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THE USE OF GEOSPATIAL INFORMATION BY PUBLIC AUTHORITIES
TO SUPPORT THE DECISION MAKING OF MANAGEMENT

Abstract. The article proposes the use of geospatial information to support managerial decision-making by public
authorities in the field of reintegration of temporarily occupied territories in Donetsk, Luhansk regions and Crimea.
Variants of application of decision support systems in the management of immovable military property of the Armed
Forces of Ukraine, the existing algorithms and methods of the decision support system in land relations are analyzed.
Proposals are presented to support the adoption of managerial decisions by public authorities on the basis of Earth
remote sensing data. The algorithm for the functioning of the decision support system in solving the problems of
reintegration of temporarily occupied territories has been improved. The proposed sequence of actions of the method of
the process of supporting the adoption of administrative decisions by public authorities in the field of reintegration of
temporarily occupied territories using geospatial information, mathematical constructions of category theory and
predicate logic. The order of implementation of the sequence of actions of this method is given. By improving and
detailing the proposed method, it is possible to form a more effective system for supporting the adoption of managerial
decisions by public authorities using geospatial information.
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Introduction

Formulation of the problem and research tasks.
Unimpeded obtaining of species information on areas
and objects of interest and the fact that the necessary
information is obtained remotely are arguments for
using Earth remote sensing data to solve such a problem
as supporting management decisions by public
authorities using geospatial information [1, 2]. Earth
remote sensing data is practically the only source of
objective and operational information due to the
impossibility of a direct assessment of the state and
development of events and objects in the temporarily
occupied territories [2, 3]. Therefore, the most popular
information about the current, objective and visual
assessment of the area of temporarily occupied
territories in the Donetsk and Luhansk regions and in
the Crimea is information from remote sensing of the
Earth [1-3].

Today, based on Earth remote sensing data, the
following activities can be started [1, 2]:

—to generate catalogues and databases about the
territory and the enterprise (especially with potentially
hazardous production);

—to monitor the current state of territories and
facilities;

— to analyze and predict the possible consequences
of "management" in the territories;

—to develop comprehensive reintegration plans
and solutions in advance;

— etc.

The results of the analysis of economic activities
in the temporarily occupied territories can be used in
some directions. This is both an analysis of the use of
land, industrial and infrastructural facilities, as well as
forecasting the necessary measures to be taken for

restoration. Lands where military operations took place,
or where fortifications were built, require special
attention. In this case, it is especially important to assess
the safety of the further use of these territories.

Today, during the reintegration of the temporarily
occupied territories, it is important to solve many
pressing technical problems with the help of
information from remote sensing of the Earth. For
example, the construction of TV towers for broadcasting
Ukrainian broadcasting in uncontrolled territories and
the installation of digital repeaters, control of illegal
constructions and the like.

Species information (both basic and current) can
be simultaneously used in the interests of various
ministries and departments. And since at present
Ukraine does not have its own spacecraft for remote
sensing of the Earth, such a multipurpose use will
significantly save both resources for acquiring actual
species images and computing resources for their
thematic interpretation. It is advisable to oppose the
consolidation of the results obtained in the Ministry for
the Reintegration of the Temporarily Occupied
Territories.

In general, the use of geospatial information
should be divided into four areas [2]:

— inventory;

— monitoring;

— operational;

—research.

It is clear that for each type of problem it is
necessary to use its own set of input data, which is
different in its spatial, temporal and spectral
characteristics.

To solve problems, for example, in agriculture, it
is quite possible to limit the use of information of
medium resolution. However, in the interests of land
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inventory, monitoring of industrial, energy, and military
facilities, it is advisable to use aerial photography

information, which has a high (5 cm) resolution, as
reference information (Fig. 1) [4].

PitKa Mnukigia

Fig. 1. Fragment of the results of aerial photography of the territory of Donetsk region [4]

It should be borne in mind that it is necessary to
use not "one-time" shooting of objects and areas of
interest, but to analyze the ensemble of images. This
group of snapshots will then fill the corresponding
catalogs or databases and will allow you to evaluate
events in dynamics [5].

Today, to solve the problems of reintegration of
temporarily occupied territories, modern information
technologies can be used, which are a necessary tool in
the development of decision support systems (DSS).
DSS use equipment, software, databases, knowledge
base and operator's work in order to support all stages of
decision-making in the process of analytical modelling
[6, 71.

Automation and informatization are the basis for
systematizing and bringing relations in the field of
reintegration of temporarily occupied territories to
European standards. Therefore, the creation of high-
performance automation and informatization systems
should be based on intelligent information technologies.
These information technologies are based on decision
support systems. These information systems must have
powerful software in the form of appropriate methods,
algorithms and models.

Analysis of recent research and publications.
When solving the problem of providing proposals for
supporting the adoption of managerial decisions by
public authorities using geospatial information of
temporarily occupied territories, it is advisable to use a
DSS. This DSS provides a thorough and objective
analysis of a given subject area when making decisions
in these difficult conditions [6, 7]. Thus, the DSS by
collecting and analyzing a large amount of information
from Donetsk, Lugansk regions and Crimea can
influence the process of making managerial decisions
by public authorities.

Modern decision support systems have emerged as
a result of the merger of management information
systems and database management systems [8]. As a
result, systems have emerged that are maximally
adapted to solving the problems of daily management
activities. They are a tool to help those who decide. It is

important to emphasize that the role of the person who
makes decisions remains a priority. And the DSS allows
you to replace human resources at the stage of
processing and structuring the initial data of geospatial
information [2, 9].

With the help of DSS, the choice of solutions can
be carried out in certain unstructured and poorly
structured tasks. Also in tasks that have many criteria.

DSS can be developed only if there is a database
and a knowledge base. Databases are a collection of
geospatial data, defined -calculations and studies.
Knowledge bases contain inference rules, information
about human experience and knowledge in a given
subject area, which allow you to perform operations on
these databases [10].

The paper [11] analyzes the problematic issues of
the decision-making process in managing only
immovable military property of the Armed Forces of
Ukraine. The above classification of DSSs is based on
considering their features. This allows you to determine
the basic requirements for the functioning of the DSS in
the management of real estate military property.

The Unified management system of administrative
and economic processes of the Armed Forces of
Ukraine is considered. It ensures openness and
transparency of the administrative and economic
activities of the Armed Forces of Ukraine, optimization
of the planning processes, distribution and use of
financial, material and other resources to ensure the life
of the troops. It is believed that the Unified
Administrative Processes Management System of the
Armed Forces of Ukraine provides reliable information.
This information is necessary for making management
decisions by the leadership of the Armed Forces of
Ukraine. However, the basis of this system is the
information base of only those real estate objects that
are on the balance sheet of the Armed Forces of
Ukraine. And it is implemented in the real estate
military property management subsystem, which has
been accepted for permanent operation.

In [12], an algorithm for the functioning of the
decision support system in land relations is proposed.
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The problem of using only ontological engineering of
land relations is considered. Improving this algorithm
can also be used to solve the problem of supporting the
adoption of managerial decisions by public authorities
in the field of reintegration of temporarily occupied
territories in Donetsk, Luhansk regions and in Crimea
using Earth remote sensing data.

The goal of the article is to develop proposals to
support the decision making of management by public
authorities using geospatial information.

Main material

The decision support system uses information from
remote sensing of the Earth to develop solutions and
recommendations for the task in the field of
reintegration of temporarily occupied territories. This
information comes from spacecraft, industrial aerial
vehicles (aircraft, helicopters, unmanned aerial
vehicles), non-industrial media (aerostats, paragliders,
radio-controlled  aircraft models), ground-based
instruments (ground laser scanners), etc. [2]. This data
is received and stored in the central data warehouse,
which is part of the hierarchical structure of the DSS.
The central data warehouse includes a database and a
knowledge base [8].

The knowledge base should contain attributive
information about the temporarily occupied territories,
objects, owners and reintegration tasks. Knowledge base
should consist of models of formalization of law, which
can be constructed either by logical or approximate
methods, or by their combinations.

For the formal presentation of data in the knowledge
base in the decision support system in the development
of decisions and recommendations for the task in the
field of reintegration of temporarily occupied territories,
we will use the approach proposed in the paper [12].
Namely, we will choose the methods of category theory.
This is due to the fact that when developing a decision
support system, it is necessary to take into account the
representation of knowledge in the knowledge base by
ontological models.

These methods allow using such mathematical
constructions as statements, predicates, etc. in the form
of category objects [13]. This feature of category theory,
if necessary, allows you to combine mathematical
models that describe the subject area, that is,
reintegration relations.

In [12] it is proposed to designate the content of
knowledge base in the form of a multilevel model —
categories of small categories — Cat which are
connected by functors — F .

We use the results of paper [12] to develop a
sequence of actions for the method of supporting the
adoption of administrative decisions by public
authorities in the field of reintegration of temporarily
occupied territories using geospatial information.

The peculiarity of this category is that its objects

{Oblcm , 0BS54 }cCat are small categories. The

highlighted category Cat consists of two small
categories, which are interpreted as follows:

- Oblcm =K; — a set of laws in the area of

reintegration of temporarily occupied territories;

- Ob2C “ = K, —a set of schemes for solving tasks
in the area of reintegration of temporarily occupied
territories, which can be selected in accordance with the
specified criteria (rules).

The objects of categories K; and K, presented in
the knowledge base allow for a sequential selection of
the law and model, and then put them in compliance
G c Ob(K,)x Ob(K,) (Fig. 2) [12].

The interaction between the objects of the
categories K| and K, is a representation of real tasks in
the area of reintegration of temporarily occupied
territories, in which:

- {Obln,...,{Obllz,...,{0b114,...,0b,1,f}}} cK, - is
the boundary of the sets of the categorical model K,

where Obln,Ob]]z,Obl13 ,Ob114 are laws, sections,

chapters and articles of legislation in the area of
reintegration of temporarily occupied territories,
respectively;

— ZMor(Kl,Kz) — a set of morphisms between

small categories;
-M ={m1,m2,...m;’}, &zl,_h — a set of schemes

for solving problems in the area of reintegration of
temporarily occupied territories;

- D= {dj} , j= G — a set of public authorities;

~ S={s;}, i=1¢ — a set participants in the tasks
of reintegration of the temporarily occupied territories;

- 7= {zp}, p =1,_l — a set of reintegration tasks;
- GQ(DXSXZ)={(dj,sl-,zp)‘dj eD,s; €8,

Zp eZ} — relations between public authorities,

participants in the tasks of reintegration of the
temporarily occupied territories and reintegration tasks;

-G= {gq} , ¢=1,8 — a lot of relations between

public authorities, participants in the tasks of
reintegration of the temporarily occupied territories and
reintegration tasks;

—my, = <sh,dq,zh,gh> — scheme of solving in the

reintegration tasks.

Based on the knowledge models of objects and
subjects of land relations proposed in [12], a decision
support process can be carried out, which is presented in
the form of a sequence of actions of the method of
supporting the adoption of managerial decisions by
public authorities using geospatial information. This
sequence of actions is shown in Fig. 3.

The sequence of actions for the implementation of
the method of supporting the adoption of managerial
decisions by public authorities using geospatial
information is as follows:
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Cat

F: Cat>K; F: Car>K,

e o

Mor: K2>K]

ObI(Kz)

Fig. 2. Multilevel commutative diagram of relations between categories and objects
of small categories when solving problems in a decision support system [12]
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Fig. 3. The sequence of actions of the method of the process of supporting the adoption of
managerial decisions by public authorities in the field of reintegration of temporarily
occupied territories using geospatial information
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— start of the sequence of actions of the method. It
determines the need and feasibility of using a decision
support system to solve the problem. If they are
available, the process proceeds to the next stage of the
method;

— formulation of the problem. Formation of a user
request in accordance with the attribute data available in
the database. At this stage, there is a definition of
constraints that allow you to separate acceptable options
from unacceptable, and criteria that contribute to the
selection of the best of the suitable solutions;

— checking the compliance of the request data
with the criteria for their processing. Checking the
possibility of using one or another model of the
knowledge base. If a discrepancy is detected, a message
is generated and the transition to stage of formulation of
the problem is carried out to correct the original request;

— preliminary decision making: search for a module
or configuration of modules of the decision support
system, which is received for servicing the task and the
administrator's choice of modules or their configuration
for solving the task. This is provided based on
ontological models that are presented in the knowledge
base;

— processing of data that comes with the help of
auxiliary software. It is represented by a module or
configuration of modules in the decision support
system, which is provided by the administrator. The
input data is information from geographic information
systems;

— monitoring the proposed solution to the problem
of reintegration of the temporarily occupied territories.
The decision is corrected if necessary;

— final decision making. The final decision is made
with the Earth remote sensing information by the
decision maker. And presentation of results in a form
and format that is convenient for their analysis by the
user;

— the end of the sequence of actions of the method.
The final set of resulting data is formed for solving the
task that is specified by the user.

The decision support system, which implements
the proposed sequence of actions, issues a finite set of

recommendations for solving the problem, constraints
and criteria for its solution. In turn, the user can use
such a system as a means of automating the complex
process of organizing reintegration tasks. This will
allow:

—to relieve and streamline the work of public
services related to issues of reintegration tasks;

—to weaken and, in the long term, eliminate the
complete dependence of the solution of reintegration
problems on the human factor;

—to increase the degree of objectivity of decisions
made in the field of reintegration of temporarily
occupied territories.

A decision is considered to be a reasonable set of
actions on the part of a decision-maker aimed at an
object of interest or a control system, which makes it
possible to bring this object or system to the desired
state or achieve a set goal.

Conclusion and further research

Thus, the obtained sequence of actions of the
method of the process of supporting the adoption of
managerial decisions by public authorities in the area of
reintegration of temporarily occupied territories using
geospatial information.

In future, by improving and detailing the proposed
sequence of actions of the method, it is possible to form
a more effective decision support system in the field of
reintegration of the temporarily occupied territories.

The decision support system, which implements
the proposed sequence of actions, issues a finite set of
recommendations for solving the problem, constraints
and criteria for its solution.

In turn, the user can use such a system as a means
of automating the complex process of organizing
reintegration tasks.

This will allow: to relieve and streamline the work
of public services related to issues of reintegration tasks;
to weaken and, in the long term, eliminate the complete
dependence of the solution of reintegration problems on
the human factor; to increase the degree of objectivity
of decisions made in the field of reintegration of
temporarily occupied territories.
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Bukopucranns reonpocToposoi ingopmanii opraHaMu Jep;KaBHOI BJIaIu
JJIs1 MIATPUMKH NPUAHATTS YIPABJIIHCHKHX PillleHb

I. M. Byrko

AHoTanisi. VY crarri 3anporoHOBaHO BUKOPHCTAHHS TI'€ONPOCTOPOBOi iH(oOpMalii MOA0 MIATPUMKH NPUHHATTS
YIIPaBIiHCHKUX PIlllCHb OpPraHaMM JepiKaBHOI Biaau y cdepi peiHTerpaiii THM4acoBO OKYNOBAaHMX TEpUTOpid y JloHembKii,
Jlyrancekiii obnactsx ta B Kpumy. IlpoananizoBaHi BapiaHTH 3aCTOCYBaHHS CHCTEM HIITPUMKU HPUHHATTS pillleHb B
YIIpaBIIiHHI HEPYXOMUM BiHCbKOBUM MaiiHOM 30poiiHux Cun YKpaiHu, iCHyIOUi aJTOPUTMH Ta METOAM CHUCTEMH NiATPHUMKH
NPUHHATTS pIlIeHb B 3eMeNbHMX BinHOocuHax. Hanani mpono3uiii mono MiATPUMKH NPUHHATTA YIPABIIHCBKUX pillleHb
OpraHaMy JICp>KaBHOI BJIa/Id Ha OCHOBI JaHMX JMCTAHLIHHOIO 30HIYBaHHS 3eMili. Y JOCKOHAJICHUH aJITOPUTM (DYHKLIOHYBAHHS
CHCTEMH MiATPUMKH NPUIHATTA pillIeHb IIPY BUPILICHHI 3324 peiHTerpanii THM4acoBO OKYIIOBaHUX TEPHTOpii. 3anpornoHoBaHa
MOCHIZIOBHICTD i METOHy NpoLecy MiITPUMKM NPUIHATTS YNPaBIiHCBKMX DILlIEHHS OpraHaMH JIep)KaBHOI Biaau y cdepi
peinTerpanii THM4acoBO OKYIOBAHMX TEPUTOpiH 3 BUKOPHCTAHHSIM I€OHPOCTOPOBOI iH(pOpMallii, MaTeMaTH4Hi KOHCTPYKLii
Teopii kareropii i joriku npeaukaris. HaBeneHuit mopsok peasizanii OCIiIOBHOCTI il JaHOr0 MeToAy. Y JOCKOHAIIIOI0YHN Ta
JIETai3yl0ud  3alpoNOHOBAaHMI METOX, MOXIMBO c(hopMyBaTH OuUIbIl e(QEKTHBHY CHUCTEMY MIITPUMKHM NPUHHATTA
YIIPaBIIiHCHKUX PillleHb OPraHaMH JeP>KaBHOI BJIa/IU 3 BUKOPUCTAHHAM I'eONpOCTOpoBoi iHpopMaryi.

Karw4dosi caoBa: reompocroposa iH(opMalisi; AUCTaHLINHHE 30HAYBaHHS 3eMili; OpraH IEpXaBHOI BIAJM; CHCTEMa
MATPUMKH NIPUHHATTS PillICHHS; TEOpis KaTeropiif; Jiorika npeaukaris; popmaizaris.

Hcnonb3oBanne reonpocTpaHCTBeHHOM HHGOPMaLMKU OPraHAMM I'OCYJAPCTBEHHOI BJIACTH
IJIS OAIEP/KKH NPHUHSATUS YIIPABJICHYECKHUX pelleH Uil

. H. Byrko

AHHoTanus. B crarbe NpeiIoKeHO HCIIONB30BAHME I'EONPOCTPAHCTBEHHOH MH(OpPManuM IO MOAJEPIKKE NPUHATHS
YIPaBICHYECKUX PpEIIeHUH OpraHaMu TOCYJApCTBEHHOH BIacTH B cdepe pEeHHTEerpalud BPEMEHHO OKKYIHPOBAHHBIX
teppuropuii B Jloneukoii, JIyranckoii obnacrsx u B Kpoimy. IIpoananu3upoBaHbl BapHaHThl IPUMEHEHUSI CUCTEM HOIJICPIKKH
MPUHATHSA PEIIEHWH B YNPABICHUHM HEJIBMKMMBIM BOEHHBIM HMMYINecTBOM BoopyxeHHbIXx Cua YKpauHBI, CYIIECTBYIONIHE
AITOPUTMBI M METOZIBI CHCTEMBI MOAJIEPKKU MPUHATHS PEIICHUI B 36MEIbHBIX OTHOLIEHUAX. IIpecTaBieHsl NpeioKeHns 110
MOAJEPIKKE NPHHATUS YIPABIEHUECKUX DPEIIEHUII OpraHaMH IOCyAapCTBEHHOHW BJIACTH HAa OCHOBE JAHHBIX JUCTAHIMOHHOIO
30HIMPOBaHUSA 3eMIIM. Y COBEPLICHCTBOBAH alrOpUTM (YHKIIMOHMPOBAHMS CHCTEMbI NOANEPKKU INPUHATHS PEIICHUH Ipu
PELIEHNH 3aJ]ad PEUHTErpallik BPEMEHHO OKKYITMPOBAaHHBIX Teppuropuil. IIpeanoxkena mociae10BaTenbHOCTh AEHCTBUIA METOIA
nporecca MOANEPKKU HPHUHATHSA YIPABIEHYECKUX PEIICHUs OpPraHaMH TI'OCYyJNapCTBEHHOW BIACTH B cdepe peHHTerpanun
BPEMEHHO OKKYIIUPOBAHHBIX TEPPUTOPUH C HCIIOIb30BAHUEM T'€ONPOCTPAHCTBEHHOH HH(OpPMAIMY, MaTeMaTH4ecKue
KOHCTPYKIIMU TE€OPUH KAaTErOpHUH M JIOTMKH NpeIuKaToB. [IprBeieHHBIN MOPANOK peann3aliy MOCIeA0BaTENbHOCTH ASHCTBUMA
naHHoro merona. COBEpLICHCTBYS M JACTaIU3HUPYs NPEITIOXKEHHBIH METol, BO3MOXHO chopmupoBaTh Oonee 3((eKTHBHYIO
CHCTEMY MOANCPKKH TPHHATHS YNPABIEHYECKHX PpELIEHUH OpraHaMHM TIOCYyAapCTBEHHOM BIACTH C HCHOJIB30BAaHHEM
reoHpOCTPaHCTBEHHONW HH(OpManuH.

KawueBbie cJoBa: reonpoCTpaHCTBCHHAA I/IH(i)OpMaLII/IH; JAUCTAHIIMOHHOC  30HAUPOBAHUC 36MJ’II/I; OopraHn
FOCyL[apCTBeHHOﬁ BJIACTHU; CUCTEMA IIOAJACPIKKH IPUHATHSA PECIICHUSA; TCOPUA KaTeFOpHﬁ; JIOrvKa InpeauKaToB; q)opManmaqu{.
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