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ABSTRACT

Aim of the paper

The aim of the paper is to answer a question regarding the possibility of using a modern system of real estate
cadastre, which as an interoperable spatial database could carry out tasks in the field of public safety

Material and methods

In Poland there is a legal obligation to register history, which gives an opportunity to create a 3D + cadastre.
This article presents a method of functioning of a multidimensional cadastre, with data applicable to various
fields, e.g. security. The research method includes both an analysis of literature on land and building records
as well as a use of GIS tools in network analysis. The research focused on a use of data regarding building
interior in regard to public safety. It was realised using available GIS tools.

Conclusions and results

The method of using graphical data related to premises (interior of buildings) presented in this paper extends
beyond the currently performed cadastral functions and can be used, for example, to find an escape route.
The task was realised with available GIS tools. In Poland, there is a legal obligation to register dates related
to real estate, which gives the opportunity to create a 3D + cadastre. So far, there are no legal regulations
pertaining to registration of geometrical data of premises and their presentation in a graphical part of a record.
Full geometric and descriptive data on plots, buildings and premises can be used as an effective tool in space
management: spatial planning, environmental protection, protection of natural resources, development of
urbanization, as well as public safety

Keywords: multi-dimensional cadaster, GIS, synergy

INTRODUCTION

Real estate cadastre as a public register contains
data on all plots of land, buildings and premises
(Rozporzadzenie Ministra Rozwoju Regionalnego
1 Budownictwa, 2001; Rozporzadzenie Ministra In-
frastruktury i Budownictwa, 2017). A multi-tasking
cadastre should be considered in a context of gen-
eral trend of cadastral systems development, for

“Je-mail: szbudkowski@o02.pl

which comprehensive spatial information is a stra-
tegic resource (Bieda et al., 2015). Standardization
requirements imposed by international agreements
regarding the development of a global spatial data
infrastructure give rise to new concepts of cadas-
tre. (Enemark et al. 2014; Dawidowicz and Zrobek,
2018)

Technological development and computers have
changed the existing concept of cadastre, which before
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was used only for taxes. However, currently, cadastre
has many more functions, such as:

* Record function,

» Informative function,

» Control function,

e Tax function,

+ Law-making function,

e Protective function,

» Integration function (Felcenloben, 2010).

A modern cadastral system should not only support
demands for information of real estate (Felcenloben,
2011), spatial and environmental management, but also
take into account broadly understood social needs. This
paper aims at meeting one of these points by proving
a hypothesis that it is possible to use a modern ca-
dastral real estate system to perform public safety
tasks. Contemporary development trends in the field of
geospatial information underline these tendencies that
take spatial phenomena and processes under wide con-
sideration (Eckes, 2012). These relations are necessary
to improve the quality of living and to ensure private
and public safety. It seems important to pay more atten-
tion to logistic analyses aimed at prevention, as well as
at maximising utilisation of available data.

As part of the conducted research, an existing liter-
ature on the subject was studied and a building model
representing a multi-dimensional cadastre with a high
level of detail (LoD4) was created. Such building was
then used for network analyses.

Studies have shown the potential of cadastral sys-
tems for supporting public safety.

APPLIED RESEARCH METHODS

In the research an analysis of literature concerning
land and building records as well as a use of GIS tools
in network analyses was conducted.

The research was directed at examining a use of data
regarding building’s interior in respect to public safety.

PROBLEMS

Modern concepts of developing multi-dimensional
cadastre should be considered in relation to initia-
tives undertaken within the current cadastral systems
framework (Karabin, 2013). According to these theo-
ries, a cadastre plays a significant role, especially in
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real estate management process, providing a so-called
‘sustainable development’ (Enemark et al., 2005).

Originally, cadastral systems were introduced for
financial reasons. Data was kept in records for calcu-
lations of property tax due. Land rights protection was
another purpose for keeping such records. Develop-
ment of information technologies and popularisation
of computers enabled cadastral systems to become
a base that can also be used in other field, such as eco-
nomics or environmental protection (Urbanski, 2012).

Cadastre, being a source of information on a given
region, facilitates efficient land management (Litwin
and Zawora, 2009). Land administration paradigm,
consisting of spatial policy, spatial information in-
frastructure and real estate management functions, is
crucial for sustainable development (Litwin and Sze-
wcezyk, 2012). This division was proposed in 2005
(Enemark et al., 2005).

To envision a cadastre (van Oosterom et al., 20006)
of future, the rights and obligations as well as restric-
tions existing within cadastral system should be taken
into account. Real estate cadastre needs to be uniform
and consistent, so in effect blurring the difference be-
tween maps and records. A well-functioning cadastre
should be run in an electronic form that enables its
self-financing (Siejka et al., 2014, Siejka et al., 2014).

There are a number of factors that influence the
need of introducing a multi-dimensional cadastre
(Ronnberg and Hedmark, 2010). An increase in public
awareness translates into growing importance of rights
assigned to land, including situations where a 3D ca-
dastre appears to be necessary, for example, increasing
availability of drones, which may interfere with priva-
cy (Stoter, 2004). An important factor in development
of 3D cadastre is the possibility of reacting to various
types of threats (Eckes, 2012). These can be related to
rise of sea levels or pollution. Another step that can be
made in the near future is the ability to analyse data
and their visualization in real time and a possibility of
forecasting various phenomena. The benefits of using
a three-dimensional cadastral system can become an
important argument for discussing the reorganization
of cadastre structure (Litwin et al., 2017). In addition,
progressing urbanization can make the current two-di-
mensional forms of plot record insufficient. It will be
necessary to register three-dimensional objects (Ying
et al., 2012). Advancing globalization also has an im-
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pact on propagating ideas on spatial objects registra-

tion (Doner et al., 2010).

Exactly on December 1, 2012, the international
standard ISO 19152 ‘Geographic information — Land
Administration Domain Model (LADM)’ was pub-
lished (INSPIRE, 2007). This standard was approved
by the European Standardization Organization, and
also on May 30, 2013, published in Poland. A stan-
dard is to enable setting up a uniform system of widely
understood real estate administration operating within
the European Community. Its tasks are following:

a) Defining a reference model containing basic com-
ponents of real estate administration. it is import-
ant that a model includes objects located above
land or water, as well as under the surface of land
and water,

b) Providing a conceptual scheme containing four
basic packages — such as: entities, administration,

«conceptualSchemas
Party

+ LA_Pary

+ LA_GroupParty

4+ LA_PatyMember

4 + LA_PantyType

i + LA_PartyRoleType
+ LA_GroupPartyType

(from LADM classes)

wconceptualSchemar
Spatial Unit

+ LA_SpatialUnit
+ LA_SpatialUnitGroup =
+ LA_LegalSpaceBuildingUnit

+ LA_LegalSpaceUtilityNetwork

+ LA _Level

+ LA_RequiredRelationshipSpatialUnit
+ LA_AreaValue

+ LA_VolumeValue

+ LA_DimensionType

+ LA_BuildingUnitType

+ LA_SurfaceRelationType

+ LA_UtilityNetworkStatusType

+ LA_UtilityNetworkType

+ LA_RegisterType

+ LA_StructureType

+ LA_LevelContentType

+ LA_AreaType

+ LA_VolumeType

+ Surveying and Representation

{01 201 DI DX WAy DN WAy Doy HAF ar mor man mar mer mon oo o oo

(from LADM classes)

spatial elements, measurement package and spa-
tial representation,
¢) Providing terminology regarding real estate man-
agement in a domain of legal procedures and in-
formal activities

d) Providing an outline for creating national and re-
gional profiles

e) Ensuring possibility of combining data sets from
various sources (D2.8.1.6 INSPIRE).

The Land Administration Domain Model (LADM),
as a product is a conceptual scheme, written in the
Uniform Language Modeling (ULM) notation, in ac-
cordance with the methodology described by the In-
ternational Standardization Organization ISO 19100.
The Land Administration Domain Model (LADM)
(Lemmen, 2012) consists of four basic classes, which
in turn are grouped into three packages and one sub-
package (see: Fig.1).

aconceptualSchemar
Administrative

+LA_RRR

+ LA_BAUnit

+LA_Right

+ LA_Restriction
+LA_Responsibdility
+LA_Morgage

+ LA_Administrative Source

+ LA_RequiredRelationshipBAUnit
+ LA_AvailabilityStatusT ype
+LA_BAUnitType
+LA_Administrative SourceType
+LA_RightType

+ LA_RestrictionType

+ LA_ResponsibilityType

0 (D81 (0K DAk DI1 A DN Dan D8k Do DN Sar may oo s

+LA_MorgageType

(from LADM classes)

«conceptualSchemas
Surveying and Representation

o + LA_Point

o + LA_SpatialSource

=1 + LA_BoundaryFaceString
+LA_BoundaryFace

i + LA_Transformation
+LA_PointType

+ LA_SpatialSourceType
& + LA _InterpolationType
+LA_MonumentationType

Fig.1. Basic ISO 19152 packages, including classes, source: ISO 19152
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The most important class from a point of view of
this paper is that which refers to the 3D cadastre in
the ISO 19152 standard signed as the LA_SpatialUnit
class. Within the class there are spatial units, and each
unit is a single or multiple spatial area (Rajabifard,
2014; Rajabifard et al., 2011). A spatial unit can be
two-dimensional, three-dimensional or mixed. Its geo-
metric representation consists of points that provide a
basis for edges (D2.8.111.2 INSPIRE, 2012). They can
be both regular and irregular (see: Fig.2).

RESEARCH RESULTS

The INSPIRE (INSPIRE, 2007) building specification
assumes a possibility of using a different level of de-
tail for specific tasks, thus four levels of detail can be
distinguished (see: Fig.3):

a) level LoD1, where a building or its part is rep-
resented by a right prism with vertical walls and
a flat roof,

level LoD2, in which a building is presented gen-
eralized. It has a compact shape, but it reflects
a geometry of objects — for example, a sloping
roof;

c) level LoD3 — a building or its part is represented
by a real shape, limited by flat figures with accu-
rate information including entrances and window
openings,

level LoD4 — data from the previous level are
supplemented with data concerning space inside
a building.

The need to create 3D representations of cit-
ies is strongly related to possibilities of performing
multi-dimensional analyses, when there is a chance

b)

d)

T
I
Simple Liminal 3D :3D Liminal
2D 2D spatial spatipl 2D
spatial spatial units ynits spatial
unit unit : unit
1
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spatial
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3D Liminal
3D
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3D ~L
3D
I~
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Fig. 2. Vertical and diagonal projection for mixed spatial representations, ISO 2012
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(a) LOD1 building

(c) LOD3 building

(b) LOD2 building
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(d) LOD4 building

Fig. 3. Levels of building detail in City GML language, source: City GML 2013 specification

for full interpretation of urban space (van Oosterom,
2012; Doner et al., 2010). In an era of increasing de-
mand for accurate cadastral information, analogical-
ly to SMART City, a term SMART Cadastre can be
introduced. This term should be understood as tran-
scendent and synergistic cadastre. Although a main
purpose of a database is to determine real estate tax
on grounds of its information, it can also be used for
other purposes, which may indicate a certain ‘added
value’ that does not result directly from the record’s
nature.

Assuming the possibility of creating a cadastral
system (Shoshani et al., 2004) that implements a con-
cept of synergy, a system with augmented reality (AR)
created for investment cases, which is already used
in everyday life, can be applied. For example, having
three-dimensional data with a recorded history, an in-
vestor can acknowledge his rights to land with a scope
of these rights in real time. A multi-dimensional cadas-
tre can also be used for analysing indoor movement.
Carefully constructed models can help in various sit-
uations, such as mass events. Monitoring pedestrian
traffic will allow choosing shorter route to a specific
place. The system can also provide help in case of
emergency and can provide with an evacuation route,
especially useful for people, who do not know a room
well or are under stress.

www.formatiocircumiectus.actapol.net/pl/

The visualization was generated by available pro-
grams (Arc Gis, Arc Scene) that provide with models
of buildings and network analysis (Budkowski, 2013).

Existing materials available on the program’s pro-
ducer’s website were used for analyses. Rendered
polygons required stratification and division into sec-
tors, within which passages between rooms at the same
level were specified. For creating next levels it was
necessary to ensure that there are connections between
them, for example staircases or lift shafts. Using the
Arc Toolbox tools, symbols of doors, walls and stairs
(see: Fig. 4) were inserted in earlier marked points on
appropriate layers.

The next step was to deliver a network analysis
within the created building. An initial assumption was
that there is an emergency situation with a person in a
corridor on the 3rd floor of a building. The first analysis
included a choice of any evacuation route (see: Fig. 5),
while the following analysis adopted a situation with
elevator failure. In both cases, the software managed
to correctly perform a task with an evaluation of time
required to pass a chosen route. The first route was
designated considering an elevator - because it was
meant to search for the shortest evacuation route. The
second route had the same condition, but the differ-
ence was the elevator failure. The program therefore
gave a longer route through a staircase (see: Fig.6).
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Fig. 4. Spatially created building, source: own study

Fig. 5. The route covered by the elevator in 1 minute 49 seconds, source: own elaboration

132 www.formatiocircumiectus.actapol.net/pl/


http://dx.doi.org/10.15576/ASP.FC/2019.18.1.127
www.formatiocircumiectus.actapol.net/pl/

Budkowski, S., Litwin, U. (2019). Synergy in space - the use of GIS tools on the example of premises records in the LoD4 model.
Acta Sci. Pol., Formatio Circumiectus, 18(1), 127-135. DOI: http://dx.doi.org/10.15576/ASP.FC/2019.18.1.127

Fig. 6. Route covered with stairs in 2 minutes 15 seconds, source: own study

SUMMARY - DISCUSSION OF RESULTS WITH
LITERATURE

Very advanced GIS software allows for complex
building models, which enable analyses extending
beyond initial application of a record like a real es-
tate cadastre. The notion of constructing a multi-di-
mensional cadastre, as well as its multifaceted use,
is confirmed in Polish and foreign publications. An
introduction of multi-dimensional cadastral system
proposed by Stoter (Stoter J.E., 2004) makes a ca-
dastre acquire new functions and new possibilities.
Among Polish scientists, a similar view belongs to
Karabin (Karabin, 2013). These functions relate, i.a.,
to spatial planning, environmental protection, pro-
tection of natural resources, development of urban-
ization, as well as public security, as pointed out by
Eckes (Eckes, 2012). This topic was also raised by
a team of scientists (Enemark et al., 2004) arguing
for flexibility in modern cadastre, which should focus

www.formatiocircumiectus.actapol.net/pl/

on serving purposes, such as, ensuring security. Also
Dawidowicz reckons the currently existing cadastral
system should be modified into a multi-task cadastre
with comprehensive spatial information (Dawido-
wicz and Zrébek, 2018).

Ideas presented in publications of above-men-
tioned scientific community correspond with the re-
sults of this research and confirm its hypothesis. How-
ever, the actual implementation of it is original.

With accurate information on cubature objects the
location of premises inside facilities can be mapped
precisely, and additionally existing bases enriched with
new information. In Poland, only separated premises
are disclosed in a record, but it is nowhere near full reg-
istration of an object as a 3D object (no graphic part).
Dominating in countries of European Union trends in-
dicate that over time premises are going to be recorded
comprehensively (INSPIRE, 2007).

Solutions presented in this paper confirm the re-
search statement that it is possible to use modern
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system of real estate cadastre to perform tasks in
public security.

CONCLUSIONS

The method of using graphical data on premises
(buildings’ interior) presented in this paper extends
beyond the currently performed cadastral functions
and can be used, for example, for finding an escape
route. The task was realised with the available GIS
tools. In Poland, there is a legal obligation to register
dates relevant to real estate, which gives an oppor-
tunity to create a cadastre 3D + time. So far, there
are no legal regulations regarding keeping records
of geometrical data of premises and presenting them
graphically in a record. Full geometric and descrip-
tive data on plots, buildings and premises can provide
with an effective tool in space management: spatial
planning, environmental protection, protection of nat-
ural resources, development of urbanization, as well
as public safety.

Certainly, the subject matter requires further re-
search in organizational and legal terms to ensure de-
velopment of space management.
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SYNERGIA W PRZESTRZENI - MODELOWE UJECIE KATASTRU NIERUCHOMOSCI

ABSTRAKT

Cel pracy

Celem publikacji jest zaprezentowanie pogladéw dotyczacych funkcjonowania katastru wielowymiarowego
na $§wiecie oraz mozliwo$ci wprowadzenia podobnego modelu w warunkach polskich.

Materiat i metody

W Polsce istnieje prawny obowiazek rejestracji dat zwiazanych z nieruchomoscia, co daje mozliwos¢ stwo-
rzenia katastru 3D + czas. W niniejszym artykule zaprezentowano sposob funkcjonowania katastru wielowy-
miarowego, ktorego dane moga by¢ wykorzystywane w réznych dziedzinach. Zadanie zostato zrealizowane
przy pomocy dostgpnych narzedzi GIS.

Wyniki i wnioski

Zaprezentowany w niniejszym artykule sposob przejscia z katastru dwuwymiarowego na kataster 3D, ktore-
go dane sg wykorzystywane w roznych dziedzinach, jest mozliwy do realizacji. Zadanie zostato zrealizowane
przy pomocy dostepnych narzedzi GIS. W Polsce istnieje prawny obowiazek rejestracji dat zwiazanych z
nieruchomoscia co daje mozliwo$¢ stworzenia katastru 3D + czas. Poki co nie ma regulacji prawnych doty-
czacych rejestracji danych geometrycznych lokali i uwidaczniania ich w graficznej czgsci ewidencji. Pelne
dane geometryczne jak i opisowe dotyczace dzialek, budynkow oraz lokali mogg by¢ wykorzystywane jako
skuteczne narzedzie w zarzadzaniu przestrzenia: planowanie przestrzenne, ochrona srodowiska, ochrona za-
sobow naturalnych, rozwoj urbanizacji, a takze bezpieczenstwo publiczne.

Stowa kluczowe: GIS, synergia, Kataster wielowymiarowy
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