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PE®EPAT

HumnnomHast paborta: 73 cTpanunel, 9 puCYHKOB, 18 HCMOIB30BaHHBIX
UCTOYHHUKOB, 2 TIPUIIOKEHUS.

HABUI'ALIMA, BIUIA, CETMEHTALIMA, BUHAUWU3ALIMA, BBIJIEJIEHUE
KOHTYPOB, OIITUYECKUN TIOTOK, KOPPEJIALIUSA, METOJ JIVKACA-
KAHAJE, OITIOPHBIE OB BEKTbI, ASDPOCBEMKA.

Obvexm uccrneoosanus - anroputmbl HaBuranuu BIIJIA Ha OCHOBe MaHHBIX
a’pOCHEMKH.

Llenvs pabomwi - pazpaboTka MojaeNUd HaBUTANMOHHOW cucteMbl BILJIA Ha
OCHOBE 0a3bl JJAHHBIX OTIOPHBIX 0OBEKTOB a9POCHEMKH.

Memoowl uccnedoganus - KOMIBIOTEPHOE MOACINPOBAHUE.

B pabGore mnpoaHamu3upoBaHbl CHUCTEMbl HaBUTAllMU Ha ocHoBe MDOMC.
PaccMoTpeHbl METOJbI KOPPEKTHUPOBKH KOOPAMHAT HA OCHOBE B3aMMOJICUCTBHS CO
COyTHUKaMH{, C MarHUTHbIM mojeM 3emiu. Takke MpoaHaIN3UpPOBaHbI
CYILIECTBYIOLLIME aJTOPUTMbI, OCHOBAHHBIE HA MPUHLUIAX MAIIMHHOTO 3pPEHHUS.
Meton aHanu3a TaHHBIX BUIEOPSAA Ha OCHOBE COOpa Karajora OMOPHBIX OOBEKTOB
a’pPOCHEMKU BBIJICNICH /ISl pa3pad0TKU Kak HanboJee MHOr0O0CAIOIIHA.

JIns aHanu3a JaHHBIX BHUJIEOPSIIA BBIIEICHBI CIEAYIOIIME METOJbI 00pabOTKH
M300pKEHUI: CEerMEHTalusl M300paKeHUs; MMOpOoroBasi OMHapU3alus U300paKeHUs
MerogoM OTCy; KpOCCKOPPEISLMOHHBIA anroput™M M Meton Jlykaca-Kanane mos
OTpEENIEHUS ONITUYECKOIO MOTOKA.

Onpenenensl TpeOOBaHUS 7Sl MAPAMETPOB OMOPHBIX OOBEKTOB a3pPOCHEMKH, B
COOTBETCTBUM C KOTOPbIMU ObUIM pa3pabOTaHbl IIECTh OCHOBHBIX M YEThIpE
JOTIOJTHUTENBHBIX —MapaMeTpa OO0BEKTOB. Pa3paboTaHbl aJIrOpPUTMbBI MPUHATHS
pELIeHHs O 3aIUCU OOBEKTOB C COOTBETCTBYIOUIMMU MapaMeTpaMu B 0a3y JaHHBIX U
MPUHATHS PELIEHUS O TEKyIeM MecTonooxkeHun bIIJIA Ha ocHOBE cynIeCTBYIOIIEH
0a3pl JaHHBIX ONOpPHBIX O0O0BekTOB. IlpomsBeneHa wmoaudukanus METOI0B
OTNpEENEHUS ONITUYECKOIrO MOTOKA.

HccnenoBana BpeMeHHas 3aBUCUMOCTb BBIYMCIICHHS MTApaMETPOB OT Pa3MEPOB
OMOPHBIX OOBEKTOB U CTENEHb 3HAYUMOCTH MapaMeTpPOB, BCIEACTBUE YETO MPUHSTO
pemieHue 00 MCKIIOYEHUM JABYX M3 UIIECTH OCHOBHBIX MapamMeTpoOB OOBEKTOB.
[IpousBeneHo ynydllleHHWE ajaropuTMma KiacCU(pUKaluu OOBEKTOB, YTO IO3BOJIMJIO
caenath Harpy3ky Ha CAY MHY 0onee paBHOMepHOW BO Bcex pexkumax. Ilocne
MPOBEICHHUS] CPABHUTEIHLHOIO aHalW3a aJIrOpUTMOB ONPENETICHUs ONTHYECKOrOo
MOTOKAa BBISBJIEHO, YTO MOAU(PHUIIMPOBAHHBIA KPOCCKOPPEISLUUOHHBIN aJIrOpUTM
Jy4Ille TOAXOAUT JJIsl perieHus 3aaaun Hapuranuu bITJIA.



POD®EPAT

Jprutomnas npana: 73 craposki, 9 mamoHkay, 18 BeIKapbICTAHBIX KPBIHII, 2
JanaTKa.

HABIT'ALIBIA, BIUIA, CETMEHTAILIBIA, BIHAPBI3BALIMA, BBUUIYUOHHA
KOHTYPAY, AIITBIYHBI TIATOK, KAPDJIALBIA, METAJlT JIVKACA-
KAHA/I3E, AIIOPHbBIA AB'EKTBI, ASPA3/IBIMKI.

Ab'exm Oacnedasannsa - anrapeiTmMbl HaBiraieli BITJIA Ha acHOBe mana3eHBIX
a’pa3IbIMKI.

Mb>ma - pacmpanioyka mamdiii HasiraneliiHail cictaMmbl BITJIA Ha acHOBe 0asbl
JaJI3€HBIX allOPHBIX a0'eKTay a’pa3IbIMKi.

Memaovl 0acnedasanus - KamIyTapHae MaJdJIsiBAaHHE.

Y mpaubl mpaaHanizaBaHblA CICTAMBI  HaBirampbli Ha acHoBe MOMC.
Pazriemxanbpl MeTajbl KapdKIIPOYKI KaapJblHATay Ha acHOBE Y3aeMaJ3esiHHA ca
cnajapoKHIKaMi, 3 MarHiTHBIM nojieM 3simull. Takcama mpaaHalii3aBaHbl 1CHYIOUBIS
arapbITMbl, 3aCHABaHbIsI HA MPBIHIBINAX MalIlblHHAra IieKaHHA. Meran aHamizy
JaJI3€HBIX BiJdalldpary Ha acHOBE 300py Karajora amopHbIX ad'eKTay a’pas3iabIMKI
BBII3EJIEHBI JUIsl paclpaloyKi ik HalOOJIbII NEPCHIEKTHIYHBI.

JInst anai3y Jaa3eHbIX BiAdalidpary BbUIydaHblsl HACTYITHBIS METabl allpaoykKi
MaJIOHKay: CerMeHTallbld MaJlOHKa; MaporaBas OWHapHU3alUs MaJlOHKa MeTaaam
OTtcy; KpocKapasibliiHel anrapbit™M 1 Mmetan Jlykaca-Kananse mjisi BbI3HAUDHHS
anThlYHAara naToky.

Boi3Hauanbl nmaTpabaBaHHI JJIs MapaMeTpay amnopHbIX al0'ekTay a’paslbIMKi, Y
aanaBegHacIll 3 AKiM1 ObUII pacmpaliaBaHbl MIACHb ACHOYHBIX 1 YaThIPbl JaJaTKOBBIX
napametpy ab'exktay. PacmpaiiaBaHbl ajJrapbITMbl NPBIHALILS paldHHS a0 3armicy
ab'extay 3 aamaBeqHbIMI MapaMeTrpami ¥ 0a3y Jaa3eHbIX 1 NPBIHALUSA paldHHS a0
OsiryusiM MecuazHaxopkaHH1 BITJIA Ha acHOBe icHyroudail 0a3bl 1aJI3€HBIX alOPHBIX
a0'exray. [IpaBen3eHa maapl(ikalbis METaAay BEI3HAUAHHS aNThluHAra naToky.

JlacnenaBaHa wyacoBas 3aJIeKHACUb BBUIIUAHHA [apameTpay aj [namepay
anopHbIX a0'ekTay 1 CTyNeHb 3HAYHACI MapameTpay, 3 MPbIUbIHBI Yaro MNpbIHATA
paiHHe a0 BBIKJIIOUAHHI JIBYX 3 IIACIll aCHOVHBIX nmapameTpay ab'exkray. BeipabieHna
NAJSIMIIPHEE aNrapbITMy Kiacidikaipli ad'ekray, mTo ga3Bosiijia 3padillb Harpy3Ky
Ha CAY MHY O6onem paynamepHail Ba ycix paxkeimax. [lacns mnpaBsia3eHHs
napayHajibHara aHajui3y aJirapbITMay BbI3HAUAHHS allThlYHAra MaTOKY BbISYJIEHA, IITO
MaJplikaBaHbl KPOCKAPAJISUBIHBL alrapblTM JIENII MaAbIXOJ31lb [Jis PalIdHHS
3agaunl Hasiransl BITJIA.



ABSTRACT

Thesis: 73 pages, 9 figures, 18 sources, 2 applications.

NAVIGATION, DRONE, SEGMENTATION, BINAIZATION, SEPARATION
OF CIRCUITS, OPTICAL FLOW, CORRELATION, LUCAS CANADE METHQOD,
REFERENCE OBJECTS, AERIAL PHOTOGRAPH.

The object of research - algorithms of the UAV navigation based on data of
aerial photograph.

Objectives - development of model of the UAV navigation system on the basis
of the database of reference objects of aerial photograph.

Methods - Computer simulation.

In operation systems of navigation on the basis of MEMS are analyzed. Methods
of adjustment of coordinates on the basis of interaction with satellites, with an earth
magnetic field are considered. The existing algorithms based on the principles of
machine vision are also analyzed. The method of data analysis of a video series on
the basis of collection of the directory of reference objects of aerial photograph is
selected for development as the most promising.

For data analysis of a video series the following methods of image processing
are selected: segmentation of the image; threshold binarization of the image Otsu's by
method; cross correlation algorithm and Lucas Canada method for determination of
an optical flow.

Requirements for parameters of reference objects of aerial photograph according
to which six main and four additional parameters of objects were developed are
defined. Algorithms of making decision on record of objects with the corresponding
parameters in the database and making decision on the current location of the UAV
on the basis of the existing database of reference objects are developed. Modification
of methods of determination of an optical flow is made.

Temporal dependence of computation of parameters on the extent of reference
objects and level of the significance of parameters is probed owing to what the
decision on an exception of two of six key parameters of objects is made. Improving
of algorithm of classification of objects is made that allowed to make load of SAU |
RUMPLE more uniform in all modes. After carrying out the comparative analysis of
algorithms of determination of an optical flow it is revealed that the modified cross
correlation algorithm is suitable for the solution of the task of navigation of the UAV
better.



