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1. Indopmauiitna TexHosoris GoOpMyBaHHSI KOMOIHOBAaHUX PEKMMIB KepyBaHHSI 6€3IiJIOTHMM JITaJIbHUM arapaTomM

17151 ouudpyBaHHs iHPPACTPYKTYPHUX OO EKTIB

2. Information technology for Unmanned Aerial Vehicle combined control modes formation for infrastructure
object digitalization

Pedepar:

1. Y nucepraiiiHiit pob0Ti po3B’s13aHO HayKOBO-TIPAaKTUYHE 3aBJlaHHs — PO3p0o6JeHHS iHpOopMaLifiHOI TeXHOJIOri]
(opMyBaHHSI KOMOIHOBAaHUX PEKMMIB KEPYBaHHS PyXOM ri6pUAHUX 6€3MiJIOTHUX JIiTaJbHUAX allapartiB 115
BMKOHAHHS 3aBJaHb 3i 300pYy Bi3yaJIbHUX JaHUX 3317151 N00yn0BU 3D Mogesell HepyXxOMUX iHPPaCTPyKTYPHUX
00'eKxTiB. O0'€KT NOCIIIIPKEHHS: IPOLeCy KePyBaHHS PyXOM O€3IIiJIOTHOTO JIiTaJIbHOTO arapara y 3aBIaHHIX
oJlep>KaHHs BidyasbHoi iHdopMallii npo HepyxoMi 00’ekTu. [IpenMeT JocimKeHHs: Moaei, iHpopmaliiiina
TEXHOJIOTisl Ta METOJIA KEPYBaHHS1, OHTOJIOTIYHA MOJI€JIb, PEXKUMU KEPYBAHHS, PEXKUMU NOJIbOTY 6€3MiIOTHOTO
JIITaJIBHOTO anapara, kuacugikallis 06MeXXeHOCTi I0JIbOTHOTO IPOCTOPY. MeTa AucepTaliliHOro JOCTiIKEeHHS -

3a0e31e4yeHHs [IPoliecy Oflep>KaHHsI BidyasipHOI iHdopMalii 3a J0IIOMOro0 6e3IiI0THOTO JIiTaJbHOTO anapara 3a7J1st



BMKOHAaHHS 3aBIaHb 106yHoBU LudpoBux 3D Mozesieil HepyxOMUX 00’eKTiB iHDPaCTPyKTypH LISIXOM PO3POO6JIEHHS
Ta BUKOPUCTaHHS iHopmaliiiHoi TexHoorii GOopMyBaHHS KOMOIHOBAaHUX PEXKMMIB KePYBaHHS TaKUM allapaTOM.
HoBusHa ozep>kaHux pe3ysbTaTiB [oJisirae y Takomy. 1. Bniepie 3a pesysbTaTamu aHasli3y TEXHIYHUX Ta
KOHCTPYKTUBHUX XapaKT€PUCTUK Pi3HUX TUIIB O€3MiJIOTHUX JliTalbHUX anapartis (BrJIA) Ta ocobmmBocTen
CKJIQIHUKIB 3aBJIJaHb OLM(PYBaHHS iHPPACTPYKTYPHUX 00’€KTIB CTBOPEHO OHTOJIOTIYHY Mozenb briJIA tumy
TaskModel, sika mae iepapXiuyHuil xapakTep, OXOIIIOE TaKi CTPYKTYPHI €JIeMeHTH, SIK TUII Ta HiATUI 6e3MiIoTHOro
JIiTaZbHOTO arapara, Moro MoJIbOTHO-HaBiraliliHi, TEXHiUHI Ta KOHCTPYKTUBHI XapaKTE€PUCTUKU, HEOOXiAHI 1151
BUKOHAHHS PEXXUMU Ta XapaKTEPUCTUKU I10JIbOTY, BUIY 3aBAAHb 3i 300py Bi3yaJbHUX JAHUX 1118 oUU(ppyBaHHS
00'€KTiB, BiTHOLIEHHS /3B'sI3KM Mi’K HUMU Ta HaJlae CTPYKTYpOBaHy iHdopMallilo 1Jis 3MiliCHEHHS OOIPyHTOBAHOTO
BUGOpy Tuny BnJIA sK 3aco0y 17151 BUKOHAHHS 3aBAaHb 3i 300py iHpopmaliii AJ1s1 noganspimoro ouyu@pyBaHHS 00'€KTIB
Ta KOHTPOJIIO 32 ixHiM cTaHoM. 2. Habysa nofasnpioro po3BUTKY Kiaacu@ikalist CTyneHs 0OMeXXeHOCTi TPOCTOPY
L7151 TIOJIbOTY GEe3IiJIOTHOTO JIiTabHOTO anapara 3a BpaXyBaHHSI OCHOBHUX XapaKTEPUCTHK CaMOro anapara Ta
MOXUIMBUX II€PEIIKO], 1110 3abe31eyye OL[iHIOBaHHS 3arpo3u pyxy 6e3IiJIOTHOTO anapara Ta YMOKJIUBIIIOE
BM3HAUEHHS 30HU 6€311eYHOi IOro eKCIlyTyaTallii Ha pi3HUX eTanax BUKOHAHHS MI0JIbOTHUX PeXUMIB. 3. Biepiie
po3po6JIeHO iH(pOpMaLLiliHy TEXHOIOTi0 (OPMYBaHHSI KOMOIHOBAaHUX PEXXUMIB KepyBaHHS riOpUAHUM G€3MiNOTHUM
JIiTa7IbHUM allapaToM, sika 6a3yeThCsl Ha MOZEJISIX KepyBaHHS 32 OCHOBHUMH KaHajlaMU, TIOEHYE aBTOHOMHUH Ta
OIIEPAaTOPCHKUI PEXXUMU KEPYBaHHSI Ta MIOCIiIOBHE 3aCTOCYBAHHS MOXJIMBOCTEN JIiTAKOBOT'O Ta IeJIiKOIITEPHOTO
PEXMMIB IIOJILOTY, IO 3a0e3edye e(peKTUBHE Ta Oe3leYHe 3Mi¥ICHEHHS yCixX eTalliB N0JbOTY anapara JJsi
oziep>kaHHS yToYHeHO]1 iHdopmauii 3a7715 Mo3uLiI0BaHHS Ta CTBOPeHHS udpoBux 3D Monesnel NoCiIKyBaHUX
HEPYXOMUX 00’eKTiB iHDpacTpykTypu. [IpakThyHe 3HaUYE€HHS OTPMMaHUX pe3yJIbTaTiB. BukopucraHHs
3aIpOIIOHOBAHOI OHTOJI0riyHOI Mogesi briJIA Tuny TaskModel nae 3mory nocnifHuKam 3iliCHIOBAaTH
obrpyHToBaHuii Bubip Tumny BrJIA BifmoBigHO 10 KOHKPETHOTO 3aBAaHHS JOCiIKEeHHS, [0 3a6e3reyvye 3HIKEHHS
4aCOBUX Ta PECYPCHUX BUTPAT HA MOMNEPEHI MiJIOTHI €KCIIEPUMEHTAJIBHI JOCIiI)KeHHS. BUkoprucranus
3aIpOIIOHOBAHOI Kiacudikallii cTyneHss 06MeXXeHOCTi mpocTopy A1t pyxy BrJIA min yac KOMOGiHOBaHOTO KEPYBaHHS
LIMM anapaToM [1JIs1 BUKOHAHHS 3aBJaHb HaJla€ NOAATKOBY iHpOpMalilo 17151 CTBOPEHHS ITporpam KepysaHHs briJIA B
YMOBaX, [TOB'SI3aHUX 3 OOMEKEHICTIO IIPOCTOPY, YHUKHEHHS [IePEIIKO], 30KpeMa, OJiep>KaHHS PO3LINPEHO]
indopmauii gy popmyBaHHS LUPPOBUX MOJeJIel 1eTali30BaHOr0 30BHIIIHBOTO IPOCTOPY AOCIiIPKyBaHUX 00’€KTIB
3 HasIBHUM apXiTEKTYPHUM 03[100JI€HHSIM. 3aCTOCYBaHHSI 3alIpOIIOHOBAHOI TEXHOJIOTI] 3a6e31e4ye po3LPEHHS
CIIEKTPY 3aBaHb y iHIINX cepax, o NOTPEeOYIOTh B3aeMOiil 3 6€3MiJIOTHUMU JITAJILHUMU allapaTaMy, a Came:
pO3Ii3HaBaHHA 00'€KTIB, TO3ULI0BaHHS, KapTorpadyBaHHs Ta 300py BimeojaHux [J1s IOaJIbIIOTO CTBOPEHHS
1MppoBUX MOJiesIel NOCTiIKyBaHUX 00'eKTiB. [laHi, oiep>kaHi 3a JOIOMOIrY po3p00JIeHOi TEXHOJIOTI, MOXYTb OyTU

3aCTOCOBaHi mif yac BIM-Mo[e/Il0BaHHS Ta CTBOPEHHS MOJ€JIe smart-MicCT.

2. At the thesis the scientific and practical problem the development of information technology for hybrid
unmanned aerial vehicle combining control modes formation for visual data gathering achieving information
technology development for purpose of infrastructure object 3D-models construction have been solved. The
development theme, purpose, tasks, objects, targets and methods were substantiated at thesis introduction, as
well as development connection with other scientific and research developments of the department, scientific
novelty and practical meaning of the work that have been developed. Thesis results approbation bulletin have been
submitted, including the personal due of the acquirer into published articles. Thesis development object is
unmanned aerial vehicle operation control processes for infrastructure objects visual data gathering mission
achieving. Thesis development subject includes models, information technology and control methods, ontology
model, unmanned aerial vehicle operation and control modes, flightspace limits classification. The purpose of the
development is to provide visual information receiving process by unmanned aerial vehicle for real estate object
3D digital models design missions by the way of UAV combining control modes formation information technology.
The novelty of the results includes. 1. For the first time, based on the results of the technical and design
characteristics analysis of various types of unmanned aerial vehicles (UAVs) and features of the components of the
infrastructure objects digitizing tasks, TaskModel-type ontological model of UAVs was created, which has a
hierarchical nature and includes such structural elements as unmanned aerial vehicle type and subtype, its flight



and navigational, technical and structural characteristics, possibile flight modes and characteristics, types of tasks
for visual data collection for object digitization, relations/connections between them. Ontological model provides
structured information for making a justified choice of the UAV-type as an instrument for information collection
tasks performing for further digitization of objects and monitoring of their condition. 2. The classification of space
limitation degree of during the flight of an unmanned aerial vehicle has received further development by taking
into account basic aircraft characteristics itself and possible obstacles, which provides an assessment of the threat
of an unmanned aircraft movement and enables the safe operation zone determination at various stages of flight
modes. 3. For the first time, the information technology of hybrid unmanned aerial vehicle combined control
modes formation was developed. Technology is based on control models for the basic channels that are combining
autonomous and operator control modes and the consistent application of the airplane and helicopter flight
modes capabilities, which ensures the effective and safe implementation of all stages of the vehicle flight to obtain
detailed information about positioning and creation of the investigated immovable infrastructure objects digital 3D
models. Usage of the suggested classification of space limitation degree for the UAVs movement during the
combined control of this apparatus for the performance of tasks provides additional information for the creation
of UAV control programs in conditions associated with limited space, obstacle avoidance, in particular, obtaining
advanced information for the formation of digital models of the internal space researched facilities with available
equipment. The application of the suggested technology provides an expansion of the range of tasks in other areas
that require interaction with unmanned aerial vehicles, namely: object recognition, positioning, mapping and video
data collection for further creation of digital models of the studied objects. Data obtained with the help of the
developed technology can be used during BIM modeling and creation of smart city models.
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