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CONSTRUCTION OF INFORMATION TECHNOLOGY FOR DEVELOPMENT
OF KNOWLEDGE BASE ON IDENTIFICATION OF URBAN STRUCTURES
ON DIGITAL SPACE AND AERIAL PHOTOGRAPHS
IN THE URBAN ENVIRONMENT MONITORING

Abstract. The efficiency and quality of modern city management are directly linked to the relevant monitoring.
Improving the efficiency and validity of the obtained data on the urban environment is possible due to the automation of the
system of urban objects identification on digital space and aerial photographs, which involves determining their changes.
Therefore, a knowledge base (data), which consists of a set of rules, facts, an inference mechanism that can be implemented
through the use of deep neural network or hybrid (fuzzy neural network) models, is therefore needed. This academic paper
proposes the technology of formal presentation of the information technology construction for the development of a
knowledge base on the identification of urban structures on digital space and aerial photographs in automated monitoring of
the urban environment. The developed technology identifies an interdependent set of phases, with the possibility of further
parallelization of sub-stages, taking into account the peculiarities of knowledge representation (formalization) on the
identification of urban structures on digital space and aerial photographs in automated monitoring of the urban environment.
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Introduction

Formulation of the problem. It is known that the
implementation of effective management of the modern
city requires timely receipt of data, which is ensured by
appropriate monitoring [1-5]. One of the main
requirements for such monitoring is the efficiency and
reliability of the data obtained.

Improving the efficiency and reliability of the data
obtained in monitoring the urban environment is closely
related to the development of an automated system used
for identifying urban objects in digital space and aerial
photographs, determining the presence of their changes
as an intelligent automated system.

The main element of automated systems for
identifying urban objects can be a knowledge base
(KB), which is a set of rules, facts, inference
mechanisms, implemented through the use of a deep
neural network or hybrid (fuzzy neural network)
models.

Development of a knowledge base is one of the
most time-consuming phases in the creation of
intelligent systems. However, the issues of an integrated
approach to the development of a knowledge base at the
industrial level to present and accumulate knowledge on
the processes of identifying urban structures on digital
space and aerial photographs using deep neural
networks and hybrid (fuzzy neural networks) models are
insufficiently studied.

Thus, in the subject area there is a contradiction,
which, on the one hand, consists in the need to develop
a knowledge base (data) for automated systems of
identifying urban structures on digital space and aerial
photographs using deep neural networks and fuzzy
logic, on the other hand the above contradiction consists
in the limited capabilities of existing technologies used
for the development of such a class of KB with a
comprehensive  presentation and acquisition of
knowledge on the processes of identifying certain

objects on digital space and aerial photographs, and the
processes of detecting changes in the urban environment
as well as carrying out analysis of their causes.

Analysis of recent research and publications.
Currently, there is a substantial body of scholarly work
on the development of KB for various purposes [6-8].
Traditionally, the basic technology of KB creation is
based on classical technologies of intelligent systems
development.

In this case, the prototyping method, which is
based on the implementation of a certain sequence of
phases of KB development with an intermediate
presentation, refinement and creation of a relevant
prototype, is used as a basic approach [9]. However, the
phases of classical technologies for the creation of
intelligent systems are characterized by a fairly
conditional, non-formalized, definition of the
boundaries of the above stages development, as well as
the transitions between them.

All this brings much complexity to the technology
of creating a prototype KB for monitoring the urban
environment from an industrial perspective, does not
make it possible to minimize the required amount of
work on the creation of a knowledge base, poses great
challenges to the development management,
complicates the formulation of tasks and functional
responsibilities of developers.

The purpose of the article is a develop a
formalized presentation of the construction of
information technology for the development of KB on
the identification of urban structures on digital space
and aerial photographs in automated monitoring of the
urban environment using deep neural networks and
fuzzy logic.

Basic material

Formally, the information technology of KB
development on the identification of urban structures on
digital space and aerial photographs in automated
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monitoring of the urban environment using deep neural
networks and fuzzy logic is proposed to be presented in
the form of a tuple [10-12]:

7 (59 9 18 )

where PXBI is setting the task of KB development on
the identification of urban structures on digital space
and aerial photographs;

{SI-KB r } is a set of stages of the corresponding KB
development, = l,_l , I is the total number of
development stages;

{C;{BF } is a set of connections between the stages

from the set {SI-KBF} , j= L_J, J 1is the total number of
connections;
KBF . |
i is a plethora of languages for

representation of knowledge on the identification of
urban structures on digital space and aerial photographs,
k=l,_K, K is the total plethora of knowledge
representation languages;

{M,{(BF } is a set of models of knowledge

representation, nzl,_N, N is the total number of

models.
The modified phases of classical intelligent
systems development are considered as the basic phases

from the set {SI-KBF} :
— the stage

SKBF ¢ {SI-KB F } on the identification of urban structures

of knowledge identification

on digital space and aerial photographs;
— the phases of knowledge conceptualization

SZKBF c { SI_KBF} :

— the phases of knowledge formalization
S3KBF c { SI_KBF} :
— the phases of software implementation

(prototyping) SfBF € {SI-KBF };
— the phases of software verification of KB

SKBF ¢ {SI-KBF } [13].
KBF

On the phase of knowledge identification S} ,
the general statement of the problem of knowledge base
development, which determines the necessary resources

and sources of knowledge, is achieved.

On the phase of conceptualization SZKBF , the

conceptual (field of knowledge) of KB
MEKBE ¢ {MfBF } is formed subject to the following

model

sub-stages:

1) based on the analysis of the subject area, the
composition of basic knowledge is determined in the
form of a verbal description (composition of the field of

knowledge) on the identification of urban structures on
digital space and aerial photographs in automated

o . K(KBF
monitoring of the urban environment — S, (KBF) ;

2) based on the knowledge composition, the field
of knowledge (structure of the subject area) is directly
formed using the appropriate language of the field of
knowledge description (this technology uses the
construction of conceptual models based on the
language of  object-oriented modeling UML

LnKiBFe {LgBF} [14]) - Sél/[,-(KBF).

On the phase
S3KBF

of (presentation) knowledge

formalization - a mathematical

MZKBFe {MfBF} and logical M3KBFe {MfBF} model

of KB is formed subject to the following sub-stages [15-
18]:

1) the formalized composition of knowledge on the
identification of urban structures on digital space and
aerial photographs and the presence of changes in the

. . KS(KBF
urban environment are determined — S3 ( ) ;

2) methods of knowledge representation and the
choice (development) of methods of knowledge

KR(KBF)

formalization are determined — S . In particular,

to present knowledge on the identification of urban
structures on digital space and aerial photographs and
the presence of changes in the urban environment, it is
proposed to apply the methods based on the use of

interval fuzzy sets of the second type l/fBF € {L[,\SBF } ,

interval fuzzy logic systems of the second type
15BF ¢ {L[k(BF } and modified deep neural networks

(convolutional neural network ) based on pre-trained
models, as well as the models for semantic

segmentation IGKBF € {L[k(BF } ;

3) a directly formalized description of knowledge
(formation of the mathematical model M 21(3 Fy s
performed using the selected methods of presentation as
well as the developed methods of knowledge

formalization — S3K D(KBF);

4) for each formalized subtask (segmentation of
urban structures on digital space and aerial photographs,
detection of changes in the urban environment) a
generalized algorithm for its solution is developed

(within  the MEBE Y the

formalized knowledge is taken into account and the
trends in the process of KB construction and
presentation of the results of solving subtasks are
AM (KBF
detected — S5 ( );
5) the elements of the mathematical model ,

MZKBF

mathematical model

which are considered as procedural knowledge,

are transformed into a logical model of the KB M 3KB r ,

described using the constructions of representation of
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logical models of the language of object-oriented

modeling UML LlKBF — S;M(KBF) .
On the phase of software implementation
KBF

(preliminary prototyping) of the KB S4 7" , a physical

model of the KB MXBF e {M fBF } is constructed , and

thus, the software prototype of the KB when performing
the following sub-stages is likewise created:

1) the KB architecture, which determines the
structure, functions and relationships of the components
of the KB — s2A(KBF)
main elements of the KB are the membership functions
of fuzzy sets, the training sample (implicit KB) and the
synaptic maps of neural networks;

2) the implementation (prototyping) of the

components of the KB — Sf P(KBF)

is developed. In this case, the

takes place. In this

case, the implementation of the KB components
includes the development of design options (model

KBF

formation My "~" ) for software implementation of the

KB using physical language models of the object-
oriented modeling of UML and direct software
implementation of the KB wusing a high-level

programming language Lé(B Fe {LIISB F } and (or) the KB

(data) management system L55F'¢ { LKBE } :

3) the process of populating the KB is based on the

KBF

elements of the mathematical model M5~ , which are

BP(KBF)

considered as declarative knowledge — S, . The

populating of the KB is carried out both as a result of
direct introduction of declarative knowledge into the
database (for example, when introducing a new or
expanding the existing training sample) and as a result
of learning the elements of the KB (for example,
synaptic maps are generated through neural networks
training).

Knowledge can be represented in the form of
synaptic maps, which are proposed to be determined by
the results of construction and further training of neural
networks using specialized simulation tools.

Testing (verification) of the KB SSKB Fe {SI-KBF } is

performed directly either on the design solutions,

presented in the form of UML models, or on the
program code that implements the prototype (or final
version) of the KB on recognition.

In case of errors, the return can be made to any
previous stage of KB development, depending on the
type of error detected.

Therefore, the set of connections {C;{BF }

between the stages of the set {SI-KBF } is determined by

the order of the above stages implementation (direct

connections ClKBF —Cf BE

(feedback) CKBF _ cKBE

Thus, multiple phases of information technology
TKBF

) and the test results

is set as follows:

KBF KBF KBF KBF KBF KBF
{Si }{1 NV S i } )

S21<BF _ SZK(KBF)Uséw(KBF) ’ 3)
S3KBF _ S3KS(KBF)US3KR(KBF)US3KD(KBF)U

USAM(KBF)USLM(KBF) @
3 3

SfBF :SfA(KBF)US}BP(KBF)US3BK(KBF) L ®)

Conclusions

Thus, the construction of information technology
for the development of KB with regard to the
identification of urban structures on digital space and
aerial photographs in automated monitoring of the urban
environment is proposed. Information technology makes
it possible to implement the industrial development of
KB on the identification of urban structures on digital
space and aerial photographs using neural networks and
fuzzy logic, with a clearly defined and interdependent
set of phases. Whereby, it is possible to further
parallelize the implementation of sub-phases, taking
into account the peculiarities of knowledge
representation (formalization) on the identification of
urban structures on digital space and aerial photographs
in automated monitoring of the urban environment.
Prospects for further research in this area may be the
development of proposals for the use of CAD-facilities
to design KB in automated systems for urban
environment monitoring.
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IloGynoBa ingopmauiiiHoi TexHoJI0ril po3podku 0231 3HAHB PO PO3NI3HABAHHS MiCBKHX 0y/10B
Ha NH(POBUX KOCMIYHHX Ta 2¢pOOTO3HIMKAX NPH aBTOMATH30BAHOMY MOHITOPHHIY MiCBKOI'0 CepeOBHINA

B. B. IlycroBapos

Anotanisi. EQexTuBHIiCTb 1 AKICTh yNpaBiIiHHA CydaCHUM MICTOM Oe3IOCcepe/IHbO 0B S3aHi 3 BEJEHHAM BiJIIOBiHOIO
MOHITOpHHTY. ITiZIBUIIIEHHS ONEePaTUBHOCTI i IOCTOBIPHOCTI OTPUMAHOI iH(pOpMallil PO MiChbKe CEPEOBHUIIE MOXIINBE 3aBIAKU
aBTOMAaTH3aLlii CUCTEMH PO3Mi3HABaHHS MICBKHMX 00’ €KTiB Ha HIU(POBHX KOCMIYHHMX Ta aepOo(OTO3HIMKAX 3 BU3HAUCHHSM IX 3MiH.
Orxe, HeoOXiHa 0a3a 3HaHb (JaHUX), KA CKJIAJIEHA i3 CYKYNHOCTI NpaBwil, (aKTiB, MEXaHI3MIB BUBE/ICHHS, 110 MOXYTb OyTH
peaizoBaHi Ha OCHOBI BUKOPHMCTaHHs INIMOOKMX HeHpoMepexeBHX a0o riOpuaHux (HEWiTKHX HeiipomepexeBux) mozeneil. B
CTaTTi 3aIPONOHOBAHO TEXHOJIOTiI0 (hOPMAIIBHOrO Mpe/CTaBICHHs N00Yy10BY iHpopMauiiiHOl TexHonorii po3podku 6a3u 3HaHb
PO PO3Mi3HABAaHHA MichbKuMX Oy/lOB Ha LU(POBMX KOCMIYHMX Ta aepo(OTO3HIMKaxX IPH aBTOMATH30BAHOMY MOHITOPUHIY
MicbKoro cepenosuia. Po3poOieHa TEXHONOris BHU3HAUa€ B3a€MO3AJICKHY CYKYIHICTb €TalliB, 3 MOXJIMBICTIO IOAQJIBIIOrO
po3mnapanenioBaHHsS BUKOHAHHS ITiIETAaIlB, 3 ypaxyBaHHSIM ocoOnuBocteil nomaHHs ((opmaiizamii) 3HaHb PO PO3Mi3HABAHHS
MiCbKHX Oy10B Ha IM(POBUX KOCMIYHHUX Ta aepO(OTO3HIMKAX IPH ABTOMATU30BAHOMY MOHITOPHHI'Y MiCBKOI'O CEpEJIOBHUIIIA.

KawuoBi caoBa: indopmaniiina TexHoioris; 0a3a 3HaHb, TJIMOOKa HEHPOHHA Mepeka; HEYiTKa MHOXHHA;
aBTOMATH30BaHNI MOHITOPUHT'; MiCbKE CEPEIOBHILIE.

HocTpoenne nHGOpMALMOHHOM TEXHOIOrMH Pa3padoTKu 0a3bl 3HAHMI 0 PACIIO3HABAHUM FOPOACKHUX CTPOCHMIA
HA HUPPOBBIX KOCMHYECKHX H a3P00TOCHUMKAX NPH ABTOMATH3HMPOBAHHOM MOHMTOPHMHIE FOPOACKOIi cpeabl

B. B. IlyctoBapos

AHHoTanus. OPDEeKTUBHOCT, M KauyeCTBO YIPABICHUS COBPEMEHHBIM T'OPOJIIOM HENOCPEICTBEHHO CBS3aHHBI C
BE/ICHUEM COOTBETCTBYIOLIEr0 MOHHMTOpHUHIa. [IOBBbINIEHHE ONEPaTMBHOCTUM M JIOCTOBEPHOCTH IIONY4EHHON MH(MOpMAaLUU O
TOpOJICKOI cpelie BO3MOXKHO Oiarozapst aBTOMAaTH3allMd CHCTEMbI PACIIO3HABAHUS T'OPOJACKMX OOBEKTOB Ha IM(POBBIX
KOCMUYECKHX M adpo(OTOCHUMKAX C OIpe/esieHHeM MX u3MeHeHuil. CienoBaTenbHO, HeoOXoauma 0a3a 3HaHUH (IAaHHBIX),
KOTOpasi COCTaBJIE€HA U3 COBOKYITHOCTH IpPaBuUi, (haKTOB, MEXaHU3MOB BBIBOJA, KOTOPbIE MOI'YT OBITH PEaM30BaHbI HA OCHOBE
UCIOJIb30BAaHUS TIYOOKMX HEHpOCeTeBBIX MM TMOPUAHBIX (HEUYETKHMX HeHpoceTeBbIX) Mozesied. B craTtbe mnpemioxena
TEXHONOrus (OPMaAILHOrO TPEACTABICHUST IOCTPOCHHUS MH(MOPMALMOHHONW TEXHOJIOIMH pa3paboTKH 0a3bl 3HAHWH O
pAcrO3HABaHUM TOPOJCKUX CTPOCHHMH Ha IUOPPOBBIX KOCMHYECKMX M a’pO(OTOCHMMKAX IIpH aBTOMAaTU3MPOBAHHOM
MOHUTOPUHI'€ TOPOACKOH cpenbl. Pa3paGoTaHHas TEXHONOrMS ONpENENseT B3aUMOCBA3aHHYIO COBOKYIHOCTB 3TaloB, C
BO3MOJKHOCTBIO JQJIbHEHIIEr0 pacrnapauie]MBaHUs BbBINOJIHEHHS MOIJTAIOB, C Y4€TOM OCOOECHHOCTEH IIpeacTaBIeHHs
(dopmanuzaumm) 3HaHMIA O pPAcCHO3HABAHMM TOPOACKMX CTPOCHMH HA LU(POBBIX KOCMHYECKHUX M a’3pO(OTOCHUMKAX IPH
aBTOMAaTH3HPOBAHHOM MOHUTOPHHI€ FTOPOJCKON CpeIbl.

Karoudesbie ciioBa: MHPpOPMALMOHHAS TeXHONOrus; 0a3a 3HaHWI; riyOoKass HEHMPOHHAs CETh; HEUETKOE MHOXKECTBO;
aBTOMAaTH3HPOBAHHBI MOHUTOPHHT; TOPOJICKas Cpena.
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