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Purpose. The purpose of the research is development of an object-oriented geoformation model of settlements master
plans geospatial profile data sets. The topicality of the research is due to the need to meet the current requirements of the
legislation on the development of geospatial profile data sets as, considering the importance part of master plan documentation
of increasing the level of automation and level of master plan digital data quality for their further effective use in the urban
cadastre system. Methodology. The basis of the master plan geoinformation model development methodology is a traditional
approach to database (DB) design, which includes levels of conceptual, logical, and physical modeling. For conceptual
modeling UML (Unified Modeling Language) is used, which is recommended as the main modeling tool in the geographic
information/geomatics complex of international standards. A software tool that supports the interactive mode of creating UML
diagrams Visio is used. For implementation of the master plan geospatial data base and the behavioral component of the
geoinformation model, the expansion of the standard language SQL99 with the new geometry data type and built-in functions
that provide storage, processing, and analysis of geospatial data in relational database management systems are used. The
proposed models in the research is realized in the object-relational DBMS PostgreSQl/postgis and geographic information
system QGIS. Results The typization of the geospatial profile data sets’ organization models is done in GIS. The advantages
of object-relational data model for the preparation of geospatial profile data sets in the framework of the master plan were
substantiated. A technological model for the formation of geospatial profile data sets based on the geospatial data base of the
master plan objects data base was proposed and implemented. An example of the implementation of methods for the master
plan restrictions zones automated construction using SQL-function is given. Scientific novelty. The master plans geospatial
profile data sets formation model was developed, based on the integration of object-relational databases and geographic
information systems and master plan’s geospatial profile data sets object-oriented model was developed. Implementation of
which in the object-relational DBMS ensures data independence from means and formats of instrumental geographic
information systems. Practical dgnificance. The proposed master plans’ geospatial profile data sets object-oriented model
provides for an efficient increase of creation and use of master plans geospatial profile data sets in the urban cadastre.

Key words: urban planning documentation; geospatial profile data sets; master plan; object-oriented model;
geospatial data.

The absence of the listed normative documents
system components for the master plan geospatial
profile data sets does not allow to switch from
automation of the cartographic documents
preparation to the geoinformation model of design
solutions for GIS of the territories management and
information resources integration into the national

Introduction

Modern requirements for urban planning
documentation and urban cadastre systems include,
in particular, the formation of geospatial profile
data sets in a single classification and a coding
system of urban objects, which together with
metadata sets are registered in databases of the

urban cadastre information system.

Until now there is no integral system of normative
documents that regulate the types of geospatial profile
data sets, the geospatial objects classes catalog,
conceptual and logical models of geospatial profile
data sets, and there are no formulated requirements for
digital formats and coding of urban planning
documentation components for their unambiguous
identification, registration, storage, search, and for
their use in the urban cadastre system. Until now the
graphical approach to the documents preparation is
oriented on preparation of cartographic images and
not their GIS models [Lyashchenko A., 2013],
[Horkovchuk, D., 2016].

infrastructure of geospatial data.
Aim

The aim of the research is to develop an object-
oriented geographic information model of
settlements master plan geospatial profile data sets.

The topicality of the research is due to the need
to meet the current requirements of the legislation
on the development geospatial profile data sets as
part of master plan documentation graphical part
and importance of increasing the level of
automation and level of master plan digital data

quality for their further effective use in the urban
cadastre system.
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Methodology

Geospatial profile data sets (GPDS) can be
defined as a unified set of geographic information
objects models, which are contained in the spatial
schemes and plans of urban planning and project
documentation in the state geodetic coordinate
system USK-2000 and the single system of
construction objects classification and coding for
the urban cadastre databases development.

In the modern geographic information systems,
three main models of geospatial profile data sets in
GIS are used: file geoinformation model (FGM),
georelational (GRM). and object-relational (ORM)
[Maksymova Yu., 2017].

Despite the fact that these models evolved from
a file to object-relational model, they are still used
in GIS.

In reference to file and georelational models, their
structure, content, and intellectualization tools in the
form of procedural knowledge of applied modeling
remain platform-dependent, and therefore have
limited possibilities for both the exchange and transfer
of knowledge from the designer to the computer.
Conceptually, only ORM, which in a single
environment, combines both basic geospatial data in
independent  formats and independent from
instrumental GIS basic and applied behavioral
modeling functions, and ensures the implementation
of geospatial models and spatial analysis software
independently of the GIS platform.

Thus, the key hypothesis of the research is based
on the fact that the use of the object-oriented model
of GPDS based on the ORDBMS allows maximizing
the unification level of attributive and spatial data
and the unification level of the data geoinformation
analysis means (Fig. 1) [A G-O Yeh, 2005],
[Formulation of gis based master plans for amrut
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cities. Design and Standards Ministry of Urban
Development, 2016], [Integrating geographic
information systems and agent-based modeling
techniques for simulating social and ecological
processes, 2002], [Bretagnolle, A., Daude, E.,
Pumain. D.: From Theory To Modeling: Urban
Systems As Complex Systems. CyberGe: European
Journal of Geography, 2005, 355, 1-17].

The core of the technological model of the
master plan (MP) GPDS formation, which is
presented in Fig. 2, are: the database of the master
plan objects; a block of GPDS objects spatial
analysis and modeling application means there is
interaction with both the database of the MP objects
and instrumental means of GIS.

The database of the master plan objects is the
basis of modeling and the source for the formation of
digital schemes in accordance with the established
rules of mapping and the electronic schemes images
formation in GIS. Means of instrumental GIS provide
connection with the database of the master plan
objects and according to the results of geoinformation
modeling in the automated system of master plans
GPDS preparation (Fig 2), the following components
of the documentation set in the exchange data formats
prepared for the transfer for registration in the urban
cadastre system: MP geospatial profile data sets; sets
of electronic raster plans (schemes) in accordance
with the requirements of DBN B.1.1-15: 2012 [DBN
B.1.1-15:2012. Composition and content of the
settlement master plan from 2012.07.13]; text
materials (the form of technical and economic
indicators is generated by the system automatically);
metadata about the set of documentation and its
components, including the GPDS; application
schemes (with a description of the data structure and
the classification system that is used).

File geoinformation model Georelational model Object-relational model

t Concept | Realization Concept | Realization Concept | Realization
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F = unification of functions

A — unification of attributive data
G — unification of spatial data

-======= - the dividing line of the conceptual component and the logical (platform-independent) component

Fig. 1. Levels of structure and content unification in the geospatial profile data sets models
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Fig. 2. Technological model of master plan GPDS formation based on the geospatial data base

In the structure of the master plan geospatial
data object-oriented model, presented in Fig. 3, the
following components are highlighted:

1) a knowledge base that stores information
about the information resources of the GIS of

automated system of master plans GPDS
preparation and includes: a classification of urban
planning documentation sets that provide

unambiguous identification of electronic copies of
the master plan documentation and GPDS objects;
the application scheme of the geospatial data base,
and the catalog of master plan geospatial objects
classes that define the conceptual model of
geospatial profile data sets; the profile of basic and
additional metadata elements;

2) a database that includes: the geospatial data
base of the master plan objects and the geospatial
data base of zoning objects; a database of
generalized indicators of structural and planning
units, which provides the automatization of the
process of determining technical and economic
indicators; a library of SQL functions for methods
that simulate the behavior of master plan objects
and provide database integrity based on built-in
functions of SQL language that meet the
requirements of the Open Geospatial Consortium
(OGC) specification [OpenGIS Implementation
Specification for Geographic information — Simple
feature access — Part 2: SQL option.] and the
international standard ISO / IEC 13249-3: 2011.
Information technology — Database languages —

SQL Multimedia and Application Packages — Part 3:
Spatial — 2012 [ISO/IEC 13249-3:2011].

As noted earlier, the modeling of the master
plan objects behavior is implemented using the
library of applied SQL-functions. The modeling of
functional behavior of objects includes the
following tasks: automatization of the determining
process of the urban quality and technical and
economic indicators of the territory, creation of
urban objects, and determining the optimal location
of objects. In general, object behavior modeling can
be submitted as a processing system, which is
defined as a set of input and output data, basic and
applied spatial analysis, and modeling functions,
with rules of interaction for the listed system
components. The processing system of the
modeling process of the MP objects behavior (S)
can be defined as the following five elements:

$={Zo,Ar.Fo Fa}- (M
where /[o — a set of input data that includes spatial
data Go and non-spatial data Co: [{p = GoU Co; [r—
a set of resulting data that includes spatial data Gg and
non-spatial data Cgr /Jgr = GrUCr, Fo — Dbasic
functions of spatial analysis and modeling; Fa —
applied functions of solving tasks of the territory
planning, which implement the transformation of
input data into the resulting data: Fa= /[p—/Ir or
J==Fa ({lo); R — rules for defining scenarios for the
basic functions use Fo in the system of modeling the
behavior of master plan objects: R: Fa={Fq;}, where
Fai— an applied function of object behavior modeling,
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Fig. 3. Generalized structure of the master plan geospatial data OOM

Within a one publication, it is impossible to
consider in details the methodology and
implementation of the solution of master plan
objects behavior modeling tasks. In the work of
[Maksimova Yu., 2017] a methodology and an
example of implementation of an automated
process for determining the master plan technical
and economic indicators are considered. In this

publication in the “results”, an example of
implementation of automatization process of
restriction zones creation is reviewed.
Results
The geoinformation technology of the
geospatial profile data sets preparation is

implemented in the DBMS PostgreSQL/postgis
[https://www.postgresql.org/] and GIS QGIS
[http://qgis.org/en/site].

For the production of graphic materials in the
system knowledge base the rules of the master plan
schemes digital models formation (section “Object
composition model and mapping rules” in the
technological scheme Fig. 2) based on the master
plan objects geospatial data base (Fig. 4) are
defined. On the basis of these rules, the patterns
(templates) of the typical models for the spatial
solutions representing in the form of the schemes
required by DBN B.1.1-15: 2012, for example such
as the plan of the existing use (Fig. 5), the scheme

of the engineering equipment of the territory
(Fig. 6) are formed.

The creation of the thematic zones relate to the
tasks of spatial modeling of objects in GIS,
namely, operations to determine the geometry of
objects [Handbook of Applied Spatial Analysis
Software Tools, Methods and Applications.
Springer-Verlag Berlin Heidelberg 2010]. The
method of formation of thematic zones geospatial
data by means of GIS is considered inthe example
of the restrictions zones. The restriction zones are
preferably established as a certain buffer zones of
normatively defined dimension relative to the
boundaries of the territory or the constructive lines
of artificial structures of regime objects (RO). For
the implementation of automated creation of the
restriction zones in the master plan geoinformation
model, a formalized database of normative data

(FDND) of planning restrictions based on
regulatory documents, and technical
regulationshas been developed regarding the

requirements for the establishment of restriction
zones around RO; a library of applied PL/pgSQL-
functions, which implement the automatic process
of creating, storing, and deleting restrictions zone
in the FDND.

The generalized scheme of the realization of
restriction zones creation process in the OR DBMS
is set out in Fig. 7.
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Let's consider the physical implementation of 1.1 Creation of the function and declaration of
the restriction objects creation on the example of the variables:
sanitary protection zones (SPZ). The process CREATE OR REPLACE FUNCTION
involves the following steps (below a fragment of law. add new resz zone ind()
SQL-functions of the objects behavior modeling RETURNS trigger AS
library is given): $BODY$

1. Creation of a trigger SQL function for RO, DECLARE v bigint; size real; statmd

which is responsible for creation or deleting the bigint; class code text;
SPZ. BEGIN
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1.2 Defining the actions to be taken in a case of
creation a new RO:

IF TG_OP ='"INSERT' THEN

1.2.1 Determining the size of the SPZ:

SELECT(CASE WHEN (new.regim_obj is true
and (new.zon size<>0)) THEN new.zon size
WHEN( new.regim_obj_doc is true and (new.type

is not NULL )) THEN
(select zone_size from
law.sys san prot zone class view where

id_code=new.type) END) into _size;

1.2.2 Creation of new SPZ:

INSERT INTO resz zone( type, size, class,
statmd, geom, moid_obj) VALUES
(70311033, size, CASE WHEN new.class IS NOT
NULL THEN new.class ELSE (select class code
from law.sys san prot zone class view where
id_code=new.type) end ,new.statmd,
st_buffer(new.geom, size), new.moid);

RETURN NEW;

END IF;

1.3 Determining the actions that will be
performed if the regime object is updated:

IF TG_OP ="'UPDATE' THEN

1.3.1 Deleting SPZ:

IF (old.regim_obj is true and new.regim_obj is
false) OR (old.regim obj doc is true and
new.regim obj doc is false) THEN DELETE
FROM resz zone WHERE moid obj=new.moid
and statmd=new.statmd; END IF;

1.3.2 Creating SPZ:

IF EXISTS (select * from resz _zone where
moid_obj=new.moid and statmd=new.statmd) IS
FALSE THEN select(case when ( new.regim_obj is
true and (new.zon_size<>()) THEN new.zon_size
WHEN(new.regim obj doc is true and (new.type is
not NULL)) THEN (select zone size from
law.sys san prot zone class view where
id_code=new.type) end) into _size;

INSERT INTO resz zone( type, size, class,

statmd, geom, moid_obj) VALUES
(70311033, size, case when new.class is NOT
NULL then new.class ELSE

(select class_code from
law.sys san prot zone class view where
id_code=new.type) end ,new.statmd,

st_buffer(new.geom, size), new.moid);

RETURN NEW; END IF;

1.3.3 Updating SPZ:

IF EXISTS (select * from resz _zone where
moid_obj=new.moid and statmd=new.statmd) is
true THEN select(case when ( new.regim_obj is
true and (new.zon_size<>(0 )) then new.zon_size
when( new.regim obj doc is true and (new.type is

not NULL)) THEN (select zone size from
law.sys san prot zone class view where
id_code=new.type) end) INTO size; UPDATE
resz_zone SET
geom=st_buffer(new.geom,_ size),size=_size,class=
new.class WHERE statmd=new.statmd and
moid_obj=new.moid;

END IF; return new; END IF; RETURN NEW;
END$BODY$ LANGUAGE plpgsql VOLATILE
COST 1000;

2. Creating a trigger that causes a function law.
add new resz zone ind():

CREATE TRIGGER add new resz zone

AFTER INSERT OR UPDATE

ON ter_production_territory

FOR EACH ROW EXECUTE PROCEDURE
law. add new resz zone ind();

Scientific novelty and practical significance

In the publication the theoretical generalizations
are done and practical results of solving the
scientific and applied task of developing the
methodological foundations of the master plan
geospatial data object-oriented model for the
increasing the efficiency of creating and using
master plan geospatial profile data sets in the urban
cadastre were obtained.

Conclusions

In the research the structure and components of
the master plan geospatial data object-oriented
model are determined, generalized scheme of the
master plan geospatial profile data sets and master
plan schemes formation based on the master plan
geospatial data object-oriented model is proposed.

The usage of the object-relational model of
geospatial profile data sets allow to provide not
only independence from the GIS-platform, but also
realize the transfer of knowledge transfer between
different systems in the form of procedural
functions.

Perspective directions for further research are
the integration of GIS with urban monitoring data
and other input sources and extension typical tasks
to increase the level of automation of
documentation preparation and decision making
processes.
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HALIOHAJBHUK yHIBepcUTeT OyIiBHUITBA 1 apXiTEeKTypH,

Iositpodmnorcrkuii mpoct., 31, Kui, Ykpaina, 03680, ex. momra: m_ys@ukr.net

TEOIH®OPMALIIMHA TEXHOJIOTIS1 PO3POBJIEHHS
HABOPIB [TPO®UIBHUX TAHUX 'EHEPAJIBHUX ITJIAHIB

Merta. MeTO0 JOCHIPKEHHSI € po3po0JieHHsT 00’€KTHO-OpIEHTOBAaHOI reoiH(opMmaniiHOi Mojeni HabopiB
MPOQUILHAX T'€ONMPOCTOPOBHX JAHWX T'CHEPAIBHHUX IUIAHIB HACEIEHHWX ITyHKTIB. AKTYaJbHICTh JIOCHIPKCHHS
3yMOBIICHa HEOOXITHICTIO 3aJ0BOJICHHS CYYaCHHX BHMOT 3aKOHOJABCTBA IIOJIO PO3POOIEHHS B CKiIazi rpadidHoi
YaCTHHH JOKYMEHTallli TeHepaJbHOro IJIaHy HaOOpiB MPO(QUILHUX I'eONPOCTOPOBUX JIAHUX Ta HAraJbHICTIO 3aB/IaHb
MiJBUINCHHS] PIBHS aBTOMATH3aIlii Ta PIBHS SKOCTI NU(PPOBUX MaHWUX Y CKIAAI TCHEPATbHOTrO IUIAHY IS IX
MMOTANBIIOTO €(EKTHBHOTO BHUKOPHUCTAHHS B CHCTEMi MICTOOyIiBHOTO Kamactpy. Mertoauka. OCHOBY METOIUKH
PO3po0JIeHHs reoiH(opMaliiHOT MO TeHEePaIbHOrO IUIaHy CTAHOBHTH TPAAUIIWHUNA MiAXiN A0 MPOEKTYBaHHS
6a3n nmanmx (B/l), mo MicTUTH piBHI KOHIENTYaJBHOTO, JIOTIYHOrO Ta (i3MyHOTO MojemoBaHHsA. [l
KOHIIENTYaJbHOTO MOJICJIIOBAHHS BHKOpHCTaHO YyHi(pikoBaHy Moy MojnemoBanHst UML (Unified Modeling
Language), sKy peKOMEHIOBAaHO SK OCHOBHHH 3aci0 MOJETIOBaHHA B KOMIUIEKCI MDKHApOAHUX CTaHAApTIB 3
reorpagiunoi iH(opMalii/rTeOMaTHKN Ta TPOrpaMHU 3aci0, W0 MIATPUMYE IHTEPAKTUBHUN DPEXHUM CTBOPEHHS
UML-niarpam Visio. J{is peanizanii 6a3u reonpocTopoBUX JaHUX FE€HEPAIBLHOTO IUIAaHy Ta MTOBEAIHKOBHI CKIIaI0BOI
reoiHpopMaiiHoi MOIeNTi BUKOPUCTAHO PO3MIHpeHHs ctanmapTtHoi MoBu SQLY9 HOBHM THIIOM IaHHX geometry Ta
BOyqOBaHUMH (YHKINSIMHA, [0 3a0e3MeuyroTh 30epiraHHs, OIMpPAIOBaHHSA 1 aHali3 TEOMPOCTOPOBUX JTaHUX
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Y peISMiHHIX CHCTeMaX KepyBaHHS 0a3aMM JaHWX. 3alpOIIOHOBAHI MOJIEI B JOCHI/HKEHI peai3oBaHO B CEPEIOBHIII
00’ektHO-persiiitnoi CKBJ[ PostgreSQIl/Postgis Ta reoindopmamniiinoi cucremu QGIS. PesyabraTH. Bukonano
THUII3alilo Mojeneld opranizanii HadopiB npodinbHux reompocroposux nanux (HIIT'/) y I'IC Ta obrpynroBaHo
nepeBark 3acToCyBaHHs 00’ €KTHO-pelsiliiHol Moneni ganux s nigrorosku HIIT y cknani reHepaibHOro miaHy.
3anponoHOBAaHO Ta PeaTi30BaHO TEXHOJIOTIYHY MOIENb (hOpMyBaHHSI HAOOPIB MPODITFHUX TEOMPOCTOPOBUX JAHUX Ha
OCHOBI 0a3M TeonpocTOpOBUX IaHUX OO0 €KTIB reHepalbHOro IuiaHy. HaBeneno mpukian peasizaiii MeToaiB st
AaBTOMATH30BaHOI TOOY/OBH 30H OOMEXEHb TEHEepajbHOro IulaHy 3 BukopucTaHHsIM SQL-¢ynkmii. HaykoBa
HoBH3HA. Po3pobieHo monens GopMyBaHHS HaOOPiB MPO(UTFHIX TE€ONPOCTOPOBHUX JaHUX TEHEPAIbHUX IUIAHIB, sKa
OCHOBY€ThCS Ha iHTerpallii 00’ €KTHO-pessIiHHUX 0a3 JaHuX Ta reoiH(OopMaIiiHUX CHCTEM Ta 00’ €KTHO-OPIEHTOBAHY
MO/IEJIb TEOMPOCTOPOBHX JaHUX 00’ EKTIB reHEPAILHOTO ILIaHy, peanisailis sikoi B cepenopuili OP CKB/] 3a6e3mneuye
HE3aJIeKHICTh JaHUX BiJ 3aco0iB Ta ¢opMmariB IHCTPYMEHTANBHHUX TreoiHpopMamiiHux cucrteM. I[IpakTnyHa
3HAYyIicTh. 3amponoHoBaHa 00’€KTHO-OPIEHTOBAaHA MOJAETHh TI'EONPOCTOPOBUX [aHWX TEHEPaIbHOTO IUIAHY
3a0e3nevye MiJBUIEHHST €(EKTUBHOCTI CTBOPEHHS 1 BUKOPHCTaHHS HAOOPIB NMPOQUILHUX T'e€ONPOCTOPOBHUX JaHUX
TeHepAIbHUX IUIaHIB B MiCTOOYAIBHOMY KaaacTpi.

Kniouosi cnosa: mictobymiBHa TOKyMEHTaIlis; HAOOpH MPODITHHUX TEOMPOCTOPOBUX JaHUX; TeHEPATLHUH TIIaH;
00’ €eKTHO-Opi€HTOBAHA MOJIENb; Oa3a re0npPOCTOPOBHX JTaHUX.
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