOCTBEH-
HOH pa3pabOTKH, TEOPUU HABUTALIMY U TMHAMHUKH 1ojieTa briJIA.

PesyabTaThl. PaszpaGoTansl mponenypsl Tomorpaguyeckoil KiacTepu3allid BU3YalbHBIX
M300paKEHNUH, MOTYyYSHHBIX ¢ OMOLIBbI0 BriJIA, mpUMeHsIeMbIX Uil KOTHUTUBHOTO BBISBIICHHS,
OITMCAHUS ¥ HAXOXK/ICHHST COOTBETCTBHS CPEIN XapAKTEPHBIX MPU3HAKOB HABUTAIIMOHHOM CPEJIBL.

BoiBoabl. DopmMupoBaHue kapTorpapuueckoro oopasa 00JIacTH HAaBUTAIMOHHOM Cpe/IbI
C HCHOJIL30BAHUEM IIPEIOKCHHOTO METO/Ia TONOTpapuuecKoi KIacTepU3alii BU3YaIbHBIX
N300pKEHUI TOCTHraeT JCIMMETPOBOM TOYHOCTH IO MPOCTPAHCTBEHHBIM KOOPIMHATAM,
YTO MO3BOJISET BBIIOJHATH BU3YAJIBHYIO JIOKAIM3ALMIO M KapTorpadupoBaHHe C BHICOKOH
CTEIEHbI0 TOYHOCTH.

Knrouesvie cnosa: Becnunomubuiil 1emamensHblil annapam, 2eOUHGOPMAYUOHHAS cucmemd,
uUHGpOpMayUOHHbIe MEXHONO2UY, KOMNBIOMEPHOE 3PeHUe, UHMEIeKMYWIbHOe YNpagieHue,
Kapmoepaghuueckuii 0opas, aspophomocHUMOK.
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