AHOTAIILA

Menvuuuenxo Onexcanop Bikmoposuu. Meroau 300py, po3ii3HaBaHHS Ta
00poOKHM 300pakeHb, OTpUMaHUX 13 BUKOpHCTaHHSIM BIIJIA, mis BUABICHHS
3amanux 00’ ekTiB. — KBamidikariiHa HayKoBa Mpaiisi Ha mpaBax PyKOIHUCY.

Huceprartiist Ha 3100yTTS HAYKOBOTO CTyIEeHs JokTopa (hitocodii 3 ramysi
3Hadb 12 Iudopmarniiini TexHosorii 3a cnemianpHicTIO 122 Komm’roTepHi
HayKH. — XMEJIbHUIIbKUH HaIlIOHAJIbHUM YHIBEPCUTET, XMEJIbHUIIbKUH. 2023.

Bupimenns 3amadl  mokpamieHHs edeKTHBHOCTI 300py, TOYHOCTI
po3Mi3HaBaHHA Ta OOpOOKM 300pa’k€Hb, OTPUMAHHUX 13 BUKOPUCTAHHSIM
6e3niunoTHuX JiTansHuX anapatiB (BIIJIA), nis BUsSBiICHHS 3a1aHUX 00 €KTIB, €
OJIHIEIO 13 BAXKJIMBUX HAYKOBHUX 3a11a4 B cepi iHPpopManiitHux texHosorii (IT),
OpIEHTOBAaHUX Ha PO3pOOKY cucTteM 300py 300pakeHb rpynamu BIIJIA Ta
nojaybllie PO3Mi3HAaBaHHSI O0’€KTIB Ha IMX 300paXkeHHAX 1 OOpoOKy
pe3yJbTaTiB PO3Mi3HABAHHS.

VY nuceprarinii 371CHEHO aHaATI3 3ac001B Ta TEXHOJIOTIH 300py 300pakeHb
3 BukopucTaHHsAM bBIUIA, icHyrOUMX CHCTEM aHAJOTIYHOTO NpPU3HAYEHHS,
METOJIIB Ta 3ac00iB 0OpoOKM 300pakeHbh 00’€KTIB Ta iX po3mi3HaBaHHS. B
poboTi po3pobiieHO MeToau 300py, po3Mi3HaBaHHSA Ta OOpPOOKH 300pakeHBb
oTpuMaHux 3 BuKopuctaHHsM BIUJIA jyis BusiBieHHS 3a7aHUX OO €KTIB, sKi
MOKpaIIyloTh e(OEeKTUBHICTh 300py, TOYHICTH pO3MiI3HABAHHSI Ta OOPOOKH
300pakeHb OTpuMaHuX 3 BuKopucTaHHsM bIIJIA, a Takox po3poOieHo
BIJIMOBIAHI 3acO0M, 3/IMCHEHO ITOCTAHOBKY EKCIEPUMEHTIB 1 MPOBEACHO 3
PO3pO0JICHUMH 3ac00aMH €KCIIEpUMEHTAIBHI JOCITIDKCHHS.

O06’eKTOM JOCHIKEHHS € TIPOIleCH 300py, po3Mi3HABaHHSA Ta OOPOOKH
300pakeHb, OTpUMaHUX 13 BUKOpUcTaHHSIM BIIJIA, nns BUsBIEHHS 3adaHUX
00’ €KTIB.

[IpenMeToM JOCHIKEHHS € METOAM 1 aJlfOpUTMH 3a0e3nedeHHs 300Dy,
po3mi3HaBaHHs Ta 00pOOKH 300paXkeHb, OTPUMaHUX 13 BUKOpucTaHHSIM BITJIA,

JUTSL BUSIBJIEHHS 3aJaHUX 00’ €KTIB.



MeTtor0 AucepTamitHOro AOCHIMIKEHHS € TOKpalleHHs e(eKTUBHOCTI
300py, TOYHOCTI pO3Mi3HABaHHA Ta OOpPOOKHM 300pa)xkeHb, OTPUMAHUX 13
BukopuctanuaMm BIUJIA, nns BusiBneHHs 3a1aHUX 00’ €KTIB.

HayxoBa HOBM3HA 0/iep>KaHUX PE3YNbTATIB MOJIATAE B HACTYITHOMY:

1) pospobneHo HoBui Meton moOymoBu MapmipyTiB BIIJIA 3rigHO
TEXHOJIOTI CcaMOHaBYaHHS, SKUM HA BIAMIHY BiJ BIJIOMUX, TIOJIATa€E B
MO3UIIIOBAHHI amapaTHUX NPHUCTPOIB y TPUBUMIPHOMY KOOPJIUHATHOMY
IpOCTOpI B peaJbHOMY 4Yacl 3a paxyHOK CaMOHABUYaHHSA IMpU MOOYI0BI
MapmipyTiB iX pyxy, IO Ja€ 3MOry MOKpallUTH TEepeMIlIeHHs Ta
cunxpoHizamito Mk rpynoto BIIJIA a6o omnoro BIIJIA B mexax poOGouoro
CErMEHTY 1 3a paxyHOK I[bOT0 301IbIIEHHS KIJIbKOCTI ONpalibOBaHUX JaHUX.

2) po3poOJiCcHO HOBUM METOJA JUHAMIYHOTO OTPUMaHHS 300pa)K€Hb
3aJlaHUX CTPYKTYPHUX OO’ €KTIB B TPUBUMIPHOMY IIPOCTOpPiI 3a JTOMOMOTOIO
nexkuibkox BIUJIA, sikuil Ha BiAMIHY BiJ BIJOMHMX BIJIPI3HSETHCA TUM, IO
3abe3neuye B mporeci aktuBailii kokHoro BIIJIA reneparito Bimeopsny B
LEHTPaAJIbHY CUCTEMY, IPUUHSATTS pillIeHb PO Nojabiry poOoty rpynu BITIA,
MIATBEPXKEHHST  IIUIICHOCTI  MPOTPaMHOi  MiCli Ta BU3HAYEHHS  PIBHSA
KPUTUYIHOCTI JJIsl MPOJIOBXKEHHS BUKOHAHHS poboTu rpynu BITJIA 3a paxyHOk
BU3HAYEHHS CTaHIB MOJYJIB Ta KOMIUIEKCHOMY BpaxyBaHHI BHUMOTI
pPO3MOJIJIEHHs, 0araropiBHEBOCTI Ta aBTOMATHU30BAaHOCTI, IO MOKpaIIye
y3ropkeHHs MK pisHUMHU BIIJIA Ta mocsrHeHHs TEepeMillleHHs BCi€l Tpymnu
BITJIA Big 3amaHuX MMOYATKOBMX JO KIHIEBUX TOYOK IPOTPaMHOI Micii
aBTOHOMHO.

3) po3po0sieHO HOBHUM METOJ CHHXPOHI3allli BiJICONIOTOKIB B PEXKUMI
peanbHOro 4acy, SIKMM BIAPI3HAETHCS BIJ BIIOMUX THM, IO 3a0e3nedye
HAaKOMWYEHHs JaHWX Mpo mnomnepenni nporpamui micii BIUJIA, y Bumaaky
KPUTUYHUX 300iB, SKI CIIOTBOPIOIOTH IUIICHICTh CTPYKTYp JAHUX 13 JKEpen
OTPUMAaHHS BiJIEOTIOTOKIB, 30€epirae Taki CTPYKTYpPH B CHCIIAIBHOMY KypHAaT

MMOMUJIOK Ta HE BIANPABISIE X SK BXIJHI MapaMeTpHu B HACTYMHY 0OpOOKy, IO



Ja€ 3MOTy BUKOHYBATH TOPIBHSHHS OTPUMAHUX IOTOYHUX pE3yNbTaTiB 13
MUHYJIUMH B PEKUMI pPeajbHOTO Yacy 1 1ie 3a0e3rneuye ornepaTUBHE OTPUMaHHS
pe3ynbTaTiB Ta 3AIHCHEHHS BHSABICHHS CTPYKTYpPHHUX OO’€KTIB, fKi Oynu
MPOITYIIEH] B IPOIEC] MUHYJIMX IPOrPaMHUX MICIH.

4) BOOCKOHAJIEHO METOJ| BUSIBJICHHS 33JJaHUX CTPYKTYpHUX O0’€KTIB Ha
300paXeHHSIX, SKUM Ha BIAMIHY Bia opuriHanbHOi apxitekrypu YOLOVS,
[OJISITa€ B TOMY, 110 MOJN(IKOBAaHO MOIYJb (POKYCYBaHHSI HEMPOHHOI MEpEexI,
BUJAJIEHO 3TOPTKOBHMH HIap MOEJHYIOUMN BXIJHY KapTy O3HAaK 3 OIEpalli€ro
KOHKaTEHI[11, aKTyaI130BaHO MEXaH13M BI3yaJbHOI yBaru JJid BUIYyYEHHS O3HAK,
00’eananHs mapiB 4 1 15, 61 11, 10 1 21 opuriHaibHOI apXiTEeKTypH 3aMiHEHO
Ha o0’enHanHsg mapiB 5 1 18, 8 1 14, 13 1 24 BOOCKOHANEHOI apXITEKTYpH,
BUXIJHI KapTH O3HAaK 14-ro Ta 21-ro mapiB BIOCKOHAJEHOI apXITEKTYpHU
00’eHAaHO MK CO00I0, IO JaJ0 3MOTY MOKpAIMTH TOYHICTh BUSIBICHHS 1
3MEHIIUTH Yac HaBYaHHS HEHPOHHOI MEPExi.

[TpakTuHe 3Ha4YeHHs OTPUMAHUX pE3yJIbTaTiB. 3a pe3ysibTaTaMu
BUKOHAHUX JIOCTIHKEHBb 37100yBaueM po3po0JIEHO METOMH, CIOCIO, aJroOpuTMHU
Ta 3aco0M MOKpauleHHs e(PEeKTUBHOCTI 300py, TOYHOCTI PO3MiI3HABAHHS Ta
00poOKku 300pakeHb, OTpUMaHuX 13 BUKOpHUCTaHHSAM BIIJIA, s BusBICHHS
3ajaHux o00’ekTiB. lle mamo 3mory CTBOpIOBAaTH aBTOMATHU30BaHI CHUCTEMU 3
BukopuctanusMm rpynu BIIJIA nmns 360py, oTpuMaHHsS Ta pO3Mi3HABAHHS
3aJlaHuX 00’ €KTIB HA OTPUMAHUX 300paKEHHAX. 3aJaHUMHU 00’ €KTaMu BUOPAHO
sa0myka Ha JepeBax B GpyKToBOMY cany. Po3poOieHa aBToMaTru3oBaHa cCucTeMa
JUIS BUSIBJICHHS Ta OOUYMCIICHHS KUIBKOCTI S0IYyK Y (pPYKTOBOMY Caly B peKUMIi
peasibHOTO uHacy. IlepeBaroto po3poONeHOT CHCTEeMH HaJ aHajJoraMu €
OTPMMAaHHSI HEI0 MHOXXHHHM BIJICOKAJIPIB y PEXHUMI pEaTbHOTO 4Yacy 3 Kamep
kutbkoX BIIJIA Ta cuHXpoHI3aIlis IUX BIACOKAAPIB MK COOOK B OJHY
iH(pOopMaIIiHy CTPYKTYpY HaHUX, L0 Hajalll TPaHC(HOPMYEThCA B CYLLJIbHE
300paxenHs. Kpim Toro, BukopucTaHHs (QyHKLIA ONTUMI3aIii SKOCTI

300paXeHHS Ja€ 3MOTY MaKCUMAaJIbHO €(EeKTUBHO BUSABIATH 33JaHl CTPYKTYpHI



00’eKkTH TiJ yac BUKOHaHHS pobounx miciii BIIJIA B pobouomy cepemoBui.
BukopuctanHs Takoi CUCTEMU AaJI0 3MOTY OTPUMYBATH CYLLIbHUN MOTIK TAHUX
710 BCIX HACTYIMHHUX MPOTPaMHUX KOMIIOHEHTIB aBTOMAaTH30BaHOI CUCTEMH. Tak,
OIliHKAa CHMHXpPOHi3aIlii BiIeONOTOKIB 3a iHmekcoMm SSIM kommBaethes Bix 0,79
10 0,92, 13 cepennim 3HadyeHHsM 0,87, a 3a inaekcoM PSNR — Big 22 g0 39, mo
CBIJUUTH MPO TOKpaleHHs €(EeKTUBHOCTI POOOTH po3pobieHOi cucTeMu 13
BIJICONIOTOKAMHM Ta HAJIEKHY SKICTh OTpUMaHUX 00’ €qHAHUX 300paKeHb. Y
pe3ynbTaTi MPOBEIECHUX EKCHEPUMEHTAIbHUX JOCIIIKEHb OYyJ0 J10BEIAEHO
MOKpaIIeHHs! €PEeKTUBHOCTI pOOOTH pO3pOOJIEHOT ABTOMATH30BAaHOI CUCTEMH Ta
TOYHOCTI BUSIBJIEHHSI 00’ €KTIB Ha 300pa)KEHHAX, 110 MIATBEPIKYETHCSI BUCOKIUM
cepeaHiM 3HayeHHsIM y 82,69% moka3HUKa JOCTOBIPHOCTI BHSIBIICHHS Ta
OOYHUCIEHHS KUIBKOCTI (PPYKTOBHX IUIOJIB Ta HHU3BKHUM CEPEIHIM pIBHEM
nomusiok I (14,67%) ta 11 (18,33%) pony.

TeopeTnyHi Ta TpaKTUYHI pe3yJIbTaTU JOCIHIKEHHS BIpoBakeHi B TOB
«OKC++» (M. XmenpHunpkuii), Jepxasuomy mianpueMmctsi «HosaTop» (M.
XmenpHunibkuit), [T «HOJIT TEXHOJIOIKUCY (M. Xmenbauibkuit), TOB
«Arporex cepBic» (c. bormaniBui), a TakoX, B OCBITHBOMY HpOLECI
XMENbHUILIBKOTO HAIlIOHAIIBHOTO YHIBEPCUTETY MPH BUKIAJaHHI JUCIUIUTIH Ha
Kageapi KOMIT'IOTEpHOI  1HXKeHepii Ta 1HQOpMaUmiMHUX CHCTEM IS
cnemiansHocTl 126 [HGopMaiitHi cuctemu Ta TexHomorii, 123 Komm’rotepHa
iHKeHepiss Ta Kadeapi KOMITIOTEPHUX HAyK Ui CcHeriaidbHocTi 122
KoMmm’roTepHi Hayku, 30kpeMa B Kypcax «MeToaw Ta CHCTEMH IITYYHOTO
iHTeNneKTy», «Komm’torepHi Ta kibepdizuuni cuctemu», «Mertonu, 3acodu Ta
QITOPUTMH B 3a/1adyax OOUYMCITIOBAIBHOTO 1HTENEKTY Ta KOMIT FOTEPHOTO 30PY»,
«Teopis, MPOEKTyBaHHS Ta MOJIEIIOBAHHS CIIEIiaTi30BaHUX KOMIT IOTEPHUX
cucteM» Ta « TeXHOJOT1i MPOEKTYBaHHS 1HOOPMAITIHHUX CUCTEM.

VY BcTymi npeAcTaBieHO O0TPYHTYBaHHS aKTyaJIbHOCT1 HAyKOBOI 3aj1ayi 13
3a0e3neyeHHs MOKpalleHHs €(eKTUBHOCTI 300py, TOYHOCTI pO3Mi3HABAHHS Ta

00poOKku 300pakeHb, OTpuMaHuX 13 BUKOpHCTaHHSIM BIIJIA, s BusBICHHS



3amaHnx 00’ekTiB Takok, MPEACTaBICHO 3B 30K TEMATHKH OCIIKEHHS 3
HaIpsSIMKaMH HAyKOBUX JOCIHIJKEHb BIJOMHUX JOCIHIJHHUKIB IIi€l TpoOjeMu B
CBITI Ta Bi0OOpak€HO OCHOBHI HAyKOBl1 pe3yJbTaTH poOOTH Ta i MpakTHUYHE
3HAYEHHS.

VY nepiromy po3aii 3a1HCHEHO aHai3 MPEeIMETHOI 001acTi JOCHIKEHHS,
BIJIOMHX METOJIB 300py, po3Mi3HaBaHHS Ta 00pOOKH 300pakeHb OTPUMAHUX 3
BukopuctanHsM BIIJIA ang  BusiBieHHs 3aaHuX OO0 €KTIB, 30Kpema
aKTyaJbHOCTI  iX  3aCTOCYBaHHs JO TOJIbOBHX  3ajad  CaJiBHUIITBA,
po3Mi3HaBaHHs (PYKTOBUX IUIOAIB B peajbHUX yMOBax (PPYyKTOBOro caay, a
TaKOX, METOJIM BUSBJICHHS Ta BIJICTEKEHHS 3aIaHUX CTPYKTYPHUX OO’€KTIB 3a
B1ICOTIOTOKOM, METOAM 1JeHTU(IKAIlI Ta OOYMCICHHS KIUIBKOCTI 3aJaHuX
CTPYKTYPHUX OO’€KTIB, OIVIAJ TEXHIYHUX TMPUCTPOIB Ta amapaTHOro
3a0e3ne4eHHs /ISl BUKOPUCTAHHS O€3MUIOTHUX JITAIBHUX arapariB, KEpyBaHHS
poOOYMMHU MICIIMH TPyNH O€3MIJIOTHUX JITAIBHUX anapaTiB, BUKOPHUCTAHHS
rpynu  O€3MUIOTHUX JHTAJIbHUX amapaTiB  Jis  reHepamii  ¢oro- Ta
BiJleoMarepiaiB. Tako, MiABEICHO MIACYMKHA MPOBEACHOTO aHami3y Ta
3/11MICHEHO TTOCTAHOBKY 3a/a4il JOCI1IKEHHS.

Y ngpyroMy po3aial IpeACTaBICHO pPo3poOKy MeToay IMoOya0BH
MapuipyTiB  BIIJIA Ha OCHOBI TEXHOJOTIM CaMOHABYaHHS, apPXITEKTYpy
aBTOMATU30BAHOI CHUCTEMU JUHAMIYHOTO OTPUMAaHHS 300pa)KeHb 3aJlaHUX
00’€KTIB B TPUBHUMIPHOMY MPOCTOPi, MPOEKTyBaHHS poOouoi wmicii BIIJIA B
TPUBUMIPHOMY MPOCTOPI, 1IHPOPMAILIIHI TOTOKKM aBTOMATHU30BAHOI CUCTEMHU 1]
yac BHUKOHAHHS TMPOTPAMHOI MicCii, Tpolec TeHepallli 300pakeHb 3aJlaHuX
CTPYKTYPHHUX 00’ €KTIB B TPUBUMIPHOMY MTPOCTOP1, CTBOPEHHS MPOTPAMHOI MicCii
B CHCTEMI, MporpamMHuil 1HTEepQeic aBTOMATU30BAHOI CUCTEMHU Ta PO3POOKY
METOAY TUHAMIYHOTO OTPUMAHHS 300pa)KeHb 33JJaHUX CTPYKTYPHUX 00’ €KTIB B
TPUBUMIPHOMY IIPOCTOPI 3a JOoMOMOroro Aekuibkox BITJIA, a Takox miaBeaeHo

MiJICYMKH 3 OTPUMAaHUX PE3yJbTaTIB.



Y TpeThoMy P03 MPEACTABICHO PO3POOICHUN METON CHHXPOHI3AIil
BIJICOTIOTOKIB B PEXUMI PEATbHOTO 4Yacy, BJOCKOHAJIEHUH METO]l BUSBIICHHS
3aJaHUX CTPYKTYpHUX OO0’ €KTIB, CIMOCIO OOYHCICHHS KUIBKOCTI 3aJlaHuX
CTPYKTYPHHUX 00’€KTIB, CTBOPEHHS JETEKTOpa y 3ajavi po3IMi3HaBaHHS 00pa3iB
y PEXKHUMI PeaIbHOTO Yacy, MOCTAHOBKY €KCIIEPUMEHTY, MIATOTOBKY poO0YOro
CepeNoBHUINA, MIATOTOBKY HAaBYAIBHUX HAOOPIB JTaHWX, CTBOPEHHS JETEKTOpA,
TECTyBaHHS Ta pE3YJbTaTH CTBOPEHOTIO JETEKTOpa, a TAaKOX IiJIBeIEHO
MiJICYMKH 3 OTPUMaHUX PE3yJIbTATIB.

Y  derBepTOMy pO3AUTI  MPEACTABICHO MpPOrpamMHy  peasizalliio
aBTOMATU30BAHOI CHUCTEMM BUSIBJICHHS Ta OOYMCIEHHS KUIBKOCTI 3aJaHuX
CTPYKTYpHUX OO’€KTIB, ONUC E€KCIEPUMEHTAJIbHOI YCTAaHOBKH, MOCTAHOBKY 1
MIPOBE/ICHHS E€KCIIEPUMEHTANIBHUX JOCIIIKEHb 13 3aCTOCYBAaHHS pPO3pOOJIEHOI
aBTOMATU30BaHOI  CHUCTEMH, OIKMC  EKCIHEPUMEHTAIBHOTO  CEepeoBUIIIA,
OIIHIOBaHHSI €()EKTUBHOCTI aBTOMATHU30BaHOI CHUCTEMM, a TaKOX IiJIBEJACHO
MiJICYMKH 3 OTPUMAaHHUX PE3YJIbTATIB.

Y BHCHOBKax NOJAaHO OTpPUMaHI HAyKOBI Ta MPaKTU4YHI pE3yJbTaTh
JOCIIKEHHS.

VY nonatkax mojaHO HAayKOBi MyOJiiKarlii, B SKUX BiJIOOPa’KEHO OCHOBHI
HAayKOBI pe3yJbTaTd pPoOOTH, BIIOMOCTI MpO amnpodarito pe3yJbTariB
JUCEPTAIIlii, aKTH TIPO BIPOBAKEHHS PE3yJIbTaTIiB pOOOTH, aHATI3 KOMEPIIMHUX
maThopM U(POBOTO CaAIBHUIITBA TA JICTUHT MPOTPAMHOTO 3a0€3TICUCHHS.

KinrodoBi cnoBa: wmapmipyT, camoHaBuaHHsi, bIIJIA, Bijeonorik,

po3mi3HaBaHHs 00pa3iB, MITYyYHA HEUPOHHA MEPEKa, AaBTOMATU30BaHA CUCTEMA.



ANNOTATION

Oleksandr Viktorovych Melnychenko. Methods of collecting, recognizing
and processing images obtained using UAVs to detect given objects. —
Qualifying scientific work on manuscript rights.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in
the field of knowledge 12 Information technologies in the specialty 122
Computer science. — Khmelnytskyi National University, Khmelnytskyi. 2023.

Solving the task of improving the efficiency of collection, recognition
accuracy and processing of images obtained using UAVs to detect given objects
Is one of the important scientific tasks in the field of information technology
(IT), focused on the development of image collection systems by groups of
UAVs and further recognition of objects on these images and processing the
recognition results.

The dissertation analyzed means and technologies of image collection
using UAVSs, existing systems of a similar purpose, methods and means of
Image processing of objects and their recognition. In the work, methods of
collecting, recognizing and processing images obtained using UAVs for the
detection of specified objects have been developed, which improve the
efficiency of collection, accuracy of recognition and processing of images
obtained using UAVs, as well as appropriate tools have been developed,
experiments have been set up and carried out with the developed tools
experimental studies.

The object of the study is the process of collecting, recognizing and
processing images obtained using UAVSs to detect given objects.

The subject of the study is methods and algorithms for ensuring the
collection, recognition and processing of images obtained using UAVs for the

detection of given objects.



The aim of the dissertation research is to improve the collection
efficiency, accuracy of recognition and processing of images obtained with the
use of UAVs for the detection of given objects.

The scientific novelty of the obtained results is as follows:

1) a new method of constructing UAVSs routes according to self-learning
technologies has been developed, which, unlike the known ones, consists in
positioning hardware devices in three-dimensional coordinate space in real time
due to self-learning when constructing their movement routes, which makes it
possible to improve movement and synchronization between a group of drones
or one drone within the working segment and due to this increase in the amount
of processed data;

2) a new method of dynamically obtaining images of given structural
objects in three-dimensional space using several drones has been developed,
which, unlike the known ones, differs in that it provides, in the process of
activating each drones, the generation of a video sequence to the central system,
making decisions about the further work of the UAVs group, confirming the
integrity of the program mission and determining the level of criticality for the
continuation of the work of the drones group by determining the states of the
modules and comprehensively taking into account the requirements of
distribution, multi-level and automation, which improves the coordination
between different drones and achieving the movement of the entire group of
drones from the given starting points to the end points of the program mission
autonomously;

3) a new method of synchronizing video streams in real time has been
developed, which differs from the known ones in that it ensures the
accumulation of data on previous drones program missions, in case of critical
failures that distort the integrity of data structures from the sources of receiving
video streams, saves such structures in a special error log and does not send

them as input parameters to the subsequent processing, which makes it possible



to perform a comparison of the received current results with the past ones in real
time, and this ensures the prompt obtaining of results and the detection of
structural objects that were missed in the process of past program missions;

4) the method of detecting given structural objects in images has been
improved, which, unlike the original YOLOV5 architecture, consists in the fact
that the neural network focusing module has been modified, the convolutional
layer combining the input feature map with the concatenation operation has
been removed, the visual attention mechanism for feature extraction has been
updated , the union of layers 4 and 15, 6 and 11, 10 and 21 of the original
architecture is replaced by the union of layers 5 and 18, 8 and 14, 13 and 24 of
the improved architecture, the output feature maps of the 14th and 21st layers of
the improved architectures are combined, which made it possible to improve the
accuracy of detection and reduce the training time of the neural network.

The practical significance of the results obtained. The developed
automated system is designed to detect and count the number of apples in an
orchard in real time. The advantage of the developed system over analogues is
that it receives multiple video frames in real time from the cameras of several
UAVs and synchronizes these video frames with each other into one
informational data structure, which will later be transformed into a continuous
image. In addition, the use of image quality optimization functions allows for
the most efficient detection of structural during UAV operational missions in
the operational environment. The use of such a transformation tool enabled the
system to receive a continuous flow of data to all subsequent software
components of the automated system. Thus, the evaluation of the
synchronization of video streams according to the SSIM index varies from 0.79
to 0.92, with an average value of 0.87, and according to the PSNR index — from
22 to 39, which indicates the high efficiency of the developed system with video
streams and the good quality of the received information. combined images.



As a result of the experimental studies, the effectiveness of the developed
automated system was proven, which is confirmed by a high average value of
82.69% of the reliability indicator of detecting and calculating the number of
fruit fruits and a low average level of errors | (14.67%) and 11 (18.33%) genus.

The theoretical and practical results of the research were implemented in
LLC “UKS++” (Khmelnytskyi), SE “NOVATOR” (Khmelnytskyi), PE “NOLT
TECHNOLOGY” (Khmelnytskyi), LLC “AGROTECHSERVIS”
(Bohdanivtsi), as well as, in the educational process of Khmelnytskyi National
University when teaching disciplines at the Department of Computer
Engineering and Information Systems for the specialty 126 Information
Systems and Technologies, 123 Computer Engineering and the Department of
Computer Sciences for the specialty 122 Computer Science, in particular in the
courses “Methods and systems of artificial intelligence”, “Computer and
cyberphysical systems”, “Methods, tools and algorithms in tasks of
computational intelligence and computer vision”, “Theory, design and modeling
of specialized computer systems” and “Technologies of information systems
design”.

The introduction presents the justification of the relevance of the
scientific task of ensuring the improvement of the efficiency of collection,
recognition accuracy and processing of images obtained using UAVSs for the
detection of given objects. Also, the connection of the research topic with the
directions of scientific research of famous researchers of this problem in the
world is presented and the main scientific results of the work and its practical
significance.

In the first section, an analysis of the subject area of the study, known
methods of collecting, recognizing and processing images obtained using UAVs
for detecting given objects, in particular, the relevance of their application to
field tasks of horticulture, recognition of fruit fruits in real conditions of an
orchard, as well as methods detection and tracking of specified structural



objects by video stream, methods of identification and calculation of the number
of specified structural objects, overview of technical devices and hardware for
the use of unmanned aerial vehicles, management of operational missions of a
group of unmanned aerial vehicles, use of a group of unmanned aerial vehicles
for photo generation — and video material. Also, the results of the conducted
analysis are summarized and the research task is formulated.

The second chapter presents the development of a method for
constructing UAV routes based on self-learning technologies, the architecture of
an automated system for dynamic acquisition of images of specified objects in
three-dimensional space, the design of a UAV operational mission in three-
dimensional space, information flows of an automated system during the
execution of a program mission, the process of generating images of specified
structural objects in three-dimensional space, creation of a program mission in
the system, program interface of the automated system and development of a
method of dynamic acquisition of images of given structural objects in three-
dimensional space with the help of several UAVSs, as well as summing up the
results.

The third section presents the developed method of synchronizing video
streams in real time, the developed method of detecting given structural objects,
the method of calculating the number of given structural objects, creating a
detector in the task of pattern recognition in real time, setting up the experiment,
preparing the working environment, preparing training data sets, creation of the
detector, testing and results of the created detector, as well as summaries of the
obtained results.

The fourth chapter presents the software implementation of the automated
system for detecting and calculating the number of given structural objects, the
description of the experimental setup, the setting up and conducting of

experimental studies using the developed automated system, the description of



the experimental environment, the evaluation of the efficiency of the automated
system, and the results obtained are summarized.

The conclusions present the obtained scientific and practical results of the
study.

In the appendices include scientific publications, which reflect the main
scientific results of the work, information about the approval of the results of
the dissertation, acts on the implementation of the results of the work, analysis
of commercial digital gardening platforms and software listing.

Keywords: route, self-learning, drone, video stream, pattern recognition,

artificial neural network, automated system.



