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SUMMARY

The main objective of the paper is to elaborate gbssibilities of applying CityGML for
cadastral purposes, drawing particular attentioriht®o three-dimensional representation of
buildings. Technical realization of the issue is@xted at the conceptual level by integration
the Land Administration Domain Model, officially plished as an International Standard 1ISO
19152, and the CityGML OGC Standard. The propos#h® innovative model is illustrated
with the case of Poland. The feasibility study @&ried out for the examples of three
buildings, located in Warsaw.

The investigations have confirmed that the CityGhHlovides a flexible conceptual model
which can be adapted to land administration dom@émticularly for supporting the spatial
concepts required for cadastral systems. The studige revealed difficulties in introducing
elements representing non-spatial components df &ministration, such as: parties, basic
administrative units and rights. For that reasdme proposal of adding the semantic
representation for land administration within CityG has been recommended.

Practical implementation of the CityGML-LADM ADE rdel demonstrates the benefits of
providing relations between spatial objects frogaleand physical world. The insight into the
third dimension of physical objects helps to untierd the location and size of the legal
spaces as well as it is relevant in the contexdeieloping the multipurpose cadastral
systems.
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1. INTRODUCTION

According to the FIG Statement on the Cadastreadasire may be established for fiscal
purposes (e.g. valuation and equitable taxati@gall purposes (conveyancing), to assist in
the management of land and land use (e.g. for plgrand other administrative purposes), as
well as enables sustainable development and emuental protection. (FIG, 1995) With
respect to a prominent role of the cadastre, neallasiges have to be taken up to improve its
efficiency and effectiveness. Currently, one of tiracial requirements towards cadastral
systems is to introduce three-dimensional registnat

The insight into the third dimension can be prodidey applying Land Administration
Domain Model, officially adopted as an Internatibi&andard 1SO 19152. The LADM
includes an abstract conceptual schema with basikgges related to (1) parties, (2) basic
administrative units, rights, responsibilities amstrictions, (3) spatial units (parcels, legal
spaces of buildings and utilities). The last paekampntains the surveying and spatial
representation subpackage, with a number of diftespatial profiles describing geometrical
and topological aspects. (ISO 19152, 2012) The LABWports the registration of legal
items (cadastral parcels, legal spaces of buildimi¢s, etc.). It constitutes a generic domain
model which is expandable in order to meet theifipdand administration requirements in a
country.

Providing explicit relations between spatial obgefiom legal and physical world is very
beneficial and it can be realized via an SDI apghog connect the different registrations.
The physical objects give the reference to undedstalocation and size of the legal spaces.
In some cases legal spaces (parcels) "contain"raeydysical counterparts (buildings,
utilities), which do not constitute separate propenits. Information about existence of those
objects is then complementary and indicates thsilpidiies or/and limitations of the property
usage and development, as well as is relevantercéimtext of developing the multipurpose
cadastral systems.

There are many formats for the storage and visat#diz of the spatial data, however they are
usually focused only on a description of geomdincontrast, the CityGML which provides a
geographic information model for urban landscapes, only represents the shape and
graphical appearance of the 3D city objects, bab addresses the representation of the
semantic and thematic properties, taxonomies agdeggtions. (CityGML, 2012) For that
reason, the standard has been applied for 3D epesnN of buildings.

In the context of cadastral requirements, the QityGdoes not contain any features
describing the legal information about spatial otge According to El-Mekawy et Ostman
(2012) the CityGML standard with its current statlees not have capabilities to build 3D
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cadastral system. With respect to that fact, ttep@sal of integration of the LADM and
CityGML at the conceptual level has been preseirtatiis paper. The innovative model is
illustrated in the Polish context and addresseset@ and administrative concepts defined in
Polish national regulations. The possibilities oagtical usage of the proposed model are
verified by appropriate case studies of three Imagisl from Warsaw.

The paper is organized as follows. In Section 8, deneral concept of the spatial package
from the Polish 3D-LADM country profile is highligdd. Section 3 gives a brief introduction
to the CityGML standard and specifies the ADE depsaient methods. Section 4 elaborates
on the integrated LADM-CityGML data model, drawiray particular attention to the
buildings. The feasibility study for selected saespis presented in Section 5. Section 6
summarizes the paper and concludes the major fisdin

2. THE SPATIAL PACKAGE OF THE POLISH LADM COUNTRY PROF ILE

This section discusses the contents of Polishestate cadastre, with emphasizing a way of
registering buildings. Moreover, the general insighto the proposal three-dimensional
cadastral data model for Poland based on the LABDprésented. The particular stress is put
on the spatial components.

2.1The cadastral registration of buildings in Poland

In Poland there are three types of real estatasgelyaland real estatgdl. nieruchomosé
gruntowa), building real estatgpél. nieruchomos¢ budynkowa) and apartment real estafml(
nieruchomos¢ lokalowa). The Polish Civil Code defines those three typieeal estates as (1)
fragments of lands being the object of ownershghtri and (2) buildings permanently
connected with the ground or (3) parts of suchdags, if they buildings or their parts) are
the object of ownership right under pertinent ragjohs, separated from the land parcels.
Moreover, a building may be also an element ofnal lparcel and then it has the same legal
status as land parcels on which the building iated. (Civil Code, 1964)

Following the above-mentioned regulations, two leggistration cases may be distinguished
for buildings. A building may be an element of adaparcel or it may constitute a separate
building real estate. The vast majority of buildirgye integral parts of built-up land parcels,
however, separate building real estates occur iticpéar cases. One example is a building
purchased or constructed by a private entity on l#mels remaining the property of a
governmental entity (State Treasury or a local auty). A private person is then the owner
of a building and the perpetual usufructee of a lparcel at the same time. Perpetual usufruct
(pol. uzytkowanie wieczyste) is a right granting long-term use of parcels, ahhican be
established only with respect to lands owned by $kete Treasury or local government
authorities. Consequently, this legal construchcame used for regulating relations between
two private entities.

The Polish real estate cadastre includes data &mblitlegal types of buildings. Moreover, a
building in the cadastre may be composed of bujldiarts having different number of
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storeys above or below the ground. The recordsdrdatabase include also information about
objects permanently connected with buildings sueh stairways, porches, verandas or
wheelchair ramps.

There is a variety of information about physicattees of buildings (e.g. a status, function,
year of construction, material of external wallghat results from the fact that the cadastre is
a multipurpose register serving many public tasks.

2.2 The contents of the Spatial Package from the 3D-LAM Polish country profile

The Spatial Package of the LADM profile for Polaadnodeled in UML (nified Modeling
Language) and constitutes a counterpart of Spatial UnitkBge included in the ISO 19152.
Proposed classes representing spatial objects Paish land administration are modeled as
subclasses of the LADM classes. Additionally, tlaeg distinguished with the prefix "PL_".
Since the code lists from the ISO 19152 are nomative, the Spatial Package makes use of
the national code lists with predefined valuesafitributes (see Figure 1).

class Poland 3D cadastre /
VersionedObject VersionedObject VersionedObject VersionedObject
«featureType» «featureType» «featureType» | «featureType»
Spatial Unit::LA_Level Spatial Unit::LA_SpatialUnit Party:LA_Party Administrative:LA_RRR|
+ 1ID: Oid 0.1 + extAddressID: ExtAddress[0..*]
+ name: CharacterString [0..1] 0x + area: LA_AreaValue [0..%]
+ registerType: LA_RegisterType [0..1] " |+ dimenson: LA DimensionType [0..1]
+ structure: LA_StructureType [0..1] + label: CharacterString [0..1] 0. VersionedObject
+ type: LA_LevelContentType [0..1] + referencePoint: GM_Point [0..1] .
+ siD: Oid o «featureType»
. - Administrative::LA_BAUnit
+ surfaceRelation:
LA_SurfaceRelationType [0..1]
+ volume: LA_VolumeValue [0..*
«FeatureType» «featureType» «featureType» «featureType»
PL_CadastralParcel PL_3DParcel Spatial Unit::LA_LegalSpaceBuildingUnit| [Spatial Unit::LA_LegalSpaceUtilityNetw orl
+ cadastralParcelld: CharacterString + 3DParcelld: CharacterString + extPhysicalBuildingUnitiD: + extPhysicalNetworkiD:
+ accuracyOfAreaRepresentation: + type: PL_3DParcelType ExtPhysicalBuildingUnit [0..1] ExtPhysical UtilityNetwork [0..1]
_|> PL_AccuracyOfArea + landBookNumber: CharacterString + type: LA_BuildingUnitType [0..1] + datus: LA_UtilityNetworkStatusType
+ additionalinformation: + surfaceRelation: LA_SurfaceRelation [0..1]
CharacterString [0..1] «voidable» + type: LA_UtilityNetworkType [0..1]
«voidable» + validFrom: Date
+ validFrom: Date + validTo: Date 4
+ validTo: Date
+ landBookNumber: CharacterString +3DParcel «featureType»
0.* PL_LegalSpaceUtilityNetw ork
+ type: PL_UtililtyType
«featureType»
«featureType» PL_LegalSpaceBuilding +utililty
PL_UnrestrictedParcel + buildingld: CharacterString «featureType» 0.*
+ buildingType: PL_BuildingType PL_Apartment
B e | P s o
PL_RestrictedParcel + e OfLivingSpaceOfApartments [ +buildingz [+ 2PanmentType: PL_ApartmentType
+buildingl Area [0.1] + numberOfRooms: Integer ]
— A ;G 0~ + nun?tferOprpunenamRooms Imeg.er
constraints +parcel2 1.* 0.* + additionallnformation: CharacterString
{inv:self. 3DParcel +self.building1 [0-1] [0.1]
+self.utility>=1} +parcel3 1.* «voidable» «voidable»
+ landBookNumber: CharacterString JlandBookNumber: CharacterStrin
+ soreysAboveGround: Integer M . Y
+ storeyNumberWithEntrance: Integer
+ doreysBelowGround: Integer
««codeList»» PL_3DParcelType + builtUpArea: Area
PL_Utililty orkType = + yearOfCompletionConstruction: Date
+ tunnel
+ chemicals + flyover
+ electricity + undergroundBuilding
RS + buildingPart
+ heating + newlnvestment
+ oil
+ telecommunication
+ water

Figure 1. Spatial package of the Polish 3D-LADM country préile (Source: G&dz and Pachelski (2014))
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It should be noted that currently Polish real estadastre contains information about three
main types of spatial objects, that is parcelsldmgs and apartments. Many investigations
conducted inter alia by Gdz (2008), Karabin (2012) and Bydtosz (2013) havesaded that
Polish cadastral system meets serious complicatiatis providing information about the
legal status of properties in case of 3D compléxasions, when different property units are
located above each other or constructed in moreplaxrstructures, i.e. interlocking one
another.

For that reason, the presented Spatial Packagaesded to new classes: PL_3DParcel and
PL_LegalSpaceUtilityNetwork. Moreover, the class RhadastralParcel is an abstract class
with two specializations: PL_UnrestrictedParcel &id RestrictedParcel. An instance of the
class PL_UnrestrictedParcel is a cadastral pasmiesenting "infinite column" (a column
with inaccurate vertical boundaries determinedduiad and economic purposes of land use),
whereas an instance of the class PL_RestrictedP@rae cadastral parcel representing a
column reduced by volume of legal space of: 3D @lésy, building(s) or utility networks.
The proposal of a hybrid cadastre supplemented thighabove-mentioned classes has been
elaborated in details in the separate papetdsand Pachelski, 2014).

In Figure 1, some attributes of classes PL_Lega&pailding and PL_Apartment which can
be found in Polish cadastral database are omitiedrder to indicate mainly information

connected with legal spaces. According to assumgtaf the Annex K of ISO 19152, an
external class ExtPhysicalBuildingUnit is a repregagve of buildings as physical objects at
the conceptual level.

Spatial representations of cadastral objects ateimmuded in the diagram (Figure 1),

although they have been developed as the extemsidthe Surveying and Representation
Subpackage within the LADM country profile for Poth

3. AGENERAL OVERVIEW OF THE CITYGML

This section gives an insight into general notimisthe CityGML, drawing particular
attention to summarize the details of the CityGMLilBing Module. Moreover, previous
research on developing CityGML Application Domairtéhsions are briefly discussed and
some technical principles concerning ADE developimiane summarized.

3.1lIntroduction to the CityGML

The CityGML is an open data model and XML-basednfatr for the storage and exchange of
virtual 3D city models. It is an application schefoa the GML version 3.1.1 (GML3), the
extendable international standard for spatial éxizhange. The aim of the development of
CityGML is to reach a common definition of the laentities, attributes, and relations of a
3D city model. The standard includes a geometryehadd a thematic model.

The CityGML data model consists of a core moduld #rematic extension modules. The
core module comprises the basic concepts and canporof the CityGML data model,
whereas the extension modules cover specific therfiatds of the virtual 3D city model
including: Appearance, Bridge, Building, City Fuure, City Object Group, Generics, Land
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Use, Relief, Transportation, Tunnel, Vegetation,t®aBody, and Textured Surface (see
Figure 2). Moreover, Application Domain Extensiq@$DES) can specify additions to the
CityGML data model.

[ 1 1 [ =il [
<<Leaf>> <<Leaf>> <<Leaf>> <<Leaf>> <<Leaf>> <<Leaf>>
Appearance - Bridge 5 Building 5 CityFurniture |- | CityObjectGroup |- Generics
h i | i h
h i ' I h
i i | i h
o=l L) ! ] ) ] 4 =
<<Leaf>> 1 <<Leaf>> | <<Leaf>> i <<Leaf>> i <<Leaf>> 1 <<Leaf>>
LandUse i Relief J: Transportation |4 Tunnel ) Vegetation J: WaterBody
i | ' : :
1 i ] 1
| ! i :
! ! << t>> !
: : il ‘ : ‘
o 88w s s 8 e £ e Hamm a2 Syl SSADPIGAHON SEREMBES @i o o oci o secosmonsmansmas B s i
<<import>> " <<import>> '
CityGML Core : ]
,,,,,,,,,,,,,,,,,,,,,,,,, <<Leaf>>
. ) L - | TexturedSurface
| << 5> << >> |
v R R v [deprecated]
[i— 1
<<XSDschema>> <<XSDschema>>
Geography Markup Language extensible Address Language
(from OGC) (from OASIS)

Figure 2. The CityGML modules (Source: CityGML (2012))

The CityGML differentiates five consecutive LevelsDetail (LOD), where objects become
more detailed with increasing LOD regarding botkithgeometry and thematic features.
(CityGML, 2012).

3.2The CityGML Building Module

The Building Module is one of the most detailedntiagic concepts of CityGML. It allows for
the representation of thematic and spatial aspaictsuildings and buildings parts in five
levels of detail. Buildings may be represented @O0 by footprint or roof edge polygons.
LOD1 is the well-known blocks model comprising pmetic buildings with flat roof
structures. In contrast, a building in LOD2 hadaténtiated roof structures and thematically
differentiated boundary surfaces. LOD3 denotesitaciural models with detailed wall and
roof structures potentially including doors and ews. LOD4 completes a LOD3 model by
adding interior structures for buildings.

The pivotal class of the Building Model is _AbstBugilding, which is a subclass of the
thematic class _Site and transitively of the rdasg _CityObject. It should be noted that
_CityObject may refer to external data sets usirggdoncept of ExternalReference. Such a
reference denotes the external information systedhthe unique identifier of the object in
this system. The concept of external referenceswallfor any _CityObject an arbitrary
number of links to corresponding objects in extemm@rmation systems. (CityGML, 2012)
The class _AbstractBuilding is specialized eitleeBuilding or to BuildingPart. Both classes
inherit the following attributes: the class of theilding, the function, the usage, the year of
construction, the year of demolition, the roof tygee measured height, and the number and
individual heights of the storeys above and belomugd. Unfortunately, the class
_AbstractBuilding does not provide any legal infatian which are needed for 3D cadastre
aspects.
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A building may have zero or more building instadlat objects such as chimneys, stairs,
antennas, or balconies which are represented bgtiidinginstallation class. Moreover, a
Building or BuildingPart may consist of rooms (repented by the class Room), with
movable parts, such as chairs or tables (as irssawfcthe class BuildingFurniture).

According to the CityGML conformance requiremenifs,a building is composed of
individual structural segments, it should be modekes a Building element having
BuildingPart elements. Then the geometry and natiapproperties of the main part of the
building should be represented within the Buildelgment. Unfortunately, that restriction
does not express the most effective way of modekirgtly, it means that parts of a building
are required to have the same set of attributeshasbuilding itself. This results in
unnecessary duplicating information in a Buildingeneent and BuildingPart elements.
Moreover, the above-mentioned requirement suggdst one building part should be
emphasized as the main part of the building, amdaebmetry should be repeated in the parent
building. This makes impossible to create the gagmef a building as a collection of
geometries of its segments. Taking the above fatdsaccount, it is recommended to modify
the Building Module by introducing different altatives of modeling Building element and
BuildingPart elements.

3.3Application Domain Extensions (ADE)
Application Domain Extensions (ADE) specify additsoto the CityGML data model. Such
additions comprise the introduction of new featuypes, attributes, geometries, and
associations. Also new elements can be added texiséng feature types with the ADE. In
general, there are two different approaches to awentity model data and application data:
1) Embed the CityGML obijects into a (larger) applioatframework and establish the
connection between application data and CityGMLadatithin the application
framework.
2) Incorporate application specific information intetCityGML instance documents.
In this paper, the second option is elaborated.

The ADE is defined in an extra XML schema defimitifile with its own namespace which
must have a unique URI. The advantage of this ambras that the extension is formally
specified and extended CityGML instance documeatshe validated against the CityGML
and the respective ADE schema.

All ADE extensions belong to one of the two follewwicategories:

1) New feature types are defined within the ADE narmaespand are based on CityGML
abstract or concrete classes. In this way, thegnaatically inherit all properties (i.e.
attributes) and associations from the respectiwGDilL superclasses.

2) Existing CityGML feature types are extended by aggpion specific properties
(attributes) in the ADE namespace. These proparigshave simple or complex data
types. In this case, an extension of the CityGMatdiee type is not being realised by
the inheritance mechanism of XML schema. Insteagyye CityGML feature type
provides a “hook” in its XML schema definition, thallows to attach additional
properties to it. This “hook” is implemented as aViG property of the form
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“_GenericApplicationPropertyOf<Featuretypename>" ewgh <Featuretypename> is
equal to the name of the feature type definitionvirich it is included. The datatype
for these kinds of properties is always “xsd:any@yfrom the XSD namespace.
(CityGML, 2012)

One of the good examples of adapting CityGML to rguirements of a specific application
domain is a 3D national standard established irNthinerlands as the CityGML ADE, based
on the Dutch information model for large scale wnaphy, called IMGeo. Essential key
aspects of developing the CityGML-IMGeo ADE havembexplained by van den Brink et al
(OGC Best Practice, 2014) as follows.

» Firstly, conceptual mapping is performed to idgntiatching classes between the
IMGeo and CityGML models:

- the IMGeo class which exactly matches the claskarCityGML is considered as
a subclass of the corresponding CityGML classstieeeotype <<ADEElement>>
is assigned to that subclass;

- the IMGeo class which does not exactly match whk CityGML class is
remodeled in order to find an equivalent CityGMEsd and then is specified as a
subclass with <<ADEElement>> stereotype assigned;

- if it is not possible to remodel the concept int€yGML class, CityGML is
extended with a new class, as a subclass of otteed€ityGML superior classes.
Such a class is modeled as a <<featureType>> ®ms#baldh a Dutch class name
and is not suppressed from the XML Schema.

» Secondly, the code lists with a <<codeList>> stbfe® are provided. CityGML
includes code lists with predefined values for @igyGML attributes, however, the
CityGML-IMGeo ADE makes use of national classificatcode lists.

* Finally, the XML Schema (GML application schema)generated from the ADE
defined in UML, using the Java tool ShapeChange.

The elaborated method for the CityGML-IMGeo ADE vides clear rules on modeling an
ADE. It has been developed as the most efficiehitiom after investigating and comparing
different modeling alternatives. For that reasanrtrethod is applied for preparing CityGML-
LADM ADE which will be elaborated on the next Secti

4. THE CONCEPTUAL INTEGRATION OF THE LADM AND CITYGML

This Section presents the proposal of the CityGMADIM ADE in conjunction with the
method discussed in (van den Brink et al, 2014widrg particular attention to the buildings
as cadastral objects. The main purpose is to imast whether the CityGML data model
could be useful in the representation of geomeinid descriptive data about buildings for the
support of cadastral and administrative tasks.

4.1Previous investigations
The extensions of CityGML for the land administbatidomain have been already presented
by Dsilva (2009) and Galas (2013).
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The research conducted by Dsilva was aimed at dpwve] ADE for cadastral purposes and it
was focused on identification of the apartments #nredownership rights attached to them.
Since the CityGML Building Module did not include alass for the apartments
representation, a new class KadasterApartment avislet of attributes (ownership right, an
apartment owner, a floor number, apartment inhatstaetc.) was proposed.

Cagdas explored Immovable Property Taxation ADE takintpiaccount requirements of the
property taxation system in Turkey. The main oljecof his investigations was to introduce
classes representing the property units (i.e. GedBarcel, CondominiumuUnit), their
components (i.e. JointFacility, Annex), as welltlasir legal and economic attributes such as
ownership type, owner name, part share, tax type, which were indispensable for the
process of property taxation.

Both investigations constitute a valuable, scientibntribution into the development of the
CityGML for cadastral purposes, however, the waypuadviding information about people

and rights in the form of attributes is objectioleablt should be underlined that land
administration systems are based on fundamentafiorthips between people and spatial
objects (e.g. parcels) via rights (see Figure 3) Triple 'Object - Right - Subject' is the
common pattern for LA.

name date of birth
living address MAN civil status
i company ?
profession g of
RIGHT
security right (steward- use right
hi
mortgages S p) ownership
charges freehold
(encumbrances) (long term) leasehold
easements building rights
usufruct
address identification
use PARCEL acreage
nature value

Figure 3. The Triple 'Object-Right-Subject' (Source: Henssen (1995))

With respect to the fact, it is recommended to eggrinformation about entities and rights
attached to spatial units as separate classesvsith of essential attributes. That solution will
also enable to retain the existing "many-to-mamyatronships between classes (e.g. a person
may be the owner of several spatial units or ai@panit can be the subject of the ownership
of several people).
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Neither Dsilva (2009) nor @das (2013) explore the interrelation between CityGMhda
International Standard ISO 19152. For that read@npossibilities of integration the LADM
and CityGML, illustrated with the case of Polande aiscussed in this paper. The above-
mentioned principles concerning parties and rigiats adhered in order to support the
efficiency and effectiveness of the land admingtrasystem.

4.2 ADE of the CityGML for land administration purposes

The presented CityGML-LADM ADE is aimed at indigai links between legal spaces
occupied by buildings and their physical counteipdsee Figure 4). The proposal of the
model introduces two classes representing buildiRgs LegalSpaceBuilding with the 'legal

space of a building' as an instance, and PL_Bulehith a 'physical building' as an instance.
Since registration of apartments and legal spaadilitfy networks is not within the scope of

this paper, classes PL_LegalSpaceUtilityNetwork &hdApartment are not shown in the
diagram (Figure 4).

Conceptually, a class PL_CadastralParcel with w® tspecialisations, PL_LegalSpace
Building and PL_3DParcel are defined as subclassfes CityObject, whereas classes
PL_Building and PL_BuildingPart are defined as sadmes of their counterparts from the
CityGML.

A link between spatial objects from legal and pbgbiworld is represented by an association
relationship between LA LegalSpaceBuildingUnit (froLADM) and _AbstractBuilding
(from CityGML). It is worth stressing that the léggace of a building shall correspond to at
least one physical counterpart. In some casesildirigu (PL_Building) is related to zero or
more [0..*] cadastral parcels (PL_CadastralParcé@he model provides also for an
association between a building (or a building pariyl 3D parcel (PL_3DParcel), what is
useful when this building (building part) has itaro specific RRRs attached. All above-
mentioned examples are illustrated with suitabkecsiudies in the next Section.

It should be noticed that LA SpatialUnit is a salssl of both VersionedObject and
_CityGMLODbject. To avoid multiple inheritance, ti@plement relationship is introduced
into the diagram. _CityGMLObject provides attritsitereationDate and terminationDate for
the management and maintenance historical data hin database. Simultaneously,
VersionedObject introduces beginLifespanVersion andLifespanVersion, which serve the
same purposes. Fortunately, CityGML temporal aitdb are optional, so there is no risk of
the data redundancy.

As previously recommended, information about esgitand property rights is represented in
the diagram by means of separate classes (LA_HRaiyRRR, LA_BAUnit). It should be
explained that LA_Party is the main class of theDIM\ Party Package, while LA_RRR and
LA_BAUnit are representatives of the LADM Adminiative Package. In the Polish profile
based on ISO 19152, classes from the national éamdinistration system are modeled as
subclasses of the LADM classes. Due to the comiyleofi the LADM country profile for
Poland, the presented diagram (Figure 4) includgsloA Party, LA RRR and LA_BAUnit.
The complete Party Package and Administrative Rgekéthe Polish LADM country profile
is elaborated in details in a separate papetdsand Van Oosterom, 2014).

348
Katarzyna Gédz, Wojciech Pachelski, Peter van Oosterom and Volker Coors
The Possibilities of Using CityGML for 3D Representataf Buildings in the Cadastre

4™ International Workshop on 3D Cadastres
9-11 November 2014, Dubai, United Arab Emirates



99BJINS3INS0[D o8} 11180191} ERL ERETISEINS 2084INSJ00Y
=:Buipjing =:Buipjing ::Buipjing ::Buipjing =Buipjing spalqo [easAyd Bunussaidalsasse|D .
«adA | ainyea» «adA L ainjea» «adA | ainjea» «adA | ainead» «adA | ainjeay»
sassep ok [T
_ _ _ _ _ sypalqo [eba| Bunuasaidal sasse|n _H_
8984INS 1004131} SEER AV .
:Buip|in
am&m_,._,u_“:m ealy eaiydmiing + U:wmwl_
5 g
2oe}INS Arepunogioes s [0l . o e N
:Buipiing 1aBa1U| SwooyoqUINY  + u 5
B «adA Laintead» adA Lieuarenirem 1d [10] But 10 :uor 0 + [Tnarebak .
s|lemjoleuSeW  + 10 ¥'T | zioored+
x [0l s1eQ 'AV K d o |+ = =
Juawdojenapayjoreak  + 19Baju| SusWRdYIORqWNU  + 1921edpajoLnsey 1d 1931edpajoLisalun 1d
sr 1d + «adA Laineap> «adA Laineap>
= Buiping™1d 3dA 1 Buip|Ing 1d :9dA 1B +
uedbupiing 1d «uaws(33av>» bumsieoereyd :pibulp|ing  + Tjeored+
«uaws(33av» 0 T
1pI 1e6a7 1d
zngreba+ «adA Lainea)»
3 - 0
1edBuip|ing::Buipin:
¥ M . aﬁ.m_ﬂﬁou._w_. g Buipjing::Buipjing cleoredag+ BumsieeRyD JaqUNN{OOEPUR| +
«adA | aimead» aleq 0lpleA +
ajeq olpieA + aleq WoidpleA +
70 ajeq wWoidpieA  + «3|qepIoA»
. . «3|qepIoA» [r0l
{deunsuInN NS * Av uone[aysoeUNS v (UoNe|ysdeUns  + uo L ppe  +
::sa1eba1b6be 2118089 “1aquinN . ; e
e T°0 A - uo W + ©ealyjoAoeinody 1d
« * adA 1 |9oredae 1d edhr + :uonejussaidayealyjokoeinode  +
aANWUGNINATIND [0 12681u] :punoIOMOjagshalos. engsqe+ Bumsieereyd :pijearedde  + Buwmsiaoereyd :pjjediedenseped  +
o q 0. =
[t0] ._mmw«““m%c._“_wh.wuhaﬁxﬁww M |991edds 1d |921edeliseped” 1d
‘uonijowagjo!e: . nasqe+ 201, o «adA L ainea)» «adA | ainyea»
- 70l s1eq :uomnisuoojomak + | * 0 M HeotedqE e
pllos WO . [« "0l apoD :afesn -
@ Anwid o18WosD To [+~0] @p0D :uonouny +70 | |9oredped+
«adAp> [1°0] 8poD :ssef
LTI Buip|Ng1oeNSay::BuIpIINg +70 Tnasqer
«adk Lainyea»
1¥n cun
Bumsispereyd sweu <
- 1iuneq+
99U319)94193 [qO[euI8IXT::810D Qs 8100
«uoiun» «adA | ainyea»
108lgoeuwaxe+
ns+ 1iuneg+
[170] 14N :wesAsuonewnor +| * - 190100050100
99UB19J9Y [BUISIXT 18100 SoUBIBOELIBNGE «adA | ainyea»
«adA | ereg» aIneagioensqy
INDAIO WAV SSBID

349

Figure 4. The CityGML-LADM ADE for cadastral purposes (Source: Authors' elaboration)
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Unfortunately, it is not possible to indicate clesgorresponding to LA_Party, LA_RRR and
LA_BAUnIt in CityGML. Due to that fact there are maproblems during transformation of
the model from conceptual to technical level. Tésuits of this investigation entitle to make
a statement that introducing the semantic repratient for land administration within
CityGML will be advisable. That issue is includedthe list of work packages that define the
scope of next version of CityGML.

5. THE CASE STUDIES

This section presents examples of practical us&geeqroposed integrated data model based
on the LADM and CityGML. The analysis is illustrdteith three case studies:

1) a building situated above another construction,

2) a residential building partially above the pubbad,

3) a detached house located on the land parcel (nétsame owner).

For the final visualization of discussed cases #ral preparation of CityGML files, data
included in the real estate cadastre and the laddveortgage register as well as LIDAR data
have been used. The geometry of objects is presenttoD1.

5.1Case study 1: Building situated above another consiction

The analyzed object is the Courtyard Mariott Warshlaetel, located at the Chopin

International Warsaw Airport. The building was degtin 2003 at the top of the building of a
multi-storey parking, constructed 11 years earli¢gre hotel is located entirely on the roof of
the parking (see Figure 5).

The Port-Hotel Company is an owner of the hotelemghs the Polish Airports’ State
Enterprise is an owner of the parking. Both erditege perpetual usufructors of a parcel,
which belongs to the State Treasure.

A vertical subdivision of space of the parcel betwearious private owners is not regulated
in Polish legal provisions. In order to secure thterests of owners as strongly as it is
possible, it has been decided to reveal both mgklas apartments. Following that decision a
descriptive part of the cadastre provides detaitddrmation about one building and two
separate apartments (hotel and parking). Moreaaty apartment has its own land book
entry established. That way of cadastral registnagnables the owners to reveal their real
rights and gives them the possibility to take outrtgages. Nevertheless, the field situation
does not correspond accurately to the cadastratds@s in current registration there is no 3D
representation.

It is recommended to reveal correctly informatidyoat two buildings in the cadastre and
give the insight into the third dimension for vimation purpose as well as for determining
the range of legal spaces using the CityGML/LADMsd@ approach. However, new
technological solutions and changes in legal regula should go hand in hand.
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The structure of relationships between legal spaw®s its physical counterparts at the
instance level is presented in Figure 6. Setstabates are restricted to several values.

Figure 5. Tested object no. 1: The cadastral map
(Source: The Office of Geodesy and Cadastre for the Gitof Warsaw) and a photo (Source: Authors)

object Case 1 /

«FeatureType»
RestrictedParcel: PL_RestrictedParcel

+ cadastralParcelld: 146517_8.0607.16/2
+ area: 1.5852
+ landBookNo: WA1M/00167880/0

«FeatureType»
LegalSpaceBul: PL_LegalSpaceBuilding

+ buildingld: 146517_8.0607.16/2.1_BUD

+ landBookNo: WA1M/00140294/7

«FeatureType»
LegalSpaceBu2: PL_LegalSpaceBuilding

+ buildingld: 146517_8.0607.16/2.2_BUD
+ landBookNo: WA1M/00192014/8

«FeatureType»
PhysBuildingl: PL_Building
+ yearOfConstruction: 1992
+ storeysAboveGround: 4
+ function: parking

«FeatureType»
PhysBuilding2: PL_Building
+ yearOfConstruction: 2003
+ storeysAboveGround: 10
+ function: hotel

«FeatureType»
BuPartl: PL_BuildingPart
+ yearOfConstruction: 2003
+ storeysAboveGround: 6
+ function: hotel

«FeatureType»
BuPart2: PL_BuildingPart
+ yearOfConstruction: 2003
+ storeysAboveGround: 1
+ function: hotel

Figure 6. Tested object no. 1: The structure of relatinships between objects from legal and physical wafl
at the instance leve(Source: Authors' elaboration)
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Basing on the cadastral map and the LIDAR datatttree-dimensional representation of the
discussed situation in prepared (see Figure 7).

LegalSpaceBu2
=PhysBuilding2

LegalSpaceBul

=PhysBuildingl BuPart2

RestrictedParcel

Figure 7. Tested object no. 1 - The point cloud file (Sece: The Central Office of Geodetic and
Cartographic Documentation) and the proposal of 3D registrabn in the cadastre (Source: Authors'
elaboration)

5.2 Case study 2: Residential building partially abovehe public road

The second analyzed object presents the resideotaplex of four buildings with apartment
units, located in Ursynéw district. One of the dings partially hangs over the public road
(see Figure 8).

Figure 8. Tested object no. 2 - cadastral map (Sourc&he Office of Geodesy and Cadastre for the City of
Warsaw) and photos (Source: Authors)
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Records in the descriptive part of the cadastreeakwnformation about four separate
buildings with different identifiers and addressd®reover, a cadastral map presents detailed
geometrical data, including among others: footgriof building parts distinguished on
account of different number of floors and an overtha

The housing cooperative is the owner of eight daroa which buildings are situated. Only
one parcel with a public road constitutes the prigpef the City of Warsaw. Unfortunately,
information about parts of a building hanging abavpublic road is not revealed in the land
book, established on the real property.

In this case, implementation of the proposed imedodata model for the cadastre and, as a
consequence, introducing a new cadastral objeatetya3D parcel, will be the first step to
regulate such complex 3D situations. Simultanequgievant legal regulations defining a
new type of real estate shall be put into forces TityGML-LADM based approach gives the
insight into spatial range of 3D parcel and helpsuhderstand the location of property
boundaries. The structure of proposed relationshigtsveen legal spaces and its physical
counterparts at the instance level is present&igure 9.

As mentioned above, buildings constitute componefitand parcels, and they do not cause
any legal problems during cadastral/ legal redistna Only a parcel occupied by public road
with a part of the building hanging over it is munlere complex. It is recommended to reveal
two legal spaces in this case: a restricted pamela 3D parcel (see Figure 10).

From the legal point of view only parts of buildéngshich hang over the road-parcel shall be
presented in 3D. However, full three-dimensionasualization of buildings gives the
reference for the 3D parcel and supports betteeratanding a field situation. In order to
distinguish physical and legal objects in the Fag©, different outline colors are used (red
color represents physical objects, and blue cdiegal spaces).
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object Case 2 /

«FeatureType»
UnrestrictedParcel1:
PL_UnrestrictedParcel

+ parcelNo: 55/29
+ area: 0.0213

-

«FeatureType»
BuPartl: PL_BuildingPart

«FeatureType»
UnrestrictedParcel2:

+ parcelNo: 55/27
+ area: 0.0370

PL_UnrestrictedParcel

«FeatureType»
PhysBuildingl: PL_Building
+ buildingNo: 19
+ storeysAboveGround: 6

+ buildingNo: 19
+ storeysAboveGround: 6

«FeatureType»
UnrestrictedParcel3:
PL_UnrestrictedParcel

+ parcelNo: 55/25
+ area: 0.0762

«FeatureType»
UnrestrictedParcel4:
PL_UnrestrictedParcel

«FeatureType»
PhysBuilding2: PL_Building
+ buildingNo: 17
+ storeysAboveGround: 8

«FeatureType»
BuPart3: PL_BuildingPart
+ buildingNo: 19
+ storeysAboveGround: 0

«FeatureType»
BuPart2: PL_BuildingPart
+ buildingNo: 19
+ storeysAboveGround: 1

+ parcelNo: 55/17
+ area: 0.1097

«FeatureType»
BuPart4: PL_BuildingPart
+ buildingNo: 17
+ storeysAboveGround: 7

«FeatureType»
BuPart7: PL_BuildingPart
+ buildingNo: 17
+ storeysAboveGround: 0O

«FeatureType»
RestrictedParcel:
PL_RestrictedParcel

+ parcelNo: 55/18
+ area: 0.0414

«FeatureType»
3DParcel: PL_3DParcel

«FeatureType»
BuPart5: PL_BuildingPart
+ buildingNo: 17

+ 3DparcelNo: 55/18_3D
+ type: buildingPart

«FeatureType»
UnrestrictedParcel5:
PL_UnrestrictedParcel

+ parcelNo: 55/131
+ area: 0.0185

+ storeysAboveGround: 6

«FeatureType»
BuPart6: PL_BuildingPart
+ buildingNo: 17
+ storeysAboveGround: 1

«FeatureType»
BuPart8: PL_BuildingPart

«FeatureType»
UnrestrictedParcel6:

+ parcelNo: 55/133
+ area: 0.0465

«FeatureType»
PhysBuilding3: PL_Building
+ buildingNo: 15
+ storeysAboveGround: 6

+ buildingNo: 15

+ storeysAboveGround: 6

PL_UnrestrictedParcel

«FeatureType»
UnrestrictedParcel7:
PL_UnrestrictedParcel

+ parcelNo: 55/31
+ area: 0.1644

«FeatureType»
BuPart9: PL_BuildingPart
+ buildingNo: 15
+ storeysAboveGround: 5

«FeatureType»
BuPart10: PL_BuildingPart

«FeatureType»
PhysBuilding4: PL_Building

+ buildingNo: 11
+ storeysAboveGround: 12

+ buildingNo: 15
+ storeysAboveGround: 1

«FeatureType»
UnrestrictedParcel8:

+ parcelNo: 55/34
+ area: 0.0465

PL_UnrestrictedParcel

«FeatureType»
BuPart12: PL_BuildingPart
+ buildingNo: 11
+ storeysAboveGround: 1

«FeatureType»
BuPartl1: PL_BuildingPart
+ buildingNo: 11
+ storeysAboveGround: 12

Figure 9. Tested object no. 2: The structure of relatioships between objects from legal and physical world
at the instance level (Source: Authors' elaboration)
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Restricted
. Parcel

PhysBuilding2

\

BuPart4

PhysBuilding4

3DParcel

BuPart5 BuPart8

PhysBuilding1 BuPart9 BuPart11

BuPartl BuPart12

Unrestricted
: Parcel8
UnrestrictedParcell

Figure 10. Tested object no. 2 - the proposal of registiian of object in the cadastre (Source: Authors'
elaboration)

It should be noticed that outlines of building ganthich are located above the ground are
higher than the surface of the parcel no. 55/18rughg to the City of Warsaw. Due to that
fact the building parts have been ‘artificiallybdivided into smaller parts, and coordinates of
intersection points have been delimited mathenmiati¢see Figure 11).
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Figure 11. Delimiting intersection points for defining geometry of the 3D parcel (Source: Authors'
elaboration)

5.3 Case study 3:A detached house located on the land parcel (Wwélsttme owner)
The analyzed object is a detached house, locatdRlembertow - the district in Warsaw,
situated outside the highly urbanised area of itygsee Figure 12).
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Figure 12. Tested object no. 3: The cadastral map (Sote: The Office of Geodesy and Cadastre for the
City of Warsaw) and a photo (Source: Authors)

Records of the real estate cadastre reveal thavae person is the owner of both a building
and two parcels in which the buidling is situaf€dis means that a legal space is presented by
a geometry of the unrestricted parcel, whereasildibg is only the element "contained" in
the space of a parcel (see Figure 13).

object Case 3 /
«FeatureType»

UnrectrictedParcell: PL_UnrestrictedParcel
+ cadastralParcelld: 146509_8.0706.35

+ area: 0.0338

+ landBookNo: WA6M/00331364/5

«FeatureType»
UnrectrictedParcel2: PL_UnrestrictedParcel
+ cadastralParcelld: 146509_8.0706.37
+ area: 0.0412
+ landBookNo: WA6M/00331364/5

«FeatureType»
PhysBuilding: PL_Building
buildingld: 146509_8.0706.35.1_BUD
yearOfConstruction: 1990
storeysAboveGround: 2

function: residential

«FeatureType» «FeatureType» «FeatureType»

BuPart1: PL_BuildingPart
buildingld: 146509_8.0706.35.1_BUD
yearOfConstruction: 1990

BuPart2: PL_BuildingPart
buildingld: 146509_8.0706.35.1_BUD
yearOfConstruction: 1990

BuPart3: PL_BuildingPart
buildingld: 146509_8.0706.35.1_BUD
yearOfConstruction: 2002

+ o+ o+ o+
+ o+ o+ o+

storeysAboveGround: 1
function: garage

storeysAboveGround: 2
function: residential

storeysAboveGround: 1
function: residential

Figure 13. Tested object no. 3: The structure of relatiortgps between objects from legal and physical
world at the instance level (Source: Authors' elaboratioh

Even if there is no need to give insight into thied dimension of objects from the legal point
of view, the 3D representation of buildings canveeother purposes such as: supporting
spatial planning, taxation or national statisticsthat case, cadastral parcels are not reduced
by any legal object, hence their spatial represemtanay be two-dimensional.

The proposal of 3D representation of the buildsgresented in Figure 14.
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BuPart3

PhysBuilding

BuPart1
Unrectricted
Parcel2

Unrectricted
Parcel1

Figure 14: Tested object no. 3: The proposal of 3D regfration in the cadastre (Source: Authors'
elaboration)

6. CONCLUSIONS

In this paper a proposal of the CityGML-LADM ADE igresented, drawing particular
attention to the buildings, both addressing thaygical aspects, and their legal counterparts.
Technical realization of the issue has been exdaltt¢he conceptual level by integration the
CityGML OGC Standard and the International Stand&f 19152.

The studies have confirmed that the CityGML prosideflexible conceptual model which
can be adapted to land administration domain, q4atily for supporting the spatial concepts
required for cadastral systems. On the other htredLand Administration Domain Model
also constitutes a generic expandable domain mddsigned to be connected in SDI-setting
to data from other domain models and other stasdéedy. CityGML, INSPIRE Data
Specifications).

Practical implementation of the CityGML-LADM ADE rdel has demonstrated the benefits
of providing relations between spatial objects friegal and physical world. The insight into

the third dimension of physical objects helps todenstand the location and size of the legal
spaces as well as it is relevant in the contexdefeloping the multipurpose cadastral

systems. In this paper, the geometry of buildirsgsreated on the LOD1, which seems to be
sufficient for supporting visualization of the légspaces. However, for serving other

purposes like urban planning or disaster managernttent. OD2 is recommended as the most
convenient level of detail.

It is worthwhile to notice the interrelation betweeabove-mentioned standards by
incorporating the spatial elements of the LADM irnttee CityGML data model is not
problematic. However, some difficulties occur dgrimtroducing classes representing other
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land administration components, such as: parti@sickadministrative units and rights. These
classes do not have counterparts in the CityGML.tRat reason, one of the solutions is to
add the semantic representation for land admiistravithin CityGML (see Figure 15).

Generics

Appearance

WaterBody
Vegetation
Building
Transportation
CityObjectGroup

CityFurniture
LandAdministration

Thematic Modules

Figure 15. The proposal of introducing the LA modulem the CityGML (Source: Authors' elaboration)

Further research will aim at investigating othessible alternatives of combining the LADM
and CityGML standards, that is:

» embeding the selected CityGML classes into (brgadébM framework,

e introducing a link between both domain models (Dl Setting) using references

between object instances.

All solutions require elaborating and realizingeahnical model suitable for implementation:
database schema (SQL DDL) and exchange format (aMiL).

Adopting the above-mentioned approaches; prepa@pgrate data models and conducting
their implementation will help to estimate whicHwn is easier for applying from technical
point of view, less invasive in the context of tt@rrent way of functioning the cadastral
systems, and more beneficial from the perspecfiusers' requirements.
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