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Abstract 

The main problem that is addressed in this thesis is how to represent complex three-

dimensional objects in GIS in order to render a more realistic representation of the real world. 

The goal is to present an approach for representing complex 3D objects in GIS. This is 

achieved by using commercial GIS (ArcGIS), applied to 3D properties.  In order to get a clear 

overview of the state-of-the-art of 3D GIS and the current 3D cadastral situation a literature 

study was carried out. Based on this overview it can be concluded that 3D GIS still is in its 

initial phase. Current 3D GIS developments are mainly in the area of visualisation and 

animation, and almost nothing in the area of spatial analysis and attribute handling. 

Furthermore, the literature study reveals that no complete solution has been introduced that 

solves the problems involved in 3D cadastral registration. In several countries (e.g. Sweden, 

Denmark, Norway, Netherlands, Israel, and Australia) 3D properties exists in a juridical 

framework, but technical issues such as how to represent, store, and visualize 3D properties 

has not yet been solved. Some countries (Sweden, Norway, and Australia) visualize the 

footprints of 3D property units in a base map. This approach partly solves some technical 

issues, but can only represent 3D objects in a 2.5D environment. Therefore, research in how 

to represent complex objects in GIS as ‘true’ 3D objects is of great need.    

 

This thesis will emphasize MultiPatch as a geographic representation method to represent 

complex 3D objects in GIS. A case study will demonstrate that complex objects can be 

visualized and analysed in a commercial GIS, in this case ArcGIS. Most commercial GIS 

software available on the market applies a 2.5D approach to represent 3D objects. The 2.5D 

approach has limitations for representing complex objects. There is therefore a need of 

finding new approaches to represent complex objects within GIS. The result shows that 

MultiPatch is not an answer to all the problems within 3D GIS but a solution to some of the 

problems. It still requires a lot of research in the field of 3D GIS, especially in development 

of spatial analysis capabilities. 
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Sammanfattning 

Det huvudsakliga problemet i denna uppsats är hur komplexa tre-dimensionella objekt kan 

representeras i GIS för att återge verkligheten mer realistiskt. Målet är att presentera ett 

tillvägagångssätt för att representera komplexa 3D-objekt i GIS. Detta har uppnåtts genom att 

använda ett kommersiellt GIS tillämpat på 3D-fastigheter. En litteraturstudie har genomförts 

för att erhålla en klar översikt över det senaste inom 3D-GIS och över den aktuella 

situationen inom 3D-fastigheter. Grundat på översikten kan slutsatsen dras att 3D-GIS bara är 

i sin begynnelsefas. Den aktuella utvecklingen inom 3D-GIS har huvudsakligen fokuserat på 

visualisering och animering och nästan ingenting inom rumsliga analysmetoder och hantering 

av attribut. Litteraturstudien visar också att ingen fullständig lösning för de problem som 

finns inom 3D-fastighetsregistrering har introducerats. I flera länder, t.ex. Sverige, Danmark, 

Norge, Nederländerna, Israel och Australien, existerar 3D-fastigheter idag i juridiska termer, 

men de tekniska problemen som t.ex. hur 3D-fastigheter ska representeras, lagras och 

visualiseras har inte ännu lösts. Vissa länder (Sverige, Norge och Australien) visualiserar 

idag en projektion av 3D-fastigheterna på en fastighetskarta. Den här metoden löser endast 

några av de tekniska problemen och kan endast representera 3D-objekt i en 2,5D-miljö. 

Därför är forskning inom hur komplexa objekt kan representeras i GIS som s.k. ”sann” 3D av 

betydelse.    

 

Den här uppsatsen framhäver MultiPatch som en datatyp för att representera komplexa 3D-

objekt i GIS. En fallstudie visar att komplexa objekt kan visualiseras och analyseras i ett 

kommersiellt GIS, i det här fallet ArcGIS. De flesta kommersiella GIS som är tillgängliga på 

marknaden använder 2,5D-metoden för att representera 3D-objekt. 2,5D-metoden har vissa 

begränsningar för att representera komplexa objekt och därför finns det ett behov att finna 

nya tillvägagångssätt för att representera komplexa objekt inom GIS. Resultaten kommer att 

visa att MultiPatch inte är någon fullständig lösning till alla problem inom 3D-GIS men en 

lösning på några av problemen. Det krävs fortfarande mycket forskning inom 3D-GIS, 

särskilt inom utveckling av rumsliga analysmetoder. 
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1 Introduction 

An increased pressure on land has led to new legislation in many countries for cadastral 

registration. Since population is increasing throughout the world, the cities are getting denser, 

and the development in urban areas is getting more complex, a subdivision of land parcels is 

becoming an important issue for many countries. This trend has changed the way humans 

relate to landuse, and inspired researchers in finding solutions for dealing with 3D property 

situations. Finding 3D property solutions will increase the possibility for dynamic building in 

urban areas in many different ways. It would for instance, make it possible to build new 

apartment levels on already existing buildings or other constructions. This solution would 

benefit the national economy in such way that the already existing infrastructure can be used 

more efficient (LM, 2003).    

 

The high demand for finding solutions for dealing with modern cadastral situations have 

resulted in that several countries have taken on new legislation for cadastral registration. The 

new legislation makes it possible to subdivide land both above and below the ground surface. 

This means that there has been a need for a new type of parcels to be defined. The 3D parcel 

is defined as an object that binds ownership to an amount of space in three dimensions, 

making it possible for separate ownership of space, both above and below the surface (Stoter, 

van Oosterom, Ploeger and Aalders, 2004). In this thesis the terms cadastre, property and 

parcel are frequently used for describing the challenge in registrations of complex property 

situations.  A cadastre is an information system for registration and administration of all 

properties, containing maps showing location and size, and text records describing the legal 

status (Stoter, 2000). The terms property and parcel can have different meanings in different 

countries and are often in conjunction with each other (Steudler, Williamson and Rajabifard, 

2004). In this thesis the term property refers to records of land, and legal rights for land, 

and/or any estate in land for planning and tax purposes (Steudler et al., 2004). It generally 

includes whatever is built or growing upon the land. A parcel is a geographical bounded piece 

of land to which a person has right of ownership to (Stoter, 2004). Properties may consist of 

many parcels, but usually they correspond to each other in a 1:1-relationship, i.e. each land 

parcel is related to exactly one property in a cadastre.    

 

There are current cadastral registrations that can handle 3D parcels in a juridical sense, but 

there are still many efforts to be made from a technical point of view. For instance, current 
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3D cadastral registration systems visualize 3D parcels as a projection on a 2D map, treating 

the objects geometry as they where 2D parcels. The objective of this study is to present the 

current situation in Sweden and abroad on modelling 3D parcels using Geographical 

Information Systems (GIS) for managing 3D representation. This thesis will also present a 

way of visualizing and queering both 2D property and 3D property interactively using 

ArcGIS. 

 

GIS are commonly used in a wide span of applications (e.g. topographic base mapping, 

socio-economic and environmental modelling, and global modelling) that treats information 

about spatial phenomena (Longley, Goodchild, Maguire and Rhind, 2001). A key strength of 

GIS is considered by many to be their spatial analytical functionality (Goodchild, 1992; 

Wong, 2003). Spatial analytical functionality makes operations such as query, measurement, 

and transformations possible (Longley et al., 2001). Query methods are used to answer 

simple questions posed by the user. Measurements include properties of an object like length, 

area, distance, direction or slope. Transformations are operations that change the dataset, like 

buffering, overlay or interpolation.  

 

A 3D GIS should also incorporate the analytical functionality as today’s 2D GIS. However, 

most commercial GIS use a 2.5D-approach for their 3D functionality, such as surface 

generation and extruding polygons. One reason for this could be that commercial systems 

have been focusing on 3D visualisation with limited capabilities of ‘true’ 3D GIS. In 

applications such as cadastre the 2.5D-approach is insufficient. Therefore, the demand on a 

full functional 3D GIS is increasing.  This thesis will bring to light and discuss some of the 

technical difficulties that must be resolved in future 3D cadastre systems.   

 
This study was conducted for the municipality of Gävle as an investigation of current 

representation techniques for complex 3D objects using the software ArcGIS. The study was 

a part of a larger investigation within 3D GIS. The aim of the larger investigation was to find 

a solution for the municipality of Gävle on how to collect, process and visualize 3D 

information from the conditions the municipality have. This study will show how 3D 

information can be used for more than just visualization. A main focus of this project will be 

in object representation methods that are able to store complex geometry in a database. These 

kinds of technical case studies within 3D GIS have been requested from another researcher 

(Arens, 2003).  
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Much of earlier work has relied on multi-polygon representation for visualising complex 

geometry in GIS. However, as long as a multi-polygon uses a 2.5D-approach there will 

always be certain limitations in representing complex objects. This thesis will emphasize the 

geographic data type MultiPatch, which exists in ArcGIS, and is regarded as the 

Environmental Systems Research Institutes (ESRI) answer to ‘true’ 3D (Ford, 2004).  

1.1 Project scope  

The scope of this study is within the technical framework for 3D cadastre, which embraces 

the system architecture needed for supporting 3D cadastre registration. The framework 

includes computer hardware, software and object representation. This thesis will focus 

mainly on approaches for 3D representation in GIS, including software and geographic data 

types.  

 

This thesis will outline the current status of 3D parcel representation by using research in 3D 

GIS. Therefore, the addressed topic will be on how 3D objects can be constructed and 

modelled within GIS. A practical example on how 2D and 3D parcels can be represented and 

analysed in a commercial GIS will be presented and discussed.   

1.2 Objectives  

The objectives of this project are to present the current status on how 3D parcels can be 

modelled, visualized and analysed using 3D GIS, and to perform a case study on representing 

3D parcels using the commercial software ArcGIS. To realize this objective, the following 

questions will be answered: 

 

• What is the limitation of current commercial GIS for representing complex 3D objects?  

• Which object representation methods have been suggested for representing 3D parcels? 

• How can 3D objects be modelled in a commercial GIS?  

 

The objective with the case study is to prove the hypothesis: it is possible to represent and 

analyse 3D parcels using the geographic data type MultiPatch in ArcGIS.  
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Topics outside the scope of this project can be described as: 

 

• Juridical issues, such as legal status and what rights that can be used. 

• Cadastral registration will not be addressed apart from how 3D parcels can be geometrically 

stored so they can be represented in 3D GIS.  

• Approaches on how to model 3D objects suggested by other authors will be discussed, but 

not tested.  

• Approaches that are object oriented will not be included. The reason is that most 

commercial GIS available on the market have a relational database as a core.   

• A fully operational 3D cadastre registration will not be developed.  

1.3 Organisation of the thesis 

The thesis is structured in the following manner. Chapter 1 presents an introduction to the 

project. It outlines the need for 3D representation in GIS for 3D parcels, specifies the scope, 

the objectives and presents a hypothesis on which the project is based.  

 

Chapter 2 describes the project method. This chapter can be divided into two parts: literature 

study and case study. The literature study describes the method used to collect information 

about earlier research within the field of 3D cadastral, 3D GIS, and Solid Modelling. The 

methods used to conduct the case study are described in the second part of the chapter.     

 

Chapter 3 aims to give the reader the theory for this project. This chapter begins with an 

overview of the 3D cadastral situation in Sweden and abroad, followed by an overview of the 

current status of the 3D GIS situation. The chapter continues with explaining how the term 

dimension is used within geometry to describe geometric objects. The aim with this part is to 

clarify the concept of 2.5D that is a commonly referred notion in the field of 3D modelling. 

The chapter ends with a presentation of different approaches on solid modelling, a review on 

their advantages and disadvantages stated by other researcher’s experience, and an 

introduction to MultiPatch, ESRI’s answer to ‘true’ 3D geometry. 

 

Chapter 4 presents the result from a case study on using MultiPatch to represent 3D property. 

This chapter is divided into two parts. The first part presents the work flow which gives a 

description on how to create, store and visualize 3D properties. The second part consists of 

analysing the 3D property information through queries.  
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Chapter 5 discusses the major findings of this thesis. The main issues that are discussed are: 

representation approaches for 3D objects, storage of 3D objects, and spatial analysis on 3D 

data. 

 

Chapter 6 presents the conclusions drawn from the previous discussion. In this chapter it is 

concluded that MultiPatch can be used to represent 3D properties, but it is not yet a full 

technical solution that solves all the issues involved with representing 3D property. 

Recommendations for future research are also presented.   
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2      Methods 

2.1 Literature study 

To answer the questions presented in the main objectives an analysis as a background for the 

study will be carried out. The core of the background analysis consists of the following 

questions: What knowledge is already known? What knowledge is expected? What 

knowledge needs to be obtained? A literature study has been conducted to answer these 

questions. The databases Google Scholar, ScienceDirect and Academic Search Elite have 

been used to review published papers within the field of interest. Apart from the databases 

books have also been used.  

2.2 Case study 

A case study will be conducted to prove the hypothesis that is stated in the objectives. The 

case study can be divided into two categories: work flow and functionality.      

2.2.1 Work flow 
The case study will have a work flow that builds on the interoperability between ArcGIS 9.x 

from ESRI and SketchUp 5 from @Last Software. In short, data are first exported from 

ArcGIS to SketchUp, modelled and then imported back to ArcGIS. The work flow is 

illustrated by the interoperability diagram in figure 1. A more detailed description of the 

workflow is given in Appendix A. Two plug-ins are required for making it possible to share 

files between these software. These plug-ins are available on the Internet at 

http://www.sketchup.com for free download. The plug-in Shapefile (*.shp) Importer gives the 

ability for SketchUp to read shapefiles and convert them into 3D models. The SketchUp 

ArcGIS Plugin enables users to transfer the 3D model to an ArcGIS geodatabase for further 

analysis. The last plug-in requires that the 3D Analyst extension for ArcGIS is installed.    
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Open the 3D 
model in 
ArcScene 

Export data from 
ArcGIS 9.x* to 

SketchUp  

Use the Plug-in  
 Shapefile (*.shp) Importer 

in ArcGIS 9 

Use the Plug-in  
SketchUp ArcGIS Plugin 

in SketchUp 

Model in 
SketchUp. Then 

export 3D model to 
ArcGIS 9.x 

*Extension 3D Analyst is required for ArcGIS 9.x. 

Figure 1. Interoperability diagram. 

 

2.2.2 Functionality 
Besides just looking at a 3D model, information can be extracted through spatial queries. In 

this thesis the 3D properties will be analysed through queering using Structured Query 

Language (SQL). A script will be used in SketchUp 5 for calculating the volume of the 3D 

parcels. The script is available for download on the Internet site http://www.sketchup.com and 

also presented in Appendix B. The script calculates volume as a series of thin horizontal slices 

of a set of 3D faces. The calculated volume can be in the units of m3, cm3, yds3, ft3, ins3, l, cl, 

ml, gallons (UK), gallons (USA), quarts (USA), pints (UK), and pints (USA). The accuracy 

can be 0.5, 1, 2, 5 or 10% and is selectable by the user when running the script. The script 

will create three layers named VOLS-nnnnnnnn (where nnnnnnnn is based on the date/time) 

with the sub-layers suffixed -FACE or –TEXT. 

 

A ground surface will be used to view 2D objects interactively with 3D objects in a 3D 

model. The ground surface is constructed in ArcGIS as a Triangulated Irregular Network 

(TIN), generated from laserscan data with a density of one point per 11 m2 (see figure 2). The 

data is supposed to have an accuracy of 0.25 m horizontally and 0.08 m vertically. The 

ground surface will be used as a height source for 2D parcels in a 3D model.  

 7



 

Building footprint 

TIN 

 
Figure 2. The figure illustrates the ground surface constructed as a TIN. The buildings are 2D features 
draped over the ground surface and then extruded according to a building height value stored as an 
attribute for each building.  
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3 Theory 

3.1 Overview of the 3D cadastral situation 

The modern world faces more complex landuse situations and requires new ways of thinking 

of cadastral registration. Many countries have, therefore, begun to introduce a new concept to 

define a property unit, the 3D property unit. This chapter will give an overview of the current 

3D cadastral situation, in Sweden and abroad, with the main focus on 3D representation.  

 

Traditionally, 2D parcels has been used to describe the different ownership of land. A 2D 

parcel can be seen as the ownership of space that is clearly delimited on the ground surface, 

with a depth from the centre of the earth and with a height of infinite. This means that from a 

juridical point of view a 2D parcel has actually always been 3D, in the sense that the 2D 

parcel contains all the air above and all the ground below too the centre of the earth. 

However, the main problem with today’s 2D parcels is that it is impossible to have separate 

ownership of space above and below the ground surface.  

 

New legislation for 3D real property formation came into force in Sweden on January the 1st 

2004 (Prop 2002/03:116). The legislation makes it possible for properties to be delimited 

both in plane (x, y) and height (z), enabling different ownerships for subspaces. The need for 

this kind of legislation has existed for a long time, not only in Sweden, but also in many other 

countries. There are a lot of practical examples where 3D property situations would simplify 

the property ownership (LM, 2003): (i) already existing buildings can be complemented with 

new apartment levels, (ii) a more distinct coordination of interested parties’ legal rights at 

areas containing tunnels and bridge constructions, (iii) the ownership and the right of use for 

railway stations below ground becomes more distinct, (iv) the ownership becomes more 

distinct for properties that are built above roads, e.g. road restaurants, (v) it becomes easier to 

secure extensive network systems, e.g. electricity and phone wires, water and waste pipes.     

 

The new legislation only takes care of the legal issues, and therefore, issues still needed to be 

solved are e.g. how to represent 3D property units on a map (Stoter et al., 2004). To set 

boundaries in practice can be difficult for a 3D parcel. In most cases the only option is to 

clearly describe the boundaries in geographical documentation, which consists of text, maps 

and illustrations (LM, 2003). In Sweden, 3D parcels are represented as drawn projection of 
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the 3D property unit on a cadastral map (LM, 2003). A 3D property unit is today registered as 

an independent property unit in the administrative part of the cadastral registration. Although 

the 3D parcel unit is geographically documented in the same manner as a 2D parcel unit on a 

cadastral map, it can be distinguished by placing a backslash before and after its denotation, 

as shown in figure 3.  

 

Apartment 

Pipeline 

1:1 

1:1 

\1:2\ 

\1:3\ 

 
Figure 3. A 3D property situation for parcel unit 1:1 and how it is visualized on a 2D cadastral map 
(based on Eriksson, 2005). 
 
 
Several countries struggle with 3D cadastral issues, e.g. Denmark, Norway, Netherlands, 

Israel and Australia. Solutions have been introduced that partly solves the problems of 3D 

cadastral registration, but so far no country has incorporated 3D properties into cadastral base 

maps (Stoter et al., 2004). However, some countries (Sweden, Norway, and Australia) have 

applied the approach of visualizing the footprints of 3D property units (Stoter, 2004).  

 

Conclusions from Stoter’s (2004) and Stoter et al.’s (2004) extensive research of the current 

situation for 3D cadastral registration for these countries is that none of today’s solutions is a 

complete solution for 3D cadastral registration. A main disadvantage of the introduced 

solutions is that the technical issues are not addressed, such as how to store, query and 

visualize 3D property units in 3D. In some cases the 3D information is only available through 

titles, survey plans or deeds as in e.g. Israel (Stoter, 2004). The consequence is that it is not 

possible to view 3D parcels interactively with 2D parcels.  
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3.2 Overview of the 3D GIS situation 

In the mid 1960s the first GIS came and resulted in a break through for the development of 

2D maps and management of geographic information (Longley et al., 2001). Since then, the 

GIS field has been a fast growing market for a variety of applications, e.g. forestry industry, 

natural resources agency, planning, and military (Longley et al., 2001). A GIS has through 

out the years proved to be a useful tool for managing and analysing 2D cadastral information. 

For a long time the GIS community have assumed that everyone understood the 2D display 

of geographic information, although the world around us is three-dimensional (Smith and 

Friedman, 2004). It was not until about five years ago serious use of 3D in GIS started, but 

the acceptance by the greater GIS community was limited (Smith and Friedman, 2004). 

 

The definition of 3D GIS is similar as for 2D GIS, with the deviation that the information is 

associated with three-dimensional spatial phenomena (Rahman, Zlatanova and Pilouk, 2001). 

This means that 3D GIS should be able to perform the same tasks as 2D GIS. Nowadays, 

different GIS tasks can be efficiently performed in most of the 2D GIS software that is 

available on the market. Unfortunately, these systems do not respond to the demands when it 

comes to perform advanced 3D tasks (Raman et al., 2001). A 3D GIS should be able to 

provide information about spatial phenomena by performing tasks that 2D GIS are able to 

provide, such as capturing spatial data to the system, structuring spatial data in a geo-

database, manipulate operators, analysis and visualisation of the result (Longley et al., 2001; 

Albrecht, 1996).  

 

There have been advances in the field of 3D visualisation, especially in navigation and 

exploration capabilities. A realistic 3D visualization can be a strong tool for decision making 

and officials are already looking at 3D buildings by level or even by room in applications 

related to security and emergency planning (Smith and Friedman, 2004). Figure 4 shows the 

second level for a council house and figure 5 shows the view from an apartments window.  
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Figure 4. Level for a council house, visualized in ArcScene 9.  

 

 

 

Figure 5. View from an apartments window, visualized in ArcScene 9.  
 
 
Zlatanova, Rahman and Pilouk (2002) summarized the current status of 3D GIS 

development, where four systems were under detailed consideration. The systems where: 3D 

Analyst for ArcGIS (ESRI), Imagine VirtualGIS (ERDAS), GeoMedia Terrain (Integraph 

Inc.) and PAMAP GIS Topographer (PCIGEOMATICS), which represents a large share of 

the GIS market. According to their research ArcGIS, Imagine VirtualGIS and PAMAP GIS 

Topographer do work with 2.5D data, such as surface generation, draping raster images and 

extruding polygons. These three systems concentrate on visualisation with limited 
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capabilities of ‘true’ 3D GIS where the GeoMedia Terrain system generally serves as a 

system for generating and analysing the terrain and is without ‘true’ 3D GIS capabilities.  

 

Earlier work by Ford (2004) describes how ‘true’ 3D features can be stored and visualized 

within a desktop GIS environment of ArcGIS. Ford suggests the use of MultiPatch as an 

integration tool for 3D petroleum dataset. This allows input data from numerous packages 

into a standard commercial data store, which in turn allows 3D features to be visualized and 

queried in two or three dimensions through ArcGIS or to be exported to other specialized 

software for more complex analysis. 

 

Editing and visualizing 3D information is nothing new in Computer Aided Design (CAD). On 

the contrary, CAD systems have a long history in managing information in three dimensions. 

However, CAD and GIS have been designed for different applications, which have lead to a 

gap between them. The design of CAD systems has partly been focused in developing good 

3D editing tools and effective 3D visualization, something that has not been prioritised within 

the development of GIS. An integration of CAD systems and GIS would be an advantage for 

both parties, and there is a tendency from the vendors of bridging the gap between CAD and 

GIS, e.g. with ArcCAD and Autodesk Geospatial (Oosterom, Stoter and Jansen, 2006).  

 

The main difference between the two systems is that CAD was originally designed for 

modelling man-made things in a local coordinate system, e.g. buildings, industrial parts and 

cars etc (Pu and Zlatanova, 2006). GIS, on the other hand, was designed to represent reality 

in a geographic coordinate system as a replacement for traditional paper maps. The 

development has lead to that CAD support a variety of primitives, i.e. cone, sphere, cylinder 

and freeform shapes, in order to handle complex constructions, while GIS supports points, 

lines and polygons with belonging attributes. The development of CAD systems and GIS is 

today moving the two systems closer to each other. For instance, CAD is developed for the 

possibility of working with 2D projections, defining complex hierarchy of attribute, and to 

perform GIS-like analysis (Pu and Zlatanova, 2006). The GIS community demands more 

realistic 3D visualization, 3D editing capabilities, and better navigation possibilities. 

 

Why is it so difficult to integrate CAD and GIS? The main difficulty is that it exists greater 

differences between the data types and file formats that is supported by the systems (Pu and 

Zlatanova, 2006). This makes it difficult to export models between the systems without any 
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data loss. For example, since GIS does not support all the primitives that CAD support a loss 

of geometry may occur during an export from CAD to GIS. An object represented with 

freeform shapes for instance, must be represented with lines and polygons in GIS. Reverse, a 

model converted from GIS to CAD may lose semantic information since CAD has less 

experience in dealing with semantic information (Oosterom, Stoter and Jansen, 2006).  

 

The essence of GIS is to store geographic and semantic information in a system and to 

support analysis in both domains (Longley et al, 2001). In semantic modelling, both fixed and 

non-fixed objects have geometry. They also have a lot of properties, like attributes (e.g. 

name, function, type of material), relationships and conditions, within an object and between 

objects (non-overlap, and minimum distance between objects etc.)(Oosterom, Stoter and 

Jansen, 2006). The geometric and thematic properties together form the semantic for an 

object. GIS has long experience of dealing with thematic information that is related to 

functional objects, such as buildings and roads. Within CAD the interest in semantic has 

increased during the resent years. Still, a major difficulty in both GIS and CAD is to maintain 

consistency in geometry, e.g. the geometry is closed, and functional data during complex 

modelling or editing operations (Oosterom, Stoter and Jansen, 2006). A higher level of 

semantics during the data exchange could prevent loss of information, such as topology.   

 

While the geometry defines were the shape of 3D object is located in space, the topology 

describes the objects relationships. Some examples of relationships are adjacency, inclusion, 

and overlapping etc. Therefore, can topology be seen as a complement to the geometry, and 

often the foundation for the most spatial operations (Dogan, Dogan and Altan, 2004). An 

objects topological property is decided from the geometry of the objects. For instance, to be 

able to find adjacency of objects the geometry needs to be studied for search of common 

points, lines and polygons that is adjoining. These kinds of operations demand a lot of 

searching, calculation and comparison between the objects geometry. Because 3D 

information is much more complex and has a higher quantity, these calculations are by far 

more expensive on 3D information than those in 2D. 

 

3D GIS should be able to perform spatial operation (Held, Rahman, and Zlatanova, 2004; 

Dogan, Dogan and Altan, 2004), such as: 

 

• Retrieval operations, e.g. what is the current information about a particular object. 
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• Query operations; retrieve data that satisfies some given conditions. 

• Integrated analysis of spatial and semantic data, e.g. classification, measurement, 

overlay operations. 

• Neighbourhood operations, e.g. search, topographic operations. 

• Connectivity operations, buffering, network. 

• Calculating distances, areas and volumes (3D only) 

 

Unfortunately, most of the functions are today only 2D. Main reason for this is that Database 

Management Systems (DBMS) like Oracle, IBM, DB2, PostGIS, and MySQL does not 

support 3D data types (Zlatanova, 2006). These DBMS all work with points, lines and 

polygons, but even if they do not support 3D data types they can handle 3D coordinates. It is 

a similar situation within topology. Many GIS packages can construct 2D topological models 

and some CAD packages provides tools to check topological consistency, e.g. GeoParcel, 

MicroStation (Zlatanova, Rahman, and Shi, 2004). If we move from 2D to 3D, the 

complexity of the relationships will increase. This demands new approaches, rules and 

representations to be set.  

 

Several 3D topological models have been suggested in the literature, e.g. the 3D Formal Data 

Structure (Molenaar, 1990), Tetrahedral Network (Pilouk, 1996), the Simplified Spatial 

Model (Zlatanova, 2000), the Urban Data Model (Coors, 2003). However, the design of 3D 

topological models is closely related to the requirements of the application, which means that 

the suitability varies for different applications (Zlatanova, Rahman, and Shi, 2004). The types 

of queries that have to be represented in the model are limited to the space partitioning of the 

model. The space partitioning can either be full or embedding. For example, if there are many 

neighbourhood operations between 3D objects the full partitioning is recommended, e.g. 

geological bodies. On the other hand, if there is “free space” surrounding the objects then the 

embedding is to be recommended, e.g. buildings. The balance between geometry and 

topology, and the increasing complexity by adding a third dimension is still being researched.   

3.3 The concept of dimension 

Previous chapters have introduced the terms 2D, 2.5D, and 3D without any definitions of the 

terms. This chapter aims to define the terms, and to clarify how they are used in geometry.   
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The term dimension (D) is a mathematical concept and has several meanings. The word 

dimension comes from the Latin word dime´nsio and means measured out or calculation (NE, 

2005). In physics the term dimension is an expression for how a physical greatness can be 

considered. For instance the dimension of force can be expressed as:  

 

timeisTandmassisMlenghtisLwereTML ,2−××  
 

In mathematics the term can be used to define the number of elements in a base for a vector. 

In algebra, dimension is used for equations so that an expression whose highest term is for 

instance x  is said to have three dimensions. Within geometry the term dimension is used as 

an expression for how many values are needed to determine a position in space.   

3

 

Primitives are the simplest units of geometric objects represented in a geographic data 

structure. Primitive features in GIS are points, lines, areas and volumes. To describe the 

geometry of these primitives, different amounts of dimensions are needed (Foley, van Dam, 

Feiner and Hughes, 1990). A point has zero dimensions and is, therefore, basically a position 

in space, without length, width or depth. A line can be described as the path between a 

minimum of two points in space and therefore, has one extension in space. An area needs two 

dimensions to describe its extensions in space, both length and width. Finally, a volume has a 

length, width, and depth, and is described with three dimensions. Figure 6 illustrates the 

geometry of these primitive features. 

 
0D 1D 2D 3D 

Figure 6. Primitive features in GIS. 
 
 

3.3.1  Representation in 2.5D  
The previous chapter explained the primitive feature’s dimensionality, but it gets a little more 

complex if the surrounding environment is included. Each object occupies a subspace and has 

its own dimension depending on which primitive feature it represents. This may be regarded 

as the objects internal dimension. The space surrounding the object can then be regarded as 
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external dimension (Rn) (Pilouk, 1996). The external dimension can be R2 and represent the 

reality projected to a plane. It can also be R3 or R4 and so on, e.g. a 3D model, or a 3D model 

that changes over time. Therefore, the term dimension may indicate both the internal and 

external dimension. The internal and external dimensions do not always need to be the same. 

For example, 2.5D may represent 2D objects in R3 space. Mathematically this can be 

described as: 

( ) ( )yxfzwherezyxVertex ,,,, ==  

 

This means that each pair of xy-coordinates has one z-value represented as a function of the 

xy-coordinates. Most commercial GIS has a 2.5D integration were z-values are represented as 

attributes in a table (see figure 7)(Zlatanova et al., 2002). This approach makes it possible to 

simulate a 3D model, but the objects are still geometrically described as 2D features. Another 

example is a Digital Elevation Model (DEM) that can be viewed as a 3D surface. A DEM is 

represented as a collection of contiguous polygonal features with height variations, but the 

surface has no thickness, and is therefore, utterly 2.5D (Ford, 2004).  

 
 
Figure 7. The left image visualizes building footprints as 2D features. The right image visualizes the 
same building footprints extruded according to the values of attribute TAKFOT_z.  
 
 
The 2.5D approach is an elegant way of simulating a 3D environment, but it has limitations. 

Only allowing one z-value for each xy-coordinate makes it difficult to describe complex 

objects, such as buildings. For instance, multi-polygon features in ArcGIS allows the same 

xy-coordinates for two vertices in one object to have different z-values but is limited so that 

one part of the multi-polygon feature cannot have the same xy-coordinates for two vertices.  
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3.3.2 ‘True’ 3D representation 
Unlike 2.5D features the 3D features are geometrically described with xyz-coordinates. 3D 

features do not use z-value as a function of xy-coordinates and can, therefore, have several z-

values that have the same xy-coordinates. Features that are described by their xyz-coordinates 

are commonly referred to as ‘true’ 3D features. 3D features allow complex objects to be 

stored in a GIS database. For example, a Triangulated Irregular Network (TIN) is described 

as ‘true’ 3D. A TIN do remind of 2.5D in the sense that it is a singled value surface, i.e. one 

z-value for every xy-coordinates (Pilouk, 1996). Despite that TIN is a singled value surface 

the geometry of the surface is stored as triangles, defined by xyz-coordinates for each corner 

of the triangle and is geometrically described as ‘true’ 3D. Solids are also described as ‘true’ 

3D features. A solid consists of a set of polygonal faces that create an enclosed volume. The 

creation of solid features is a difficult process, but there are some approaches available (see 

chapter 3.4). The process of determining the order of vertices which form a solid is 

particularly difficult (Ford, 2004).  

 

Stoter and van Oosterom (2001) propose four categories of 3D primitives for modelling 3D 

spatial objects: 

 

- Polyhedron 

- Polyhedron combined with spherical and cylindrical patches 

- Tetrahedron 

- CAD objects 

 

A polyhedron is a collection of flat 3D polygonal faces connected at common edges, which 

have been determined from common vertices, forming an enclosed volume (Figure 8a)(Foley 

et al., 1990). It may be difficult to describe a polyhedron correctly due to the fact that the 

vertices of a face (four or more) must be positioned in the same plane. Polyhedron combined 

with spherical and cylindrical patches makes modelling complex because of the choice of 

making an object with either polyhedron or with curved elements (Figure 8b). This may lead 

to that the same object is modelled in different ways (Arens, 2003). A tetrahedron is a special 

case of a polyhedron and consists of four triangles that form an enclosed volume (Figure 8c). 

In opposite to the polyhedron the tetrahedron is well defined since the three vertices of every 

triangle always are positioned in the same plane. The final category, CAD objects, consists of 
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several possibilities, e.g. Constructive Solid Geometry (CSG) and Primitive Instancing 

(Arens, 2003). These approaches will be described in chapter 3.   

 

 

a) b) c) 

Figure 8. a) Polyhedron b) Polyhedron with a cylinder c) Tetrahedron 
 
 
Each and one of the categories have its advantages and disadvantages for 3D modelling. 

Arens, Stoter and van Oosterom (2005) have conducted an evaluation of the four categories 

with consideration to validation, realism, modelling and algorithms for implementation in the 

DBMS Oracle Spatial. In their evaluation they conclude that polyhedron, with or without 

spherical and cylindrical patches are optional for 3D modelling. It should be noted that for 

other types of criteria and applications one of the other categories could be more appropriate. 

3.4 Solid modelling 

To find a suitable approach for visualisation of 3D parcels the field of Solid Models have 

been examined. Solid objects are closed volumes, unlike 3D surfaces. Another distinction 

from surfaces is that a solid has an inside and an outside. 

 

In the literature, six different Solid Models can be found: Constructive Solid Geometry, 

Boundary Representations, Primitive Instancing, Spatial-Partitioning Representations, Sweep 

Representations, and Freeform shapes. After each description of the models, a review of 

advantages and disadvantages is given.  

3.4.1 Constructive Solid Geometry (CSG) representation 
Constructive Solid Geometry (CSG) is an approach that uses the simple primitives of 

spheres, cubes and cylinders for 3D representation. This approach arose from the observation 

that many industrial components are developed from combinations of the various simple 

primitives. Combining simple primitives so that they construct a new solid is done by a set of 
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Boolean operators, e.g. union, intersect and difference (Foley et al., 1990). The Boolean 

operators are stored in the intermediate vertices of the simple primitives (Köninger and 

Bartel, 1998). Defining an object by CSG is similar to how a tree is structured (see figure 9). 

The stem represents the object and the leaves represent the primitives. The leaves are 

combined with the stem through branches, which represent the Boolean operators.  

 

 

 * 

Figure 9. An object defined by CSG. 

 

CSG is together with Boundary representation (b-rep) the most widely used representation 

approach in existing CAD systems (Kemper and Wallrath, 1987). The CSG approach is very 

appropriate for CAD and has a number of advantages: (i) conciseness and guaranteed validity 

by definition (Shapiro, 2002), (ii) relatively simple data structures and elegant recursive 

algorithms (Shapiro, 2002), (iii) simple primitives can be parameterized, which enables reuse 

and collection in libraries (Brenner, 2004), (iv) CSG tree structure contains implicit 

information that can be used for many purposes (Brenner, 2004), and (v) handles the input of 

data easier than the b-rep approach (Kemper and Wallrath, 1987). 

 

The CSG approach main disadvantages are: (i) the CSG model does not deal with 3D 

topology (Jarroush and Even-Tzur, 2004), (ii) complex solids may result in a very deep tree 

structure for real world modelling (Stoter, 2004), and (iii) the lack of explicit representation 

and parameterization of the solids interior and particularly its boundary (Shapiro, 2002). 

Without the explicit representation the spatial locations of points in a solid is unknown, and 

therefore, the represented subsets are not spatially addressable. This means for instance that 

attribute information cannot be referenced persistently to subsets.  

 

Jarroush and Even-Tzur (2004) suggest a method using CSG for 3D cadastral visualisation. 

The method proposes a special text data format (3DSRV) for arranging the cadastral mapping 
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data. The method builds on a macro, written in AutoCAD Visual Basic for Application 

development environment, which reads the special text data format and establishes the 3D 

parcels automatically.  By using the AutoCAD2002 software, Boolean operators can be 

applied on the simple primitives.  The authors emphasize that an important advantage of their 

3DSRV format is that it can be converted to other computer graphics model formats, such as 

boundary representation.  

3.4.2 Boundary representation (b-rep) 
Boundary representation is also known as b-rep and represents a solid by its surface 

boundaries: vertices, edges and faces. An object described by b-rep (as shown in figure 10) 

resembles the structure of polyhedron and tetrahedron that was discussed in chapter 3. B-rep 

can either be simple, such as planar faces and straight edges, or complex, such as curved 

faces and edges (Foley et al., 1990). Many b-rep systems support only solids whose 

boundaries are 2-Manifolds (Foley et al., 1990). In short 2-Manifolds means that the feature 

should bound only one volume. 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 10. An object defined by b-rep.  
 
 
The b-rep is a useful approach for keeping the topological consistency through Euler’s 

formula (Foley et al., 1990). Euler’s formula expresses an invariant relationship among the 

number of vertices, edges and faces of a simple polyhedron and can mathematically be 

described as: 

2=+− FEV  

ID Vertices   ID Edges   ID Faces 

V1 (0,0,0)  E1 V1,V2   F1 E1,E2,E3,E4 

V2 (1,0,0)   E2 V2,V3   F2 E1,E5,E6,E9 

V3 (1,0,1)   E3 V3,V4   F3 E2,E6,E7,E10 

V4 (0,0,1)   E4 V4,V1   F4 E4,E5,E8,E12 

V5 (0,1,0)   E5 V1,V5   F5 E3,E7,E8,E11 

V6 (1,1,0)   E6 V2,V6   F6 E9,E10,E11,E12 

V7 (1,1,1)   E7 V3,V7    

V8 (0,1,1)   E8 V4,V8    

   E9 V5,V6    

   E10 V6,V7    

   E11 V7,V8    

   E12 V8,V5    

(0,0,0
(0,1,0) (1,1,0)

(0,0,1

(0,1,1) 

(1,1,1)

(1,0,0) 

(1,0,1) 

) 

) 

 21



 

where V is the number of vertices, E is the number of edges and F is the number of faces. 

Applying the formula on the cube in figure 10 gives: 8 - 12 + 6 = 2. 

 

B-rep is the most frequently used solid model for representing 3D objects in GIS. This 

approach is the most popular for 3D cadastral application and has been suggested by several 

researchers (Arens, 2003; Coors, 2003; Losa and Cervelle, 1999). At present, 

implementations in 3D are focusing on b-rep even though CSG may appear appropriate for 

real-world objects, such as trees, building ornaments and statues, and voxel representation for 

continuous phenomena (Stoter, 2004).   

 

The main advantage is that b-rep is optimal for representing real-world objects, but also the 

fact that most of rendering engines are based on b-rep, e.g. triangles (Stoter and Zlatanova, 

2003). For displaying a 3D solid, the b-rep is much easier to handle then the CSG 

representation. Therefore, many commercial systems that handle 3D solids use CSG for data 

input and b-rep for visualisation (Kemper and Wallrath, 1987). In contrast to the CSG, the 

depth of the tree structure for a complex solid described with b-rep is constant (Kemper and 

Wallrath, 1987). A more complex solid just leads to more vertices and do not increase the 

depth. Another advantage is that it is relatively easy to convert all approaches, discussed in 

this chapter, exactly to b-rep (Foley et al., 1990).  

 

Disadvantages are that the data insertion for b-rep is a wearisome process, i.e. different tables 

need to be inserted for vertices, edges and faces. B-rep is also the most difficult approach to 

validate, e.g. faces and edges may intersect (Foley et al., 1990). Another disadvantage is that 

b-rep is not unique and that constraints may get difficult to implement (Stoter and Zlatanova, 

2003), for example, how to determine neighbours in 3D. Some researchers have suggested 

solutions in 3D topological modelling using b-rep as an object representation method (see 

Billen and Zlatanova, 2003; van Oosterom, Stoter, Quak and Zlatanova, 2002; Losa and 

Cervelle, 1999). 

 

Earlier research of Arens (2003) and Arens et al. (2005) shows how polyhedron primitives 

can be used in a DBMS for representing complex 3D objects, e.g. buildings and 3D parcels. 

This approach maintains the reality in a way that fits the user’s perception well, e.g. a 

building is described by its walls and roof. Arens (2003) and Arens et al. (2005) research also 
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includes update and validation procedures. The validation occurs for instance by checking if 

the polyhedron has flat faces and if it fulfils 2-Manifolds. 

3.4.3 Primitive Instancing representation 
In Primitive instancing the modelling systems define a set of primitive solid shapes. These 

primitive shapes are set according to the relevance of the application area and represented 

through parameters in term of transformation and on other properties (Foley et al., 1990). A 

parameterized primitive may be thought of as defining a family of parts and the members in 

that family vary in a few parameters. For example, a pipeline may be parameterized by its 

diameter or thickness as shown in figure 11. 

 

 
   

Figure 11. Two pipelines defined by Primitive instance. 
 
 
The primitive instancing approach can create substantial problems for database support 

because it requires a great quantity of different record types (Kemper and Wallrath, 1987). 

Furthermore, the primitive instancing does not guarantee uniqueness in general, e.g. a sphere 

may be represented by both spherical and elliptical primitive (Foley et al., 1990). To ensure 

uniqueness, the set of primitives must be chosen carefully.  

3.4.4 Spatial-Partitioning Representations 
In Spatial-partitioning representation, a solid is decomposed into small primitive solids, much 

like building blocks. These building blocks may vary in type, size, position, parameterization 

and orientation (Foley et al., 1990). The blocks lay adjacent to each other in which they never 

intersect with each other. There are different forms of Spatial-partitioning representation: cell 

decomposition, spatial-occupancy enumeration, octrees and binary space-partitioning (Foley 

et al., 1990).  

 

Diam = 0.65 

Thickness = 0.15 

Diam = 0.40 

Thickness = 0.06 
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Cell decomposition is the most general form and defines a set of primitive cells that are 

typically parameterized and often curved. Spatial-occupancy enumeration is a special case of 

cell decomposition in which the primitive solids are identical and arranged in a regular grid. 

These primitive solids are often called voxels and is a three dimensional pixel (see figure 12). 

The voxels that represent an object are set to be occupied and the surrounding voxels are set 

to be unoccupied. This approach makes it easy to find out whether a voxel is inside or outside 

of an object and also to determining whether two objects are adjacent.  

 

Octree is a hierarchical variant of spatial-occupancy enumeration (see figure 13) i.e. a 

development of quadtree, a 2D representation format used to encode images (Foley et al., 

1990). The idea behind octree is to subdivide voxels. For example, voxels can be full, partly 

full or empty. If a voxel is partly full the voxel is subdivided into smaller voxels, as seen in 

figure 13.  

 

Binary space-partitioning (bsp) was originally used to determine visible surfaces in graphics. 

In essence, a bsp tree is a pre-sorted list of polygons that describes a scene (Foley et al., 

1990). The scene is then subdivided into pairs of subspaces that are separated by a positioned 

and oriented plane. The polygons occupying the scene are classified according to their 

position against the plane, in front (left) or behind (right).  

 

 
Figure 12. A building represented by spatial-occupancy enumeration. 

 

 
Figure 13. The octree data structure (2 levels). 
 
 
In essence, these methods are raster-based approaches. This gives an advantage in 

representing surface and body interior, e.g. soil, ocean or air. A disadvantage on the other 
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hand is the lack of describing individual objects and the topological relationships (Zhou and 

Zhang, 2003). One widely used method is Tetrahedral Networks (TEN) which is an 

appropriate method for complicated phenomena without boundaries (Penninga, 2005; Zhe, 

Yancong and Wenjie, 2004; Verbree, 2003). If this approach would be applied for 

representing a building there is a need to describe the building by a collection of tetrahedrons. 

Compared to the polyhedron approach, the TEN approach appears to be a more complex way 

of modelling (Penninga, 2005). An advantage is that TEN reduce the computational 

complexity due to the composition of simple shapes as vertices, edges, faces and tetrahedrons 

(Penning, 2005). This also simplifies for computing volumes, which is a complex procedure 

for polyhedrons who has almost unlimited variations in shape. 

 

It is only the octree and spatial-occupancy enumeration approaches that guarantee the 

uniqueness of a representation. These two approaches are also very easy to validate (Foley et 

al., 1990). A disadvantage is that both only provide approximations for most objects (Foley et 

al., 1990).  

3.4.5 Sweep Representations 
If an object is extended along a trajectory it will result in a new object. This approach is 

called sweep representation. The simplest form of sweep representation is to take a line or 

surface and extrude it to form a volume (see figure 14). This is known as translational sweep 

(Shapiro, 2002). Rotational sweep on the other hand is defined by taking a surface and rotate 

it around an axis.  

 

 (a) (c) (b) 

Figure 14. Sweep representation. (a) a surface. (b) Translational sweep. (c) Rotational sweep. 
 
 
Sweep representations are proven to be very useful in applications of engineering and 

manufacturing. For instance, sweep representations is both practical and efficient for 
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modelling constant cross-section mechanical parts and for simulating material removed by 

cutting and extruding operations (Shapiro, 2002). The main advantages of sweep 

representation are that it is mathematically concise (Requicha, 1980), and relatively easy to 

understand and use (Shapiro, 2002).  

 

Key disadvantages are that solids shapes are limited to objects with translational or rotational 

symmetry, and that sweep representation is not unique (Requicha, 1980). Moreover, general 

sweeps are particularly difficult to model efficiently. For instance, volume calculations can be 

complicated since the trajectory or the objects shape may intersect itself (Foley et al., 1990). 

Another problem is that general sweeps may not always generate solids, e.g. sweeping a 

surface along its own plane generates another area. The sweep method is a natural way to 

construct different objects, despite difficulties in volume calculation and closure, and 

therefore, many solid modelling systems allow users to construct objects as sweeps, but store 

them in one of the other methods (Foley et al., 1990).  

3.4.6 Freeform data types 
Freeform shapes are a method of describing lines and surfaces. This method is often applied 

within design of machines, e.g. cars, but also within geologic modelling to represent 

subsurfaces and bodies. The freeform data types Non-Uniform Rational B-Spline (NURBS), 

B-Spline and Bezier are mathematical representations of 3D space (Pu, 2005). All the large 

CAD vendors, such as Bentley Systems and Autodesk, support freeform shapes, but as it is 

today, no GIS vendors support them (Pu, 2005).  

 

NURBS are a more complex method than B-Spline and Bezier and will therefore require 

more parameters to be set. Five parameters need to be defined to describe a NURBS curve. A 

NURBS surface can be described with similar parameters, but in two directions. The 

following parameters need to be included for a curve (Zlatanova, Rahman, and Shi, 2004; Pu, 

2005): 

 

• Control points. These are used to get an approximation of the curve. 

• Weight values. A weight value for each control point indicates how important the 

control point is against all other control points needed to describe the curve. 
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• Degree. The degree is a positive integer number used to state how “free” this curve 

can be. For example, degree 1 is usually lines and polylines, degree 2 are circles, and 

degree 3-5 is free form curves.  

• A knot vector. Divides the curve so that each control point only influences certain 

partitions of the whole curve. 

• Trim value. This value is optional. It is used to represent a part of the whole NURBS 

curve. 

 

Advantages of using NURBS are that different kinds of shapes, e.g. cones, spheres and 

freeform, can be described by using a common mathematical form. It is a flexible way of 

designing a large variety of shapes (Pu, 2005). A disadvantage is that complex data structures 

require more parameters in representing analytical shapes than common methods (Pu, 2005).  

 

B-Spline and Bezier are simpler compared to NURBS. Still, they are both widely used in 3D 

modelling. Compared to NURBS, B-Splines do not use weights for the control points. Bezier 

only uses control points and degree, making it the simplest of the three (Pu, 2005). 

3.5 MultiPatch in ArcGIS 

A way of representing 3D features in commercial GIS that begins to get attention in the GIS 

community is MultiPatch geometry, which is available in ESRI’s software ArcGIS. A 

MultiPatch is a special type of shapefile which facilitates a polyhedron approach to represent 

a 3D object (Ford, 2004). This type of shapefile is built on the OpenGL 3D primitives of 

triangles and stores features as ‘true’ 3D geometry in a personal geodatabase (ESRI, 1998). 

By knowing its X, Y and Z coordinate in real world space, MultiPatch can be used to 

represent anything from simple to complex objects including spheres, cubes, iso-surfaces, 

and buildings (ESRI, 1998).  

 

MultiPatch consists of the geometries: Triangle Strips, Triangle Fans, and Rings. Triangle 

strips and fans are sequences of connected triangles, where strips always connects to the last 

vertex (0,1,2,3,4,…n) and fans always connects to the first vertex in the sequence 

(0,1,0,2,0,3,0,4,…,0,n), as shown in figure 15 (ESRI, 1998). More simply explained, the 

triangle strips or fans are specifications for how to “fold” an object, drawn on a 2D surface, to 

accomplish a 3D object.  
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Figure 15. MultiPatch geometries.  
 
 
The last geometric is Ring, which describes the boundary of a surface. Rings can be divided 

into four groups: Ring (Unknown), First Ring, Inner Ring and Outer Ring (see figure 

16)(ESRI, 1998). Ring (Unknown) defines a surface of unspecified type and may only be 

followed by a First Ring or other Ring typed parts. First Ring is the first in a sequence of 

rings that defines a surface of unspecified type and is used when the innerness or outerness of 

a surface is unknown. The Inner Ring in a sequence of rings defines a hole in a surface. The 

Outer Ring defines the surface that has holes.  

 

 
 
Figure 16. Example of Ring sequences.  
 
 
A record in a MultiPatch feature class in a geodatabase is no different than a record in an 

ordinary shapefile. That is, for one 3D feature there will be a single geometry field in the 

table. This makes it possible to store complex 3D features that is composed of multiple 

geometry fields as a single record. Although MultiPatch exists in ArcGIS as a data type there 

is no possibilities to create or edit MutiPatch features within the ESRI environment. As it is 

today, the only options are either through scripting with ArcObjects or through a standalone 

application, e.g. SketchUp (Ford, 2004).  

First Ring 

Rings 

Outer Ring 

Inner Rings 

3 4 
3 

7 5 1 

2 5 
0 

Triangle Strip Triangle Fan 

0 6  2 4 
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4 Results 

In this chapter, MultiPatch will be tested for representing 3D properties in GIS. MultiPatch is 

tested mainly because it is supported in a commercial GIS, but also because it is an optimal 

approach for real-world representation, i.e. uses the b-rep approach. This project, compared 

to earlier research that have used b-rep, will show that data insertion does no longer need to 

be a wearisome process, e.g. because it is not necessary to keep track of several tables. 

 

The following case study will demonstrate that it is possible to use MultiPatch as a data type 

to represent complex 3D objects. To realize this some apartment ownerships are simulated for 

a building to exemplify multiple use of space. The current situation for the 2D property 

VILLASTADEN 15:12 is shown in figure 17. The building footprints are visualized in light 

grey except the building used to simulate the 3D property situation, which is visualized in 

light red.  The building consists of 16 apartments in two levels. Number 5 and 10 in figure 18 

are staircases and will be registered as 3D co-property for the adjoining apartments. The 

apartments 11-17 are placed on the other side of the building and cannot be seen in figure 18.    

 

 
 
Figure 17. 2D cadastral map of the case area. The building in darker grey will be used to simulate 3D 
properties. A 3D visualisation of the building in light red is given in figure 18.  
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Figure 18. Overview of the apartment ownership situation.  
 
 

4.1 Work flow 

The work flow is based on the interoperability between the software ArcGIS and SketchUp. 

The first step to construct 3D objects begins with exporting a 2D cadastral map from ArcGIS 

to SketchUp. The reason for this is that the user has no ability to define a reference system 

for the 3D model in SketchUp. By exporting features from ArcGIS to SketchUp the 

reference system defined in ArcGIS will be exported to SketchUp. Figure 19 shows the 

graphical user interface (GUI) of SketchUp 5. The software allows texturing for more 

realistic representation, as seen in figure 20. When the 3D model is complete it is exported 

as MultiPatch features back to ArcGIS for later analysis. The ArcScene application in 

ArcGIS 3D Analyst allows the user to manage and visualize 3D geographic data. The GUI 

for ArcScene is shown in figure 21.  
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Figure 19. The GUI of SketchUp 5. 
 
 

 
 
Figure 20. 3D objects can be textured.  
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Figure 21. The GUI of ArcScene. 
 
 
The final 3D model will be stored either in an existing personal geodatabase or in a personal 

geodatabase created by the user during the process of export. The 3D model can later be 

imported into ESRI’s Spatial Database Engine (SDE). Using SDE makes it possible for users 

to work with the 3D model simultaneously. ArcGIS treats MultiPatch features in similar 

manner as features stored in a shapefile. This means that a 3D feature will be represented by a 

single record in the personal geodatabase, as seen in figure 22.  

 

 
 
Figure 22. A MultiPatch feature will be stored in a personal geodatabase as a single record.  
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4.2 Analysis of the storage  

The amount of disk space that is required to store files has influence on the computer 

performance for the 3D model. If the amount of disk storage is increasing for a 3D model the 

time needed to perform operations such as panning or zooming will increase. This means that 

the amount of information the computer needs to read is closely linked to the performance of 

the 3D model. Therefore, it needs to be an appropriate balance between the amount of disk 

space and the acceptable computer performance of the model.  

 

A small analysis is conducted to illustrate the amount of disk space required for storing 

MultiPatch features. The result is shown in figure 23, where the amount of disk space a 

shapefile and a personal geodatabase requires for the same features stored as polygons is 

compared. The analysis is based on 48, 500, and 1000 buildings with height attribute. The 

first section represents the buildings stored as polygons in a shapefile using the 2.5D 

approach. The second section represents polygons in a personal geodatabase, also using the 

2.5D approach. Finally, the third section represents the same buildings stored as 3D 

 

MultiPatch in a personal geodatabase.  

igure 23. The amount of disk space needed for 48, 500, and 1000 buildings stored in different 
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Note that a personal geodatabase that does not consist of any stored features will still demand 

storage of 500 kB. As the figure illustrates, features stored as ‘true’ 3D instead of the 

traditionally 2.5D approach will demand a lot more disk space.   

 

The amount of disk space required for storing MultiPatch features will rapidly increase if the 

features are textured. For example, the 48 buildings used in the analysis, stored as 

MultiPatch, requires 1 544 kB. If the buildings are textured with a .jpg image of 13,5 kB from 

the material library in SketchUp 5, the required disk space increases to 4 360 kB. However, a 

larger image will require more disk space, so this example should be interpreted as greatly 

dependent on the properties of the textured image. 

4.3 Analysing the data 

A lot of information can be extracted by just looking at a 3D model. This kind of visual 

analysis can reveal relationships between objects. It can also give the observer an insight of 

the surroundings of an area of interest. Viewing 2D information interactively with 3D 

information can be a powerful method for information extraction. Figure 24 shows how 2D 

and 3D geographic information is visualized interactively in ArcScene. Both ArcScene and 

SketchUp have the ability to export 3D models to Virtual Reality Modelling Language 

(VRML). This enables more users to carry out information extraction from the model, e.g. 

through Internet. 

 

The z-coordinates for the 3D properties are expressed in the national reference system. The 

2D properties are draped over a ground surface. The ground surface is represented as a TIN 

model created from laserscan data with a density of one point per 11 m2. 
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Figure 24. 3D model in ArcScene, containing 3D properties and 2D properties draped over a TIN. 
 
 
For some applications more methods for analysing geographic information are needed. 

Spatial analysis is a method that involves answering complex questions. To be able to answer 

this kind of question the GIS needs to perform analytic queries on geo-referenced 

information. By joining and/or relating non-spatial information to 3D features enables more 

information to be included in the analysis. ArcScene has no difficulties to join and/or relate 

tables to 3D features since the MutiPatch features are stored as a single row in a table. For 

example, figure 25 illustrates how information about an owner of a 3D property can be 

registered in a table within the database through a user form. This table, containing non-

spatial information, can then be related to geographical features through the features attribute 

table (see figure 26). The geographical features in this example are 3D properties, containing 

descriptive information of the parcels, such as property denotation, type of property and 

parcel volume. Relating tables in this way enables the user to ask questions such as “What 

properties are registered to PERSON1?” By using SQL this can be achieved through the 

expression: 

 

SELECT * FROM Registered_owner WHERE: ”REGISTERED” = ’PERSON1’ 

 

The 3D properties registered to PERSON1 will be selected in the 3D model, as shown in 

figure 26. 
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Figure 25. Information about registered owner can be registered in the database through a user form.  
 
 

 

Figure 26. Tables can be related to features in the model. In this case is registered owner PERSON1 
related to property VILLASTADEN /15:14/ in the model. 
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A more user friendly approach of asking simple queries in ArcScene is through the Select by 

Attribute dialog box in ArcScene (see figure 27). The SQL statement in this figure is: select 

all 3D properties that have a volume larger then 130 cubic meters.  

 

 
 
Figure 27. The Select by Attribute dialog box in ArcScene. 
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Discussion  

This thesis has reviewed approaches for 3D representation in GIS for cadastral application. 

Several countries have new legislation that makes it possible to register 3D properties, but 

there is today no complete technical solution in use for handling 3D properties in GIS. The 

situation today in the 3D GIS market is that the main focus has been on 3D visualisation, and 

little in 3D functionality.  

 

A main difficulty in developing a fully functional 3D GIS is to find an appropriate method to 

represent complex 3D objects. As this thesis has showed, several methods have been 

suggested by researchers for treating 3D properties where each and every method have their 

advantages and disadvantages. Research that has received a lot of attention is the 

implementation of polyhedron primitives in Oracle by Arens (2003). A main advantage of 

this method is that the primitives are represented by the standard feature type polygon, 

enabling different software to implement the 3D features. However, to represent 3D 

primitives would require several 2D features. This can be achieved by using linking tables or 

by using a multi-polygon approach. The linking table approach is a very wearisome process 

when it comes to data insertion, i.e. tables need to be inserted for vertices, edges, and faces. 

No research in the literature has been found on attempt to automate this process. The multi-

polygon approach has also certain limitations, for instance the ArcGIS environment gives 

limited support to the z dimension because it uses only two-dimensional surfaces as a data 

type, as discussed in section 3.3.1. The use of MultiPatch will overcome these two 

weaknesses. 

 

This thesis has proved that the use of MultiPatch can be used for cadastral applications, but 

not as a complete solution to all the problems involved in representing 3D properties. The 

main advantages of MultiPatch are that it can describe complex 3D geometry, it allows 

texturing, it works interactively with 2D geographic information, and it stores 3D features as 

single records in the geodatabase. Storing features as single records makes it easy to relate 

tables to 3D features in the model. However, the major disadvantage is that there are no 

abilities to create or edit MultiPatch features within the ESRI environment. Data insertions 

are, therefore, limited through standalone software, e.g. SketchUp, or by using scripting with 

ArcObjects, e.g. Visual Basic for Applications.  
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Other disadvantages are that MultiPatch does not support other primitives than points, lines 

and polygons. This means that complex shapes, such as cones, cylinders, and freeform curves 

can only be represented as a series of lines and polygons. These kinds of shapes will therefore 

lose geometric quality. Representing features as MultiPatch will require a large amount of 

disk space. However, this can be seen as a minor problem, since the computers performance 

enhances every year.  

 

It is not possible at this time to handle topology between MultiPatch objects, which decreases 

the 3D analysis capabilities. Even if MultiPatch is regarded by ESRI as a breakthrough within 

3D GIS, the functionality is still in much need of further research. The ability to create 

attractive 3D visualizations is a very strong sales promotion for GIS vendors, but the 

commercial GIS developers have to look beyond attractive visualizations and put a lot of 

effort into extending 3D functionality into the software. Today’s 2D GIS that are available on 

the market can perform advanced spatial analysis. This should also be expected from future 

3D GIS.  
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5 Conclusions 

This thesis has highlighted the limitations of the 2.5D approach that is commonly used within 

commercial GIS. The 2.5D approach is a very useful method when visualizing contiguous 

surfaces with height variations (e.g. DEM) or to simulate a 3D environment where the actual 

geometry for 3D objects is of less importance (e.g. extruding buildings). The main limitation 

with the 2.5D approach is that height values are represented as a function of x- and y-

coordinates. This limitation makes it impossible to describe the actual geometry, for instance 

a vertical wall or objects with horizontal holes that goes through the object.  

5.1 Literature study 

In the literature, six different Solid Models where found: Boundary Representations, 

Constructive Solid Geometry, Primitive Instancing, Spatial-Partitioning Representations, 

Sweep Representations, and Freeform shapes. All of them having their advantages and 

disadvantages. B-rep is the most popular approach for 3D representation within the field of 

3D cadastral application, followed by the CSG approach. The main reason for this is that 

most GIS support b-rep and most CAD support CSG. However, this does not mean that these 

two approaches are better then others. 

 

An integration of GIS and CAD that bridges the gap between the two ‘worlds’ would open up 

for real use of 3D data. None of the systems can completely replace one of another, but both 

would benefit if they could communicate with each other without any major data loss. A lot 

of 3D data is available in CAD designs, which would save time and costs on data collection if 

the information can be accessed in both systems.  

 

After the literature study it was concluded that MultiPatch is interesting for the project since 

it uses the b-rep approach, and benefits from the advantages of the approach. It was also 

concluded that the data insertion does no longer need to be a wearisome process with the use 

of MultiPatch. 

5.2 Case study 

It has been proved that complex 3D objects, such as 3D property, can be visualized and to a 

degree analysed in commercial GIS software, in this case ArcGIS. The solution is possible 
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due to the interoperability between ArcGIS and SketchUp. It has also been proved that it is 

possible to analyse 3D features through queries using SQL and that 3D features can exist 

interactively with 2D features, such as points, lines and polygons, in the same 3D 

environment. However, abilities for more advanced spatial analysis is still missing, e.g. 

overlay, buffer, and topological operations.  

 

Geographic information stored as MultiPatch can easily be accessed in the table, and non-

spatial information can be joined/related to 3D objects to enrich the information extraction. 

The main advantage however, is that MultiPatch is implemented in a widely used commercial 

GIS. The use of MultiPatch is not a complete technical solution for complex 3D objects, 

although it is a step in the right direction. 

 

This case study clearly shows that it is possible to represent and to a degree analyse complex 

3D objects using MultiPatch. Unfortunately, the operations needed to create and access 3D 

spatial data are still not user friendly. The user is expected to have advanced skills in both 

ArcGIS and SketchUp.  

5.3 Recommendations for future research 

Recommendations for future research include the following topics: 

 

• Appropriate method for object representation. At present, most focus is on b-rep to 

describe 3D objects. However, CSG and Spatial-partitioning representation have 

their advantages that make them appealing for 3D representation. Future 3D GIS 

should support these geographic methods for object representation.    

• Current commercial GIS only support spatial functions in 2D and very little in 3D. 

Research is, therefore, needed so that future commercial GIS supports spatial 

analysis in 3D.  

• Support for more primitives, such as freeform shapes, in commercial GIS. 
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Appendix A: Work flow between ArcGIS and SketchUp 

This document will give a step-by-step description on how data can be exported from ArcGIS 
to SketchUp, and how models can be exported from SketchUp to ArcGIS.  
 
 
Export data from ArcGIS to SketchUp  
 
 
Firstly, the plug-in Shapefile (*.shp) Importer needs to be installed, and secondly the plug-in 
needs to be activated within ArcGIS before it can be used. 
 
 
Install and activate the SketchUp 5 Tools: 
 

1. Download the plug-in Shapefile (*.shp) Importer from www.sketchup.com, and save 
it on your computer. 

 
2. Double-click on the downloaded file and follow the installation guide. 

 
3. Launch ArcGIS, and click on Tools/Customize/Add From File. Browse to the 

SketchUp 5 directory that has been added into your ArcGIS directory. Select the 
FeaturesToSkp.dll and click the Open button. The SketchUp 5 Tools toolbar is added 
to the list of available toolbars in ArcGIS.  

 
4. The toolbar needs to be activated. Check the box for SketchUp 5 Tools. The toolbar is 

displayed.  
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Export data from ArcGIS to SketchUp: 
 

1. Open an ArcGIS document and add the features that will be exported to SketchUp. 
 

2. Select the features that will be exported. Feature types can be of points, polylines, 
polygons, multipatch, TIN, or raster. 

 
3. Click on the Export selected items to SketchUp 5 button. The Options dialog box will 

be displayed. Layers containing selected features will be displayed in the list 
window. Select a layer from the list to configure the export options for each layer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTE! The box Exclude from export on the Tins tab needs to be unchecked if a TIN will be 
included in the export. 
 
 

4. Click on the Browse button and select a directory where the SketchUp file will be 
stored. 

 
5. Click on the OK button to export features. 
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Work with data from ArcGIS in SketchUp 
 
 

1. Launch SketchUp. Add the exported data through File/Open. 
 

2. An exported feature is a grouped object within SketchUp. There are two ways to get 
an object editable. The first is to select the object, right-click and choose Explode. 
This command will brake down the object into several items, each and every one 
editable. 

 

 
 
 
 

3. The second approach is to right-click an object and choose Edit group. This 
command will turn the grouped object into an edit session, making all other objects 
not available. If an object is in edit session it will be surrounded by gray lines of a 
box. After changes just click outside the session area to return to the model.   
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4. When an object is editable then changes can be made, and surfaces can be colored or 
textured. 

 
 
 

 

Object (the whole building) 

Item (A part of the building) 

 
 
NOTE! If several items should represent a single feature in ArcGIS, then they must be 
grouped before the model is exported to ArcGIS. 
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Export models from SketchUp to ArcGIS  
 
 
Firstly, the 3D Analyst extension for ArcGIS is required. Secondly the plug-in SketchUp 
ArcGIS Plugin needs to be installed before it can be used. 
 
 
Install the SketchUp ArcGIS Plugin: 
 

1. Download the plug-in SketchUp ArcGIS Plugin from www.sketchup.com, and save it 
on your computer. 

 
2. Double-click on the downloaded file and follow the installation guide. 

 
 
 
Export model from SketchUp to ArcGIS: 
 

1. Select the objects that will be exported.  
 
 
NOTE! The whole model can be exported by not selecting anything and not checking the Use 
Selected Items Only in the Select Target Feature Class dialog box. However, all geometry, 
grouped or ungrouped, will be represented as a single feature in ArcGIS. 
 
 

2. Select File/Export/3D model.  
 

3. In the Export Model dialog, choose ESRI MultiPatch (*.mdb) in the Export type 
drop-down list. 

 
4. Select the geodatabase where the MultiPatch features will be stored, and click on the 

Export button.  
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5. The Select Target Feature Class dialog box is displayed. Check the Use Selected 

Items Only if only the selected groups will be exported. Choose a MultiPatch feature 
class in the geodatabase and click Create. Do not choose anyone if you want to create 
a new MultiPatch feature class.  

 
 

 
 
 

6. Type a name for the feature class in the Name field.  
 
 

 
 
 
7. Optionally, click Add Field to add costumed fields. 

 
8. Click on the OK button to complete the export. 
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9. Launch ArcScene or ArcGlobe and add your model to the scene. 
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Appendix B: Volume Calculator 

This script is available for download on the Internet site http://www.sketchup.com. The script 

is run in SketchUp 5, and calculates volume as a series of thin horizontal slices of a set of 3D 

faces. 
 
# Copyright 2006, TIG 

# Permission to use, copy, modify, and distribute this  

#software for any purpose and without fee is  

# hereby granted, provided the above copyright notice  

#appear in all copies. 

# THIS SOFTWARE IS PROVIDED "AS IS" AND  

#WITHOUT ANY EXPRESS OR IMPLIED  

# WARRANTIES, INCLUDING, WITHOUT  

#LIMITATION, THE IMPLIED WARRANTIES OF 

# MERCHANTABILITY AND FITNESS FOR A 

#PARTICULAR PURPOSE. 

#-------------------------------------------------------------------- 

# Name: VolumeCalculator 

# Description : A tool to calculate the volume of a selected set of  

#3D faces 

# Menu Item: See menu-section at end on how to include #it here:  

#Plugins -> Volume 

# Context Menu: Volume 

# Author: TIG 

# Date: 12/2005 

# Type: Tool 

# Verison: 1.0 17/12/05 

#First issue. 1.1 18/12/05 

#Minor adjustments to disc definition and text. 

#  1.2 18/12/05 

# Circle def moved into Class (Mac friendly). 

#  1.3 19/12/05 

# Cutting disc made larger to include all bbox. 

#  1.4 20/12/05 

# V5 only support included. 

#  1.5 21/12/05 

# Undo text corrected. 

#  1.6 07/01/06 

# Volume calculation error in non-minZ=0 group fixed. 

#-------------------------------------------------------------------- 

require 'sketchup.rb' 

### 

class Volume 

###--------------------------------------- 

def Volume::calculate 

### version error 

if (Sketchup.version.split(".")[0].to_i<5) 

     UI.beep 

     UI.messagebox("Sorry.  This is Version 5+ program only !") 

     return nil 

end#if 

### 

model = Sketchup.active_model 

entities = model.entities 

model.start_operation "Volume" 

ss = model.selection 

view = model.active_view 

sfix = Time::now.to_i.to_s[3..-1] 

  if ss.empty? 

     UI.beep 

     UI.messagebox("NO Selection !") 

     return nil 

  end#if 

  if ss[1] 

     UI.beep 

     UI.messagebox("Selection MUST be ONE Group or 

Component !") 

     return nil 

  end#if 

  if ss[0].typename != "Group" and ss[0].typename != 

"ComponentInstance" 

     UI.beep 

     UI.messagebox("Selection is NOT a Group or Component 

!") 

  end#if 

### 

selected = ss[0] 

### 

# ---- set up @units and @percent in def dialog for later... 

# -------------- make cutting disc face at xy bounds 

### 
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### 

bb = selected.bounds 

xmin = bb.min.x 

ymin = bb.min.y 

xmax = bb.max.x 

ymax = bb.max.y 

zmin = bb.min.z 

zmax = bb.max.z 

### 

if xmin == xmax or ymin == ymax or zmin == zmax 

   UI.beep 

   UI.messagebox("The Selection has no Volume !") 

   return nil 

end#if 

# ----------- dialog ---------------- 

### show VCB and status info 

  Sketchup::set_status_text(("VOLUME PARAMETERS..." ), 

SB_PROMPT) 

  Sketchup::set_status_text(" ", SB_VCB_LABEL) 

  Sketchup::set_status_text(" ", SB_VCB_VALUE) 

  return nil if not Volume.dialog 

#### ------- slice & z inc ------------------------------ 

slice = ((zmax-zmin)*@percent)### THE basic slice 

increment_z = (zmax-zmin)/(((zmax-zmin)/slice).ceil) 

### 

apex = 

Geom.linear_combination(0.5,[xmin,ymin,zmax+2],0.5,[xmax,

ymax,zmax+2]) 

### +2 puts it above top ( for text loc'n ) 

pnt1 = [xmin,ymin,zmin] ### v1.1 

pnt2 = [xmax,ymax,zmin] ### v1.1 

ctr = Geom.linear_combination(0.5,pnt1,0.5,pnt2) 

rad = (pnt1.distance pnt2)### make a LOT bigger than bb 

###v1.3 

disc = entities.add_group 

discentities = disc.entities 

disccircle = Volume.circle(ctr,[0,0,-1],rad,24) 

discentities.add_face disccircle 

#--------------------------- reset Z max and min's 

###zmax = zmax-(increment_z/2)### v1.6 NOT required  

zmin = zmin+(increment_z/2) 

# ------------------------ do each of slice 

vol = entities.add_group 

volentities = vol.entities 

vol.name= "Volume-"+sfix 

### intersect disc and selected 

### The intersect_with method is used to intersect 

entities, a component instance, or group 

### with an entities object. 

### entities.intersect_with recurse, transformation1, entities1, 

transformation2, hidden, entities2 

### recurse - true if you want this entities object to be recursed  

###   (intersection lines will be put inside of groups and 

components within this entities object) 

### transformation1 - the transformation for this entities object 

### entities1 - the entities (group etc) where you want the 

intersection lines to appear 

### transformation2 - the transformation for entities1 

### hidden - true if you want hidden geometry in this entities 

object to be used in the intersection 

###   (it's false in section cuts) 

### entities2 - an entities object (or an array of entities ?) 

### loop through all possible slices - bottom up 

n = ((zmax-zmin)/slice).ceil 

c = 0 

z = increment_z/2 ### move to start v1.6 fix ### 

while z < zmax-zmin+increment_z ### v1.6 fix ### 

### show VCB and status info 

  Sketchup::set_status_text(("MAKING VOLUME SLICE #{c} 

of #{n.to_i}" ), SB_PROMPT) 

  Sketchup::set_status_text(" ", SB_VCB_LABEL) 

  Sketchup::set_status_text(" ", SB_VCB_VALUE) 

### do cut 

  disc.move! Geom::Transformation.new [0,0,z] ### first 

placing near bottom v1.6 

  discentities.intersect_with true, disc.transformation, vol, 

vol.transformation, true, selected 

  z = z+increment_z 

  c = c+1 

end#while 

### delete disc 

disc.erase! 

### face the slices 

for e in volentities 

### show VCB and status info 

  Sketchup::set_status_text(("MAKING VOLUME SLICES..." 

), SB_PROMPT) 

  Sketchup::set_status_text(" ", SB_VCB_LABEL) 

  Sketchup::set_status_text(" ", SB_VCB_VALUE) 

  e.find_faces if e.typename == "Edge" 

end#for e 

faces = [] 

for f in volentities 
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   if f.typename == "Face" 

      faces = faces.push(f) 

   end 

end#for f 

faces = faces.uniq 

### 

for face in faces 

   face.reverse! if face.normal == [0,0,-1] ### now all face up 

end#for face 

### now work out which is which... 

keptfaces = [] 

(faces.length-1).times do |this| 

   for face in faces 

    if face.valid? 

      for edgeuse in face.outer_loop.edgeuses 

         if not edgeuse.partners[0] ### outermost face 

            keptfaces = keptfaces.push(face) 

            faces = faces - [face] 

            loops = face.loops 

            for loop in loops 

               for fac in faces 

                  if fac.valid? and (fac.outer_loop.edges - loop.edges) 

== [] 

                     faces = faces - [fac] 

                     fac.erase!### fac abutts kept face so it must be 

erased... 

                  end #if fac 

               end #for fac 

            end #for loop 

         end #if outermost 

      end #for edgeuse 

    end #if valid 

   end #for face 

end#times 

### -------------- now find area of all edges etc 

area = 0 

for f in volentities 

### show VCB and status info 

  Sketchup::set_status_text(("CALCULATING VOLUME..." ), 

SB_PROMPT) 

  Sketchup::set_status_text(" ", SB_VCB_LABEL) 

  Sketchup::set_status_text(" ", SB_VCB_VALUE) 

  f.material= "OrangeRed" if f.typename == "Face" 

  area = (area+f.area) if f.typename == "Face" 

  ###f.erase! if f.typename == "Edge" and not f.faces[0] 

  f.hidden= true if f.valid? and f.typename == "Edge" 

end#for f 

### 

if area == 0 

   UI.beep 

   UI.messagebox("There is NO Volume !") 

   vol.erase! if vol.valid? 

   return nil 

end#if 

#----------- sort Layer settings etc 

layerVolume = ("VOLS-" + sfix) 

layerVolumeFace = layerVolume + "-FACE" 

layerVolumeText = layerVolume + "-TEXT" 

layerVolume = model.layers.add(layerVolume) 

layerVolumeFace = model.layers.add(layerVolumeFace) 

layerVolumeText = model.layers.add(layerVolumeText) 

layerVolume.page_behavior=(LAYER_IS_HIDDEN_ON_NE

W_PAGES | LAYER_HIDDEN_BY_DEFAULT) 

layerVolumeFace.page_behavior=(LAYER_IS_HIDDEN_ON_

NEW_PAGES | LAYER_HIDDEN_BY_DEFAULT) 

layerVolumeText.page_behavior=(LAYER_IS_HIDDEN_ON_

NEW_PAGES | LAYER_HIDDEN_BY_DEFAULT) 

layerVolume.visible=true 

layerVolumeFace.visible=true 

layerVolumeText.visible=true 

for f in volentities 

  f.layer= layerVolumeFace 

end#for f 

vol.layer=layerVolume 

# --------------- get volume ---- 

volume = (area*increment_z)### in cubic inches 

### convert it to required units... 

###["cu.m", "cc", "cu.yds", "cu.ft", "cu.ins", "litres", "cl", "ml", 

"gallons(UK)", "gallons(USA)", "quarts(USA)", "pints(UK)", 

"pints(USA)"] 

volumetxt = volume.to_s 

volumetxt = ((volume* 0.000016387064 

*1000).round.to_f/1000).to_s if @units == "cu.m" 

volumetxt = ((volume* 16.387064).round.to_i).to_s if @units 

== "cc" 

volumetxt = ((volume* 0.000021433471 

*1000).round.to_f/1000).to_s if @units == "cu.yds" 

volumetxt = ((volume* 0.000578703704 

*100).round.to_f/100).to_s if @units == "cu.ft" 

volumetxt = ((volume *10).round.to_f/10).to_s if @units == 

"cu.ins" 

volumetxt = ((volume* 0.016387064 

*1000).round.to_f/1000).to_s if @units == "litres" 
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volumetxt = ((volume* 1.6387064 

*10).round.to_f/10).to_s if @units == "cl" 

volumetxt = ((volume* 16.387064).round.to_i).to_s if 

@units == "ml" 

volumetxt = ((volume* 0.003604750773 

*100).round.to_f/100).to_s if @units == "gallons(UK)" 

volumetxt = ((volume* 0.004329125301 

*100).round.to_f/100).to_s if @units == "gallons(USA)" 

volumetxt = ((volume* 0.017316501203 

*10).round.to_f/10).to_s if @units == "quarts(USA)" 

volumetxt = ((volume* 0.028838006186 

*10).round.to_f/10).to_s if @units == "pints(UK)" 

volumetxt = ((volume* 0.034633002405 

*10).round.to_f/10).to_s if @units == "pints(USA)" 

# add text 

t=volentities.add_text((volumetxt+" "+@units),apex) 

t.layer=layerVolumeText 

### show VCB and status info 

  Sketchup::set_status_text((" " ), SB_PROMPT) 

  Sketchup::set_status_text(" ", SB_VCB_LABEL) 

  Sketchup::set_status_text(" ", SB_VCB_VALUE) 

### unselected... 

model.selection.clear 

### hide selected 

xray = 0 

if not model.rendering_options["ModelTransparency"] 

### NOT xray mode 

   selected.hidden= true 

   if UI.messagebox("Do you want to leave the Original 

Selection 'Hidden' for now ?  ",MB_YESNO,"Volume 

Hidden ?") == 7 ### 6=YES 7=NO 

      xray = 1 

      selected.hidden= false 

   end#if 

end#if 

### xray ? 

xrayq= 0 

if not model.rendering_options["ModelTransparency"] 

   xrayq = 1 

   model.rendering_options["ModelTransparency"]=true 

if xray == 1 

end#if 

### ---- undo xray IF was not on already 

if xray == 1 and xrayq == 1 

  model.rendering_options["ModelTransparency"]=false 

if UI.messagebox("Do you want to leave 'Xray Mode' on 

for now ?  ",MB_YESNO,"Volume Xray ?")==7 

###7=NO 

end#if 

### update view 

view.invalidate 

# ---------------------- Close/commit group 

model.commit_operation 

#----------------------- 

end#def 

### 

def Volume::dialog 

### get units and accuracy 

   units = ["cu.m", "cc", "cu.yds", "cu.ft", "cu.ins", 

"litres", "cl", "ml", "gallons(UK)", "gallons(USA)", 

"quarts(USA)", "pints(UK)", "pints(USA)"].join('|') 

   percents = ["0.5 %", "1 %", "2 %", "5 %", "10 

%"].join('|') 

   prompts = ["Units: ","Accuracy: "] 

   types = [units,percents] 

   title = "Volume Parameters" 

   @units = "cu.m" if not @units 

   @dpercent = "5 %" if not @dpercent 

   values = [@units,@dpercent] 

   popups = [units,percents] 

   results = inputbox( prompts, values, popups, title ) 

   return nil if not results 

### do processing of results 

@units = results[0] 

@dpercent = results[1] 

@percent = 0.005 if @dpercent == "0.5 %" 

@percent = 0.01 if @dpercent == "1 %" 

@percent = 0.02 if @dpercent == "2 %" 

@percent = 0.05 if @dpercent == "5 %" 

@percent = 0.1 if @dpercent == "10 %" 

true 

end #def dialog 

## 

# --- Function for generating points on a circle 

def Volume::circle(center,normal,radius,numseg) 

    # Get the x and y axes 

    axes = Geom::Vector3d.new(normal).axes 

    center = Geom::Point3d.new(center) 

    xaxis = axes[0] 

    yaxis = axes[1] 

    xaxis.length = radius 

    yaxis.length = radius 

    # compute the points 
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if( not file_loaded?("VolumeCalculator.rb") )     da = (Math::PI * 2) / numseg 

   ###add_separator_to_menu("Plugins")     pts = [] 

   ###UI.menu("Plugins").add_item("Volume") { 

Volume.calculate } 

    for i in 0...numseg do 

        angle = i * da 

### remove ### in front of above 2 lines if to display in 

Plugins... 

        cosa = Math.cos(angle) 

        sina = Math.sin(angle) 

   UI.add_context_menu_handler do | menu |         vec = 

Geom::Vector3d.linear_combination(cosa,xaxis,sina,yaxis)       if (Sketchup.active_model.selection[0].typename == 

"Group" or Sketchup.active_model.selection[0].typename == 

"ComponentInstance") 

        pts.push(center + vec) 

    end 

         menu.add_separator     # close the circle 

         menu.add_item("Volume") { Volume.calculate }     pts.push(pts[0].clone) 

      end #if ok     pts 

   end #do menu end#def 

end#if #----------------------- 

file_loaded("VolumeCalculator.rb") end#class 

#--------------------------------- #--------- menu ----------------------------- 
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