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1. IndopmaniitHa TexHOJIOTisE pO3POOKY CUCTEMU MiATPUMKU IIPUMHSITTS PillleHHs IIPO PO3IMizHaBaHHS Oy[iBesb Ha

KOCMIYHUX Ta aepOPOTO3HIMKaX

2. Information technology for the development of a decision support system for recognizing buildings in space and
aerial photographs

Pedepar:

1. lns 3pificHeHHS e(peKTUBHOTO yIIpaBJliHHS MICTOM HEOOXiHO CBO€YaCHE OTPUMAHHSI JAHUX, 110 3a0€31e4yeThCs
BE€JIEHHSIM BiITIOBITHOTO MOHITOPUHTY. Hai6isbIll BXX/IMBUM IIPU BEIEHHI MOHITOPUHTY € BUSIBJIEHHS 3MiH MiCbKOTO
CEpeNOBUIIA i aHaJIi3 IPUYUH iX BUHMKHEHHS. METOI0 OCiIKeHHS € MiABUIEHHS €(DEKTUBHOCTI CUCTEMU
HiATPUMKYU IPUNHATTSA PillleHb 171 PO3Ii3HaBaHHS Oy[liBeJib Ha KOCMIUYHUX Ta aepOdOTO3HIMKAX 3 BUKOPUCTAHHSM
METOJIiB CerMeHTallii Ta BUSIBJIEHHSI 3MiH Ha pi3HOYaCHUX UUQPPOBUX 3HIMKax. B poboTi yl0CKOHaIeHO MOAEb
3TOPTKOBOI HEMPOHHOI MepEXi 1J11 CETMEHTallii 00’eKTiB Ha U(PPOBUX 3HIMKAX, SIKA JO3BOJISIE 3a0€3M1€UYNTH OibIIY
TOYHICTh CErMeHTAllil BU3HaYeHUX 00'€KTiB Ha 3HiMKax. TakoX AicTaB oAaabLUINil pO3BUTOK MeTo I (hopmarizaii

3HaHb LIOJI0 CEMaHTUYHOI cerMeHTallii 6y/iBesib Ha KOCMIYHUX Ta aepOPOTO3HIMKaX, SIKUI1 JO3BOJISIE IiIBULINTH



SKiCTh Ta 3MEHIIUTU YaC HaBYaHHS HEUiTKOi 3ropTKoBOi HeEMipoMepexeBoi Mmogeri. B qucepTalii no6ygoBaHoO
iHopmaLiiiHy TEXHOJIOTiI0 PO3POOKY CUCTEMU MiTTPUMKU IIPUHHSTTS pillleHb IJ1s1 po3Mi3HaBaHHS OyZiBesb Ha
3HIMKax IIpM aBTOMAaTU30BaHOMY MOHITOPMHI'Y MiCBKOTO CEPEOBULIA, sIKA J03BOJIsIE 3a6e3M1e4uTy yHidikalio ta

CTaH,U,apTI/ISHLLiIO rnpouecy p03pO6KI/I CUCTEM Bi,HHOBi,HHOI’O KJjacy.

2. One of the features of the development of modern infrastructure of the state is the rapid growth of cities. The
growth of urban areas requires the improvement of management systems. To implement effective management of
a modern city, it is necessary to obtain timely data, which is ensured by conducting appropriate monitoring. One
of the main requirements for such monitoring is the accuracy of the results obtained. At the same time, the most
important thing in monitoring is to identify changes in the urban environment and analyze the causes of their
occurrence. An effective approach to improving the accuracy of the results of monitoring the urban environment
is an approach based on the development of knowledge-oriented decision support systems. It is proposed to
consider deep neural networks and hybrid (fuzzy neural network) models as the basic mathematical apparatus for
formalizing knowledge of this class. Traditionally, the technology for creating knowledge-oriented decision
support systems is based on classical technologies for the development of intelligent systems. In this case, the
prototyping method is used as the main approach, which is based on the implementation of a certain sequence of
stages in the development of decision support systems with an intermediate representation, refinement and
formation of the corresponding prototype. At the same time, the stages of classical technologies for creating
intelligent systems are characterized by a rather arbitrary, not formalized definition of the boundaries of the
implementation of these stages and the transitions between them. All this significantly complicates ensuring the
manufacturability of creating decision support systems for monitoring the urban environment from an industrial
point of view. That is, the issues of an integrated approach to the development of decision support systems at an
industrial level for recognizing buildings on digital space and aerial photographs using deep neural networks and
hybrid (fuzzy neural network) models are insufficiently studied. Thus, in the subject area, there is a contradiction,
which consists, on the one hand, in the need to develop knowledge of oriented decision support systems for
recognizing buildings in digital space and aerial photographs using deep neural networks and fuzzy logic, on the
other hand, in the possibilities existing technologies for the development of such a class of systems. To solve this
contradiction in the dissertation work, an urgent scientific problem was formulated and solved - the construction
of information technology for the development of a decision support system for recognizing buildings on space
and aerial photographs to increase the efficiency of automated monitoring of the urban environment. In the
course of the dissertation work, the model of the convolutional neural network for the segmentation of objects on
digital images was improved, in which, unlike the known ones, a pretrained convolutional neural network with a
deeper architecture is used as a neural network narrowing block for the feature extraction subnetwork, and as a
classifier it is used modified Wang-Mendel neural network, which implements operations on interval fuzzy sets of
the second type. This improvement allows to provide more accurate segmentation of objects in digital images. The
method of formalizing knowledge about the semantic segmentation of buildings on space and aerial photographs
was also further developed, in which, in contrast to the known ones, the developed formalization apparatus is built
on the basis of using an improved convolutional neural network model for object segmentation and a modified
teaching transfer method using several bottlenecks (intermediate connections between the narrowing and
widening blocks of the advanced convolutional neural network model). This improves the quality and shortens the
training time for the fuzzy convolutional neural network model. For the first time, an information technology has
been built for the development of a decision support system for recognizing buildings on space and aerial
photographs during automated monitoring of the urban environment, which, based on functional modeling,
formally represents the process of developing a decision support system using a fuzzy convolutional neural
network model. The presented technology makes it possible to ensure unification and standardization of the
process of developing a decision support system of the appropriate class. Developed and improved technologies,
models and methods have qualitatively new properties and allow solving the scientific problem of building
information technology for developing a decision support system for recognizing buildings on space and aerial
photographs to increase the efficiency of automated monitoring of the urban environment. This allows you to get a



gain in accuracy and completeness when solving the segmentation problem on average up to 3%.
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