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Abstract: In most countries, three-dimensional (3D) property units are registered utilizing two-
dimensional (2D) documentation and textual description. This approach has several limitations as
it is unable to represent the actual extent of complicated 3D property units in space. As traditional
procedures often lead to increased costs and long delays in 2D cadastral surveying, a fast, cost-
effective, and reliable solution is needed to cope with the remaining global cadastral surveying needs.
Crowdsourcing has claimed a critical role as a reliable methodology with huge potential regarding
the realization of 2D and 3D cadastral registration in both an affordable and a timely manner. Many
large modern constructions are now planned and constructed based on BIM technology all over the
world. The utilization of 3D digital models, such as building information models (BIMs), and the
establishment of a connection with the international standard of the Land Administration Domain
Model (LADM) could be a solution for the rapid integration of these units into a 3D crowdsourced
cadaster with a better representation of the cadastral boundaries of these units, a detailed visualization
of complex infrastructures, and an enhancement in the interoperability between different parties and
organizations. In this paper, the potential linkage between the BIM, the LADM, and crowdsourcing
techniques is investigated in order to provide an effective technical solution for the integration
of large new constructions into 3D crowdsourced cadastral surveys. The proposed framework is
tested on a building block in Athens, Greece. The potential, perspectives, and reliability of such an
implementation are assessed and discussed.
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1. Introduction

The ever-increasing prevalence of multidimensional infrastructures in the urban en-
vironment raises the complexity of land administration procedures, introducing new
challenges to the recording, management, and visualization of the spatial extent of verti-
cally stratified cadastral objects. Traditional 2D cadastral systems cannot fully represent
and visualize the spatial information, providing an incomplete illustration of the structures
and space usages of complex buildings both above and below the ground. The on-going
dominance of such limitations jeopardizes citizens’ proprietary rights, restrictions, and
responsibilities (RRRs) and complicates the valuation, taxation, planning, and control of
land use and natural resources [1,2]. Traditional cadastral systems require the necessary
legal, institutional, and technical adjustments to be able to cope with the multidimen-
sional environment.

In recent decades, 3D cadasters have been a major research topic as modern develop-
ments in computer graphics and 3D modeling techniques have made their implementation
technologically feasible. However, the implementation of a fully functional 3D cadaster has
not been achieved yet [3]. Since 2012, the Land Administration Domain Model (LADM)
(ISO-TC211 2012) has constituted the international standard for 2D and 3D cadastral data
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modeling. Several countries have developed legal procedures and prototype systems for
the registration of RRRs on 3D property units, developing interesting approaches regarding
the initial acquisition and visualization of 3D cadastral data [4–10]. Despite the fact that
the LADM offers several representation choices for cadastral data, a determination on
acceptable 3D cadastral object geometries has yet to be made. So far, several approaches
have been proposed by researchers aiming to settle a link between the legal and physical
counterparts of 3D cadastral objects. Most of these investigations try to implement this
connection through the usage of application schemas and technical data models, such as
the City Geography Markup Language (CityGML), IndoorGML, BIM/Industry Foundation
Classes (IFCs), LandXML, and InfraGML [11–13].

Obviously, there are several different alternative data structures that may be exploited
to describe 3D cadastral objects. Among them, the Building Information Model (BIM) is
indisputably one of the most comprehensive and intelligent 3D digital approaches able to
manage buildings with composite structures and enable communication between stake-
holders with different backgrounds [14]. BIMs represent the geometry of the complex
physical buildings’ spaces (rooms, corridors, walls, and floors) and can be modeled, man-
aged, and maintained hierarchically in BuildingSMART open exchange standards, such
as the IFC standard, enabling communication and the exchange of building information
through different platforms. The integration of the BIM/IFC and the LADM standard
may provide a valuable input to the 3D cadaster for each individual property as well as
its surrounding properties, allowing the capture of a clearer picture regarding properties’
RRRs. This view is strengthened by the fact that, nowadays, the main source of 3D building
information on new buildings is BIMs. Therefore, a number of BIMs are available and can
be used as an accurate basis for the collection of the needed 3D cadastral information. By
laying the appropriate foundations today, BIMs may be the basis for the development of
3D cadasters in future urban centers, as they can include a wealth of useful information,
such as land/property uses, property values, and energy classes.

However, as was proven [15,16], traditional cadastral surveying procedures require
time and funds, which may gradually increase, complicating or even prohibiting the
completion of both 2D and 3D cadastral surveys. This may lead to an increment in
rights holders’ uncertainty regarding their rights as well as the time and costs involved
in land and property transactions and mortgages, blocking the real estate market and
inhibiting poverty reduction. Nevertheless, beyond these drawbacks, significant progress
has been achieved in the field of 2D and 3D cadastral surveys, that may be able to minimize
the time and costs involved in the necessary procedures, utilizing modern techniques
and technological achievements. As was proven during earlier stages of our research,
crowdsourcing techniques may be utilized for the implementation of 2D [17–21] and
3D [22–27] cadastral surveys, minimizing the cost of and time required for the surveys
while ensuring the geometric accuracy and reliability of the collected data. Although 2D
crowdsourced cadastral surveys have been tested and their pilot implementation started
in some cadastral agencies [21,28], 3D crowdsourced cadastral surveys still need further
investigation. The (re)usage of existing BIMs based on open exchange standards, such as
the IFC, seems to be an interesting solution, enabling the further reduction of the costs and
duration of the cadastral surveys and providing a promising result [29].

This paper is part of ongoing research aiming to develop a technical tool and a
methodology for the collection of data on and the management, maintenance, and 3D
modeling of cadastral units. The main objective of our research is to establish a more
generalized framework that is adjustable to the available geospatial infrastructure and
financial situation of each country, including even regions that still lack a 2D cadastral data
registration procedure. To date, several different categories of data have been investigated
as potential sources of 2D and 3D crowdsourced cadastral information. In this paper, an
innovative crowdsourced technical solution based on the LADM standard and BIM data
is designed and proposed. The main concern of this research is to provide an alternative
LADM-based approach to the acquisition, registration, and representation of 3D cadastral
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objects that can be used to explore the potential utilization of BIM data when and where
they are available. The paper is structured as follows. Section 2 presents background
information regarding the contemporary practices for 3D cadasters and related work
regarding the utilization of a BIM as a source of 3D cadastral data. Section 3 presents the
structure of the proposed technical solution. The conceptual schema of the developed
LADM-based DBMS and the developed web-based cadastral application are described and
presented. Section 4 presents a test implementation of the developed system in a building
block in Athens, Greece as well as the results of the overall procedure. Finally, Section 5
presents the main conclusions by reference to perspectives on and the reliability of the
proposed crowdsourcing framework as a basis for the compilation of a well-functioning
and affordable 3D cadaster as well as our initial thoughts on future work.

2. Contemporary Practices for 3D Cadasters

In recent decades, 3D cadasters have been a major topic of interest as they present
the spatial extent of ownership and designate the 3D property rights, restrictions, and
responsibilities. However, the implementation of a fully functional 3D cadaster has not been
achieved yet [3]. In order to realize a 3D cadaster, three main stages of development should
be considered: (i) the legal stage; (ii) the institutional stage; and (iii) the technical stage [30].
The legal stage consists of one of the most important phases for the implementation of
3D cadasters, as without the laws and the legal definition of 3D properties the cadastral
surveys and the registration of 3D objects and rights are meaningless [31]. Subsequently,
the institutional stage includes the authority and the duties of the public registration and
mapping institutions for 3D registration [32]. It describes what information is needed for
registration and how this information will be structured, registered, stored, and presented.
It is responsible for the management, update, and distribution of the 3D cadastral data
as well as the required workflow for the implementation of the 3D cadaster. Finally, the
technical stage concerns how the 3D spatial information of the property units is integrated
with the existing cadasters [33]. To date, the main research interest in the technical stage
has focused on spatial data infrastructures, Geographic Information Systems (GISs), the
LADM, database management systems, 3D visualization, and 3D geometric representation,
topology, and data exchange formats.

With the emergence of the Land Administration Domain Model (LADM ISO 19152,
2012) in 2012, a new era has begun for both 2D and 3D cadasters. Based on this ISO standard,
many countries can design prototype systems and approaches for the implementation
of country-level 3D cadasters [34–36]. Each country handles the 3D aspect according to
its current legislation and cadastral background. The LADM has become a very useful
tool as it provides a flexible conceptual schema as a basis for the development of 2D
and 3D cadasters while establishing a shared ontology, enabling communication between
the involved parties within one country or between different countries, and facilitating
data exchange in heterogeneous and distributed land administration environments [37].
However, the LADM lacks a determination regarding the acceptable 3D geometries and
representations of 3D cadastral objects, which is a subject of active research [34].

In the meantime, there have been significant changes in the data collection techniques,
the visualization of 3D data, and the utilization of crowdsourced data, BIM data, and other
data structures [38–40]. At this point, another weakness of the LADM is the absence of a
connection between the LADM and widely known spatial models, such as the BIM and
IndoorGML [41]. Such rich data models are nowadays utilized in several application areas
with great efficiency and have become a valuable data source for Geographic Information
Systems (GIS) such as 3D cadastral systems. This has resulted in the development of
various approaches to modeling the 3D information on individual units utilizing the GML-
based (CityGML, IndoorGML) and IFC-based (BIM) spatial data models. In addition,
other studies on 3D cadasters are being supported in projects under the subheadings
of ‘Smart Cities’ and ‘Digital Twins’ within the scope of the European Union Horizon
2020 grant program. The main objective of these studies is to provide an infrastructure
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enabling the design, management, and planning of sustainable cities by integrating 3D
digital cadastral information with other data, such as data on energy, air pollution, mobility,
and temperature [42].

In recent years, there has been increased interest in linking 3D property models and
cadastral systems in many countries [43]. Several studies concerning the registration and
visualization of 3D properties are active internationally in order to develop sustainable
solutions in terms of the legal and economic issues. The BIM provides a valuable tool that
is rich in content and able to provide input to a 3D cadaster, both for each property unit
itself and for its surrounding property units and parcels. The BIM can be translated in
BuildingSMART’s open exchange standard, IFC, which provides the capability to model
the legal and physical dimensions of urban properties [44]. A properly enriched IFC
model may satisfy the requirements of cadastral legal spaces, enabling the extraction of
cadastral data from both as-designed and as-built BIMs [45]. To enhance this notion, [29]
designed a workflow to establish a bridge between a BIM and a GIS through developing an
extended IFC data structure able to incorporate the information on 3D RRRs as the input
for the land registry of The Netherlands. In [13], the authors investigate two potential
approaches to integrating physical information provided through the IFC standard and
legal information provided by the LADM data model. The first approach describes how
the IFC standard may be extended to the land administration domain, while the second
approach proposes the incorporation of physical elements from the IFC standard into a
potential future update of the LADM. In [46], the authors propose a potential conceptual
model for the integration of IndoorGML and the LADM. The main objective of this research
is to assess the proposed model and highlight its possibilities and shortcomings during its
conversion to a technical model. In [47], the authors investigate the potential integration
of a BIM, cadastral information, and a GIS for the visualization of 3D cadasters in urban
environments. The proposed framework utilizes an IFC model in order to link physical
and legal spaces for cadastral visualization on the building level. The main conclusion is
that the integration of the cadastral information, the BIM, and the GIS is possible on both
a conceptual and a data level, facilitating communication between the involved parties.
The authors of [48] present an overview of the ongoing international standardization
activities, focusing on the LADM ISO and the ISO 19166 Geographic information—BIM
to GIS conceptual mapping (B2GM) standard, which is still under development. This
research highlights the importance of a transforming mechanism between BIM data and
GIS projects, especially for the concept of “smart cities”. As indicated, BIMs may serve
well as an important and detailed data source for the establishment of 3D spatial units.
Furthermore, [49] proposed a similar web-based approach, aiming to combine a BIM and a
GIS, for the effective management of 3D cadastral information and building data in high
detail within a common platform. For the exchange and linkage of 3D spatial information
between the two systems, the IFC standard is used.

However, the benefits of 3D cadasters might be outweighed by the costs. The ap-
proaches available at present are both time consuming and expensive, delaying the im-
plementation of 3D cadasters. Thus, an alternative approach is needed for the initial
implementation of both formally and informally developed urban areas, as it may em-
power tenure security, improve property management, formalize property markets, and
enable a reduction in poverty. Practical experience has demonstrated that the utilization of
cutting-edge technologies and crowdsourcing techniques in the development of 2D and
3D cadastral surveying procedures, in order to minimize the necessary time and cost, has
already been achieved with very promising results [18–21,50,51].

Ellul et al. [52], present an interesting crowdsourced approach that aims to collect
information regarding the land and property ownership situation. They developed a
web-based application that enables the user to select his/her situation from several groups
of ownership situations sketched out by the research team. In [22], an economic and timely
procedure for 3D cadastral data acquisition and the 3D visualization of real properties as
block models (LoD1) on a mobile phone’s screen in real time is presented. The mobile
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application enables the generation of 3D building models through an automated modeling
algorithm. The user is asked to digitize the boundaries of his/her property unit on the
available basemap, and this information is processed together with other geometric data
(such as height, the floor where the property is located, etc.) in order to provide the 3D
property model. As a basemap, a recent orthophoto of the area under cadastral survey
overlaid with 2D floor plans may be the best option for an accurate, assured, and authorita-
tive (AAA) 3D cadaster [53]. Otherwise, other platforms, such as an aerial photo, may be
used, reducing the geometric accuracy significantly. In such cases, land parcel boundaries
and building footprints should be visible. A similar approach is proposed by [27], with
the difference that the developed mobile application is able to manage and visualize 3D
property models both above and below the land surface. Subsequently, [26] exploits the
experience gained by the previous studies in order to establish a LADM-based database
and a methodology appropriate for proceeding with 3D property unit registration and
visualization exclusively through the developed mobile application.

However, these crowdsourced solutions rely on specific conditions and assume that the
necessary horizontal spatial data and infrastructure/floor plans are available. Otherwise,
alternative solutions may be utilized. While the exploitation of a smartphone’s GPS
sensor, with an accuracy of a few meters, and the utilization of Global Navigation Satellite
System (GNSS) tools and resources have been proposed by some researchers with good
results [21,28,54], they are best adopted in sparsely structured outdoor areas instead
of indoor environments where their function tends to be poor [21]. To overcome this
drawback, [53] proposed an alternative approach, utilizing a mobile application with
several geometric tools, that is able to facilitate the registration procedure in adverse cases of
low basemap availability. Furthermore, a more intelligent approach was proposed by [51].
Mobile and Bluetooth technologies in combination with innovative machine learning
techniques were used for indoor cadastral mapping. This study aimed to automatically
locate the position of indoor cadastral spaces and provide a “plan-free” solution for the
initial implementation of 3D indoor cadastral surveys, mainly in urban areas that were
developed without reliable plans.

As a result, several interesting approaches regarding the implementation of 3D
cadasters have been proposed. In addition, various categories of data have been assessed as
potential data sources for 3D cadastral surveys. However, the required time and cost act as
inhibitors and complicate the compilation of information on 3D cadasters. In the case of 3D
crowdsourced cadastral surveys, the initial implementation of 3D cadastral systems may
be achieved in a timely and cost-effective manner, providing reliable and accurate results.
Nevertheless, the success of crowdsourced surveys is based on the quality of the available
registration basemap. The majority of the current crowdsourcing studies utilize a recent
orthophoto of the area under cadastral survey or/and professional 2D floor plans (if they
exist) as well as other systems, such as GPS and Bluetooth, in combination with innovative
machine learning algorithms in order to provide a reliable input for cadastral surveys.
The (re)usage of professionally developed BIM data in LADM-based 3D crowdsourced
surveys, for the registration of a property’s RRRs, has not been implemented yet, being
an interesting aspect for further investigation. Our main research interest focuses on this
purpose and aims to provide, in a short timeframe, a reliable and accurate addition to
the institutional and technical stages of the initial implementation and maintenance of
3D cadasters.

3. Proposed Framework

The proposed framework relies on our previous research regarding the implementa-
tion of 2D and 3D crowdsourced cadastral surveys and tries to enrich the range of potential
alternative data types that may be utilized as a registration basemap. Thus, the flexibility
and the effectiveness of cadastral surveys may be increased, reinforcing the realization of
reliable, accurate, and cost-effective 3D cadastral systems in a short timeframe.
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The key pillar of this crowdsourced approach is the enhancement of the rights holders’
role, by transferring to them the responsibility for the initial collection of 2D and 3D
cadastral data as well as the responsibility for any further changes in the 2D and 3D
cadastral data during the operation of the cadaster. Of course, for all these actions, a
validation phase should take place prior to the final, initial, or secondary registration. By
integrating BIM data into this process, the identification of property units by the rights
holders may be simplified, as the visualization of very similar 3D buildings is enabled. The
reliability of the collected data is also strengthened through active co-operation between
professionals and citizens. Professional surveyors, e-training videos, or even a trained
volunteer in the role of a team leader may be responsible for assisting with the overall
data collection procedure and helping the citizen/rights holder to overcome any difficulty
regarding the process or the use of the software [2,51,54]. It is noted that the main objective
of the proposed framework is to provide an up-to-date LADM-based cadastral database.
Its examination and legal/technical validation may occur at a later stage of this research.

This study focuses on the technical aspect of the crowdsourced solution and aims to
explore the potential utilization of BIM data as an alternative data source when they are
available. In the next section, the proposed LADM-based schema of the cadastral database
as well as the developed web-based application are described and presented.

3.1. Technical Aspect
3.1.1. LADM-Based DBMS Schema

The proposed DBMS conceptual schema was developed through the Enterprise Archi-
tect (EA) UML modeling tool from Sparx Systems. EA supports a range of open industry
standards, simplifying the analysis, design, implementation, testing, and maintenance of
several models using the Unified Modeling Language (UML) and other open standards.
The use of Model-Driven Generation (MDG) Technologies supports the application of Ge-
ography Markup Language (GML) schemas and the UML profile for ArcGIS applications.
Thus, EA enables the generation of a geodatabase’s conceptual schemas, empowering the
development of GIS applications. It is noted that the identification of the various types of
legal objects is outside of the scope of this study, while the proper placement of the legal
boundaries (e.g., in the middle of the common wall) remains under investigation.

The developed geodatabase is based on our previous work, presented in [26], and
was optimized in order to integrate the BIM/IFC aspect (Figure 1). In order to do so, some
limitations concerning the linking process between the BIM and the LADM should be taken
into account. A BIM may be used to provide, in detail, the geometry of complex physical
buildings’ spaces, such as rooms, corridors, walls, and floors. This may be sufficient to
define the 3D cadastral physical spaces, but not the 3D cadastral legal spaces. A legal
space needs to be related to only one space consisting of the ownership boundary of a
single property where the corresponding RRRs are assigned [55]. Thus, through binding a
number of physical spaces (rooms) or parts of physical spaces presented in the BIM, the
desired legal spaces may be defined. Their representation may be achieved by utilizing
open BIM exchange models. One of the most widely used standards, which is utilized
in this investigation, is the IFC. The IFC provides the capability to model the legal and
physical dimensions of urban properties [44]. With the IfcSpace entity, the representation
of volumetric spaces inside a building is feasible. The BIM’s interior structural elements
can be included in this entity, defining the legal spaces of the cadastral objects.

Following this rationale, the generation of the proposed geodatabase is conducted. The
main classes of the LADM standard are preserved, while some new classes are generated
in order to support this venture. More specifically, the basic classes of LA_Party, LA_RRR,
LA_BAUnit, and LA_SpatialUnit, together with their core attributes, are preserved. The
main classes are implemented as Object Classes while the relationships between them
are implemented through the Relationship Classes provided by the ArcGIS toolbar of EA.
Each one of the classes is enriched with attributes describing the cadastral information
that is intended to be collected by the rights holders. Thus, for LA_Party, the first name,
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the last name, the role, and the type of the associated party that is going through the
registration process were selected. Subsequently, for the LA_Right, LA_Restriction, and
LA_Responsibility classes, which are connected to the LA_RRR class, the type of the
declared right was selected as an attribute. Similarly, the LA_BAUnit classes, which are
referred to as the ‘LA_BA_Unit class’ in the generated database schema, were enriched
with attributes describing the name and the type of the basic administrative unit. Finally,
the class SpatialUnit_LA_SpatialUnit, describing the LADM’s LA_SpatialUnit class, was
enriched with attributes referring to the area and the volume of the spatial unit.
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A new class, named LandParcel3D, was created, aiming to emphasize the basic spatial
unit element that is the LA_SpatialUnit class. LandParcel3D inherits the attributes of
the LA_SpatiaUnit class, while an attribute defining the address of the spatial unit was
added. Furthermore, two new classes, named Model_Building_3D and Spaces, aiming to
enhance the building unit element that corresponds to only one property, were created.
The Model_Building_3D class is directly linked to the SpatialUnit_LA_SpatialUnit class
and concerns the polyhedron/volume related to a single property [26] (Figure 1). The
Spaces class describes the cadastral legal spaces where the RRRs are assigned and is directly
linked to the Model_Building_3D class, preserving the necessary information regarding the
definition of the volume/multipatch geometry of a building unit (property). As attributes
of the Spaces class, the area, the volume, the use of the property, and the floor of the
building where the property is located were selected.

As the developed geodatabase schema will be imported into an ArcGIS platform,
the development of the DBMS schema was conducted through the Sparx System’s UML
profile for ArcGIS utilizing the abovementioned classes and feature types and supported by
ArcGIS. Once the developed DBMS schema is completed and validated in the environment
of EA, it will be exported as an ArcGIS Workspace XML Document. This XML Document
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will then be imported into the ArcGIS platform and linked with the rest of the elements of
the proposed framework.

3.1.2. Web Application

An open-source, web-based application developed by the authors was updated and
is presented in [55] (Figure 2). The technical structure of the application allows for the
integration of BIM/IFC data into a GIS environment, enabling the collection, visualization,
storage, and update of 3D cadastral data based on the LADM standard. The application
is easy to use, which enables it to be used by non-professionals. The physical cadastral
spaces are presented in Level of Detail 4 (LoD4), while legal cadastral spaces are presented
in LoD1, defining the full extent of the declared RRRs. The application enables the user
to navigate through the 3D scene, formed from BIM data, in order to be oriented and be
able to identify his/her property in the model. The displayed scene simulates the real
world using a Digital Terrain Model (DTM) provided by the ESRI. For the development
of the web-based application, the following set of software tools was utilized: (i) the web
development environment of CodePen [56]; (ii) the ArcGIS API for JavaScript 4.18 of the
ESRI, adding the function of ArcGIS to the application via libraries with a wide variety of
methods and functions; (iii) the HTML and JavaScript programming languages; and (iv) the
Server of ArcGIS Online (the ESRI cloud) for the storage and management of data [55].
It is noted that the selection of the ESRI product consists of only a first attempt at the
implementation of our approach. Other open-source platforms for software applications
could also be utilized.
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The user interface represents the 3D building scene and provides a set of functional
tools enabling the user to move throughout the scene, zoom in/out, and proceed with 3D
registration by utilizing several data manipulation tools (Figure 3). More specifically, the
developed application provides the following tools: (i) a layer management tool allowing
the user to enable and disable a building’s layers presented in LoD1 or LoD4 in order
to identify his/her property in the BIM; (ii) a 3D measurement tool enabling the user to
measure the length and calculate the area on/of 3D objects; (iii) a building slicing tool
allowing the user to create vertical and horizontal slices, revealing information about
the building’s interior spaces; and (iv) an editor tool enabling the user to select his/her
property in the BIM, which is presented in LoD1—where the property is presented as
a solid entity of a single ownership—and insert all the necessary descriptive cadastral
information about his/her rights. The web application may be utilized both for the
creation of new registrations as well as for the submission of potential changes in the
declared property rights (such as land/property use). Once the user enters all the necessary
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cadastral information, he/she may submit the declarations, updating with new records the
LADM-based cadastral database. Thus, this process results in the creation of an up-to-date
database, which may be further processed by the cadastral agency in order to proceed with
the necessary evaluation and control of the submitted data.
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4. Practical Experiment

To examine the potential and function of the proposed technical solution, a test
implementation was conducted in a densely structured urban area of Athens, Greece. As
the spatial background, a building block containing several multi-storey buildings was
utilized (Figure 4). In this section, the necessary pre-processing steps enabling the insertion
of the BIM into a GIS system, and therefore its integration into the LADM database and
the developed cadastral web application, are presented. Next, the test implementation is
described, and the initial results of the proposed crowdsourced approach are presented.
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4.1. Pre-Processing Methodology

For this particular investigation, 3D building models in LoD3, available from a pre-
viously successfully completed project conducted by a research team of the National
Technical University of Athens, was utilized [44]. Stereo-pairs of aerial images, terrestrial
images, and ground control points were utilized through a combined pipeline for the
generation of the 3D building models [44]. Furthermore, georeferenced floor plans were
utilized for the creation of the BIM of a new building/construction in the studied area. The
Autodesk Revit software was utilized for the generation of the BIM from the georeferenced
floor plans, while the IFC standard was used in order to translate the BIM’s 3D spatial
information into the ArcGIS platform. In the first step, the physical spaces were created in
LoD4, describing the real characteristics of the buildings in detail. Then, the legal spaces
were created utilizing the Area and Schedule function of Revit, enabling the identification
of the 2D boundaries of each 3D legal space and the insertion of the necessary semantic
information concerning the property’s RRRs, respectively. Finally, the created 2D spaces
were matched with the IfcSpace entity in the exported IFC model, providing the 3D legal
spaces. It is noted that the identification of the different types of legal objects is outside of
the scope of this study. The management and definition of the different types of legal spaces
and the proper placement of the legal boundaries (e.g., the middle of the wall) remain
under investigation. In this study, we assumed that the legal spaces are correctly defined
and we focused on the evaluation and assessment of the proposed technical framework
regarding the submission of the cadastral information by the citizens/rights holders.

In the next step, the IFC model was imported into the ArcGIS Pro environment,
enabling the further manipulation of the BIM for GIS/cadastral purposes. ArcGIS Pro’s
quick import tool from the Data Interoperability Toolbox was utilized in order to import the
generated IFC model into an ArcGIS file geodatabase, making the BIM’s spaces available
for loading into the project. The generated geodatabase refers to the Greek Grid (ESPG:
2100) Projected Coordinate Reference System (PCRS), which is the PCRS of the used floor
plans. However, the 3D scene of ArcGIS Pro refers to WGS84, which is the Geographic
Coordinate Reference System (GCRS). Thus, the generated database had to be converted to
WGS84 utilizing the Batch Project tool of ArcGIS Pro.

Although the coordinates of the “survey point” and the orientation of the BIM through
the identification of the “true North” were defined in Revit, the IFC model was not correctly
positioned in 3D space. In the context of BIM–GIS integration, geo-referencing BIM models
can be problematic and constitutes a major issue in practice. For this particular study, the
IFC2x3 version was utilized. Although this version embeds spatial reference information,
mismatches may occur when importing the model to a GIS environment [57,58]. However,
this problem was solved in the IFC4 version by introducing a new entity that includes and
maintains all the necessary elements for the geo-reference of the model. The IFC4 version
is newly emerging but may be utilized and tested for future research in this field.

The model was horizontally aligned close to its correct position with a fixed offset of
18 cm, while its vertical alignment was incorrect, making it appear to be submerged in the
ground. To overcome this problem, the model was moved to its correct horizontal position
utilizing the editing tools of ArcGIS Online. Subsequently, the elevation of the features of
each generated feature class was set to “Relative to ground” in order for the features to
appear at their correct height. Subsequently, new feature classes with the correct elevation
were created utilizing the “Layer 3d To Feature Class” tool. It is noted that although the
final model appears in its correct position horizontally, some ambiguities regarding its
vertical alignment remain. This is mainly due to the used DTM, which in our study area
appears at a higher altitude than in the real world. The result of this mismatch is that the
ground floor of the building appears to be below the surface of the ground. However, this
problem can be solved by using a more up-to-date and accurate DTM. Nevertheless, the
final result is satisfactory for the purpose of this research.

Once the correct geodatabase was generated, the IfcSpace entity was connected to the
Spaces class of the developed LADM-based geodatabase, which was enriched with the
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necessary geometric information concerning the cadastral legal spaces. By manipulating
the generated geodatabase through the developed web application, the collection of the
required semantic information concerning the property’s RRRs is feasible.

4.2. Test Implementation

Once the pre-processing steps were completed, the test implementation started. For
research purposes, a team of students at the School of Rural and Surveying Engineers,
National Technical University of Athens (NTUA), were assumed to be rights holders
and proceeded with the 3D cadastral registration of multiple overlapping property units,
including in one building of the studied area. The main objective of this experiment was
to investigate the functionality of the proposed technical framework and provide some
conclusions regarding its perspectives.

As a first step, the team of volunteers were trained regarding the functions of the
web application by a member of our research team with the role of team leader. After
the completion of this phase, the cadastral registration process was started. Each volun-
teer undertook the responsibility of identifying specific property units in the BIM and
declaring the necessary information through the developed web application. For this
experiment, the collected data included the property entity/volumetric object from the
BIM that corresponded to the studied property unit; the descriptive information about the
rights holder (first name, last name, and type of right); and the property unit (address, area
code, and use).

Each volunteer was familiarized with the developed application and was navigated
through the 3D building scene, aiming to identify the desired properties. During this
process, the users of the web application were able to view both the structural and realistic
characteristics of the building by enabling the LoD4 layer through the layer management
tab located on the bottom left side of the developed interface. By viewing the realistic model
of the 3D world, users recognized their properties faster. Additionally, the volunteer/user
utilized the tools provided by the web application in order to measure the building’s
characteristics (through measurement tools) or create vertical and horizontal slices of the
BIM (through the building slicing tool) to verify the location of his/her property. Once the
volunteer/user identified the desired property unit, he/she disabled LoD4 and enabled
the LoD1 layer, through the layer management tab, and selected the respective property
volume. By clicking on the BIM at the position that he/she assumed that his/her property
was located, the 3D volume presenting the legal space where the RRRs are assigned was
highlighted. Then, the insertion of the required cadastral information was done by utilizing
the editor tool. By selecting the editor tool, a drop-down list appeared, enabling the
insertion of data. Once the volunteers collected the required data, they submitted their
declarations, which were stored in the cloud of ArcGIS Online, updating the system with
the new records. An example of the described registration procedure is presented in
Figure 5.

Finally, the registration procedure was completed by the volunteers. The use of
the web application was easy, with the registration of each property accomplished in
about 6–12 min (on average), depending on the location of the property in the BIM and
the familiarity of the user with the web environment. The required cadastral data were
collected successfully and stored in the cloud of ArcGIS Online. The initial results of the
test implementation seem to be very promising; however, a more in-depth investigation
is needed in order to highlight any weaknesses or problems regarding the proposed
framework and the web application itself.
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5. Discussion and Conclusions

With the rapid economic and social transformation over the last few years, several
complex constructions with multidimensional overlapping property rights have emerged.
The establishment of modern land administration systems able to manage various types of
rights in a uniform, standardized, and reliable way, both above and below the land surface,
is being pioneered. While this need has already been acknowledged, especially in densely
populated areas, cadastral systems remain based on 2D maps. A simple, timely, and cost-
effective solution is needed for the initial implementation of 3D cadasters. The utilization
of the LADM standard in combination with innovative crowdsourcing techniques—for
data acquisition—and the utilization of the available geospatial infrastructure of each
country may constitute a potential solution, introducing a new era for both 2D and 3D land
administration procedures. The proposed crowdsourced technical framework combines
the current initiatives of the scientific community and provides an alternative approach
to the initial implementation of 3D cadastral surveys by setting the basis for the timely
implementation of a fit-for-purpose 3D cadaster.

To date, several interesting approaches regarding the implementation of 3D cadasters
have been proposed by researchers. However, the implementation of 3D cadastral surveys
based on traditional practices may lead to severe delays and increased costs, complicating
the implementation of the 3D cadasters the European Union desires. As has been proven
in previous stages of this research, 2D and 3D crowdsourced cadastral surveys enable
the initial implementation of 3D cadastral systems in a timely and cost-effective manner,
providing reliable and accurate results. However, the success of the crowdsourced surveys
is based on the quality of the available registration basemap. The majority of the current
crowdsourcing studies utilize recent orthophotos of the areas under cadastral survey
or/and 2D floor plans (if they exist) as well as other systems, such as GPS and Bluetooth, in
combination with innovative machine learning algorithms in order to provide an accurate
input for cadastral surveys. Despite the relatively wide range of potential data sources for
crowdsourced cadastral surveys, there are several other choices that should be investigated.
The abovementioned geospatial resources may not be always available. However, our
main interest is to categorize the available alternatives based on their potential accuracy
and proceed with the best one.

The emergence of the BIM has produced a technological revolution, as it enables the
integration of numerous threads concerning the different types of information used in
construction into a single environment [44]. Thus, the need for paper-based documents,
such as strata plan drawings, is either eliminated or reduced due to their being exchanged
for digital documents and records. As BIMs consist of one of the most detailed and com-
prehensive object-oriented methods of modeling buildings, their utilization and potential
(re)use may be of significant importance for the declaration of the physical and legal cadas-
tral objects in a 3D cadaster. The visualization of real properties through BIMs, enriched
with cadastral information, may provide a very useful registration background for the
initial implementation of 3D cadastral surveys, mainly in urban areas. The integration of
3D digital models—such as building information modelling (BIM)—and 3D geographic
information systems (GISs)—such as cadastral systems—have several capabilities in order
to declare relevant data, represent physical and legal cadastral boundaries, and visualize
complex buildings in detail. Thus, a better understanding of the property’s boundaries and
the extent of the RRRs can be achieved, ensuring clarity and avoiding improper use and
disputes among the rights holders [44]. A BIM’s usability is also empowered through the
IFC standard, as it enables compatibility between architectural, engineering, and construc-
tion (AEC) activities and allows for the modeling, storing, and management of 3D building
elements for multiple purposes in different platforms. Thus, a BIM may be utilized in order
to integrate 3D building elements with 3D cadastral information, enabling interoperability
among the involved parties.

The proposed LADM-based crowdsourced approach provides an alternative solution
for the initial acquisition of standardized 3D cadastral information, utilizing the content
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of (existing) BIMs. The selection of a web application as the main data capturing tool
uses citizens’ familiarity with smart devices and internet/web applications, which are
intertwined with modern reality. With the utilization of BIMs, rights holders may have
better supervision and a better understanding of 3D space and, therefore, the determina-
tion of the location of their property consists of a simple procedure. The developed web
application enables the timely collection of the necessary data, with the registration of
each property unit fluctuating between 6 and 12 min (on average). It is noted that the time
required depends on the user’s ability to understand the function of the cadastral web
application and his/her capacity to be oriented in the 3D virtual environment. However,
as the test implementation demonstrated, BIM data provide a cost-effective solution that
facilitates the cadastral registration procedure, providing a valuable visual representa-
tion of real properties and speeding up the implementation of a multi-purpose 3D Land
Administration System (LAS).

This study focuses on the technical aspect of the crowdsourced solution while inves-
tigating the potential utilization of BIM data as an alternative data source. Through this
experiment, it was shown that the proposed crowdsourced approach is able to provide
an up-to-date LADM-based cadastral database, which in a later stage may be further pro-
cessed and evaluated by a cadastral agency. The immediate acquisition of multiple types
of information regarding buildings consists of a particularly important process, especially
in the case of modern cities. Through the utilization of the proposed framework, rights
holders may also, over time, submit changes concerning their properties, such as changes
in use and ownership. Thus, the cadastral database may always be up to date and may
provide a reliable source of information for a wide variety of applications.

The next step of this research will be to carry out a large-scale implementation of
the proposed framework in order to investigate in detail the weaknesses of the proposed
technical framework and to proceed with the necessary corrections. The definition of the
various types of legal spaces and the proper placement of the legal boundaries (e.g., the
middle of the wall) will be further investigated. Additionally, the developed web applica-
tion is intended to be optimized since, for the time being, it remains in the beta version.
Initially, it seems that 3D BIMs potentially can serve as important and detailed sources of
data for such 3D spatial units. Several efforts have been made to enable a wider usage
of BIM data in GIS projects. The ISO 19166 standard should provide professionals with a
conceptual framework for potential transformations between BIMs and GISs, enlarging
their application range [48]. So, it seems that there are significant opportunities for the
utilization of BIMs in 3D cadasters as well as in other fields. However, there remain chal-
lenges to be further investigated and solved, including a common terminology and the
lack of experts with deep knowledge of both domains.
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