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Abstract. The subject matter of the article is the process of developing information technology for the automated
detection and identification of stationary objects by unmanned aerial vehicles arises. The goal of the study is to
development of the main points for information technology of automated detection and identification of stationary
objects by unmanned aerial vehicles. The tasks to be solved are: the structural diagram of the preparatory stage of
information technology for automated detection and identification of stationary objects is constructed; the structural
diagram of the basic, additional and final stages of information technology automated detection and identification of
fixed objects is constructed. General scientific and special methods of scientific knowledge are used. One of the most
effective approaches to the recognition and identification of objects is an approach based on the use of deep learning
methods. A new model of UAV motion is proposed based on image recognition methods. The methods of pattern
recognition with application of neural networks are considered in detail in this work too. The following results are
obtained. The developed information technology is implemented in four stages: preparatory, basic, additional and
final. Each stage consists of separate procedures aimed at collecting, processing, storing and transmitting
information during the flight UAV. Conclusions. Information technology for the automated detection and
identification of stationary objects by unmanned aerial vehicles is based on the knowledge-oriented representation of
the stages of image processing of objects on digital aerial photographs on board the UAV. This allows to provide
intelligent real-time data processing, changing UAV flight routes depending on the objects detected to improve the
effectiveness of the search tasks. Further development of this information technology lies in the development of
automated methods of planning UAV routes, automatic change of route parameters in flight processes (performance
of a flight task), based on knowledge-oriented technologies. Information technology for the automated detection and
identification of stationary objects by unmanned aerial vehicles can become an element of intelligent decision
support systems for the use of UAVs (teams of UAVs) to search for both stationary and dynamic objects.

Keywords: unmanned aerial vehicle; information technology; recognition and identification; route planning; stationary

object; decision support system.

Introduction

Formulation of the problem and research tasks.
The modern development of unmanned aerial vehicles
suggests that unmanned aerial vehicles (UAVs) can be
used to perform extremely complex monitoring tasks,
both stationary and dynamic objects, which can allow:
changing the purpose of the UAV mission in flight,
making optimal decisions about the choice of flight
routes UAVs, adaptation of the flight task to various
factors of the UAV state and the environment,
implementation of these tasks with high promptness and
accuracy. That is, the transfer of part of the intellectual
functions of the human operator to the intellectual
information technology. The problem with monitoring
stationary and dynamic objects is that there is a conflict
between the size of the search area and the size of the
objects. The solution of this contradiction is possible
through the autonomous operation of the UAV, changing
the route of its flight (flight task) by the results of
automatic object recognition. Modern UAVs include an
autopilot and a powerful on-board complex that can
perform these tasks provided it is equipped with the
appropriate information technologies. Thus, the relevant
task of developing information technology for the

automated detection and identification of stationary
objects by unmanned aerial vehicles arises.

Analysis of recent research and publications on
the above issues shows the relevance of this one. The
analysis of domestic and foreign publications on the
topic of the article made it possible to conclude that
there is considerable interest in these research. A
number of works that were used in the writing of the
article should be highlighted. In [1], an adaptive image
background subtraction method was wused to
automatically detect dynamic objects. In [2], a new
model of UAV motion is proposed based on image
recognition methods. Articles [3, 7] addresse the
problem of development goal functions for autonomous
search and tracking UAV targets, but does not bind to
pattern recognition models. Models and methods of
pattern recognition with application of neural networks
are considered in detail in [4]. The basis of developed
information technology became the methods which
were considered in [5]. An important source for this
research is the monograph [6], which sufficiently
describes the development of information technology to
solve the problems of navigation and control.

The goal of this work is to development of the
main points for information technology of automated
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detection and identification of stationary objects by
unmanned aerial vehicles. General scientific and special
methods of scientific knowledge are used. One of the
most effective approaches to the identification and
recognition of objects is an approach based on the use of
deep learning methods. A new model of UAV motion is
proposed based on image recognition methods. The
methods of pattern recognition with application of
neural networks are considered in detail in this work
too. An adaptive image background subtraction method
was used to automatically detect dynamic objects.

Main material

To form a training sample, a simulation of the
process of identifying the parameters shown in table 1 is
performed. The class alphabet includes all the object
classes that you want to identify and classify. Each class
excludes several subclasses (types). Fig. 1 shows the
simulation results of the detection process. Fig. 1, a and
1, b are elements of the tank class, and Fig. 1, cand 1, d

are elements of the APC class. Each image is annotated
with a text file that describes the coordinates of the
center of the object and its linear dimensions in pixels.

Table I — Training sample parameters

The mini- The maxi-
Parameter
mum value | mum value
Detail filming 0,07 m 0,22 m
Perspective filming 0° 30°
Rotate the object 0° 360°
Contrast object and
background 0.2 0.4
Rotate the shadows 0° 360°
The corner of incidence of
\ 0° 90°
the sun's rays
Textures of painting objects 30 -
Examples to class 10 000 -
: 512x512
Image size . -
pixels

a b

c d

Fig. 1. Examples of training sample images

The training sample allows you to obtain the
neural network weighting coefficients for the selected
topology. The Detect Net topology was used in this
article.

Information technology of automated detection
and identification of stationary objects by unmanned
aerial vehicles is realized through the use of [1-11]:

-UAV flight data inputs, characteristics of
optoelectronic equipment, flight parameters, digital
images of the earth's surface, a priori data about
stationary detection objects;

- output data (documented information about the
results of detection and classification of stationary
objects);

- a preparation module for operation (training),

which includes procedures that realize the method of
forming a training sample of images and training the
neural network to identify and classify stationary
objects [5];

-a data processing module that includes
procedures for pre-processing graphic information;
procedures implementing the method of automated
detection and classification of stationary objects on
board UAVs;

- a storage module that includes a procedure for
documenting data obtained during the search process
and the means for storing it;

- a data transfer module that includes a procedure
for transmitting intelligence reports to consumers and
means of transmitting them.




ISSN 2522-9052

CyuacHi iHpopmariiiai cucremu. 2020. T. 4, Ne 1

In the development of a generalized structure of
information technology for the automated detection and
identification of stationary objects (Fig. 2, 3), the results
obtained in the article [5] are taken into account: - model
of detection and classification of stationary objects;

- defined assumptions and limitations of the
method of automated parallel detection and
classification of stationary objects;

- topology of the wraparound fuzzy network;

- method of automated parallel detection and
classification of stationary objects;

- method of forming a training sample of images

for training a wraparound fuzzy network on the
detection and classification of stationary objects.

The developed information technology is
implemented in four stages - preparatory, basic,
additional and final. Each stage consists of separate
procedures aimed at collecting, processing, storing and
transmitting information during the flight.

The first (preparatory) stage of the IT functioning
is performed before the flight begins. Outputs include
the topology and the weights of the wraparound fuzzy
network (WFN) which are transmitted to perform the
main stage of IT functioning.

Operator (')ptoel'e ctro- Aircraft Shoc')t'1 g
¢ equipmen conditions
P.5 P2 ¥ P3 Y P4 v
Defining Determination Determining Determination|
| back d £ detail the angle and of the angle
ackgroun ol detar rotation of the of incidence
1mages shooting of sunlight
| ]
P.1 P.7 PSYYYVYY
Definition of Construction Construction
= alphabet of 3D object > of 3D soenes
classes models
4
P.6 P9 ¥
Defining the Detection
colors and 0GOS
" |textures of the P lati
model simulation
v
T
Mee—
Training
sample
P10 ¥
Topology Training
WEFN WEFN
A4
T
Mee—
Weighting

Fig. 2. Structural diagram of the preparatory stage of information technology
for automated detection and identification

At the end of the preparatory stage, the files of the
topology and the weights of the wraparound fuzzy
network in the CAFFE format are copied from the
module for preparation to operation (training) to the
module of processing. The correct functioning of IT and
preparation for the use of UAV for its purpose are
carried out.

The basic, additional and final stages of IT
operation (Fig. 2) are performed during the UAV flight.
The input data for the relevant stages are the operator

commands of the beginning and ending operations,
digital images of the earth's surface obtained from
optoelectronic equipment of the UAVs, navigation and
inertia data, as well as the topology and weighting factors
of the WEN obtained during the preparatory stage.

The baseline data of the main stage of IT
functioning are intelligence reports, documented data of
optoelectronic equipment unmanned aerial vehicles,
inertial and navigation sensors, detection and
identification results.
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Fig. 3. Structural diagram of the basic, additional and final stages
of information technology automated detection and identification of stationary objects

The key procedure for the operation of
information technology is the automatic detection and
classification of objects from the classes alphabet in the
image.

A portion of an aerial photograph of 512x512
pixels is served at the entrance to the procedure, Fig. 4.

During the operation of the convolutional neural
network, features are highlighted by filtering the input
image with different convolution nucleis. The
coefficients of the convolution nucleis are obtained in
the learning process.

The result of filtering the input image into 64
convolution nucleis of 7x7 pixels is shown in Fig. 5.

The result of the operation of network is a vector for
each element of the class, if it presents in the image. For
the given image (Fig. 4), the vector takes the following
form (82, 66, 135, 124, 0.89863281), where 82, 66, 135,
124 are the coordinates of the corners of the rectangle in
which the object of the class "APC" is inscribed;
0.89863281 - mean Average Precision estimation of the
presence of object an "APC"in a rectangle.

Fig. 4. Example of a digital shot of a simple OED object

Thus, the developed information technology of
automated detection and identification of stationary
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objects with the use of WFN allows to receive, process,
store and transmit information on the results of
detection and identification of stationary objects on

Conclusions and prospects
for further research

1. Information technology for the automated
detection and identification of stationary objects by
unmanned aerial vehicles is based on the knowledge-
oriented representation of the stages of image
processing of objects on digital aerial photographs on
board the UAV. This allows to provide intelligent real-
time data processing, changing UAV flight routes
depending on the objects detected to improve the
effectiveness of the search tasks.

2. Further development of this information
technology lies in the development of automated
methods of planning UAV routes, automatic change of
route parameters in flight processes (performance of a
flight task), based on knowledge-oriented technologies.

3. Information technology for the automated
detection and identification of stationary objects by
unmanned aerial vehicles can become an element of
intelligent decision support systems for the use of
UAVs (teams of UAVs) to search for both stationary
and dynamic objects.

board the UAV.

Fig. 5. Example processing result
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IndopmaniiiHa TeXHO/IOTiAA ABTOMATH30BAHOI0 BUSIBJICHHS Ta ineHTHdiKawil
CTaliOHAPHHUX 00’ €KTIB 0e3MIOTHUMHY JIiTAILHAMH anapaTaMmu

A. O. bepexnuii, A. B. Tpucran, O. 1O. JlaBpos

Anotanisi. IIpegMeToM BUBUYCHHS B CTaTTi € mpouec po3poOku iH(popMaLiiHOI TeXHOJOril aBTOMaTH30BaHOTO
BHUSBJICHHS Ta ineHTHQiKauii cTamioHapHUX 00’ €KTiB OE3MUIOTHHMH JIITAIBHUMH anapaTtamu. MeToo DOCJTiIKeHHS €
po3poOKa OCHOBHHX IOJOXKEHb iH(OpMAIiifHOI TEeXHONOril aBTOMAaTH30BAHOIO BHSBIICHHS Ta ileHTH(IKalil cTallioHapHUX
00’€KTiB 0€3MiIOTHUMH JIITAIIBHUMH anaparamu. 3ajgadi: noOyqoBa CTPYKTYPHOI CXEMH MiATOTOBYOro erary iHdopmauiiiHoi
TEXHOJIOri{ aBTOMaTU30BAHOI'O BUSABJICHHS Ta 1€HTU(IKALi] cTanioHapHUX 00'€KTiB; OOY0BAa CTPYKTYPHOI CXEMH OCHOBHOTO,
JIOIATKOBOT'O Ta 3aKJIFOYHOTO €TamiB iHpOpManiiHOl TeXHOJIOT1i aBTOMaTH30BaHOTO BUSIBIICHHS Ta ieHTH(]iKalil cTarjioHapHIX
00'exTiB. METO0IOTriYHOI0 OCHOBOIO JIOCII/DKEHHSI CTallM 3araJIbHOHAYKOBI Ta CrelliabHi MeTOIM HayKoBOro Ii3HaHHA. OJHUM
3 HalOUTBII e(h)eKTHUBHUX IMiXOIIB Ha UISIXY /10 BUSBICHHS Ta ieHTH]IKaIii 00'€KTIB € miaxif, mo 6a3yeThesi Ha BUKOPUCTaHHI
METOJIIB IIIMOOKOro HaByaHHs. Ha OCHOBI MeTO/IiB po3IMi3HaBaHHs 300pakeHb 3alpOIIOHOBAHA HOBA MOJIENb PyXYy. 3aCTOCOBAHO
METOAM PO3Mi3HaBaHHA 00pa3iB i3 3aCTOCYBaHHAM HEHpOHHMX Mepex. OTpuMaHi Taki pe3yjabTaTn. Po3pobnena indopmariiina
TEXHOJIOTisl peani3yeTbCsl B YOTHPH €Tally: MiArOTOBYMH, OCHOBHMH, NOATKOBUI Ta 3aximtouHuil. KoxkHuii eran ckianaerscs 3
OKpEeMHUX IpoLenyp, HamlpaBJeHHUX Ha 30ip, oOpoOKy, 30epiraHHs Ta mepenady iHdopmauii B mpomeci mombory BILIA.
BucHoBku. [ndopmariiiHa TeXHONOrisl aBTOMaTH30BaHOIO BHUSBJICHHA Ta ieHTHGIKal] cTalioHapHUX 00’ €KTiB 0€3MiIOTHUMU
JITaJIbHUMY anapaTtaMy 0a3yeThCsl HA 3HAaHHAOPIEHTOBAHOMY IPEJICTABIIEHHI eTariB 00poOku 300pakeHb 00’ €KTiB Ha IIM(PPOBUX
aepo(oTO3HIMKaxX Ha OOpTy OE3MIIOTHOrO JiTalbHOrO anapary. Lle 1o3Boisie 3a0e3neYnTH iHTENeKTyalbHy 00pOOKY aHMX B
pexuMi Yacy, HaOIMKEHOTO JI0 PealIbHOro, 3MiHIOBaTH MapumpyTu nonbory BIIJIA B 3anexxHOCTI BijJ BUSBIEHHX 00 €KTIB UL
IIBUILEHHS e(EKTUBHOCTI pillleHHs 3ajad nouryky. [lomanbmiuii po3BuTOK JaHOi iHpopmauiiiHOl TexHosorii monsrae y
po3pod1ii aBTOMaTH30BaHUX METOJIB IUIaHyBaHHA MapumpyriB pyxy BIIJIA, aBromaTtuuHoi 3MiHM HapaMerpiB MapuipyTry B
IPOLIECIB MONBOTY (BUKOHAHHI MOJIBOTHOI'O 3aBJIaHHSA), 1110 3aCHOBYETHCS HA 3HAHHAOPIEHTOBAHMX TeXHOJOrisAx. [Hpopmariiina
TEXHOJIOTisl aBTOMAaTH30BaHOrO BUSIBJIEHHS Ta iJeHTH(IKalil cranioHapHUX 00’€KTiB 0€3MiJOTHUMM JITaJbHUMH anaparaMu
MOJKE CTaTH €JIEMEHTOM 1HTENIEKTYyaJIbHOI CHCTEMH IiATPUMKH IPUHHATTA pilieHs Ha 3acrocyBaHHs BIIJIA (xonexrusiB BITJIA)
JUISL TIOITYKY SIK CTAl[lOHAPHUX, TaK 1 AMHAMIYHUX 00’ €KTIB.

Karo4dosi caosa: Oe3ninoTHuil niTanpHuil amapar; iHpoOpMaliiiHa TEXHOJOTis; pO3Mi3HaBaHHS Ta ineHTH(IKaIis;
IUIAHYBAaHHS MapIIpYTY; CTAal[lOHApHUI 00’ €KT; cucTeMa I ITPUMKU NPUIAHATTS PiICHHS.

HNudopmannoHHas TEXHOJIOTHS ABTOMATH3MPOBAHHOI0 00HAPYKEHHsI M HICHTHQHKANHH
CTAllMOHAPHBIX 00bEKTOB 0eCIMIIOTHBIMH JIETATeJIbHBIMH aANNapaTaMu

A. A. Bepexnoii, A. B. Tpucran, O. }O. JIaspos

Annoranus. IlpeqMerom wu3ydeHHMsi B cCrarhe SBISIETCS Iponecc pa3paboTku HH(OPMAIIOHHOH TEXHOIOTHU
ABTOMATH3UPOBAHHOTO OOHAPY)XEHHS U HICHTH(UKALMH CTAlIMOHAPHBIX OOBEKTOB OCCIMIOTHBIMH JICTATEIBHBIMU allapaTaMu.
Lenasio uccaenoBanmsi sBISiETCS pa3pabOTKa OCHOBHBIX IOJNIOYKEHWH HH(OPMALMOHHOW TEXHOJIOIMH aBTOMATH3HPOBAHHOTO
OOHapy)XeHMsI ¥ WICHTU(UKALNN CTallIOHAPHBIX OOBEKTOB OCCIMJIOTHBIMH JIETaTeIbHBIMHU almapaTaMy. 3afadm: IOCTPOSHHE
CTPYKTYpPHOH CXEMBI IIOATOTOBUTENHHOTO OJTana HWH(POPMAIIMOHHON TEXHOJIOIMM ABTOMATH3WPOBAHHOIO OOHAPYKCHUSI U
HICHTH(HKAIMA CTAMOHAPHBIX 00BEKTOB; MOCTPOCHUE CTPYKTYPHOI CXeMBI OCHOBHOIO, JOIONHHUTEIHFHOIO M 3aKIIOYHUTEIBHOTO
9TanoB HMH(MOPMALMOHHON TEXHOJIOTHH aBTOMATH3UPOBAHHOTO OOHAPY)KCHHS M HMIACHTU(QUKAIMK CTALMOHAPHBIX OOBEKTOB.
MeTtoponornaeckoll OCHOBOH HCCJIEIOBAHUS CTalM OOIIEHay4YHbIE W CIICIMajJbHbIE METOAbI HaydHOro Mo3HaHus. OmHuM U3
Hanbosee 3(pPEKTUBHBIX MOAXO0B Ul OOHAPYKEHHSI U MACHTHU(HUKAIMU OOBEKTOB SIBIISIETCS TOIXOM, KOTOPBIA Oazupyercs Ha
HCIIONB30BAHIH METOZIOB IyOoKoro oOydeHws. Ha ocHOBe MeTOmOB pacrio3HaBaHHS M300paKCHUH INPEe/UIOKEHA HOBask MOJIENb
JBIDKEHMS. Vcronb30BaHbl METOBI PAaciO3HABaHMS 00Pa3oB C UCIIONB30BAHUEM HEHPOHHBIX ceTel. [lomydeHs! Takue pe3yJIbTaThl.
PaspaboranHasi HH)OPMAIMOHHAS TEXHOJIOTHS PEATU3YSTCsI B YETBIPH 3Talla: MMOArOTOBUTEIIBHBIN, OCHOBHOM, JOMOIHUTEIBHBIN 1
3aKITIOUNTENBHBIA. Ka)kaplil 5Tan coCTOMT M3 OTACNIBLHBIX HPOLENYyp, HAIPaBICHHBIX Ha cOop, 00pabOoTKy, XpaHEeHHE U Iepenady
napopmamyu B mpouecce nonera BIUIA. BeiBogsl. MHpopMmalmioHHass TEXHONOIHs aBTOMATU3MPOBAHHOTO OOHApYKEHHS M
UICHTU(DHKALUN CTAIIMOHAPHBIX OOBEKTOB OCCIIIOTHBIMH JICTATEILHBIMHU allliapaTaMy 0a3upyeTcsi Ha 3HAHHCOPHEHTHPOBAHHOM
MIPE/ICTABICHUN OTAlloB 00pabOTKM H300paXkeHWiI OOBEKTOB Ha IM(PPOBBIX adpoOTOCHHMKAaX Ha OOpTy OecnuIoTHOro
JIETAaTeNIBHOrO anmapara. JT0 NO3BOJISAET 00eCIeUNTh HHTEIUIEKTYaIbHYI0 00paOOTKY JaHHBIX B PEKUME BPEMEHH, IPUOIKEHHOTO
K pealbHOMY, U3MEHATh MapiipyThl nonera BIUIA B 3aBHCHMOCTH OT BBISBJICHHBIX OOBEKTOB JUISI MOBBIILICHHS 3)(HEKTUBHOCTH
pemreHns 3a1a4 noucka. JlanpHeiinee pa3Butie 3Toi HH)OPMALMOHHOW TEXHOIOTUH COCTOUT B pa3pa0oTKe aBTOMaTH3UPOBAHHBIX
METO/IOB IUIAaHUPOBAaHUsT MapupyTroB jBrokeHust BILUIA, aBromaTnueckoil CMEHBI IapaMeTpoB Maplipyra B Ipoliecce HoJieTa
(BBITIONIHEHHUH TIOJIETHOTO 33/IaHKs1), KOTOPOE OCHOBBIBACTCS HA 3HAHMCOPUCHTHPOBAHHBIX TEXHONMOTHsX. MH(popMalmoHHas
TEXHOJIOTHSI aBTOMATH3MPOBAHHOIO OOHAPY)KCHHS M MACHTU(PUKAIMK CTAl[MOHAPHBIX OOBEKTOB OCCHMIIOTHBIMH JICTATEIBHBIMU
arrnaparaMi MOXKET CTaTh JIEMEHTOM HMHTEJUICKTYAIbHOM CHCTEMbI MOIJICPXKKH MPHHATHS PelleHni uis ucrnonb3oBanus BITTA
(komtextrBoB BITJTA) jiist HoKCKa Kak CTallMOHAPHBIX, TAK U AWHAMHYECKHX OOBEKTOB.

KiouyeBble cJOBa: OECHWIOTHBINA J€TaTEJIbHBIN arirapar; I/IHq)OpMaI_II/IOHHaH TEXHOJIOI'Ms; paclioO3HaBaHUE U
I/IZ[eHTI/I(i)I/IKaLII/IH; ITUTaHUPOBAHUEC Mapuipyra; CTaLIHOHapHBIiI 06T)GKT; CUCTEMA INOAJCPIKKH IIPUHATUA pemeHHﬁ.
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