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SUMMARY

A 3D cadastral data model (3DCDM) was developedupport integration of legal and
physical information that are required for 3D caddsapplications. The 3DCDM model has
twelve sub-models or modules including 3DCDM Geagndlodel, 3DCDM Root Model,
3DCDM LegalPropertyObject Model, 3DCDM InterestHatd Model, 3DCDM Survey
Model, 3DCDM CadastralPoints Model, 3DCDM BuildinMgodel, 3DCDM Land Model,
3DCDM Tunnel Model, 3DCDM UtilityNetwork Model, 3DGM PhysicalPropertyObject
Model, and 3DCDM Terrain Model. Sub-models are &elé based on the user requirements
and the application. For example, if the purposeisihg the 3DCDM model is to model a
building and visualise its ownership boundariedy @DCDM Building Model and 3DCDM
Root Model are used. The 3DCDM Root Model must $edun each implementation of the
3DCDM model.

This paper aims to develop a physical data mod&ie@B8DCDM model. It is developed as an
application schema of the Geography Markup Langudgeersion GML3.2.1. GML is
an XML grammar defined by the Open Geospatial Cdnso (OGC) to express
geographical features. Each module has a sepa&itatena that support implementation of the
3DCDM model.
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1. INTRODUCTION

The aim of this paper is to convert the logicaladatodel of the 3D Cadastral Data Model
(3DCDM) to a physical data model. The physical datadel of the 3DCDM has been
developed as an application schema of the Geogrdphskup Language 3, version
GML3.2.1. GML is an XML grammar defined by the Op@rospatial Consortium (OGC) to
express geographical features (1ISO19136, 2007)orlangly, the physical data model of the
3DCDM is an XML based schema.

The 3DCDM model is decomposed into twelve sub-ned@hodules). The 3DCDM
geometry module is a GML profile. It is a subselGNIL (GML3.2.1). GML3.2.1's schema
(http://schemas.opengis.net/gml/3.2.1/gml.xsd) ngparted into the 3DCDM. Therefore,
eleven schemas, one schema per module, are dedeldpeadvantage of having separate
sub-models (modules) and also XML schemas is teease the efficiency of implementation
of the 3DCDM model. Users can choose the apprapriabdule and avoid utilising
unnecessary modules.

2. 3DCDM

3D Cadastral Data Model (3DCDM) was developed aslation capable of supporting 3D
data, integrating 3D physical objects with theirresponding 3D legal objects, and featuring
semantically enriched objects. The data model i®ldped based on the ISO standards and
UML modelling language is used to specify the datadel. The 3DCDM model represents
3D legal objects and connects legal and physic@latdtogether. In this regard, the 3DCDM
model is equipped with the concepts of the LegapPrty Object (LPO) and the Physical
Property Object (PPO). The first facilitates mogjlof all existing interests (RRR) as legal
objects. The second considers all 3D urban feasuels as buildings, tunnels, and utilities as
physical objects. 3D geometric primitives of GMLg@&raphic Markup Language) such as
Solid and MultiSurface are used to define the Lesadl Physical Property Objects. The
3DCDM model supports semantics that define evepgetsof legal and physical objects, and
therefore, it facilitates their integration.

The 3DCDM model is composed of two hierarchies: legal angsigial. However, they are
connected to each other through the associatiotvgeba their subclasses. TB®CDM'’s
users can navigate through each hierarchy indepéigdind also between hierarchies. Each
hierarchy consists of different components and teyall connected to the core component
of the 3BDCDM model, which is called the root model. The rootdelocontains the basic
features on th&DCDM model. The root model must be implemented in amrgfarmant
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system. The legal hierarchy of tBBCDM model comprises of the following components:
Legal PropertyObject, Survey, CadastralPoint, andInterestHolder. The physical hierarchy has
the following componentsPhysical PropertyObject, Building, Land, Tunnel, UtilityNetwork,
and Terrain. The 3DCDM model supports the combination of different legatl physical
components to provide more comprehensive cadastvdel (Figure 1) (Aien, 2013; Aien et
al, 2013a; Aien et al, 2013b; Aien et al, 2011;j8Bpet al, 2012).

‘ sLeats ‘ wLeafs ‘ Land UtilityNetwork
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Physical Property Obj ect
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Le gal Property Object

B e e e R T

Figure 1. Legal and Physical Hierarchies of the SDCDM

3. XML SCHEMA

The physical data model of the 3DCDM is represeaedML schemas (11 XML schemas +

1 XML schema of GML3.2.1). An XML schema is a laage for expressing constraints
about XML documents, in the same way that a databelsema describes the data that can be
contained in a database. There are several diffed®ma languages in widespread use, but
the main ones are Document Type Definitions (DTD®Jax-NG, Schematron and W3C
XSD (XML Schema Definitions) (W3C, 2010). The XMlicleema defines the shape, or
structure, of an XML document, along with rules éiata content and semantics such as, what
fields an element can contain, which sub elemermtar contain, and how many items can be
present. It can also describe the type and valbasdan be placed into each element or
attribute. Document Type Definition (DTD) was thist formalised standard but has now, in
most cases, been superseded by XSD (LiquidTechiesla2012).
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4. XML NAMESPACESAND PREFIXES

Defining XML namespaces is an important step inetigping XML schemas for the 3DCDM
model. XML namespaces are defined to provide unitarees and attributes for elements in
an XML document. XML namespaces provide a methocwoid element name conflicts.
They provide a simple method for qualifying an edernand attribute names used in
Extensible Markup Language (XML) documents by amsging them with namespaces
identified by URI references (Bray et al, 2009).

A namespace name is usually a uniform resourcdifggr{URI). Typically, the URI chosen
for the namespace of a given XML vocabulary dessria resource under the control of the
author or organisation defining the vocabulary,hsas a URL for the author's Web server
(Young., 2002).

Eleven namespaces are defined in this section.yBwedule of the 3DCDM model has a
namespace and every namespace is associated WiRIl and a suggested prefix. Eleven
modules of the 3DCDM and their URIs and suggestetixes are listed in the Table 1.

Tablel. List of 3DCDM models, URIsand suggested pr efixes

3DCDM Root http://www.csdila.unimelb.edu.au/3DCDM/1.0 root
LegalPropertyObject http://www.csdila.unimelb.edu.au/3DCDM/Ipo/1.0 Ipo
InterestHolder http://www.csdila.unimelb.edu.au/3DCDM/owner/1.0 ownr
Survey http://www.csdila.unimelb.edu.au/3DCDM/survey/1.0 Suvy
CadsstralPoint: http://www.csdila.unimelb.edu.au/3DCDM/cadastraiptli.0  cpm
Building http://www.csdila.unimelb.edu.au/3DCDM/building/1.0 bild
Land http://www.csdila.unimelb.edu.au/3DCDM/land/1.0 land
Tunnel http://www.csdila.unimelb.edu.au/3DCDM/tunnel/1.0 tunl
UtilityNetwork http://www.csdila.unimelb.edu.au/3DCDM/utility/1.0 unwk
PhysicalPropertyObject http://www.csdila.unimelb.edu.au/3DCDM/ppo/1.0 ppo
Terrair http://www.csdila.unimelb.edu.au/3DCDM/terrain/1.0 terr

Number of standard namespaces and prefixes areinsthe 3DCDM. They are listed in
Table 2.

Table 2. List of standard namespaces, URIs and their prefixes

XML Schema http://www.w3.0rg/2001/XMLSchema  xs
GML3.2.1 http://www.openis.net/gml/3.. gml
134

Ali Aien, Abbas Rajabifard, Mohsen Kalantari, lariMdmson and Davood Shojaei
Development of XML Schemas for Implementation &aCadastral Data Model

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



5. XML SCHEMA FOR 3DCDM SUB-MODELS(MODULES)

In addition to GML3.2.1’'s XML schema, eleven XMLh&mas are prepared to support
implementation of the 3DCDM model.

5.1 XML schemafor 3DCDM Root model

The Root model consists of core features suchJalsanCadastralModel and components of
the 3DCDM. All other models are connected to thet model. The XML namespace of the
3DCDM Root model (module) is defined by the URI
http://www.csdila.unimelb.edu.au/3DCDM/1.0.

Specifications of the 3DCDM Root model are listad’able 3.

Table 3. Specifications of the 3DCDM Root model
Model nami 3DCDM Roo

TheRoot model consists of core features and
Model description components of the 3DCDM. All other models are
connected to the root.

Model URI http://www.csdila.unimelb.edu.au/3DCDM/.
Suggested namespace pr Root

XML schema file 3DCDMBase.xsd

Basic elements of this model are presented below.

5.1.1 UrbanCadastralModel, urbanCadastralModelType

urbanCadastralModel Type describes the root element of the 3DCDM moddijctv is
UrbanCadastralModel. UrbanCadastralModel is a collection of two hierarchies: legal model
and physical model. It is also associated with sdag\pplication and MetricUnit, using
application andmetricUnit elements respectively.

<l -
<xs:element name="TrbanCadateralhloda" type="TrbanCadatemllindalType"
substitution Group="gml: AbstractFaatureCollection /=
=l— —=
<xs:complexTvpe name="UrbanCadatsralhodal Tvpa'=
<xs:annotation>
<xs:documantation=Typa daseribing the root alament of the 3ADCTA. UrhanCadastralhodal is a collactionof two
hierarchias: lagal modal and physical modal </xs:d ccumentations
</xs:annotation™
<xs5:complaxContent™
<xs:extansion base="gml: AbstractFeatimCollaction Typa'">
<REI5EQUENCEF
<xs:element name="application" tvpe="gpplicationT vpe" minUccurs="0" maxOccur="1"/>
<xs5:alement name="matricUnit" trpe="matricUnitType" mir0Ocour="0" max Occurs="1"/>
<xs5:element name="phycicalhIodal" type="physicalModal Type" minOecwrs="0" maxDecwr=="umbmmdad"/>
<xs5:alement name="lagallhodal" trp=="lagalhlodd Type" minDecurs="0" maxDeour="1mboundad" />
</x5sequance™
<xs:attribute name="adminAma" tvpe="xs:5tring" us="optional "=
</xs:extension=
</xs:complaxContent>
<xs:complaxTypa>
e - —=
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5.1.2 applicationType, Application

applicationType describes the clagsplication of the 3DCDM model and specifies general
information (metadata) of the 3DCDM model usingibtites creationDate, creationTime,
creator, version, andmetricUnit.

<l—
<x 5 complaxTvpe name="application Typa">
<XElsEqQuUAnCET
<xs:element raf="Application" minJcours="0" maxDccur="1"/=
2RSS SQUSnra
</xscomplaxTypa>
=l— -
x5 alamant name="Application">
<xs:annotation™
<xs:documantation=Specifias geneml information (metadata) of the ADCDA</xs:d ocummantation>
</xs:annotation=>
<xs:complaxType>
<xs:attribute name="creationData" typa="xs:date" usa="optional"/>
<xs:attribute name="creation Time" tvp=="xstime" use="optional"/=
<x5:attributs name="creator" tvpe="xs:string" wsa="opticmal />
<xs5:attributs name="varsion" type="xs:sting" us="optional />
</xs:complexTvpa>
</xselamant>
=l —>

5.1.3metricUnitType, MetricUnit

metricUnitType describes the cladgetricUnit of the 3DCDM model and specifies the units
of the 3DCDM model using attributeseaUnit, linearUnit, volumeUnit, temperatureUnit,
pressureUnit,angularUnit, anddirectionUnit.

=l -
<xs:complex] vpe name="matricUnitTvpa">
<R5I58QUEnCcE
<x5:element raf="MatricUnit" minDeours="0" max Cccur="1"/>
</msisegquance™
</xs:complexTypa>
- - —=
<x 5 :alament nama="hiatricTTnit">
<X 5annotation>
<xs:documentation=3pecifias the units of the IDCDM/x 5:.documentation=
</xs:annotation=
<x5:complaxTypa>
<xs5:attributz name="areallnit" typ="arealln#Type" use="raquired"/>
<xs:attribute name="linsard Tn#" type="linsarlnifT vpa" use="raquirad"/>
<xs:attribute name="volumsalTnit" type="volumsUnitTyps" use="raquirad"/>
<xsattributs name="tamparatuaInit" type="tampl It Typa" us ="raqired" />
<xs:attribute name="pesawralnit" tvpe="pressurelUnitTvpe" use="required />
<x5:attribute name="aneularl Init" trpe="angularUnitTypa" use="raquirad"/>
<xs5:attributs name="diractionlnit" tvp="ansularUnitTypa" use="raquired />
</xs:complaxTypa>
<xs:elemnent>
<l —=
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5.1.4 physicalModelType, urbanModelType, physicalObjecthberType, UrbanObject,
AbstractUrbanObjectType

=1— -
<xs:complexT vpe name="phvsicalhModal Tvpa"=
<REIISQUATCE
<x5:element nama="Urbanhodal" typ="whanModa] Typa" minDecwrs="0" maz Occwr="unbowundad ">
</xs seguence>

<xs:complaxTypa>
=l
<xs:complaxT vpe name="ubanhModd Tvpa">
<xs:annotation>
<xs:documantation>Type describing the root elament of the physicalhisrarchy (Urbanh{odsl) </x s:documentation>
</xs:annotation=
<REI5EQUENCET
<x5:alamant nama="physical Objacthiambar” typa="physical Ohjacthlembar Typa" minlecurs="0"
maxJecurs="imboundad" />
</xs seguence>
<xs:complaxTypa>
=I—
<xs:complaxT vpe name="phvsical ObjecthiambarTvpa">
<HEISSQUANCEF
<xs:alament raf=" UrbanObjact” minOeours="0"5>
</x5seguanca™
<xs:complexT yps>
<l -
<xsielement name=" UrbanObjact” typ=—"Ab stmactUrbanOhjactType" abstract="trua"
substitstion Group="gml: AbstractFeatur"
<l -
<xs:complaxType name="AbstractUrbanObjact Typa" ab stract="trua">
<xns:annotation>
<xs:documantation=Tvpe describing the abstmet suparclass of urban objects </xs .documentation=
</xs annotation>
<xs:complaxContant=
<xs:extension base="gml: AbstractFaatieTyvpa"/>
</xs complaxContant=
<ixscomplex]ypa>
=1— -

physicalModel connects the root elemeritirbanCadastralModel) to the clasdJrbanModel
using physicalModel Type. urbanModel Type describes the clas&Jrban-Model of the
3DCDM, which is the root element of the 3DCDM’'s pgloal hierarcy.
physical ObjectMember connects the cladgdrbanModel to the abstract clasdJrban-Object
using physicalObjectMemberType. AbstractUrbanObjectType describes the abstract
superclass of urban objects.

5.1.5 _PhysicalPropertyObject, AbstractPhysicalProperjgCtiype, consistsOfPPOType,
IpoType
_Physical PropertyObject is an abstract class and can be substituted byesBsilding,
Land, Tunnel, _UtilityNetwork, and PhysicalPropertyObject. It is a subclass of
_UrbanObject and is described by AbstractPhysical Property-ObjectType.
_Physical PropertyObject has a recursive connection with itself uscagsistsOfPPO to
describe the aggigation ofPhysical PropertyObject. consistsOfPPO is described by
consistsOfPPOType. It also has a zero or one connection to the class
Legal PropertyObject (corresponding legal object) using Ipo, which isctibed by
|poType.
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=l
<xs:element name="_FPhysicalPropartyThject” typ="AbstractPhy sical PropertvObject Tvpe" abstract="trus"
substitutionGroup="_TrbanObjact"/>
<=l -
<xs:complaxT vpe nama="AbstractPhysical PropartObjact Typa" ab stract="trua">
<xsannotation>
<xs:documantation=Type describing the abstract supesclass for physical propearty objects suchas buildings, land,
tunneals, utility naterorks, ate.</xs:documsntation>
</xs:annotation>
<xs:complaxContant>
<xs:axtansionbasa="AbstmetUrbanObjzct Typa">
<x3:5eqQuEncE
<x5 alament name="consistsOFPO" tvp="consistOfFPOT vpa" minDecwrs="0" maxOcour="1mbomdad"
<x5 alament name="lpo" typ="lpoTypa" minDccurs="0" maxDcew=="1"/>
</x5:sagquancas
<xs:attributs nama="lpoRaf" typa="xs:IDREF" uza="optional"/>
<x5:attribute name="dasc" typa="xs:string" usa="optional"/>
</xs5:extensiom>
</xscomplexContant>
</xs:complaxTvpa>
=l —=
<xs:complax] »pe name="consistOFPOTypa">
<xs5:annotation=
<xs:documantation=Type describing the ageragation of physical proparty objects.</xs:documentation=
</xs:annotation>
<xs:sequance minCecurs="0">
<xs:elament raf=" UrbanObject/>
/X5 IIeguUEnce
</xs:complaxType>
<=l -
<xs:complaxTvpe nama="lpoTypa">
<xs:annotation>
<xs:documantation=Type describing ths inteeration of physical proparty objects with a lagal proparty objact .
</xs:documentation=
</xs:annotation>
<xs:saquancs minOecwrs="0" maxOcours="1">
<xs:elament raf="lpo LagalPropertyObject” /=
/X5 IIeguUEnce
</xs:complaxType>
<=l -

W

5.1.6legalModelType, cadastralModelype, legalObjectMeriippe, _CadastralObject,
AbstractCadastralObjectType
legalModel connects the root elementUrpanCadastralModel) to the class
CadastralModel using legalModelType. legalModelType describes the class
CadastralModel of the 3DCDM, which is the root element of the 3DC's legal
hierarcy.legalObjectMember connects the clasSadastralModel to the abstract class
_CadastralObject using legalObjectMemberType.  AbstractCadastral-ObjectType
describes the abstract superclass of cadastraitebje
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=<l
<xs:complex]ypa name="lapalhodal Typa">
<X5Saguenca
<x5:element name="CadastralModsl" type="cadastralModel Type" minOecwr="0" maxOecur="mmbmmdad"/>
</xsisaguanca®
</xs:complaxType>
<! -
<xs:complex] vpe name="cadastralhlode] Tvpa">
<xs:annotation>
<xs:documantation>Typs daseribing the root elemsant of the legal hisrarchy {cadsctrallindal). </xs:d scumentation™
</xs:annotation=
<xs5 sequence minJecurs="{" maxlemur="1mbmmdad"=>
<x5:2lemeant name="lagal Objacthlzmbar” tvpa="legal Objecthlembar Tvps"/=
</xsisequance’
</xscomplaxTypa>
<!l
<xs:complex]vpe name="lagal Objaclambar Tvpa=
<x5I5eguencE
<xs5element raf=" CadastmlObject” minJecwr="0">
</xs:sequanca>
</xs:complaxTvpe>
=l— -
<xs:zlement name=" CadastmlOjact” tvpe="AbstractCadastralObjectType" abstract="tma"
substitution Group="gml: AbstrartFeatura" &
<l -
<xs:complex] vpe name="AbstractCadastralObject Tvpa" abstract="tma">
<xs:annotation>
<xs:documantation>Typs daseribing the abstraet superclass of cadastml objects.</xs:documentation™
</xs:annotation=
<xs complexContant=
<xs:axtensionbass="gml:AbstractFeatieTvps"/=
</xs:complaxContant™
</xscomplaxTypa>
<I-- -

5.2 XML schema for 3DCDM L egal PropertyObject model

The Legal PropertyObject model allows creation and representation of allesyf legal
objects such as land parcels, 3D parcels, ownexskgsements, and common properties in
the 3DCDM model. This model also allows associatidriegal objects to their physical
counterparts. The XML namespace of the 3DCDM LeggdertyObject model (module) is
defined by the URI

http://www.csdila.unimelb.edu.au/3DCDM/Ipo/1.0.

Specifications of the 3DCDM Root model are listed'able 4:

Table 4. Specifications of the 3DCDM L egal PropertyObject model
Model name LegalPropertyObject

The Legal PropertyObject model allows creation and
representation of all types of legal objects sueh a
land parcels, 3D parcels, ownerships, easemerds, an
common properties in the 3DCDM.

This model also allows association of legal objéats
their physical counterparts.

Model description

Model URI http://www.csdila.unimelb.edu.au/3DCDM/Ipo/
Suggested namespeprefix Ipo
XML schema file LegalPropertyObject.x:
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Basic elements of this model are presented below.

5.2.1LegalPropertyObject, LPOType

LPOType describes elements, attributes and associatioribeotlass._egal PropertyObject.
address connectslLegal PropertyObject to the classAddress using addressType. proprietor
connects LegalPropertyObject to the class InterestHolder using proprietor Type.
legalDocument connects LegalPropertyObject to the class Legal-Document using
legal DocumentType. MultiCurvePropertyType and Multi Surface-PropertyType represent 2D
LegalPropertyObject.  SolidPropertyType and MultiSurface-PropertyType represent 3D
Legal PropertyObject. BoundarySurfaceType describes the type of surface that is used to
define the boundary of the clalsagal PropertyObject. address connectd.egal PropertyObject

to classAddress usingaddressType. ppo connectd_egal PropertyObject to the abstract class
Physical PropertyObject using AbstractPhysical PropertyObjectType. Legal PropertyObject
has a recursive connection with itself usicansistsOfLPO to describe the aggigation of
Legal PropertyObject. consistsOfLPO is described byonsistsOfLPOType. Attributes of the
classLegal-PropertyObject are name, IpoFormat, IpoUnit, rrr, IpoClass, area, volume, lot-
Entitlement, lotLiability, landUse, IpoState, andppoRef.

5.2.2 consistsOfLPOType, proprietorType

Legal PropertyObject has a recursive connection with itself usoogpsistsOfLPO to describe
the aggigation of_egal PropertyObject. consistsOfLPO is described byons stsOfLPOType.
proprietor connectd_egal PropertyObject to clasdnterestHolder usingproprietor Type.

5.2.3legalDocumentType, Title, titleType

legal DocumentType describes the cladsegalDocument and connects it to the class Title.
ClassTitle is described byitleType. titleType connects clas§itle to the title elements using
elementdocatedAs, refersTo, loan, restrictedBy, managedBy, andproperty. Attributes of the
classTitle are volume, folio, securityNo, producedDate, producedTime, angularUnit, and
noOfParentTitle.

5.2.4planDescType, landDescriptionType, parentType, gdide Type

planDescriptionType describes the clasgsandDescription. landDescriptionType describes the
land description of the title using attributé®No, planNo, plan, and desc. parentType
describes the clasBarentTitle. parentTitleType describes the parent title elements using
attributesvolume andfolio.

5.2.5loanType, mortgageType, encumbranceType, caveaifiypeagementType,
ownersCorportationsType
loanType describes the claddortgage. mortgageType describes the elements of mortgage
using attributesnortgageRef, mortgageType, andbankName. encumbranceType describes the
class Caveat. caveatType describes the elements of caveat using attribotesatRef,
caveatDate, and caveator. managementType describes the clas©wnersCorporations.
ownersCorporationsType describes the elements of owners corporationsgusittribute
owner sCor pPlanNo.
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5.2.6 BoundarySurfaceType, BoundaryType, AbstractBowfBarfaceType
BoundarySurfaceType describes the type of surface that is used tondetie boundary of
class LegalPropertyObject. The type of boundary is specified by the abstraletss
_BoundaryType. AbstracBoundaryType describes abstract the clasBoundaryType using
attributes boundary and desc. MultiSurfacePropertyType represents 2D and 3D
Legal PropertyObject.

5.2.7VirtualSurface, VirtualSurfaceType, WallSurface, N8arfaceType, FloorSur-face,
FloorSurfaceType, CeilingSurface, CeilingSurfacedyp

Virtual Surface, WallSuface, Floor Suface, andCeilingSuface describe the type of surface that

is used to define the boundary of the clasgalPropertyObject. They are described by

VirtualSurfaceType, WallSurfaceType, FloorSurfaceType, and CeilingSur-faceType

respectively.

5.2.8 RoofSurface, RoofSurfaceType, SlabSurface, SlabSefiype,
Suspected-CeilingSurface, SuspectedCeilingSurfgme ThioorJoistsSurface,
FloorJoists-SurfaceType

RoofSurface, SabSurface, SuspectedCeilingSurface, andFloorJoistsSurface describe the type

of surface that is used to define the boundary lasscLegal PropertyObject. They are

described byRoofSurfaceType, SabSurfaceType, SuspectedCeilingType, and FloorJoists-

SurfaceType respectively.

5.3 XML schemafor 3DCDM InterestHolder model

The InterestHolder model maintains information about the land intetesder. This model
has an association with thegal PropertyObject model. The XML namespace of the 3DCDM
InterestHolder model (module) is defined by the URI
http://www.csdila.unimelb.edu.au/3DCDM/owner/1.0.

Specifications of the 3DCDM InterestHolder moded ksted in Table 5.

Table 5. Specifications of the 3DCDM InterestHolder model

Model nam InterestHolde

ThelnterestHolder model maintains informatio
about the land interest holder.

This model has an association with the

Legal PropertyObject model.

Model description

Model URI http://www.csdila.unimelb.edu.au/3DCDM/owner/
Suggested namespace prefix ownr

XML schema file InterestHolder.xsd

Basic elements of this model are presented below.
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5.3.1 InterestHolder, interestHolderType
interestHolder Type describes the elements, attributes, and assatsatb proprietors using
attributespName, share, andtype.

5.3.2legalDocumentType, propertyType

legal DocumentType describes the elements, attributes, and assawsatb proprietors using
attributespName, share, andtype. propertyType connects the interest holder to the property
object, which id_egal PropertyObject.

5.3.3addressType, geocodedAddressType, addressPointType

addressType describes the elements, attributes, and assawsatid the clasf\ddress using
approperiate attributes. A geocoded address isridedc by geocodedAddress-Type and
addressPointType.

5.4 XML schemafor 3DCDM Survey model

The Survey model maintains technical and administrative infation of surveying and of the
surveyor. The XML namespace of the 3DCDM Survey eh@dohodule) is defined by the URI
http://www.csdila.unimelb.edu.au/3DCDM/survey/1.0.

Specifications of the 3DCDM Survey model are listedable 6.

Table 6. Specifications of the 3DCDM Survey model

Model nami Surve)

The Survey model maintains technical al
administrative information of surveying and surveyo

Model description
Model URI http://www.csdila.unimelb.edu.au/3DCDM/survey/1.0
Suggested namespace prefi; suvy

XML schema file Survey.xs:

Basic elements of this model are presented below.

5.4.1Survey, surveyType

surveyType describes the elements, attributes, and assawsatb the classSurvey using
attributes jurisdiction, legislation, purposeofSurvey, surveyDate, surveyFormat, method,
fieldNoteRef, anddesc.

5.4.2surveyedByType, surveyorType
surveyedByType describes the classurveyor. surveyorType describes the surveyor
information using attributeisame, regNumber, andsurveyorFirm.

5.4 3initialisationType, setuplnstrumentType, referermiefype, setupPointType
initialisationType connects the clasSurvey to classSetuplnstrument. setuplnstrumentType
describes the classSetupinstrument using attributes setuplD, stationName, and
instrumentHeight. referencePointType connects the clasSetup-Instrument to the class
SetupPoint. SetupPointType describes the claggtupPoint using elemenpntRef.
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5.4.4observationType, observationGroupType
observationType connects the clasSurvey to the classObservationGroup. Observation-
GroupType describes the type of observation that is usedudoreying.

5.4.5reducedLineObservationType, redHorizontalLineObsgonType
reducedLineObservationType connects the clas®ObservationGroup to the classred-
Horizontal LineObservation. redHorizontal LineObservationType describes the elements and
attributes of classedHorizontal LineObservation.

5.4.6reducedArcObservationType, redHorizontalArcObseovdtype
reducedArcObservationType connects the clas®ObservationGroup to the classred-
Horizontal ArcObservation. redHorizontal ArcObservationType describes the elements and
attributes of the claggdHorizontal ArcObservation.

5.5 XML schemafor 3DCDM CadastralPoints model

The Cadastral Points model maintains the information related to theveyrpermanent marks.
The XML namespace of the 3DCDM CadastralPoints rhrdedule) is defined by the URI
http://www.csdila.unimelb.edu.au/3DCDM/survey/1.0.

Specifications of the 3DCDM CadastralPoints modellsted in Table 7.

Table 7. Specifications of the 3DCDM CadastralPoints model

Model rame CadastralPoin

The Cadastral Points model maintains the information relat

Lzl EsaEE e to the survey permanent marks.

Model URI http://www.csdila.unimelb.edu.au/3DCDM/cadastraiyi.0
Suggested namespace prefi cpm

XML schema file CadastrlPoint.xsc

Basic elements of this model are presented below.

5.5.1 CadastralPoints, cadastralPointsType
cadastral PointsType describes the elements, attributes, and assawsatiocadastral points.

5.5.2referencePointMemberType, cadastralPointType
referencePointMember Type and cadastralPointType describe the elements, attributes, and
associations of a cadastral point.

5.6 XML schema for 3DCDM Building model

The Building model allows the creation and representation efoua building parts and
building structures. This model has an associatiith the Legal PropertyObject model. The
XML namespace of the 3DCDM Building model (modules) defined by the URI
http://www.csdila.unimelb.edu.au/3DCDM/building/1.0

Specifications of the 3DCDM Building model areddtin Table 8.
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Table 8. Specifications of the 3DCDM Building model

Model nami Building

TheBuilding model allowsthe creaton and
representation of various building parts and baodi

Model description structures.
This model has an association with the
Legal PropertyObject model.
Model URI http://lwww.csdila.unimelb.edu.au/3DCDM/building/

Suggested namespace prefi bild

XML schema file Building.xsd

Basic elements of this model are presented below.

5.6.1Building, BuildingType

buildingType describes the elements, attributes, and assawsatibthe clas8uilding using
attributes landUse, constructionYear, buildingHeight, noOfSoreysAboveGround, noOf-
SoreysBelowGround, buildingHeightAboveGround, buildingHeightBel owGround.

5.6.2_BuildingPart, AbstractBuildingPartType
AbstractBuildingPartType describes the abstract clad8uildingPart using attributesarea,
volume, andtype.

5.6.3 SpacePropertyType, Space, SpaceType

Abstract class BuildingPart consists of space that are describedSpgceProperty-Type.
SoaceType describes the clasSpace using attributesarea and volume. Each Space can be
represented b§olidPropertyType andMulti SurfaceProperty Type.

5.6.4 StructuralComponentPropertyType,_StructuralCompgnen
AbstractStructuralComponentType

Also, abstract classBuildingPart consists of structural components that is describgd

Structural ComponentPropertyType. AbstractStructural ComponentType describes the abstract

class_StructuralComponent using attributesvidth, length, area, andvolume.

5.6.5Wall, WallType, Floor, FloorType, Ceiling, Ceilingpe
WallType, FloorType, and CeilingType describe the type of surfaces that are used toelef
structural components of a building or buildingtpar

5.6.6 Structure, StructureType, Door, DoorType, WindownudwType
Also SructuralType, DoorType, andWindowType describe the type of surfaces that are used
to define structural components of a building oitddng part.
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5.6.7 Unit, UnitType, CarPark, CarParkType, ServiceRo8erviceRoomType,
StorageRoom, StorageRoomType

UnitType, CarParkType, ServiceRoomType, and StorageRoomType describe the type of

building parts.

5.6.8 Pathway, PathwayType, Balcony, BalconyType, RoobofRype, BuildingPart,
BuildingPartType

PathwayType, BalconyType, RoofType, and BuildingPartType also describe the type of

building parts.

5.7 XML schema for 3DCDM Land model

Theland model allows the creation and representation @fpttysical land object. This model
has an association with thegal PropertyObject model. The XML namespace of the 3DCDM
Land model (module) is defined by the URI
http://www.csdila.unimelb.edu.au/3DCDM/land/1.0.

Specifications of the 3DCDM Land model are listadable 9.

Table 9. Specifications of the 3DCDM Land model

Model name Land

Theland model allows the creation and representation of
the physical land object.

This model has an association with the

Legal PropertyObject model.

Model description

Model URI http://www.csdila.unimelb.edu.au/3DCDM/land/1.0
Suggested namespace pr  lanc

XML schema file Land.xst

5.8 XML schemafor 3DCDM Tunnel model

The Tunnel model allows the creation and representation abua parts and structures of a
tunnel. This model has an association with tlegalPropertyObject model. The XML
namespace of the 3DCDM Tunnel model (module) isddfby the URI
http://www.csdila.unimelb.edu.au/3DCDM/tunnel/1.0.

Specifications of the 3DCDM Tunnel model are listedable 10.

Table 10. Specifications of the 3DCDM Tunnel model

Model name Tunnel

The Tunnel model allowsthe creaton and represeation
of various parts and structures of a tunnel.

This model has an association with the

Legal PropertyObject model.

Model description

Model URI http://www.csdila.unimelb.edu.au/3DCDM/tunnel/
Suggested namespace pr  tunl

XML schema file Tunnel.xst
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5.9 XML schemafor 3DCDM UtilityNetwor k model

The UtilityNetwork model allows the creation and representation afoua parts and
components of a utility network. This model hasagsociation with th&egal PropertyObject
model. The XML namespace of the 3DCDM UtilityNetlanodel (module) is defined by
the URI

http://www.csdila.unimelb.edu.au/3DCDM/utility/1.0.

Specifications of the 3DCDM UtilityNetwork modelealisted in Table 11.

Table 11. Specifications of the 3DCDM UtilityNetwor k model
Model name UtilityNetwork

The UtilityNetwork model allowsthecreaton and
representation of various parts and components of a

Model description utility network.
This model has an association with the
Legal PropertyObject model.
Model URI http://lwww.csdila.unimelb.edu.au/3DCDM/utility/?

Suggested namespace pr  unwk

XML schema file UtilityNetwork.xsd

5.10 XML schemafor 3DCDM Physical PropertyObject model

The PhysicalPropertyObject model allows the creation and representation ofioua
unknown physical objects in the 3DCDM. This modelshan association with the
Legal PropertyObject model. The XML namespace of the 3DCDM PhysicalPriyp@bject
model (module) is defined by the URI
http://www.csdila.unimelb.edu.au/3DCDM/ppo/1.0.

Specifications of the 3DCDM PhysicalPropertyObjmcidel are listed in Table 12.

Table 12. Specifications of the 3DCDM Physical PropertyObject model
Model nami PhysicidPropertyObjec

The Physical PropertyObject model allows creation and
representation of various unknown physical objects

Model description the 3DCDM.
This model has an association with the
Legal PropertyObject model.
Model URI http://www.csdila.unimelb.edu.au/3DCDM/ppo/1.0

Suggested namespace prefi ppo

XML schema file PhysicalPropertyObject.x

5.11 XML schemafor 3DCDM Terrain model

The Terrain model allows creation and representation of tleengd surface (TIN or DEM) in
the 3DCDM. The XML namespace of the 3DCDM Terraiod®l (module) is defined by the
URI http://www.csdila.unimelb.edu.au/3DCDM/terrdird.

Specifications of the 3DCDM Terrain model are lisbe Table 13.
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Table 13. Specifications of the 3DCDM Terrain model

Model nam Terrair

The Terrain model allows creion and represetation of

[higelE] e el the ground surface (TIN or DEM) in the 3DCDM.

Model URI http://www.csdila.unimelb.edu.au/3DCDM/terrain/1.0
Suggested namespace prefi tern

XML schema file Terrain.xsd

6. EXAMPLE OF A 3DCDM DATASET

This section illustrates how the 3DCDM model is iempented. A two-storey building
consists of three units, one common property, are @asement is chosen as a case study.
Figure 2 shows the architectural plan of the bogdncluding the location of units and walls’
length and width. Figure 3 shows the correspondegpl objects, which are usually
represented in subdivision plans. The followingtises provide an overview of the case
study and related 3DCDM instance documents.

6.1 Dataset

The case study is a two-storey building above giaurface. Each story has 3.0 metre height
and the building’s total height is 6.0 meters. Wadls’ width are 0.20 meters. Part of Unit-2's
wall is a party-wall and then it is considered aseament for this unit.

Cross-section X-X' represents how the units ardicadly located. Part of the building’s
entrance on the ground floor is a common properith & width of 0.65 metres. The
beneficiaries of the common property are Unit-1 &ht-2. Unit-3's street access is from
Trugo Lane.

The ownership boundary between Unit-1 and Unit-2his median, symbolised by ‘M’ in
Figure 3. Thus, the wall between Unit-1 and Unis-2ot a common property. The ownership
boundary between Unit-1 and Unit-3 and also Uréta® Unit-3 is represented by symbol ‘I,
which means that the ownership boundary is locatele interior facing wall between Unit-
1, Unit-2, and Unit-3. Therefore the wall betweemittd and Unit-3 and also Unit-2 and Unit-
3 is common property. Other ownership boundariedmf-1 and Unit-2 are represented by
symbol ‘E’, which means ownership boundaries are #xterior surface of the wall.
Therefore, the building fagade in front of NichalsBtreet belongs to Unit-1 and Unit-2.

All other boundaries of Unit-3 are interior boundar This means the building fagade in front
of Trugo Lane does not belong to Unit-1 and Unit-2.
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An arbitrary coordinate system is defined to extediccoordinates of the points. The origin of
the coordinate system is at the lower left corrffahe first story (X = 1000 m, Y = 1000 m)
where the X-axis is parallel to the map’s horizbatds and the Y-axis is perpendicular to the
X-axis. As a result, all vertices in the plans h&mewn coordinates. From these coordinates,
various properties such as width and length ofathlts and units can be found.

The following sections represent how an instanc8@EDM is created to model the legal
and physical objects of a 3D building. This examghel all XML schemas are edited with
XMLSpy v2011 rel. 3 (http://www.altova.com).

6.2 Select and import related modules

The aim of this practice is to model the 3D leghjeot of the building and their physical
counterparts. The first step of using the 3DCDNbiselect the modules that are required for
the application. Based on the available datasetfdtiowing modules are required to import
in the file GML3.2.1,Building, LegalpropertyObject, InterestHolder, Survey, Cadastral-
Points, and Terrain schemas are selected for this peactic

<l-- Eoot Element -
<Txml versior="1.0" encodins="utf-8" 7>
<UIrbanCadatsmlhodal

zrmliid="1D 3DCDA Fxarpla"

xmlns xsi="htp:vrerer w3 org 200U XML Schama-in stanca”
xmlns="http:/ www s dila nnimalb.edn an3IDCDRT 0"
xmlns:gml="http:/wwrer.opengis nat'eml’'3. 2"

xrmlns xlink="http:/wrerer. vl o1 99 9/xlink "
xmlns:bild="http:/\werer cedila umimalb.adu e/ ADCDA buildine'1 0"
xmlns:lpe="http:/'werw csdila mmimalb adu an/ IDCDM 1po/1.0"
xmlns owre="http:/ e csdila nnimalb. edu 2w 3IDCDM owmer/1.0"
xmlns:suvy="http:/wrarw.esdila unimalb.adu a3 DCDA surves'1.0"
xmlns cpr="http:/ e cedila imimalb adu an'3IDCDA cadastralpeint/1.0"
xmlns trr="http:/\verwr csdila umimalb. adu an3IDCDA tarrain'1.0"

xsi:schamal ocatior="
http:/wrwrer.csdila mmimeb adu e/ 3ADCORLL0 bty wwwocsdik unimelb sdnan 3DCDA schema 3DCDMBase x5d
http:/iwerw. osdila imimelb adu sy 3ADCTAL building']1 §  hitp: fwow csdila unimslb sdn zn DDA schema Building xsd
http:/wrerer.esdila mmimelb adu e/ 3ADCTRL Ipo/1.0  http: wwwcsdila unimelbadu 20 3DCDM schema Les]PropentyObiect xsd
http:/wrarw esdila inimelb adu e/ 3ADCTA ownan'1 0 hitp:iwww csdila nnimelb adn an/ 30D s chema TntersstHalder xsd
http:/wrerer.esdila mimealb adu e/ 3DCTA surveyr'] 0 http:wreeer. cs dila unimalb. adu aw/3DCDA schama/ Survew. xsd
http:/wrerer.esdila mimelb adu an/3DCTA cadastralpomt/]. 0 http: Swww.csdik nnimelb adu 20/ 3DCDM schema CadzswzlPoint x5d
http:/iwerw. osdila imimealb adu @y 3DCDA terain/l. 0 hiip:dwwwosdik nnimelhedn an/ 3DCDA schema Temain x5d ">

<l Wi=tadats .

Project name, coordinate reference system, projecundary, author information
(application), and measurement units are spedifi¢kde next step.
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=l hiztadata -
<eml:name>EXAMPLE OF A 3DCDM DATASET- CHAPTER 8</emlnams>
<gml:bound=dBy>
<gml:Envalops seDimansion="3" srslam==" arbitmrv coordinate systam'>
<gml:lowarComar=290 980 (-<'eml:lovwarComar=
<gmlupparCommar=104 2 101 8 1{='gm]l:upparComar>
</eml:Envalops>
</eml:boundadBy>
<application>
<Application craationDate="2012-08-29" craationTime="21 :00:00" creater="Ali Aien"varzion="10"/>
</application=
<metriclInit>
<Matriclnit diractionl Tnit="dacimmal dd mm 55" angularTmit="dacimal dd rmm 55" temparatralTni="casins"
volumallnit="cubichlstar" linsarlnit="matar" arsal nit="squarshstar” przsumlnxt="milliBars"/>
<matriclTnit>
<l—

Combination of terrain and land ownership right edlt$ provides more realistic re-
presentation of the legal world. Therefore, theaiermodel (TIN) is provided in the first step
as below:

=l
<physicallviodal=
<Urbanhiods=l>
<phvsicalObjecthIambar>
<t Tarrain gml:id="T} DA TIN 1"=
<trn:terrainSourca>
<trn:TIN gral-id="DCDA-TIN-1"=
<trmtinSoumce>
<gml: TriangulatadSurfacs smlid="DCDM_tinSurfaca 1"
<grmltrianglaPatchas>
<gml: Triangla>
<gmlaxtarior>
<gml:LinsarRing>
<eml:posList=990990 0 1042 1018 0 990 10180 990990 0 </eml:posList>
</eml:LinsarRing=
</emlaxtarior>
</gml: Triangla>
<gml: Triangla>
<gmlaxtarior>
<gml:LinsarRing>
<eml:posList=990990 0 1042 9900 1042 10180 980 9900 <'eml:posList=
</eml:LinsarRing=
</emlaxtarior=
</gml: Triangla>
</eml:trianglaPatchas=
</gml: TriangulatadSurfaca>
<trn:tinSource>
<trm:TIN=
<trnterrainSourcas
</trm:Terrain=
</physicalObjacthizmbars
<Urbanh{odal>
</physicalliodal>

l-- Physical hModal

The terrain model can be visualised in Figure 4 naisi FZK Viewer
(http://www.iai.fzk.de/www-extern/index.php?id=22R&1). For this purpose, the 3DCDM'’s
elements are converted to the CityGML elements. FX#ewer is a CityGML
(http://lwww.citygml.org/) and IFC (http://www.builllgsmart.org/standards/ifc) viewer.
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®

Figure 3. Example of terrain model

A building including three units is modelled in thext steps. This process is conducted in the
physical hierarchy of the 3DCDMBUilding is selected as @hysical ObjectMemeber of
UrbanModel. TheBuilding's attributes are provided below:

<l— Phywsical hodal ==
<physicalhiodal>
<Urbanhiods]=
<phwsicalCbjecthianbar
<bild:Building gml:ic="DDA Building" landlJsa="msidmtial" constuctionY sar="1 94" buildinsHaizht="§"

noOfStoraysAbovalroumd="2" noDfStorey sBalowGround="0">

<=l %

The Building consists of three units. Each unit i8aildingPart. Unit_1 is introduced in the
following codes. ThéJnit_1 is a residential unit. In addition, attribuppReE"LOT-1" refers
theUnit_1 to its LegalPropertyObject under the namé&Of-1.

=l
<bild :consistsCfBuildingPart>
<bild:Unit zrl:id="THCDM Unit 1" landlJs="residantial" lpoRaf="LOT-1">
<gml:nama>{Init 1<'sml-pnamsa>

<l (JMIT_1's Lagal Countarpast -

Unit_1 is associated with its corresponding legal objg€T-1) in the model. All legal
objects are a kind dfegal PropertyObject in the 3DCDM modelLOT-1 is a 3D parcel and
represents an ownership space. It is ownedkgme"Yamine Family PTY LTD. It is
managed by a registered owners corporatiomersCorpPlanNg'PS4225251 Moreover,
LOT-1 is represented by a solid object. The geometrhefgolid object is specified using
code <lpo:representedBySoliklink:href="#DCDM_Space_Unit "I> which refers to the
geometry of another object with the object-id'8@fDCDM_Space_Unit "1 LOT-1 is further
described in the model and is represented below:
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=l UNIT_1's Lagal Countarpart -
<lpo=
<lpo:LagalPropertyObject sml:id="L.OT-1"lpoClas=="1lot" lpoLnit="singla" lpoFomat="3DParcal"
name="LOT-1"lpoState="eraated" ro="ownarship" lotEntitlament="3 5" lotLigbility="35">
<lpo:addrass>
<lpo:Addrass flafumbar="1" propartyMumbar="143" straatlam="Micholson"
straatTvpe="streat" Suburb="Footseray” postCoda="3011" stat="VIC" countrr="Australia"/=
</lpo:addrass>
<lpo:proprisgtor>
<pwnrInterstHoldar gmliid="TD 101" pMame="Yaminz FamilwPTY LTDV" shar=="100"
typa="familv"/>
</lpo:propristos=
<lpo:lagalDocumant=
<lpo:Titla folio="723" volums="10364">
<lpo:locatadAs>
<lpo:LandDescription plan="SubdivisionPlan " planMe="422 325" lotMe="1"/>
<Ipo:locatedAs=
<lpo:rafarsTo>
<lpo:ParantTitla folic="283" volum="034 22" >
<lpo:rafarsTo>
<lpo:managadBv>
<lpo:OrvmearsCorporations ownarsCorpPlanMNe="P5422 325]"/=
<lpo:managadBy>
<lpo:Titla>
</lpo:legalDocumant=
<lpo:raprasantadBviolid xlink - hef="$DCDM Space Unit 1">
</lpo:reprasatadBySolid=
<lpo:LagalPropartyUbjact=
<lpo=
=l PhwsicalProparteOhject -

The Unit-1 model is shown in Figure 5.

Figure 4. Example of the building model, Unit-1

Unit_2 is created the same as thieit_1. Unit_2 is a residential unit and is associated with its
corresponding legal object@T-2) in the modelLOT-2 is a 3D parcel and represents an
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ownership space. It is owned pilame="Jude SammondsLOT-2 is represented by a solid
object. The geometry of the solid object is spedifusing code<lpo:representedBySolid
xlink:href="#DCDM_Space_Unit '2>, which refers to the geometry of another object with
the object id of "#DCDM_Space_Unit_'2 The following codes (shortened codes) describe
how Unit-2 is modelled in the 3DCDM model. The Unit-1, Unjtdnd Unit-3 models are

shown in Figure 6.

Figure 5. Example of the building model, Unit-1, Unit-2, and Unit3

Figure 7 illustrates the legal counterparts of buglding’s units. In this Figure, the wall
between the Unit-1 and Unit-3 and also Unit-2 amdt{3 is common property, and it does

not belong to the units.
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» Common property

&

Figure 6. Example of the building model, Unit-1, Unit-2, and Unit3

The previous methods are used to modelUhd-3 as well. Using the above codes, three
units of theBuilding and their legal counterparts are modelled in tA€BM. The common
property and easement are visualised in the Figure

Common Property ¢

4

Figure 7. Example of the building model, common property and easement
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7. CONCLUSION

In this paper, the physical model of the 3DCDM vpmesented as the fourth step of 3D
cadastral data-modelling development cycle. Thep $ the last step of the 3DCDM model

development. The aim was to implement the 3DCDM ehod

For this purpose, eleven XML schemas were develoPeg XML namespace, one unique

prefix, and one URI were defined per each XML megulThey are summarized in the Table
1. URIs help the model users to access the XMLrealseand utilize them to populate their

datasets into the XML schemas.

A practical example of a 3DCDM dataset was presktdevaluate how the 3DCDM models

the physical objects of a building and their legalinterparts. The dataset is a building that
consists of three units, two common properties, @maeasement.
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