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SUMMARY  
 
Professional surveyors all over the world are the repository of locational geoinformation data, 
in the form of either implicit or explicit geometry formats as defined by the Open Geospatial 
Consortium (OGC). Two dimensional (2D) cadastre data is not difficult to realise, for 3D data 
acquisition and modelling, this is a challenge. Different three-dimensional (3D) spatial data 
models exist for different purposes and applications, therefore, the need to select a single 
spatial data model for all applications is still difficult to realise. This paper outlines the 
requirements for a unified spatial data model for 3D cadastre capable of representing volume 
parcels for man-made objects such as a block of flats in a city centre. Microsoft visual C++ 
2008 programming language, OpenGL and Qt libraries were used to develop an application 
for 3D cadastre. The algorithm and modelling techniques are discussed and an 
implementation for 3D cadastre highlighted. The concepts highlighted are significant for 3D 
cadastre in an urban environment due to the multiplicity of ownership for the same parcel of 
land. The 3D Tetrahedralization Model (3DTM) is significant and can be adopted as the 
geometric representation for 3D cadastre. 3DTM is a single spatial data model for all man-
made constructions; this can advance the development of a fully operational 3D GIS 
application software. The model can also be used for facility management and change 
detection. Further work will research into indoor navigation for 3D cadastre.  
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1. INTRODUCTION 
 
Cadastre is the term used to describe the process of acquisition and ultimate ownership of a 
land parcel on the surface of the Earth. The land parcel or marine parcel can be within the 
extents of a continent, country, region, district and sector. Dale and Mclaughlin (1988) 
described land as the primary resource for wealth creation. Land here refers to both land and 
sea surface; this can be above, on and below these surfaces. The economic and social well-
being of a populace depends on the activities undertaken on land. Property or land 
administration of any country needs to be effective and secured, hence countries all over the 
world require accurate demarcation of land parcels to determine location and extent of land 
parcels, establish accurate land ownership and ensure the proper documentation of land 
related data. Subsequent documentation of a land parcel is guaranteed to serve as security to 
land ownership thus serving as a vehicle for social and economic change. The cadastre also 
serves as the supporting tool for land policies, fiscal policies and agricultural policies. Current 
European multipurpose cadastral systems are intended for either taxation or for title 
registration for planning purposes. Common denominators in these types of cadastre are the 
unambiguous identification of spatial property and a standardised numbering schema that is 
uniformly referenced. This identification method allows different vertical application areas, 
such as taxation, legal, and planning offices, to refer to the same real property. Thus, when the 
fiscal cadastre promulgates a change on the tax record of a specific parcel, a GIS map shows 
the tax information changes on the same parcel for the legal cadastre. Land parcels in most 
cities belong to multiple owners as the city parcel will have space above and below the 
surface which cannot be shown on a 2D map, hence the need for 3D multipurpose cadastre. 
Cadastre 2014 (Lemmen et. al, 2009), is geared towards completing a framework for 
multipurpose cadastre which aims at improving relationships between man and land, role of 
government and its agencies to land, technology in relation to multipurpose cadastre, data 
acquisition methods and the role of professional surveyors and private individuals in 
multipurpose cadastral systems. Most cadastral registration systems are parcel based systems, 
which are 2D, the Swedish cadastre (Ericsson, 2008), the Danish (Jorgen, 2004) cadastre and 
the catasto-cumini cadastre of Italy (ESRI, 2005).  Most of these cadastres use 2D GIS with 
aerial photographs and satellite imagery to build their land database. Currently 2D cadastre 
mapping is practiced in Malaysia which provides vital land and property information like 
ownership of the parcels for most parts of the country (refer Table 1). 
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     Table 1.  Cadastre types of some countries 

COUNTRY CADASTRE TYPE TOOLS 

NETHERLANDS 

 (Lemmen, 2012) 

2D and  3D USER DEFINED (ELAN 

+3D PDF) 

SWEDEN 

Ericsson, (1995, 2008) 

and Astrand, (2010) 

2D and  3D USER DEFINED 

(ArcCadastre) 

DENMARK 

Skrubbeltrang, (2004) 

2D GIS 

ITALY 

ESRI (2005) 

2D GIS / REMOTE 

SENSING 

NORTHERN IRELAND 

ESRI (2005) 

2D GIS 

Malaysia (Abdul Rahman 

et. al., 2011) 

2D MapInfo 

 
This system of cadastral information has served most of the users need for decades. However, 
in the very near future, 2D information may no longer be able to serve the community, 
especially in more complex situations such as condominiums and office complexes in large 
cities or towns such as Kuala Lumpur in Malaysia. One way to deal with this situation is by 
having a more advanced cadastral system. Hence, the need to extend the 2D cadastre system 
into a system that is able to deal with various aspects of cadastre such as 3D cadastre (Stoter, 
2004), 3D marine cadastre, and 3D city models (Abdul Rahman et. al., 2005). Several 
drawbacks from existing cadastre system such as building foot or roof prints hardly available 
within cadastre parcels, strata information not linked to the stratum, real 3D buildings with 
proper and real textures are not available within the parcel lots and obviously the associated 
database not available. A new version of cadastre, i.e. the MPC could provide the relevant 
information to various agencies and individuals in the country. Abdul Rahman et. al., (2011) 
has also enumerated the need for MPC to embed 3D city models and underground structures. 
Current cadastres has employed CAD software, GIS and database in creating various 
cadastres but has not been able to sustain a fully developed system, hence user defined 
algorithms are required to expand the multipurpose cadastre to consider the above and below 
surface parcels. This paper seeks to present a spatial data model for 3D cadastre, the design 
and implementation of 3D volume parcels is presented within a graphical user interface 
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(GUI).  The 3D geometric modelling part for representing 3D objects, above, on and below 
the surface is significant for most buildings in any city centre. Section 2 presents a review of 
the data capture, processing and representation of 3D data from a surveyor’s perspective. 
Section 3 discusses spatial data models, Section 4, the unified spatial data model and 
implementation for 3D cadastre. Section 5 is the exemplification and Section 6, the 
concluding remarks and further research for this paper. 
 
 
2. SPATIAL DATA MODELLING   

 

2D cadastre represents the land parcel as a polygon with edges and nodes, this was easy to 
realise using various application software such as AutoCAD, ArcGIS and a relational 
database such as Microsoft excel, access, Oracle and others. The concept for 3D volumes has 
been put forward (Abdul Rahman et. al., 2011 and Lemmen, 2012). Several drawbacks from 
existing cadastre system have been enumerated in Section 1. OGC (2012) now defines LoD 0 
as including building foot or roof prints. Currently due to the multiplicity of ownership for a 
specific land parcel a spatial data model is required for the exemplification of volumetric 
based parcels a review of current 3D spatial data models (refer Table 2) and a selection of one 
enhanced unified spatial data model for most applications may be the unique model for 3D 
GIS.  
 
Table 2 shows some previous spatial data models. 
Spatial Model Geometries Limitations Applications 

3D FDS Node, edge, arc, face 2D GIS as topology was 
easier to implement 2D GIS 

3D TIN TNode, Tedge, Tpolygon 
and Tsolid Surface and geology 2D/3D hybrid: Surface 

and subsurface boreholes 

3D TEN Node, arc, Triangle, 
Tetrahedron 

Geology and pollution 
clouds 

Geology and urban 
applications 

SSM Face and body No arc in the model Web and visualisation 

UDM Node and face(triangles) City modelling Tetrahedrons not applied, 
urban management 

OODM-ISDM Node, arc, Triangle, 
Tetrahedron 

TIN and tetrahedron part 
not achieved. City 

modelling and geology 

City objects and drill 
holes 

E2GIS Node, arc, Triangle No application model Engineering (tunnels) and 
Geology 

Cell Complex Point, line, face volume Large data Geoscience 

Somas Node relationships Implementation in a 
database not possible Urban management 

Rosa and Cervelle Node, edge, arc, face and 
volume 

Simple geographical 
objects Model cavities and holes 

 

Surface 3D objects in the case of 3D city models have been studied by various researchers 
using the vector approach (Molenaar, 1990; Abdul Rahman, 2000; Zlatanova, 2000; Coors, 
2003). 3D data models such as the tetrahedral network (TEN) (Pilouk, 1996) the constrained 
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tetrahedral network (TEN) (Penninga and Oosterom, 2008), the Object Oriented Data Model 
(OODM) (Wang, 2006), Urban Data Model (UDM) (Coors, 2003) and the Simplicial Simplex 
Model (SSM) (Zlatanova, 2000) approaches have been used for 3D city modelling. 
Surface and subsurface unified models have been studied by researchers: Abdul Rahman and 
Pilouk, 2008; Wang, 2006; Breunig and Zlatanova, 2006; Zhou et. al., 2008. The principle 
behind their research was enhanced forms of 3D FDS for 3D objects using 3D spatial data for 
objects above the surface and below the subsurface. The 3D FDS (Molenaar, 1990) was 
proposed for 2D GIS, but this has been adopted and made applicable by researchers for 3D 
GIS. The model has the point, line, surface and body as the entity object from the basic 
geometry of the node with topological relations of is in, is on, left and right. 
Researches for subsurface 3D models were aimed at modelling the natural subsurface: Abdul 
Rahman (2000) used the 3D TIN for drill hole locations. This idea was extended by Wang 
(2006) to include city modelling. Breunig et. al., (2001) carried out extensive research on 
geological bodies (GeoToolKit) using the TEN model. Zhou et. al., (2008) also used the cell 
complex and implemented the model for geology. The OO3D-ISDM spatial data model 
(Wang, 2006) was used for the integration of city objects and drill hole data based on the 
concept of 3D TIN. Wu and Shi, (2004) proposed a spatial data model based on G-GTP and 
E-GTP the generalized tri-prism (GTP) for geosciences applications, these models uses the 
concept of 3D TIN in its implementations. The cell complex which is an enhanced concept 
from 3D TIN was applied as an integrated model in the area of city objects and geology 
(Pigot, 1992 and Zhou et. al.,, 2008). Researchers have enumerated the need to integrate man-
made objects for both the surface and subsurface (Emgard and Zlatanova 2008; Zhou et. al., 
2008; Ledoux and Gold, 2008; Zlatanova, 2008; Gold, 2008). Concepts from current data 
models (Abdul Rahman and Pilouk, 2008; Wang, 2006; Wu and Shi, 2004) which 
investigated models for above, on and below surface objects basically for geology, can be 
extended to include man-made objects for the subsurface. Most of the spatial models 
investigated showed the TIN and 3D TIN in a hybrid approach by integrating TIN with other 
3D representations. Abdul Rahman (2000) used the 3D TIN in a 2D and 3D TIN hybrid 
approach to represent 3D simple buildings with terrain and borehole representation for the 
subsurface. Pilouk (1996) used the 3D TEN (TIN) to represent geological features. Concepts 
for volume parcels for 3D cadastre have been presented by Abdul Rahman et. al., (2012) and 
Lemmen (2012). The quest for a unified spatial data model still under research. This research 
further enhances these concepts and exploits the concept for 3D cadastre and implements 
these concepts with Level of Detail (LoD) concepts for texturing buildings in 3D cadastre.  
 

 

3. 3D DATA CAPTURE AND RECONSTRUCTION 

 

Surveyors or Geoinformation specialists are usually concerned with the measurement and 
collection of geospatial information of natural or artificial features. Equipment used for data 
collection will vary according to speed, cost, reliability and accuracy. Processing of the 
geospatial data also depends on equipment, software and database requirements. The 
Surveyor is in charge of the geometric part of the land parcel or land lot demarcation, hitherto, 
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this was not a challenge because cadastre parcels were polygonal. Currently, for 3D geometric 
cadastre presentation, data collection and 3D modelling is a challenge. Spatial objects are 
features that can be located on the surface of the Earth by way of geographic coordinates such 
as latitudes and longitudes or by way of national coordinates which are in Northings (X) and 
Eastings (Y). The addition of height in relation to terrain is 2.5D and the relation from the 
terrain to measurements on a building is 3D. Spatial representations are unique, since ideally 
no coordinate pair can represent two different features on the surface of the Earth. 2D GIS is a 
knowledge based tool through topology which establishes knowledge between the various 
geometric primitives such as points (or nodes or vertices), lines (arcs or segments or edges) 
and polygons (areas or faces) together with their semantic properties. 2D GIS has several 
limitations such as the visualization of feature objects as points, lines and polygons, difficulty 
in interpreting some 2D maps due to hidden features, difficulty in visualizing utility networks 
due to inadequate information on height (Abdul Rahman et.al., 2012) and 2D map 
generalization. Hence, most 2D maps are inaccurate and can also not be relied on for 2D 
cadastre, this stalls developments in most city centres, where these 2D cadastre maps 
introduces a high level of complexities. The visualisation of feature objects within a digital 
environment representing reality is the basis of 3D GIS. With the introduction of height (Z) 
above sea level, features can be realised in 3D, users could also visualise 2.5D in relation to 
the Earth’s surface, this is the digital terrain model (DTM). 3D data can be obtained from 
varied sources among these are Computer Aided Design (CAD) drawings where the basic 
geometric element, the node can be extracted, this can be the national coordinates or 
geographic coordinates as defined for a specific country. Orthophotos and orthoimagery from 
digital photogrammetry or remote sensing respectively can also be used in demarcating 
cadastre parcels, in this case the basic geometry is the voxel for the raster environment. 
According to OGC (2012), the spatial model of city objects are based on ISO 19107 standard 
which represents 3D geometry according to the b-rep of Foley et. al., (1995). CityGML 
avoids the repetition of faces with topology being maintained, however the problem of 
leaving holes may persist and the concept of a composed object without holes necessary to 
achieve a model. CityGML has made topology optional but currently, a major issue in 3D 
GIS. In this research, directional adjacency is considered to exploit the concept of above, 
beside and below adjacency relations. CityGML supports the modelling of underground 
buildings and tunnels but the integration of the above, on and below objects has not been 
achieved. Standards such as CityGML, GeoSciML and Industry Foundation Classes (IFC) has 
been developed for 3D spatial artificial and natural features above and below the Earth’s 
surface, these features have not been integrated due to challenges in geometric, topologic and 
semantic heterogeneities. However the integration of these standards is under consideration 
by OGC (2013).  
 
3D data capture is required for 3D modelling, in most survey legislatures the surveyor is the 
technical person to measure and collate data before and after a project has been executed. So 
the final as built data is captured by the surveyor. Different equipments can be employed in 
this data collection depending on accuracy, cost, efficiency and technique employed for data 
acquisition. The methodology for data capture will depend on the 3D objects being collected 
(building, pipelines, tunnels, etc.), hence the method of data capturing may be different (Aien 
et. al., 2011). Traditional land surveying, aerial photogrammetry and laser scanning are the 
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most used methods to capture the data required for cadastre. Traditional land surveying is the 
oldest method for data capturing in the surveying field. Equipment’s such as total stations, 
EDM (electronic distance measurement) are the most used devices in this field. Traditional 
land surveying compared to photogrammetry and laser scanning method is far cheaper but not 
precise as laser scanning and not as fast as photogrammetry for a large area. Surveyor’s 
capture 3D in various formats such as slope distance, horizontal distance, vertical distance, 
the whole circle bearing and three dimensional coordinates, the representation of such 
information differs from one region to another. Also accuracy requirements may be different. 
The representation of 3D data using the vector approach is considered in this research. 
 

4. THE UNIFIED SPATIAL MODEL 

 
The unified concept is based on tetrahedral meshes which can be degenerated to some 3D 
basic volumes such as the cube and other regular or irregular shapes. An enhanced 3D 
tetrahedral model (3DTM) is proposed, with the solid being formed by tetrahedrons or 
polyhedrons. This presents a solid and surface composed of tetrahedrons, a line is composed 
of segments and point consists of nodes. The unified spatial data model is shown in Figure 1. 

Solid Surface NodeLine

NodeLineTINTEN 1 : 4 1 : 21 : 31…*

1…* 1…*

XYZ
1 : 1

 

Figure 1. 3D Tetrahedralized Model (3DTM) 
 
Nodes are formed by geographic coordinates XYZ which can form point features such as 
lamp posts, fire hydrant features and are part of the city furniture. Two nodes form the line or 
segment and can be expressed as a beginning node and an ending node. Three of such lines or 
segments will become part of the edge of the TIN surface. TIN surfaces will have edges or 
lines which will be shared and create the shared sub feature level (Pilouk, 1996) for a multi-
theme model. The concept of implicit geometry and the merits of this geometry is well 
explained by OGC (2012) is used to form the nodes with appropriate identifiers, the line 
identifier will have a beginning node and an ending node with the topological relationship of 
is on, is in, point and solid, line and solid, line and surface, point and surface being used to 
form the relationship for the unified model. The 3DTM is formed by four nodes, six lines and 
four triangles, to form solids for both the surface and subsurface. The model is significant due 
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to the fact that it can be used to model regular and irregular objects and can thus represent 
features above, on and below the earth surface. Using the cube as the basic feature for volume 
objects, the cube can be decomposed to six regular tetrahedrons at the geometry level. The 
topological relationship is given by the adjacency of spatial objects. The logical model is 
presented in Figure 2. 
 

NID X Y Z

LID N1 N2

TRIID L1 L2 L3

tetID TRI1 TRI2 TRI3 TRI4

PID NID PCLASS

SEGID LID SEGCLASS

SID SCLASS BSID BCLASSASID ACLASS

 
Figure 2. The Logical model  
 

The classes for the various entities or features will then be connected or joined to the 
attributes to complete the database structure of the model. The above class (ACLASS) and 
surface class (SCLASS) and the below class (BCLASS) are all connected to the tetrahedron 
identifier (tetID) to form the unified spatial data model, topology is maintained between the 
faces. 

 
Emgard and Zlatanova (2008) presented conceptual models for an integrated model within 
CityGML, and presented the terrain intersection curve (TIC) within that framework. This 
paper is advocating for a stand-alone platform which uses the tetrahedron as the solid for the 
unified spatial data model for the integration of the above, on and below 3D spatial objects. 
3D city objects have underground facilities such as storage, tunnels, cavities, underground rail 
systems and car parks, knowledge about these man-made objects are required for 3D cadastre. 
From the concepts presented, the requirement for the unified spatial data model is to construct 
a 3D geometry capable of representing regular objects (such as buildings) and irregular 
objects (geological body, a spaghetti tunnel or transportation network or mine underground 
workings). The unified spatial data model should have sound or established mathematical 
background (counter clockwise algebraic topology in relation to simplexes or clockwise 
algebraic topology in relation to complexes). Also another requirement for the unified spatial 
data model is the support for topology, this must indicate the relationships between geometric 
objects, consistency constraints must be indicated and directional adjacencies such as beside, 
above and below highlighted.. 
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2D GIS are well expressed and clear on topology as it clearly demonstrates the properties of 
connection, adjacency and containment. This expresses knowledge using the geometric 
properties of node, arc or line or edge and area or polygon. Research on 3D topology is still in 
the implementation stage as the topology between volumetric geometries is still not clear. 
Spatial database management systems such as Oracle Spatial 11g, PostgreGIS and Bentley 
have been used to implement some topology for specific applications. The spatial data model 
with its corresponding data structure is the core for 3D GIS software development. 3D 
topology model is in analysing 3D spatial phenomenon in the real world due to the spatial 
relations between each object. However the topology of 3D spatial objects is more difficult to 
analyse than 2D topology due to the complexity of 3D geometry. Therefore the 
implementation of topological operators in 3D spatial DBMS is more difficult than spatial 
DBMS for 2D spatial objects due to geometric complexity (Kim et. al., 2008). 
Current researches focus on the implementation model and storage using 3D geometry in 
terms of 3D topological relations i.e. disjoint, meet, Equal, inside, contains, covers, coverby 
and overlap (Egenhofer and Sharma, 1993) for 3D spatial analysis. 3D topological operations 
cover the relationship of 4-intersection model (8 kinds of relations), this could be extended to 
9-intersection model. A boundary representation (b-rep) model defines spatial objects by their 
bounding elements e.g. planar faces. Nodes and edges are defined by intersection of the 
bounding planes. B-rep model has been described as the model which constitutes the most 
popular model to store 3D topological data.  
3D GIS analysis could also be implemented for 3D data type and functions. Although the 
theoretical number of the 9-intersection model is 29 i.e. 512 relationships, only a small 
number of these can be seen in reality (Zlatanova, 2000; Kurata, 2010).  
Topology for some 3D data models can be divided into three groups: 

• Surface and above surface (geographical) model 
The n-tuple model (Pigot, 1992) had the advantage of topological expression and easy 
maintenance because it is based on n-manifold model. OO3D model (Shi et. al., 2003) 
based on object oriented modelling had little 3D spatial analysis function but indistinct 
topology. 

• Below surface (Geological) model, generalised tri-prism (GTP) model (Wu and Shi, 
2004) had topology completely and used for 3D expression of geology based on drill 
hole data, but this model is difficult to visualize complex geological object. 

• Unified (Integrated) model 
TIN + Octree data model (Shi, 1996), topology and query is easy, however if the TIN 
needs to be changed the octree data changes. 

The topological structure for the unified model uses the basic solid geometry for 3D TIN 
which is the tetrahedron and further enhanced by incorporating some volume and quality 
statistics within a graphical user interface.  This concept is adopted for the following reasons: 
It is possible to represent regular and irregular objects, the model is mathematically sound 
with topology being established geometrically by avoiding repetition of data, the condition of 
no gaps or overlaps are satisfied. The topology for the tetrahedron using the b-rep approach is 
shown in Figure 3. 
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Figure 3. Topological structure for 3DTM 

 

Spatial objects can be represented by boundary elements such as vertices, edges and face, 
with topology being introduced by the concept of adjacency. The concept of directional 
adjacency is employed to depict topological relations above, beside and below for the unified 
model. The Boundary representation forms objects such as edge, face and volume using the 
node as the geometric primitive. The concept is significant and has been explored in a 
hybridised form in most spatial data models. An attempt is made to represent the 3DTM as a 
unified spatial data model for 3D modelling for all objects above, on and below the city space 
for 3D spatial modelling. Section 5 presents the implementation for this research. 
 

5. EXEMPLIFICATION 
 
 

This research implements the unified spatial data model using Microsoft Visual C++ version 
2008 programming software was used in conjunction with OpenGL and Qt libraries to create 
a prototype for the unified model. Implicit data using the boundary representation (b-rep) was 



/ 

A Geometric–Topologic Exemplification for 3D Cadastre,  (6913) 
Edward Duncan and Bernad Siew (Malaysia) 
     
FIG Congress 2014 
Engaging the Challenges – Enhancing the Relevance 
Kuala Lumpur, Malaysia 16-21 June 2014 
 

11/18 

used to create a tetrahedral wireframe, which is then degenerated to form the basic volume, 
within a graphical user interface (GUI) capable of displaying the data structure and the 
attributes. The integrity of the tetrahedrons formed are checked using a quality check, the 
volume and centre of mass of the basic volume spaces determined (Duncan and Abdul 
Rahman, 2013), statistical inferences in relation to the quality of the tetrahedron are then 
computed.  

Implicit geometry is used to form the nodes with appropriate identifiers, the line identifier 
will have a beginning node and an ending node with the topological relationship of is on, is in, 
point and solid, line and solid, line and surface, point and surface being used to form the 
relationship for the unified model. The tetrahedron is formed by four nodes, six lines and four 
triangles, to form solids for both the surface and subsurface. Six regular tetrahedrons form the 
basic cube which is the basic volume primitive in 3D GIS. Figure 4 shows the algorithm 
generated for this research.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Tetrahedral mesh degenerated to 3D volume spaces   

 

Figure 4 is the tetrahedral mesh for a twin eight story building which has been degenerated to 
simple blocks showing above, on and below surface man-made objects. Figure 5 is the 
graphics user interface (GUI) showing the basic geometry cube created from the tetrahedron 
with the volume and centre of mass computed, the volume is significant as it shows the 3D 
space occupied and the centre of mass of the cube used to enhance navigation within the 
block or described the block in an attribute database. In this research, indoor navigation has 
not been explored.  Figure 5. Tetrahedral mesh for a building block degenerated to simplified 
unified block. 
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Figure 5. 3D TIN for volume parcels 

Figure 6 shows a twin two eight storey building with subsurface man-made construction for 
parking. The graphical part is on the left with the semantic information on the right of the 
GUI showing a queried part. This concept can be extended for any multilevels.  

 

 
Figure 6. Application for 3D cadastre. 
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Texturing is the technique of increasing the Level of Realism (LoR) of 3D objects which 
among others include pictometry in the capture of appropriate images for the various 
components of a building such as window, door, and roof types to increase LoR. In this 
research, texturing using a hybridised rendering tool was used. This uses the colour code Red, 
Green and Blue (RGB) and images of windows and doors to fit a specific window and door 
size. This is a complex cadastral problem as it raises questions such as who owns the flats 
above the road. Who owns the land parcel under the road? What are the tax liabilities of these 
owners? What is the size of cavities or tunnels created or occupied beneath the surface? What 
are their liabilities? The unified spatial data model can provide answers to such queries. 
Figure 7 a textured block for 3D cadastre. 
 

 
 

Figure 7. A Textured Block for 3D Cadastre 
 
 
 
 
6. CONCLUDING REMARKS 
 
This research has provided a geometric-topological framework for the depiction of volume 
parcels above, on or below the surface, this will improve ownership problems of flats, 
complex buildings and below ground spaces at most city centres. The detailed concepts will 
also serve as a framework which can be adopted by any country to improve its land databank. 
This can then be recommended as an input to improve the concept of the Land Administration 
Domain Model (LADM(). 
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The 3DTM is an enhanced tetrahedralization model, it can represent features that are regular 
and irregular. The concept for a new unified model can integrate above surface objects and 
below surface geology and man-made objects based on tetrahedrons is possible.  Research to 
integrate 3D GIS with Building Information models (BIM) must be intensified to help in the 
realisation of 3D GIS. The algorithm for the unified model if adopted will find useful 
applications in 3D Cadastre. Indoor navigation is the next phase for this research. 
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