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SUMMARY 
 

Registering the rights of a 3D parcel provides certainty of ownership, protection of rights and 

unambiguous spatial location. While not all cadastral jurisdictions in the world maintain a 

digital cadastral database, the concepts of such registration hold true regardless of whether it is 

a paper-based cadastre or a digital one. Similarly, the motivations and purpose for the creation 

of a 2D cadastre for individual jurisdictions applies for 3D cadastres as well. It provides a 

security of ownership of 3D parcel, protects the rights of the owners, and provides valuable 

financial instruments such as mortgage, collateral, valuation and taxation. The current life 

cycle of the development of a land parcel includes processes beginning from outside the 

cadastral registration sphere, such as zoning plans and permits, but has a direct impact on how 

a certain development application is processed. Thus, in considering the changes required to 

allow a jurisdiction to register 3D, it is important to note the sphere of influence that could 

have an impact on 3D registration. These include planners, notaries, surveyors, data managers 

and registrars; however for the purpose of this paper, the research is focused on the core 3D 

aspects that are institutional, legal and technical. This paper explores approaches and solutions 

towards the implementation of initial 3D cadastral registration, as derive by current procedures 

of registration of 3D parcels in various countries worldwide. To this purpose, the paper 

analyses the categorisations and approaches to 3D spatial units and examines the validation 

requirements (constraints) on a cadastral database, at various levels of maturity. In this view, 

3D data storage and visualization issues are examined in relation to the level of complexity of 

various jurisdictions, as provided by the results of the country inventory combined with a 

worldwide survey in 2010 and updated in 2014 (Van Oosterom, et al, 2014). It seems that 

significant progress has been achieved in providing legal provisions for the registration of 3D 

cadastres in many countries and several have started to show 3D information on cadastral 

plans such as isometric views, vertical profiles or text environment to facilitate such data 

capture and registration. Moreover, as jurisdictions progress towards an implementation of 3D 

cadastres, much 3D data collected in other areas (BIM, IFC CityGML files, IndoorGML, 

InfraGML and LandXML) open up the possibility of creating 3D cadastral database 

combining the existing datasets. The usability, compatibility and portability of these datasets 

is a low cost solution to one of the costliest phases of the implementation of 3D cadastres, 

which is the initial 3D data capture. 
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1. INTRODUCTION 

 

1.1 Background 

3D geoinformation is becoming increasingly important towards decision-making, land 

management and land development. Research has demonstrated the actual added value of 3D 

information over 2D in the cases of an overall more efficient integration of urban vs. regional 

planning and management, especially when dealing with 3D underground/aboveground 

infrastructures. Despite tha fact that there has been consistent research within geoinformation 

science (GISc) on the concept of 3D for more than a decade now, several potentially involved 

parties are still reluctant to invest in 3D data, 3D techniques, and applications. As a 

consequence, large administration processes relating to urban/ rural planning often run up 

financial losses simply because generic geoinformation is not part of the process (Stoter, 2011; 

Stoter et al, 2012). 

 

A pertinent example of the above is what concerns property cadastre. Regardless of country, 

an up-to-date property cadastral system is fundamental for a sustainable development and 

environmental protection (Navratil and Frank, 2013; Stoter, 2011; Dale and McLaughlin, 

1999). Current worldwide property cadastral registries mainly use 2D parcels to register 

ownerships rights, limited rights, and public law restrictions on land. In most cases this is 

sufficient to give clear information about the legal status of real estate. But in cases of multiple 

use of space, with stratified property rights in land, the traditional 2D cadastre is not able (or 

only in a limited way) to reflect geospatial information about those rights in the third 

dimension. As a matter of fact, the growing density of land use in urban context is increasing 

situations of vertical demarcation of property units. 

 

In practical terms, issues stated above do really not refer to the need for simple 3D drawing or 

3D visualisation capabilities of a stratified reality. The issue dwells in the linkage between two 

models: a conceptual one and a physical one. In other words, the real difficulty is the 

materialisation of the legal object (a 3D conceptual body) by linking it to its corresponding 

physical object (in a 2D or a 3D geometric/topologic structure). 

 

1.2 The need for 3D parcel registration 

Most modern cadastres register ownership and location details in the land register and 

therefore 3D registration is intrinsic to many of them. The concept of 2D parcels considered as 

a 3D column of rights has been around for a long time now. There are however specific 

extrinsic capabilities of a cadastral system that need to be fully or partially fulfilled so that it 

can be considered a 3D cadastral system. 
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The primary capacity for a 3D cadastral system is to be able to register space as a separate 

entity within the cadastral system. It is not an implicit 3D column of rights but rather an 

explicit registration of 3D spatial object. The 3D spatial object itself can be a physical 3D 

structure, an envelope of the physical 3D structure, a slice of rights above or below the surface 

that in turn may or may not be contiguous to any land or other 3D spatial parcels. In all cases, 

the main aims to be achieved in implementing a 3D cadastral model comprise the adoption 

(Khoo, 2012):  

 to an official and authoritative source of 3D cadastral survey information,  

 to open source format for data exchange and dissemination, and  

 to international standards in data modelling.  

 

The design of a smart data model that supports 3D parcels (the spatial unit against which one 

or more homogeneous and unique rights, onus or restrictions are associated to the whole 

entity, as included in a Land Administration system ISO/TC21 19152, 2012), the automation 

of cadastral survey data processing and official approval, as well as the integration of the 

temporal dimension either as separate attributes or via truly integrated 4D spatio-temporal 

geometry/ topology, may be also prerequisites in this process.  

 

As these cadastral systems progress towards a maturity model of 3D implementation, the 

complexity of allowed geometric features and the capacity of the system to accommodate 

these complexities grow too. It thus becomes the responsibility of the cadastral jurisdiction to 

provide the institutional and legislative framework to facilitate the registration of 3D parcels 

and to provide the tools for land professionals to record and display 3D cadastral data within 

the provided framework. 

 

In a 2D cadastre, the basic registration involves person, parcel and rights. Similarly, in a 3D 

cadastre, the simplest implementation should be able to register these, however, complexities 

arise when the 3D parcels are geometrically complex and the 3D rights are not clearly defined 

by legislation. In Shenzhen, pure 3D space (parking and commercial shop) are planned, 

granted and registered along with their easement to pass to the ground. In Queensland, any 

shape of the parcel geometry has been allowed on paper plans as long as it can be defined 

mathematically, while the registration of these parcels are treated as equivalent to 2D and 

ownership records are thus stored within the same titling system. 

 

Registering the rights of a 3D parcel provides certainty of ownership, protection of rights and 

unambiguous spatial location. While not all cadastral jurisdictions in the world maintain a 

digital cadastral database, the concepts of such registration hold true regardless of whether it is 

a paper-based cadastre or a digital one. Similarly, the motivations and purpose for the creation 

of a 2D cadastre for individual jurisdictions hold true for 3D cadastre as well. It provides a 

security of ownership of 3D parcel, protects the rights of the owners, and provides valuable 

financial instruments such as mortgage, collateral, valuation and taxation. Owners of such 3D 

property have rights that are important enough for the jurisdictions to consider a further 

investment towards the modification of their cadastral systems to accommodate the current 

market push towards 3D cadastre. 

 

The current life cycle of the development of a parcel of land includes processes beginning 

from outside the cadastral registration sphere such as zoning plans and permits, but has a 
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direct impact on how a certain development application is processed. Thus, in considering the 

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

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

data management and the registrars, however for the purpose of this paper; the discussions are 

focused on the core 3D aspects that are institutional, legal and technical issues. Thus, the 

questions that need answering are among others: 

 What makes a 3D cadastre? What do we register? Why do we register? 

 What are the current procedures and what can be modified to adopt 3D? 

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

 What are the technical challenges in data acquisition, validation, submission, processing, 

discovery, dissemination and utilisation? 

 What are the benefits? What are the current trends? 

 

Finally, albeit 3D cadastre has been attracting researchers throughout the world for nearly a 

decade now to better register and spatially represent real world overlapping situations, 3D 

cadastral technology is only now emerging. Some pilot studies have been accomplished so far 

and several authors have demonstrated that 3D representations of airspace and subterranean 

parcels are indeed currently required for 2D+half representations are unable to handle 3D 

measurements or 3D spatial queries (including, El-Mekawy et al, 2014; Karabin, 2014; Abdul-

Rahman et al, 2012; Khoo, 2012; Soon, 2012; Stoter et al, 2012; Wang et al, 2012; Ying et al, 

2012; Zhao et al, 2012; Abdul-Rahman et al, 2011; van Oosterom et al, 2011; Hassan et al, 

2010; Chong, 2006; Stoter and van Oosterom, 2006; Valstad, 2005; Stoter, 2004; Stoter et al, 

2004).  
 

 

2.  CURRENT STATUS OF 3D REGISTRATION 

 

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

various countries  

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

parcels in various countries is provided:  

 

2.1.1 Portugal’s case 

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

system, implementing a 2D approach, has been conceived: the so-called SiNErGIC (PCM 

2006). This in turn will be the basis of SNIC, the national cadastral information system. Its 

technical implementation is however far from being concluded due to a major issue: geospatial 

data capture in the field has revealed to be an endless task for it is laborious and expensive. 

The first official step towards the establishment of a national registry of land parcels in 

Portugal was taken back in 1801. Clearly stating how authorities were aware in those days of 

the great value of a measured coordinate-based cadastre, cosmographers (One who studies, 

describes, depicts, and measures the Earth and/or the visible universe, including geography 

and astronomy) were the practitioners of those days appointed by royal decree to be in charge 

of the organisation of both “a cadastre and a general registry book of real estates within the 

kingdom”. For several reasons, such registry was never launched though until 1836, when the 

national real estate registry (the “Registo Predial”, see Figure 1) actually started being 

implemented (Silva et al, 2005). However, it was not until 1926 that coordinated cadastre 
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surveys were actually carried out. Given Portugal’s territory tissue, with a few millions of 

small real estates scattered across a rather irregular topography, fieldwork has revealed to be a 

rather complex and demanding operation and has not covered the whole country yet. 

Coordinated cadastre surveys are currently being accomplished district-by-district covering 

both kinds of real estates, rural and urban (Figure 1). By the end of 2014 more than 50% of the 

mainland’s territory had been surveyed, though this only corresponds to roughly 1/3 of the 

total number of properties in the country. 

 
Figure 1. Overview of the current property information system in Portugal 

 

2.1.2 Trinidad and Tobago’s case 

The cadastre in Trinidad and Tobago is currently incomplete and out of date. Digital data 

exists as shown in Figure 2 but thousands of plans have been scanned but not yet added to the 

cadastre. Cadastral survey plans continue to be submitted in hardcopy and this further restricts 

the speed of updating of the cadastre. The cadastre is a digital index of uncoordinated surveys 

that provides information on the location of the field survey plans. However, because of the 

cadastre’s lack of currency, searches for information can become frustrating or, at worst, 

futile. There is no unique parcel identifier that can assist with this search and addresses are 

non-standardised although a new initiative is attempting to rectify this latter issue with a 

proposed zip coding. Parcels are defined and redefined relative to the surrounding parcels and 

their boundaries, which are marked at the turns by boundary irons.  Coordinates, therefore, 

have no legal standing.  

 

There are no immediate plans to upgrade the existing 2D cadastre to a 3D cadastre as there is 

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

(condominium) rights are indicated in vertical sections in insets on the 2D cadastral plans (see 

Figure 3), and subsurface reserves and mining rights are shown on 2D plans related to the 

surface parcels. No elevations are recorded on these plans to a standard datum but heights 

relative to the ground can be included in the vertical sections. The graphical cadastre is also 

not linked to the deed and title information on interests that is located at the legal registry of 

the Registrar General’s Office. Rights, restrictions and responsibilities are therefore not 
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graphically displayed in the cadastre. Urban and regional development plans are held at a 

separate state institution are approximate in definition of extent, and are not linked to the 

cadastre. The majority of registered interests are deeds based with a small minority being 

supported by title registration. While all title documents refer to or contain a graphical 

description of the parcel in a survey plan, many deeds that date back several decades do not 

contain a survey plan but a verbal description of the parcel referring to adjoiners who no 

longer exist. A new project is in progress to upgrade the Cadastral Management Information 

System (CMIS) which includes the procedure for receiving new cadastral plans, checking and 

approving them, and entering them on the database. As part of this project new software will 

be installed that is anticipated to speed up the maintenance of the cadastre, however the 

limited human resource is still an issue that can restrict this progress. 

 

 
Figure 2. Trinidad and Tobago’s digital 2D cadastre 

 
Figure 3. Vertical sections on survey plans depict 3D rights 
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2.1.3 Greece’s case 

The ongoing Hellenic Cadastre (HC) Project aims at replacing the existing Registration and 

Mortgage Offices by an integrated information system that records legal, technical and other 

data about real estate properties, along with the rights and restrictions on them. These property 

data and registrable rights are collected during the “cadastral survey” procedure; each person 

or legal entity that has rights to specific land parcel in the area under surveying, is invited to 

submit declaration for its real properties while depicting them on cadastral diagrams. The 

declaration form also includes the geographical description of the properties (shape, location 

and size) and information about deeds that establish or change rights on real estate properties. 

Current administrative source documents are deed based, although after completion of the HC 

project, title based registration will be implemented. 

 

The current digital cadastral database (DCDB) includes all information collected during the 

cadastral survey and is organized into descriptive and spatial part, comprising administrative 

divisions, land-parcels, buildings (only the building footprint is presented on the cadastral 

maps), mines, sites of exclusive use, easements, true-orthophotos, DSM, topographic 

drawings, as well as beneficiaries, registered rights, titles etc. The DCDB does not contain 

representation of 3D parcels, although a separate layer will be used to incorporate objects with 

3D aspects. 

 

In Greece, almost all 3D parcels (3D spatial units in LADM terminology) are constrained to 

be within one surface 2D parcel, with limited exceptions described in the Greek Civil Code. 

They usually relate to physical objects with some exceptions providing for encroachments or 

the right of superficies and of course the Special Real Property Objects (SRPOs), underground 

parking lots and potential floors that do not related to physical object. Disconnected parts of a 

single 3D parcel are only allowed in case of condominium. Concerning spatial limitation of 

3D parcels, Greek C.C. stipulates that ownership extends above and below the surface, 

however the landowner cannot object unless he has practical interest in opposing to it. 

Limitations on the range of rights related to 3D spatial units exist only in case of lands where 

ancient antiquities are discovered, mines and rights of superficies. Legislation for 3D 

descriptions of parcels includes Horizontal Property Law 3741/1929, Civil Code Articles 

1001, 1002, 1010 and Law 3986/2011. For natural resources (groundwater, mining rights), the 

Law regulating cadastral operation stipulates recording of mining rights but not as 3D parcels, 

while infrastructure and utility networks’ registration as an entity is not operational. 

 

Apartment units in condominium schemes are the most important types of registered 3D 

building units, in accordance to the Horizontal Property Law, and their 3D boundaries are the 

middle of floors, walls and ceilings. Common property inside the building is commonly 

owned by the apartment owners and is not directly registered in the Cadastre. Each apartment 

gets a unique cadastral number specified in terms of building lot code, parcel number, building 

code, floor and apartment code. Apartments are described in deeds and the building’s footprint 

as drawing, submitted in paper format or electronically. Dimensions are shown on survey 

plans. No provision of isometric views, nor stored in the DCDB. 

 

For the geometrical representation of 3D spatial units, plans of survey guarantee x/y 

coordinates in relation to the Greek national reference system (HGRS87), while older plans in 

older or arbitrary systems may also exist. Height representation is referenced to the Greek 



  112 

Efi Dimopoulou, Sudarshan Karki, Roi  Miodrag, José-Paulo Duarte de Almeida, Charisse Griffith-Charles,  

Rod Thompson, Shen Ying and Peter van Oosterom  

Initial Registration of 3D Parcels 

 

5th International FIG 3D Cadastre Workshop 

18-20 October 2016, Athens, Greece    

national system, although z coordinates are not stored in the DCDB. The earth surface (height) 

is not stored in the DCDB, although there are DTMs and DEMs available in the NCMA and 

the Hellenic Military Geography Service (HMGS). The sources of elevation for the 2D surface 

parcel are trigonometric points of principle reference network even as in most cases, elevation 

source is arbitrarily defined. Survey plans do not carry 3D parcel representation, though in 

recent plans, point heights are included. The legislation describing the requirements for plans 

of survey in 3D only includes regulations for height recording but there is no provision for 3D. 

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

SRPO) are registered to the 2D DCDB. Specific symbols are used to depict presence of 3D 

cadastral objects (in case of SRPO) on the 2D cadastral map. 

 

According to the competent authority (National Cadastre and Mapping Agency -NCMA), so 

far, the HC is operational for 20% of real estate rights through 103 Registry Offices while 

cadastral surveying is in progress for another 20% and tendering procedures are running for 

the rest 40% of them (Rokos, 2014), based on IT infrastructure and digital orthophotomaps’ 

national coverage. Therefore, the HC has still a lot to do to reach its goals and adequately 

address issues that relate to 3D registration and representation of cadastral data. 

 

2.1.4 Croatia’s case 

Land Administration System in Croatia consists of two fundamental registers (Cadastre and 

Land Book). The description of the land/property as information for property sheet A of the 

Land Book is registered in the Cadastre. For registered property, rights and charges are 

recorded in sheets B and C. The Cadastre was created for the entire Croatian territory in the 

19th century as a part of the Austro-Hungarian Francis survey. Until 1880 the documentation, 

cadastral plan and lists of holders for all cadastral municipalities have been produced. 

Cadastre was created for the purpose of fair taxation of land. It was maintained in accordance 

with the regulations and was changing according to political changes since its establishment. 

The main purpose, the calculation of land tax was retained until 1995, when such land taxation 

was abolished. At that point the cadastre lost its tax purposes, and became increasingly used 

for legal purposes. 

 

After the establishment of the Cadastre in the late 19th century, judicial authorities have 

established Land Book based on the description of the land (information on the cadastral 

parcels). Land description (number and other attributes of cadastral parcels) was marked in the 

sheet A, for each cadastral parcel the owner was registered in the sheet B, and charges in the 

sheet C. Unfortunately, changes in social and political arrangements violated the consistency 

of these two registers. Today, the registered data does not correspond to the real situation for 

considerable number of land parcels. Bringing these two register up to date is the greatest 

challenge for Land Administration System in Croatia. 

 

Changes in the Land Tenure system, which radically changed in 1990’s when Croatia declared 

independence and left the socialist political system, have significantly contributed to 

inconsistencies. Under the socialist system two types of ownership existed, private and social. 

The latter one was preferred. Various political actions (nationalization ...) tried to make as 

much land/property become social. After independence only one form of ownership was 

introduced. Social ownership was abolished by regulations, and private owners were 

determined depending on the situation. The principle “superficies solo cedit” was re-



  113 

Efi Dimopoulou, Sudarshan Karki, Roi  Miodrag, José-Paulo Duarte de Almeida, Charisse Griffith-Charles,  

Rod Thompson, Shen Ying and Peter van Oosterom  

Initial Registration of 3D Parcels 

 

5th International FIG 3D Cadastre Workshop 

18-20 October 2016, Athens, Greece    

introduced. That significantly influenced registrations in Land Administration System. In 

accordance with that principle, everything connected with land (buildings, trees, etc.), above 

or below the Earth's surface, is one property, respecting a functional approach rather than 

"vertical" (Roi , 2012). 

 

Since 2010 all cadastral and Land Book data are in the electronic form, but they are in 

different models and databases maintained by various software. The establishment of the Joint 

Information System which provides integrated management of Cadastre and Land Book is in 

progress. The system has been established, and data migration should be completed by the end 

of 2015. This should enable coordinated functioning of those two registers and uniform 

handling which was not the case in the past. JIS is designed as a central repository of data. 

Access for data maintenance and viewing is provided by a web client. Officers, depending on 

the role can modify data, and external users have view access only. 

 

Property description in the registers is based on a two-dimensional representation from the 

cadastral map which does not allow the registration of interests in strata. Implicitly, the legal 

unity of the property indicates the legal objects that belongs to individual (co)owner.  

Registration of separate parts of property (apartment, office space) was regulated in 1997. 

Production of documentation with a spatial representation (2.5D) of separate parts of the 

whole property is prescribed for buildings. The documentation determines the co-ownership 

share of each owner in the entire property with the presentation of common parts (Figure x). 

Plans of the parts of property are in the local system (building) without absolute Z coordinates. 

It is also used for the allocation of costs for management and maintenance of the property. 

Documentation for registration and registration are regularly made for new buildings and are 

rare for those built before 1997 (Vu i  at al. 2013). 

 

In addition to Real Property Cadastre in Croatia, there is also the Utility Cadastre. The Utility 

Cadastre is a register of technical features of public utility infrastructure having no legal 

impact. Legal relations regarding utilities are registered in Land Book, in practice very rarely, 

as an easement right on land where these infrastructure are placed. 

 

Apart from the possibility of registration of private rights in the strata, the registration of legal 

regimes (maritime good, protected areas, by spatial planning defined land use etc.) is foreseen 

in the Real Property Cadastre since 1999. That and the registration of public utility 

infrastructure should give users a more complete description of the interests that exist on a 

particular land. For now, the registration of public rights is in its beginning. Legislation and 

data model of Joint Information System don’t yet foresee spatial representation in 3D, and it is 

not possible to store the 3D geometry of 3D legal objects. Also Utility Cadastre is not in 

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

Property Cadastre. 
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Figure 4. Property on the cadastral map and presentation of parts (separate and common) per floor 

 

2.1.5 China’s case 

The establishment of 3D cadastre needs legal support. China has our own property system 

with specific characters. According to China law, all the lands are owned by the country, and 

the government on behalf of the nation to manage them. Any party or citizen, except the 

government, only have the usufruct or the use right of the land through public auction, land 

transaction or land assignment. Land and space management is strongly relevant to land and 

house, and generally, there are at least two branches (ministries or departments) to take charge 

of the land and the house. However, there is only one municipality to response the land, house, 

urban planning, surveying and map, geology and sea. That means, almost all the resource 

related to geographic space are united by one department, which provide the potential 

feasibility to implement full space planning and management. In China, Shenzhen, a high 

developed city from a small village during 30 years, is facing huge challenges of 3D space 

development and use. The first pure underground 3D pace was sold in 2005 and was granted 

with certificates, separating from the land on its surface. It was the first case in China .That 3D 

space is a special commercial street named Fengshengding under the main Shennan 

Boulevard’ in Shenzhen city. There is a need for a bazaar for intensifying retails in this area 

where no any land on the ground is available to build a bazaar. Instead, this overall bazaar is 

designed under the main avenue for two layers and its total built area is about 24km2. Each 

layer can accommodate a lot of small stores along its pavement within such the construction. 

Figure below shows the use of land space under the ground, and from then, yo satisfy these 

requirements, Shenzhen municipality put forward a 3D cadastral management to support full 

processes of 3D land/space management.  
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Figure 5. 3D land use of pure 3D underground space 

 

The Interim Regulation on Real Estate Registration was enforced in 2007 and the 136th article 

points out that the use right of construction land may be created separately on the surface or 

above or under the land. It provides the legal foundation for 3D Cadastre.  

 

In 2007, there is a case on a real 3D parcel with multiple jurisdiction in the Shenzhen Bay Port 

(Guo, Ying et al, 2011), which is regulated by Shenzhen government and by Hong Kong 

government. The party of Hong Kong is involved to register the new legal status of a 3D part 

in the area at the Shenzhen side (as Figure shows). Although Shenzhen and Hong Kong are all 

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

this area. This special case illustrates that multiple land administration jurisdictions can be 

imposed on the same 3D cadastral objects as corresponding rights, responsibilities and 

restrictions taken by corresponding parties. 

 

 
Figure 6. 3D space with multiple jurisdictions in Shenzhen Bay Port area 



  116 

Efi Dimopoulou, Sudarshan Karki, Roi  Miodrag, José-Paulo Duarte de Almeida, Charisse Griffith-Charles,  

Rod Thompson, Shen Ying and Peter van Oosterom  

Initial Registration of 3D Parcels 

 

5th International FIG 3D Cadastre Workshop 

18-20 October 2016, Athens, Greece    

In order to satisfy the rapid need of 3D space in Shenzhen, in 2012, Shenzhen Municipal 

People’s Congress revised the law “Shenzhen special economic zone real estate registration 

ordinance”, to support the auction, transaction, grant and certificate of 3D space. During the 

Third International Workshop of 3D Cadastre, the online automatic office system of Urban 

Planning, Land and Resources Commission of Shenzhen Municipality are demonstrated on the 

air to illustrate the support the workflow of 3D land space planning and management. From 

the first pure 3D space granted in 2005, Shenzhen Municipal Government have handled more 

than 8 hundreds cases in 3D land planning, granting and registering, totally with more than 

1500 km2with vertical projective areas. (Guo and Luo et al, 2014). These 3D space 

applications and practices include the subway, underground garages or shop center, arcade, 

etc. A new zone named ‘Qianhai’, from the start of zero, the empty sea region, has been 

enforced to plan, construct, management and use in fully 3D from the beginning, and this will 

completely promote the application of 3D planning and 3D cadastre. 

 

2.1.6 The Netherlands’s case 

The design and implementation of the cadastral system extension for registration of 3D rights 

and restrictions in the Netherlands (Stoter et al 2013) is fitting within the ISO 19152, Land 

Administration Domain Model (LADM) international standard. The implementation is 

conducted in two phases. The first phase of the solution did not require a change of the legal 

and cadastral frameworks, it is a short term solution for most urgent cases, and it is also used 

to gain experience in the challenging domain of 3D cadastre. In the first half of 2016 the first 

actual 3D Parcels were registered at the Netherlands Cadastre (after many years of research)
1
. 

This procedure to improves the registration and it includes an extension of the cadastral 

system to accept 3D descriptions in 3D pdf format as part of the deed. This solution improves 

the ‘old practice’, where the multi-level property situations are projected on the plane and with 

the potential consequence is that the ground parcel(s) will be subdivided based on those 

projections. The resulting fragmentation in the registration was in several cases quite unclear 

because many small parcels may be necessary to register one single object (Stoter et al 2013). 

 

The first phase of 3D cadastre implementation exploits one of the LADM conceptual 

modelling options, more specifically association LA_SpatialUnit with a 3D drawing 

(LA_SpatialSource, playing the role of a sketch). The solution fits within current cadastral and 

legal frameworks and could therefore be implemented within a short time frame. In fact the 

major breakthrough is that the option to register a digital 3D drawing (possibly legally 

binding) will actually be practiced (by training/ involving stakeholders, notary, project 

developers, municipalities, etc.). In addition, because the 3D drawing provides insight into the 

spatial dimensions of the right, new 2D parcels do not need to be created to delineate the exact 

boundaries of the 3D property on the ground parcel and creation of fragmented parcels can be 

avoided. The information required in the 3D representation to understand the multi-level 

property situation are identified as follows: 2D ground parcels that overlap (and footprint of 

3D legal Volumes), 3D (graphical) description of legal space, 2D cross sections with 

accompanying annotations (for apartments), objects needed for reference and orientation in 

the 3D environment (3D topography/ buildings, same as for the 2D Cadastre), and  localise the  
                                                 
1  The pdf can be obtained from:  

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

https://www.kadaster.nl/web/Nieuws/Nieuwsberichten/Bericht/Wereldprimeur-inschrijving-met-rechten-in-

3D-1.htm 
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Figure 7. Impression of the ‘Spoorzone Delft’ project 

 

 
 

  
 

Figure 8. The six legal volumes described in the 3D pdf in land register 

 

3D legal volume in both a local coordinate system and the national height datum system. The 

first registration (Stoter et al, 2016) concerns the ‘Spoorzone Delft’ project (see Figure 7 
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above) and includes six legal volumes described in the 3D pdf in land register (see Figure 8 

above): 

1. current building of land owner (municipal office) 

2. railway tunnel 

3. passenger area (including cycle parking and stairs to platform) 

4. station hall (on ground level) 

5. stairs & elevators 

6. technical installations 

The various owners (holders of rights involved) are Delft municipality, NS Vastgoed, and 

Railinfratrust. 

 

One of the drawbacks of this solution is that it is not possible to validate the 3D cadastral 

representations (Are the volumes closed? Are the neighbors non-overlapping?) The second 

phase is research in progress and comprises the actual inclusion of the 3D data in the 

registration, enabling complete validation and even better 3D data management and 

dissemination. Based on experiences to be collected from the first phase and experiences from 

other countries, the solution for the second phase will be further refined and subsequently 

implemented in due time. 

 

2.2 Analysis of categorisations of and approaches to 3D spatial units 

More detail on the classes of 3D spatial units can be found in (Thompson et al, 2015). The 

following is a summary. The first major division of spatial units is between:  

2D Spatial Unit: The spatial unit is completely defined by the 2D location of points (x/y or 

latitude/longitude) along its boundary. This type of spatial unit is in effect a prism of space 

unbounded above and below. If a point (x, y, z) is within the spatial unit, then (x, y, z’) is also 

within the spatial unit. There may be restrictions on the allowable value of z’, but there is no 

explicitly defined “top” or “bottom” of the spatial unit (Figure 9a). 

Building Format Unit: This spatial unit is legally defined by the structure of the building that 

contains the unit. It may be defined to the outside of walls, or to the middle of walls etc.  

There may or may not be a diagram of the unit, but any measurements on the plan are not 

normative (Figure 9b). 

 
Figure 9. a (left) 2D spatial unit b (right)/spatial units defined by the structure (the buildings walls) 

 

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

defined by a set of 3D points and an interpretation. For example, a set of planar faces, 

cylindrical faces etc. There are many variations, including whether the boundaries are defined 

by natural features or fiat (Smith, 1994) lines, how they are fixed, what datum is used etc. 

Within the set of 3D Spatial Units, there are several categories: 
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Figure 10. a (left) Below the depth of spatial units b (right) A (very large) simple slice  

 

Above/Below Depth or Height: These are commonly used in mining areas, but could also be 

used to limit building heights - for example near airports / transmission towers etc. These are 

simply 2D Spatial Units with a height restriction (Figure 10a, above). 

Polygonal Slice: This is the most common form of 3D spatial unit. It is in effect a 2D spatial 

unit, with a defined top and bottom. It can also be considered to be an extruded polygon 

(Figure 10b, above). As with the 2D Spatial Units, these can be defined in terms of natural 

features. For example, a Spatial Unit could be defined as extending to 100m below ground 

level. 

 

Single-Valued Stepped Slice: (Figure 11a) This is also a fairly common 3D Spatial Unit. It can 

be viewed as the union of a number of Polygonal Slices so that for every point (x,y,z) in the 

interior of the Spatial Unit, there is exists zmax, zmin such that zmin < z < zmax Þ (x,y,z) is interior 

to the spatial unit. These spatial units can be quite complex. 

Multi-Valued Stepped Slice: (Figure 11b) This is a Spatial Unit whose boundary faces are all 

either horizontal or vertical. 

General 3D Spatial Units: (Figure 12) This is the “catch-all” of spatial units, which fail to fit 

in one of the above categories. These can be difficult to store or visualise, but tend to be 

relatively few in number. 

 
Figure 11. a (left) a single-valued stepped slice b (right) a multi-valued stepped slice 
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Figure 12. Some general 3D spatial units 

 

There is also the very important Balance Spatial Unit. This can be of any complexity as above, 

but represents the remainder of a 2D spatial unit when all the 3D spatial units defined within it 

have been excised (Figure 13). 

 
Figure 13. a (left) a small lot excised from a much larger 2D spatial unit (a golf course) b (right) 3D 

easement within 2D parcel (but this is not excised) 

 

Constraints (validation requirements) on a cadastral database can be at various levels of 

maturity: 

Non-overlapping 2D spatial units:  In all cases, there seems to be an underlying requirement 

that a 2D “base cadastre” should be identifiable. This should allow the range of the 

jurisdiction to be defined by a set of non-overlapping 2D spatial units. 

Complete non-overlapping 2D: In many cases this coverage is also required to be complete. 

(I.e. every point in the jurisdiction must belong to one and only one base 2D spatial unit). 

Non-base 2D spatial units: Frequently, there is a requirement to define a non-base spatial unit 

that represents a secondary interest in part or all of a base spatial unit. (e.g. the right to traverse 

land). Thus a non-base spatial unit may overlap one or more base spatial units, and one or 

more other non-base spatial units. 

3D spatial units represented as footprints: The next level of sophistication is to carry all 3D 

spatial units in the cadastral database as “footprints”. Here a 2D “flattened” representation of 

the spatial unit is stored as if it were a secondary interest over the base (2D) spatial unit. The 

term “footprint” is slightly confusing, because what is stored is usually the projection 
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(“shadow”) of the spatial unit to the base level rather than the foot of the parcel at ground 

level. 

Simple 3D as extruded polygons: There is very little extra complexity to attribute the 

“footprints” of 3D spatial units with a minimum and/or maximum elevation. This will allow a 

correct representation of simple 3D spatial units (such as slices), or an approximation of any 

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

parcels. 

Non-overlapping 3D coverage: One important aspect of a 3D cadastral database is to ensure 

that overlap of 3D spatial units is prevented (as is the case with the 2D coverage). 

Complete non-overlapping in 3D: By considering the 2D spatial units to be infinite height 

prisms of space (see ISO91952), it is possible to ensure a complete, non-overlapping 3D 

coverage of space. 

Non-base (secondary interest) 3D: Because, even in 3D there is the possibility of secondary 

interests on part or all of a 3D spatial unit, there is the need to allow non-base (may need a 

new term) to overlap one or more base parcels in 3D. 

 

 

3. TECHNICAL AND LEGAL ISSUES 

 

3.1 Sources of 3D data  

To minimize the financial and human resources required to establish 3D cadastres particularly 

in developing countries, low cost and existing sources of data may be leveraged. This may 

mean that intermediate stages of development will be necessary before a complete and precise 

3D cadastre is achieved. As with the systematic adjudication and titling that is necessary to 

convert from deed systems to title systems, a systematic instead of sporadic process is required 

if the 2D system is to be converted to 3D. A mandatory process is also necessary and preferred 

over a voluntary process. Legislation will therefore be required to mandate upgrading from 

stage to stage. While manual survey processes may be cheaper where modern equipment is 

expensive, laser scanning of internal and external 3D details can speed up the data acquisition 

and make it more efficient. 

 

3.2 Legal framework  

The legal framework for establishing 3D cadastre can be divided into one that refers to the 

establishment of property and other that stipulates registration of property in the official 

registers-Cadastres. Property rights relations among persons regarding the properties are 

usually regulated by the real property rights legislation (Civil Code …) and the registration of 

properties by the cadastral legislation. The real property rights legislation defines properties 

and determine the rights that may exist on it. It "turns" physical objects into legal objects. 

Registration of legal objects and related rights in the official registers and level of detail 

required, usually prescribe cadastral legislation. Common law jurisdictions and Civil Law 

jurisdictions may vary to some extent (Kitsakis and Dimopoulou, 2014). 

 

3.2.1 Legal objects 

Legal framework on property rights is always been in "3D". In the reality there is no dispute 

what belongs to whom, or what are integral parts of the property, whether it is on the Earth's 

surface, above or below it. Definitions of legal objects usually start from the earth's surface, 

which is divided into parcels of rights holders. Furthermore, whatever is attached to land is 
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part of it, whereby the attachment considers the functional principle. This approach has once 

meant: who owns the earth's surface is the owner of all from the center of the earth to infinity 

(hell / heaven) (Figure 14). 

 
Figure 14. Legal object 

 

However, today it is distant past. By many regulations of public law, which are or will be 

adopted at the national or the local level, in this space are drilled holes. The owner has very 

little else. If, for example, the owner finds mineral resources beneath the earth's surface and 

began to use them, very soon he will be warned by the competent public authorities that his 

right below the earth's surface goes a very shallow. If the archaeological site lies beneath the 

land, the owner will have the opportunity to become familiar with numerous of special 

regulations that define these conditions and restrict its right of ownership. Generally, digging 

caves on the land may be irregular, if it is of sufficient depth, if for this has not been obtained 

special permission.  

 

Similar situation is if we go in the opposite direction and begin to build on the land. The air 

belongs to all, to the land owner only what is built. Using vacant space is subject to conditions 

of spatial planning documents as public law regulations. So, to the owner of the parcel was left 

only a thin layer of the earth's surface and what is built. Rights to mineral resources has took 

the state by public law regulations. For the exploitation of mineral resources is often necessary 

to obtain a concession (e.g. mining). Rights are always established in "3D", but for registration 

in the cadastre was prescribed simple modeling. The complexity of the physical/legal objects 

and a number of public law which are set up, requires improvements of property registration 

regarding their spatial extension. 

 

3.2.2 Registration of legal objects 

Legal objects, as defined by the legislation, are materialized by physical objects. Legal object 

is generally identical to the physical object. If this is completely not the case, then it is 

indirectly determined by physical objects (eg. safety zone is x meters from ...) and can be 

modeled /visualized in 3D. Cadastral legislation prescribes measurement, modeling and 

visualization of legal objects in the cadastral map. Part of the land (parcel), as a legal object, 

can be easily registered in the cadastre. The most commonly as a polygon which consists of 

boundaries. Polygon is shown in the plane cadastral map. However, for the registration of 

increasingly complex physical objects, which are usually divided into more legal objects and 

influenced by numerous public rights, cadastral legislation is not prepared. Predrilled parcel 

space (fig. 1) cannot be easy modeled and visualized on 2D cadastral map. 

 

Physical object that has footprint under/over more parcels, are functionally attached to only 

one parcel and are part of that legal object. Footprint registration/visualization may create 
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confusion for users and misinterpretation of the legal relationships. In some jurisdictions it 

solves the registration of legal objects in layers by 2.5D representations that are separated 

from the cadastral map. Such an approach may help temporarily, but is not a solution because 

it is difficult to get a complete information about property right relationships. Visualization on 

2D cadastral map can only be an indication of the complexity of the relationship on the land.  

Although regulations on Cadastre change slowly, for the successful registration of legal 

objects in 3D it is necessary to improve the cadastral legislation. 3D cadastre is only advanced 

modelling and presentation of existing real world relationships regarding rights on properties. 

 

3.3 Data submission and validation  

Through the data acquisition techniques, 3D data can be created in different environment to 

model the 3D shapes. In the process of constructing 3D models, users need to submit or 

upload the data source to data center to create 3D model, in order to build spatial topology of 

3D models and spatial analysis (e.g. spatial conflict detection). Data formats can be SketchUp 

file, AutoCAD file, 3D Max file and coordinate file in excel format, even CityGML file 

(YING, JIN et.al, 2014). According to different 3D spatial application and spatial complexity, 

users can select the appropriate data source to deliver 3D shapes. For example, for a complex 

building, users can divide it into several parts and describe them each with a coordinate file, 

and after submission, there will be special process to rebuild the holistic 3D model through the 

geometric locations and topological relationships.  

 

To ensure the later correct spatial analysis, many judgment rules and validations on 3D data 

and 3D models are necessary. 1) Basic data examinations. These tests include the eligibility of 

coordinates. Are they in correct range with suitable precision? Are there many points with 

same coordinate? Replicated point or same point? 2) Possibility to construct a 3D model. Is it 

possible to construct a 3D model or several models with input 3D data? These are many rules 

to test this possibility/impossibility, including face-connecting, Euler formula (JIN, YING et 

al, 2015; Thompson and van Oosterom, 2012). It should be worth mentioning that 3D model 

here is not limited to simple solid defined in ISO19107 and LADM, includes the 3D non-

manifold model (YING, GUO et.al, 2015). 3) Spatial location and confliction test in 3D scene. 

The input or submitted data many have spatial relationships and conflictions with other existed 

data in database, either 2D data or 3D data surrounding them. If there are spatial occupation 

conflictions, the input data should be sent back to check their geometrics and locations. If 

there are small gaps between them, this situation is acceptable to ensure these is no spatial 

conflictions among the close 3D models, which is vital factor in urban 3D planning and 

construction. On the other hand, sometime, these gaps should be handled to merge into 

neighbour/adjacent 3D models in order to keep consistent geometric data and topological 

relationships for efficient data management. Spatial relationships between the input 

data/models and existed models, including 2D overlay and connection, 3D topological 

connections, should be correctly recognized after the submission. 

 

3.4 Data storage, processing, dissemination and visualization in 3D 

The approach to storing and visualization of 3D spatial units depends on the level of 

complexity that exists within the jurisdiction. For example, if the highest level of complexity 

is the Polygonal Slice (or the Above/Below level of) the level of functionality required for 

storage can be a simple 2D database that allows for overlapping non-base polygons and can 

carry the height limit attributes. 
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Where the full complexity of 3D Spatial Units is needed, a more sophisticated database, and 

even more importantly, more sophisticated visualization tools will be needed. 

 

3D as external database objects It has been suggested that the 3D spatial units be kept 

separate from the 2D spatial units (because the issues in storage are so different). So that a 

GIS type solution is used to store and retrieve the 2D spatial unit coverage, while a CAD 

system is used to hold the 3D spatial units. This is not an optimal solution because the 3D 

spatial units must be represented in the GIS (as flattened “footprints”) to avoid holes being left 

in the coverage. Thus we are left with two representations of the same spatial unit in different 

databases, having to be independently updated. 

 From time to time, it is necessary to adjust the corner positions of a cadastral database - 

to account for improvements in accuracy of measurement, changes of datum, or even 

movement of the land itself. It is vital in these operations that the 3D spatial units do not 

become detached from their position in the 2D coverage. 

 

Some cadastral databases have persistent identifiers for cadastral corners, and these can be 

used to ensure that the 2D and 3D spatial units that share corner locations can be kept in 

registration. 

 

Considering all these issues, the ideal form of storage of 3D parcels in a Corporate Database is 

that 2D parcels and 2D versions of the 3D parcels be kept in a single table (thus visible to 2D 

GIS), with the extra information required to represent the 3D parcels in full in a linked table or 

location. 

 

Specifically: 

3D spatial units represented as footprints: If the decision is made only to store “footprints” a 

simple 2D spatial database is sufficient. 

Simple 3D as extruded polygons: If the decision is to approximate all 3D parcels with simple 

polygonal slices (or if the jurisdiction has no spatial units more complex) a 2D spatial 

database, with attributes of top and bottom elevation is sufficient. This is also true for 

databases with above/below height/depth spatial units. 

More complex 3D spatial units: Here, it is still probably justified to extract and store the 

“footprint” of all 3D parcels, so that a complete 2D view of the database using classical GIS is 

available. In addition to this, it is preferable that the 3D version of the spatial units are closely 

associated with the 2D version. When adjustments are made to the 2D spatial unit fabric, the 

association between the 2D and 3D representations must be preserved. 

Dissemination and Visualisation: As has been discussed above, a 2D view of all parcels is 

essential, and this should be available to a classical GIS. In addition, a 3D “view” of the 

cadastre is needed, showing all 2D as well as the 3D spatial units in a common form similar to 

a 3D city model. In this view, it is essential that sub-surface spatial units are accessible and 

viewable. 
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4. CONCLUSIONS AND FUTURE TRENDS  

 

From a worldwide survey (2010 and updated in 2014), it was found that no country has a fully 

implemented functional 3D cadastre. There are many examples of partial implementation, but 

the functionalities are always limited in some way. Significant progress have been achieved in 

providing legal provisions for the registration of 3D cadastre in many countries and many 

have started to show 3D information on cadastral plans such as isometric views, vertical 

profiles or textual information to facilitate such data capture and registration. 

 

In all cases, the whole cycle of the cadastral plan starts from survey data capture, progresses to 

data processing for plan creation, then data storage with registering authority, then data 

visualisation and dissemination. Although, research has progressed in all aspects of the plan 

life cycle, the current research seems to have focused on the data creation aspect. As 

jurisdictions have progressed towards a partial implementation of 3D cadastre, much 3D data 

has been collected in other areas such as Building Information Models (BIM) which have 

opened up the possibility of creating a 3D database from existing dataset. The focus of such 

research is the usability, compatibility and portability of these dataset which might be a low 

cost solution to one of the costliest phases of the implementation of 3D cadastre which is the 

data capture. 

 

Other sources of 3D data which are being explored currently are 3D topographical data, Lidar 

data, 2D or 3D floorplans which are not from BIMs, Laser surveys of individual building 

units, and data from volunteer geographic information (VGI). The true cost of such rapid data 

acquisition however comes when attempting to link to the existing cadastral framework and 

validating such data. However, for initial implementation these are invaluable sources of 

information and when a cadastre reaches a certain level of maturity it might even serve as a 

source to these BIM and VGI datasets. Complex solutions may not be required for initial 

implementation of 3D cadastre when none exists previously and such cost effective solution 

will assist to establish a proper 3D cadastre quicker.  

 

When such implementation takes shape, the future consideration is on cleaning these datasets 

to be as close to the accuracy and functionality of the existing 2D Cadastre as possible. These 

may however be done in refresh cycles with progressive levels of maturity or a systematic 

upgrade process can be undertaken with focus on an area at a time. Attention can then be 

given to 3D data capture and creating an institutional, legal and technical framework for its 

successful implementation.  

 

 

  



  126 

Efi Dimopoulou, Sudarshan Karki, Roi  Miodrag, José-Paulo Duarte de Almeida, Charisse Griffith-Charles,  

Rod Thompson, Shen Ying and Peter van Oosterom  

Initial Registration of 3D Parcels 

 

5th International FIG 3D Cadastre Workshop 

18-20 October 2016, Athens, Greece    

REFERENCES 

 

Abdul-Rahman A, van Oosterom, P, Chee Hua, T, Sharkawi, K.H, Duncan, E.E, Azri, N. and 

Hassan, I. (2012). 3D Modelling for Multipurpose Cadastre. 3rd International Workshop on 

3D Cadastres: Developments and Practices. Shenzhen (China), 25-26 October. 

 

Abdul-Rahman, A, Hua, T.H. and van Oosterom, P. (2011). Embedding 3D into Multipurpose 

Cadastre. FIG Working Week. Marakech (Marroco), 18-22 May. 

 

Chong, C.S. (2006). Toward a 3D Cadastre in Malaysia – An Implementation Evaluation. 

Delft University of Technology: 110. 

 

Dale, P. and Mclaughlin, J. (1999). Land Administration. Oxford (UK), Oxford University 

Press, 169 p. 

 

El-Mekawy, M,, Paasch, J. and Paulsson, J. (2014). Integration of 3D Cadastre, 3D Property 

Formation and BIM in Sweden. 4th International Workshop on 3D Cadastres. Dubai (UAE), 

11-13 November: pp. 17-34. 

 

Guo, R., Luo, F., Zhao, Z., He, B., Li, L., Luo, P. and Ying, S. (2014). The Applications and 

Practices of 3D Cadastre in Shenzhen. In: Proceedings of 4th International Workshop on 3D 

Cadastres. The 4rd International Workshop on FIG 3D Cadastre Workshop. Dubai, Unit Arab 

Emirates. Nov. 9-11, 2014. 

 

Hassan, M.I and Abdul-Rahman, A. (2010). Malaysian Integrated 3D Cadastre Registration 

System. FIG Congress. Sidney (Australia), 1-16 April: pp.14. 

 

Karabin, M. (2014). A Concept of a Model Approach to the 3D Cadastre in Poland: Technical 

and Legal Aspects. 4th International Workshop on 3D Cadastres. Dubai (UAE), 11-13 

November: pp. 281-298. 

 

Khoo, V. (2012). Towards “Smart Cadastre” that Supports 3D Parcels. 3rd International 

Workshop on 3D Cadastres: Developments and Practices. Shenzhen (China), 25-26 October. 

 

Kitsakis, D. and Dimopoulou, E. (2014). 3D Cadastres: Legal Approaches and Necessary 

Reforms, Survey Review, 46 (338), 322–332. 

Doi: Http://Dx.Doi.Org/10.1179/1752270614y.0000000119. 

 

Navratil, G. and Frank, A. (2013). VGI for land administration – a quality perspective. 

International Archives of the Photogrammetry, Remote Sensing & Spatial Information 

Sciences, Vol. XL-2/W1 (8th International Symposium on Spatial Data Quality, 30 May - 1 

June, Hong Kong, China). 

 

Pcm-Presidência Do Conselho De Ministros (2006). Resolução do Conselho de Ministros nr. 

45. Diário da República Portuguesa, Série I-B, Nrº. 86, 4 de maio. 

 



  127 

Efi Dimopoulou, Sudarshan Karki, Roi  Miodrag, José-Paulo Duarte de Almeida, Charisse Griffith-Charles,  

Rod Thompson, Shen Ying and Peter van Oosterom  

Initial Registration of 3D Parcels 

 

5th International FIG 3D Cadastre Workshop 

18-20 October 2016, Athens, Greece    

Roi , M. (2012). Land Information Administration - Cadastre, University of Zagreb, Faculty 

of Geodesy, ISBN 978-953-6082-16-2, Zagreb (in Croatian). 

 

Rokos, D., (2014). The Hellenic Cadastre Project towards 2020: Planning the future. 

Conference & Plenary Meeting “Hellenic Presidency of the Permanent Committee on 

Cadastre in the E.U. (PCC)”, 23 – 25 June, Greece. 

 

Silva, M.J., Bessa, M.I., Machado, V. and Clode, L. (2005). Breves notas sobre os 

procedimentos legais conducentes à primeira inscrição no registo predial português e à 

regularização fundiária no âmbito das operações urbanísticas”. CINDER 2005 – XV 

Conferência International de Direito Registral. Fortaleza (Brasil), 7-10 November. 

 

Smith, B. (1994). Fiat Objects. Parts and Wholes: Conceptual Part-Whole Relations and 

Formal Mereology, 11th European Conference on Artificial Intelligence, Amsterdam. N. 

Guarino, L. Vieu and S. Pribbenow. Amsterdam: European Coordinating Committee for 

Artificial Intelligence: 15-23. 

 

Soon, K.H. (2012). A conceptual framework of representing semantics for 3D cadastre in 

Singapore. 3rd International Workshop on 3D Cadastres: Developments and Practices. 

Shenzhen (China), 25-26 October. 

 

Stoter, J. (2004). 3D Cadastre. “Publications on Geodesy” 57. Delft (The Netherlands), NCG. 

 

Stoter, J. (2011). Geoprofessionals should look outside their own box (online). GIM 

International, 25(12). Available from 

http://www.gim-international.com/issues/articles/id1794- 

Geoprofessionals_Should_Look_Ouside_Their_Own_Box.html (Accessed 20th Nov 2012). 

 

Stoter, J, Beets, J, Ledoux, H, Reuver, M, Klooster, R., Janssen, P. and Penninga, F (2012). 

Towards mainstream geographical data (online). Geospatial World Forum, Amsterdam, The 

Netherlands. Available from 

http://beta.geospatialworld.net/Regions/ArticleView.aspx?aid=25159 (Accessed 21st Nov 

2012). 

 

Stoter, J. and van Oosterom, P. (2006). “3D Cadastre in an International Context: Legal, 

Organizational, and Technological Aspects”. Boca Raton (FL, USA), Taylor & Francis. 

 

Stoter, J.E., van Oosterom. P., Ploeger, H.D. and Aalders, H. (2004). Conceptual 3D Cadastral 

Model Applied in Several Countries in TS25 – Appropriate Technologies for Good Land 

Administration II – 3D Cadastre. FIG Working Week. Athens (Greece), 22-27 May. 

 

Stoter, J., Ploeger, H. and van Oosterom, P. (2013). 3D cadastre in the Netherlands: 

Developments and international applicability. In: 3D Cadastres II, special issue of Computers, 

Environment and Urban Systems, Volume 40, July 2013, pp. 56-67. 

 



  128 

Efi Dimopoulou, Sudarshan Karki, Roi  Miodrag, José-Paulo Duarte de Almeida, Charisse Griffith-Charles,  

Rod Thompson, Shen Ying and Peter van Oosterom  

Initial Registration of 3D Parcels 

 

5th International FIG 3D Cadastre Workshop 

18-20 October 2016, Athens, Greece    

Stoter, J., Ploeger, H., Roes, R., van der Riet, E., Biljecki, F and Ledoux, H. (2016). First 3D 

cadastral registration of multi-level ownerships rights in the Netherlands. In proceedings 5th 

International FIG 3D Cadastre Workshop, 18-20 October 2016, Athens, Greece. 

 

Thompson, R. and van Oosterom, P. (2012).: Validity of Mixed 2D and 3D Cadastral Parcels 

in the Land Administration Domain Model. In: P. van Oosterom, R. Guo, L. Li, S. Ying, S. 

Angsüsser (Eds.); Proceedings 3rd International Workshop 3D Cadastres: Developments and 

Practices, October 2012, Shenzhen, pp. 325-342. 

 

Thompson, R., van Oosterom, P., Karki, S. and Cowie, B. (2015). A Taxonomy of Spatial 

Units in a Mixed 2D and 3D Cadastral Database. FIG Working Week 2015. Sofia, Bulgaria. 

 

Valstad T (2005). 3D Cadastres in Europe – Norway. Cadastral Infrastructure. Bogotá 

(Colombia), 22-24 November. 

 

van Oosterom, P., Stoter, J., Ploeger, H., Thompson, R. and Karki, S. (2011). World-wide 

Inventory of the Status of 3D Cadastres in 2010 and Expectations for 2014. FIG Working 

Week. Marrakech (Morocco), 18-22 May. 

 

Vu i , N., Tomi , H. and Roi , M. (2013). Registration of 3D Situations in Croatian Land 

Administration System. International Symposium & Exhibition on Geoinformation ISG 2013. 

Johor Bahru (Malaysia), 24-25 September. 

 

Wang, C., Pouliot, J. and Hubert, F. (2012). Visualization principles in 3D cadastre: a first 

assessment of visual variables. 3rd International Workshop on 3D Cadastres: Developments 

and Practices. Shenzhen (China), 25-26 October. 

 

Ying, S., Guo, R., Li, L. and He, B. (2012). Application of 3D GIS to 3D cadastre in urban 

environment. 3rd International Workshop on 3D Cadastres: Developments and Practices. 

Shenzhen (China), 25-26 October. 

 

Ying, S., Jin, F., Guo, R. and Li, L. (2014). The Conversion from CityGML to 3D Property 

Units. In: Proceedings of 4th International Workshop on 3D Cadastres. The 4rd International 

Workshop on FIG 3D Cadastre Workshop. Dubai, Unit Arab Emirates. Nov. 9-11, 2014. 

 

Ying, S., Guo, R., Li, L., van Oosterom, P, and Stoter, J. (2015). Construction of 3D 

Volumetric Objects for a 3D Cadastral System. Transaction of GIS. 19(15):758-779.  

 

Ying, S., Li, L. and Guo, R. (2015). Validation rules and repairing true 3D solids. Geomatics 

and Information Science of Wuhan University. 40(2):258-263 (in Chinese).  

 

Zhao, Z., Guo, R. and Ying, S. (2012). Topological relationship identification in 3D cadastre. 

3rd International Workshop on 3D Cadastres: Developments and Practices. Shenzhen (China), 

25-26 October. 

  



  129 

Efi Dimopoulou, Sudarshan Karki, Roi  Miodrag, José-Paulo Duarte de Almeida, Charisse Griffith-Charles,  

Rod Thompson, Shen Ying and Peter van Oosterom  

Initial Registration of 3D Parcels 

 

5th International FIG 3D Cadastre Workshop 

18-20 October 2016, Athens, Greece    

BIOGRAPHICAL NOTES 

 

Efi Dimopoulou is Associate Professor at the School of Rural and Surveying Engineering, 

NTUA, in the fields of Cadastre, Spatial Information Management, Land Policy, 3D Cadastres 

and Cadastral Modelling. She is the Programme Director of the NTUA Inter-Departmental 

Postgraduate Course «Environment and Development» and President of the Hellenic Society 

for Geographical Information Systems (HellasGIs). 

 

Sudarshan Karki is the manager of the Digital Cadastral Database (DCDB) in the 

Department of Natural Resource and Mines, Queensland Government, Australia. He is a 

surveyor and has completed a Master of Spatial Science by Research at the University of 

Southern Queensland (USQ) in 2013 and a professional Master’s Degree in Geo-informatics 

from ITC, The Netherlands in 2003. He has continued his research interest in 3D cadastre and 

is currently undertaking his PhD research at USQ. 

 

Miodrag Roi  graduated in Geodesy from the University of Zagreb, Faculty of Geodesy. 

Since 1996, he is a professor at the University of Zagreb, Faculty of Geodesy. He was Vice 

Dean of the Faculty, Head of the Chair of Spatial Information Management and the Institute of 

Engineering Geodesy, and he was the Dean 2011-2015. The topics that he specializes in are 

land administration systems, engineering geodesy, cadastres and geoinformatics. He was an 

editor-in-chief of "Geodetski list", an internationally recognized Croatian scientific geodetic 

journal. He is a corresponding member of the German Geodetic Commission (DGK) and 

many other national and international scientific and professional institutions. 

 

José-Paulo Duarte de Almeida (Lic. Geomatic Engineering - University of Coimbra; M.Sc. 

Civil Engineering - Specialisation Urban Engineering - UC; Ph.D. Geomatic Engineering – 

University College London) has been working at the University of Coimbra for twenty years 

now, initially as Lecturer’s Teaching Assistant and currently as Lecturer in Geomatic 

Engineering. He is also researcher at INESCC (Institute for Systems & Computers 

Engineering at Coimbra). In terms of research, he’s been working on: interpretation of 

unstructured geospatial data in GIS environment using Graph Theory; semantic enrichment of 

3D data towards the development of 3D city models; 3D cadastre and 3D cadastral systems. 

 

Charisse Griffith-Charles Cert. Ed. (UBC), MPhil. (UWI), PhD (UF), FRICS is currently 

Senior Lecturer in Cadastral Systems, and Land Administration in the Department of 

Geomatics Engineering and Land Management at the University of the West Indies, St. 

Augustine, where her research interests are in land registration systems, land administration, 

and communal tenure especially ‘family land’. Dr Griffith-Charles has served as consultant 

and conducted research on, inter alia, projects to revise land survey legislation in Trinidad and 

Tobago, assess the impact and sustainability of land titling in St. Lucia, address tenure issues 

in regularising informal occupants of land, and to assess the socio-economic impact of land 

adjudication and registration in Trinidad and Tobago, apply the STDM to the eastern 

Caribbean countries, and document land policy in the Caribbean. Her publications focus on 

land registration systems, land administration, cadastral systems, and land tenure. She is 

currently President Commonwealth Association of Surveying and Land Economy (CASLE) 

Atlantic Region. 

 



  130 

Efi Dimopoulou, Sudarshan Karki, Roi  Miodrag, José-Paulo Duarte de Almeida, Charisse Griffith-Charles,  

Rod Thompson, Shen Ying and Peter van Oosterom  

Initial Registration of 3D Parcels 

 

5th International FIG 3D Cadastre Workshop 

18-20 October 2016, Athens, Greece    

Rodney James Thompson has been working in the spatial information field since 1985. He 

designed and led the implementation of the Queensland Digital Cadastral Data Base, and is 

now advising on spatial database technology with an emphasis on 3D and temporal issues. He 

obtained a PhD at the Delft University of Technology in December 2007.  

 

Peter van Oosterom obtained an MSc in Technical Computer Science in 1985 from Delft 

University of Technology, the Netherlands. In 1990 he received a PhD from Leiden 

University. From 1985 until 1995 he worked at the TNO-FEL laboratory in The Hague. From 

1995 until 2000 he was senior information manager at the Dutch Cadastre, where he was 

involved in the renewal of the Cadastral (Geographic) database. Since 2000, he is professor at 

the Delft University of Technology, and head of the ‘GIS Technology’ Section, Department 

OTB, Faculty of Architecture and the Built Environment, Delft University of Technology, the 

Netherlands. He is the current chair of the FIG Working Group on ‘3D Cadastres’.  
 

Shen Ying is a professor in School of Resource and Environmental Sciences, Wuhan 

University. He received a B.S.(1999) in Cartography from Wuhan Technique University of 

Surveying and Mapping(WTUSM), and MSc and PhD degree in Cartography and GIS from 

Wuhan University in 2002 and 2005, respectively. His research interests are in 3D GIS and 

cadastre, updating and generalization in multi-scale geo-database and ITS. 

 

 

CONTACTS 
 

Efi Dimopoulou 

National Technical University of Athens  

School of Rural & Surveying Engineering  

9, Iroon Polytechneiou 

15780 Zografou 

GREECE 

Phone:  +302107722679 

Fax: +302107722677  

Mob.: +306937424666 

E-mail: efi@survey.ntua.gr 

 

Sudarshan Karki 

Queensland Government/Department of Natural Resources and Mines 

Landcentre, Cnr Main and Vulture Streets 

Woolloongabba, Brisbane 

Queensland 4102 

AUSTRALIA 

Phone.: +61 7 3896 3110 

E-mail: Sudarshan.Karki@dnrm.qld.gov.au 

Website: http://www.dnrm.qld.gov.au/ 

 

  



  131 

Efi Dimopoulou, Sudarshan Karki, Roi  Miodrag, José-Paulo Duarte de Almeida, Charisse Griffith-Charles,  

Rod Thompson, Shen Ying and Peter van Oosterom  

Initial Registration of 3D Parcels 

 

5th International FIG 3D Cadastre Workshop 

18-20 October 2016, Athens, Greece    

Miodrag Roi   

University of Zagreb 

Faculty of Geodesy 

Ka i eva 26  

10000 Zagreb 

CROATIA  

Phone: + 385 1 4639 222 Fax: + 385 1 4828 081   

E-mail: mroic@geof.hr 

Website: http://www.geof.unizg.hr 

 

José-Paulo DUARTE de ALMEIDA 

Geomatic Engineering Lab. 

Dept. of Mathematics 

Faculty of Science & Technology 

University of Coimbra 

Apartado 3008 

3001-501 Coimbra 

PORTUGAL 

Phone: +351 239 701 150, Fax: +351 239 793 069 

E-mail: uc25666@uc.pt  

Website: http://apps.uc.pt/mypage/faculty/uc25666/en  

 

Charisse Griffith-Charles 

Senior Lecturer 

Department of Geomatics Engineering and Land Management 

Faculty of Engineering,  

The University of the West Indies 

St. Augustine 

TRINIDAD AND TOBAGO 

Phone: +868 662 2002 ext 82520 

Fax: + 868 662 2002 ext 83700 

E-mail: Charisse.Griffith-Charles@sta.uwi.edu 

 

Rod Thompson 

Queensland Government/Department of Natural Resources and Mines 

Landcentre, Cnr Main and Vulture Streets 

Woolloongabba, Brisbane, Queensland 4102 

AUSTRALIA 

Phone: +61 7 38963286 

E-mail: Rod.Thompson@qld.gov.au  

Website: http://www.dnrm.qld.gov.au/  

 

  



  132 

Efi Dimopoulou, Sudarshan Karki, Roi  Miodrag, José-Paulo Duarte de Almeida, Charisse Griffith-Charles,  

Rod Thompson, Shen Ying and Peter van Oosterom  

Initial Registration of 3D Parcels 

 

5th International FIG 3D Cadastre Workshop 

18-20 October 2016, Athens, Greece    

Shen Ying 

School of Resource and Environmental Sciences 

Wuhan University  

129 Luoyu Road 

Wuhan 430070 

CHINA 

Phone: +86 27 68778319 

Fax: +86 27 68778893 

E-mail: shy@whu.edu.cn 

 

Peter van Oosterom 

Delft University of Technology 

Faculty of Architecture and the Built Environment 

Department OTB 

GIS Technology Section 

Julianalaan 134 

2628 BL Delft 

THE NETHERLANDS 

Phone: +31 15 2786950, Fax +31 15 2784422 

E-mail: P.J.M.vanOosterom@tudelft.nl 


