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3D Cadastre Data Model in Korea ; based on
case studies in Seoul

Soyoung Park* - Jiyeong Lee** - Hyo-Sang Lis*

ABSTRACT

Due to the increasing demands on the efficient use of land and the fast growth of construction technologies, human
living space is expanded from on the surface to above and under the surface. By recognizing that the current
cadastre system based on 2D was not appropriate to reflect the trend, the researchers are interested in a 3D cadastre.
This paper proposed the 3D cadastre data model that is appropriate to protect ownership effectively in Korea. The
3D cadastre data model consists of a 3D cadastre feature model and a 3D cadastre geometry model, and the data
are produced by a 3D cadastre data structure. A 3D cadastre feature model is based on 3D rights and features
derived from case studies. A 3D cadastre geometry model based on ISO19107 Spatial Schema is modified to be
good for 3D cadastre in Korea. A 3D cadastre data structure consists of point, line, polygon and solid primitives.
This study finally purposes 1) serving and managing land information effectively, 2) creating rights and displaying
ranges about infrastructures above and under surface, 3) serving ubiquitous-based geoinformation, 4) adapting
ubiquitous-based GIS to urban development, and 5) regulating relationships between rights of land and registration
and management systems.
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1. Introduction

Due to the increasing demands on the efficient use of
land from rapidly increase in population density and the
fast growth of construction technologies, the land has
been expanded in multi-levels which are above (e. g.
multi-used complex buildings, highway, etc.) and under
(e. g subway, underground shopping mall, etc.) the
surface. Because the living space changes from planar
to three-dimensional, the existing cadastre system may
have been restrictive to reflect the current tendency. For
example, the current cadastre system based on 2D
cannot register rights for installations in the air and in
the basement. This system represents uncertain information
for the right relationship. The one of important reasons
that the cadastre reflects the current trend is that
cadastral systems deal with geometric descriptions of
land parcels linked to administrative records, such as
ownerships (Lee and koh, 2007). If land registers are not
managed effectively, it gives a large damage to the
owner. Many countries such as the Netherlands, Israel,
Greece, Norway and Sweden already have recognized
this problem, and fulfilled the studies on the 3D
cadastre actively as a way to solve these problems. As a
solution, a 3D Cadastre system can represent rights in
three-dimensional space. It will be possible for effective
management, to represent right relationships definitely
in real world. More studies are needed to protect the
private right by reflecting trend of real world and
revealing the range and limitations of the real right on
the underground and above-ground space.

By rapid growth of economy from 1970s in Korea,
land use (especially in major urban centre) has been
and intensive. Korean

becoming three-dimensional

Government recognizes that the current Korea cadastre

system which can register objects and information only
about 2D is not appropriate to reflect this trend, and
pays attentions increasingly on 3D cadastre. The city of
Seoul, the capital of South Korea conducted ‘Ubiquitous
3D Cadastre Project’.
project are:

The contents achieved in this
1) serving and managing land information
effectively, 2) creating rights and displaying ranges
about infrastructures above and under surface, 3) serving
ubiquitous-based geoinformation, 4) adapting ubiquitous-
based GIS to urban development, and 5) regulating
relationships between rights of land and registration and
management systems. This paper is written as a part of
the project to make the project success. The purpose of
paper is to propose a 3D cadastre data model to deal
with 3D property in Korea.

2. Literature Reviews

2.1. Current Researches in abroad

Depending on the trend changing from two dimensions
to three dimensions, many countries already have researched
to deal with multi-levels property. Netherlands developed
a prototype of a Land Information System which handles
3D spatial information. In this research, a proposed
CCDM is Core Cadastral Domain Model involving both
the legal/administrative object classes like persons and
rights and the geographic description of real estate
objects. The core of the CCDM as depicted in Fig.1 is
the central part of the model. In the model there is no
direct relationship between Person (sometimes called
‘subject’) and RegisterObject (e. g. parcels), but only
via RRR (Right,
Person and a ResigterObject are involved in any number

Restrictions, Responsibilities). A
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of RRRs (indicated in the UML diagram with the
multiplicity of “** at the RRR-ends of the association) and
an RRR involves exactly one Person and RegisterObject
(indicated in the UML diagram by omitting the multiplicity,
which means ‘1’) (Oosterom et al., 2006).

== Festurel ype ==
RegisterObjoct

+objedid:
+useCode[1..]
+axdmount Integer1.%]
+nameCharacer(0. 1]
+yalueintenzr(*]
tminDate
+max; Date

=< FeatureType ==
RRR

+share float L
HimeSpec: Time
Hmin Date
+maxDate

== FeatureTyne ==
Ferson
+subjld:
+rmirDate
+Hmax Date

Figure 1. Core of the CCDM: Person, RRR
(Right, Restriction, Responsibility) and
RegisterObject (Oosterom et al., 2006)

Other 3D Cadastre data model is ‘multi-layer GIS
model” in Israel. This model represents the information
of spatial objects to three layers (on, above and under
surfaces). The information of existing 2D system is
represented to ‘on surface’ layer. The objects installed in
the air and in the basement which cannot be represented
in existing system are represented to ‘above surface’
layer and ‘under surface’ layer. The most advantage of
this model is to preserve current surface layer data
because this model can reflect most existing data
models. It means this model can make use of existing
data which were built. In addition, it can use the tools
of existing 2D GIS system. However, if more than 2
objects are located at the same position, the system
cannot represent the information of the other objects
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except one. To be exact, this doesn’t solve the problem
of the 2D system. In addition, the cadastre system that
was built using this data model may have empty layers
in many areas. (Benhamu and Doytcher, 2003)

Besides the CCDM in Netherlands and the multi-layer
GIS model in Israel, there are some of data model
about 3D cadastre. The examples of 3D cadastre data
model abroad are ‘DM.01” in Swiss, ‘AAA’ in Germany
and so on. The Norway, Greece, Sweden, Queensland in
Australia and British Colombia in Canada also tried to
manage 3D cadastre property effectively and proposed
3D cadastre systems.

2.2. Definition of 3D Cadastre from current researches
in Korea

A 3D cadastre is a cadastre which registers and gives
insight into rights and restrictions not (only) on parcels
but on 3D property units (Stoter,2004). Components of 2D
cadastre model (object, subject and right) are not suitable
for 3D cadastre model. The components of 3D cadastre
models include 3D parcels, 3D right-objects, and 3D
physical objects, which are linked to administrative data
including ownerships (Lee and Koh, 2007). Compared
with the objects (parcels) in the current model, the 3D
parcels include 3D space as well as 2D parcels. The 3D
right-objects are associated with rights on parcels and
contain a reference to the physical objects, which are
associated with the parcel.

3D parcels

3D right-objects

(. Lee, J. Koh, 2007)

Figure 2. The components of 3D cadastre
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The most important component of three components
in 3D cadastre feature model is 3D right-objects.
Because the main purpose of cadastre is to protect

estate security. For this purpose, it should identify and

represent 3D parcels and 3D physical objects as
cadastre objects considered by the 3D right. The 3D
right consists of two categories: 1) have objects (that is,
right of ownership, apartment right, and joint ownership)

as depicted in Table 1, 2) have not objects (that is,

Table 1. 3D right
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limited ownership rights) as depicted in Table 2. The
limited ownership rights are real right to use other’s
land or building for a certain purpose. These rights are
not property of objects but the usage of objects and
contain the right of superficies, the right of long lease,
and the right of easement. In 3D cadastre, we can
establish restrictive right of superficies to use the land
more effectively by registering restrictive boundaries
(Stoter, 2004).

Table 2. Limited ownership rights

Right of Ownership

The right of ownership is the state or fact of exclusive
rights and control over property, which may be an
object, land/real estate or intellectual property.

The right of ownership comprises exclusive use of
the right of space above the parcel, ownership of
the earthlayers beneath it, and ownership of buildings
and constructions forming a permanent part of the
land (directly or by means of other constructions)

Apartment right

The apartment right is a share in the ownership of
the property involved in the division which also
comprises the right to exclusive use certain parts of
the building which,
as indicated by their
lay-out, are intended
to be used as separate
units. The share can
also include the right
to exclusive use of
certain parts of the
land pertaining to the
building

Joint ownership

The joint ownership is a right to land and/or a
construction that can be registered similar to common
area as in condominiums. Joint ownership comprises the
obligation of each joint owner to give the other joint
owners access to the thing held in joint ownership.

Right of Superficies

The right of superficies is a real right to own or to
acquire buildings, works or vegetation in, on or above an
immovable thing owned by another

Right of Long Lease

The right of long lease gives the long leaseholder
the permission to hold and use the parcel of the bare
owner, as if he were the owner.

Right of Easement

The right of easement is a charge imposed upon a
parcel, in favour of another parcel, the dominant parcel.
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(Stoter, 2004)
3. Current practice analysis for the presentation of the

3D Cadastre model

To illustrate 3D situations in the Korea and to reflect
the current practice as well as 3D right as depicted in

&

|
J0 Space by facilities

| 20 Parcel || 30 Superficies

—r—

3D Superficies 3D Superficies
above parcel under parcel

3D Physical objects

Figure 3. The core of 3D cadastre feature model
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Table 1 and Table 2 to the 3D cadastre feature model,
five cases in the Korea were selected and analyzed.

In the selected cases, the objects which become a
feature in 3D cadastre feature model were extracted by
considering the space about parcel, the space generated
by rights or facilities, and the space occupied by
facilities, as seen in Fig.3. Fig.3 shows the core of 3D
cadastre feature model. Each feature model of the cases
is based on this model.

One of the case studies is tunnel as depicted in
Fig.4. This case is chosen because of the example of
restrictive right of superficies for a tunnel. The tunnel is
located under parcels on which public constructions (e.
g. roads, a nursery, the office of a local government (or
a district office), etc.) or private buildings (e. g. villas,
houses, commercial building and lots) are built. It is a
good example of multi-levels use. In case of the tunnel

Compensation i
space

; Restrictive right
of superficies gh

of superficies

Figure 4. Tunnel and parcels above the tunnel
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across several parcels, it is needed to register the
restrictive right of superficies to the tunnel-located
space. For constructions above parcels, to register the
rights of ownership or the rights of superficies by
owners is needed. Also, the compensation space for
damages related to tunnel should be considered.

A feature model for the tunnel case is depicted in
Fig.5. The model is designed by considering the chosen
reasons and demanded objects. To reflect the space that
defines the restrictive right of superficies by a tunnel,
3D Space by facilities’ class has a ‘3D Limited superficies’
subclass. And to reflect the space to compensate for the
damage that can occur by a tunnel, the 3D Space by
facilities class has a ‘Compensation space’ subclass.
‘3D Physical objects’ class has features considered in the
tunnel case as subclasses.

Other case is subway and subway station, and
underground shopping center as depicted in Fig.6. In
Korea, the most of underground shopping centers are
located in passage that linked the subway station and
the entrance. So this case is chosen because of the
needs to protect a right for stores in an underground
shopping center. For the subway, the subway lines
space and the subway subsidiary space that contains all

30 Cadastre
30 Parcels 30 Space by facilities
0 A

7 art of 5
20 Parcel | | 30 Sunerfces [ | 30 Limiad
superficies

consist ol

Compensation space

consist of
30 Superficies || 30 Superficies 20 compensation 30 compensation
above parcel under parcel space space
P! 4
Total 20 Tatal 3D
compensation space || compensation space

3D Physical obiects

[ Buiting | | Punle
Fetos
30 parcel tunnel

Figure 5. Feature model of ‘Tunnel and parcels
above the tunnel’ case
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above space
of superficies

}.

under space
of superficies

Right of
longlease

Restrictive right
of superficies

Figure 6. Subway and Subway station, and
underground shopping center

the space except for subway lines are applied to the
different 3D rights each other. The subway lines across
several parcels should be applied to the limited right of
superficies and the subsidiary space should be applied
to the right of superficies under the parcel. For the
underground shopping center of subsidiary space, the
whole space should be applied to the right of superficies.
However, each store in the underground shopping center
is owned by the persons who are different from the
store’s users. In the most of case, the users rent the
shop from the owner. So each store in the underground
shopping center should be applied to the right of long
leases.

A feature model for the subway case is seen in
Fig.7. The model of this case is designed by putting an
important point in an underground shopping center. To
reflect the space that defines the right for stores in an

Jiyeong Lee -
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Figure 7. Feature model of
station, and underground shopping center’

‘Subway and Subway
case

underground shopping center, ‘3D Space by facilities’
class has a ‘3D right of Long lease’ subclass. ‘3D
Physical objects class’ has ‘Subway’ class and ‘Underground
shopping center’ class considered in the subway case as
subclasses.

Other case is transmission lines and towers. This case
is chosen to deal with a kind of urban infrastructures.
Fig.8 shows the typical situation of the transmission
facility in Korea. Mostly in the case of transmission
facility, the Korea Electric Power Corporation (KEPCO)
owns only the right of ownership for the part of parcels
at which a transmission tower is located. Transmission lines
passes on parcels owned by a nation and the person.
The restrictive right of superficies for transmission lines
passing above other owner-owned parcels should be
registrated. And in this case, as for the owner of the
parcels, the land use can have a limitation by the
transmission lines. So, the compensation space for the
damage that can occur by transmission towers and lines
should be considered. To define the compensation space
by transmission lines, it is necessary to consider the
zone that represents the areas of parcels under the
transmission lines.

A feature model for the transmission case is depicted
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Figure 8. Transmission lines and towers
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Figure 9. Feature model of ‘Transmission lines
and towers’ case

in Fig9. The model of this case is designed by
considering mainly characteristics for the infrastructures.
To reflect the space that defines a zone under transmission

lines and compensation space, ‘3D Space by facilities’
class has a ‘2D Zone under line’ and a ‘Compensation
space’ subclasses.

The others of case studies are: 1) skybridge, 2)
apartments and commercial buildings. The case ‘skybridge’
is chosen for the multi-level use above the ground, and
the case ‘apartments and commercial buildings’ is
chosen as a good example of the apartments right and
the joint ownership. UML diagrams for each case are
designed as illustrated in Fig.10 and Fig.11. The diagrams
are designed mainly for a chosen reason. In not only a
chosen case but also the reality, there are complex
relationships of ownership as well as a variety of spatial
forms.

4. Proposed 3D Cadastre Data Model

4.1 3D Cadastre Feature Model

Feature model is a date model that defines their
properties and relationships between features existed in
the world. 3D Cadastre Feature Model is a model that
aggregates each feature model designed from each case.
Each feature model of cases are based on 3D right of
3D cadastre components and objects derived from case
studies. It shows the Unified Modeling Language (UML)
class diagram to facilitate the developers’ understanding.
3D cadastre feature model consists of ‘3D Parcels’ class
that includes features associated with parcels and ‘3D
Space by facilities’ class that contains features that
represent ownerships and other space created by
structures in the real world. ‘3D Physical objects’ class
are not directly included in 3D cadastre class, but are
needed for association with ‘3D Space by facilities’ class.
The highlighted classes as depicted in Fig.12 are features
that have the observed data and should be established.

The 3D Parcels’ class is composed of ‘2D Parcels’
class that describes parcels in the current planar approach
and ‘3D Superficies’ class that represents a vertical
ranges of parcels and is divided into the above and
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Figure 10. Feature model of ‘skybridge’ case
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Figure 11. Feature model of ‘apartments and
commercial buildings’ case

under. The 3D Parcels class is a common part that
applied to all cases.

The ‘3D Space by facilities’ class associates with the
3D Parcels’ class and ‘3D Physical objects’ because
this features are located in three-dimension parcels and
directly effected on physical objects whether it is
created or not. In other words, the features included in

Hyo—Sang Li

the class are different depending on the existence of
physical objects. Based on 3D right and case studies,
the 3D Space by facilities involves ‘3D Limited
superficies’, ‘3D Apartment right’, ‘3D Joint ownership’,
‘3D Right of long lease’, ‘Compensation space’, and
features. The ‘3D Limited
superficies’ is a part of ‘3D Superficies’ so the classes

‘2D zone under line’

form a ‘part of” relationship. The ‘Compensation space’
class consists of a 2D compensation space feature and
3D compensation space feature. Because of the needs to
represent total compensation space as well as individual
compensation space by parcels, the integrated compensation
space feature should be needed for each compensation
space classes. That is, ‘“Total 2D compensation space’
feature is composed of each of ‘2D compensation space’
features and ‘Total 3D compensation space’ feature is
composed of each of ‘3D compensation space’ features.

The ‘3D Physical objects’ class is an aggregated
object that contains existing structures in the real world.
It is needed only for reference to the ‘3D Space by
class, not an object of ‘3D Cadastre’.
Therefore, it is more efficient that not constructing the

facilities’

data, but using the existing data. The features in ‘3D
Physical object’ class can be changed dynamically
according to the objects of real world to represent. In
this paper, the ‘3D Physical object’ class includes the
features derived from case studies: ‘3D Tunnel’, ‘3D
Building’, ‘Public facilities’, ‘3D Subway’, and ‘3D
Transmission’ features. The ‘3D Tunnel’ feature as one
of features in 3D Physical objects is located across
several parcels, so the feature needs to be separated
based on parcels. So ‘3D parcel tunnel’ feature that
refers to a ‘2D Parcels’ feature represents the separated
tunnels by parcels. This rule is also applied to the 3D
passage’, 3D subway line’, and ‘3D transmission line’.
The ‘3D Subway’ feature consists of ‘3D subway line’
feature that subways traveled, ‘3D subsidiary space’
feature such as the subway platform, and ‘3D movement
space’ feature such as passages. Because in Korea the
underground shopping center is located in the subway
path, the feature inherits from ‘3D movement space’
feature.
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Figure 12. 3D Cadastre Feature Model

4.2. 3D Cadastre Geometry Data Model

The geometry model is a data model that defines
geometric elements to represent cadastral features. The
Geometrical model provides the means for the quantitative
description (coordinates and mathematical functions)
regarding dimension, position, size, shape, and orientation.
The geometry is the aspect of geographical information
that depends on the geodetic reference system
(particularly relevant for 2D GIS) (Lee and Zlatanova,
2008). This relationship between data structured through
it could be maintained consistency and be effective in
terms of data management. Basic geometric elements
defined by each geometric model are different each
other, and the geometric range of an object which can
be represented is determined by the defined geometric

elements.

The 3D Cadastre geometry data model utilizes the
geometry model described in ‘three-dimension spatial
information development

provision’ developed by

Korean National Geographic Information Institute
(citation). This model is based on ISO19107 Spatial
Schema. The ISO19107 Spatial Schema is a conceptual
data model that treats the geometric and topological
primitives to represent the features. The feature can be
described by vector or raster representations. But the
ISO 19107 Spatial Schema standard deals only with
vector data (Lee and Zlatanova, 2008).

The primitives of the model as depicted in Fig.13 are
Point, Line, Curve, Surface and Solid. The Point is the
basic data type for a geometric object consisting of one
and only one point. The Curve is the basis for 1-dimensional
geometry. A curve is a continuous image of an open

interval. The Surface is the basis for 2-dimensional
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Figure 13. Geometry model prescribed in National Geographic Information Institute

geometry. The Solid is the basis for 3-dimensional
geometry (ISO19107, 2003). The Line, Curve, and
Surface primitive have direction. The MultiPrimitive
class is a class that consists of the Primitive classes.
The relationships among the primitives are that: 1) The
Line primitive is composed of the Point primitives. 2)
The Curve primitive is composed of one or more
CurveSegments that each CurveSegment the is made up of
the Line primitives. 3) The Surface primitive consists of
the SurfacePatch elements that each SurfacePatch
element is made up of the Curve primitives. 4) Solid
consists of the Surface primitives.

There are the constraints of geometric primitives.

+ The Point is defined by (X, y, z) coordinates.

- The Line is defined by start point and end point.

- The CurveSegment is defined by the straight lines or
another curve segments continuously. Each straight
line or another curve segments are connected to one

another, with the end point of each line or segment
except the last being the start point of the next line
or segment in the list.

- The Curve is defined by one or more curve segments.
Each curve segment within a curve is connected to
one another, with the end point of each segment
except the last being the start point of the next
segment in the segment list.

+ The SurfacePatch is defined by a set of closed
boundary curves (such as a curve that begins and
ends at the same point) or the underlying surface
patches to which these surface patches adhere.

- The Surface is defined by a set of closed boundary
curves or the surface patches to which these surface
patches adhere.

- The Solid is defined by the closed boundary surfaces
to which these surfaces adhere.

- GM_MultiPrimitive is defined by only a set of the
GM_Primitive.
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4.3. 3D Cadastre Data Structure

Data structure defines a form to save data generated
through data model. The data have a different structure
by a form to define. The data structure must be equal to
maintain compatibility between generated data. Mutual
analysis and compatible are impossible between the data
saved in other data structure. Therefore, it is important

Table 3. Geometry primitives data structure

Point{
Double XY, Z

}

Line{
Integer NumPoints
Point[NumPoints] Points

}

Surface{
Double[4] Box
Integer NumPoints
Point[NumPoints+1] Points

}

Solid{
Integer NumPoints
Integer NumSurfaces
Integer[NumSurface] Surfaces
Point[NumPoints] Points

}

Table 4. Aggregated geometry primitives data structure

MultiPoint{
Integer NumPoints
Point[NumPoints] Points

}

MultiLine{
Integer NumLines
Line[NumLines] Lines

}

MultiSurface{
Integer NumSurfaces
Surface[NumSurfaces] Surfaces

}

MultiSolid{
Integer NumSolids

Solid[NumSolids] Solids

that decides the data structure when the data are
generated. This paper proposes 3D Cadastre data structure
to build each geometric primitive. The data structure
based on ‘three-dimension spatial information development
provision’ prescribed by Korean National Geographic
Information Institute is modified to be good for 3D
cadastre.

As for the 3D Cadastre data structure, geometry
primitives are structured with a base at a point. Point
primitive is represented X, y, z coordinates and stored X,
y, z sequentially. Line primitive is organized by the
set of the coordinate values, and Points are
stored by a matrix sequentially. Surface primitive is
organized by the set of the coordinate values. The
Surface is closed by storing the first coordinates once
again to the end. In the Surface primitive, the Box
matrix saves 4 vertexes of rectangle to state a minimum
rectangle range that completely includes the surface. Solid
primitive consists of a set of Surface primitives. A
coordinates of surface are saved in Points matrix. Keys of
surfaces that constitute solid are also saved in Surfaces
matrix sequentially. There are MultiPoint, MultiLine,
MultiSurface and MultiSolid as aggregated primitives.
These aggregated primitives consist of a matrix of each
primitive.

5. Implementation

This paper is written as part of the municipal project.
3D Cadastre prototype system as depicted in Fig.14 is
developed as another part of the municipal project. The
data model designed in this study was used for the
system. Fig.14 shows the output that a system is
performed. When user selects the parcel, facility or right
space, the system displays the information on it such as
size of area, position, and owner. Besides, this system
can performs some queries, exploring, controlling layers
and so on.

This system is going to be used for the municipal
cadastre-related administration. Using the system, it can
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Figure 14. 3D cadastre prototype system

be registered the rights relation of the buildings and
facilities so the right can be managed and protected.
This system may improve more administrant efficiency
than before.

6. Conclusions

This paper proposed the data model for 3D cadastre
to reflect the trend of cadastre object space which
changes from 2D to 3D. To develop the 3D cadastre
feature model, the 3D right among the 3D cadastre
components and several cases are analyzed, and then
features are derived from the results. As the proposed
3D cadastre geometry model was considered consistency and
expansibility with other domestic data models, this paper
proposed the data model that is appropriate to the 3D

Jiyeong Lee -

Hyo—Sang Li

cadastre in Korea. This model was devised by the aim
of the municipal enterprise that was going to make the
3D Cadastre data model which was good for chosen
cases. The existing data model such as CCDM in
Netherlands is a data model that puts an important point
in the theoretical concept of the owner, propriety rights
and object. On the other hand, as a data model that puts
an important point in the practical aspect of certain
cases, the proposed model has different approach from
the existing model.

This study has some limitations. One limitation is that
the 3D cadastre feature model using the objects derived
from case studies is limited, not including all situations.
Considering more cases, the 3D cadastre feature model
should be more comprehensive. Another limitation is
that only 3D cadastre geometry data model was
proposed in this paper. A 3D cadastre topology data
model is needed to conduct topological analysis to
detect the spatial relationship among the cadastral
features. In addition, 3D cadastre model should consider
a temporal model to reflect the real world based on
time such as transfer of ownership and parcels split. If
the data model would reflect time, it could deal with
histories of attributes and ownerships about spatial
objects as well as ownerships of three-dimension space
to manage taxes or objects’ ownership. By defining
feature ID keys and relationships among the features,
the feature data structure would be more organized.
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