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The essence of three-dimensional (3D) real estate modeling is to build a 3D model
that meets the requirements of the registration business in the information world
according to the objective formof real estate objects and relevant legal provisions on
real estate registration. It is the application of digital twin technologies in the field of
real estate registration. In recent years, scholars have carried out much research and
made a number of representative achievements in the field of 3D real estate
modeling. Many countries and regions have started to implement 3D real estate
registration. However, different countries have different legal provisions on real
estate registration. Comparedwith other countries and regions in theworld that have
implemented 3D real estate registration, China’s 3D real estate registration is still in
the exploratory stage. Although Chinese scholars have conducted much research
from the perspectives of the 3D real estate registration mode, modeling method,
legal framework, etc., existing studies mainly focus on the geometric modeling of
physical entities and ignore the research on integrated modeling of physical entities
and property right entities of real estate objects. Meanwhile, existing research results
lack a combination with real estate registration practice. This research is one of the
core contents of the pilot construction of Xinyi City’s two-dimensional (2D) and 3D
integrated real estate electronic license registration. Combined with the real estate
registration business practice in Xinyi City, this paper has developed a multilevel 3D
real estate property rights modeling technology that integrates the physical entities
and property right entities of the real estate registration object. The research results
were applied to the real estate registration management of Xinyi City, supporting the
issuance of the first 2D and 3D integrated real estate registration electronic license in
Jiangsu.
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1 Introduction

With the increasing pressure of land supply in urban areas, 3D space development has
become one of the main ways to improve the efficiency of land use, leading to increasingly
complex buildings. The transformation of land development and utilization from 2D to 3D,
forming a complex three-dimensional spatial structure, has led to the superposition of cadastral
rights belonging to different right subjects in vertical direction (Stoter and Salzmann, 2003; Ying
et al., 2021). The cadastral management model based on 2D parcel cannot accurately describe
the complex property rights distribution structure in 3D space. It is often led to property rights
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disputes caused by unclear property rights registration (Shojaei et al.,
2016; Hanus et al., 2018). It is urgent to develop a 3D cadastral
management model to prepare and describe the distribution of rights
in 3D space (Benhamu and Doytsher, 2003; Guo et al., 2013; Yu et al.,
2017; Jaljolie et al., 2018; Navratil et al., 2018; Li et al., 2019).

Different from urban 3D modeling, 3D cadastral modeling should
not only consider the physical form of the registered object, but also
comply with the relevant legal provisions of cadastral registration
(Stoter and Oosterom, 2005; Kalantari et al., 2008; Karki et al., 2013;
Lee et al., 2015; Shojaei et al., 2016). The integrated modeling of
physical entities and property right entity of 3D cadastral registration
object is the basis for the development of 3D cadastral registration (van
Oosterom et al., 2006; Thompson and Oosterom, 2011). The current
research on 3D cadastral registration object modeling technology
focuses on the following two aspects: 1. Research on integrated
modeling method of physical entity and property right entity of 3D
cadastral registration object (Aien et al., 2013; Ding et al., 2017; Wang
et al., 2014;Wu et al., 2016; Zulkifli et al., 2021; ISO TC211, 2012; Zhou
et al., 2021), 2. Research on 3D cadastral property rights modeling
based on BIM, CityGML, IFC, and other data sources (Atazadeh et al.,
2018; Gkeli et al., 2021a; Radulović et al., 2021; Shin et al., 2022).
Limited by the registration system and legal framework, there are
significant differences in the integrated modeling methods of physical
entities and property rights entities of 3D cadastral registration objects
in different countries and regions (Guo et al., 2012; Drobež et al., 2017;
Aditya et al., 2021; Zulkifli et al., 2021). For example, institutional
differences in public property rights, land ownership and use rights in
different countries will inevitably lead to different cadastral
registration systems, which will correspondingly affect the
modeling method of 3D cadastral registration objects. One of the
challenges in developing 3D cadastral registration is how to establish
corresponding 3D cadastral modeling models for specific 3D cadastral
registration needs. Another challenge for the development of three-
dimensional cadastral is how to obtain sufficient three-dimensional
cadastral data. Cadastral registration is the confirmation of certain
rights of specific obliges according to relevant laws, and the
registration result has certain legal effect. Therefore, the accuracy
and authority of cadastral data are the basis of cadastral registration. In
recent years, many scholars have tried to establish the conversion
relationship between BIM, CityGML, IFC and other data sources and
3D cadastral modeling (Gkeli and Potsiou, 2021b; Sun et al., 2021;
Sürmeneli et al., 2021; Yam et al., 2021). These research enriches the
3D cadastral data source and modeling method of 3D cadastre.
However, the acquisition cost of the above format data is high.
There are often few real estate buildings that meet the above data
organization standards. In summary, there are still many problems to
be solved in the development of 3D cadastral, such as modeling data
source and meeting specific registration requirements.

Multilevel building property right registration is one of the
subjects of China’s 3D cadastral registration. In China’s multilevel
property right registration system, the area of real estate purchased by
property owner includes the available indoor area and the area of
community property allocated in proportion. The common property
of the community involved in the sharing includes stairs (elevators),
building exterior walls, community public facilities, etc., Different
types of common property often have different calculation coefficients
of shared area. The shared area of each real estate property right is
expressed by a number in 2D cadastral registration. The obligee is
unable to know which public property is shared and how to calculate

the shared area. This ambiguous way of property area registration has
caused a large number of property rights disputes.

In view of general lack of BIM or IFC format data in China’s
multilevel buildings and the demand for 3D registration of common
area of multilevel buildings, this paper proposes a 3D real estate
physical entity and registration entity integration modeling method
based on construction drawings. The real estate construction drawing
approved by the cadastral authority is used as the modeling data
source. A three-dimensional property right model for multilevel
buildings is constructed based on the current technical regulations
for real estate area measurement in Jiangsu Province. The research
results of this paper are applied to the pilot building of the electronic
real estate license registration in Xinyi City. It provides modeling
technical support for the issuance of the first two-dimensional and
three-dimensional integrated real estate registration electronic license
in Jiangsu.

2 Basic ideas

The purpose of 3D real estate modeling research is to promote the
development and realization of 3D real estate registration and
management (Stoter and Salzmann, 2003; Thompson and
Oosterom, 2011). Existing 3D real estate modeling and registration
research has made fruitful research results from the perspectives of
geometric and topological relationship modeling of real estate physical
entities, construction of real estate registration entities and property
rights abstraction. It provides solid technical support for the
development of 3D real estate registration management.

Take the construction drawing as the data source, this paper
focuses on the construction method of real estate property right model
in multilevel buildings. The boundary of 3D real estate property rights
is based on the boundary information in the construction drawings.
The division of common properties and their 3D spatial distribution is
one of the key contents of property rights modeling. The integration
method of real estate physical entities and registration entities is
studied from the perspective of practical application of real estate
registration business. The overall technical roadmap of this study is
shown in Figure 1. It can be divided into four parts: real estate physical
entity modeling, real estate registration entity modeling, physical
entity and registration entity integration, and 3D real estate
registration business application.

3 Methodologies

3.1 Modeling method of 3D real estate
physical entities

The data acquisition method and information integrity of 3D real
estate modeling play an important role in 3D real estate modeling.
According to different real estate data acquisition methods, the main
3D real estate modeling methods include manual modeling,
photogrammetric modeling, real estate mapping modeling, and
building construction drawing modeling. The manual modeling
method uses 3D modeling software to create 3D models. This
method has many problems, such as an excessively large amount
of modeling and costs that are too high and too long, which makes it
difficult to meet the requirements of large-scale modeling of real estate.
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The photogrammetric modeling method can directly obtain the 3D
surface model data of real buildings. It needs to take real buildings as
the modeling object, which is not consistent with the modeling task at

that stage of real estate prediction. The modeling based on real estate
surveying and mapping data is generally based on the boundary
points, lines and objects in the parcel map or house property

FIGURE 1
Technical roadmap for integration of physical entities and property rights entities.

FIGURE 2
Method of landscape pattern optimization of the coastal city of this study.
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hierarchical and household map. However, the real estate surveying
and mapping data do not include building entities such as doors,
windows, roofs and indoor spaces, which destroy the structure of
entities such as walls, bay windows and balconies, and cannot
accurately express the real structure of the real estate. The
modeling method based on construction drawings is represented
by the information extraction of real estate from built drawings of
architectural design and construction. The 3Dmodel of the building is
obtained by processing and analyzing the extracted information.
However, this method tends to define the elements in the field of
building structure, and does not consider the management
information of 3D real estate, which makes it difficult to effectively
support the calculation and analysis of registration information and
the expression of property relations.

Compared with other data sources, the computer-aided design
(CAD) data of real estate construction completion drawings of real
estate registration management departments are modeling data
recognized by the government with high data quality reliability. It
contains much real estate geometric structure information and is a
suitable data source for 3D modeling of real estate. Although there is a
lack of 3D real estate ownership information, it can better meet the
needs of real estate physical entity modeling. Therefore, 2D built
drawings in the CAD format provided by the Xinyi Real Estate
Registration and Management Department are used as the main
data source for 3D modeling of real estate physical entities in this
paper.

The technical roadmap for 3D physical entity modeling of real
estate in this paper is shown in Figure 2. Due to the architectural
construction drawings formed in different periods, there are great
differences in the drawing annotation and element annotation
formats. As a result, it is necessary to standardize the modeling
data through CAD drawing data review and data verification
before modeling. On this basis, the building components, building
spaces and building relationships of real estate are analyzed, identified
and extracted from CAD design data. The parametric modeling
method is used to automatically construct the model of geometric
components, building space, and topological relations. Finally, the 3D
physical entity model of real estate that meets the registration
requirements of the real estate management department is
constructed using the real estate building component relational
database.

3.2 Modeling method of 3D real estate
registration entities

The ownership scope of real estate registration objects should not
only consider the physical form of the registration object, but also
comprehensively consider the relevant legal provisions of real estate
registration. The physical object of real estate reflects only the objective
geometric shape, which is the objective basis for the registration of real
estate ownership. However, real estate registration also needs to
register the ownership and scope of the rights of the real estate
accessories stipulated in the relevant laws of real estate registration.
The construction of a 3D real estate registration entity according to
relevant laws and regulations on real estate registration is the premise
of 3D real estate registration.

Based on the pilot project of real estate registration in Xinyi City,
this paper constructs the core class diagram of real estate registration

objects as shown in Figure 3. In the process of the registration pilot,
relevant laws and regulations related to 3D real estate rights were
identified. The rights set supporting 3D real estate registration is
constructed. The real estate rights subcategory is constructed
according to the real estate registration characteristics, providing a
basis for the construction of real estate registration objects and the
calculation of relevant property areas.

The area of real estate is the core interest of property owners.
Accurately calculating and splitting the relevant area of real estate
is one of the key contents to be solved in the process of real estate
registration. In the relevant Chinese regulations on real estate area
calculation, the registered area of real estate includes the area that
can be actually used by the property owners and the shared area of
the public area in the entire community. The allocation
proportion and calculation method of the public area of real
estate have always been the focus of the real estate property
owners. In the traditional 2D real estate registration process,
the shared area of the public area is often just an abstract
result figure. Because it is impossible to tell the property owner
which public area has been allocated, it is very easy to cause
various ownership disputes. Solving the problem of 3D displays of
public area allocation is one of the core tasks of 3D modeling of
real estate registration objects in the process of building 3D
models of real estate registration entities.

The interpretation of Jiangsu Province’s Technical Regulations on
Housing Area Measurement is the main basis for building the legal
entity of the real estate registration object in the process of modeling
the legal entity of real estate registration. The real estate property area
calculation rules including property area calculation types, area
calculation rules for different property types and shared area
calculation rules are constructed based on the real estate property
area measurement business practice of the Xinyi Real Estate
Registration Center (Figure 4). The calculation types of the real
estate property area include calculations of the total building area,
half the building area and no building area. In the actual modeling
process, the specific calculation type needs to be determined in
combination with different property rights. The shared area of real
estate is one of the indicators closely related to the interests of property
owners. The calculation rule system of shared areas, including the
classification of shared building areas, the sharing principle of shared
building areas, the calculation method of sharing coefficients and the
sharing method of special shared building areas, is established to
accurately calculate the shared area of 3D real estate property rights.
The area calculation rules of different property types are subdivided.
The area calculation rules of 10 different types of property rights,
including balcony, pipe shaft, stairwell, porch, bay window and air
conditioning machine room, are constructed. According to 3D real
estate area calculation rules and other legal rights related to real estate
registration, a 3D model of real estate registration entities is
constructed (Figure 5). It solves the problem that the traditional
2D real estate registration cannot accurately express the spatial
distribution of the shared area.

3.3 Integration method of 3D real estate
physical entity and registered entity

One of the core tasks of 3D real estate registration is to
accurately describe the scope and ownership of real estate rights.
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The physical entity of the real estate registration object determines
its spatial position, geometric form and other information. The
ownership boundary information needs to be determined based on
physical entities and the relevant legal provisions of real estate
registration. Taking the determination of the ownership boundary
of the open balcony as an example, although there is no wall
restriction on the top of the open balcony, the relevant rights of
the upper property owner cannot be affected in the actual use
process (Figure 6). Therefore, the top boundary of the open balcony

needs to be determined according to the relevant laws and
regulations of real estate. The integration of 3D physical entities
and property right entities of real estate objects into one
registration object is the basis for 3D real estate registration.

On the basis of 3D modeling of the physical entity and legal
entity of real estate registration object, we have built an integrated
multilevel 3D real estate property rights model of Room-House-
Floor-Logical building-Natural building-Parcel (RHFLNP)
integrating the physical entity and legal entity of the real estate

FIGURE 3
Abstract relation diagram of real estate registration class.

FIGURE 4
Rules for calculating the property area of real estate property.
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registration object (Figure 7). The construction drawing data will
be standardized first in the process of 3D modeling of physical
entities of real estate registration objects. The geometric and
topological information of building components and building
spaces is extracted from the standardized building construction
CAD drawings. Through the analysis and extraction of the
adjacency, connectivity, aggregation and other relationships of
the building space, the building space expansion algorithm is
designed to realize the conversion of the real estate room space
to the real estate household space. Finally, the building space in the
physical entity model is directly associated with the room unit in
the multilevel real estate property rights model through the unified
code of real estate registration. Rights, areas, attributes, semantics,
relationships and other information needed to build the legal entity
of the registered object are extracted from the real estate
registration materials in the process of 3D modeling of the legal
entity of the real estate registration object. The real estate property
area is calculated based on the 3D real estate property area
calculation rules and the real estate area information extracted
from the construction drawings. The real estate relationship and
real estate area in the legal entity model of the registered object are
constructed based on the complete property right unit applied for
registration. Finally, the legal entity of the real estate registration
object is associated with the household unit in the multilevel real
estate property rights model through the unified code of real estate
registration. Finally, the physical entity and legal entity of the real
estate registration object are integrated into the integrated
multilevel property rights model consisting of parcels, natural
buildings, logical buildings, floors, households and rooms
(Figure 8).

4 Case studies

This research is one of the core contents of the pilot construction
of 3D real estate electronic license registration in Xinyi City. The

FIGURE 5
The legal entity model of the real estate registration object and the
spatial distribution diagram of the property right sharing area.

FIGURE 6
A example of open balcony.

FIGURE 7
Roadmap of real estate multi-level property model integrating physical and legal information.
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pilot was initiated by the Ministry of Natural Resources to promote
the development of China’s 3D cadastral registration. This paper
takes the real estate registration business of a community including
21 multilevel buildings in Xinyi City as an example (Figure 9). The
integrated multilevel 3D real estate property rights modeling
technology of RHFLNP integrating the physical entity and legal
entity of the real estate registration object was applied and verified.

The application results show that the multilevel 3D real estate
property rights modeling technology integrating the physical
entity and legal entity of the real estate registration object
developed in this paper can provide an accurate 3D real estate
registration model for real estate registration management
departments. The research results support the 3D real estate
registration business (Figure 10). The multilevel 3D real estate

FIGURE 8
Schematic diagram of property right space generation with multi-level structure.

FIGURE 9
Schematic diagram of the experimental plot for the research results of integrated modeling of physical entity and legal entity of real estate registration
object.
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model integrating the physical entity and legal entity of the real estate
registration object can be used to realize the 3D dynamic query of the
property rights registration unit space. At the same time, it can
further clarify the scope of real estate rights in 3D space by accurately
querying the spatial distribution and allocation proportion of the
public area allocated by the current property rights registration unit
in the entire community.

5 Conclusion and discussion

Based on the pilot project of the Ministry of Natural Resources
of China in Xinyi City, Jiangsu Province, for the 2D and 3D
integration of real estate electronic license registration, this paper
aims at the problems such as the lack of integration of physical
entities and property right entities in the current research on 3D
modeling of real estate, and the lack of integration of research results
with the registration business practice. The standardization
processing and automatic modeling technology of 3D real estate
physical entity data based on construction drawings are proposed,
and the construction method of the 3D legal entity of registration
object based on relevant laws and regulations of real estate is
constructed. On this basis, the integrated multilevel 3D real
estate property rights modeling technology of RHFLNP
integrating physical entities and legal entity entities of real estate
registration objects is developed. This research is one of the core
contents of Xinyi’s pilot project of 2D and 3D integration of real
estate electronic license registration. The research results are
directly applied to the real estate registration department of
Xinyi City, meeting the requirements of the real estate

registration management department for modeling and managing
3D real estate registration data. The research results provide
technical support for Xinyi real estate registration department to
issue the first 2D and 3D integrated real estate registration electronic
license in Jiangsu Province.

The integrated modeling method of real estate physical entities
and registration entities based on the construction drawing data of
multilevel buildings proposed in this paper can clearly show the
proportion and spatial distribution of common property area. It can
meet the 3D registration requirements of the common area of
multilevel buildings and help reduce relative property rights
disputes. In the absence of BIM or IFC standard format data for
most multilevel buildings, the 3D real estate modeling and
registration method proposed in this paper provides a new way to
solve the problem of lack of 3D cadastral modeling data source.
However, the calculation methods of common property allocation in
different regions are different, which hinders the promotion of the
modeling method proposed in this paper. It is necessary for
government departments to unify the calculation methods of
common property allocation from the registration system level.
(Shojaei et al., 2017).
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FIGURE 10
3D real estate hierarchical household map.
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