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SUMMARY

As our urban environments are densifying, it iseafial to extend traditional cadastral
systems that are based on two dimensional repeggenbf ownership to support 3D. With
the need to define property ownership in verticalell as horizontal dimensions becoming
pertinent around the world, a practical solutiomdpresent 3D cadastral data is needed. The
Land Administration Domain Model (LADM, ISO 19152&)Jready covers such situations
since the spatial unit defined in the Spatial Urackage in LADM can refer to a single
volume of space (or multiple volumes of space) desi2D representations. LADM is a
conceptual model that allows land administratiofecis and relationships to be described.
The power of the model is the ability to describBedent cadastral systems in different
countries or regions in a consistent way.

CityGML is an information model and data exchangadard for 3D city model data. It does
not contain specifics about land administration.e Tipaper examines how the LADM
conceptual model, the representation of legal spaceparticular, can be mapped to and
encoded as a CityGML Application Domain ExtensioADE). The CityGML ADE
implements a data exchange format but the underlyindel could also be used as a starting
point to create a database schema for data storagepaper addresses the modelling issue of
integrating different information models that defior refer to the same or overlapping
concepts. The possibility to achieve greater irgggn between 1SO19152 and CityGML by
including each others concepts in future versienalso discussed. Relating legal features to
physical features, a common occurance in pracicegddressed from a data modelling
perspective.

The paper is intended to stimulate discussion attmutopic as well as further development.
It suggests a modelling solution to integration egrarts of LADM and CityGML.
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1. INFORMATION MODELS

This paper examines how the Land Administration BomModel (LADM) conceptual
model, the representation of legal spaces in paaticcan be mapped to and encoded as a
CityGML Application Domain Extension (ADE) (secti@). Section 3 presents an alternative
for the integration of CityGML and LADM, i.e. theswblishment of an explicit overlap
between the two standards and the embedding of LAd@Ncepts in CityGML and vice
versa. The paper ends with conclusions. Firstwloenhodels are introduced in this section.

1.1 Land Administration Domain Model (LADM, 1S019152)
The 1SO 19152 - Land Administration Domain ModeADM) defines an conceptual model
for land administration. It defines key informatiorodel components that are relevant for the
creation and operation of cadastral systems inrgénEhe core entities in LADM are

» Basic administrative units, subject to registraifloy law), consisting of

» Spatial units against which (one or more) unigue lmmogeneous
* Rights (e.g. ownership right or land use right),

» Responsibilities or

» Restrictions are associated and linked to releparites.

LADM can also be seen as a meta model for land midtration and has important
connections with other standards because the astnaitive units in LADM are legal spaces
that can have a relationship with physical featuresntained in other domain models, for
example in the case of pipelines or apartment ufitte integration of data on legal spaces
and on physical features is important because thmdaries of legal spaces often refer to
physical features. Integration enables to reusengérical data in different domains in general
and to define legal spaces based on physical emtisins in specific. In addition, integration
assures consistency between legal and physicalstrapns. To accommodate this
integration, LADM refers for orientation purposesphysical features that are maintained in
other data sets using the stereotype <<blueprinTHis stereotype defines classes at an
abstract level, which are further defined in othenodels. For example the
LA LegalSpaceBuildingUnit refers to an  ExtPhysiaalBingUnit and the
LA LegalSpaceUtilityNetwork refers to the externalass ExtPhysicalUtilityNetwork.
Referring to physical features is especially retgvim case of large scale 3D topography,
which is the domain of CityGML.

It is envisaged that the practical application &80OIL19152 will require the creation of
application schemas, for example national or regigmofiles in which LADM is utilised to
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describe the existing or planned implementationanid administration in the context of
relevant law and practice.

We are looking only at a small part of LADM whichthe geospatial definition of the extent

of ownership right. These are mainly expressedcha $patial Unit package regarding the

spatial representation and the Administrative pgekfar semantics. The party package is not
considered in this paper. The following featuressés are particularly relevant:

LA SpatialUnit: base class for spatial represeotesti LADM explicitly allows
volumetric spatial representations in 3D.

LA LegalSpaceBuildingUnit: A specialisation of LAp&ialUnit to link legal spaces
to physical ones. This is useful to describe leg@mdces within a building which
coincide with the physical space of the buildingarts of it.

LA_SpatialUnitGroup: grouping of SpatialUnit instas allowing hierarchies (for
example parcels into registration areas into passhto districts into counties).

LA_BAUnIt: An administrative unit that can be repested by spatial units.

LA _RRR is used to describe Right, Restriction, Respbility to give meaning to a
BAUnNiIt which is represented by a spatial unit.

The following feature classes could also be relebanare not considered by this paper:

LA_RequiredRelationshipSpatialUnit: explicit spétiaelationships, when the
geometry of the spatial units is not accurate ehdagjive reliable results

LA_BoundaryFace and LA_BoundaryFaceString: repriediem of a boundary parts
LA Level: can be used to structure topologies betw8patialUnits

1.2 CityGML

CityGML is an information model and data exchan@gadard issued by the Open Geospatial
Consortium. It is supported by a large number dtirgare products and data providers around
the world and defines a semantically rich 3D repnéstion of geospatial features in urban
areas. CityGML'’s level of detail concept allows fowltiple representations of a single
feature such as a building and allows the reprasient of the building interior. Today
CityGML is mainly utilised to structure and reprasebserved physical phenomena such as
walls, roofs, curbs or vegetation objects. The espntation of legal extents is not explicitly
covered in the standard, but can be implementedguSityGML'’s extension mechanism
called Application Domain Extension (ADE). This apached is described in this paper.

The geometry definitions in CityGML are based oe @pen Geospatial Consortium’s GML
standard—currently version GML 3.2.1 is used ingtefthe later version 3.2.2 which was
ratified as 1SO19136. The reasons for using therol@ML version were the development
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timeframe of the current version 2.0 of CityGML wsll as a still unresolved bug in GML
3.2.2. GML3.2.1 uses 1S019107 geometry types adéses for geometric representations
and does not allow any other geometries.

CityGML implements a subset of this 1SO19107 geaynehodel and allows a choice
between direct expression of geometric representatihrough GML data types as well as
implicit representations and re-use of geomethesugh X-links.

CityGML 2.0 specifies a normative XML schema rattiean an information model expressed
in a conceptual schema language such as UML. Té@fg@tion contains a number of UML
class diagrams as explanations which are not norendh more recent developments at the
OGC and the Special Interest Group 3D a UML modeldityGML has been developed and
agreed upon. It hasn’t been published, though @slable on request. The UML model was
created to allow a clearer separation of conceptwalel from encoding and to have a starting
point to develop future versions of the CityGMLrslards based on UML. This UML model
may be normative in future versions. The integratd LADM and CityGML in this paper is
based on a simplified UML notation (figure 1).

A number of feature classes in CityGML that areevaht for expression of land ownership
rights are given as follows:

» Building / BuildingPart: Representation of a phgibuilding in different Levels of
Detail.

e CityObject: As the boundary of legal spaces may defined byened to any physical
feature, all features with a physical representaitioCityGML might be of relevance
to express this relationship.

* Landuse: defines land areas of a particular usecanttl be used to represent parcels
or ownership extends, though this would stretchrttemning of landuse beyond its
general meaning and is not recommended.

It should be noted that not only ownership rightdegal extends are not specified, also the
vertical separation of buildings into storeys ig oovered by CityGML and can currently
only be implemented by ADE or CityObjectGroup. Aspible introduction of a story model
into CityGML 3.0 will need to be considered in theure, particular to address physical and
related legal spaces within a building.
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2. INTEGRATION OF LADM AND CITYGML THROUGH THE DEVELOP  MENT
OF A CityGML LADM ADE

One usecase for the representation of legal pppamership in 3D is given by (Ammar and
Dixit 2013).

Both LADM and CityGML are compatible with 1ISO191@vhich ensures an overlap of

allowed geometry types. The 1SO19152 specificati@kes it clear that LADM is not a data

product specification in the sense of 1ISO19131ababnceptual model that provides a formal
language to describe land administration regardieyr parties, administrative and spatial
units as well as sources and representations.

CityGML, on the other hand, is a data encoding a4 created to exchange data. It is based
on a conceptual model that is described in thedstah but conformance to CityGML is
specified only on the encoding level, not the cpwal model. From the feature classes
modelled in the CityGML specification a preferetoexplicitly type objects with a semantic
definition (such as buildings, roads, bridges, etn) be inferred. This is in contrast to LADM
which is not intended to be an application schemdsi own right. There are two ways to
create a CityGML ADE for land administration:

1. Create a country/region specific applicationesch (LADM profile) that also utilises
concepts taken from CityGML ’s conceptual modelalsecond step, different encodings
of the application schema can be created. The 3iddeng will be expressed as a
CityGML ADE.

2. Directly implement LADM in an ADE, making somesaimptions about the typing of
feature classes.

Approach number one provides a foundation that akwwvs 2D encodings outside of
CityGML to serve existing 2D data and processesvduld be the preferred method for a
national or regional cadastral information moddtisTpaper, however, follows the simpler
approach number two in order to illustrate the &eggestions.

2.1Mapping of concepts

The main approach presented in this paper is toetlodl BAUnNits not as a general, abstract
feature but as a feature with a particular meaningtead of creating a general BAUnits
feature, a Parcel feature is created which servéseaadministrative unit to register land.

The approach also allows multiple geometries taeasgnt the LA_SpatialUnits associated
with the LA_BAUnit and allows the parcel to be X#ted to a representation of an LA_RRR
instance in an external system (outside of CityGML)

Figure 1 describes the classes to be defined iIARM. ADE for CityGML. These have the
namespace prefix LADM-ADE. The figure demonstrdtes for parcels only but other types
of BAUnits can be similarly implemented.
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LADM classes CityGML classes

LA_RRR

X-link

LA_BAUnit LADM-ADE::Parcel

gml::MultiSurface

LodOMultiSurface

Lod1MultiSurface

LA_SpatialUnitGroup LA_SpatialUnit LADM-ADE::LegalSpace LADM-ADE::LegalSpaceGroup
+whole +part + link to _CityObject +part +whole
LA_LegalSpaceBuildingUnit Core:_CityObject Building::Building

Figure 1. Feature classes in a CityGML LADM ADE and tkeir corresponding LADM feature in simplified
UML class diagram notation

Rather than having a direct counterpart for LA_BAUme suggest to directly create an
instantiable object class with a semantic definitbtch as Parcel. Instances of this class can
be linked to suitable instances of LA_RRR qualifythe right associated with the Parcel. The
Parcel can be represented by one or more Spattallii_SpatialUnit is implemented as the
class LegalSpace which can have MultiSurface reptasons in different LoDs. A
planimetric representation (i.e. a floorplan polygueith a given height) in LoDO and a block-
representation (extruded and heighted block) inLaPpear to be useful in practise.

It should be noted that CityGML 2.0 does not allokee definition of different LoD
representations within buildings as these have éoLbD4. However, the definition of
different LoDs in the indoor space is currentlyrigeworked on by the OGC CityGML SWG
and is expected to be implemented in CityGML 3.0e Tefinition of legal spaces may serve
as a good use case for a consistent future LoDoapprin CityGML that is independent of a
space being physically in- or outside of a building
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2.2 CityGML ADE development

User communities are encouraged and guided toecedénsions to the CityGML standard
and to date a variety of ADEs have been createfieids such as utility networks, noise
modelling, solar potential, energy efficiency ofildings as well as national implementations,
for example in the Netherlands, Germany or Bahrain.

Whilst the ADE is formally defined by its XSD schapma UML representation can also be
used to model the ADE and to derive the XSD follogvthe model driven approach. The
features Parcel, LegalSpace and LegalSpaceGroupavimplemented as feature classes in
the ADE.

These three feature classes defined in the LADM-Afaimespace would also inherit from
VersionedObject in LADM to allow version managemessing LADM’s approach. It is
suggested that this is implemented as an ADE addit the CityGML core module in order
to give all features classes in CityGML this akiliFigure 2 shows howCityObject can be
amended by an ADEElement that inserts the propitieversion control.

sgenanalizesTo 0 ) ;

sfeature Typas
CityGML Core-AbstraciCityObject

wigature Typas
CityGML Core: oyObjecthiambes * Te200

CityModel

q =

=ADEEIements
AbstraciCityObject

+ identifisr Scopeailame
wvoldsbie. lifelydeinios
&  paginlifespaniiendon; DajeTime
+ andlitespanVesion DaeTimeld 1]

Figure 2: Extension of_CityObject in the CityGML core module with verion information

Any LADM-ADE developed in more detail should betezsfor conformance with 1ISO19152.
At least the conformance level one (clause 2.4rinex A of 1ISO19152) should be achieved.

2.3 Relationship between physical and legal

We suggest to model features with legal and phi/ssgaesentations independently and allow
to establish an n:n relationships between theselst\he relationship between a LegalSpace
and a Building is the most obvious one to be use&lationships between LegalSpace and
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any_CityObject should be allowed. In order to implement the Hegrel approach depicted in
Figure 1 it may be beneficial to model an additlordationship class to link LegalSpaces
with _CityObjects.

2.4 Access rights

Legal rights, such as easements or access rightsecanodelled in an similar way to Parcels
following LADM’s conceptual model. A feature repesding an access right

(SolarPanelSpace, for example) can be modelledrigheto install and service solar panels
on roofs (solar cadastre), for example, can sinfg@lyimplemented by linking to a suitable
specialisation of LA_RRR that expresses thesesight

3. INTEGRATION OF CONCEPTS

The implementation of 1ISO19152-conformant featunes CityGML ADE is only one of the
possible approaaches to combine the capabiliti€SitglGML and LADM. The advantage of
this approach is that a practical solution to captstore and exchange land administration
information, particularly legal spaces, by usingttbgtandards without modifications to
LADM and allowed extensions of CityGML. A differemtpproach would be to create an
explicit overlap between the two standards and eni#&M concepts in CityGML and vice
versa. This could happen in the normative parthefspecifications or, at least to start with,
in the informative parts or annexes. The develogsén both standards would ideally be
synchronised.

Both standards are subject to the maintenance ablctation procedures that are particular to
the relevant standardisation organisations owrtiegstandards. Whilst revisions of a standard
in the Open Geospatial Consortium’s process areedinto change requests that can be
submitted by anybody on the OGC portal (www.opesgatial.org), revisions of ISO
standards have a default maintenance cycle of & yaal require a New Work Item Proposal
to be submitted by member states and agreed bgc¢heical comittee.

It is suggested that in the next revision of ISCE®an informative annex that explains how
relevant parts of LADM can be encoded in CityGMlagdded to the specification. The next
periodic review of the specification will be due 2017, though an earlier start might be
possible if the case can be made. A further steyddoe to specify an encoding for LADM
similar to the encoding specified in 1ISO19135-2 tlog item registration procedures covered
by 1SO19135. A 3D encoding could then be specibiaded on CityGML. However, it may
be beneficial to evaluate first if there is a clesrket demand for such an encoding. In the
meantime, CityGML ADEs can be used to experimerthwincodings and develop better
requirements.

From a CityGML perspective the representation aid-@dministration is currently subject
to consideration in CityGML 3.0. The developmenagh started in mid 2014 and is expected
to last until at least summer 2015. Suggestiornthénform of change requests are processed
by the OGC CityGML SWG. A change request to includeDM concepts as a Land
Administration module in version 3.0 can be madaibybody.
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The flexibility of LADM to allow country or regiorigprofiles suggests that the development
of country or regional ADEs taking into account @fie requirements of the local cadastre
and registration systems may be a more suitableoapp than including a dedicated land
administration package in future versions of CityGM

4. CONCLUSION

The paper demonstrated how the OpenGeospatial @oumsts CityGML standard can be
used to provide an encoding for 3D land adminigmainformation. The basic principles of
the integration by mapping key feature classes ath standards are shown. The same
approach will be applicable for country or regiqesific profiles of ISO19152 and practical
experimentation with this is encouraged.

More work needs to be done to develop and testasnmore CityGML ADEs for land
administration in a practical use case. This coodd done in an OGC Interoperability
Experimenent or one or more separate projectsllydaalifferent countries.
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