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OBIIASA XAPAKTEPUCTHUKA PABOTDI

Kmiouessie cnopa: BECTIMJIOTHBINM JIETATEJIbHBIA ATIIIAPAT,
OOPMHNPOBAHUE I[TOJIETHOI'O 3AIAHMA, HABUT ALIMA,
BUJIEOHABUT' ALIMA, TTPOITPAMMHOE OBECIIEUEHUE, AJII'OPUTM
PEATUPOBAHUA

Llenv pabomwvl — wWccIAeNOBaHHWE CIIOCOOOB OPHUEHTAIMH OECHUIOTHBIX
JIeTATEIbHBIX aNnmnaparoB B MPOCTPAHCTBE C MPUMEHEHUEM JAHHBIX MOJIETHOTO
3a/IaHUSl U CUCTEM BUJICOHABUTAIINH.

AxmyanbHocms mazucmepckou ouccepmayuu 00yCIOBIEHA OTCYTCTBHEM
KOHKPETHBIX pemieHnii B cepe HaBuranuu BIIJIA B curyamum otcyTcTBHS
CIyTHUKOBOM CBsI3U. B COBpEMEHHOM MHpE pPacHpOCTPAHEHO TPUMEHEHUE
OCCIUJIOTHBIX JIETATENBbHBIX allllapaToB g PEIICHUS Pa3JIMYHbIX 3aj]1ad.
[Tonynsipabii  cioco® HaBuranuu bBITJIA BkIIO4aeT NPUMEHEHHE CHUCTEM
CITyTHUKOBOM HaBHTallMM, OJHAKO JAaHHBIA crioco0 He HaaexeH — GPS-curnan
MOKET OBbITh HENOCTYNEeH Win nepexnBaueH, GPS-nprueMHUK MOXET BBIUTH U3
CTpOsI Ha oOmpeacsiieHHOWM MecTHocTH. HapyiieHuss B cucteme HaBUTallUU
MPUBEJIET K HEBBITOJIHEHUIO MUCCHH.

Obvexm uccnedosanus — GOPMUPOBAHUE TIOJIETHOTO 3aIaHUS JIJIsi CUCTEM
BUJICOHABUTAIUU.

IIpeomemom uccneoosanusi SIBISETCA BUJCOHABUTALUS OECIHIOTHOTO
JIETATEJIBHOIO aImapara.

Dopmynuposka pezyarvbmamos. 1IpensioxkeH KOMOMHUPOBAHHBIM TTOAXO] K
HUCIOIL30BaHNI0 cucteM Hapuranmuu bBIIJIA, ocHOBaHHBEI Ha OOBCAUHCHHH
cuctembl GPS-HaBuranuu u cucremsl BujeoHapuranuu. [logxon peann3osan Ha
npuMepe anroputma padotel BIIJIA B cutyanuu notrepu GPS-curnana wu
aIrOpuTMa HEMEIJICHHOTO pPEarupoBaHUsl OCECHUIOTHUKA Ha OSKCTPEHHYIO
CUTYyallMI0 Ha MPUMEPE BBHIMOJHEHUU MHUCCUM HA TEPPUTOPHUH PaOOThI CHUCTEM
POTUBOBO3AYIITHON OOOPOHBI.

CtpykTypa MarucTepcKkou IuccepTaiuu — JuccepTanus u3ioxkeHa Ha 46
ctpaHunax. [lannas paboTta coctouT u3 pazaenoB «Bmemenue», «OOmas
XapakTepucTuka paboTb», «3akioueHue» U «CHHUCOK HCHOJb30BAHHBIX
UCTOYHUKOBY». OCHOBHasg 4acTb pabOThl cocToMT M3 6 r1naB: «CrocoOsl
OTpeNesieHUs] KOOpPAMHAT HA3eMHBIX O00BEKTOBY», «CrocoObl aBTOHOMHOM
Hapuraimu  BIIJIA», «lloctpoenme wmapmpyra  BIIJIA», «Cucremsl
dbopmupoBanusi nosieTHoro 3aganusi BIUJIA», «AJATOopuTMBI YKIOHEHUS] OT

npensaTcTBuiy, «Co3nanue anropurma noseacHust bITJIA».
Marucrepckas nuccepranusi: 46 ctpanun, 23 pucyHka, 1 tabnuna, 15
UCTOYHHUKOB.



AT'YJIbHAS XAPAKTAPBICTBIKA PABOTDI

Kmrouaeiss  cioBel:  BACIIIJIOTHBI  JIATAJIBHBI  AIIIIAPAT,
OAPMABAHHE [TAJIETHAT A 3AJIAHHA, HABIT'ALIbIA,
BIIODAHABIT'ALIBIA, TIPATPAMHAE 3ABECIIAYSHHE, AJI'APBITM
POAT'ABAHHA

Mbma pabomwr - nacienaBaHHe criocabay apbleHTalbll OECHIIOTHBIX
JSATANBHBIX araparay y MpacTophl 3 YKbIBAHHEM JaJ3€HbIX MaJETHAra 3aJlaHHs 1
CICTAM BiJdaHaBIrarbll.

AxmyanvHacyb Mmazicmapckai Ovicepmayvli a0yMoOyJeHa aJICyTHACIIO
KaHKPATHBIX panmHHAY y cdepbl Hapiranbsli BITJIA ¥ cityausll ajcyrtHacii
crajiaposkHiKaBail CyBsi3i. Y CydacHBIM CBEII€ pacrnaycro/pkaHa MpPbIMSHEHHE
OECHUIOTHBIX JIATAJIBHBIX araparay JJis BeIpalIdHHS PO3HBIX 3aAa4. [lamyaspHbl
cnoca® Hagirampli BIUJIA Vykimiouae VKbpIBaHHE CICTAM —ClaJlapokKHIKaBan
HaBIrallbll, agHaK Aaa3€Hbl crocad He Ham3eWHbl - GPS-cirmam Moska OBILb
HeJIaCTyIHbI a00 nepaxoruieHbl, GPS-npriMayd Moska BBIHCIII ca CTPOIO Ha TIDYHAM
MscroBaciii. [TapymmanHi ¥ cicTaMe HaBiralbli IPBIBSAA3€E J1a HEBbIKAHAHHS MICI.

Ab'exm oOacneoasanns - (apMipaBaHHE Nali€THara 3aJlaHHA JJIs CICTAIM
Bl/IDaHaBIrallbll.

Ilpaomemam Oacnedasanns 3'aynsgenia BiJdaHaBITAIbIl OecCIJIOTHAra
JsTaNbHAra anapara.

Dapmynéyka ewvinikay. llpamanaBaHbpl KaMOlHaBaHbl TMAIBIXOA  Jia
BBIKapbICTaHHSA cicToM Hapiramwl BIIJIA, 3acHaBaHbl Ha a0'saHAHHI CICTIMBI
GPS-nagiraiipli 1 cicTaMbl Bidanasiranpii. [1agsxo paanizaBadbl Ha MIPHIKIAI3E
anrapeitMmy mpanbl BITJIA ¥ cityansn crpatet GPS-cirHany 1 anrapeitmy
HeaJKJIaJHara p3araBanss OECIiJIOTHIKA Ha SKCTPAHYIO CITyallbIl0 Ha TIPBIKIIA]I3€
BBIKaHAHHI MIC1l Ha TAPBITOPHIL MPAIlbl CICTAM CyIpalbliaBeTpaHail abapoHBbI.

Cmpykmypa mazicmapckati Ovicepmaybwli - TbICEpTalIbIs BbIKJIa3eHA Ha 46
crapoHkax. [lag3zenas mpama ckiamaenia 3 pasnzenay "YBomzinel", "ArynpHas
xapakTtapbicThika mparbl’, "3akmousHHe" 1 "Cric BBIKAPBICTAHBIX KPBIHII'.
AcHOYHasi dYacTKa mpambl ckiagaema 3 6 dacrak: "CrnocaObl BBI3HAYIHHS
KaapaeiHAT HazeMHBIX ab'ektay", "Crnocabbl ayTanomuaii Hapiranbii BITJIA",
"[TabynoBa mapmpyty BIIJIA", "Cictomel (apmipaBanHs manéTHara 3agaHHS
BIUJTA", "AnrapeitMbl VxinenHs an mepamkon"’, "CTBapdHHE alrapbITMy
naBoz3in BITJTA".

Maricrapckas npicepranpbisa: 46 ctapoHak, 23 mamtoHka, 1 Tabmima, 15
KPBIHIII.



GENERAL DESCRIPTION OF WORK

Keywords: UNMANNED AIRCRAFT, FORMATION OF FLIGHT
TASK, NAVIGATION, VIDEONAVIGATION, SOFTWARE, RESPONSE
ALGORITHM

The purpose of the work is to study ways to orient unmanned aerial vehicles
in space using flight mission data and video navigation systems.

The relevance of the master's thesis is due to the lack of specific solutions
in the field of UAV navigation in the absence of satellite communications. In the
modern world, the use of unmanned aerial vehicles to solve various problems is
widespread. A popular method of UAV navigation involves the use of satellite
navigation systems, but this method is not reliable - the GPS signal may be
unavailable or intercepted, and the GPS receiver may fail in a certain area.
Violations in the navigation system will lead to mission failure.

The object of the study is the formation of a flight mission for video
navigation systems.

The subject of the study 1s video navigation of an unmanned aerial vehicle.

Formulation of results. A combined approach to the use of UAV navigation
systems is proposed, based on combining a GPS navigation system and a video
navigation system. The approach is implemented using the example of an
algorithm for the operation of a UAV in a situation where the GPS signal is lost
and an algorithm for the immediate response of a drone to an emergency situation
using the example of a mission in the territory where air defense systems operate.

The structure of the master's thesis - the dissertation is presented on 46
pages. This work consists of sections “Introduction”, “General characteristics of
the work”, “Conclusion” and “List of sources used”. The main part of the work
consists of 6 chapters: “Methods for determining the coordinates of ground
objects”, “Methods of autonomous navigation of UAVs”, “Building a UAV
route”, “Systems for generating a UAV flight mission”, “Algorithms for avoiding
obstacles”, “Creating an algorithm for UAV behavior”.

Master's thesis: 46 pages, 23 figures, 1 table, 15 sources.



