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Abstract

This article discusses the basics of the concept of the unique geo-informational space (UGIS) as an ob-
jective reality of the world around us. The main concepts of space, field, region, and territory that are
relevant for this area of research, namely, as an informational space, are clarified. Taking into account
the hierarchy and multidimensionality of information in general and the information space in particu-
lar, the scheme for its study as a System of Systems is proposed. At the same time, there are problems
of functional connectivity of both individual multidimensional information objects of this space and
functional connectivity of hierarchical layers, each of which will have its own unique features and inter-
pretations of data, information and knowledge.

For the formation of properties of problem-oriented cross-sections of UGIS and their relationships,
when describing the processes of information exchange and mutual influence, a hexagonal lattice is
proposed as a basic consideration. The algorithms for describing individual information objects and
hierarchical layers based on functionally related hexagonal elements that allow the use of a modified
apparatus of cellular automata, soft information models, and fuzzy logic are proposed. As an example,
the so-called “gravitational model” of the connectivity of the elements of the UGIS is used. The au-
thors believe that such (or similar) nonlinear model is adequate to the information features that are
characteristic of socio-economic processes and systems and can be applied at the level of regions and
individual territories. The proposed variants of the soft model of UGIS in relation to the socio-economic
problems of the region allow us to solve the problems of forecasting the dynamics of these processes
and development. The approaches to the formation of the architecture of such a model and its imple-
mentation in the framework of a fuzzy knowledge base are discussed.
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AHHOTanUA

B HacTosIel cTaThe pacCMaTPUBAIOTCS OCHOBBI KOHIIENIMKU €JMHOTO TeOMH(OPMAIlMOHHOTO MpO-
crpaHcTBa (ET'MIT) kak 06beKTUBHON peaJbHOCTH OKPYKAIOIIEro HaC MUpa. Y TOYHSIOTCS OCHOBHBIE
HOHSATHS POCTPAHCTBA, I10JIs], PETMOHA, TEPPUTOPHUH, KOTOPbIE NMPECTABJIAIOTCS aKTyaJlbHbIMU JJIS1
JIAHHOTO HaIlpaBJIeHUs] UCCIeJ0OBAaHUH, 2 UMEHHO, KaK MH)OPMAIMOHHOTO NMPOCTPAHCTBA. YYUTHI-
Basi HEPAPXUYHOCTb U MHOTOMEPHOCTh MHPOPMaL UK BOOGIe U HHGOPMAIMOHHOTIO NPOCTPAHCTBA
B YaCTHOCTH, IpeJJIaraeTcsl CXeMa ero Uccie0BaHUs Kak System of Systems. [Ipy 3TOM BO3HUKAIOT
npo6JieMbl PYHKIMOHAIBHON CBSI3HOCTH KaK OT/JEe/IbHBIX MHOTOMEPHBIX HHYOPMALIMOHHBIX 00beK-
TOB 3TOT'0 MPOCTPAHCTBA, TAK U GYHKLMOHAIBHOH CBI3HOCTH MepapXUYeCKUX CJI0€B, I KaXKJ0r0 U3
KOTOPBIX 6YAYT UMeTh MECTO CBOM YHHUKa/IbHble 0CO6EHHOCTH U TPAKTOBKH JAHHBIX, HHGOpPMALUU
Y 3HaHui. [y popMupoBaHUs CBOMCTB NMPOGJIEMHO-OpUeHTUPOBaHHbIX cedeHud EI'MII u ux B3au-
MOCBSI3€H, IpX ONMHCAHUHU NPOLEeCCOB MHGOPMALMOHHOrO 06MeHa U B3aUMOBJIMSIHUSA, NTPe/JIOKeHA
reKcaroHajibHasl pelleTKa B Ka4ecTBe 6a30BOro paccMOTpeHHUs. [Ipe/iioXKeHbl aIFOPUTMbI ONHCAHUS
OTZe/IbHBIX NHQOPMAIIMOHHBIX 06 BEKTOB M HepPapXUYeCKUX CJI0€B, OCHOBAaHHbIE Ha QYHKI[MOHAJIb-
HO-CBSI3aHHBIX I'€KCarOHaJbHBIX 3JIEMEHTAX, JONMYCKAIIUX NPUMeHeHHe MOJUGUIIMPOBAHHOIO all-
naparta KJeTOYHbIX aBTOMATOB, MATKUX HHOPMALMOHHBIX MOJeJIel U HEYeTKOM JIOTHKHY. B kauecTBe
IpHUMepa UCI0JIb3yeTCs TaK Ha3blBaeMasi «IPaBUTALMOHHAs MOJeJb» CBA3HOCTH 3jeMeHTOB EIMIL
ABTODBI MOJIAraloT, YTO TaKas (MM el noJj00Has1) HeJIMHeHast MOZiesIb a/leKBaTHA TeM UH$OopMaLu-
OHHBIM 0COGEHHOCTSIM, KOTOPbIe XapaKTEePHBI /s COLUATbHO-3KOHOMUYECKHUX MPOIECCOB U CUCTEM
Y MOXeT GbITh IPUMEHEHA Ha YPOBHE PETHOHOB U OT/Ae/bHBIX TepPUTOpUIL. [IpesiiaraeMble BapHUaH-
Thl MsirKo# Mogesn ETUIl nprMeHUTEeIbHO K COLMaJbHO-9KOHOMUYECKUM NPo6ieMaM peruoHa Imno-
3BOJISIOT pellaTh 33/1a4y IPOrHO3UPOBAHUS AUHAMUKY 3THX IPOLECCOB U pa3BUTHUsA. O6CYKAAOTCS
H0oAX0/bl K OPMUPOBAHUIO aPXUTEKTYPHI TAKOH MOJIE/IH U ee pean3alii B paMKax He4eTKOH 6a3bl
3HAHUMU.

KnwyeBble ciaoBa: MHGOPMALMOHHOE MPOCTPAHCTBO, (QYHKIMOHA/NbHAsl COBMECTHUMOCTD,
MHOTOMEPHOCTb, U3MepeHus, PyHKIMOHa/IbHAA CBA3HOCTD, LIeJIOCTHOCTD.

Jl1s BUTUPOBAHUA: XpamoB, B. B. KoHuenuusi GyHKIMOHANBHON CBASHOCTH U3MEPEHHI FeOrH-
dopmanmoHHOro mpoctrpaHcTa pervoHa / B. B. Xpamos, C. 0. Kpamapos, C. A. Pomynkus. - DOI
10.25559/SITITO0.16.202002.407-415 // CoBpeMeHHble HHPOpMaLMOHHBIE TeXxHOJI0TUH U UT-06pa-
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Introduction

One of the most important concepts used in the process of trans-
forming socio-economic systems within the framework of the proj-
ect “Digital Earth” is the Unified geo-informational space (UGIS).
Taking into account that there isn’t currently no unambiguous in-
terpretation of some terms, we will fix the variant of their use in
this work.

The concept of space itself is interpreted “as an objective reality, a
form of existence of matter characterized by length and volume”!
[1]. Among the many known spaces, we note the information and
geographical spaces. Among the many known spaces, we note the
information and geographical spaces. Moreover, the last place oc-
cupies a central place in the Earth Sciences. It is understood as “the
form of existence of geographical objects and phenomena within
a geographical cover; a set of relations (including informational -
author’s note) between geographical objects located on a specific
territory and developing over time”[2]. It is assumed [3] that space,
like any complex system (more precisely, System of Systems), in-
cludes three components - matter, energy and information [3, 4],
the description of each of which reflects its own characteristics of
the whole system in general? [5].

In turn, the territory is earth (ground, two-dimensional, surface)
[6], a space with defined boundaries. And, finally, a region is a gen-
eralized name for physical-geographical, political, socio-economic,
etc. zoning of any taxonomic rank; a significant territory with some
community of natural and other conditions.

Based on the goals of this study, we will consider in more detail the
pragmatic properties of the geo-informational space model, which
characterize the degree of usefulness of the information available in
it for the practice of solving socio-economic problems.

Properties of a soft model of geo-informa-
tional space

The properties of the UGIS model, that prove its usefulness, first of
all, “include the presence of meaning (semantics), relevance (and
novelty). These properties encourage UGIS to develop, to self-or-
ganize and compare one information to another one” [6], generate
new knowledge, using including “interoperability is the ability of
two or more information systems or components to exchange in-
formation and to use the information obtained as a result of the
exchange” [7].

In recent years, quite a lot of systems have appeared, that imple-
ment certain elements of the geo-informational space and claim
to be “local” [8] UGIS within certain regions of Russia. There were
studies of stratification of geo-informational space [1, 6], the forma-
tion of “semantic layers”, however, in relation to one, “their” territo-
ry. The issues of interrelations and mutual influences of socio-eco-
nomic objects were also studied, mainly within the same territory.
For further description, we note the requirements formulated in
official documents [5,7,9] for the model [5,7,9] for the model (ac-
cording to the above terminology) of the unified geo-informational

space, in relation to a specific territory.

Model named at present as “The unified geo-informational space
consists of the following main components:

— information resources containing data, information and knowl-
edge recorded on the appropriate media;

— organizational structures that ensure the functioning and devel-
opment of a unified information space, in particular, the collection,
processing, storage, distribution, search and transfer of informa-
tion;

— means of information interaction between citizens and organiza-
tions that provide them with access to information resources based
on appropriate information technologies, including software and
hardware and organizational tool and regulatory documents” [9].
For coordinated work of UGIS model all its components must have
interoperability, which is interpreted as “the ability of two or more
information systems or components to exchange information and
use the information obtained as a result of exchange” [7]. And tak-
ing into account the fact that information systems of the UGIS model
should not be interoperable, and although they “work according to
independent algorithms, do not have a single control point, and the
overall management is determined only by a single set of standards
— the interoperability profile” (p.3.1.9, [7]), we have to deal with
System of Systems [10]. Accordingly, the task appears to determine
the requirements for these standards, criteria for their adequacy to
the problems being solved, on the one hand, and the adequacy of
the functional relationships of the real UGIS and its model at least at
the level of semantic layers.

The variant of semantic classification for UGIS layers may be set by
the following table 1.

T able 1. Classification of the measurable

layers of UGIS model

Dependency Classes
On time ¢t static

dynamic
On the dimension of the modeling point
object

linear

polygonal

objects with permanent
properties

On the changeability of significant ag-
gregated object properties S, within the
boundaries of its spatial position

objects with variable
properties

On the function of spatial interaction F, | autonomous

depending on the en-
vironment parameters
within the territory

depending on the envi-
ronment parameters of
the entire GIS

! Nefyodov S. P, Khlebnikova T.A. Technology for Creation and Updating of an Integrated GIS-environment. In: Proceedings of the XXIII International Cartographic
Conference. 4-10 August, Moscow; 2007. Available at: https://icaci.org/files/documents/ICC_proceedings/ICC2007 /html/Proceedings.htm (accessed 19.06.2020). (In

Eng)

2 ISO/IEC/IEEE Draft International Standard — Systems and Software Engineering — Life Cycle Management — Part 2: Guidelines for the Application of ISO/IEC/IEEE
15288 (System Life Cycle Processes). In: ISO/IEC/IEEE/FDIS P24748-2/D3. 1EEE; 2018. p. 1-74. (In Eng.)

3 GOST R 55062-2012. Informacionnye tekhnologii (IT). Sistemy promyshlennoj avtomatizacii i ih integraciya. Interoperabel’nost. Osnovnye polozheniya [Information
technology (IT). Industrial automation systems and their integration. Interoperability. Fundamentals]. Moscow, Standartinform Publ.,, 2014. (In Russ.)
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Features of the nonlinear model of interac-
tion of objects

The limited distribution of the interaction of objects can also be
represented by a quadratic relationship, many researchers think
this influence inversely proportional to the square of the distance
from the object border — the so-called “gravitational” model [8,9].
In the generalized form of the model of spatial influence set by the
membership function, it has the following dependence

S(ij) = S() (1-kG) (1)) »

where n — order of the influence function.

Research has shown that for identification of physical processes of
propagation (mutual influence) of objects, a soft model of propaga-
tion of this influence is convenient, which can have the form:
S(ij)= $G) exp(-a(i)r(ij)In b(j)),

where S(i,j), S(j)— degree of influence.

By changing parameters b(j) and a(j) within the framework of the
accepted model, it is possible to adapt the influence functions to
experimental data by performing parametric identification of the
rate of change of this influence in the required ranges.

If the connectivity functions reflect the fact of mutual influence of
socio-economic properties, the model parameters are usually deter-
mined by expert evaluation methods, or experimentally, using fuzzy
neural systems. “The use of expert assessments, which are unclear,
is a certain compromise. To determine these functions, as well as to
determine the coefficients of significance or weight of the influence
of objects, we use the method of transition from non-strict, approx-
imate expert estimates of the impact of objects on the surrounding
area to an analytical form of presenting these estimates based on
the use of continuous standard membership functions”[6].

The set of works showed that soft models adequately describe the
properties of functional interconnection [4, 11] of layers of geo-in-
formational space and can be applied to implement pragmatic goals
in the socio-economic systems of the region. To build a decision
support system for regional development, it is advisable to use a
methodology for assessing the socio-economic state of the territory
as its aggregate (and multidimensional) property (potential) to en-
sure the harmonious implementation of production, economic and
social activities. This potential of the territory is determined by fea-
tures of the territory and the physical and socio-economic impact
on the territory of unified geo-informational space by the entire set
of objects, in the informational projections, are located both on this
territory and outside of it in their information projections. The ex-
ample of this fact is the so-called “virtual enterprises”, the number
of which is constantly increasing in the world [8].

To develop a detailed methodology for taking into account the mu-
tual information influence of natural and artificial objects in differ-
ent regions when assessing the socio-economic properties of the
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Dependency Classes territory, it is necessary to form a developed knowledge base. The
On the form of the assignment of func- | analytical authors considered these issues when developing the principles of
tional relations . relationship of separate semantic layers on the example of the so-
experimental o
called digital plan schemes (DPS) [11].
statistical
defined by experts Digital plan scheme as the simplest imple-
On type of visual representation on geographical map mentation of the model of interaction of
on the map of Kohonen socio-economic objects of the territory
on a virtual image The DPS itself can be used in space monitoring systems for objects

in the study area to identify their condition through targeted pro-
cessing of satellite images obtained from various sources using
additional (ground-based) data and the formation of problem-ori-
ented digital images (including virtual) of territories. The method
of forming such an image, proposed by the authors, includes iden-
tifying objects on the ground based on the original map material,
determining the classification code, obtaining metric information
about these objects, corresponding semantic information about the
media in the file system, specifying the nature of localization, size,
and quality information, including the number of metric points and
characteristics of the object, the value of their code and numerical
values of these characteristics. In this case, repeat the specified op-
erations for each of the objects are repeated. In order to ensure the
universality of stored information, speed of processing and reliabil-
ity of its results, vector design of the source and reference infor-
mation in the form of basic semantic layers with geographical and
spatial reference, as well as geometric reference data and geograph-
ical reference of the metric points of each object based on remote
sensing data, aggregating the information of the semantic layers in
accordance with the requirements of interoperability to the output
information — thematic DPS [11].

The method of forming a cognitive two-dimensional space-a digital
plan — scheme of the territory can be represented by schemes of
algorithms of the main procedures for its implementation.

[1] The System performs data mining (IAD) on the presented
images and forms the initial semantic layer of the DPS.

[2] The intelligent system creates a virtual image of territory
objects that corresponds to a specific socio-economic task.

[3] The complex query is generated based on the properties of
the elements of the created DPS. For properties of elements that
reflect semantic content, the appointment (selection) descriptors
using the thesaurus of subject area is produced, using the thesaurus
of subject area, which are included in the conditional part of the
query.

[4] The set of descriptions (solutions) of problems is formed,
containing algorithms (operators) of the solution, which are ranked
according to the selected fuzzy proximity measure.

[5] The algorithms corresponding to their ranked descriptions
are selected sequentially.

[6] The situation of task descriptions obtained after each
algorithm is analyzed. The decision is made to continue the IAD.

[7T The automated formation of the DPS is carried out.

Development of ways to account for geo-in-
formation in socio-economic systems

In the early stages of the theory of spatial planning and assessment
of the success of placement of socio-economic objects, models
were used in which the spatial factor was taken into account main-
ly through additional transport costs. Models of spatial placement

Tom 16, N2 2. 2020 ISSN 2411-1473 sitito.cs.msu.ru
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(Weber, Tunen, Lesh, Kristaller, etc.) were more demonstrative and  y(i + 1) =mod 6 (y(i) + k + a), (1)

informative than practical. Attempts at later stages of research to
cover and take into account the most significant natural, infrastruc-
tural and socio-economic properties have transferred the problems
of spatial planning to the plane of macroeconomics. In recent de-
cades, there have been studies related to the transfer of solutions to
such problems in the information plane.

In a number of studies, “gravitational” models of mutual influence
propagation were proposed to solve local problems of managing so-
cio-economic development of the territory [6, 12]. The correspond-
ing economic and mathematical modeling provides new fundamen-
tal opportunities in solving problems of placement and subsequent
logistics, which have a spatial nature. However, firstly, these models
are general at this stage, and secondly, they take into account the
influence of important, from an information point of view, objects
only in this territory* [13,14].

Non-orthogonal models of interaction of
socio-economic objects

Even at the beginning of the formation of spatial research of so-
cio-economic orientation (as shown above, Kristaller, Lesh, etc.),
many scientists paid attention to the prospects of using non-orthog-
onal (triangular and hexagonal) lattices in the spatial description
of the properties of territories and objects located on them. In this
study, when forming the concept of the Unified Geo-Informational
Space, non-orthogonal lattices, including irregular ones (Delaunay
triangulations), found their important place.

Many (more than three dozen) works of the authors are devoted
to the description of useful properties of non-orthogonal lattices in
the description of territories, individual objects on them, and mor-
phological characteristics of semantic relief structures. We note in
this paper one original approach to the use of such lattices for the
identification of extended socio-economic objects.

Figure 1 shows an example of using the Freeman chain code to iden-
tify an object by its contour on a hexagonal raster.

Using the Freeman chain code for connectivity 6 (Fig. 1, a), the con-
tours of objects are selected (Fig. 1, b).

In this case, the EV has six possible directions (Fig. 1, a), and the
expression for calculating the next EV code has the form:

where k — the number of neighboring pixels that belong to the ob-
ject;

o = 2 - a six-part constant, and summation is made on modulo six.
Than, the x, y, and z coordinates for each point that belongs to the
contour (Fig. 2, b) are determine, the starting points for traversing
polygons are selected, which are used as the extreme ones: {min
X(min y(min z))}. Thus, selected contour point having a minimum
value z is selected, if there are several identical, the one that has the
minimum value y is selected, if there are several, the one which has
the minimum value x is selected.

Then, the circumvent is performed relative to these starting points
of the external contour of the item, fixing the parametric descrip-
tion of the contour x(s), y(s), z(s)}, s =, where S is contour length in
pixels. For the example shown in Fig. 1, b, these parametric descrip-
tions can be presented in the form of Table 1 and Fig. 2.

Fig. 1. Features of the hexagonal raster

Table 1. Indices of the coordinates

Freeman code 1st reverse counter (x)

2" reverse counter (y)

31 reverse counter (z)

+ -

+ - + -

g (s W= |O
o |lo|OC|R |~k |O
R, O]l |O|O

o|lr|lo|lo|o|r
olo|lr|lo|r|o
oc|lo|lo|r|o|r
—|lo|lrkr|lo|lo|o

* Khramov V.V, Gvozdev D.S. Intellectual information systems: Intellectual data mining. Rostov State Transport University, Rostov-on-Don, 2016. (In Russ.)
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Fig. 2. Parametric description of the contour
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