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PE®EPAT

Junnomuast pabora: 57 ctpanun, 31 pucyHok, 11 HCTOYHHUKOB.

_ BUHAPHAA CEMAHTUYECKASl CEIMEHTALMA, CBEPTOUHBIE
HEMPOHHBIE CETHU, OBYYUEHUE CETU APXUTEKTYPbl U-NET,
OBHOBJIEHUE CTPYKTYPHBIX KAPT I'NC, GOOGLE COLAB

Obvexm uccnredosanus — HEAOCTATKU OTKPBITHIX peanuzaruii ['1C.

Llenv pabomwr — peanuzalvsi WHCTPYMEHTA CETMEHTAllMM 3[aHUN Ha
COYTHHKOBBIX H300pakeHWsiX i1 Tepputopun PecnyOnuku  benapyce ¢
MOCJIEIYIONIMM HCIOJIb30BAHUEM IMOJIYYEHHBIX pE3YyJIbTaTOB [JIsi OOHOBJICHUSA
CTPYKTYPHBIX KapT r€OMH()OPMAIMOHHBIX CUCTEM.

Memoowl uccnedoganus — KOMIIBIOTEPHOE MOAEIUPOBAHUE.

B pabore paccMarpuBaroTCsi OCHOBHBIE HEJAOCTATKHM OTKPBITBIX peaTu3aruii
[YC, aHanu3upyroTcs CYIIECTBYIOLIME MOAXOJbl PEMICHUS 3aa4d CEMaHTUYECKOU
CErMEHTAIlMM W HEOOXOJMMbIE OTrpaHUYEHUsS I peIIeHUs 3aJayd OWHApHOU
CEMaHTHYECKOM CErMEHTAllUd HWHCTPYMEHTOM HEWPOHHBIX CBEPTOYHBIX CETEM.
HccnenoBana pnoMeHHas 00J1aCcTh CEMAHTHYECKOM CETMEHTallud B  paMKax
WHCTPYMEHTA TJIyOOKMX HEWPOHHBIX CBEPTOUHBIX CETe M COOTBETCTBYIOIINE
oneparuu.

CrpoekTupoBaHa apXUTEKTypa HEHPOHHON ceTu, CHOPMHUPOBAHBI BBHIOOPKH
JMAHHBIX JJIs1 00yueHus | TpousBefeHo oOydeHue cetu. [IpouwsBenén ananms
(G ()EKTUBHOCTH BBIXOJIOB CETU C TOMOIIBI0 PA3IMYHBIX METpuk. PeanmuzoBan
QITOPUTM OOHOBIIEHUS CTPYKTYPHBIX KapT MOCPEACTBOM BBIXOJIa HEHPOHHOM CETH,
MOPOTOBOM  CETMEHTAllMM,  Pa3HOCTHOM  Omepalud U TOCTOOpadOTKU
MOP(OJTOTUYECKUMH OTIEPAITUSIMHU.

PesynbraToM QUTIIIOMHOW paboOTHI SBISIETCS: HAOOpPHI PAa3MEUCHHBIX JaHHBIX
3nanuii 1 Tepputopun PecnyOnuku bemapych, momuduimpoBanHas o0ydeHHas
HeWpoHHast ceTh apxuTekTypbl Thma U-Net mns 3amaum cermMeHTanuu 37AaHUi Ha
a’POKOCMUYECKUX CHUMKaX JJisi Tepputopun PecnyOnuku benapyce, anroputm mss
oOHoBneHUs CTPYKTYpHBIX KapT ['UIC. Yxe ceroans moaydeHHbIE pe3yabTaThl MOKHO
WCITOJIB30BaTh KaK MPOTPAMMHBIN WHCTPYMEHT JJIi OOHOBJICHHSI CTPYKTYPHBIX KapT
['IC B peasibHOM BpEMEHH.



PO®EPAT

JlpimioMHast mpana: 57 craponak, 31 mamonak, 11 kpbIHiLL.

_ BIHAPHASI ~CEMAHTBIYHASL ~ CETMEHTALBIA, CBEPTAYHbBIA
HEMPOHHBIAA CETKI, HABYYAHHE CETKI APXIEKTYPBI U-NET,
ABHAVIJIEHHE CTPYKTYPHBIX KAPT I'lC, GOOGLE COLAB

Ab'exm dacnedasanmsn — HEJAXOIbI ATKPHITHIX pramizarsiii ['IC.

Mbma pabomwvr — pdiami3albld 1HCTPYMEHTAa CerMeHTalpbll OyablHKay Ha
CHa/lapOXKHIKaBbIX BBISIBAX JJSl TIPBITOPBIL pacmyOiiki bemapych 3 HacTymHbIM
BBIKAPBHICTAHHEM aTPBIMAHBIX BBIHIKAY [ aOHAyIeHHS CTPYKTYPHBIX KapT
reaiHpapManbIiHbIX CICTIM.

Memaowl 0acnedasanms — KaMIyTapHae MajdJIsIBaHHE.

VY mpansl pasrigaaronia aCHOYHBISI HENAXombl agKpbIThIX paamizausiii I'IC,
aHaJII3YIOLA ICHYIOUBISI MAAbIXObl PAlI’HHS 3a7jaubl CEMaHThIYHAN CEerMeHTalbll 1
HeaOXOoMHBIS aOMe)kaBaHHI ISl BBIPAIPHHS 3ajadbl OlHApHAl CceMaHThIYHAM
CerMEeHTAallbll IHCTPYMEHTaM HEHPOHABbIX CKPYTKAaBbIX ceTak. JlacienaBana 1aMeHHas
BOOJIACIIb CEMaHThIUHAM CETMEHTAIIbIl ¥ paMKax IHCTPYMEHTa TIIbIOOKIX HEMpPOHABBIX
CKPYTKaBBbIX CETaK 1 aJIaBe/IHbIs arneparbli.

CrnpaekTaBaHa apXiT3KTypa HelpoHaBail ceTKl, cpapMmipaBaHbl BEIOAPKI JaHBIX
JUIsS. HABY4YaHHsI 1 MpaBeJ3eHa HaBy4YaHHE ceTKi. BripalOiieHbl aHai3 3(eKThIYHACII
BbIXa/lay CEeTKl 3 Jamamoraid po3HbIX METpbIK. PranizaBaHbl alrapblTM aOHayJIEHHS
CTPYKTYPHBIX KapT 3 JlaniaMorail BbIXaly HepoHaBail CETKi, MaporaBail CerMeHTallbIl,
pO3HAcCHal amnepartibli 1 MOCTanpanoyKi MapganariyHbIMI arepanbisivi.

BbiHiKaM JABITJIIOMHAM  paboThl 3'ayiserna: HaOOpbl pa3MeyaHbIX JaHbIX
OynpiHKay myig  TIpbiTopell  Pacny6miki  bemapych, MazapidikaBaHasi HaByyaHas
HelipoHaBas ceTka apxiTIKTyphl Thily U-Net 17151 3a71aubl cerMeHTalibll Oy IbIHKay Ha
a’paKacMIYHBIX 3JbIMKaxX Il TApbITOpbIl PacmyOmiki benapyce, anrapeitm asis
abHayneHHs: cTpykTypHbIX KapT ['IC. VYo cEHHS aTphIMaHbId BBIHIKI MOXHA
BBIKAPBICTOYBALIb SIK TparpaMHbl IHCTPYMEHT Il aOHayeHHs cTpyKTypHbIX KapT ['IC
y pAajJbHBIM yace.



ABSTRACT

Thesis: 57 pages, 31 figures, 11 sources.

BINARY SEMANTIC SEGMENTATION, CONVOLUTIONAL NEURAL
NETWORKS, U-NET ARCHITECTURE NETWORK TRAINING, GIS
STRUCTURE MAP UPDATE, GOOGLE COLAB

The object of research — drawback of open GIS implementations.

Objectives — implementation of a building segmentation tool on satellite images
for the territory of the Republic of Belarus with the subsequent use of the results
obtained to update the structural maps of geographic information systems.

Methods — Computer simulation.

This works contains main drawbacks of open GIS implementations, analyzes the
existing approaches to solving the problem of semantic segmentation and the necessary
restrictions for solving the problem of binary semantic segmentation with a neural
convolutional network as a tool. The domain area of semantic segmentation within the
deep neural convolutional networks and the corresponding operations are researched.

The architecture of the neural network was designed, data samples for training
were formed, and training was performed. An analysis of the efficiency of network
outputs using various metrics was made. An algorithm for updating structural maps is
implemented through the output of a neural network, threshold segmentation,
difference operation and post-processing with morphological operations.

The result of the work is: sets of labeled building data for the territory of the
Republic of Belarus, a modified trained neural network of U-Net architecture for the
task of segmenting buildings on aerospace images for the territory of the Republic of
Belarus, an algorithm for updating GIS structural maps. Already today obtained results
can be used as a software tool for real-time updating of structural GIS maps.



