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ABSTRACT

The need for mor e O6spaced resul ting from

industrialisation has increased the pressure onuaedlanning and development. As a
result, space above and below ground level is increasingly used. Exangiete
underground developments, infrastructure facilities, nigé buildings, and apartments.

To extend the use and functionality of the land, complex infrastructures are being built,
both vertically and horizontally, layered and stacked. These-thmensional (3D)

developments affect the interests attached to the underlying land.

3D cadastres will assist in managing the effects of 3D development and increase the
functionality of a multipurpose cadastre. 3D cadastres are digital representationis of rea
property ownership rights, restrictions, and responsibilities (legal objects) and their

corresponding physical objects such as buildings, utilities, on, above or under the
ground surface. They are equipped with 3D data storage, 3D visualisation, and 3D
spatial analysis functions. They facilitate management of property rights; registration of

strata plans; and reduction of boundary disputes between owners and Owners
Corporations. They also enable a wide variety of applications, which in turn create a

demaml for detailed and integrated 3D legal and physical objects.

To successfully implement the 3D cadastre and efficiently deliver the -shenrgoned
objectives, many elements must support a digital 3D cadastre, such as existing 3D
property registration lawsppropriate 3D data collection methods, 3D spatial database
management systems, and functional 3D visualisation platforms. In addition, an
appropriate 3D cadastral data model can also play a key role to ensure successful
development of the 3D cadastre. 3D cadastral data model needs to reflect the

complexity and interrelations of 3D legal and physical objects.

Many jurisdictions, organisations and software developers have developed their own
cadastral data model. Examples of datadelling developments athe Core cadastral
data model(Henssen, 1995FGDC Cadastral Data Content Standard for the National
Spatial Data Infrastructurd=GDC, 1996) ArcGIS Parcel Data Mod€Meyer, 2001)
DM.01. (Steudler, 2005)ICSM Harmonised Data Mod@iCSM, 2009) ePlan(ICSM,



2009) Legal Property Objec¢Kalantari etal., 2008) South Korean 3D Cadasflece &
Koh, 2007; Park et al., 201(3nd 1SO 19152 ADM (ISO19152, 2012)

The variation between these data model s
attitudes towards cadastres. They are evidence of the varying expectations of cadastres.
However, there are basic commonetlmls among them all. First, most of the current
cadastral data models have been developed based on the definition of a-pBrtmhd
neglecting the third dimension. Second, most of the current cadastral data models have
been developed purely for legal rposes; therefore they only model legal objects,
neglecting integration of physical counterparts of legal objects in the model. Finally,
most of the current cadastral data models do not support semantics while modelling the
geometry of the objects (legahd physical). Semantically enriched cadastral data
models support efficient analysis, thematic queries, data mining, and interoperability in
land administration systems. Thus, the current cadastral data models are mostly used for
fiscal and legal purposdsit not for further applicationsuch as property management

3D space management, and disaster manageimntequire more compleegal and

physicaldata.

The research problem underpinning this study is therefore: current cadastral data models
use a 2Dland parcel concept and extend it to support 3D requirements; these data
models do not integrate physical counterparts of the legal objects in the model; and they
are not semantically enriched. Therefore, these data models cannot adequately manage

and repesent the spatial extent of 3D RRRs.

To address these problems, this research proposes a 3D Cadastral Data Model
(3DCDM) which is a semantic data model for representing 3D legal and physical
information that can be shared over different applications.dékee model is developed
based on the ISO standard and the UML modelling language is used to specify the data
model. It is extensible and designed as an open data model, so thaba€dd markup
languages such as GML can be used as a format of the dathforatie storage and

exchange of 3D legal and physical models.

3DCDM modelhas two hierarchies, legal and physical, which are linked in the model.
The legal hierarchy is based on Legal Property Object concept and the physical
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hierarchy defines the classesid relations for the most relevant objects such as
buildings and utility networks with respect to their geometric and semantic properties.

The 3DCDM modehims to achieve a conceptual framework for 3D cadastres, represent
key components and their relatghips, facilitate subdivision of buildings and strata
developments, and integrate physical counterparts of legal objects to support a multipurpose
3D cadastre. The 3DCDM model provides extensive information for 3D cadastre
applications. Legal and physicabjects are represented by their geometry and semantics.
The ability of navigating within two hierarchies (legal and physical hierarchies)
independently and between them facilitates selection of appropriate information for
applications required by spedglusersUse of this model facilitates implementation of

3D cadastres and increases its usability for different applications.
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CHAPTERINTRODUCTION

1 INTRODUCTION

The aim of this research is tievelop a 3D cadastral data model for managing stratified
and overlappingproperty rights, restrictions and responsibilities. This chapter provides
an overview of the problem, describes the overarching research structure, and provides

an outline of the sigequent chapters of the thesis.
1.1 RESEARCH BACKGROUND

The need for mor e O0spacebd resul ting from
industrialisation has increased the pressure onrdagedolanning and development. As a

result, space above and below groungeles increasingly used. Examples include
underground developments, infrastructure facilities, figé buildings, and apartments.

To extend the use and functionality of the land, complex infrastructures are being built,

both vertically and horizontallylayered and stacked. These thdemensional (3D)
developments affect the interests such as ownership rights attached to the underlying

land.

Governments and authorities need to manage land by registering and securing land
interests to utilise and develafhem in a sustainable and efficient manner. The
registration of property rights is one of the key factors around the world that determines
economic performance and business actiyKadaster, 2010)Land administration

systems assist in this context.

Management of stratified land rights, restrictions and responsibilities (3D RRRS) is one
of the most important challenges in the current land administration systems, which are
equipped with cadastres that are only able totaai 2D spatial information.

Land administration systems are processes to regulate land management policies to
manage land by maximising social, economical and environmental benefits for people
(Enemark, 2005) Cadastre as an engine of land administration systems plays a
significant role to register property rights, resions and responsibilities.
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Most of the arrent cadastral systems are tdimensional (2D) and land parcel based,

that is, geometric and descriptive information is based on 2D land parcels, even if the
properties have three dimensions. They cannot effdgtrepresent the reality. Current

2D cadastral systems are not able to manage and represent land ownership rights,
restrictions and responsibilities in a 3D cont@é&alantari et al., 2008)Current 3D
registration in mosjurisdictions contains2D paperbased diagrams or drawings as a
footprint on deed/title plans or in subdivision plans. They are not included in digital
cadastral database (DCDB). Therefore, users cannot interact with the map. It is not
possible to measure the length, area, aoldme in the system. Query and spatial
analysis cannot be executed, because the DCDB does not support 3D data. 3D
visualisation is not possible in most jurisdictions, and users cannot go inside the 3D
objects and look at the detailed 3D information. 2Das#aiges are successfully used for
fiscal and legal purposes, and also utilised as base layers in other applications such as

disaster management.

The advent of 3D developments such as apartmentsyrisiglouildings, and complex
infrastructures (both abovena below ground), has resulted in land administrators
attempting to incorporate the third dimension into cadastral systems. The aim is to
better enable effective management and registration of 3D property rights, restrictions,
and responsibilities (RRRS).

3D cadastres would overcome these problems. A 3D cadastre should be capable of
storing, manipulating, querying, analysis, updating, and supporting the visualisation of

3D land rights, restrictions and responsibilities. There is not yet such a system in the

world (Godard, 2004; Stoter & Oosterom, 2006; Navratil, 2009; Oosterom,.2010)

A 3D regime should be considered in three main aspects (Figure 1): legal (which
supports the register of 3D properties), institutiofvathich established relationships
between involved parties), and technical (which provides platforms to realise the 3D
cadastre). These should be considered in 3D cadastre developments for each

jurisdiction.

Technical aspects of 3D cadastre vary by cdnéea can be categorised into different
subjects based on their objectives (Figure 1.1):
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1 3D data capturing: researching on what types of 3D cadastral objects need to be
collected (buildings, pipelines, tunnels, etc.) and what methods of 3D data
capturing @n be used to capture 3D data (land surveying, aerial
photogrammetry, laser scanning, etc.). Integration of different 3D data capturing
methods is one solution in this research area, while-sexfons are being used
to determine vertical aspects of 3Bdastral objects.

1 3D data representation: Visualising 3D cadastral objects, 3D analyses and 2.5D
earth surface in vector and raster formats. 3D GIS and CAD systems can provide
this opportunity. 2D papdrased plans are being used to represent 3D data in
most cadastral systeniShojaei et al., 2012)

1 Cadastral updating: updating cadastral objects in DCDB. Geometry and topology
of 3D cadastral objects are complex and they need to be maintained in a 3D
DBMS. Currently 2D DBMSs are being used for 8atlastre.

71 3D data modelling: developing data models to identify 3D objects and their
relationships. 3D cadastral data modelling will enable the capture, manipulation,
analysis and support visualisation of 3D land rights, restrictions and
responsibilitiesMost of the existing cadastral data models are 2D, such as the
ePlan data moddlCSM, 2009) which is restricted in its cover to a few 3D
objects such as volumetric lots.

Problem Areas Solutions Existing Status in Victoria

3D Data Capturing A

A CrossSections on
paperbased Plan of

Integration of
different Methods of

3D Data Capturing Subdivisions
3D Data Representa% A 3D ovject A 2D Paper based
recognition Representation

A 3D GIS/CAD

Cadastral Update

A 3D Spatial DBMS

3D Data Modelling

A 2D DBMS

A 3D Cadastral Data
Modelling

A ePlan (2D Standard
Land Subdivision
Model)

Figure 1.1: Technical aspects of 3D cadastr
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The 3D cadastre concept emerged in the early 2000s.ithad imorkshop was held in

2001 (Delft, The Netherlandsksecond followed in 201(Delft, The Netherlandsand

third in 2012 (Shenzhen, Chinaln the interim, numerous theoretical and practical
developments emerggdHi | | ma n, 1983; Begej et al .,
2004; Stoter, 2004; Arens et al., 2005; Paasch, 2005; Chai, 2006; Paulsson, 2007,
Khuan et al., 2008; Doner et al., 2010; Ericsson & Jansson, 2010; Karki et al., 2010;
Zhu & Hu, 2010; Acharya, 20; Breunig & Zlatanova, 2011; Carneiro et al., 2011;
Doner & Biyik, 2011; Ekback, 2011; Erba & Graciani, 2011; Frédéricque et al., 2011;
Griffith-Charles & Sutherland, 2011; Ivan, 2011; Khoo, 2011; Navratil & Unger, 2011,
Sgrensen, 2011; Bydlosz, 2012;i&iy, 2012; Choon & Hussin, 2012; Dimopoulou &
Elia, 2012; Elizarova et al., 2012; Erba & Piumetto, 2012b, 2012a; Frank et al., 2012;
Gal & Doytsher, 2012; Guo et al., 2012a; Guo et al., 2012b; Hendriatiningsih et al.,
2012; Jeong et al., 2012; Khoo, 20Mangioni et al., 2012; Paasch, 2012; Wang et al.,
2012) However, as yet there is no true 3D cadastre implemented anywhere in the world
(Oosterom et al., 2011)

There are several reasons why 3D cadastres have not been successfutheirgze
legal, institutional, and technical aspects all play a role. Specific reasons include the
lack of:

1 legal support and mandate to register 3D properties (legal and institutional issues)
1 a clear scope for 3D cadastres (institutional issues)

1 specifiedguidelines and standards for surveyors to capture required 3D data, and
a lack of data formats to integrate and exchange 3D data (legal, institutional and

technical issues)

1 business cases and ceéfective analysis for implementing 3D cadastres
(converson or integration of existing systems to 3D, capture of new data),

(institutional and technical issues)

1 available technologies for storing, manipulating, and visualising 3D objects

(technical issues)
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1 most importantly, a comprehensive data model capdladwancing

implementation.

Although all legal, institutional and technical aspects of a 3D cadastre provide the
framework for its successful development and implementation, data modelling is one of
the most important elements of a successful 3D cadastrarchitectural models of
houses and highise buildings help their users visualise the final product, 3D cadastre
data model supports 3D cadastre users to understand the structure or behaviour of the
system and has a template that guides them to conatrd implement the 3D cadastre.

3D cadastre data model supports 3D cadastre users to understand the structure or
behaviour of the system and has a template that guides them to construct and implement

the 3D cadastre.
A 3D cadastral data model can provide

1 exploration of the different parts of 3D cadastres (objects, elements, attributes,
and constraints) and how they are arranged

{ organisation and provision of documents and practical guidelines for land

surveying professionals
1 simplification of the processf implementing 3D cadastres

1 promotion of standards and a common language within the land administration

user communities
9 a foundation of a 3D cadastre database

1 facilitation of the exchange of data and the integration of similar datasets, and
ease dataharing and interoperability

1 an understanding of the data requirements of the involved parties.

Overall, a 3D cadastral data model can provide a framework and template to define and
explore the 3D cadastre and to facilitate its implementation. It alsdoan into light

the numerous demands and unanswered questions of 3D cadastres, including:
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1 What are the application areas of 3D cadastres? Should 3D cadastre only be
implemented in CBDs (Central Business Districts), in entire urban areas
including all aboveand underground infrastructures, or even in rural areas,

including underground pipelines and mines?

1 What is the purpose of 3D cadastres? Should 3D cadastre serve fiscal and legal

purposes, or should it be a multipurpose cadastre?

1 What objects should be gistered in 3D cadastres? Should only legal spaces
(RRRs and public law restrictions) be registered, or should physical objects such

as buildings, units, and pipelines be registered in 3D cadastres?

1 What is the level of detail required of a 3D cadastreBush3D cadastres be
multi-scale systems and include as much as detailed information as possible, or

should they only represent empty volumes?

There have been different cadastral data models since cadastral mechanisation. Many
jurisdictions, organisationsnd software developers have developed their own cadastral

data models. The variation between the dat a
attitudes towards cadastres. They are evidence of the varying expectations of land
administration system&xamples of current cadastral data models include:

1 The core cadastral data mo@idenssen, 1995)

1 FGDC Cadastral Data Content Standard for the National Spatial Data
Infrastructurg FGDC, 19%)

1 ArcGIS Parcel Data ModéMeyer, 2001)

1 The Legal Property Object Mod@{alantari et al., 2008)

1 ePlan(ePlan, 2010)

1 1SO 19152, Land Administration Domain Model (LADNM$H019152, 2012)

Data models are normally developed according to specific purposes. Data modellers
decide hav to model the data to fit the type of problems they are trying to solve. Since

land administration requirements differ among the different jurisdictions, various
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cadastral data models have been developed around the world. However, there are three
basic conmon threads among them all.

First of all, current cadastral data models have been developed based on the definition
of a 2D landparcel, and most of the existing data models only cover 2Dgdarzkls
(Kalantari et al., 2008)Of course, some hav3D objects as components of the data
model. 3D cadastres are currently being developed in the context of 2D cadastres, yet it
is argued that it is the 2D cadastre that should be accommodated within the context of a
3D cadastréAien et al., 2011b)

Secondly, current cadastral data msdelostly include legal information to serve for
legal or a fiscal purpose, and they do not incorporate physical information (building
structures such as walls, ceilings, roofs) with legal information (RRRs such as

ownership and right of use information).

Land administration includes diverse but related functions sudhnagenure,land
value,landuse, andanddevelopment. Traditionally land administration functions have
been founded on land parcels. Although cadastral systems were mainly established to
serve a legal or a fiscal purpose, the data of the cadastral systems are also used for
facilities management, base mapping, value assessmenydarganning, real estate
management, environmental impact assessment, environmental simulation, mobile
teleommunication, disaster management city planning, architectural design, and
tourist. A legal basis, however, does not exist everywhere for all of these other purposes
(Kaufmann & Steudler, 1998)

The multipurpose 3D cadastres would provide better and more efficient service to the
public and private clients. However, 3D cadastres need considerable investment. A 3D
cadastre cost/benefit analysis would be needed to demonstrate that the detailed 3D

information can serve as a multipurpose 3D cadastre in different domains.

Applications of 3D cadastre are different and they require a different detail and scale of
information. For example, land registrars need parcel scale information, meaning that

they reed to register and visualise subdivided 3D spatial objects and their associated
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rights. By contrast, citplanning organisations need large scale and more detailed

information in every unit and storey of a building.

User expectations are for 3D RRRs to \sualised in a 3D cadastre. However,
visualising 3D RRRs alone would not adequately assist management of 3D RRRs. The
actual construction of the buildings should be visualised in different details for different
land administration function@&ien et al., 2@1c).

Finally, current cadastral data models have been defined as purely legal models,
neglecting the full semantic aspects, that is, spatial objects of these data models are not
assigned to semantic objects that represent their spatial propertiesafmex_ ADM
definesboundary facendboundary face stringoncepts for 2D and 3D representations

of spatial units; however, these classes are not assigned to semantic objects, then, it is
not possible to define the type of the boundary whether it is & ealing, or floor
surface. Thus, these models could almost only be used for covering terminologies and

basic informatiorrelated components of land administration.

On the semantic level, current cadastral data models represent legal world entities by
defining objects, for example party (intere
or legal documents (rights, restrictions, and responsibilities), and spatial units
(geometric and surveying information of land 2D and 3D parcels) including attributes

relations and aggregation hierarchies between objects. On the spatial level, geometric

objects are not assigned to semantic objects.

The advantages of having a full semantic land administration model is the possibility of
navigating in or between bothemantic and geometric levels, and facilitating
differentiation between land administration and property objects (wall, roof, ceiling). A
semantically enriched land administration model supports the need for efficient

analysis, thematic queries, or data imgnin land administration systems.

The final product of a 3D cadastral system is a 3D digital platform. It would contain all
legal objects and related physical objects. Data models of such a system should consider

all legal objects including buildings,noels, utilities, mines and etc.

40



CHAPTERINTRODUCTION

Considering terrain surface would support the need to specify and clarify the relations
among property objects. Not only are land parcels situated on a 3D terrain surface, but
also the ground and underground levels of logd, and they are influenced by the
slope and aspect of adjacent terrain surfaces. Accommodating the terrain surface, in
addition to cadastral and city information, in land administration models would serve
different applications such as flood simulatiomhich is useful for insurance and

disaster management.

The solution to solve the shortcomings of the current land administration and cadastral
models for 3D cadastral purposes is to develop a 3D Cadastral Data Model that
accommodates 3D parcels, incorgesa legal and physical information, and is

semantically enriched.
1.2 RESEARCH PROBLEM

Cadastres are regarded as the engine of land administration systems to help manage
interests in land and its resources. 3D developments of land are common and put
enormous pessure on current land administration systems that are equipped with the

cadastres that are only able to maintain 2D spatial information.

In dense urban populated areas, current land administration systems use 2D cadastral

data models which:

a) do not effieently facilitaterepresentatiorand analysisof 3D data.
b) are not semantically enriched
c) do not incorporate physical objects.

Therefore they cannot adequately manage and represent the spatial extent of stratified
land rights, restrictions and responsibiés (RRRS).

1.3 RESEARCH HYPOTHESIS

In considering the research problem, the research hypothesis was formulated as follows:
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1 A 3D cadastral data model will improve current land administration systems to
better manage stratified (3D) land rights, restrictions aasponsibilities in the

dense urban populated areas.

To test the hypothesis, dividing it into more specific research questions lead to the

definition and testing of measurable variables.
1.4 RESEARCH QUESTIONS

In considering the research problem and hyposhelsey research questions were

formulated as follows:

1 What is a 3D cadastral data model? How can it help to explore and understand

3D cadastres?

1 Why cannot current cadastral data models manage and stratify RRRs efficiently?
Is there a need to develop awealata model to support the concepts of 3D

cadastre?

1 What are the data sources of the 3D cadastre? How many data sources are there

to provide information for a 3D cadastral data model?

1 What should be represented in the 3D cadastre? What are the business
requirements for developing a 3D cadastral data model? What type of objects,
attributes should be recorded in a 3D cadastral data model? How many RRRs
do exist and should be considered in a 3D cadastral data model? How many
components should a 3D cadastraatal model have? How should a 3D
cadastral data model provide the need of the rmultposes 3D cadastre?

1 What are the requirements to implement the 3D cadastral data model? What type
of geometrical objects should be considered in the 3D cadastral datal mode

being able to represent stratified RRRs?

1 How can a data model be designed and developed to accommodate the
requirements of 3D cadastres and interactions between all legal and physical

objects?
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Using these research questions as the basis for exploringa@&stral systems, the

following research aim and objectives were formulated to achieve the research question.
1.5 RESEARCH AIM

In recognising the research problem and research questions, the central aim of the
research is to:

Develop and implement a data mbteenable the capture, storage, editing, querying,
analysis and support visualisation of 3D land rights, restrictions and responsibilities in

cadastres.
1.6 RESEARCH OBJECTIVES

To achieve the research questions and aim of the research, the following ebjeeire
considered to:

1. investigate concept, definition and requirements of 3D cadastres

2. investigate an@dssessurrent cadastral data models

3. identify the user requirements and main data elements of 3D cadastres

4. design and develop a 3D cadastral data maietable for land administration
systems

5. develop a prototype to test the 3D cadastral data model using a case study.

1.7 RESEARCH APPROACH

This thesis follows a mixed research process that integrates the qualitative approach to
explore the deficiencies of aent cadastral data models in terms of accommodating 3D
information and the case study approach. The case study approach is a suitable method
to investigate the current practice of 3D property registration and identify how 3D
cadastral systems should beveleped to improve the current process. The use of mixed
methods can also minimise the weakness of a single approach through the
complementary utilisation of the strengths of other methods.
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Furthermore, the opportunity to investigate and present a gaézsity of views is
important in validating the research findin@écDougall, 2006) Divergent findings are
valuable in that they lead to the-egamination of the caeptual framework and
underlying assumptions of each of the two compon@rashakkori &Teddlie, 2010)

The diversity and divergence of perspectives between the stakeholders of 3D cadastre
including registrars, surveyors, architects, and owner corporation industries, provides

this opportunity to improve the quality of the data model.

The regarch approach consists of three major phases:

1 conceptual phase
1 design phase
1 implementation phase.

It concludes in the development of a research framework to address the research

question. Figure 1.2 describes the utilised research approach.

The conceptuaphase investigates the concept and requirements of 3D cadastres and
spatial data modelling. In this phase, the research focuses on the underlying concept of
3D cadastre to investigate the definition, importance, characteristics, aspects, and
requirement®f 3D cadastres. There is an additional focus on spatial data modelling in
this phase including an investigation of a data modelling development cycle and related
data modeling standards. Current cadastral data models are also evaluated in this phase.
The aim is to identify issues, obstacles and complications as well as successful
experiences and best practices in accommodating the requirements of 3D cadastres.
Examples include the core cadastral data model, FGDC, ArcGIS Parcel Data Model,
DM.01, The LegalProperty Object Model, ICSM Harmonised Data Model, ePlan,
LADM. Finally, observing case studies complements this phase by addressing the issues
of current practice of 3D property registration and identifying important factors that
should be considered inD3cadastral data model development process. This research

investigates one case study from Victoria, Australia: a complex underground car park.

After the conceptual phase, the design phase starts by proposing and designing a new
3D Cadastral Data Model (3IDM). The aim is to design ttBEDCDM modelto enable
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the capture, storage, editing, querying, analysis and support visualisation of 3D land
rights, restrictions and responsibilities in cadastres which incorporates legal and

physical information, and supgsrsemantic.

In the implementatiorphase,the proposedlogical data model of the 3DCDNbs
convertedto a physical data model. The physical data model of the 3DGBdVbeen
developed as an application schema of the Geography Markup Language 3, version
GML3.2.1. Accordingly, the physical data model of the 3DCDM is an XML based
schemaXML schemasorganise the data as schema instanthe 3DCDM model is
decomposed into twelve sutbodels (modules). The 3DCDM geometry module is a
GML profile. Therefore, eleveXML schemas, one schema per module, are developed
as theimplementation phasef this researchAn advantage of having separate -sub
models (modules) and also XML schemas is to increase the efficiency of
implementation of the 3DCDM model. Useran choosehie appropriate module and

avoid utilising unnecessary modules.
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Conceptual Phasse
Re quire ments of 3D Cadastres Spatial Data Mode lling
+ Definition + Data Modelling Development Cycle
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+ Aspects
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Figure 1.2: Research Approach

The 3DCDM model proposed in the design phase is developed during the
implementation phase. A logical data mbidedeveloped inthe desigmphase, which is
compatible with ISO standards and OGC specifications in the domain of spatial industry
and global land administration statements. The Unified Modelling Language (UML) is
used to develop the 3DCDM model. The sesé incorporates the logical model using
Enterprise Architect modeling capabilities and GML specifications to design a- GML
based application schema to physically implement the 3DCDM model in a computer

environment.
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1.8 THESIS STRUCTURE

The thesis is structudein four main parts. Part one is the introduction and consists of
the statement of the research problem, research question, research aim and objectives.
The research problem is described and an overview of the research approach is
presented. Part 2 comaithe background chapters that review theory and practice. Part

3 consists of the research methodology, case study analysis and the results of the
comparison and evaluation. Partcémprisesof the model development, physical
implementation, discussion @rconclusions. Figure 1.3 illustrates the structure of the
thesis and its relationship to the research objectives.

In Chapter 1, the background to the research problem is presented. The research
guestion and the overall aim of the research are statedhamdbjectives to achieve this

aim are presented. An overview of the research approach is provided.

Chapter 2 investigates 2D cadastres and identifies its problems in terms of
accommodating 3D data. The needs for 3D cadastres are described in the cahtext of
rapid 3D development above and under the ground in urban areas. 3D cadastre
definition, importance, objectives, and applications are described and 3D cadastre
aspects are illustrated to understand legal, institutional and technical issues thaelimit t
development of 3D cadastres. Data modelling development cycle, related ISO standards

are reviewed.

Chapter 3 describes the qualitative assessment results of the current cadastral data
models to identify issues, obstacles and complications as well @ssstid experiences

and best practices in accommodating the requirements of 3D cadastres. This assessment
assists the research by providing a detailed understanding of the different views towards

cadastral systems.

Chapter 4 describes the research desighrmaethods and aims to develop a strategy to
achieve the objectives defined in the first chapter. A mixed methods approach is
selected and justified as the basis to explore the deficiencies of current cadastral data

models in terms of accommodating 3D imf@tion to investigate the current practice of
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3D property registration and identify how 3D cadastral systems should be developed to

improve the current process.

Chapter 5 describes and analyses one case study to review the current practice of 3D
propertyregistration in Melbourne (Victoria), Australia. An underground car park has
been selecteds a case studyrhe aim of this Chapter is to investigate the deficiencies

of current practice of 3D property registration and identify the requirements to improve

the system.

Chapter 6 uses the outcomes of previous chapters and describes initiatives to consider in
current cadastral systems. In response to the research problem, three initiatives are
proposed based on the requirements of 3D cadastres. The propstgl.ekpands the
capability of current cadastral data model :
secondly, it improves the misrepresentation of legal information using incorporation of
legal and physical objects; finally, it semantically enricties data models making it
possible for efficient analysis and thematic queries. The conceptual model of the
3DCDM is developed in this chapter based on international standards such as ISO and
OGC and global land administration statements like Cadastre 20M land
administration standards like LADM. Components, classes and relationships between
them are described.

The logical model of the 3DCDM is developed in Chapter 7. 3BE€DM model
consists of eleven modules (sowdels). All modules are explained detail in this
chapter. UML is used by Enterprise Architect software to illustrate all classes, attributes

and relationships of the 3DCDM model.

Chapter 8 presents the physical model of the 3DCDM. Eleven XML schemas as GML
application schemas are deveddpand explained for this purpose in this chapter. An
example of theBADCDM model dataset is presented to describe how various XML

schemas are implemented.

Chapter 9, finally, presents the research achievements and conclusions. The significance
of the reseh findings to theory and practice are examined and recommendations for

further research are provided.
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Figure 1.3: Structure of the thesis and its relationship to the research objectives

1.9 CHAPTER SUMMARY

This chapter has laid the foundations for the research and introduced the problem,

guestion, aim and objectives of the research.
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As a problem statement, it discussed how 3D developments of land put enormous
pressure on current land administration systeras dne equipped with the cadastres
only able to maintain 2D spatial information. Further, that current land administration
systems use 2D cadastral data models that do not incorporate legal and physical
information, and they are not semantically enrich€bnsequently, they are not
sufficient enough to manage stratified land interests.

I n considering the research probl em, a key
can a data model be designed and developed to accommodate the requirements of 3D

cadastreand i nteractions between all | egal and

To respond to the problem statement and research question, five research objectives
were considered: 1) to investigate concept, definition and requirements of 3D cadastres,
2) to investigate anassesscurrent cadastral data models, 3) to identify the user

requirements and main data elements of 3D cadastres, 4) to design and develop a 3D
cadastral data model suitable for land administration systems, and 5) to develop a

prototype to test the 3D cadid data model using a case study.

Based on these five objectives, the research approach was designed in three phases:
conceptual, design, and implementation phases, and the thesis structure has been

outlined in nine chapters.
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2 CONCEPTSOF 3D CADASTRES AND DATA
MODELLING

2.1 INTRODUCTION

This chapter aims to explain the concept and needs for 3D cadastres and 3D cadastral
data modelling. Current cadastres (2D cadastres) and their mpsobtegarding
managing stratified rights, restrictions, and responsibilities are described. Then,
concept, needs, and aspects of 3D cadastre are explained. This chapter ends with the

importance of data modelling in the field of 3D cadastre.

2.2 2D CADASTRES

From the early stages of human settlement, land was undisputedly the primary source of
wealth and power. To secure guarantee of land ownership, cadastres have been
established and managed in different fofWslliamson, 1985) Their differences often
depend upon local cultural heritage, physical geography,Uaedtechnology, and etc.
(Begej et al., 2002)

Traditionally, cadastres were designed to assist in land taxation, real estate
conveyancing, and land redistribution. Cadastres help to provide those involved in land
transactions with relevant information and help to improve tlieiexicy of those
transactions and security of tenure in general (Figure 2.1). They provide governments at
all levels with complete inventories of land holdings for taxation and regulation. But
today, the information is also increasingly used by both faiead public sectors in

land development, urban and rural planning, land management, city space management,

and environmental monitoring-1G, 1995)
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The Cadastral Concept

OWNERSHIP / LAND USE
(TEXT & DIGITS)

COMPUTER
(LINK & INTEGRATE)

Figure 2.1: The Cadastral Concept(FIG, 1995)

Based on the FIG (International Federation of Surveyors) Statement on the Cadastre
(FIG, 1995)

i A Caedis sotnrally a parcel based, and-toglate land information system
containing a record of interests in land (e.g. rights, restrictions and responsibilities). It
usually includes a geometric description of land parcels linked to other records
describing lhe nature of the interests, the ownership or control of those interests, and
often the value of the parcel and its improvements. It may be established for fiscal
purposes (e.g. valuation and equitable taxation), legal purposes (conveyancing), to assist
in the management of land and land use (e.g. for planning and other administrative

purposes), and enables sustainable devel opn
It is concluded from this description that cadastres keep information about:

1 land parcels (e.gotation, boundaries, coordinates, area, value)
1 land tenure (e.qg. property rights, restrictions, responsibilities, ownership, leases)
1 land owners (e.g. interest holder information).

Land parcels are the basic spatial entity of the cadastres. Each paigehis unique

code or parcel identifier. Therefore, other information such as buildings, utilities, land
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use, and demography (such as population statistics) can also be connected to land
parcels through the unique parcel identifiers in GIS systems.

Land parcels are represented by cadastral maps, digital cadastral databases (DCDB), or
survey plans. Due to historical, cultural and social differences, cadastral maps play very
different roles in different jurisdictions ranging from being used in chartinigid@x

maps to being the legal determination of parcel bound@#tamson & Enemark,

1996)

Regardless of the purpose of cadastral maps, 2D representation methodbdpagear
CAD files) are common practice in most jurisdictions that repregeametrical
information (boundary information) of land parcels andperty details in cadastral

maps or survey plans.

Cadastres that are equipped to show the geometry of parcels (2D) and to represent the
legal status of these parcels (ownership information) are called 2D cadastres in this
research project. Land parcelda2D representation of land parcels are two main

properties of 2D cadastres.

2D cadastres work well where the owner of a parcel is entitled to use the land in the
parcel from the centre of the earth to the heavens (villa arrangements) according to law
andbuilding and urban planning regulations (Figure 2.2).

Figure 2.2: Owner of parcel and property no. 5 is entitled to use his land from the centre of the

earth to the heavens.

55



3D CADASTRAL DATA MODELLING

One of the fundamental toolssed to manage this arrangement is the limitation of
building across parcel boundaries: the building stock is generally kept coherent with
parcel boundaries. Historically, the theory of ownership and property rights was
established before intensive landesisdemanded a straitling system. When stratas
were formalised into titles, it made sense to use them for both detached buildings and

multi-storey developments.

In these cases, one parcel can be affected by a depth limitation (Figure 2.3) or a
restricton can affect the height of any building that might be constructed (Figure 2.4).
In this situation, the user might require a 3D representation of the ownership rights.

Height limitation

—_3D legal objgct
=8

h |

nnpth limitation

Figure 2.3: Land parcels are alequately represented by the 2D spatial extent of the boundaries of

the land related to the rights, restrictions, and responsibilities.
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Figure 2.4: Multi occupancy residential or commercial buildings invdve many strata units and

common properties on one original parcel.

56



CHAPTEREZONCEPT OF 3D CADXSS AND DATA MODELLING

2D cadastres cannot effectively represent the complexities of reality. They are not able
to manage and represent land ownership rights, restrictions and responsibilities in a 3D

context.

The lack of an efficient and effective thrdenensional solution, limits the ability of the
public to visualise and communicate 3D development and the ability of architects,
engineers and developers to capitalise on the full potential of 3D title médealso

limits the ability of governments and developers to visualise fayél developments
resulting in increased costs and delays; and the ability of land registries to administer a
title registration system that can accommodate these increasingptescomulti-level
developments. For further discussion, problems of 2D cadastres are discussed in the

next section.

2.3 PROBLEMS OF 2D CADASTRES

Obviously, the use of land involves multiple dimensions. However, cadastres focus on
organising 2D land parcels. & are a number of reasons why cadastres do not
accommodate 3D data. They &ecause ofhe lack of 3D data collection methods and
equipmenti(e. lack of information in subdivision plans and architectural maps)iteand
limited 3D storage and represeida technologies (3D DBMS, 3D topology, and 3D
visualisation specifications). However, 3D developmemder and above grourtave

changed the characteristics of cadastres.

Developments of apartments, highe buildings, tunnels, and utilities involve
construction of above and below ground structures. These are of two distinct kinds.

First, development in a single parent para@ligure 2.4) In most systems that formally
divide multi uses and multi occupancies in buildings into separate units capbblag
uniquely owned and traded, the development occurs on a single parcel that is eventually
subdivided to reflect the new configuration. These single original parcel developments
are coherent in the cadastral framework, but for larger developmen¢serfation in

3D, rather than 2D, would help clarify the relativities and relationships among the units

and common property.
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Cadastral flexibility must encompass developments that produce separate and varied
strata units for multi use and multi occupanal residential and/or commercial
buildings on one original parcel. The legal structure of these buildings is generally
composed of individual lots, easements, and common property. Lots can include units,
garages, storerooms and facilities that are ownetthéyot owners. Common property
includes parts of the land and buildings, below ground and airspace that are not within
the defined private lots. These may include gardens, passages, walls, roofs, pathways,

driveways, stairs, lifts, foyers and fences.

Figure 2.5 also illustrates the intersection of interests in one original parcel and the
method of their legal representation in current 2D cadastres. In this example, residential
apartment units are owned by individual home owners, and offices and commercial

units are owned by legal entities established by businesses and organisations.

Municipal
Offices

Parce* Boundary

Building
Footprint

Bank

Ground Surface

Underground Car Park

Figure 2.5: Multi occupancy residential/commercial buildings involve many strata units on one

parcel and its representation in the current cadastral systems.

Second, developmentthat traverse existing parcelgFigure 2.5) Modern urban
environments frequently require infrastructure that traverses existing parcels. This
infrastructure might be small scale (Buas underground car parks that require entry
points accessible from roads that do not adjoin the parcel) or large scale (metro systems,
highway tunnels, sewers, and so on) that affect below ground areas under many existing

parcels. Legal management of d®pments with multparcel impact can be
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undertaken in many ways. The larger infrastructure developments usually attract
specific enabling legislation that allows the government to retrieve or acquire the land
so that developer/owner/operator can holdgéhold or freehold) titsto the land as an

underground strata area, that is with dimensions of height defining the upper and lower

boundaries, and two dimensions of length and breadth showing the horizontal area.

In some cases, one development mighkibive using areas that are under or above the
ground level of neighhaing or adjoining parcels (Figure 2.6). Legal systems that
allow this will use a variety of strategies. A typical solution is theutedivision of the
surface parcels to excise theageabove or below from their titles, and to create a new
title with height and depth limitations defined by the contours and dimensions of the
excised areas. Figure 2.7 illustrates the corresponding fimsetl representation of the

legal situatiorthatcannot be clearly represented in 2D configurations.

BuildinzB

Building A [
(=
O (|
Park -
(- ar O
O

Street
Street

Q2 0 0 0

-------- P Piles to hold
T T T the building

Underground Car park

/ |00 0 0

Figure 2.6: A car park and its related access paths crosses are built under existing buildings and

public spaces.

Figure 2.7: Parcel-based cadastral map for the underground car park and crossing access, streets

and adjoining buildings
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These examples show how a cadastral system that defines only length and breadth of
each parcel in a muldimensional worldcreates difficulties for interpretation of

building interests.

The 2D description of parcel boundaries does not adequately explain the relationships
among the varied parcels in buildings, especially constructions that involve below
ground space. Repregation of the arrangements by a serieéflobr plan$or @yround
map®that rise up the floors in a building cannot adequately describe the arrangements
of legal titles and the opportunities to use the physical structures. The 2D system serves
well in simple buildings, and ground level villa unit developments, but management of
modern cityscapes would benefit frommmuch more descriptive capacity in the land

administration and titling systems.

Consequently, where there is multiple use of space withfigtlaproperty rights in
land, 2D cadastres are unable to adequately reflect the spatial information about those
rights in the third dimension. There is a need for 3D cadastres to manage and represent

stratified land rights, restrictions, andgpensibilites in 3D.
2.4 NEEDS FOR 3D CADASTRES

The worl dbés p o p uskdatheimajarity iofeoplesnowlige inutowhsaandi
cities (UN-FPA 2008). Australia, for example, is also experiencing this urban migration.
The ABS projects Au most doubleades thepnexp 47 yaarsi o n
increasing from 22 million to up to potentially 42.5 million by 2@e@&-FPA, 2008)

The majority of these people will live in cities. These increasingtipansed
populations will predominantly live in multevel, multipurpose, highly engineered,
high-rise developments. Rapidly expanding vertical cities and their populations will
experience a range of new environmental, social and economic challgfiy@sin,
1983)

It is essential the infrastructure is in place to model and manage these new 3D

environment{UN-FPA, 2008) This infrastructure should include verified, authorised,
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repeatable, engineered information about 3D environments, not just the surveyed
external boundaries of structures and parcel boundaries thedrappwedimensional

drawings.

The problem of creating efficient and accutl
restrictions and responsibilities in buildings and infrastructure above and below ground

is shared by all cities of the world, irpesctive of the level of development (Figure 2.8).

Figure 2.8: Busy high-rise megaciy like Hong Kong, China (Williamson et al. 2010)

The third dimension of height in land information systems facilitates subdivision of
space into strata legal property objects capable of being dwnditferent entities and

used for unrelated purposes while facilitating management of the entirety. This creates
separate legal property objects above or under the original property parcel or unit. The
most typical objects located above the surface paetments or buildings registered as

separate properiRajabifard et al., 2012)

Increasingly, construction below or above the surface, such as tunnels and platforms
used as foundations for buildings and so on (Figure 2.9), are also treated as 3D objects
in a land subdivisiorprocess(Stoter, 2004) In some jurisdictions, networks such as
telecommunication lines, water pipes and gas supply grids, and communication systems
may also be registered, either withime land registry (as has been proposed in The
Netherlands) or in a separate register (as for-atage power lines in Norway). 3D
cadastres can also include interests related to trees, vegetation, minerals, hydrocarbons,

as well as watgiBennett et al., 2005; Rajabifard et al., 2006; Kalantari et al., 2008)
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Figure 2.9: Construction below or above the surfacgStoter, 2004)

Factors that highlight the need for 3D cadastres include an increase in property values,
escaléing numbers of overlapping transport routes, proliferation of utility infrastructure
including cables and pipelines, management of complex natural environments alongside
built infrastructure, and emergence of useful 3D technologies for design, planding an

management.

Also, in current land information system data models, the third dimension is usually
inadequately modedd as a 3D tag linked to the parcel rec(@®tboter & Oosterom,
2003) The increasing complexity of modern cities demands that modern land
administration systems include heights and capao visualse interrelationships
between structures and uses for sustainable managdivatiace & Williamson,
2004)

The land administration sectoin Australia recogrge the importance of having land
information in 3D, espdally in cadastresSince February 2012hé Centre for Spatial
Data Infrastructures and Land Administratiqi€SDILA) at the University of
Melbourne have started to investigate about the different aspects of the 3D catiastre.
involvement of Australian Reseach Council (ARC) andindustry partners in the
research projedliustrates the importance &dnd and propertinformationin 3D which

will assist the implementation of the 3D cadastre by focusing on the development of

62



CHAPTEREZONCEPT OF 3D CADXSS AND DATA MODELLING

partnerships as a means of sodyv issues in relation to the increasing number of
interests in land. This will build the research capacity in Australia to further investigate

different technical, policy and institutional aspects of 3D cadastres.

The project partners include Departmerit Sustainability and Environment (DSE),
Land Victoria, Intergovernmental Committee on Surveying and Mapping Australia
(ICSM), Land and Property Information NS\\.PI), VEKTA, Alexander Symonds,
PSMA, Australia, Strata Communities Victoria (OCV), Fendetskbdis Architects
(FKA).

Australiads I ntergovernment al Copmwhich t ee on
i ncludes all |l and administration authoriti .
Milestones 200& 0 1(@C8SM, 2008b) identified the 3D cadastre as an emerging trend

and supported research into 3D cadastre development.

Accordingly two land administration authoritiédsand Victoria and LPIand a national
coordnation body(ICSM) have committed significant resources to this project. In
addition, three key private organisations active in land subdivision and construction in
multi-level developments have given their support in this project with a significant

resouce commitmen{Rajabifard et al., 2012)
Overall, the basic needs for the 3D cadastesto
1 explicitly register 3D space to which 3D rights apply

1 have good accessibility to the legal status of 3D propertieduding 3D spatial

information as well as public law restriati®

1 identify significant land and buildings subject to flooding (especially those in

CBD high value and high impact areas)
1 identify parcels that cross other parcels

fsuppbrgh Aval ue thatshasitdubeur3edd and Ahei g

CityLink, Melbourne, Australia lfttp://www.citylink.com.auy
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1 support ew style highrise and lowrise buildings and developments: Queen

Victoria Building, Melbourne, Australightp://www.gwb.com.auy

1 support nfrastructure beyond land parceilsfrastructure assets and their position
require heights. For example, above ground transmission and electrical wires

should be mapped in the cadastral maps.

After identifying the basic needs for 3@dastres, the concept of 3D cadastre including

the definition and benefits of 3D cadastre is described in the next section.
2.5 3D CADASTRES

3D cadastres manage and represent real property ownership rights, restrictions, and
responsibilities in 3D. They are ets when there are stratified rights on, above or under

a particular extend of land. In this research, 3D cadastres are referredigitaeds3D
cadastres

3D cadastres digitally represent real property ownership rights, restrictions, and
responsibilities (legal models) and their physical counterparts such as buildings,
utilities, on, above or under the ground surface. They are equipped with 3D data storage,
3D visualisation, and 3D spatial analysis functions.

They facilitate management of property rightegistration of strata plans; and reduction

of boundary disputes between owners and Owner Corporations. They also enable a wide
variety of applicationswhich in turn create a demand for detailed and integrated 3D
legal and physical objects.

3D cadastreprovide important information for different applications such as city space
management and land and property management i(Rafabifard et al., 2012)irst,

they represent the spatial extent of ownership boundaries in 3D where layered
ownerships exist. Second, they facttaegistration of strata developments. Third, they
support land development processes includimgissuing of permit plans in dense
urban areas especially for huge developments such as bridges and thaneisss

above or under other developments. flouthey provide reliable information for
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governors and decision makers. Last but not least, they are utilised as a basic layer to
integrate with other information layers such as 3D city models (CityGML), Building
Information Model (BIM), transportatiomitility networks, land use, and employment to

services for different applications.

Definition of 3D cadastre in this research is explained in the next section to further
clarify the concept of 3D cadastres.

2.6 DEFINITION OF 3D CADASTRE

Since 3D cadastre iswvast subject, there are different ideas about 3D cadastre. Hence,
some existing 3D cadastre definitions will be mentioned fr@rious researches

points of view befordnally definingthe 3D cadastre in this research.

1 A 3D cadastre is a cadastre whiakgisters and gives insight into rights and
restrictions not only on parcels but also on 3D property (8itster, 2004)

1 3D Cadastre provides information beyond the typical planar datacan be use
to ensure registered rights below & above the land surface. Land use of
underground and aboyground parcels, can be thus described, analysed and
optimally developed and exploit¢Bapaefthymiou et al., 2004)

1 The 3D cadastre system will manage the 3D spatial data in strata in the same way
the 2DGIS system manages the 2D spatial data currently. This task can be
separated into two parts; thestibeing 3D cadastral data spatial analysis of 3D
parcels and 3D objects, and the second is 3D digital visualisaBbn.
registration deals with maintaining spatial and +spatial information on 3D
objects, which are core topics of 3D Garroush & Eveiizur, 2004)

1 A modern cadastral system should always reflect the existing status of all property
rights, including private and public properties. This provides better means for a
rationalized management of the built environtmencluding regulations of

legality of use or economic applicatiofi@imopoulou et al., 2006)
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The variation between these definitions is the result of different attitudes towards
cadastres. However,ost of the dehitions purely reflect the legal portion (registration)
of 3D cadastres and neglect integration of physical counterpart. Therefore, 3D cadastre

is defined in this research as:

7 3D cadastras a tool in a land administration system to digitally manage and
represent stratified rights, restrictions, and responsibilities (legal models) and
their corresponding physical models such as buildings, utilities, on, above or
under the ground surface in 3B.3D Cadastre has the capability to capture,
store, edit, quer analyse and visuaé multrcomplex properties and

frameworls within a documented set of standards.
2.7 BENEFITS OF 3D CADASTRE

The ability to maintain 3D information relating to property interests and make it
available through the land administration sgstewill provide important benefits at

government levels. Its greater benefits lie at the public level where it will assist
management of the economy of 3D land development, security of tenure and

community engagemefRajabifard et al., 2012)

Building data show a trend ofreng growth in approvals for residential dwellings in
inner city areas of many Australian citie&BS, 2009) Implementation of a 3D land

and property informadin system potentially provides significant letegm benefits and
savings for the community in the land development processes as more than 50 percent

of land development proposals involve height allocations.

A clear understanding of 3D developments tigilowwcomputer visualisation will help

reduce misunderstandings and disputes between developers, owners and managers, and
the public. At the same time this will improve the ability of authorities, such as local
government and utility companies, to effectivgllan large multiunit developments

such as shopping ceast bridges and tunnels.
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Access to comprehensive and integrated land and property information in 3D will
modernise processes of land and property development in Australian cities and prevent

confusion, administrative friction and disputes during decision making.

An aggregated database of different disciplinary datasets, such as land valuation, land
use, utility management, property tenure, lease and occupancy in a 3D environment will
provide muircipalities and utility companies with the seamless information and tools to

facilitate comprehensive and efficient engagement with the community.

Currently, in Australia, principles for recording overlapping interests in land are
fragmented and not avdike in a cohesive and integrated way. Historically 2D systems
managed interests in land and property effectively. These flat systems cannot manage
the increasing number of 3D property rights, restrictions and responsibilities in

Australia.

The fast growng populations and pressure to integrate facilities on, above and under the
surface of cities and natural environments demand the introduction of a holistic
approach to managing the third dimension in Australia. The availability of 3D spatial
land informaion systems will enable governments to effectively respond to the fast

growth of Australiads cities.

Benefits of 3D cadastres and their potential needs persuade sei@mistland
administration authorities to develop and implement the 3D cadastre.ebiff@spects
should be considered to successfully develop a 3D cadastre. These aspects are explained

in the next chapter.
2.8 ASPECTS OF 3D CADASTRE

Establishment of 3D properties and multiple ownership in a single building are not
allowed in all jurisdictiongStoter & Oosterom, 2006}or example, establishment of
3D construction properties was not allowed in Norway or a division of ownership was
not possible in the thirdimhension in Sweden (Stoter & Oosterom, 2006). In Victoria,

Australia, current legislation allows owners and developers to register 3D properties by
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the introduction of subsequent and complementary Acts such as the Transfer of Land
Act (Stratum Act) 1960, tgata Title Act 1967, Cluster Titles Act 1974, and Subdivision
Act 1988 (Libbis & Leshinsky, 2008) It is obvious that the legal aspedse the
fundamental part of the 3D cadastral systemtsich secure 3D properties and support

the demands for multiple ownerships of land and buildings.

Legal aspects are not the only concern in the 3D cadastre. Institutional aspects play a
significant rok by regulating property rights, providing guidelines and standards for 3D
data acquisition, and defining tasks and responsibilities of the private and public sectors
(Molen, 2003; Ho & Rajabifard, 2012)nstitutional aspects can provide a road map to
facilitate the accommodation of a 3D cadastre.

Figure 2.10 suggests that a 3D cadastre should be considered in three main aspects:
legal (which suports the register of 3D properties), institutional (which established
relationships between involved parties), and technical (which provides platforms to
realise the 3D cadastre). These aspects should be considered in 3D cadastre

developments for each jadiction(Aien et al., 2011b)

Technical )

3D
Cadastre

G ) ~.
C Legal ™
( )
\\q/

Figure 2.10: Relationship between different aspects of 3D cadastre

2.8.1 LEGAL ASPECTS OF 3D CADASTRES

3D property owners such as the owner of an apartment unit are entitled to use a specific
3D space. These 3paces are usually located on top of each other within one land
parcel or sometimes extending over a number of land parcels. In most jurisdictions,

owners of 3D properties share implicit rights in the common attegtsare mostly
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managed by service compamiand Owners Corporation. 3D property legislations, if
they exist, do not support a full 3D property representation in some jurisdictions. For
example, establishment of 3D construction propertiesewot allowed in Norway or a
division of ownership was mq@ossible in the third dimension in Swedgtoter &
Oosterom, 2006)To overcome this problem, legal systems in some countries, have to
develop to support registrati@nd representation of 3D properties.

For example, the property legislatisrasdeveloped in Victoria (Australia) over a long
period of time to meet the demands for multiple ownerships of land and buildings
because financial institutions would not accepth a 3D property as security for
funding. Until the Subdivision Act 1988, different Acts and regulatiseseintroduced

to legislate for owning and setng 3D properties (Figure 2.),0but all these have
evolved to meet the needs of developers, ownamtgagees and planners of 3D
properties (Libbis, 2006; Paulsson, 2007).

In Victoria, the basic subdivision of land used to be carried out underdhisipns of

the now repealed Local Government Act 1988d thenwere registered at the Land
Registry under provisions of the Transfer of Land Act 1958 (Figure 2.11). This type of
subdivision was inflexible in that it only allowed for thebdivision of land along
defined horizontal boundaries on the ground.

The Transfer of Land (Stratum Estate) Act 19680vled a legislative framework for
separate ownership of flats or other units. It enables titlde issued for each owner

and a title for common areashich are owned by a service company.

In the Strata Title Act 1967, separate titles were availtdleeach unit. The owners
corporation came into existence instead of the service company and is registered in the
Land Registry with its details, rules, rights and responsibilities. Each owner is
automatically a member of the owners corporation. Thusjndealith the strata title

was considerably less complex than stratum title.

The Cluster Titles Act attempted to resolve the problem of staging and the progressive

creation of common property, as well as tovule for preselling and to overcome
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constrains that applied to site requirements and the sharing of facilities. The Act
promised future subdivisions thateperved special site features, such as trees or
streams, and the provision of special interest developments, such as tennis courts or

stables ad horse tracks, but these expectations were not fulfilled.

Local Goverment Act 1 Subdivision of land 1 No vertical subdivision
Transfer of Land Act (horizontally)
1958 1 Issue title per each lot
Transfer of Land (Stratum 1 Subdivision of land 1 Time consuming
Estate)Act (horizontally & vertically) { Costly
1960 1 Issue title per each lot 1 Complex
1
Strata Title Act Ph S}dei;/iﬁiogof 'fti_”d” ) 1 Preselling
orizontally & vertically Stagin
1967 1 Issue title per each lot 1 ging
1 Bodv corporate
Cluster Title Act 1 Subdivision of land  Complex & costly
1974 (horlzontglly & vertically) 1 Very detailed
1 Issue title per each lot
1 Presellina & staaina
Subdivision Act Y 1 Subdivision of land N/A
1988 (horizontally & vertically)

1 Issue title per each to
1 Comprehensive

Figure 2.11: 3D property legislation (Subdivision Acts) in Victoria for Freehold lands

Land Acs Crown Lands N/A
1958
Property Law Act™ Crown Surveys Part VII
1958

Figure 2.12: Subdivision Act in Victoria for Crown lands

The subdrision system before the Subdivision Act 1988 was regarded rapleg

costly and time consuming. The objectives of the Subdivision Act were to introduce a

uniform process for subdivision approvdlsat are part of the planning system, a
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uniform style of itle for property in Victoria a system that is sufficiently flexible to

allow for changes to be imghented from time to timea system which has the
municipal council as the central body responsible for therdmation of planning
building, traffic anl drainage control, and a simplified Agthich can more readily be
understood by interested users and laymen, such as developers and members of the
bodies corporate. The Land Act 1958 and the Property Law Act 1958 (Figure 2.12)
weredeveloped to subdividérown landgLibbis, 2006; Paulsson, 2007)

Victoriabds current |l egi sl ation all ows owne
however, depicting 3D rights, restrict®m@and responsibilities is papeased, complex,
and difficult to be understood by the public.

2.8.2 INSTITUTIONAL ASPECTS OF 3D CADASTRES

Legal aspects lay the ground work for land administration, but cadastres are only
meaningful if they operate within an institutional context, providing regulations for
defining property rights, defining mechanisms for acquisition, etc., and defining tasks
and responsibilities of the public administration empowered to register. Téigiadly

true for 3D cadastee Without defining the third dimension in property rights regimes,

3D cadastres are meaningléstlen, 2003)

As shown in Figure 2.13, there should be a close and consistent relationship between
public and private sectors to share knowledge and to reach a common viewpoint on the

coneepts and principles for the development of 3D cadastre

Institutional aspects can be divided into different categories. Firstly, administrative
institutions that execute and protect the regulations set by the legislati@senTight
include surveyogereral, registration body for cadastral surveyors, land registry, local

government, association of developers, and association of Owners Corporation.

The second category acenceptual institutions that provide a unified of 3D concepts
such as, apartment3D ownership, 3D property, muistorey building, highrise

buildings, complex building and so on.
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Institutions in the area of 3D cadastres can be seen as institutions in support of
organisational reform. It is essential to analyse what reforms are edguom an
organisational perspective to support implementation of 3D cadakir& Rajabifard,

2012)

i Public

—| Legislations

Private
Sector

Figure 2.13: Relationship between organisations

In addition, legal and technical aspects can drive institutional aspects. For example, the
Department of Sustainability and Environment (DSE) and the Department of Planning
and Commuity Development (DPCD) in Victoria are two separate departments with
different responsibilities. DSE facilitates the land registration process and acknowledges
subdivision plans and issues titles. DPCD assesses and issues planning approval for
applicantsHowever, the SPEAR project created a platform for the two departments to
work with one system. SPEAR (Streamlined Planning through Electronic Applications
and Referrals) project allows subdivision and planning approval applications to be
compiled, lodged, managed, referred, approved and tracked online anytime
(http://www.spear.land.vic.gov.au/spgaiTherefore, it can be seen that technology and

technical aspects drive institutional aspects as well.
2.8.3 TECHNICAL ASPECTS OF 3D CADASTRES

Technology in 3D cadastre is the use and knowledge of tools, models and methods to

develop 3D cadastre. Progress in technology increases the efficiency of cadastre
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Functionality of cadasteedevelops in accordance to pregs in computers and data

capturing methods (Table 2.1).

Table 2.1: 3D cadastre development

Registration, Fisal, 2D

Before 1980s Paper . L
Visualisation

Registration, Fiscal, 2D
1980s CAD ) o

Visualisation

Registration, Fiscal, 2D
1990s CAD, GIS Visualisation,

2D Vectorbased Analysis

Registration, Fiscal, 3D Rastbased

CAD, GIS, . I
2000s Visualisatian, 2D Vectorbased
3D Rastetbased Tools )
Analysis
Augmented reality Registration, Fiscal,
2010 3D Vectorbased Visualisation,
Virtual reality 2D Vectorbased Analysis

3D Registration, Fiscal, 3D
3D (CAD, GIS),3BDDBMS =
Future Visualisation,
3D Vectorbased )
3D Vectorbased Analysis

While cadastres were paper based, they were used for a limited applications such as
land inventory and taxation purpoddsng & Williamson, 1999) Nowadays, GIS and

other spatial analytical systems pabre applications on cadastres and it is possible to
analyse and query cadastral data. Although all efforts on cadastral system were
previously 2D, new initiatives
Aut oCAD Map 3D, B e n ts eArc@I8, sCityGNILt snd Buildéhg
Information Models (BIM) are promoting researchers to consider the practical
possibilities of 3D cadastre. Inevitably, 3D cadastre will be achieved by developing 3D
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CAD, 3D GIS, and 3D DBMSwhich will provide possibility ofdrawing, updating,
analysing and visualising 3D cadastral objects and 3D spatial ownership of land rights,
restrictions and responsibilitidisatis completely independent of 2D land parcels with a

geometrical and topological structure in both rastervaotbr based format.

In addition, it should beotedthat, current 2D cadastral data such as boundaries of land
parcels is essential amsl expensive to acquire in both time and money. Therefore, it is

important to utilise current cadastral data in 3D sa@adevelopments.

Technical aspects of 3D cadastre vary by content and can be categorised into different

subjects based on their objectives (Figure 2.14):

7 3D data capturing: researching on what types of 3D cadastral objects need to be
collected (buildings pipelines, tunnels, etc.) and what methods of 3D data
capturing can be wused to capture 3D data (land surveying, aerial
photogrammetry, laser scanning, etc.). Integration of different 3D data capturing
methods is one solution in this research area, whilsssections are being used

to determine vertical aspects of 3D cadastral objects.

7 3D data representation: visualising 3D cadastral objects, 3D analyses and 2.5D
earth surface in vector and raster formats. 3D GIS and CAD systems can provide
this opportuity. 2D papetbased plans are being used to represent 3D data in

most cadastral systems.

1 Cadastral updating: updating cadastral objects in DCDB. Geometry and topology
of 3D cadastral objects are complex and they need to be maintained in a 3D
DBMS. Currenty 2D DBMSs are being used for 3D cadastre.

71 3D data modelling: developing data models to identify 3D objects and their
relationships. 3D cadastral data modelling will enable the capture, manipulation,
analysis and visualisation of 3D land rights, reswitsi and responsibilities.

Most of the existing cadastral data models are 2D, such as the ePlan data model
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(ICSM, 2009)which is restricted in its cover to a few 3D objects such as

volumetric lots.

Problem Areas Solutions Existing Status in Victori

A

A CrossSections on paper
based Plan of Subdivision

Integration of different
Methods of 3D Data
Capturing

3D Data Capturing

3D Data Represent%

A 3D object recognition
A 3D GIS/CAD

A

2D Paper based
Representation

Cadastral Update A 3D spatial DBMS A 2pDBMS
3D Data Modelling A 3D cadastral Data A eplan (2D Standard Land
Modelling Subdivision Model)

Figure 2.14: Technical problem areas in 3D cadastre

2.9 3D CADASTRE TREE DIAGRAM

Legal, institutional, and technical aspects of 3D cadastre are essential for successful
implementation of a 3D cadastre. Figure 2.15 (3D cadastre trgiatipdescribes how

these three aspects supply a 3D cadastre to serve for different applications. This diagram
illustrates the requirements of 3D cadastres to support different applications such as
urban planning, registration of 3D RRRs, 8Bualisation,dispute reduction, securing

and financing 3D properties, increase property value, and infrastructure management are
all examples of 3D cadastre applications. Legal aspects (Legal and Land Policies) play a
fundamental role and facilitate the establishnwérihe 3D cadastre. A 3D cadastre also
needs technical support such as 3D data capturing, manipulating and visualisation

technologies to increase the efficiency of 3D cadastres.
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Salue

Controlling
pfrastructura 3D Registration
of RRRs
Securing S Easy
3D Properties [ mancmg

Land Policy Legal Policy

¥

3D Data 3D Data 3D Data
Capturing Manipulating  visualising

Technical Framework

Figure 2.15: 3D cadastre tee diagram

The aspects of 3D cadastre represent the basic requirements for any jurisdiction
developing a 3D cadastre. These are somewhat generic because confused and
conflicting expectations for 3D cadastre ensure ambiguity. As such, determining the
scopeof 3D cadastres is another stbptshould be considered before developing a 3D
cadastral data model.

2.10 SCOPE OF 3D CADASTRE

The 3D cadastre concept emerged in the early 2000s. An initial workshop was held in
2001 asecond followed in 20Ehd third in 2@2. In the interim, numerous theoretical
and practical developments emerged. However, as yet there is no true 3D cadastre

implemented anywhere in the wol@osterom et al., 2011)
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There are several reasons why 3D cadastres have nosbesgssfully implemented:
legal, institutional, and technical aspects all play a role. Specific reasons itickude
lack of.

1 legal support and mandate to register 3D properties

1 specified guidelines and standards for surveyors to capture required 3@rthta,

a lack of data formats to integrate and exchange 3D data

1 business cases and cefflective analysis for implementing 3D cadastres

(conversion or integration of existing systems to 3D, capture of new data)
1 available technologies for storing, manipulatiand visuating 3D objects.

However, a lack of a clear scope for 3D cadastres is one of the main obstacles to
advancing implementation. 3D cadastres appear to have numerous demands and

unanswered guestions:

1 What are the application areas of 3D cada8tr8hould 3D cadast®nly be
implemented in the most dense urban areas (e.g. city centres), in entire urban
areas including all above and underground infrastructures, or even in rural areas,

including underground pipelines and mines?

1 What is the purposef 3D cadastres? Should 3D cadastre serve fiscal and legal

purposes, or it should be a multipurpose cadastre?

1 What objects should be registered in 3D cadastres? Should only legal spaces
(RRRs and public law restrictions) be registered, or should phydifadte such
as buildings, units, and pipelines be registered in 3D cadastre?

1 What is the level of detail required of a 3D cadastre? Should 3D cadastres be
multi-scale systems and include as much as detailed information as possible, or

should they only regsent empty volumes?
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There are other scoping options beyond these, and they should be identified prior to
implementation of 3D cadastres. Without a clear scope for 3D cadastres, developers
must contend with confused and conflicting expectations. This makes

implementation of the 3D cadastre difficult.

The scope of 3D cadastres ideally should be defined in legal and institutional systems.
Pending these formalities, developing a data model for 3D cadastres is a useful method

to clarify the scope of a 3D dastre. A 3D cadastral data model provides:

1 exploration of the different parts of 3D cadastres (objects, elements, attributes,

and constraints) and how they are arranged

1 organisation and provision of documents and practical guidelines for land

surveying pofessionals
1 smplification of the process of implementing 3D cadastres

1 promotion of standards and a common language within the land administration

user communities
9 foundation of a 3D cadastre database

1 facilitation of the exchange of data and the integnabf similar datasets, and

ease data sharing and interoperability
1 understanding data requirements of involved parties.

Overall, a 3D cadastral data model can provide a framework and template to define and
explore the 3D cadastre by identifying 3D cadaslements (classes and attributes) and
their arrangements (associations, cardinality, and constrains) and can therefore facilitate

its implementation.

Since the aim of this research is to develop a 3D cadastral data model, the concept and

development oflata modelling process are described in the next section.
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2.11 DATA MODELLING

Data models are normally developed according to specific purposes. DatHensode
decide how to model the data to fit the type of problems they are trying to solve. Since
land adminigration requirements differ among the different jurisdictions, various
cadastral data models have been developed around the(®erdet al., 2011a)

Data modding development is often an iterative and cyclical process used to create a
perfect model of the real world. The data nédg devdopment cycle approach is used

in this research to develop a new 3D cadastral data model (3DCDM).

The data modéng development cycle (Figure 2.16) usually starts from mapping the
concepts and their relationships of the real world to a conceptual mduglmbdel

includes all major entities and relationships and does not contain much detailed levels of
information about attributes. The conceptual data model is created by gathering
requirements from various sources such as business documents, discuskion wi
technical teams, business analysts, management experts and end users. The conceptual
data model is then translated into a logical data model, which documents structures of
the data that can be implemented in a database. The last step in ddtengod®lves
transferring the logical data model to a physical data model that organises the data into
tables(Elmasri & Navathe, 2011)

Real World

Physical Conceptual

Data Model Data Model

Logical Data
Model

Figure 2.16: Data moddling development gcle
79



3D CADASTRAL DATA MODELLING

According to the modbng cycle (Teorey et al., 2011)a 3D cadastral data motey
cycle and database development consist of five steps:

1 Step 1:gathering requirements of 3D cadastre (Business Analysis)
1 Step 2:developing aconceptual data model of 3D cadastre

1 Step 3:developing a logical data model of 3D cadastre

1 Step 4.developing a physical data model of 3D cadastre

1 Step 5designing a 3D cadastral database.

The research strategy in this dissertation will focus on tre four steps, which
concentrates on the conceptual, logical, and physical models of the datdimgodel
development process. This enables the scope of 3D cadastres to be clarified by
modeling the requirements of stakeholdersiovare interested in 3D cadess and
defining the concepts of the 3D cadastre through interviews and publication reviews.
The logical data model (th&DCDM mode) is then presented based on the

requirements.

2.12 CHAPTER SUMMARY

Current cadastral systems are two dimensional (2D cadattteg)is, geometric and
descriptive information is based on 2D land parcels, even if stratified rights, restrictions,
and responsibilities (RRRs) are situated above or under the land parcels. They are
successfully used for fiscal and legal purposes, aswllised as a base layer in other
applications such as planning, city space management, and disaster management.

The advent of 3D developments such as apartmentsyrisiglouildings, and complex
infrastructures (both above and below ground), has eskuit land administrators
attempting to incorporate the third dimension into cadastral systems. The aim is to
better enable effective management and registration of 3D land rights, restrictions, and
responsibilities (RRRS).
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3D cadastres will assist in magiag the effects of 3D developments on a particular
extent of land. They should be capable of storing, manipulating, querying, analysis,

updating, and visualising 3D land rights, restrictions and responsibilities.

For development purposes, 3D cadastresishbe considered in three main aspects for
each jurisdiction. They are legal, institutional, and technical. Legal systems would
support registration and representation of 3D properties to meet the demands for
multiple ownerships of land and buildingsnstitutional aspects would provide
regulations for defining 3D property rights, mechanisms for acquisition 3D data, and the
tasks and responsibilities of the public and private sectors. Technical aspects such as 3D
data capture, visualisation, updating anddelling would facilitate the development

and implementation of 3D cadastre.

3D cadastral data modelling is an essential step for developing a successful 3D cadastre.
It is a useful method to clarify the scope of a 3D cadastre. A 3D cadastral data model

can provide a framework and template to define and explore the 3D cadastre and to

facilitate its implementation. It assssh identifying what objects should be considered

in a 3D cadastre.

This chapter discussed why 2D cadastres are not capable of nwaségitified land

rights, restrictions, and responsibilities. The needs for a 3D cadastre were identified.
The aspects of a 3D cadastre (legal, institutional, and technical) were described in detalil
to consider for implementation purpose. It was summéngdey 3D cadastres have not
been successfully implemented yet. Lack of a clear scope for 3D cadastres was
identified as one of the main obstacles to adeamplementation. Also, the importance

of the 3D cadastral data modelling was described as one o$éfael methods to clarify

the scope of a 3D cadastre by identifying 3D cadastre elements (classes and attributes)
and their arrangements (associations, cardinality, and constrains). Finally, data
modelling development cycle and the strategy of this rekemr accommodate this
method of data modelling were explained.

Since land administration requirements differ among the different jurisdictions, various

cadastral data models have been developed around the world. The following chapter
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describes the quaditive assessment results of the current cadastral data models to
identify issues, obstacles and complications as well as successful experiences and best
practices in accommodating the requirements of 3D cadastres. This assessment assists
the research by priding a detailed understanding of the different views towards

cadastral systems.
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3 REVIEW AND ASSESSMENT OF CURRENT
CADASTRAL DATA MODELS

3.1 INTRODUCTION

The aim of this thsis is to develop a 3D cadastral data model to manage stratified land
rights, restrictions, and responsibilities and their physical counterparts. In order to
develop a new data model, it is required to explore the theories and concepts of existing
cadastal data models and investigate how they manage 3D 8etanajor cadastral

data models have been reviewkn this purposeThese data models are the most
popular cadastral and land administration data mdteakswvere foundin the literature

andbackground researchThey are:

1 The core cadastral data mo@idenssen, 1995)

1 FGDC Cadastral Data Content Standard for the National Spatial Data
Infrastructurg FGDC, 1996)

1 ArcGIS Parcel Data ModéMeyer, 2001)

1 The Legal Property Object ModéKalantari et al., 2008)

1 ePlan(ePlan, 2010)

7 1SO 19152, Land Administration Domain Model (LADNMB0O19152, 2012)

These data modelgere assessed and compared based on selected criteria. The aim was
to analyse how they manage stratifi R RRs and meet 3D cadastre

what data modelling techniques they use to support 3D data.
3.2 ASSESSMENT CRITERIA OF CADASTRAL DATA MODELS

The criteria were selected in a way to be able to assess the data models from different
aspects and pwvade information on how they manage stratified RRR= criteria were
developedn order to assess these data modetey helped to explore each data model

in detail. Table 3.1 summaries the criteria used for comparing the abewtoned

cadastral datenodels.
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Table 3.1:; Criteria for comparing current cadastral data models

a) Core objects

b) Basic spatial uih

c) Other forms of spatial

units

d) Reference documents

e) Applications

f) Inclusion of other types

of interests

g) Temporal aspects

h) Management and
representation of
stratified RRRs

i) Semantidevel

What are the core objects of the data model?

(personright, spatialunit, parcel)

What are the basic spatial units of the data model

(2D parcel, 3D parcel)

Does the data model have other forms of spatial
units?
(textbasedpoint-based)

What are the data sources?
(survey plans, @hitectural plans, titles, deeds,

mortgage)

Forwhat applications can the data model be used
(registration, taxation, valuation, planning, etc.)

Whether or not other types of interests are
consideredn the data model?

(utility network right, biota right, mineral right)

Whether or not temporal aspects of interests are
considered?

(time the right is created or terminated)

How does tk data model render stratified RRRs?

(projection on the ground level, 3D primitives)

At what level does the data model support
semantics?

(classlevel, attributelevel, geometry level)
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How does the data model support tiheggpcal
. _ . counterparts of legal objects?
j) Physical objects . .

(internally[in the modd|, externally]external

databasd3$

This assessment enables an understanding to be gained of important cadastral data
models, their advantages and disadvantages for developing a new dateEaclelata

model is reviewed in the following sections.
3.3 THE CORE CADASTRAL DATA MODEL

This plain data model emphass an unambiguous registration of the concerned subject
(man and object garcel) in land registration (Figure 3.1). Each parcel as a main
geometrical component of cadastre must have an identifier (parcel number) to link to its
legal information in the land registry. Descriptive information of the cadastre should
contain physical attributes of the parcel suchdastifier, local location area, value

proprietor and/ortaxpayer(Henssen, 1995)

namc datc of birth
living address MAN civil status
profession company ?
kind of
RIGHT
security right (stevya rd- use right
ship) ,
mortgages ownership
charges freehold
(encumbrances) (long term) lcaschold
easements building rights
usufruct
address identification
use PARCEL acreage

Figure 3.1: Core Cadastral Data Model(Henssen, 1995)
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a) What are the core objects of the data model?

Core objects of the data model avian, Right andParcel

fMan: based on the legal principle of specialty, in the land registry and the
documents subitted for registration, the concerned subjesta) must be
unambiguously identified in a special short mar(iEmssen, 2010)

Besides the usual indication of the subjeot) by name, the use of personal
identification number of a man could obviously be convenient also in the land
register and relevant documents. Howevttere are sometimes privacy
constraints because the use of the personal information in automated systems
brings the possibility of combining sensitive personal @demssen, 2010)

T Right (stewardship): based on the legal booking or register principle, a change in
real rights on an immovable property, especially by feands not legally
effectuated until the change or the expected right is booked or registered in the
land registryHenssen, 2010)

fParcet The concerned object (land parcel) must be unambiguously identified in
the land registry and submitted documehtsnssen, 2010)

b) What are the basic spatial units of the data model?
Parcelis the only basic spatial unit of the data model.
c) Does the datamodel have other forms of spatial units?

Hensser(1995)describes the parcel as the heart of a cadastre. A parcel is defined as a

continuous area of land within which unique and homogeneous interests are recognised.
No other forms of spatial units are consatkin the data model.
d) What are the data sources (referenchegall documentg?

Various transaction evidences are used as reference documents (Table 3.2). As
described before, they can be used if they are registered in the land registry. Mortgages

are alsaused as reference document.
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Table 3.2; Type of reference documentgLarsson, 1991)

Oral agreement Witness

. Deed
Private conveyance ) )
No registration

_ ) Registration
Deeds registration
No guarantee

_ _ _ Registration
Title registration )
Proof of title

e) For what applications can the data model be used?

The data model can be used for:

fvaluation andaxation of land
firegistration of land and security of land tenures
fdevelopment of land acquisition and delivery (land market)

fispatial or physical planning (including sustainable management and control of land
use, natural resources and the environment)

f) Does the data model have other types of interests (rights)?

Ownership, freehold (lorterm) leasehold, building rights, usufruct, encumbrances,

easements, and mortgage information are considered in the data model.

Other types of interests such as utilitywerk rights, biota righs are not considered in
the data model.
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g) Does the data model consider temporal aspects of interests?

Transaction date is maintained in the reference documents. However, it is not clear how

the data model will manage the temporabmiation.
h) How doesthe data model render stratified RRRs?

Land parcel is the only basic spatial unit of the data model. The core cadastral data
model does not support 3D data.

Stratified RRRs are projected on the ground land parcel and they are not denilere

3D primitives.
i) At what level does the data model support semantics?

Semantics are used to define objects and attributes of the data model. However, the data
model does not define the geometrical description of its spatial unit (parcel). It is not
clear, for example whether the parcel will be created by textual notations, line

segments, or a closed polygon.
j) How does the data model support the physical counterparts of legal objects?

Land in relation to land registration and cadastre includes ngtatnstract or thematic
attributes (legal status, value, tax data) but also physical, spatial or topographic ones

(location, dimensions, area, ugelenssen, 1995)
fLand parcel is the representation of both legal and physical objects.

Overall, the core cadastral data modeh isonceptual data model to explain the basic
element of cadastre. Although 3D data has not been considered in this model, it is being

used as a base model for developing a new 3D cadastral data model.

3.4 FGDC STANDARD REFERENCE MODEL

The FGDC Standard Referee Model defines data content standards as standards that
provide semantic definitions of a set of objects in the United Stiigsre 3.2) Data

content standards may be orgadi and presented in a data model such as an-entity
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relationship model. The&lastral Data Content Standard provides semantic definitions
of objects related to land surveying, land records, and landownership information
(FGDC, 2008)

The aim is to provide a standard for the definition and structure for cadastratliata
will facilitate data sharing at all levels of government and the private sector and will
protect and enhance the investments in cadastral ddtdeaets of government and the

private sector.

Source

Legal Area Descriptior

Parcel Legal Area

* Note - The source entity
box s repeated bult itis the
same entity

Cadastral Standard ERD
Version 1.4 - 2008

Diagram Overview

See following pages for details
of entities

Figure 3.2: Entity and Relationship Definition Standard Entity Relationship Diagram Overview
(FGDC, 2008)

a) What are the core objects of the data model?

Core objects of the data model aigient Rightand InterestandParcel
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T Agent An agentis an individual, organisation, or public agency thalds rights,
interests, or restrictions in land, holds or files land records, or has established a
land description, a coordinate value or a monument.

Examples ofagentsare: federal, tribal, state, regional, county, local, private,
regulated, nefor-prdfit, international

TRight and InterestThis entity describes the specific rights and interests that are
related to a parcelRights and interestsare benefits or enjoyments in real
property that can be conveyed, passed, or otherwise allocated to amother f
economic remuneratiorRights and interestscan be below ground, such as
mineral rights, fee simple ownership on the surface, an easement for hunting or
grazing or an above ground right such as transferable development right. A
Right and Interestis se@mrable and can be conveyed, either permanently or
temporarily such as in a lease and is in the chain of titlerigheandinterestis
distinguishable from a restriction, which is a limitation placed by a governing
body and is not in the chain of title.

fParcel A parcel is a single cadastral unit, which is the spatial extent of the past,
present, and future rights and interests in real property.

Parcel types can be Taxable, Right of Way, General Common Element, Water,
and Ownership.

b) What are the basic sp#ial units of the data model?

Parcelis the only basic spatial unit of the data model.

c) Does the data model have other forms of spatial units?

No other forms of spatial units are considered in the data model.
d) What are the data sources (referencfegall documents)?

The source is the feature level information about the originating information for the
record. This should be the authoritative source for the data. For federal land records
information on legislative or executive auttsations may be added tsource
information. Example of source types afleGDC, 2008) abstract of title, aerial
photograpk, agreemers, assessmest bylaws, certificates, certificatesurvey, contracs,
covenants andrestrictions, deeds, easemerd, executive orders, lease, mortgags,

satelliteimagses, surveynotes.
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e) For what applications can the data model be used?
The data model can be used for:

f'model cadastral informan in the public record
fautomating the legal elements of cadastral data found in public records
flintegration of publicly available land records information

fstandardsation of the definition of entities and objects related to cadastral
information includingsurvey measurements, transactions related to interests in
land, general property descriptions, and boundary and corner evidence data.

f) Does the data model have other types of interests (rights)?
The types of interests are:

{separated rights: mineral and dghts
ftribal interess
T grazing righs, fishing rights, development rights, and floodplains.

g) Does the data model consider temporal aspects of interests?

The Transaction Documerkeeps the record of the transfer of rights in land using these

attributes Effective DateExpiration Date Recorded DateandRecorded Time
h) How does data model render stratified RRRs?

Land parcel is the only basic spatial unit of the data model. The data model does not
support 3D data.

Stratified RRRs are projected on the groynadcel and they are not rendered with 3D

primitives.
i) At what level does the data model support semantics?

The Cadastral Data Content Standard is shown as an entity relationship diagram (Figure

3.2). The diagram describes the semantics of cadastral etiormEntity relationship
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diagrams are a shorthand method for showing the associations or relationships among
various objects and hence the definitional relationships of the objects or features.

Semantics are used to define geometry of the spatial paice]) using record

Boundary Corner pointStraight Line Coordinate ValugCurve andAngleobjects.
j) How does the data model support the physical counterparts of legal objects?
Land parcel is the representation of both legal and physical objects.

Overal |, FGDCO6 Cadastr al Data Content Standard

semantics of cadastral information. 3D data has not been considered in this model.

3.5 ArcGIS PARCEL DATA MODEL

The purpose of the ArcGIS Parcel Data Model is to describe parcemiation to
support local government and private sector decisiaking (Figure 3.3) Parcel
managers and GIS professionals can use the model as a starting point for defining parcel
information in the GIS environment and plan for migration strategies éxgnent data
designs to the new object environment. Decision makers will be able to apply the
outcome of the model to integrate land ownership information with other data. Land and
GIS professionals will be able to apply the definitions and structureeghtidel to find
consistent and representative parcel information for data distribution.
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Figure 3.3: Part of the ArcGIS Parcel Data Model

a) What are the core objects of the data model?
Core objects of the daimodel areOwnership EncumbrancesandSeparated Rights

T Ownership Parcelaparcel is a unit of real property with rights and interests.
T Encumbrancedimitations on the rights and use of the land.

7 Separated Rightgights and interests in land ownegsithat can be disconnected
from the primary or fee simple surface ownership.

b) What are the basic spatial units of the data model?
Parcel is the only basic spatial unit of the data model.
c) Does the data model have other forms of spatial units?

No other formsf spatial units are considered in the data model.
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