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ABSTRACT

Aim of the study

The purpose of the study is to prove the importance and necessity for the transformation of the national ca-
dastral system of Ukraine and the introduction of 3D cadastre technology for measuring real estate objects in
real time. Previous studies of domestic and foreign scientists in the field of 3D modeling of real estate objects
were analyzed, leading 3D modeling systems of real estate objects were compared, legal rights of the parties
in creating and maintaining a 3D cadastre of real estate objects were determined, and recommendations were
developed on the need for their use in Ukraine. An analysis of existing standards and approaches to the meth-
ods and construction of three-dimensional models of real estate objects was carried out, as well as an analysis
of the possibilities of introducing three-dimensional objects into a multi-purpose cadastral system, based on
international standards within the regulatory and legal system of Ukraine. Using the example of a specific
plot of land, the effectiveness of operating with different property interests in relation to it in 3D space, rather
than on a 2D plane, is demonstrated.

Materials and methods
The theoretical basis consists of the scientific works by domestic and foreign scientists in the field of 3D mod-
eling of real estate objects, methodological and instructional materials for the implementation of 3D cadastre
technology, which will make it possible to introduce the measurement of real estate objects in real time, as
well as to register ownership rights to real estate objects located above and below the surface of the earth. In
selecting the references for this study, a systematic approach was used to ensure the relevance and credibility
of the sources. First, we conducted a comprehensive search of peer-reviewed articles, books, and reports
published in the last 20 years, focusing on topics directly related to 3D cadastral systems, real estate object
modeling, and relevant legal frameworks. The primary databases used included Scopus, Web of Science, and
Google Scholar, ensuring a wide scope of global research coverage. Studies were selected based on their
contribution to the theoretical, methodological, and practical advancements in the field, with an emphasis on
recent developments in 3D cadastre technology. Additionally, priority was given to works with high citation
rates and publications by leading experts in the field. The final selection of references reflects both founda-
tional theories and cutting-edge innovations, which support the study’s objectives and pertinent discussion.
Taking into account the peculiarities and realities of the post-war reconstruction of Ukraine, we con-
ducted an analysis of best practices (in terms of research), focusing on those whose practical achievements
can become the basis for new domestic research on the territory of our state, taking into account the existing
regulatory and legislative framework. From this point of view, foreign experience is interesting, confirming
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the effectiveness of such a system in the complex management of resources at the level of municipalities;
increasing the investment attractiveness of territories due to the fact that owners are guaranteed the realization
of all rights to any three-dimensional real estate object; as well as reducing the number of property disputes,
since the height coordinate is a control and 98% protects the cadastral system from overlays and false regis-
tration of object boundaries.

Monographic analysis was used for the study and generalization of existing scientific approaches to the
problem of 3D modeling of real estate objects, the possibilities of introducing three-dimensional objects into
the multi-purpose cadastre system, taking into account the realities of today in Ukraine with the prospect of
the possibility of a more rapid development of a socially oriented market economy after the war.

The synthesis method is manifested due to the comprehensive deepening of the theoretical, methodologi-
cal and methodical foundations of the national cadastral system and its transformation. The cadastre is always
connected with the land, which is the spatial basis of human life. However, cadastral information is not only
the basis for the rational use and protection of land, but also the basis for accounting for real estate objects
and other land improvements. It is with the use of the synthesis method that the role of the multipurpose 3D
cadastre has been proven as an effective tool for accounting for land plots, immovable property, as well as
rights to them and their encumbrances.

Systematic approach implies that 3D cadastre databases can be used by those involved in land develop-
ment processes, including surveyors, architects, developers, designers, real estate agents, local government
structures and corporate owners. The 3D cadastre system can provide important information for various
aspects of land and property management.

The research methodology is based on the main principles: general dialectical principle of general con-
nection and interaction; the principle of causality, which is connected with the principles of general commu-
nication and development; principles of systematicity in cognition.

Results and conclusions

The intensive development of cities in Ukraine, combined with complex cases of spatial demarcation, from
the point of view of property rights, requires a new approach to land management, which would make it
possible to register real estate objects and rights to them in 3D format — keeping cadastral records with
a three-dimensional presentation of information. Therefore, creation of a 3D cadastre system, which will be
able to solve the problems of ambiguity present in the maintenance of 2D cadastre, is essential. To create
a 3D cadastre in Ukraine, it is necessary to improve the national cadastral system, in particular to fill it with
information about buildings and structures, as well as to combine registers that contain information about
land plots and real estate objects located on them with information about property rights.

Keywords: 3D cadastre, multi-purpose cadastre, vertical distribution of interests, protection zones, engineer-
ing communications, 3D modeling

INTRODUCTION

In international practice, the definition of the land ca-
dastre, approved by the UN together with the Inter-
national Federation of Surveyors (International Fed-
eration of Surveyors, FIG), is universally accepted.
According to that definition, “the cadastre is, as a rule,
a constantly updated information system of land data,
divided into plots (parcels), in which entitlements to
real estate are registered (including rights, restrictions,
and responsibilities)”.

In Ukraine, technical support for the formation and
maintenance of the state land cadastre and registration
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of rights to real estate significantly lags behind the
needs and the practice of regulating property relations.
It continues to remain insufficient, in particular, it is
often changeable, contradictory and, as a result, inef-
fective, opening possibilities for manipulation of land
and rights to land plots and other real estate. 3D cadas-
tre is an effective alternative to the modern cadastral
and registration system.

In the conditions of the twenty-first century, any
cadastre is no longer just a list or summary of data.
Instead, it is a geoinformation system of informa-
tion about geospatial objects that exist in reality, are
characterized by a certain position on Earth, and are
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defined in the established system of spatio-temporal
coordinates (Verkhovna Rada of Ukraine, 2011a).
The main task of creating a real estate cadastre is the
formation of a unified information space for the use,
disposal and ownership of real estate objects for the
purpose of managing the development of the city, the
land and property complex, as a complex dynamic
system. In recent years, many scientific works have
been devoted to three-dimensional modeling in mul-
tipurpose cadastre systems. But in practice, most
countries use the usual two-dimensional cadastral
system. Therefore, the question arises whether it is
expedient to use three-dimensional systems, taking
into account the complexity of their implementation
in practice, as it requires large financial costs, an in-
crease in the quantitative and qualitative characteris-
tics of a qualified workforce, and considerable time
for implementation. Just one collection of initial data
will take more than one year, since much information
is in paper form or is not available at all, and its qual-
ity is not always satisfactory, which entails the need
to carry out a complex of field topographic and geo-
detic works to clarify the information. A prerequisite
for the creation of a single information space is the
requirement of spatial and temporal linking of infor-
mation about all real estate objects and land in the
city. Display of current information in the cadastre
with high accuracy is possible provided that a single
database of cadastral data is created. The data bank
should cover all levels of administrative and territo-
rial entities, from the village council to the district,
region, and state.

In Ukraine, the scientific community pays in-
sufficient attention to the topic of displaying the
spatio-temporal properties of cadastral accounting
objects, and the existing publications are mostly
declarative in nature and mainly concern legal aspects
(a detailed overview is given above). This confirms
the need to study the technical and technological as-
pects of the raised issue.

The first scientific discussions at the international
level regarding the 3D cadastre system took place in
the 1990s. More intense development of 3D cadas-
tre research began at the turn of the millennium, when
the first international forums were organized, the pur-
pose of which was to develop theoretical concepts of
3D cadastre. The FIG working group on 3D cadastre
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organized seven international thematic seminars. Re-
search in the field of 3D cadastre was also carried out
by various scientists. The methodological principles
of the creation and functioning of three-dimensional
cadastral systems are substantiated in the works of
international scientists. In particular, several studies
of international 3D cadastral developments were con-
ducted (Oosterom et al., 2006; Thompson, 2007; Aien
et al., 2011, 2013; Stoter et al., 2012, 2017; Lemmen
etal., 2015; Mika et Jurkiewicz, 2018; Cemellini et al.,
2020; Doner, 2021). These included detailed analyses
of various complex three-dimensional configurations,
focused on exploring the optimal legal, technical and
cadastral basis for the 3D cadastre, in which several
(theoretical) alternatives for the proper cadastral reg-
istration of multi-level property were proposed. The
limited progress in the implementation of a full 3D
cadastre worldwide can be explained by the fact that
such implementation would require close cooperation
between legal and technical experts in an empirical
environment to understand the impact of each other’s
fields of activity. Achieving an international consen-
sus on the legal, institutional and technical aspects of
the 3D cadastral solution is a substantial challenge.
Since the rights, restrictions and responsibilities with
the 3D component are registered administratively,
legal stakeholders are reluctant to implement the 3D
cadastre. From a technical point of view, the technol-
ogy required to use 3D digital data for registration has
developed considerably over the past twenty years.
However, further research is needed into a true 3D ca-
dastral solution, creating a workflow that takes into ac-
count both the current legal and technical framework.
In the context of the above, it is appropriate to study
digital mapping technology and 3D laser scanner tech-
nology, which are already today a means of effective
electronic planning, design, construction and life cy-
cle of the building environment. These technologies
can be used to improve productivity by facilitating the
free flow of information between departments, divi-
sions, offices and facilities, as well as between them-
selves, their contractors and partners, when the data
obtained with the help of these technologies are pro-
cessed and modeled in building information modeling
(BIM) (Arayici, 2008).

In Ukraine, scientific research on the topic of
3D cadastre is mostly focused on legal aspects, and

21


http://dx.doi.org/10.15576/ASP.FC/194269
http://acta.urk.edu.pl/pl

Datsenko, L., Titova, S., Dubnytska, M. (2024). 3D cadastre as a tool for regulating property relations and a spatial information base for
multipurpose cadastral system. Acta Sci. Pol., Formatio Circumiectus, 23 (4),19-35. DOI: http://dx.doi.org/10.15576/ASP.FC/194269

somewhat less attention is paid to organizational
and technical aspects. A wide group of Ukrainian
scientists is engaged in solving issues related to the
maintenance and formation of the cadastral system.
In the studies by Popov (Popov et al., 2023), Dom-
brovska and Tyshkovets (Dombrovska and Tysh-
kovetz, 2019), the cadastral system is the basis for
facilitating land administration. The studies by Mar-
tyn (2011) and Tsytsyura (2016) are focused on the
current situation, advantages, disadvantages and op-
portunities to improve the functioning of the cadas-
tral system. Scientists Perovych and Ludchak (2015)
devote their research to foreign experience and com-
parative analysis for the development of the cadastral
system in Ukraine. Yasynetska’s research (Yasynets-
ka et al., 2018) addresses geo-information technol-
ogies for the cadastral system. Regarding the study
of the technical aspects of the functioning of the 3D
cadastre, in 2020, Dubnytska defended her disserta-
tion research, within which a conceptual model of
the 3D cadastre was developed as a tool for moni-
toring water bodies in urban areas, and its validation
was carried out (Petrakovska and Dubnytska, 2019;
Dubnytska, 2020). At the same time, the organiza-
tional and technical issues of providing a 3D cadastre
as a multi-purpose system for recording real estate
and rights to it in Ukraine have not been studied in
detail. As part of the possibilities of implementing
international practices in Ukraine, it is necessary to
take into account the fact that land relations are reg-
ulated by the current regulatory and legislative acts
of Ukraine (Verkhovna Rada of Ukraine, 1996, 1998,
2001, 2003, 2004, 2011a, 2011b, 2019). Also, in con-
nection with the introduction of changes to the Con-
stitution of Ukraine (regarding the strategic course
of the state to acquire full membership of Ukraine
in the European Union and in the North Atlantic
Treaty Organization) (Verkhovna Rada of Ukraine,
2019), it is advisable to take into account internation-
al standards: ISO 19106:2004; ISO 19132:2007; ISO
19152:2012 and other standards related to geospatial
information (ISO 2004, 2007, 2012). At the interna-
tional level, the issue of creating a three-dimensional
spatial cadastre has been actively developed during
the last decade. The leading institutions specializ-
ing in the study of this issue include the University
of Melbourne in Australia, the Delft University of
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Technology in the Netherlands, as well as the Inter-
national Federation of Surveyors (FIG), whose joint
commissions No. 3 and No. 7 are actively working
exclusively on the problems of 3D cadastres.

The analysis of the experience of foreign countries
(monographic analysis, method of synthesis and anal-
ysis) regarding the management of cadastres revealed
that the basis of the cadastral system is the operational
modeling of real estate objects, the display of their
technical, economic and legal status at the current
moment.

Thus, the cadastre must contain information about
the object, subject, rights and restrictions, geometric
and technical parameters, estimated value of real es-
tate. Despite the recognition of such horological and
chronological properties of objects of cadastral ac-
counting at the legislative level, Ukrainian cadastres
(land, water, urban planning, etc.) still lack a spatial
component — namely, the value of height-depth (co-
ordinate z) (Verkhovna Rada of Ukraine, 1998, 2001,
2003, 2004, 2011a, 2011b, 2019). The two-dimen-
sional (planar) cadastre is unable to adequately reflect
the spatio-temporal properties of real estate objects,
as well as the rights and restrictions associated with
them. Currently, a land plot is considered as a limited
part of the earth’s surface with space above and be-
low it (Verkhovna Rada of Ukraine, 2001). However,
this approach is wrong for large cities — megalopo-
lises, the space of which is a complex multi-layered
structure with a multitude of diverse stakeholders’ in-
terests that intersect and overlap. In view of the rapid
development of modern large cities in general and
the acceleration of the dynamics of property relations
in them in particular, there is an urgent need to form
a multidimensional, multipurpose, and comprehen-
sive cadastre of megacities to enable the display of
the entire set of horological and chronological prop-
erties of spatial objects, which determines the rele-
vance of the study.

STATEMENT OF THE PROBLEM

Analysis of foreign experience and international
standards in the field of 3D cadastre

In 2016, 3D legal norms for real estate objects to be
registered in the land cadastre were introduced in the
Netherlands. BIM (Building Information Models)
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were used as a data source. Two cases were presented:
at the railway station in Delft and the case of a com-
plex of buildings in Amsterdam (Stoter et al., 2017). In
fact, the need for three-dimensional display of cadas-
tral information in large cities has existed for a long
time, but former technologies did not allow it to be
realised. In the modern world, such a need has become
even more pressing, and in some cases, a 3D cadas-
tre is nothing short of essential. An example can be
any multi-level real estate object: apartment buildings,
office centers or underground garages. In such cases,
the owner must acquire the right to the volume. Some
countries (Austria, Brazil, Croatia, Greece, Poland,
Sweden) deal in depth with the issue of implementing
the concept of 3D real estate, defining a 3D object at
the legislative level, as well as the types of rights that
can be registered in 3D. The solution to this problem
in the Netherlands was based on the limitations and
possibilities of the existing legal and cadastral struc-
tures, as well as on gaining experience in the field of
3D cadastre, where technical possibilities, on the one
hand, and legal and cadastral needs, on the other hand,
are closely interconnected. There are certain disadvan-
tages linked to the fact that 2D and 2.5D objects are
stored and structured separately in databases,. There-
fore, the question arises of choosing a single space for
working with 3D objects. Let us consider in detail the

international standard CityGML, because other stan-
dards focus on accuracy or elements of geometry, at-
tributes, and some semantic information, but less so
on topology. CityGML is an open data model using
the XML format based on the storage and exchange of
virtual city models for the representation of 3D urban
objects. Since photorealistic rendering alone is not suf-
ficient for urban planning, navigation or disaster relief,
additional information is needed. That is, the model
of urban 3D objects should include geometry and se-
mantics. Depending on the needs, 3D models require
different levels of detail. CityGML distinguishes five
levels of detail (LOD — Levels of Detail) (Fig. 1). The
roughest LODO level is, in fact, a 2.5D digital terrain
model. Buildings can be represented in LODO by
polygons according to the height of the roof. LODI is
known as a block model consisting of prismatic build-
ings with flat roof structures. In contrast, the building
in LOD2 has differentiated roof structures and the-
matically differentiated surfaces. LOD3 includes ar-
chitectural models with detailed structures for walls
and roofs, potentially including doors and windows.
LOD4 completes the LOD3 model by adding internal
structures for buildings. For example, houses in LOD4
consist of rooms, interior doors, stairs and furniture.
As a rule, in various software products, attention is
focused on only one of the types of LOD. But if 3D

Fig. 1. Five levels detailing in CityGML (source: Arayici, 2008)
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models of objects are represented by several LODs,
this leads to a number of disadvantages, including:
data redundancy, expensive storage, visualization lim-
itations, and so on. Currently, scientific and research
works show that there is a need for a single data model
capable of supporting all aspects, attributes, seman-
tics, and topology (Tekavec et al., 2018). In recent
years, there has been a rapid growth in the integra-
tion, harmonization and implementation of support
for standards related to 3D cadastre. In this context,
the integration of 3D legal spaces with 3D physical
objects becomes stronger, since legal boundaries do
not always coincide with physical counterparts, which
leads to unclear situations.

LADM is an international standard for land man-
agement, which currently most accurately represents
3D rights, restrictions and responsibilities. Legal
boundaries in 3D are not always connected and coin-
cide with physical boundaries, and only the synergy
of 3D visualization together with a clear division of
property interests can ensure legal certainty (Cemel-
lini et al., 2020). Current discussions and research are
focused on this integration, where the Land Manage-
ment Model (LADM) domain mainly deals with the
legal aspect of the models, while CityGML (using the
development environment), BIM, InfraGML are gen-
erally used to describe the physical counterparts. Most
of the developed countries of the world are currently
trying to implement LADM in their cadastral systems
and data infrastructures. For example, the Croatian 3D
real estate cadastre is developed on the basis of the
international standard (LADM), which has the desig-
nation ISO: 19152:2012 and is available since Decem-
ber 1, 2012.

. Core of LADM

INTERLIS is a Swiss standard (SN 612030) that
regulates the processes of geo-information exchange,
modeling, and integration of geo-data, which allow
establishing connections between information sys-
tems in general, and geographic information systems
in particular. In fact, INTERLIS is a language that has
proven to be effective in creating tools and method-
ologies for data exchange and geospatial information
transfer (Kalogianni et al., 2017). The connection of
LADM-INTERLIS models is clearly illustrated in
Fig. 2.

Cadastral system of Ukraine

Today, fairly extensive changes and improvements to
the information base of the State Land cadastre are
taking place in Ukraine. The development of the latest
technologies in all fields requires spatial modeling of
information. The main potential of the three-dimen-
sional cadastral system consists of the registration, in
space, of a separate object in the cadastral system. This
is an invisible (above ground and underground) 3D
property, which is reflected during the registration of
a spatial 3D object using an official source of informa-
tion — 3D cadastral surveying, as well as world stan-
dards in data modeling and structuring. In Ukraine, as
in other countries of the world, registration of property
above and below the surface of the earth is complicat-
ed. Despite this reality, Ukraine has not yet considered
the introduction of a three-dimensional cadastral sys-
tem, especially from a legal point of view. Regarding
the display of cadastral information, on January 1,
2013, Ukraine took an important step towards the in-
troduction of a clear and transparent land management
system, namely opening access to cadastral informa-
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Fig. 2. Communication of LADM-INTERLIS models (source: Kalogianni et al., 2017)
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tion through the Public cadastral map. It is a geopor-
tal that displays official information of the State Land
cadastre regarding the boundaries and purpose of land
plots, restrictions on their use, forms of their owner-
ship, boundaries of administrative-territorial forma-
tions, soil cover, etc. New layers are constantly being
added to the Public Cadastral Map, however, since the
introduction of martial law on the territory of Ukraine,
the map has been closed for public viewing for securi-
ty reasons, and access to it is granted only to officials
of the State Geocadastre and certified engineers-land
managers in a special order. An important drawback
is the lack of information on buildings and structures
on the Public Cadastral Map. Regarding the display of
real estate objects in 3D-format, there is no such prac-
tice in Ukraine. The State Land cadastre in Ukraine is
two-dimensional.

However, Ukraine has taken and continues to take
certain steps in the direction of current trends. In par-
ticular, the “Pocket Country” project was launched,
within which an AR-application was created, which
became a platform for interactive acquaintance with
40 architectural monuments throughout the territory
of Ukraine in the format of 3D models and augment-
ed reality. The project seeks to popularize material
cultural heritage for its preservation and rethinking
its meaning by implementing 3D digitization of ob-
jects of material, cultural and architectural heritage
of Ukraine. An interactive map of the objects of
cultural heritage of Ukraine, filled with information
about the current state of architectural monuments,
has also been launched. It has put together hundreds
of scans of buildings that can be used for reconstruc-
tion, restoration and promotion. The project is imple-
mented by the SKEIRON team on the GEOPORTAL.
UA resource.

In addition, within the framework of the Municipal
target program for the use and protection of lands of
the city of Kyiv for 2022-2025, digital aerial photog-
raphy of the city territory is provided for the creation
of Aerial True Orthophoto and 3D models of the city’s
buildings, and a high-precision digital model of the
city’s relief and ensuring their periodic updating (Kyiv
City Council, 2021). It is expected that the received in-
formation will become the main source of data for the
development of the management system of commu-
nal property and urban infrastructure, monitoring of
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land and other natural resources, control in the field of
construction, etc. Nevertheless, at the moment, the im-
plementation of the aforementioned aerial photogra-
phy is impossible in practice, due to the prohibition
of civil aviation flights due to the military situation in
the country.

In Ukraine, the right to property belongs to the
basic rights guaranteed by the Constitution. How-
ever, the state registration of the right, and the state
registration of the object of civil legal relations are
conducted separately. Property rights are registered
in the State Register of Property Rights and their re-
strictions on land plots, as well as on real estate ob-
jects located on the land plot, the removal of which
is impossible without their depreciation and change
of purpose. Such real estate objects include residen-
tial and non-residential buildings, constructions, as
well as their separate parts, apartments, residential
and non-residential premises (Verkhovna Rada of
Ukraine, 2001).

Land plots are registered in the State Land Cadastre
as objects of property rights. State registration of a land
plot is carried out during its formation with the opening
of the Land Register for such a plot. Land Register is
document of State Land Cadastre, which contains such
data about land plot: cadastral number, area, location
(administrative-territorial unit), composition of land,
target designation, normative monetary assessment,
information on restrictions on the use of the land plot,
cadastral plan of the land plot, date of state registra-
tion of the land plot, information on land management
documentation, data on credit rating and soils quality
(Verkhovna Rada of Ukraine, 2011a).

Information on real estate objects (buildings and
structures) is contained in the Unified State Electronic
System in the field of construction. The system regis-
ters permits for construction or reconstruction, as well
as technical parameters of real estate objects, includ-
ing: area, volume, construction materials, drawings
and schematics of real estate objects (Magvair et al.,
2016). Note that drawings uploaded to the system are
also created in 2D format. All three systems interact
with each other in the order of automated information
exchange. Therefore, in theory, it may be possible in
Ukraine to register certain types of rights or their re-
strictions in a 3D format, similar to how they are cur-
rently registered in 2D.
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Essential issues of 3D cadastre and multipurpose

cadastre

By appointment, cadastres can be divided on three big

categories:

— fiscal cadastre, aimed at serving the purposes of
real estate taxation;

— legal cadastre, aimed at registration and protec-
tion of property rights in relation to real estate;

—  multipurpose cadastre, which is the basis for
geographical localization and for the determina-
tion of technical, legal, fiscal and economic in-
formation related to the earth. Multipurpose ca-
dastre can be considered as a public, operational
and administratively integrated land data system,
which contains permanent and accessible land in-
formation at the level of “immovable unit” (Aien,
2013; Tekavec et al., 2018). The cadastral system
is considered multipurpose when the available
information allows solving specific problems in
various spheres of social and economic life, such
as: urbanization, planning, administration, envi-
ronmental protection, fiscal, legal issues, etc. The
formation of the multi-purpose cadastre is carried
out on the basis of the determination of the rele-
vant directions, which take into account each of
the constituent parts of the State Land cadastre
(Titova et al., 2022).

Although the Land Code of Ukraine formally en-
shrines the principle of unity of the land plot and the
immovable property located on that plot, in fact, at the
current stage of the existence of the real estate man-
agement system, there is a conscious separation of real
estate objects from the land plots on which they are
located (Verkhovna Rada of Ukraine, 2001). The in-
ternal division of the single nature of real estate leads
to the division of systems for the registration of land
plots and all other real estate objects. On the contrary,
in international practice it is generally accepted that
real estate is a single object: a land plot with improve-
ments (real estate objects located on it, capital invest-
ments in land, etc.).

In almost all existing cadastres, the boundaries
of accounting units are presented in the form of
their projections on a conventional level surface.
Accordingly, the cadastral metric is described in
two dimensions (2D cadastre). The concept of 2.5D
cadastre occupies an intermediate place between
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two- and three-dimensional cadastres. In this case,
the projections of the accounting units may acquire
a non-zero height value relative to the conventional
level surface.

Methods of displaying 2.5-dimensional objects
in GIS include triangulated irregular networks (TIN)
and digital elevation models (DEM) (Magvair et al.,
2016). 3D cadastre, operating with three-dimensional
geodata, describes, on the one hand, three-dimension-
al physical objects (a mathematical model as close as
possible to the real world), and on the other hand, legal
3D space. In the full 3D cadastre, the three-dimension-
al space is presented in the form of volumes (voxels),
without overlays and gaps (Magvair et al., 2016). Tra-
ditionally, a plot of land is considered as property that
is clearly delimited on the two-dimensional (2D) sur-
face of the earth. In some countries, with a 2D plot of
land, ownership of space is tied down to the center
of the Earth and up to infinity. In this case, from a legal
point of view, a 2D plot of land is actually three-di-
mensional in the sense that a 2D plot of land contains
everything that is located above and below the surface
of the plot of land. Nevertheless, the main problem of
today’s 2D land plots is that it is impossible to have
separate property rights for the space above and be-
low the surface of the earth belonging to third parties
(Duma, 2014).

Most existing cadastral systems are two-dimen-
sional and deal only with property on the surface of
the earth. Because of this, such systems are unsuit-
able for displaying the multi-layered three-dimen-
sional geometry of reality, which has developed in
recent decades. In order to facilitate the further cre-
ation of engineering projects above and below the
surface of the earth, and in particular, the possibility
of registering property that is not located on the sur-
face of the earth, it is necessary to amend the legis-
lation and define a new multi-layered 3D cadastral
model. The growing interest in cadastral 3D regis-
tration has been driven by several factors, including
the significant increase in the cost of private property
and the substantial rise in the number of tunnels, ca-
bles, pipelines, underground parking lots, shopping
centers, and buildings above highways or railroads
over the last fifty years. Additionally, the develop-
ment of 3D approaches in various areas of informa-
tization (such as 3D geographic information systems
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and 3D planning) has made 3D cadastral registration
technologically feasible, allowing it to register and
provide an overview of rights and restrictions not
only for land plots but also for 3D real estate objects.
A 3D property unit is a limited amount of space to
which the subject has the right of ownership. This
approach to accounting is necessary in 3D property
situations where different property objects, possibly
with different land use types, are either located on top
of each other or built in even more complex struc-
tures interconnected with each other. In 3D property
situations, multiple users use different volumes of
space, limited in three dimensions. These volumes
can be located one above the other, within the limits
of one basic plot of land, or they can cross its bor-
ders. There is a need to grant different property rights
to different persons for different amounts. Digital 3D
cadastres allow 3D visualization of property, i.e. le-
gal objects and their physical counterparts (objects
in the real world). Physical 3D objects are material
objects in the surrounding environment (land plots,
houses and structures, pipelines, communications,
road and transport network, etc.). Legal 3D space
is an intangible object of the environment that is
formed around of physical 3D objects on the basis
of standards, pertaining to construction, fire, sanitary,
and security concerns, as well as based on restric-
tions and responsibilities (Fig. 3).

In the view to the above, there is an urgent need to
introduce a 3D cadastre, which would display a land
plot in three spatial aspects, taking into account all ob-
jects under and above the surface of a specific plot,

Real estate object

Legal space

N

Fig. 3. Objects registered in the three-dimensional cadastre
(source: Gif, 2011)
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and the ownership rights of each part of such plots and
objects, as is common in other countries. Such system
would contribute to the prevention of ambiguity in the
definition of property rights. The multi-purpose cadas-
tre system should ensure the following main functions,
including: regulatory, fiscal, legal, accounting, and

economic (Titova et al., 2022).

The following fundamental concepts for register-
ing 3D situations can be noted in the multipurpose
cadastre:

— 3D signs in the existing system of cadastral regis-
tration (the solution provides for the preservation
of the 2D cadastre with external links to the digital
presentation of 3D situations);

— hybrid solution (mandatory registration of two-di-
mensional plots and additional registration of 3D
legal space in the case of 3D property units; man-
datory registration of two-dimensional plots and
additional registration of physical 3D objects in
the case of 3D property units);

— full 3D cadastre registration (combined 2D/3D al-
ternative; full 3D cadastre).

Therefore, the problem of providing any land man-
agement projects with high-quality topographical and
geodetic materials is acute and requires specific and
consistent actions to create the basis for further devel-
opment.

The cadastre plays the role of a trigger for the de-
velopment and growth of most countries, as it is a tool
for regulating land use and is the basis for carrying
out improvements. Some countries have already creat-
ed a multipurpose cadastre for different jurisdictions.
However, the country of the world does not have
a complete three-dimensional cadastral information
system, which includes all aspects (3D legislation, 3D
geodetic methods, registration of 3D rights, restric-
tions and responsibilities, management, etc.).

The question of the urgent need to introduce a 3D
cadastre is especially acute in settlements, where
there is a need to display land plots in three spatial as-
pects, taking into account all objects under and above
the surface of the earth, and their ownership rights.
Such solution would contribute to the prevention of
ambiguity in the determination of ownership rights
to real estate, and would stimulate the filling of bud-
gets due to more effective taxation of property. At the
same time, for agricultural territories, the transition to
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a full-fledged 3D cadastre is not as important, where-
as a more urgent issue is the introduction of a 2.5D
cadastre that would contain a fairly accurate digital
terrain model. Terrain data are necessary for the ra-
tional use and protection of agricultural land, erosion
control, determination of slope areas where specific
tillage is necessary, etc.

The most developed countries of the world al-
ready have the experience of a partial transition to 3D
cadastres, therefore, in further studies, it would be
appropriate to consider the features of the accounting
and registration system of land resources of foreign
countries in order to identify positive trends and con-
sequences that Ukraine should also strive for (Doner,
2021).

The results of a scientific study on the
effectiveness of operating various property
interests in space rather than on a plane

In contemporary Ukrainian legislation (Verkhovna
Rada of Ukraine, 1998, 2001, 2003, 2004, 2011a,
2011b, 2019), a land plot as an object of property
rights is a part of the earth’s surface with established
boundaries, with a specific location, and with defined
rights in relation to it. At the same time, ownership
of a land plot extends to the space above and below
the surface of the plot to the height and depth nec-
essary for the construction of residential, industrial
and other buildings and structures (Verkhovna Rada
of Ukraine, 2001). This definition of a land plot as an
object of civil rights is relevant in those cases when
land acts as a means of production, i.e. in agrarian
areas, but it ,,does not work” in megacities, in con-
ditions of active urbanization processes, when the
intensity of use of above-ground and underground
space increases in proportion to the growth of the
city’s population.

In large cities around the world, a phenomenon
has arisen when real estate objects of different own-
ers and users are placed one above the other, and the
boundaries of the distribution of rights to these objects
acquire a vertical dimension. Clear examples of that
include underground communications and objects of
engineering infrastructure, high-rise buildings and un-
derground shopping centers, subway tunnels and road
junctions, bridges and viaducts (Verkhovna Rada of
Ukraine, 2011a). All these objects need not only prop-
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er registration in the land and urban cadastre, but also
the determination of access routes and procedures for
their operation and maintenance.

Today, in Ukraine, this problem is partially solved
by the establishment of land servitudes and protection
zones around engineering communications, power
system and communication facilities, as well as pipe-
lines. However, quite often the indicated restrictions
of rights are either not established or ignored, which
is related to both the low awareness of land users and
the shortcomings of land legislation (there are no clear
explanations as to which types of activities are pro-
hibited within the protection zones). In addition, both
easements and protective zones reduce the value of
the land plot, which generally contradicts the basic
principles of land management (Verkhovna Rada of
Ukraine, 2004, 2011b).

In our opinion, the establishment of protection
zones around engineering communications in the
modern form, with their subsequent registration as
polygons in the State Land cadastre, has a dubious
effect. Engineering networks and communications lie
at different depths, and the projections of their pro-
tection zones often intersect, therefore the interested
party cannot draw a conclusion about the useful area
of the land plot based on the data of the State Land
cadastre about the area of protection zones (Fig. 4, 5).
In addition, local networks are often moved during
construction; they may be expanded or shortened,
whereas the protection zones in the cadastre do not
change. Finally, in the legislation there is no division
between inactive networks and those currently in use
— in both cases, protective zones of the same size are
established. At the same time, it would be expedient
to consider the spread of different interests in space
not in a categorical way, prohibiting or limiting land
use, but leaving room for a compromise (Fig. 6).

Considering the necessity and expediency of dis-
playing communications and engineering networks
in 3D format, it is impossible to avoid the following
problem: modern symbols do not allow displaying all
aspects of such objects, in particular: status (used or
not), material (cast iron, concrete, plastic, metal etc.),
possible connection points, condition (good, satisfac-
tory, in need of repair / reconstruction).

Another type of real estate objects, which are asso-
ciated with specific “multi-layered” legal relations, are
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Fig. 4. Topographical plan of the land plot (boundaries marked in purple) scale 1 : 500 (source: Authors’ own elaboration)

multilevel above-ground and underground buildings
and structures. For the further development of the ca-
dastral accounting tools of such objects, it is advisable
to divide them into classes:

buildings with parts removed (balconies or tran-
sitions hanging above the ground, basements or
other rooms protruding beyond the main part of
the building);

planar underground structures (parking lots, shop-
ping and entertainment centers connected to the
earth’s surface only through entrances or exits);

www.acta.urk.edu.pl

linear underground or above-ground constructions
(transport tunnels, engineering communications,
pipelines);

multi-level infrastructure objects (transport junc-
tions);

point objects, the general configuration of which
does not coincide with the base (power line sup-
ports, poles with overhanging elements, lanterns,
billboards).

Often such real estate has an uncertain status due

to its indirect connection with the earth’s surface.
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land plot boundaries
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heating network and its area
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sewerage system and its area

protection zone around water
supply and its area

Fig. 5. Protective zones of engineering networks and communications, defined in accordance with current legislation (source:

Authors’ own elaboration)

land plot boundaries
and area

protection zone around aerial
power lines and its area

protection zone around
electric cable and its area

protection zone around
heating network and its area

protection zone around
sewerage system and its area

protection zone around water
supply and its area

-
———————

Fig. 6. Vertical distribution of interests in space (source: Authors’ own elaboration)

This problem is exacerbated for the objects of under-
ground public buildings located within the red lines of
streets and roads, which is expressly prohibited by the
current legislation (Duma, 2014), that does not take
into account the existence of the height coordinate.
Finally, two-dimensional cadastral systems do not
convey the real geometry of space, which requires the
construction of a high-quality digital terrain model.
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In a nutshell, we note that in the conditions of mod-
ern development of cities with the emergence of specif-
ic three-dimensional property relations in the field of
land and real estate, it is absolutely necessary to create
an effective tool to protect the interests of all interest-
ed parties — a three-dimensional (3D) real estate cadas-
tre. Foreign experience shows the effectiveness of such
a system in complex management of resources at the
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level of municipalities, with positive impact on increas-
ing the investment attractiveness of the territories due to
the guaranteed realization by the owners of all rights
to any three-dimensional real estate object, and on the
reduction of property disputes, since the height coordi-
nate is a control and 98% protects the cadastral system
from overlays and false registration of object boundaries.

The issue of restoration of Ukraine in the context
of the introduction of 3D cadastre
Restoration, reconstruction, modernization and eco-
nomic growth of Ukraine are the main priorities of state
policy for the coming years. These tasks will require
the implementation of reforms and investments in all
sectors. The construction of a unified architecture of
planning documents in a multi-level system of state ad-
ministration, focused on wartime priorities, as well as
well-defined frameworks for the post-war recovery and
development of Ukraine, can become the basis for the
effective implementation of these priorities. The state
regional development strategy will cover the needs for
restoration, reconstruction and modernization, includ-
ing the specific needs of regions and territorial com-
munities. At the local level this includes community
development strategies, comprehensive plans for the
spatial development of the territories of territorial com-
munities, programs for the comprehensive restoration
of the territories of territorial communities, and plans
for the restoration and development of communities.
Global experience confirms the effectiveness of
implementing a 3D cadastre system in the comprehen-
sive management of resources at the municipal level.
It enhances the investment attractiveness of areas by
ensuring that owners can fully exercise their rights to
any three-dimensional real estate object, and it reduces
the number of property disputes. In our opinion, the
3D cadastre technology in the context of the present-
ed material should help to satisfy the growing social
demand for accurate management of immovable prop-
erty (land and housing). The information contained
in 3D cadastre databases is important and necessary
for land registrars, surveyors, architects, developers,
designers, real estate agents, local governments, and
corporate owners. The issue of introducing a 3D ca-
dastre in populated areas is especially relevant in light
of the need to restore real estate damaged or destroyed
as a result of military operations.
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CONCLUSIONS

1. Foreign experience has proven that the three-di-
mensional cadastre must be created through the
parallel development of three main directions: leg-
islative (integration of the concept of “3D object of
immovable property” and “3D rights” into the legal
field; definition of the procedure for registration of
3D real estate objects), institutional (establishment
of mutual relations arising between interested par-
ties), and technical (developing a platform for the
implementation of 3D cadastre). Ukraine has the
opportunity to take into account the attempts and
mistakes of other countries when developing its
own three-dimensional cadastre system.

2. Modern State Land Cadastre of Ukraine is char-
acterized by a number of problems related to the
uncertainty of the legal status of the height com-
ponent of land cadastral information, the insuffi-
cient volume of registration data regarding land
use restrictions, the lack of documentary status in
electronic cadastral data, etc.

3. The Public Cadastral Map of Ukraine is an import-
ant step towards modern systems of automated and
public cadastral accounting, which corresponds to
the latest global norms regarding the democratic
disclosure of property rights of Ukrainian citizens.
At the same time, all the positive gains from the
introduction of the Public Cadastral Map are now
nullified due to the restriction of access to it driven
by the military situation.

4. The Public Cadastral Map of Ukraine has several
shortcomings, including numerous errors and in-
accuracies. The completeness of information for
all land plots is not sufficiently ensured, and there
are no images or data on real estate objects locat-
ed on the land plots. Additionally, different spatial
coordinate systems are used, further complicating
the map’s accuracy and usability.

5. The creation of a 3D cadastre in Ukraine (in par-
ticular, on the territory of populated areas) will
make it possible to solve the problems that arise
regarding the registration of ownership rights to
real estate objects located above and below the
ground.

6. Ukrainian legislation to some extent provides for
the presentation of real estate objects in 3D format,
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but there are no on how to do this. A great deal of
work is needed on errors in the State Land Cadas-
tre, integration of registers of various components
of the cadastre, primarily this concerns the register
of land plots, their estimated value, and the regis-
ter of rights in combination with other registers.

7. Solving the problem of building a multi-purpose
cadastre includes three interrelated and interdepen-
dent aspects: legal, cadastral, and technical. All of
the above examples of the application of different
types of systems for implementation in the multi-
purpose cadastre are relevant and useful to Ukraine,
taking into account the existing land legal system
and the state’s strategic course towards full mem-
bership of Ukraine in the European Union.
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KATASTER 3D JAKO NARZEDZIE DO REGULACJI STOSUNKOW WEASNOSCIOWYCH | BAZA
INFORMACJI PRZESTRZENNEJ DLA WIELOZADANIOWEGO SYSTEMU KATASTRALNEGO

ABSTRAKT

Cel pracy

Celem prezentowanej pracy jest udowodnienie, jak istotne i konieczne sg transformacja krajowego systemu
katastralnego Ukrainy i wprowadzenie technologii katastru 3D do pomiaru nieruchomosci w czasie rzeczy-
wistym. Przeanalizowano wyniki dotychczasowych krajowych i zagranicznych badan naukowych w dzie-
dzinie trojwymiarowego modelowania obiektow, poréwnano wiodace systemy modelowania 3D, okreslono
prawa stron w zakresie tworzenia i prowadzenia trojwymiarowego katastru nieruchomosci, a takze opra-
cowano zalecenia dotyczace potrzeby ich wykorzystania w Ukrainie. Przeprowadzono analize istniejacych
standardow i stosowanych podejs$¢ metodologicznych do konstruowania trojwymiarowych modeli obiektow
nieruchomosci, a takze analiz¢ mozliwosci wprowadzenia trojwymiarowych obiektow do wielozadaniowego
systemu katastralnego, opartego na mi¢dzynarodowych standardach w ramach systemu administracyjno-
-prawnego Ukrainy. Na przyktadzie konkretnej dziatki gruntowej wykazano skuteczno$¢ dziatan podejmo-
wanych z r6znych powoddéw w odniesieniu do badanego obiektu — w tréjwymiarowej przestrzeni, a nie tylko
na dwuwymiarowej ptaszczyznie.

Materiat i metody

Podstawe teoretyczng stanowia prace naukowe krajowych i zagranicznych naukowcéw w dziedzinie mode-
lowania 3D obiektow (nieruchomosci) oraz materiatly metodyczne i instruktazowe do wdrazania technolo-
gii katastru 3D, ktére umozliwia wprowadzenie pomiaru obiektow nieruchomosci w czasie rzeczywistym,
a takze rejestracj¢ praw wiasnosci do obiektow i elementow nieruchomosci znajdujacych si¢ nad i pod po-
wierzchnig ziemi. Przy doborze materialdow do niniejszego opracowania zastosowano podejécie systema-
tyczne, aby zapewnic¢ trafno$¢ i wiarygodno$¢ zrodet. Najpierw przeprowadziliSmy kompleksowa kwerende
(w drodze wyszukiwania) recenzowanych artykutéw, ksiazek i raportéw opublikowanych w ciagu ostatnich
20 lat, skupiajgc si¢ na tematach bezposrednio zwigzanych z systemami katastralnymi 3D, modelowaniem
obiektéw nieruchomosci i odno§nymi ramami prawnymi. Najwazniejsze bazy danych, ktére przeszukano,
to: Scopus, Web of Science i Google Scholar, co pozwolito uwzgledni¢ wyniki z szerokiego zakresu badan,
o globalnym zasiggu. Zaprezentowane badania wybrano na podstawie wktadu, jaki wniosty w postep teo-
retyczny, metodologiczny i praktyczny w omawianej dziedzinie, ze szczegdlnym uwzglednieniem ostatnich
osiagnie¢ w technologii katastru 3D. Ponadto priorytet przyznano pracom o wysokim wskazniku cytowan
i publikacjom wiodgacych ekspertow w przedmiotowej dziedzinie. Ostateczny wybor materiatdéw odzwiercie-
dla zarowno podstawowe teorie, jak i nowatorskie rozwigzania i innowacje, ktore wspieraja cele i zawarto$¢
merytoryczng naszej pracy.

Biorac pod uwagg specyfike Ukrainy i realia powojennej odbudowy panstwa, przeprowadzili$my analize
najlepszych praktyk (w zakresie badan naukowych), skupiajac si¢ szczeg6lnie na najbardziej praktycznych,
ktore moga stac si¢ podstawa nowych, lokalnych badan na terenie naszego kraju, ze wzgledu na obowiazuja-
ce tu specyficzne ramy regulacyjne i ustawodawcze. Interesujace z naszego punktu widzenia sa doswiadcze-
nia zagraniczne, ktore potwierdzaja skuteczno$¢ takiego systemu w kompleksowym zarzadzaniu zasobami
na poziomie gmin. Mianowicie: wiclozadaniowy system katastralny pozwala na zwigkszenie atrakcyjno$ci
inwestycyjnej terytoriow dzigki temu, ze wiladciciele maja zagwarantowana realizacj¢ wszystkich praw do
dowolnego trojwymiarowego obiektu (nieruchomosci), a jednoczesnie na zmniejszenie liczby sporéw ma-
jatkowych, poniewaz kontrolowana jest wspotrzedna wysokosci, co w 98% chroni system katastralny przed
naktadkami i falszywg rejestracja granic obiektow.

Do badania i uogolnienia istniejacych podejs$¢ naukowych do problemu trojwymiarowego modelowania
obiektow (nieruchomosci) oraz mozliwosci wprowadzania trojwymiarowych obiektow do wielozadaniowe-
go systemu katastralnego wykorzystano analize monograficzng, uwzgledniajaca dzisiejsze realia panujace na
Ukrainie oraz biorgc pod uwagg perspektywy przyspieszonego rozwoju spotecznie zorientowanej gospodarki
rynkowej po wojnie.
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Metoda syntezy przejawia si¢ w kompleksowym poglebieniu teoretycznych, metodologicznych i me-
todycznych podstaw krajowego systemu katastralnego i jego transformacji. Kataster jest zawsze zwigzany
z ziemia, ktdra jest przestrzenng podstawa zycia ludzi. Jednakze informacje katastralne sa nie tylko podstawa
racjonalnego uzytkowania i ochrony gruntow, ale rowniez stanowia podstawe rozliczania oraz ksiggowa-
nia obiektow (nieruchomosci) i innych ulepszen gruntéw. To wlasnie dzigki zastosowaniu metody syntezy
udowodniono role wielozadaniowego katastru 3D jako skutecznego narzedzia do rozliczania dziatek grunto-
wych, nieruchomosci, a takze praw do nich i obciazen z nimi zwigzanych.

Podejscie systematyczne oznacza, ze bazy danych katastru 3D moga by¢ wykorzystywane przez osoby
zaangazowane w procesy zagospodarowania gruntdw, w tym przez geodetow, architektow, deweloperow,
projektantow, posrednikow nieruchomosci, wtadze lokalne, struktury zarzadcze i whascicieli korporacyjnych.
System katastru 3D moze dostarczy¢ waznych informacji dla roznych aspektow zarzadzania gruntami i nie-
ruchomosciami.

Metodologia badan opiera si¢ na nastgpujacych zasadach gtdéwnych: ogolnej zasadzie dialektycznej ta-
czenia i interakcji; zasadzie przyczynowosci, ktora jest zwigzana z zasadami komunikacji i rozwoju; zasa-
dach systematycznosci poznawczej.

Wyniki i wnioski

Intensywny rozwdj miast w Ukrainie, w potaczeniu ze zlozonymi przypadkami demarkacji przestrzennej,
w odniesieniu do praw wtasnosci wymaga nowego podejscia do zarzgdzania gruntami, ktére umozliwiloby
rejestrowanie obiektow nieruchomosci i praw do nich w formacie 3D — czyli prowadzenie rejestrow katastral-
nych z tréjwymiarowa prezentacja informacji. W tym celu niezbgdne jest stworzenie systemu katastru 3D,
ktory bedzie w stanie rozwigzac problemy niejednoznacznos$ci wystepujace w prowadzeniu katastru 2D. Aby
skutecznie utworzy¢ kataster 3D w Ukrainie, konieczne jest udoskonalenie krajowego systemu katastralnego,
w szczegblnosci wypehienie go informacjami o budynkach i budowlach, a takze powigzanie rejestrow zawie-
rajacych informacje o dziatkach gruntowych i znajdujacych si¢ na nich obiektach nieruchomosci z informa-
cjami o prawach wtasnosci.

Stowa kluczowe: kataster 3D, kataster wielofunkcyjny, pionowy rozktad interesow, strefy ochronne, tacz-
no$¢ inzynieryjna, modelowanie 3D (przestrzenne, trojwymiarowe)
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