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Abstract. There are three main problems of interaction people with limited mobility with social infra-
structure facilities (SIF): the first is physical, the second is the inaccessibility of information about the SIF,
and the third is social. The accessibility of SIF and information about it can be ensured through use elec-
tronic maps of urban areas and SIF (digital city). These circumstances determine the relevance of the deve-
lopment and creation of a geoinformation support system for decision support in the field of social infra-
structure accessibility for people with limited mobility. An original approach to the development and crea-
tion of technology to meet the needs for obtaining formalized spatial data, as a social tool for geographic
orientation, an information and reference system for supporting decision-making in the field of social
development is proposed. The purpose of the study is to develop a system for managing and monitoring
the city’s social infrastructure facilities. Materials and methods. The conceptual model of the system was
developed using GIS technologies and the theory of formal concept analysis (FCA). The online version is
implemented using PHP, JavaScript. Results. The paper presents a methodology for implementing a deci-
sion support system. An Internet version of the system has been implemented. The system functionality and
interface were tested with the involvement focus groups of people, interested in using the development.
Conclusion. A system for managing and monitoring city’s social infrastructure facilities has been deve-
loped and implemented. The work is useful in the field of municipal management of social infrastructure,
as well as for people with disabilities and researchers.
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Annomayusn. CylmecTByIOT TPH OCHOBHBIE TIPOOJIEMBI B3aMMOAEHCTBUS MAJIOMOOMIIBHBIX I'PYIIT HACe-
nenust (MI'H) ¢ o6bekramu cormansHoi nHppacTpykTypsl (OCHU): nmepBast — ¢pusnyeckas, BTopas 3aKJIo-
yaeTcsl B HepocTynHoctr uHpopmaruu 06 OCH, a TpeThs — conuanbHas. JlaHHas kateropusi rpaxkaaH
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OTpaHMYCHHA B MEPEMELICHUN U HUCTIBITHIBACT TPYAHOCTHU IMPH B3aMMOACHCTBHHU C COLHAIBLHON MH(PPACTPYK-
TYpOIi: B IIEPBYIO OYEPE/b, ITO JIMLA C OTPAHWYEHHBIMH BO3MOXHOCTSIMHU (MHBAJINABI), COCTaBIISIIOMNE 00-
nee 15 % HaceneHus MHpa, a TAaKXKe JIMIA, IEPEMEINAIONINEcs], HAPUMEp, C 0araxoM MM KOJIACKOH. B Mu-
pe yzmenseTcs 3HAYWTEIbHOE BHUMaHHE (HOPMUPOBAHUIO 0€30apbepHON Cpenbl W YIydLICHHIO KadecTBa
xu3Hn MI'H, peanuzyrorcst henepanbHble 3aKOHBI M IIEJIEBbIC ITPOTPaMMBbI, HallpaBJICHHbIEC Ha yIIpaBJICHHE
mporeccom obecriedeHus nocrynmHoctd OCU minsg MI'H. HoctymHocts OCH 1 mHOpMAIH 0 HUX MOXKET
OBITH Oo0ecredeHa 3a CUYET MCIIONIF30BAHMS AIIEKTPOHHBIX KapT ropoiackux tepputopuit u OCHU (mmdposoit
ropon). YKazaHHbIE 0OCTOSTEIbCTBA O0YCIIABIMBAIOT aKTyaJIbHOCTh Pa3pabOTKH M CO3JaHus reorMH(popMa-
LIMOHHOI CHUCTEMBI OAAEPKKH MPUHATHS PEIICHUH B cepe oOecreueHuns! JOCTYITHOCTH COManbHOi nHdpa-
CTPYKTYpHI 1tuppoBoro ropona. IIpeanoxer opurnHaIbHBINA MOAX0A K pa3pabOTKE U CO3AAHHIO TEXHOJIOTHH
YIOBJICTBOPEHHS MOTpeOHOCTEH B IMOJTyYeHUH (POpMaNn30BaHHBIX MPOCTPAHCTBEHHBIX IaHHBIX, B KaueCTBE
COI[MAJIBHOTO HMHCTPYMEHTa Ieorpaduueckoro OpHUEHTHPOBAaHUS, HH()OPMALMOHHO-CIPABOYHOH CHCTEMBI
MOAJCPKKH MIPUHATHS PEIICHNI B 001acTH connanbHOTo pa3BuTHA. Lle/Ibo HeciieloBaHUs SIBISIETCS pa3pa-
00TKa CHCTEMBI YIpaBJIeHHs U MOHUTOPUHIa 00BEKTOB COLMATIbHON MH(PPACTPYKTYphl roposa. MaTepuasbl
u Metoabl. KoHuenryanpHas Mozens cucteMsl pazpadborana ¢ ucnonszoBanueM ['MC-TexHonmoruii u Teo-
pun anamm3a ¢opmanbHBIX TOHATHH (ADII). OHmaiiH-Bepcus peanm3oBaHa ¢ wucnoib3oBanneM PHP,
JavaScript. PesyapTaThl. B paboTe mpeacTaBiieHa METOMKA PEATU3ALMH CUCTEMBI TTOJICPKKH NPUHATHSL
pewenuii. PeanuzoBana nHTEpHET-BepcHs cucTeMbl. DyHKIMOHAT U HHTEp(eiic CHCTEMBI TPOTECTUPOBAH C
IIpUBJICYEHHEM (POKYC-TPYIIN, 3aMHTEPECOBAaHHBIX B HCIIOJIB30BAHUM Pa3palbOTKH. 3akJroueHue. Pazpabo-
TaHa W peaJn30BaHa CHCTEMa YMPABICHNS U MOHHUTOPHHTa OOBEKTOB COLUAIBHON HHPPACTPYKTYpPHI TOPO-
na. Pabora nonesHa B cepe MyHHIIMIANBLHOTO YIIPABICHUS COLMAIbHON MH(PACTPYKTYPOH, a TaKkxKe JUis
JIOZIEH ¢ OTPaHNYCHHBIMU BO3MOXKHOCTSIMH M HAyYHBIX paOOTHHUKOB.

Knioueswie cnoea: CIIIP, I'MIC, ynpaBneHue, NoAaepKKa, IPUHATUE PELIEHUM, KapTa, JOCTYIHOCTb,
teppurtopusi, MI'H, OCH, reoundopmanmonsas, cucrema

bnazooapnocmu: ViccnenosaHue BHIIOJIHEHO IpH noazepxke Poccuiickoro HayyHoro ¢oHIa B paMKax
Hay4yHOTro mpoekrta Ne 22-11-20031.

Jlna yumuposanus: Tashkin A.O., Hollay A.V. Development of a decision support system of city's
social infrastructure accessibility based on GIS-technologies // Bectauk IOYpI'Y. Cepust «KomnproTepHbIe
TEXHOJIOTUH, YIIPABJIECHHE, PaTH03IeKTpoHnKay. 2022, T. 22, Ne 2. C. 122-131. DOI: 10.14529/ctcr220211

Introduction

A significant part of modern society is made up of low-mobility groups of the population (LMGP),
these are people with disabilities as well as people moving, for example, with luggage or a stroller. Re-
searchers identify three main problems of the interaction LMGP with social infrastructure: the first is
related to the physical barriers of social infrastructure facilities (SIF), the second is the inaccessibility of
information about SIF, and the third includes a number of social problems caused by the attitude to-
wards LMGP within society [1]. Information support for the issue of SIF accessibility for LMGP can be
increased through the use of urban areas and the SIF electronic maps (digital city) [2]. The problem of
developing and improving methods for obtaining and processing information about objects of the social
infrastructure of a digital city to ensure the availability of LMGP requires systematization and develop-
ment of an approach in terms of processing geospatial and socio-economic data [3].

In Russia, for the purpose and execution of laws and state programs, public authorities are taking
measures to disclose information regarding the physical accessibility of the SIF in order to increase the
awareness of citizens, as well as the passportization of SIF and the introduction of standards to simplify
the provision and use of information. To manage this process, tools and systems for managing such in-
formation are needed, which justifies the need to develop a decision support system (DSS) in the field
of territorial administration. One of the most important problems for the developers of such systems is
the problem of technical implementation due to the heterogeneity and weak structure of the initial
data, which is one of the main areas of research in this work [4, 5]. At the moment, information por-
tals operate in many municipalities of Russia, the tasks of which include meeting the information
needs in the field of SIF accessibility for LMGP. However, often such resources do not have data
analysis tools and solve a limited set of problems. The paper describes the tools for expanding
the possibilities of analyzing socially-oriented data in order to obtain formalized information about
SIF accessibility level.

BecTHuk HOYplY. Cepus «KomnbioTepHble TeXHONOrMK, ynpasreHue, paauoaneKkTPpoHNKay. 123
2022.T.22,Ne 2. C. 122-131



YnpaBneHue B coLManbHO-9KOHOMUYECKMX CMcTeMax
Control in social and economic systems

Methods

Often there are tasks related to the analysis of attributive data, for example, information about
the area, length, number and other parameters of objects in the information space. The paper uses
a combined approach to the process of processing and combining unstructured disparate data, which im-
plements various algorithms, methods and approaches, thanks to which an original method was obtained
for solving the problem of information support in the field of SIF accessibility for LMGP. The main idea
of the proposed decision support method is to solve two main tasks:

1. Consideration and search of social infrastructure objects on the map and sorting by accessibility
levels and other parameters. This problem is solved by means of GIS and spatial analysis.

2. The study of structured arrays of attributive, spatial and socio-economic data regarding the acces-
sibility of the SIF. The problem is solved with the help of mathematical methods and algorithms for
processing semantic and numerical data.

The initial data for providing information support in the field of SIF accessibility for LMGP
have different nature and forms of presentation. The legally established requirements for the acces-
sibility of BSI, maps and city plans, as well as arrays of spatial and attributive data of the existing sys-
tem of urban social infrastructure form the parameters of models for presenting and structuring data.
The scheme of the decision-making process is shown in Fig. 1. Arrays of spatial objects of areal,
linear, point information are used to build models for presenting accessibility data using city plans and
maps, as well as models for structuring socially-oriented data using the accessibility requirements of
SIF [6].

Initial information (geodatabases, parameter values)

Maps and Spatial datasets and features SIF accessibility
city plans (SIF, buildings, etc.) Requirements
| | | |
v v v v
Models for presenting data of Structuring socially-oriented
SIF accessibility and characteristics data models

v v

Sets of structured geographic and attributive data to support decision-making
and meet information requirement in the field of SIF accessibility for LMGP

Fig. 1. Decision making process diagram

The processes of information provision, processing and analysis of data aimed at supporting deci-
sion-making in the field of managing the SIF accessibility for LMGP are laborious and require a long
processing time due to the large volume, and are also difficult to identify and compare due to receipt
from several sources, which leads to lead to errors and incorrect management decisions.

The presence of a decision support system will reduce time and labour costs, reduce uncertainty and
increase the speed of the decision-making process due to the implementation of the possibility of storing
and processing a large amount of socio-economic spatial data about the SIF. Fig. 2 shows the decision-
making process in the area of managing SIF accessibility.

Providing federal and municipal authorities with decision support systems is one of the key tasks in
the transition to a digital economy. Large volumes of semi-structured arrays of socio-economic data,
their diverse structure and fragmentation make them impossible for manual processing and making rea-
sonable management decisions of social processes. In this way, DSS are aimed at improving the ef-
ficiency of decisions and it is customary to use them as the main tool for developing effective manage-
ment decisions in the field of public administration.

The qualitative difference and peculiarity of the proposed method of spatial analysis lies in the uni-
fied representation of SIF, their characteristics, properties and attributives in the form of geoinformation
objects and structured arrays of attributive, semantic socially oriented data.
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Fig. 2. Scheme of SIF accessibility management control

For the analysis and structuring of socio-economic data, the object-attribute representation is not
enough. Methods are needed that take into account the folksonomic data structure, usually consisting of
three arrays: O = {o;}!_, — array of objects; P = {p j}§=1 —array of attributives of objects; U = {u,}N_; —
array of GIS users generating arrays of objects and attributives. Such data structures can be organized
using the theory of formal concept analysis (FCA) [2, 7]. The tasks of classifying spatial objects in
the digital environment, as well as the structuring of socio-economic data from LMGP, organized ac-
cording to the principle of folksonomy, are considered to be one of the key tasks for ensuring decision-
making in the field of ensuring SIF accessibility for LMGP [3, 8].

The development of mathematical models for structuring data of decision support systems is due to
the need to improve the quality of information retrieval, processing and presentation of results. Often,
methods are used aimed at building an ontology of the information space of a decision support system.
Ontology is a knowledge model that can be used to describe the semantics of IS objects. Based on various
definitions, ontology is a logical theory that uses the capabilities of a formal language to represent a do-
main model in the form of a network hierarchical structure of concepts and relationships between them.
The ontology can be represented as follows:

ON = (C,R,L,P;, P, P ), Where

C = {cy, ..., ¢y} — array of concepts in the ontology;

R = {ry, ..., ;y} — array of binary relations r;(c,, c,) between concepts;

L ={l, .., L,}—array of lexical labels (ontology dictionary).

As a result of the analysis of socially oriented Internet services, it was revealed that the data struc-
ture of such services can be interpreted in the form of the arrays mentioned above, which have the fol-
lowing properties:

array of objects 0 = {0;}}_1;

array of objects attributives P = {p;}

array of users U = {u,}¥_1;

the first two array O, P are generated by the third array U 0, P, U = {0, pj, un}iL} =y nes-

Approaches to the classification of such data structures are commonly called folksonomy. The main
problem of folksonomy is the problem of the lack of interconnectedness of data. The solution to this
problem can be achieved by combining the folksonomic and taxonomic approaches to data classifica-
tion, for which the key characteristics of objects and attributives of the information space were deter-
mined and a system of relationships between them was implemented. For the first time, a combined
classification system was proposed, namely, the main classification table was supplemented with tables
of typical values formed during the classification by the folksonomic approach [9].

.
j=1
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One of the possible means of extracting ontological concepts and their hierarchies is the theory of
formal concept analysis (FCA) (F. Simiano and A. Hotho, 2005) [9, 10]. On the basis of data consisting
of three arrays (folksonomic data), it is possible to build a lattice of formal concepts, extract concepts
and ontology classes, hierarchical structuring, identify dependencies, and so on. FCA, as a method of
replenishing knowledge bases, can be used to build ontologies of a subject area in the form of a sematic
multidimensional network.

A method for organizing the ontology of the subject area is proposed by using the GIS for LMGP
database of SIF. As before, 0 = {0;}!_, is the array of SIF, P = {p]-}jz1 is the array of attributives of

the SIF, and to denote the relationship between them, we introduce the array Y = {< 0;,p; >}§]=1'j=1,

which contains information about which array of attributives each object from the array of SIF is en-
dowed with, , Y < O x P, relation < o;, p; > means that object o; has attribute p;. The formal context
can be expressed as K = (0, P,Y) and represented as a binary matrix (Table 1).

Table 1
Binary matrix of objects of their attributes
P1 p2 P3 pj
0, 1 1 0 1
0, 0 1 1 0
03 1 1 1 1
0; 1 0 1 1 1

Based on two arrays (objects and their attributes) and a known binary relation between them, using
Galois operators, one can obtain formal concepts. For arbitrary A < P and B < O the Galois operators
are defined:

A'={p € P|Vo € A: (oY p)},

B'={o € O|Vp € B:(oYp)}.

A'is the array of attributives that all objects represented in array A. B’ is the array of attributives
that all objects represented in array B. The formal concept (4, B) includes the array of objects A € 0
and the array of attributes B € P satisfying the condition B'= A and A’ = B. A is the volume of
a formal concept, which includes a array of objects endowed with certain attributives of the array B.
B is the content of a formal concept, which includes a array of attributives, one or more objects of
the array A.

In Fig. 3, the arrays of objects and attributives, as well as the areas of formal concepts, marked with
a stroke, are graphically represented as planes. It is customary to visualize the formed lattices of formal
concepts using Hasse diagrams, which are a graph covering the relation “to be a more general concept”
(Fig. 4). Each lattice vertex is a formal concept [3, 7, 11].

A’ A’
P
0 A
I
Os
Fig. 3. Areas of Formal Concepts Fig. 4. Formal concept lattice
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Results
Let us consider the construction of a lattice of formal concepts using the example of SIF array and
its attributives of a GIS, aimed at meeting the information needs of the LMGP (Table 2).

Table 2
A special case of a binary matrix (SIF and their attributives)
0 — array of objects P1 D2 D3 Da Ps
No. P — array of attributives Building Road Social [Residential fgicﬁf\;'gls
o, |District Hospital 1 0 1 0 1
0, |UGRASU 1 0 1 0 1
0; |Shopping center “Gostiny Dvor” 1 0 1 0 0
o, |Mira street 0 1 1 0 1
oz |Mirast., 100 1 0 1 1 0
Traffic light
O6 Krasnoarmeiskaya st./ Chekhov st. 0 1 1 0 1
o, |Kalininast., 26 1 0 0 1 1

As a result of the accumulation of a sufficient base of social infrastructure objects and their attribu-
tives, it is possible to build a graph using Hasse diagrams to visualize lattices of formal concepts (Fig. 5).

O

Fig. 5. A special case of a Formal concept lattice (SIF and their attributives)

Formal concepts formed as a result of graph construction are nodes with the largest number of con-
nections. With regard to the case under consideration of SIF and their attributives can assign the formal
concepts names as follows [12]:

(03) — Not accessible SIF for LMGP;

(04, 02) — Accessible SIF for LMGP;

(05) — residential buildings not accessible for LMGP;

(07) — residential buildings accessible for LMGP;

(04, 0g) — places accessible for LMGP.

The result of method application is maps with highlighted areas, reflecting the accessibility level of
SIF and a detailed SIF description, containing the base parameters of objects [9, 11].

Regarding the software and hardware implementation, due to the social orientation of the system,
a client-server architecture was chosen. The modularity of the software implementation is provided by
PHP tools, the client application is an object wrapper over a relational database [13, 14]. The decompo-
sition of the system architecture can be represented as five main components [15, 16] (Fig. 6):
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Fig. 6. System architecture

1. DB. Structured archives of spatially-referenced cartographic and semantic data, provided with
appropriate metadata, stored in the database.

2. Cartographic basis. A geospatial field responsible for the interactive presentation of cartographic
data using API services.

3. CMS. Content management system (platform for publishing Internet sites), which implements
the application logic, communication with APl mapping services and provides work with the data ware-
house.

4. Applications. A set of software modules implemented in PHP.

5. Web Client. Graphical user interface implemented as a Web application (Internet resource).

The study regarding the implementation of GIS for LMGP is designed as an Internet resource at
geowheel.ru (Fig. 7).

'I‘nasuasa Onucarue npoekta  [o6asuTb oGbekT Katanor ofwektos OGparHas cesss [liogu WAM

Haitry ua caiire: |

CeoBopnHblit gocTyn 3aTpyAHeHHbIR focTyn [OocTyn HeBO3MONEH

3ATC, KLl "Okrasps”
] Xammor-Marcmitck. yn. lsepsumcroro, 7

& 30.03-24

Fig. 7. Screenshot of the created system
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Discussions and Conclusions

A new method of automatic analysis and folksonomic data extraction using formal concepts analy-
sis theory, aimed at supporting the decision-making process, has been proposed and tested. A model for
the folksonomic data classification based on the FCA theory has been developed, that is provides infor-
mation support process for decision-making in the field of ensuring SIF accessibility for LMGP.

A decision support system has been created that implements the developed models and methods to
support the decision-making process in the field of SIF accessibility managing state for LMGP. A soft-
ware and hardware complex based on geoinformation technologies has been implemented, that makes
possible to accumulate, systematize, and effectively use folksonomic data to support managing process
of SIF accessibility for LMGP and research tasks.

The system is used by LMGP as a tool for spatial orientation, as well as by municipal authorities to
make managerial decisions regarding informational provision and physical accessibility of social infrastruc-
ture facilities. In particular, it has been introduced into the work of wheelchair users regional public organi-
sation “Preobrazovanie” and to the Khanty-Mansiysk branch of the Federal Autonomous Organisation
“Main State expertise of Russia” as a decision support system in the field of SIF accessibility for LMGP.
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