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SUMMARY

The last decade, significant progress has been maat#vancing the concept of 3D Cadastre
and related technologies to facilitate its realisat There are many examples of partial
implementation and prototypes of 3D parcels regigtn around the world as stated by
Kitsakis et al (2016) and Dimopoulou et al (2016éparding selected countries. While
standardisation in the land administration domaierds to 3D and even 4D representations,
currently, there is no country that has a fully mpenal 3D Cadastre supporting all stages of
the registration and dissemination (Van Oosteroml,e2014). In the context of 3D Cadastre
developments worldwide, the Land Administration om Model (LADM), I1ISO 19152,
outlines the foundations for a 3D Cadastre and imesoone of the best candidates for
unambiguously representing 3D Rights, Restrictiand Responsibilities (Kalogianni et al,
2017).

The spatial development life cycle of an objectibegutside the cadastral registration cycle
and has a direct impact on how a specific developrapplication is processed. Thus, in
considering the changes required to allow a jurigali to register 3D objects, it is important
to note the sphere of influence that could havéngract on 3D registration. These include
multiple stakeholders and processes, which geneitigzent user needs, as addressed at the
previous section and also new opportunities thaldcbe addressed on the current LADM
version.

To this purpose, this paper explores the needpergpects towards further 3D modelling of
the present LADM version, as derived by the curtehDM experience in various countries
worldwide in the context of the full spatial devetoent cycle. Nevertheless, over the last few
years the number of jurisdictions that are develgpLADM-based country profiles,
prototype systems and undertaking pilots usingowariphysical models and data formats to
achieve LADM implementation in the context of 3Ddaatre has become more significant.

Those approaches can be mainly categorised as “@yerational” implementations and
“partly-operational” implementations focusing on ffelient aspects of 3D cadastre
development cycle; e.g. submission of 3D survenglarototype stage; implementations that
focus on visualisation, implementations that foongonstraints and validation rules, etc.
Finally, within this context, this paper examinasshcurrent LADM version can efficiently
meet the needs stated above and update user raquiie for LADM in the context of the
upcoming revision.
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3D Cadastre and LADM — Needs and Expectations towards
LADM Revision

Eftychia KALOGIANNI, Efi DIMOPOULOU, Greece and
Peter van OOSTEROM, the Netherlands

1. INTRODUCTION

In many global documents land is considered assanei of utmost importance (Lemmen,
2012) and thus, land administration systems emiuoge the very old times (Zevenbergen,
2009). Cadastral systems are being recognizedeasdie of Land Administration Systems
(LASs) and are normally understood as parcel beamedl up-to-date LASs containing
identication of the individual parcels and a recofdnterests above/below/on land and water
surface. The role of Cadastral Information Systeespgecially the last decade, can be seen as
the pivot of a sustainable economic and culturaktigpment, as well as the development of
smart cities: they assemble, manage and sharerafmn allowing citizens and governments
to leverage an enormous national asset base (IQ8M).

Furthermore, land administration should not beté@anymore as an isolated activity, but as
part of a whole chain of spatial development atégiwhich should all be well aligned with
and support 3D representation (Figure 1). As disted by Van Oosterom (2013), the naming
and the order of execution of those activities tfgpalanning/zoning, designing, permitting,
financing, surveying, registering, constructingings maintaining objects) may differ from
country to country, however they portray the gehpracess followed and are related to 3D
cadastral registration.

THE SPATIAL DEVELOPMENT CHAIN

Zoning,
Data visualization Real world Designing,
& dissemination
Permitting,
Data Surveying,
validation LAND
Registering,
ADMINISTRATION glstenng
CYCLE Maintaining,
Data storage & Data
management Acquisition Constructing
Data Data
validation Data Registration validation

Figure 1. 3D Cadastre within the spatial development chain
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In this scene, the increasing technological origmteof Cadastres should not detract from the
fundamental role they have in society and the io@pions this has in supporting new
connections between wider society and across iwadit jurisdictional boundaries,
contributing to facilitating the delivery of natiahvisions, digital economies, fundamental
datasets and realising smart, sustainable andergssities of the future (Rajabifard, 2014).

In this scene, the Land Administration Domain Mo@eADM) ISO 19152 (ISO 19152,
2012) one of the first ISO spatial domain standaaiglines the foundations for a 3D
Cadastre and becomes one of the best candidatesdarbiguously representing 3D Rights,
Restrictions and Responsibilities (Kalogianni et 2017) while supporting the link with
physical counterparts through external classes. MAbxreasingly plays a key role, as quite a
number of countries are active in developing Cadhtformation Models based on LADM
and adapted to their needs, also trying to integte &' dimension.

Six years after the final vote of LADM as ISO stardi a lot of research has been carried out
and progress has been achieved from experts atbendgorld, while limitations, needs and
opportunities for further modelling of the initiBADM version have been identified. Today,
the ground seems to be mature for its revisionpmpd with the collective knowledge and
experience from many countries and the need t@ehaand explicitly model the scope of the
model. The revision of LADM has been scheduled witBO/TC 211 and is expected to be a
joint activity with many stakeholders involved.

The scope of this paper is closely related to theoming revision of LADM as it aims to
identify current needs of real-world cadastral aitbns through the knowledge and
experience gained by the development and implertientaf LADM country profiles in the
context of 3D Cadastres. As a first step, develogméwards an operational 3D Cadastre
evolved in different countries around the world briefly presented and linked with current
possibilities of LADM v.1 in terms of 3D supportelds and expectations identified through
3D LADM prototype implementations are addressed,levimeeds derived for LADM
implementation through the most dominant techmuoadiels and encodings are listed. Finally,
requirements and expectations for future developsni@nthe context of the second edition of
the LADM are presented and opportunities for refieats on current 3D LADM support are
discussed at the last section. Legal and institati@spects of 3D Cadastre are out of the
scope of this paper, while attention is paid to therent 3D support of LADM in more
technical aspects (i.e. Spatial Unit package) aambdunities to improve it.

2. 3D CADASTRE DEVELOPMENTS

In this section the necessary background informat#o briefly presented. Firstly, current
operational solutions supporting at least partlg ttontext of 3D Cadastre from several
countries worldwide are presented. Following, cutrrpossibilities of the initial LADM
version in terms of 3D support, as perceived bytipiel country profiles, are underlined,
while in the last sub-section requirements from IM\Dmplementation through various
technical models are considered.
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2.13D Cadastre efforts

Nowadays, administration of land is challenged hpracedented fast-growing demand for
space use above and below earth’s surface anduidrihformation. Infrastructure density,
leads to complex interleaving (overhanging strieduand/or above- and below-ground
infrastructure) triggering legal, organisationaldatechnical challenges. Such complex
situations are likely to increase given that derapbic forecasts expect urban population
growth to double by 2050 (PBL, 2014) and also, attlee deficiencies of current description
of land rights in 2D (Atazadeh et al, 2016; Kitsakind Dimopoulou, 2016; Van Oosterom,
2013). In this scene, the last decade, the numbgradial implementation of 3D parcel
registrations around the world is increasing sigatiitly (Kitsakis et al, 2016; Dimopoulou et
al, 2016) taking advantage of the developmentsippart the third dimension in the field of
GIS Technology. However, less than 50 countriesursdothe world have mature land
information systems (Dimopoulou et al, 2016), whisrrently no country has a complete
operational 3D Cadastral Information System, inocaing all aspects (Van Oosterom et al,
2011, 2014):

— 3D legislation;

3D surveying techniques;

3D registration of Rights, Restrictions and Resjulittees (RRRS);

management, validation and dissemination of 3Deigyc

— correspondence to parcel’s physical counterparts.

Although there is no country incorporating all taasspects, there are several jurisdictions,
which do have operational solutions supportingeasst partly the context of 3D Cadastres.
Those 3D Cadastre efforts can be mainly categoasetully operational” implementations
applying a holistic approach achieved in diffedenels of maturity (Israel (Felus et al, 2014),
the city of Shenzen in China (Guo et al, 2014), Sketes of Victoria (Aien et al, 2011; Aien
et al, 2012) and Queensland (Karki, 2013) in Adistr&Croatia (V@i¢ et al, 2017), Sweden
(EI-Mekawy et al, 2014)) and “partly-operationafiiplementations exploring the process of
developing a 3D Cadastral Information System fauyisin different aspects; e.g. submission
of 3D survey plans, prototype stage (Malaysia (#lilkt al, 2014; 2014b), Czech Republic
(Jan€ka and Sotek, 2017), link with dominant physical models, agyGML (Poland
(G6zdz and Pachelski, 2014), implementations that foqusisualisation (Russia Federation
(Elizarova et al, 2012), Trinidad and Tobago (GhfCharles and Edwards, 2014)),
implementations that focus on constraints and a#ibth rules (Greece (Kalogianni et al,
2017)). To this end, the first 3D cadastral registn of multi-level ownerships rights has
been accomplished in The Netherlands, in 2016 €6&idtal, 2016), as a result of many years
of research.

The full cycle of the cadastral plan is part of @ev process, the spatial development chain.
In this scene, considering the steps for a 3D QGeslasplementation, it starts from data

acquisition using surveying techniques, moves tta daanagement, then data storage to
register at the responsible authority and finadlgta visualization and dissemination to the
users. Besides legal and technological aspects,CabDastre implementation in specific

country requires communication with stakeholdensr@yors, notary, banks, government

agencies, public), and taking decisions.
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This is a repetitive process in which researchgnagressed in all stages in terms of 3D. The
use of standardisation techniques (both cadastnal #chnical models), appropriate

legislative framework supporting this 3D procesalidation at various levels and use of

advances in technical issues regarding the visatadiz and dissemination, are prerequisites
for the successful implementation of 3D Cadastrel dacilitate data exchange and

interoperability between information systems.

For instance, while most jurisdictions do not ulse building construction plans to update
their cadastre, Costa Rica use BIM, which leadsthte fact that more spatial and
administrative details are provided (Van Oosterdralge2014). Additionally, an appropriate
3D cadastral data model plays a key role to ersmureessful development of the 3D cadastre.
LADM has proved that it provides the framework topgort a flexible, systematic and
incremental approach in the development of a latdimistration and management system
catering to the needs, priorities and requiremehtsers and society (Lemmen et al, 2017).

The afore mentioned selective cadastral effortstimdscus on the development of a 3D
Cadastral Information System (fully or partly fuiocial), without taking into account the
whole life cycle of 3D in the spatial developmeihiaim. Many of those are based on the
LADM concept and the corresponding LADM-based couptofiles, while several of them
include prototype systems and pilots using variphgsical models and data formats to
achieve LADM implementation. Although the number agfuntry profiles that have been
developed is increasing significantly, those aneiteéd to the conceptual model design. As
stated by Lemmen (2012), the development of coymnfiles based on the standard aims to
understand the structure within the individual doythand administration system and show
examples of structures that can be useful in nglgirofiles for other countries

Several approaches have been developed towardmghementation and representation of
those LADM-country profiles, however they are uspat a prototype stage, providing initial
results and address useful conclusions for thadiions discovered. As a particular benefit of
3D cadastral systems is that they offer betteraligation support for complex multi-level
situations, providing clarity about the boundarytbé land or any kind of property unit
(Lemmens, 2010), it is expected that further regdeavill lead to successful implementation
and representation of LADM profiles. It is notechthithose profiles are usually research
initiatives from academia, with less or no invoham of the competent national
organisation/agency for the Cadastre, with limisdeptions such as the Ministry of Land,
Infrastructure and Transportation (MOLIT) in Korediich has proposed an extended LADM
country profile for Korea (Lee et al, 2015).

In this context, the cadastral developments soléad to the need to improve and revise the
LADM in the 3D context.
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2.2 History and potentials of LADM

2.2.1 Current possibilities of LADM v1

The standardisation project of LADM started back2@08, when the first proposal for
standardisation was submitted as a result of &esvwwithin FIG since 2002 and after a series
of reviews, comments and updated versions of tedsird, it completed its first “cycle” on
December 2012.

As stated by Lemmen (2012), the basis for the dgweént of the LADM wasA common
denominator, or the pattern can be observed in gloland administration systems:
legal/administrative data, party/person/organizatia@ata, spatial unit (parcel)/immovable
object data, data on surveying or object identifica and geometric/topological data are all
included”. Subsequently, the initial version of LADM was dgsd by experts from all over
the world, based on the common pattern of ‘peopled relationships, re-using existing
international standards (ISO 19107, ISO 19111, 19015, ISO 19108), being as simple as
possible to be useful in practice. LADM is currgntiaintained by ISO/TC 211.

The innovation is in the availability of the LADMsa basis for structuring and organising
representations of people to land related inforomatin databases, in a generic way (Lemmen
et al, 2015). According to the first version of LADits implementation can be performed in
a flexible way as it can be extended and adaptelddal situations, while also provides
external links to other databases (supporting médion infrastructure type of deployment).
Thus, the scope of this initial version is very widn order to satisfy diverse user
requirements.

The major impact of LADM is through its recognitias an ISO standard for the domain of
land administration (Lemmen et al, 2015) in 2018e Hrowing recognition and influence of

the standard is revealed by the multiple countofiles that have been developed; several
implementations of them through different technicabdels and encodings considering
existing application schemas or developing new;wa#l as parallel activities, such as

development of land administration domain ontolagypport of strata titles, etc. Besides, the
above-mentioned achievements, some options oftered\DM are still to be explored.

From a 3D cadastral perspective, concerning therdifit spatial units supported by LADM

within the Spatial Unit package and the Spatial iRegntation and Survey sub-packages,
LADM provides an abstract framework to model thenponents in land administration

domain, offering several representations rangignftext to 3D topology. Specifically, it

allows for a representation only with descriptiegtf where no geometry is used (‘text based’
spatial units); representation with sketched andtqdraphs (‘sketch based’ spatial units);
representation with coordinates of a single popoi(t based’ spatial units); representation
with lines and incomplete boundaries (‘unstructulied based’ spatial units); representation
with polygons, where spatial units are definedegmsate entities and no topological relations
apply (‘polygon based’ spatial units) and repreatoim when spatial units share boundary
representations (‘topological based’ spatial unitéixed representations are also possible to

apply.
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Within this framework and in the context of LADMhe “true” 3D representation of spatial
units is described with arbitrary oriented facethimi the “LA_BoundaryFace” concept, while

it allows for mixed representations - integrated 2Dd 3D - of spatial units using
“LA_BoundaryFace” and “LA_BoundaryFaceString” copt® without complicating 2D.
Taking into account that a 2D parcel actually degim column of space above and below the
land surface, a 2D parcel is in truth a 3D pardaictv has no explicitly defined top or bottom
(Stoter and Van Oosterom, 2006). Liminal spatiatsynvhich are a combination of boundary
face strings and vertical boundary faces, are entliheshold of 2D and 3D representations
(ISO 19152, 2012). They are used for 2D spatiaswwhich are adjacent to 3D spatial units,
with a split in the shared vertical boundary faces.

As underlined by Jarka and Karki (2016) and according to the requireieri LADM,
topological information alone is not sufficient describe a 3D spatial unit and according to
the requirements of LADM, geometrical informatiorush also be associated with each
topological primitive, either as direct or indiregtometries (via related topological primitives
with geometries). Regarding the 3D topology modelLADM, volumes should not overlap
but may be open on the bottom or the top correspgrtd non-bounded 3D_SpatialUnits (in
this case, the size of the volume cannot be cakuigZulkifli et al, 2015).

Zulkifli et al (2015) review different 3D topologit models to choose the most suitable one
for certain applications within LADM concept. Thathors conclude, that there is no single
3D topology model best suitable for all types oplagations, as it depends on the type of each
application and therefore, the requirements of 3Betopology model should be defined
accordingly. Based on their research, tapblogical structure to organize tetrahedrdns
Tetrahedral Network (TEN) introduced by Penningd &an Oosterom (2008), is one of the
most suitable 3D topology models.

TN = right parced | %,

—~ LA Beumar\,-Fasﬁt tring

|
|
|
Al

Figure 2. Spatial units defined by boundary face strings
(Lemmen, 2012 — Figure designed by Rod Thompson
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Moreover, Ying et al (2015) propose a data mode&nbed towards the application and
storage of a 3D cadastral system. Particularly,atiiors extend the geometric-topological
model in LADM, which is based on ISO 19107, andesidn the model to support non-
manifold 3D objects to represent realistic 3D caé@ddbjects. They propose a method to
efficiently recognize and construct solids and espnt the topological relationships of valid
volumetric solids in 3D space in a straightforweualy, whether there is an isolated solid, or a
multi-solid/solid set. Moreover, the internal stiwre and spatial relationships of a complex
volume set are preserved by maintaining each volumeer valid control. In terms of
geometry, the concepts and classes of GM_Point, I@MiCurve and GM_Surface are
imported from ISO 19107 (ISO 19107, 2003) and mewll the functionality needed in the
context of LADM.

At the Spatial Unit package of LADM, the LA_Levdass definesd set of spatial units, with

a geometric and/or topologic and/or thematic colmee This concept is important for
organizing the spatial units in LADM.{ISO 19152, 2012). It is important to note that th
principle of legal independence is supported thihatings class as the type of land register and
different types of spatial units can be combineame level and this allows for integrating
data delivered by different organizations with eli#fnt mandates and for integrating data
based on different spatial units (Lemmen, 2012)e Thde list values of the “structure”
attribute of LA_Level class (LA_Structure_Type) lmde the various spatial structure types
(text, point, unstructured line, polygon, topologysed in a specific land administration
profile implementation.

Furthermore, Annex E of LADM ISO 19252 (ISO 1912P,12) describes six spatial profiles
based on the “structure” attribute in class LA _Lewas follows:

— 2D point based,

— 2D Text based,

2D Unstructured line based,

2D Polygon based,

2D Topological based and

3D Topological based.

The spatial profile that will be used at a courgrgfile is subject to its purpose, while it is
also possible to combine several spatial profil@epending on the spatial profile
implementation, some classes should be omitted Arih ISO 19152, 2012). For instance,
for the 3D Topological based spatial profile, whidéscribes pure 3D topological volumes
without overlapping volumes, the LA _BoundaryFacetrclass should be omitted as it
represents 2D, while as part of the constraints #wedconditions that should apply, the
attribute “structure” is fixed to 'topological' BD _Level class, while in 3D_SpatialUnit class
the attribute “dimension” is fixed to '3D".

Normally 3D land space is bounded by vertical aefhdlt “ceiling and floor” faces (Ying et
al, 2011), however, for cadastral purposes 3D @bjetay need to satisfy operations and
associations different than those of other “sim@B"objects, to reflect real-world situations.
Ying et al (2015) state that regarding 3D cadasio@cts, a valid volumetric object is defined
as a 3D primitive that can be represented by onseecpolyhedron, refined by a set of
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connected faces, satisfying the following charasties: closeness, interior connection, face
construction and proper orientation. Thus, the nutric object can have through-hole/ring or
cavity that allows its boundary faces to touch eattter, which is not a 3-manifold in some
cases. Besides, practice has shown that most dfAD# country profiles that have been
developed are limited to the conceptual model aeargd do not include implementations or
3D representations.

2.2.2 LADM-based country profiles in the context of 3D

Although LADM provides an international framewordgnceptually effective to support 3D
Cadastre development (Oldfield et al, 2017) encasipg a wide range of eventualities, it
does not stipulate the requisite data format (eimgs)l for implementation (Jadiea and
Souek, 2017). Among the prototype and pilots that haeen developed the last years, only
a few have achieved direct LADM implementation. sThub-section briefly refers to selected
country profiles focusing on the way they handke 3D support of LADM.

To start with, in Israel, the concept of the 3D-palbcel concept was introduced by Shoshani
et al (2005) and is based on subdivision of themitdd column of space implied by the 2D
surface parcel into at least one completely bour8i2d/olume and a remaining (unlimited)
space. In Israel a holistic SDI approach for megftindata exchange between various
stakeholders was introduced. Felus et al (2014¢ldped the Israeli LADM country profile
and the first step towards 3D parcels was the dioicton of the 3D IL_BoundaryFace as a
specialization of LA_BoundaryFace class.

One of the first countries to develop a pilot LADbbuntry-based profile was Russian
Federations (Elizarova et al, 2012). The proposedehincluded 5 types of property objects
(land parcels, buildings, premises, structuresuarioshished construction projects), 3D models
for buildings were developed and 3D objects wepasented as polyhedrons. For technical
implementation, an interface containing a 3DViewas selected to support selection of
attributes. Web dissemination of 3D cadastral dbjecas enabled, while added reference
objects such as DTM, walls of buildings and scanmegh allow for spatial interaction with
data in 2D/3D environment and selections/queries.

Furthermore, G#dz, K. and Pachelski, W. (2014) developed the 3D LAP#lish country
profile where the registration of 3D cadastral otjeis supported by the new classes:
PL_3DParcel and PL_CadastralParcel and two speaimihs PL_RestrictedParcel and
PL_UnrestrictedParcel. An instance of the classURritestrictedParcel is a cadastral parcel
representing "infinite column” (a column with inacate vertical boundaries determined by
social and economic purposes of land use), wheraas instance of the class
PL_RestrictedParcel is a cadastral parcel reprieseatcolumn reduced by volume of legal
space of: 3D parcel(s), building(s) or utility nenks (G&dz et al, 2014). For the technical
implementation of the country profile the authomogmsed a CityGML-LADM ADE,
drawing particular attention to the buildings aglastral objects. The link between legal
objects and the corresponding physical is an azSoci between the classes
LA _LegalSpaceBuildingUnit (from LADM) and _Abstr&uilding (from CityGML).
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Janeka and Soéek (2017) proposed a comprehensive LADM countryfilegrdor Czech
Republic in the context of a multipurpose land austration system. The Czech LADM
country profile uses 2D topological based spatiatsufor the representation of spatial units.
The concept of LA Level has also been used ancetiera base level (Level 1) with
topologically-defined spatial units (structure: GAructureType = topological) and a Level 2
with polygon-based spatial units (structure: CZu&iureType = polygon).

An interesting approach was developed by Lee a¢28ML5) who proposed a 3D land
administration model for Korea using a cadastralireey form, including the representation
of 3D physical properties and 3D rights. The madebased on the initial Korean LADM-
based profile (Kim et al, 2013) which was limitedl 8D and the new model supports
underground utility and superficies informationpi@sent the physical and legal information
on both buildings and underground feature. A spieeidon class of LA_Parcel has been
added, 3D_UndergroundParcel, to include 3D infoiomat such as 3DSurface,
ConstructionParcel, LegalSpaceParcel, FragmentPamdeConsolidatedParcel. Accordingly,
the Surveying and Representation Sub-package has éetended with a new package,
3D _Surveying and Representation Sub-package, toposup the structures of
3D_UndergroundParcel class.

Last but not least, a lot of work has been carreed for the development and the
implementation of the Malaysian LADM country prefi(Zulkifli et al, 2014a, Zulkifli et al,
2014b, Zulkifli et al, 2015). The Malaysian profilecludes support for strata objects and the
Spatial Unit package includes support for 3D spaitiét representing building (MY_Building
class), utility and lot. The class MY_Shared3DIni® a specialization of LADM'’s
LA_SpatialUnit class and has two subclasses: MYIdwg and MY_Utility containing
common attributes such as a GM_Solid geometrybatei a variable length volume attribute
with at least one LA_VolumeValue and a Booleanilaite indication whether the object is
provisional or not (Zulkifli et al, 2014b). The sk MY_GenericLot is a subclass of
LA_SpatialUnit class and comprises of two subclassklY Lot2D and MY_Lot3D
representing 2D and 3D lots correspondingly. Togwlas not used. For the technical
implementation, 2D cadastral objects (MY_Boundaog=tring) were represented using
polyline (GTYPE=2002) and 3D strata volume objec{e.g MY_ParcelUnit,
MY_Shared3DInfo) are stored by multipolygon meth@TYPE = 3007) using Oracle
Spatial (MDSYS.SDO _GEOMETRY type). The prototypwas for the representation on
Bentley Microstation, where queries and 3D edibhgbjects are supported.

Similarly, the concept of LA_Level has also beerdusit the LADM country profile for
Greece (Kalogianni, 2015) as presented in FiguielBw. Different types of spatial units
have been organized in levels (class GR_Levelwalig the flexible introduction of spatial
data from different sources and accuracies. Tharzgtion of spatial units in different levels
allows also for different spatial representationaading to the nature and framework of each
object, thus providing the option to use topologyd/ar geometry according to the
requirements of each “level”.
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Figure 3. Levels from different types of spatial units crated for the Greek LADM country profile
(Kalogianni, 201%

2.2.3 Linking LADM with physical models

In the context of the significant developmentsamputer graphics in terms of modelling and
rendering 3D models of urban structures in diffefenmats and Levels of Details (LoDs),
the research on the integration of legal and physispects of objects has received significant
attention (Kalogianni et al, 2017). Legal infornoatirefers to legal interests, boundaries and
attributes, as well as it is a prerequisite for aging Rights, Restrictions and Responsibilities
(RRRs), maintained by cadastral data models (LARRJan). On the other hand, data
associated with physical objects is characterizedjdometric and semantic information in
various LoDs, maintained by physical data modelsy@ML, BIM/IFC, IndoorGML), which

do not support legal or cadastral information. Tiglwout the research that has been carried
out the last 5 years since the adoption of LADMaasnternational standard, more and more
researchers (Alattas ET AL, 207; Atazadeh et al,62®oon et al, 2014; Gdz et al,2014,
etc.) investigate the integration between legal phgsical data models (for reference/
orientation purposes) to simultaneously manage beghl and physical dimensions of 3D
RRR data, as well as its technical implementatioough application schemas and technical
models (CityGML, IndoorGML, BIM/ IFC, LandXML, InBaGML, etc.).

Given the nature and structure of such models,ifnportant to identify the needs for further

3D modelling, regarding code lists, associatiorms)straints (including those between legal

spaces and physical models), data types, validaties, visualization aspects, etc. as well as
outline the expectation for the future. Additiogaltechnical issues that arise from data
acquisition, submission and validation need todsressed.

Thompson et al (2016) have already addressed secheital issues regarding the encoding
of cadastral information through LandXML and InfidG. Specifically, they recognise that
within the LandXML structure, the integrated footprand LA_BoundaryFace volumetric
approach can be encoded in two different scheme®pl& Faces Method and Nested Parcels
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Method. According to the authors, spatial units$farred as full 3D polyhedra can be
converted to the integrated footprint and LA_Bouwg#ace form in the database.

The same authors underlined that an important tepidurther explore is the link with
ExtPhysicalBuildingUnit (as represented accordm@ityGML or IndoorGML or BIM/IFC)

in terms of which LoD level is being referred tabvibusly, when a single building contains
multiple spatial units, then indoor is needed (Lo CityGML or perhaps better use
IndoorGML or BIM/IFC representations).

Considering the different LoDs of CityGML, Thompsenal (2016) discussed that LoDO in
City Models could be represented as a 2D footptinD1 as a “Prism” (footprint with top
and/or bottom), while LoD 3 and LoD4 as a compRiegeometry, including indoor, as one
building may contain multiple spatial units).

Furthermore, Oldfield et al (2017) proposed a magpof the LADM to the IFC. The
LA_SpatialUnit has been mapped at the level of pix®. It is noted that the IFC works
primarily with solids rather than boundary repraaéan (BuildingSmart, 2017). There are
many types of solids in the IFC, which are can maygextruding from a circle, rectangle, or
polygon, although the IFC also allows many typedbafindary representation. The authors
choose three forms of geometric boundary representicom the variety of options provided
by the IFC: points (nodes), edges (straight linae)l surfaces (faces). None of them involve
curves, unless they are planar. They are open lshetieans of infinite prisms, closed shells,
polygonal bounded half-spaces, and faceted bounéargsentation (brep). Open and closed
Shells and faceted brep can straightforwardly bpped to the LADM. The cartesian points,
which are their most basic building block, map tA Point (GM_Point); the polyloops
formed from the points equate with LA BoundaryFdde§ (GM_Multicurve) and the
connected faces, which edge them (lfcConnectedfetce$o LA_BoundaryFace
(GM_Multisurface).

Last but not least, Alattas et al (2017) investgidite combined use of IndoorGML and the
LADM and propose an IndoorGML-LADM extension byKing the Spatial Unit Package of
LADM with the spatial features of indoor space frahe CellSpace in the IndoorGML
through an association. Particularly, the cell spassociates the primal space to the LADM,
providing the spatial information about the ind@pace type to LA_SpatialSource, which
associates the spatial information to LA_SpatialUni

3. LADM REVISION: REQUIREMENTS

Last year in Delft, the “UN-GGIM Meeting of the Bsqp Group on Land Administration and
Management” and the *6Land Administration Domain Model Workshop” wereganized.
Lessons learnt from currently operational and psepo country profiles and their
implementations of the first version of LADM havedn discussed and the main conclusion
was that a second LADM revision is needed (Van &@ost, 2017).

The aim of this revision will be to refine and tuet model in detail aspects that are already in
the scope of LADM. Analysing the most importantulés from the LADM country profiles
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experience it is concluded that in several casgseaialization of LA_Parcel class has been
created in order to support the needs of 3D caalasdtjects in each jurisdiction, accompanied
by the corresponding newly added classes at thee@img Representation sub-package. In
some implementations, LA_Level is used in ordeclassify the spatial units according to

their topology/geometry or in modules accordinght® different levels of spatial units that are

included. However, at most of the cases the clagbése Spatial Unit Package are used as
proposed by the core LADM model. Main conclusiorenf the work that has been carried

out the last four years within FIG Joint Commissi®and 7 Working Group on 3D Cadastres
should be taken into consideration (Van Oosterdhg2.

At a conceptual level, the need for explicitly mbalkthe use cases of 3D Cadastre, including
different types of spatial units (marine, archaggloplanning, mining, air, etc.) has been

underlined and could be added as a new user regeire

For the purpose of this revision it is considerieak tuser requirements for LADM should be
updated in order to address current needs. Frobegging LADM has been developed based
on a set of user requirements, which has been egpdat each three initial Versions (A, B
and C) before its standardisation as ISO (Lemme@h2R

Based on the current possibilities of LADM, the l&#rages derived from country profiles and

the link with physical models, this Section brieffiscusses some of the core User
Requirements for LADM (as presented in Lemmen, 2@42t need to be updated during this
revision, paying attention in placing 3D Cadastmrescontext the whole chain of spatial

developments and not seeing it as an individuaiact

Referring to the User Requirements for LADM as dibed in Christian Lemmen PhD Thesis

(Lemmen, 2012, p. 92):

— Requirement CO08, System boundary of LADM, external classes and nmtion
infrastructure$: considering external classes and more spedyicdtxtPhysical-
BuildingUnit and ExtPhysicalUtilityNetwork, more phcit and specific relations with the
physical models that those classes are linked @Bitly, BIM/IFC, IndoorGML, Infra-
GML, LandXML, etc.) should be established.

— Requirement C10, Miscellaneous should be updated in order to cover the needs
generated from current experience. Specificallgew requirement may derive from C10
regarding code lists, as more explicit modellingl a@mantics of code list are needed,
since currently they are not structured and needdcome more normative and use
hierarchical structures. Adopting the principlests ISO 3166 (the International Standard
for country codes and the codes for their subdiwisi (ISO 3166, 2006)) could be
discussed.

Moreover, considering 3D Cadastre as part of thelevispatial development chain will
probably generate new user requirements that shioelldddressed in the context of this
revision. Indicatively, as the implementation of DK through an existing application
schema or a new one will be a matter of priorityhis revision, the general requirements for
this link should be addressed.
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Lastly, further requirements include among otheigrmalisation of constraints and
establishment of validation rules, further and @&ipimodelling of RRRs, attention at the
temporal aspect (4D) for both space and time, etc.

4. OPPORTUNITIES FOR REFINEMENTS ON CURRENT 3D LADM SU PPORT

To conclude, from the knowledge and the collecexperience gained through the last 6
years since the adoption of LADM as an ISO standtrere are lessons learnt and many
conclusions that need to be taken into accouritdércontext of this revision.

The current spatial development life cycle of aneob begins outside the cadastral
registration cycle and has a direct impact on howpeacific development application is
processed. Thus, in considering the changes refjtirallow a jurisdiction to register 3D
objects, it is important to note the sphere ofuefice that could have an impact on 3D
registration. These include multiple stakeholders processes, which generate different user
needs, as addressed at the previous section andeadsopportunities that could be addressed
on the current LADM version.

To start with, the implementation of LADM has besrhieved with multiple technical modes,
application schemas and encodings. This is dukeddct that the spatial package of current
LADM version is abstract and can be implementedh winy ways, according to the needs of
the user, the purpose of the model, the availabta,dhe complexity of allowed geometric
features and the capacity of the system to accoratadtiese complexities. Accordingly, not
a single encoding may be used for converting theceptual model to the technical, but
multiple application schemas can be used to achietAowever, this leads to incompatibility
within systems and does not allow for data exchandpch is a fundamental requirement of
LADM.

In this direction, it may be wise to discuss muétigirections/approaches and further model
current (e.g. topological profile) or sharpen neyatgal representations and spatial profiles
(e.g. point clouds profile, for non-topological 3iarcels) dedicated to the most dominant
technical models used for the implementation. Thepgsal and exploration of technical
encodings possibilities (for initial registratidoy dissemination/ visualization, etc.) and more
explicit modelling of links with external physicabjects enhance a fit for purpose approach.
In all cases, validation is necessary and for gaoposed spatial profile the corresponding
validation rules and tests, constraints, functiang semantics should be defined. Indicatively,
(automatic) check of 3D cadastral object beforaiinp DBMS, use of proper (spatial) data
types in DBMS during storage, check for possiblefiicts with other 2D or 3D objects,
check for possible conflicts with earth/water soefavalidity check of spatial data types,
check for consistency between legal/admin and alpatiributes, etc. It is considered wise to
also define "cross-model" associations and comsgraieferring to both the legal and the
physical aspect of the cadastral objects. In tbigext, apart from the geometrical aspect, the
semantic aspect of data sources should also bedeoad as data in BIM/IFC, CityGML
LandXML, InfraGML, IndoorGML, etc. are produced leason different domain knowledge
and this may cause conceptual and terminologidédrdinces between data sources if these
data sources are to be integrated (Soon, et a4)201
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Similarly, the need for further modelling of LADMights, Restrictions and Responsibilities
(RRRs) has been underlined in multiple country ipgefsupporting all kind of land and
property rights, as well as Fit-For-purpose apphoacd is expected to be addressed at the
second version of LADM.

Furthermore, the development of a process and Vewvldtandardisation (initial registrations,

ISO TC307, survey workflow, etc.) for new/updatdd @arcels to serve as part of the whole
spatial development chain, as well as possibilfes3D web-based dissemination (usability,
man-machine interfaces, including Augmented/ Virtiaeality) should be discussed as
possible aspects of LADM revision.

Last but not least, extensions of current modeleapected to be addressed in the context of
LADM revision. More specifically, valuation infornian (which could might help to support
Fit-for-Purpose approach) is an important aspeattghould be included at the second LADM
version and provide an information model for valmatdatabases based on LADM (Kara et
al, 2017). In this context, the development of a @Bidlerground cadastral data model with
LADM (Lee et al, 2015) as an extension of currendel should be examined.
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