3D Cadastres Best IRrigadtailc eRe,gi Ghtamttaron

Efi DIMOPOULOU, Greece, Sudarshan KARKI, Australia, Mi o d r a g, Cieada, L
José Paulo Duarte de ALMEIDA, Portugal, Charisse GRIFFITH-CHARLES,
Trinidad and Tobago, Rod THOMPSON, Australia, Shen YING, China, Jesper

PAASCH, Sweden and Peter van OOSTEROM, fie Netherlands

Key words: 3D Cadastre, Initial Registration, Data Source

SUMMARY

Registering the rights of a 3D parshlouldprovide certainty of ownership, protection of rights

and unambiguous spatial location. While not all cadastral jurisdictions in the world maintain a
digital cadastral database, the concepts of sudstratipon hold true regardless of whether it is

a papetbased cadastre or a digital one. Similarly, the motivations and purpose for the creation
of a 2D cadastre for individual jurisdictions applieSD cadastre as well. It providegcurity

of ownershipfor 3D parces$, protects the rights of the owners, and provides valuable financial
instruments such as mortgage, collateral, valuation and taxation. The current life cycle of the
development of a land parcel includes processadfrom outside thecadastral registration
sphere, such as zoning plans and permits, but has a direct impact on how a certain development
application is processed. Thus, in considering the changes required to allow a jurisdiction to
register 3D, it is important to note thehgpe of influence that could have an impact on 3D
registration. These include planners, notaries, surveyors, data managers and registrars; however
for the purpose of this paper, the research is focused on the core 3D aspects that are institutional,
legal and technical. This paper explores approaches and solutions towards the implementation
of initial 3D cadastral registration, as dex\®y current procedures of registration of 3D parcels

in various countries worldwide. To thisnd the paper analyses thategorisations and
approache®f 3D spatial units and examines the validation requirements (constraints) on a
cadastral database, at various levels of maturity. In this view, 3D data storage and visualization
issues are examined in relation to the levadafiplexity of various jurisdictions, as provided

by the results of the country inventory combined with a worldwide survey in 2010 and updated

in 2014 (Van Oosterom, et.aR014). ltappearghat significant progress has been achieved in
providing legal povisions for the registration of 3D cadastres in many countries and several
have started to show 3D information on cadastral plans such as isometric views, vertical profiles
or text environment to facilitate such data capture and registration. Moresyerisdictions
progress towards an implementation of 3D cadastre, much 3D data collected in other areas
(BIM, IFC CityGML files, IndoorGML, InfraGML and LandXML) open up the possibility of
creating 3D cadastral databaaad combining with the existing datsets. The usability,
compatibility and portability of these datasets is a low cost solution to one of the costliest phases
of the implementation of 3D cadastres, which is the initial 3D data capture.
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1. INTRODUCTION

1.1 Background

3D geoinformation is becoming increasingly important towards deemmking, land
management and land development. Research has demonstrated the actualaddgdBD
information over 2D in the cases of an overall more efficient integration of urban vs. regional
planning and management, especially when dealing with 3D underground/aboveground
infrastructures. Despite the fact that there has been consisteataie within geoinformation
science (GISc) on the concept of 3D for more than a decade now, several potentially involved
parties are still reluctant to invest in 3D data, 3D techniques and applications. As a consequence,
large administration processesatéig to urban/ rural planning often run up financial losses
simply because generic geoinformation is not part of the process (Stoter, 2011; Stoter et al,
2012).

Regardless of country, an-tip-date property cadastral system is fundamental for sustainable
development and environmental protection (Navratil and Frank, 2013; Stoter, 2011; Dale and
McLaughlin, 1999). Current worldwide property cadastral registries mainly use 2D parcels to
register ownership rights, limited rights and public law restrictionied. In most cases this

is sufficient to give clear information about the legal status of real estate. But in cases of
multiple use of space, with stratified property rights in land, the traditional 2D cadastre is not
able (or only in a limited way) to flect geospatial information about those rights in the third
dimension The growing density of land use in urban contexansncreasing situation of
vertical demarcation of property unita.practical terms, issues stated above do not refer to the
need for simple 3D drawing or 3D visualisation capabilities of a stratified reality. The issue
dwells in the linkage between two models: a conceptual one and a physicdlheneal
difficulty is the materialisation of the legal object (a 3D conceptual body) by linking it to its
corresponding physical object (in a 2D or a 3D geometric/topologic structure).

1.2 The need for 3D parcel registration

Most moderrcadastres register ownership and locatietaids in the land register and therefore

3D registration is intrinsic to many of them. The concept of 2D parcels considered as a 3D
column of rights has been around for a long time now. There are however specific extrinsic
capabilities of a cadastral sgst that need to be fully or partially fulfilled so that it can be
considered a 3D cadastral system.



The primary capacitgf a 3D cadastral system is to be able to register space as a separate entity
within the cadastral system. It i®tnan implicit 3D column of rights but rather an explicit
registration of 3D spatial object. The 3D spatial object itself can be a physical 3D structure, an
envelope of the physical 3D structure, a slice of rights above or below the surface that in turn
may or may not be contiguous to any land or other 3D spatial parcels. In all cases, the main
objectivesto be achieved in implementing a 3D cadastral model comprise the adoption
(Khoo, 2012):

- an official and authoritative source of 3D cadastral surveyrnmtion

- open source format for data exchange and disseminatoiadopting

- Internationalktandards in data modelling.

The design of a smart data model that supports 3D parcels (the spatial unit against which one
or more homogeneous and unique rigihgsponsibilityor restrictions are associated to the
whole entity, as included in a Land Administration system ISO/TC21 19152, 2012), the
automation of cadastral survey data processing and official approval, as well as the integration
of the temporal dimesion either as separate attributes or via truly integrated 4D gpatforal
geometry/ topology, may aldme prerequisites in this process.

As these cadastral systems progress towards a maturity model of 3D implementation, the
complexity of allowed geomet features and the capacity of the system to accommodate these
complexities grow too. It thus becomes the responsibility of the cadastral jurisdiction to provide
the institutional and legislative framework to facilitate the registration of 3D parceltoand
provide the tools for land professionalsd other expert$o record displayand visualize3D
cadastral data within the provided framework.

In a 2D cadastre, the basic registration involves person, parcel and rights. Similarly, in a 3D
cadastre, theimplest implementation should be able to register these, however, complexities
arise when the 3D parcels are geometrically complex and the 3D rights are not clearly defined
by legislation. In Shenzhen, pure 3D space (parking and commercial shop) aeslptaanted

and registered along with their easement to pass to the ground. In Queefsktralia any

shape of the parcel geometry has been allowed on paper plans as long as it can be defined
mathematically, while the registration of these parcelstr@ated as equivalent to 2D and
ownership records are thus stored within the same titling system.

Registering the rights of a 3D parcel provides certainty of ownership, protection of rights and
unambiguous spatial location. While not all cadastral jurigdis in the world maintain a
digital cadastral database, the concepts of such registration hold true regardless of whether it is
a papetbased cadastre or a digital one. Similarly, the motivations and purpose for the creation
of a 2D cadastre for individl jurisdictions hold true for 3D cadastre as well. It provides
security of ownership of 3D parsglprotects the rights of the owners, and provides valuable
financial instrumentsuch as mortgage, collaterahd valuation also supportingaxation
imposedby tax authoritiesto the owners of these properti&be jurisdictionsieedto consider

a further investment towards the modification of their cadastral systems to accommodate the
current market push towards 3D cadastre.

The current life cycle of the glelopment of a parcel of land includes processes beginning from
outside the cadastral registration sphereh as zoning plans and permits, but hakrect



impact on how aspecific development application is processed. Thus, in considering the

changes muired to allow a jurisdiction to register 3D, it is important to note the sphere of

influence that could have an impact on 3D registration. These include planners, surveyors, data

manages and the registrars, however for the purpose of this paper; thesdisns are focused

on the core 3D aspects that are institutional, legal and technical issuesqiéstsonghat

need answering are among others:

- What makes a 3D cadastre? What and why do we register?

- What are the current procedures and what candmified to adopt 3D?

- Whose responsibility is it? Who can assist with the registration?

- What are the technical challenges in data acquisition, validation, submission, processing,
discovery, dissemination and utilisation?

- What are the benefits? What are twerent trends?

Finally, although3D cadastre has been attracting researchers throughout the world for nearly a
decade now tadentify means fobetter registationand spatially represeation 3D cadastral
technology is only emergingow. Some pilostudies have been accomplished so far and several
authors have demonstrated that 3D representations of airspace and subterranean parcels are
indeed currently required for 2Phalf, representations are unable to handle 3D measurements

or 3D spatial querie@ncluding, EFMekawy et al, 2014; Karabin, 2014; Abd®ahman et al,

2012; Khoo, 2012; Soon, 2012; Stoter et al, 2012; Wang et al, 2012; Ying et al, 2012; Zhao et
al, 2012; AbdwRahman et al, 2011; van Oosterom et al, 2011; Hassan et al, 2010; Chong,
2006; Stoter and van Oosterom, 2006; Valstad, 2005; Stoter, 2004; Stot@0&al,

2. CURRENT STATUS OF 3D REGISTRATION

2.1 Inventory of the current procedures and workflows of registration of 3D parcels in

various countries

In this section, a short report the current procedureend workflows of registration of 3D

parcels in various countries is provid@the county selectionpresented in alphabetical order),
ismainybased on the authorsé affiliation, and
Portwgal, Sweden and The Netherlapdshina andheTrinidad and Tobago Caribbean islands

The type of cadastral registration system, the curstatus of cadastral registratiamdthe

efforts towardsthe establishment of 8D cadastre arenvestigated In a further stage,
collaborationwith relative group on legal aspects in terms of legal definition of 3D objects
seems tdoe of great scientific interest.

2.1.1 China

The establishment of 3D Cadastre needs legal support. China has its own property system with
specific situations. According to Chaselaw, all landis owned by the country, and managed

by the government. Any party or citizen, except the government, only have the usufruct or use
right of the land through public auction, land transaction or Essignment. Land and space
management is strongly relevant to land and houses, and generally, there are at least two
ministries or departments charge of land and hoiag. However, in Shenzhehina,there



is only one municipality for the land, houseban planning, surveying and map, geolagy
sea.That means, almost all space resources are managed by one department, which provides
the potential to implement planning and management. Shenzhen, a rapidly oheyeityp
during the last 30 years, iscfag huge challenges of 3D space development and hedirst

pure underground 3D space was sold in 2005 and was granted with certifepseating the
land from its surfacdt was the first case in Chinahat 3D space is a spec@mmercial
streetnamed Fengshengding under the main Shennan Boulevard in Shenzh€heciyis a
need for amarketplacefor intensifying retails in this area where no land on the ground is
available to build a bazaar. Instead, this overall bazaar is designed undeirtteesemue for

two layers and its total built area is about 24kEach layer can accommodatawmberof
smallstores along its pavement wittsach the construction. Figurébglow shows the use of
land spaceunder the ground, and from then, to satiifigse requirements, Shenzhen
municipality putforward a 3D cadastral management to support full processes for 3D
land/space management.
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Figure 1. 3D land use of pure 3D underground space

The Interim Regulation on Real Estate Registration was enfar@api7 and the 136th article
points out that théand use right of construction may be created separately on the surface or
above or under thground, thugproviding the legal foundation for 3D Cadastre.

In 2007, there israthercase on a real 3D parcel with multiple jurisdiction in the Shenzhen
Bay Port (Guo, Ying et al, 2011), which is regulated by Shenzhen government and by Hong
Kong government. The party of Hong Kong is involved to register the new legal status of a
3D part n the area at the Shenzhen siBgg(re2). Although Shenzhen and Hong Kong are

all unified in P.R. China, they enforce different legal systems, which results in the particularity



of this area. This special case illustrates that multiple land administyatisdictions can be
imposed on the same 3D cadastral objects as corresponding rights, responsibilities and
restrictions taken by corresponding parties.

In order to satisfy theapid need of 3D space in Shenzhen, in 2012, Shenzhen Municipal
Peopleds Congress revised the | aw AShenzhen
ordinanceo, to support t he imaof8Dspawen Duringth@ans ac't
Third International Workshop of 3D Cadastre, the online automatic office system of Urban
Planning, Land and Resources Commission of Shenzhen Municipalggiemonstrated to

illustrate the workflow of 3D land space planning and agament. From the first pure 3D

space granted in 2005, Shenzhen Municipal Governmerttdraled more than 8 hundreds

cases in 3D land planning, granting and registering, totally with more than 150@i#m

vertical projective areas (Gamd Luo etl., 2014). These 3D space applications and practices

include the subway, underground garage or shop center, arcade, etc. A new zone named
6Qi anhai 6, from the start of zero, the empt.y
manage and use in fully 3Droim the beginning, and this will completely promote the
apgication of 3D planning and 3D dglastre.

2.1.2 Croatia

Land Administration System in Croatia consists of two fundamental registers (Cadastre and
Land Book). The description of the land/property as mfation for property sheet A of the

Land Book is registered in the Cadastre. For registered property, rights and charges are
recorded in sheets B and C. The Cadastre was created for the entire Croatian territory in the
19th century as a part of the Austtoingarian Francis survey. Until 1880 the documentation,
cadastral plan and lists of holders for all cadastral municipalities have been produced. Cadastre
was created for the purpose of fair taxation of land. It was maintained in accordance with the
regulatons and was changing according to political changes since its establishment. The main
purpose, the calculation of land tax was retained until 1995, when such land taxation was
abolished. At that point the cadastre lost its tax purposes, and became nigtyeased for




legal purposes.

After the establishment of the Cadastre in the late 19th century, judicial authorities have
established Land Book based on the description of the land (information on the cadastral
parcels). Land description (number and otiteibutes of cadastral parcels) was marked in the
sheet A, for each cadastral parcel the owner was registered in the sheet B, and charges in the
sheet C. Unfortunately, changes in social and political arrangements violated the consistency
of these two reigters. Today, the registered data does not correspond to the real situation for
considerable number of land parcels. Bringing these two register up to date is the greatest
challenge for Land Administration System in Croatia.

Changesinthe Land Tenuresye m, whi ch radically changed in
independence and left the socialist political system, have significantly contributed to
inconsistencies. Under the socialist system two types of ownership existed, private and social.
The latterone was preferred. Various political actions (nationalizagkar) tried to make as

much land/property become social. After independence only one form of ownership was
introduced. Social ownership was abolished by regulations, and private owners were
deteamined depending on the situatiod. h e principle Asuperficie
reintroduced. That significantly influenced registrations in Land Administration System. In
accordance with that principle, everything connected with land (buildings, ¢étegs,above

or below the Earth's surface, is one property, respecting a functional approach rather than
"vertical" (Roil, 2012).

Since 2010 all cadastral and Land Book data are in electronic form, but they are in different
models and databases maintain®ed various software. The establishment of the Joint
Information System which provides integrated management of Cadastre and Land Book is in
progress. The system has been established, and data migration should be completed by the end
of 2015. This should eble coordinated functioning of those two registers and uniform
handling which was not the case in the p&idastre Joint Information Syst€diS) is
designed as a central repository of data. Access for data maintenance and viewing is provided
by a web tient. Officers, depending on the role can modify data, and external users have view
access only.

Property description in the registers is based on adimensional representation from the
cadastral map which does not allow the registration of interesitsata. Implicitly, the legal

unity of the property indicates the legal objects that belongs to individual (co)owner.
Registration of separate parts of property (apartment, office space) was regulated in 1997.
Production of documentation with a spatgbresentation (2.5D) of separate parts of the whole
property is prescribed for buildings. The documentation determines-therarship share of

each owner in the entire property with the presentation of common parts (8jigBtans of

the parts of propéy are in the local system (building) without absolute Z coordinates. It is
also used for the allocation of costs for management and maintenance of the property.
Documentation for registratipand registration are regularly made for new buildings and are
rare for those bui,2013)before 1997 (Vulil at a
In addition tatheReal Property Cadastre in Croatia, there is also the Utility Cagdasagister

of technical features of utility lines bearing no legal significahegal relations regarding

utilities are registered in Land Book, in practice very rarely, as an easement right on land where



these infrastructure are placed.

Apart from the possibility of registration of private rights in the strata, the registration of legal
regimes (maritime goqgrotected areas, by spatial planning defined land use etc.) is foreseen

in the Real Property Cadastre since 1999. That and the registration of public utility
infrastructure should give users a more complete description of the interests that exist on a
paticular land. For now, the registration of public rights is in its beginning. Legislation and
data model of Joint I nformation System donot
is not possible to store the 3D geometry of 3D legal objects. Biisity Cadastre is not in

electronic form and not part of JIS. Therefore, it still cannot be combined with the Real
Property Cadastre.

Figure 3. Property on the cadastral map and presentation of parts (separate and common) per floor

2.1.3 Greece

The ongoing Hellenic Cadastre (HC) Project aims at replacing the existing Registration and
Mortgage Officesare assistedy an integrated information system that records legal, technical
and other data about real estate properties, along with the rights and restrictions on them. These
property data and registrable right seaehr e col
person or legal entity that has rights to specific land parcel in the area under surveying, is
invited to submit declaration for its real properties while depicting them on cadastral diagrams.
The declaration form also includes the geographicalrgg®n of the properties (shape,
location and size) and information about deeds that establish or change rights on real estate
properties. Current administrative source documents are deed based, although after completion
of the HC project, title based risgration will be implemented.

The current digital cadastral database (DCDB) includes all information collected during the
cadastral survey and is organized into descriptive and spatial part, comprising administrative
divisions, landparcels, buildings (dw the building footprint is presented on the cadastral



maps), mines, sites of exclusive use, easements;ottii@photos, DSM, topographic
drawings, as well as beneficiaries, registered rights, titles etc. The DCDB does not contain
representation of 3D peels, although a separate layer will be used to incorporate objects with
3D aspects.

In Greece, almost all 3D parcels (3D spatial units in LADM terminology) are constrained to
be within one surface 2D parcel, with limited exceptions described in the GreiekCode

(CC). They usually relate to physical objects with some exceptions providing for
encroachments or the right of superficies and of course the Special Real Property Objects
(SRPOs), underground parking lots and potential floors. Disconnectedgbatsingle 3D

parcel are only allowed in case of condominilegardingspatial limitation of 3D parcels,

Greek C.C. stipulates that ownership extends above and below the surface, however the
landowner cannot object unless he has practical interegipimsong to it. Limitations on the

range of rights related to 3D spatial units exist only in case of lands where ancient antiquities
are discovereds well agnines and rights of superficies. Legislation for 3D descriptions of
parcels includes Horizontaképerty Law 3741/1929, Civil Code Articles 1001, 1002, 1010

and Law 3986/2011. For natural resources (groundwater, mining rights), the Law regulating
cadastral operation stipulates recording of mining rights but not as 3D parcels, while
infrastructureandi t i | ity networksodé registration as an
Apartment units in condominium schemes are the most important types of registered 3D
building units, in accordance to the Horizontal Property Law, and their 3D boundaries are the
middle of floors, walls and ceilings. Common property inside the building is commonly owned
by the apartment owners and is not directly registered in the Cadastre. Each apartment gets a
unique cadastral number specified in terms of building lot code, parcel numhgindgcode,

andf | oor and apartment code. Apartments are d
as drawing, submitted in paper format or electronically. Dimensions are shown on survey
plans.There are a provisiors for isometric views, noare theystored in the DCDB.

For the geometrical representation of 3D spatial units, plans of survey guarantee x/y
coordinates in relation to the Greek national reference system (HGRS87), while older plans in
older or arbitrary systems may also exist. Heigepresentation is referenced to the Greek
national system, although z coordinates are not stored in the DCDB. The earth surface (height)
is not stored in the DCDB, although there are DTMs and DEMs available iNathenal
Cadastre and Mapping AgendlNCMA) and the Hellenic Military Geography Service
(HMGS). The sources of elevation for the 2D surface parcel are trigonometric points of
principle reference network evéimoughin most cases, elevation source is arbitrarily defined.
Survey plans do not cgrBD parcel representation, though in recent plans, point heights are
included. The legislation describing the requirements for plans of survey in 3D only includes
regulations for height recording but there is no provision for 3D. SRPO are registaied as

files at a different layer. 3D property entities (condominium, mines, SRPO) are registered

the 2D DCDB. Specific symbols are used to depict presence of 3D cadastral objects (in case
of SRPO) on the 2D cadastral map.

According to the competent authgriNCMA, so far the HC is operational for 20% of real
estate rights through 103 Registry Offices while cadastral surveying is in progress for another
20% and tendering procedures are running for the rest 40% of them (Rokos, 2014), based on



IT infrastructsu e and di gital orthophotomaps®6é nationa
lot to do to reach its goals and adequately address issues that relate to 3D registration and
representation of cadastral data.

2.1.4 Portugal
As far as Portugal is concerned, a prototype of a centralised distributed cadastral management

system, implementing a 2D approach, has been conceivediiSiseema Nacional de
Exploracdo e Gestdo da Informacédo Cadastaled SINErGIC (PCM 2006). This iturn

will be the basis of the national cadastral information sys{&NIC). Its technical
implementation is however far from being concluded due to a major issue: geospatial data
capture in the field has revealed to be an endless task for it is labandwespensive. The

first official step towards the establishment of a national registry of land parcels in Portugal
was taken back in 1801. Clearly stating how authorities were aware in those days of the great
value of a measured coordindtased cadastrepsmographers (One who studies, describes,
depicts, and measures the Earth and/or the visible universe, including geography and
astronomy) were the practitioners of those days appointed by royal decree to be in charge of
the organi sat i erand@fgendrab redistryibeok af eed astates within the

ki ngdomo. For several reasons, such registry
nati onal real estate registry (the fARegisto
implemented ($va et al, 2005). However, it was not until 1926 that coordinatethstre

surveyswer e actually carr i e dalissuefwithaGewwndlionsimalr t ug al

real estates scattered across a rather irregular topography, fieldwork has revealed to be a rather
complex and demanding operation and has not covered the whole country yet. Coordinated
cadastre surveys are currently beamgomplished distrieby-district covering both rural and

urbanreal estategFigured) . By the end of 2014 more than !
had been surveyed, though this only corresponds to roughly 1/3 of the total number of
properties in the amtry.
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Figure 4. Overview of the current property information system in Portugal



2.1.5 Sweden

Effective and secure real property registration is a cornerstone in Swedish land management.
Cadastralinformation is registered in the Swedish Real Property Register, which contains
information of more than 3.3 million real properties and joint property units.

Real property drmation and alteration procedures are executedhbycadastral authorities;
Lantmateriet, the Swedish mapping, cadastral and land registration aytaondts limited number

of municipalities within their jurisdiction®\ll changes are updated in the real property register on

a daily basisfter obtaining legal forcd hereal propety registeris managed biantmaterietThe

register is used by a large number of registered users, such as financial institutions and about 900
000 guerieso the systenare done each month. The register is even accessible to the general public
through \arious internet servicdg&l-Mekawi et al. 2014).

The register consists of a textual part (i.e. land register) and a geographical part (i.e. the cadastral
index map). The textual part holds information on the title holder, easements and other rights,
restictions and responsibilities, mortgages, unique areal property identification numbers, etc. The
cadastral index map contain the spatial extension of property units, joint property easements and
other rights, restrictions and responsibilities, unique gregberty identification numbers, some
planning information, etc. The land register and index map contains information on both 2D and
3D real property units, includir@D property spacge.e.horizontally and verticallgelimited space
belongng to a propetly unit other than a 3D properfiPaulsson, 201qkee Figureb).

: Traditional property unit : : Traditional property unit : Traditional property unit :
| | | | |
| | | |
| | | |
| o | |
T Sttt A T B R |
| 3D property unit | | I I
| ____________ - | | _____ _ |
| | I 3D property space |
| S L1
| |

Figure 5. 3D property unit and 3D property space (Paulsson, 2012)

A building can brough 3D property formation be divided into different (legal) purposes, for
example commercigurposes on the ground floor and dwelling purposes on the upper floors and
garage(s) below ground. 3D property formation is also used for other constructions such as tunnels
to secure rights of ownership and/or useunique reference number isferring b the legal
cadastral formation document case file, which contain all legal documents, including construction
drawings with details on the physical extension of boundaries, e.g. that a boundary follows the
outside of a specific wall. The documents areroffeanned construction bhpeints, being used as
background for legal documentation.



A 3D property is in principle treated as a traditional 2D property, but additional 3D information is
registered on 3D properties in the land register and cadastralnmagexThe landegister specifies

whether it is a 3D property or 3D property spacand y coordinates argives a brief description

of the | ocation in height, e.g. bet ween | evel
construction drawing, whitis part of the legal documents,sk®wn in the example iRigure6.
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Figure 6. Example of textual 3D information (in Swedish) in the land rgister (EI-Mekawy et al., 2014)

The 2Dfootprint of the 3D property ishownin the digital index map bgnarkingthe boundaries
with dotted lines. Théootprintis coveredwi t h a sur face text \Borly and a
150, i s added arsthecalastrabirglex anapikx\ irdicatedt is & 3D propertygee
Figure7. In this figure her e a | property fAS°rby 1:40 is a 2D |
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carving out #AS°rby 1:50. AS°rby 1: 140eriet,s a 3D
2004; E}Mekawy et al. 2014).
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Figure 7. Cartographic representation of 3D propety in the cadastral index map



2.1.6 The Netherlands

The design and implementation of the cadastral system extension for registration of 3D rights
and restrictions in the Netherlands (Stoter et al 2Gi&8)within the ISO 19152, Land
Administration Domain Model (LADM) international standard. The implemenais
conducted in two phases. The first phase of the solution did not require a change of the legal
and cadastral frameworks, it is a short term solution for most urgent cases, and it is also used
to gain experience in the challenging domain of 3D caelalst the first half of 2016 the first

actual 3D Parcels were registered at the Netherlands Cadastre (after many years of'tesearch)
This procedure improves the registration and it includes an extension of the cadastral system
to accept 3D descriptionsi 3D pdf format as part of the dee
practi ceo, -leveleropertytsituaionsnard projected on the plane andthath
potential consequence is that the ground parcel(s) will be subdivided based on those
projections. The resulting fragmentation in the registration was in several cases quite unclear
because many small parcels may be necessary to register one single object (Stoter et al 2013).
The first phase of 3D cadaatrimplementation exploits one of éhLADM conceptual
modelling options, more specifically assoaigtiLA SpatialUnit with a 3D drawing
(LA_SpatialSource, playing the role of a sketch). The solution fits within current cadastral and
legal frameworks and could therefore be implemented wéhshort time frame. In fact the

major breakthrough is that the option to register a digital 3D drawing (possibly legally binding)
will actually be practiced (by training/ involving stakeholders, notary, project developers,
municipalities, etc.). In additg because the 3D drawing provides insight into the spatial
dimensions of the right, new 2D parcels do not need to be created to delineate the exact
boundaries of the 3D property on the ground parcel and creation of fragmented parcels can be
avoided. Thernformation required in the 3D representation to understand the-leueti
property situation are identified as follows: 2D ground parcels that overlap (and footprint of
3D legal Volumes), 3D (graphical) description of legal space, 2D cross sections with
accompanying annotations (for apartments), objects needed for reference and orientation in
the 3D environment (3D topography/ buildings, same as for the 2D Cadastre), and localise the
3D legal volume in both a local coordinate system and the national keimim system. The
first registration (Stot eDeleftt 6alp,r o2jOechobt) (csoenec
includes six legal volumes described in the 3D pdf in land register (see Bjgure

current building of land owner (municipal office)

railway tunnel

passenger area (including cycle parking and stairs to platform)

station hall (on ground level)

stairs & elevators

technical installations

ouhwNE

1 The pdf can be obtained fromitps://www.kadaster.nl/vebyartikel/download/Nieuownloadpaging4.htm
andhttps://www.kadster.nl/web/Nieuws/Nieuwsberichten/Bericht/Wereldprirvieachrijvingmetrechtenin-
3D-1.htm


http://www.kadaster.nl/web/artikel/download/Nieuw-Downloadpagina-24.htm
http://www.kadaster.nl/web/artikel/download/Nieuw-Downloadpagina-24.htm
http://www.kadaster.nl/web/artikel/download/Nieuw-Downloadpagina-24.htm

Figure 8. | mpression of the é6Spoorzone Del ftd project

The various owners (holders of rights involved® Delft municipality, NS Vastgoed, and
Railinfratrust.
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Figure 9. The six legal volumes described in the 3D pdf in land register

One of the drawbacks of this solution is that it is not possible to validate the 3D cadastral
representations (Are the volumes closed? Arentleei g hnlereovedapping?)The second

phase is research in progress and comprises the actual inclusion 3D teta in the
registration, enabling complete validation and even better 3D data management and
dissemination. Based on experiences to be collected from the first phase and experiences from
other countries, the solution for the second phase will be furdiimed and subsequently
implemented in due time.

2.1.7 Trinidad and Tobago

A cadastre provides a description of the extent and nature of rights, restrictions, and
responsibilities held in land, broadly defined to include earth, water, and artificial structures
positioned in or on either earth or water. Where verbal descriptiersaalequate to precisely

and unambiguously define or redefine the land that is the subject of a transaction of sale,
mortgage, or transfer, graphic descriptions become necessary. In some instances 2D graphic
descriptions are adequate but when these dosuifice, 3D and 4D graphic descriptions
become important. The economic or social benefit of having a 3D or 4D cadastre must
outweigh the costs of establishing the system. This is particularly so for developing countries
such as Trinidad and Tobago.

The Cadastre in Trinidad and Tobago is currently incomplete and out of date. Digital data
existsof 200,000 parcelas shown in Figur&0, but thousands of plans have been scanned but
not yet added to th€adastre Cadastral survey plans continue tosodmitted in hardcopy

and this further restricts the speed of updating of the cadastre. The cadastre is a digital index
of uncoordinated surveys that provides information on the location of the field survey plans.
However, because o ¢turrendy, esearchesdfar snfonrmationscanlbaconke o f
frustrating or, at worst, futile. There is no unique parcel identifier that can assist with this
search and addresses are-standardizeclthough a new initiative is attempting to rectify

this latter issue #h a proposed zip coding. Parcels are defined and redefined relative to the
surrounding parcels and their boundaries, which are marked at the turns by boundary irons.
Coordinates, therefore, have no legal standing.

There are no immediate plansttansiton the existing 2D cadastre to a 3D cadastre as there

is much rationalization of the existing data to perform first. In the meantime, strata




(condominium) rights are indicated in vertical sections in insets on the 2D cadastral plans (see
Figurell), and subsurface reserves and mining rights are shown on 2D plans related to the
surface parcelshe location of these 3D properties are not visualized on the 2D cadastre, but
the physical buildings can be seen on the underlying topographic imagerly,isvbigrent to

2015 as shown in Figure 42\o elevations are recorded on these plans to a standard datum
but heights relative to the ground can be included in the vertical sections.

Fig.10. Trinidad and To b aBigld\ertichi sgctiohsaoh surel plansadegmEcs3D rights

The individual parcels in the graphical cadastre are also not linked to the registered deeds and
titles containing information on interests that are located at the legal registry of the Registrar
G e n esr Qfficed Rights, restrictions and responsibilities are therefore not graphically
displayed in the cadastre but some may be exprasgtdllyin the deed document at the
registry. Urban and regional development plans are held at a separate statemstiaytare
approximate in definition of extent, and are not linked to the cadastre. There is no fiscal
cadastre as the valuation rolls are manual and contain no grapiecmajority of registered
interests are deeds based with a small minority beipgpated by title registration. The
cadastre does not show the level of interest but solely the extent of the interest. While all title
documents refer to or contain a graphical description of the parcel in a survey plan, many deeds
that date back severdecades do not contain a survey plan but a verbal description of the
parcel referring to adjoiners v no longer exist. A recent project upgraded the Cadastral
Management Information System (CMIS) which includes the procedure for receiving new
cadastraplans, checking and approving them, and entering them on the database. As part of
this project new software was installed that speeds up the maintenance of the cadastre,
however the limited human resource is still an issue that can restrict this progress.

The description of the rights themselves is d@x¢uallyin the deed document, the rights to

the individual condominium being expressed as a share in a company possessing the entire



property. 3D registration therefore occurs when the deed is prepatedeflects that a
transaction of a percentage of shares, representing a parcel shown in a graphical cadastral plan
attached, has occurred. This demonstrates that 3D cadastres can be manual and represented in
2D space similar to how 3D digital cadastaes reflected in 2D space but visualized in 3D.

The legislation in Trinidad and Tobago gives the authority to the land surveying profession
and the Director of Surveys to make rules for the graphic description of any rights held in land
(Griffith-Charles ad Edwards2014).

Trinidad and Tobago is therefore amore rudimentary level of physical 3D registration,
graphically recording only those 3D physical spaces that are in condominiums with the use of
2D plans with vertical sections describing the thdichension. While GriffithCharles and
Sutherland (2013) analyze the costs and benefits of instituting a 3D cadastre in Trinidad and
Tobago, and suggest only partial and primarily urban implementation, the current weakened
economy discourages a full scabaihch into its establishment. Full coverage LIDAR data
taken over the country in 2015 as shown in Figizie which can support the development of

a visualization of the physical cadastral boundaries where they intersect with the conceptual
cadastral bourdaties.

Figure 12 (a) Orthophotography indicates topography related to the cadaster (b) LIiDAR data of urban
Trinidad and Tobago



2.2 Comparison betweerthe presentedcountries
In this sessin, a comparisoretweenthe presented @untriesis provided(see Table 1)
summarizing common characteristics and differences that relate to cadastral registration issues.

The definition and proper use ttie conceptsof 3D parcels, 3D spatial units, 3D space or 3D
objects,are essential andeed to be chrified, in order to efficiently compare the various

cadastral registration approaches drawv conclusions ohestinitial registrationpracticeslt

appearghat the countries examinetiave certainlegal provisios for the registration of 3D
parcels, or verticAcrosssections of 3D information ahdrtextualdescriptiorin their cadastral
databaseConcerning the interaction between legislation and registration, it seems that many
cadastral legislations were cted/ updated in theevelties oreigtties, with added 3D parts in

later years, and ay contain strong links to the then existing technical solutions. This may
effecti
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therefoe not onlybe technical issues to accommodate legal statutes, but also the change of
legislation to accommodate technical solutions possible today.

Table 1: Summarizingcommon characteristics and differences

COUNTRY REGISTRATION LEGAL BASIC UNIT FOR EXISTING
SYSTEM PROVISIONFOR | 3D OBJECTS CADASTRAL
3D PARCEL DATA SOURCES
REGISTRATION
CHINA Titlesregistration | Yes 3D real property unit| - Land Register and
system cadastal map(for
Not unified system severakitiesin
digital format)
- 3D pilot Cadastres
CROATIA Title - based Yes - Cadastral parcel - Real property
registration system -2D models with tags] Cadastre and
2.5D thematicutility
-2D plans with 3D cadastre
textual information |- Land Book
GREECE Currently, under Only for SPROs | - 2D cadastral parcel| -Ongoing National
transition from - 3D SPRO at Cadastreproject
DeedsRegister to different layers -Deeds Registration
Title - based System
registration system
PORTUGAL Deeds Register No Parcel unit National Cadastral
Information System
SWEDEN Titles registration | Yes - 2D representation | - Swedish mapping,
system of 3D objects cadastrak land
registration
- Limited number of
Municipalities
THE Deedsregistration | Yes -3D description in Cadastre, Land
NETHERLANDS | system pdf Registry and
-spatial unit with 3D | Mapping Agency
(digital) drawing




TRINIDAD AND | Deeds and Titles | Yes Surface lot with Registrar General
TOBAGO registration system vertical sections Office

2.3 Analysis of categorisations and approaches to 3D spatial units

More detait on the classes of 3D spatial units can be found in (Thompson et al, 2015). The
following is a summary. The first major division of spatial units is between:

2D Spatial Unit The spatial unit is completely defined by the 2D location of pokiisdr
latitude/longitude) along its boundary. This type of spatial unit is in effect a prism of space

unbounded above and bel ow. I f a point (x, vy,
within the spatial unit. There may be restrictiongoh e al | owabl e val ue of
explicitly defined fitopod d2). ibottomd of the

Building Format Unit This spatial unit is legally defined by the structure of the building that
contains the unit. It may be defined to thaside of walls, or to the middle of walls etc. There
may or may not be a diagram of the unit, but any measurements gartrege not normative
(Figure 1d).

<y Bt == 1060
g s : 67me

Figure 12. (a) (Left) 2D spatial unit, (b) (Right)/spatial units defined by the structure(the buildings walls)

3D Spatial Unit This spatial unit is defined by a set of bounding faces, which are themselves

defined by a set of 3D points and an interpretation. For example, a set of planar faces,
cylindrical faces etc. There are many variationsluding whether the boundaries are defined

by natural features or fiat (Smith, 1994) lines, how they are fixed, what datum is used etc.
Within the set of 3D Spatial Units, there are several categories:
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Lot 7 formerly Resub 1 of Sub 1 of Por 160 balow the depth of
T0ft. from the surface

Lat & formerly Resu. 1 of Sub. 1 of Por. 161 below the depth of
7018, from the surface

Lot % formerly Sub. 1 of Per W& below the depth of 701t from
the surface

Figure 13. (a) (L eft) Below the depth of spatialunits, (b) (Right) A (very large) simple slice

Above/Below Depth or Heighthese are commonly used in mining areas, but could also be
used to limit building heightsfor example near airports/ transmission towers etc. These are
simply 2D Spatial Unitsvith a height restriction (Figure3a, above).

Polygonal SliceThis is the most common form of 3D spatial unit. It is in effect a 2D spatial
unit, with a defined top and bottom. It can also be considered to be an extruded polygon (Figure
13b, above). Asvith the 2D Spatial Units, these can be defined in terms of natural features.
For example, a Spatial Unit could be defined as extending to 100m below ground level.

SingleValued Stepped SlicéFigure 4a). This is also a fairly common 3D Spatial Unit. It

can be viewed as the union of a number of Polygonal Slices so that for every point (x,y,z) in
the interior of the Spatial Unit, there is existsax, zmin such that min < z < 2naxp (x,y,z)

is interior to the spatial unit. These spatial units can be goinplex.

Multi-Valued Stepped Slicérigure 4b). This is a Spatial Unit whose boundary faces are all
either horizontal or vertical.



General 3D Spatial UnitgFigure 5). Thi s i s-attHe fdatspti al uni
in one of the above categories. These can be difficult to store or visualise, but tend to be
relativelyfew in number.

Figure 14. (a) (Left) a singlevalued stepped slicg(b) (Right) a multi-valued stepped slice
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Figure 15. Some general 3D spatial units

There is also the very importaBélance Spatial UnitThis can be of any complexity as above,
but represents the remainder of a 2D spatial unit when all the 3D spatial units defimed
it have been excised (Figuré)1l

ts



Figure 16. (a) (Left) a small lot excised from a much larger 2D spatial unit (a golf coursgfb) (Right) 3D
easement within 2D parcel (but this is not excised)

Constraints(validation requirements) on @adastral database can be at various levels of
maturity:

Nonoverlapping 2D spatial unitdn all cases, there seems to be an underlying requirement
that a 2D fibase cadastreo should be identifi
to be deihed by a set of nenverlapping 2D spatial units.

Complete novoverlapping 2D In many cases this coverageaiso required to be complete
(i.e. every point in the jurisdiction must belong to one and only one base 2D spatial unit).

Nonbase 2D spatialinits Frequently, there is a requirement to define alase spatial unit
that represents a secondary interest in part or all of a base spatia girthe(right to traverse
land). Thus a nofvase spatial unit may overlap one or more base spatia)] and one or more
other norbase spatial units.

3D spatial units represented as footprinihie next level of sophistication is to carry all 3D
spati al units i n the cadastr al dat abase as i
the spatial nit is stored as if it were a secondary interest over the base (2D) spatial unit.

Simple 3D as extruded polygonShere is very little extra complexity to attribute the
Afootprintso of 3D spatial uni ts witlowaa mini
correct representation of simple 3D spatial units (such as slices), or an approximation of any

3D spatial unit. Even such an approximation may be sufficient to ensure separation between
parcels.

Nonoverlapping 3D coveragegne important aspect of3D cadastral database is to ensure
that overlap of 3D spatial units is prevented (as is the case with the 2D coverage).

Complete noroverlapping in 3D By considering the 2D spatial units to be infinite height
prisms of space, it is possible to ensuo®mplete, noroverlapping 3D coverage of space.



