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Abstract 

The initial geographic information system (GIS) and building information modelling (BIM) 

are designed and developed independently in order to serve different purposes and use. 

Within the prolific increase and growing maturity of three-dimensional (3D)  technology, both 

3D geodata and BIM data can specify semantic data and model 3D buildings that are 

prominent for the 3D city models and 3D cadastre. 3D geodata can be collected from geodetic 

surveying methods such as total station, laser scanning and photogrammetry and generate 3D 

building models by CityGML format for macro analysis on city scale. BIM data has significant 

advantages in planning, designing, modelling and managing building information, which 

contains rich details of building elements. Additionally, BIM helps and supports to exchange 

and share complex information through life-cycle project. Because there are some overlaps 

between them, the integration of BIM and 3D city models is mutually beneficial for 

representing comprehensive 3D building models.   

This thesis is a summary and compilation of two papers, where one is a review paper 

published in Journal of Spatial Science, and the other is a research paper currently under 

review in ISPRS International Journal of Geo-Information. The first paper designed and 

implemented a methodology to formalize the integration of BIM data into city models 

(CityGML models) that were generated from BIM data and from ALS/footprint data based on 

the proposed common modelling guidelines. The geometric results of the CityGML models 

were compared and evaluated visually and quantitatively. The second paper proposed a 

general framework for sharing and integrating cadastral information with BIM and 3D GIS 

together with general requirements. Based on the requirements and framework, the case study 

focused on how to represent and visualize 3D cadastral boundaries legally and technically by 

integrating BIM at building level and CityGML at city level. Both the Industry Foundation 

Classes (IFC) model and the CityGML model were connected to Land Administration Domain 

Model (LADM) at the conceptual level using Unified Modeling Language (UML) models and 

on database level. 

The findings of the first paper include investigation of BIM data as a qualified source on the 

geometric aspects in order to satisfy the need for a more rapid update process of 3D city 

models, and the second paper shows that the proposed framework and requirements perform 

well for generating 3D cadastral model in the real-world case study. 

 

Keywords: 3D geodata, BIM, city models, 3D cadastre, geometric quality, CityGML, LADM, 

laser scanning  
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 Sammanfattning 

Det ursprungliga geografiska informationssystemet (GIS) och 

byggnadsinformationsmodellering (BIM) är utformade och utvecklade oberoende av 

varandra för att tjäna olika syften och användning. Inom 3D-teknik kan både 3D geodata och 

BIM-data specificera semantiska data och modellera 3D-byggnader som är framträdande för 

3D stadsmodeller och 3D fastighetsregister. 3D-geodata kan samlas in från geodetiska 

mätningsmetoder som totalstation, laserskanning och fotogrammetri och de kan generera 3D 

modeller av byggnader i CityGML för makroanalys av städer. BIM-data har betydande 

fördelar i planering, design, modellering och hantering av byggnadsinformation eftersom det 

innehåller detaljerade uppgifter om byggelement. Dessutom gör BIM det möjligt att förmedla 

och analysera komplex information över byggnaders livscykel. Integrationen av BIM- och 3D-

stadsmodeller är viktigt för att kunna analysera både byggnader och stad, exempelvis i 

stadsplanering, byggnadskonstruktion och hållbarhetsanalys. 

Denna avhandling är en sammanfattning och sammanställning av två artiklar, varav den ena 

är publicerad i Journal of Spatial Science, och den andra är under granskning i ISPRS 

International Journal of Geo-Information. Den första artikeln utformade och implementerade 

en metod för att formalisera integrationen av BIM-data i stadsmodeller (CityGML-modeller) 

som genererades från BIM-data och flygburen laserskanning/fotavtryck baserat på 

gemensamma modelleringsriktlinjerna. De geometriska resultaten av CityGML modellerna 

jämfördes och utvärderades visuellt och kvantitativt. Den andra artikeln föreslog en allmän 

ram för att dela och integrera fastighets information med BIM och 3D GIS tillsammans med 

allmänna krav. Baserat på kraven och ramverket så visade en fallstudie på hur man kan 

representera och visualisera 3D fastighetsgränser juridiskt och tekniskt genom att integrera 

BIM på byggnadsnivå och CityGML på stadsnivå. Både IFC-modellen och CityGML-modellen 

kopplades till LADM på konceptuell nivå med hjälp av UML-modeller och på databasnivå. 

Slutsatserna från den första artikeln inkluderar undersökning av BIM data som en kvalificerad 

källa på de geometriska aspekterna för att uppfylla behovet av en snabbare 

uppdateringsprocess av 3D-stadsmodeller, och den andra uppsatsen visar att det föreslagna 

ramverket och kraven presterar väl för att generera 3D fastighets modeller i den verkliga 

världen.
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Chapter 1 

Introduction  

Three-dimensional (3D) city models provide a digital representation of the urban environment 

including landscape, buildings, infrastructure, terrain surfaces, sites and vegetation. Over the 

last decade, the applications of 3D city models have been developed for a multitude of 

purposes in a growing number of contexts. Biljecki et al. (2015) listed 29 3D city model 

applications, such as navigation, visibility analysis, emergency management, energy demand 

estimation, Spatial Data Infrastructures (SDIs) and property management. To model and 

update 3D city models, Airborne Laser Scanning (ALS) and/or aerial photography are 

commonly used to acquire 3D geodata over large areas. However, one shortcoming of the use 

of airborne observations for updating city models is the long update cycle (every two or three 

years), especially in high-density building areas. 

In recent years, 3D cadastre has attracted increased attention in many countries around the 

world, due to pressure for better urban land use, for instance for dwelling and infrastructure 

installations such as tunnels and other sub-surface constructions (FIG 2018). Research seems 

to have come a long way to truly visualize and manage 3D cadastral models. In Sweden, the 

current state of 3D cadastre research and application is that there are 3D property rights, and 

that these are applied in a few cases, but almost all real property rights cases are still registered 

with two-dimensional (2D) cadastral index map and the land register (El-Mekawy, Paasch, 

and Paulsson 2016). This approach has limitations of representing the actual extent of 

complicated 3D property units, and thus cannot fully handle spatial information and satisfy 

the needs for example for the structures and space usages of complex buildings above and 

underground. 

In this licentiate thesis, the main interest is 3D building models, because they are prominent 

for the 3D city models and 3D cadastre. 3D building data contains 3D geodata from the 3D 

geographical information systems (GIS) domain and building information models (BIM) data 

from the BIM domain. Geodetic surveying methods are the basis of acquiring spatial data, 

such as total station (widely used for building construction), laser scanning and 

photogrammetry (see details in Section 2.1.1). To model 3D cities, CityGML is often used to 

store and visualize 3D city models at different Level of Details (LODs) (see details in Section 

2.1.2). On the other hand, to model 3D building with rich details, BIM as a digital 

representation of a building can facilitate cross-disciplinary collaboration among different 
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actors through the lifecycle phases (see details in Section 2.2.1). The Industry Foundation 

Classes (IFC) is an open international standard of BIM, which can easily exchange building 

information for multiple purposes in different BIM platforms (see details in Section 2.2.2). 

Both 3D geodata and BIM data can specify semantic data and model 3D buildings. Because 

there are some overlaps between them, the integration of BIM and 3D city models is mutually 

beneficial for comprehensive 3D building modelling. However, they are designed and 

developed independently to serve different purposes and use in different tools (see details in 

Section 2.3). Therefore, there is a need to convert data between BIM data and 3D geodata (see 

details in Section 4.1), and this conversion has increased sharply in different applications such 

as urban planning, building construction, facilitate management, and 3D cadastre (Arroyo 

Ohori et al. 2017; Noardo et al. 2019; Olsson et al. 2018). However, the formalization of BIM 

integration with GIS must consider quality so that the quality of the city model can be 

controlled. Otherwise, research on the integration, transformation, and modelling of BIM and 

GIS will lead to uncertainty that will hamper the use of the data, especially from a life cycle 

perspective. 

On the other hand, to define and visualize the 3D cadastre spatial properties, the cadastral 

information should be linked to 3D digital representation of the urban environment. Both BIM 

and CityGML can be used as physical models when generating 3D cadastral models. The legal 

cadastral information is often stored in accordance with the Land Administration Domain 

Model (LADM) that is an international standard for land administration. Because LADM 

supports registration of legal information, it is currently used to describe 3D property as well 

as store and manage cadastral legal information (more details in Section 3.2).   

In Paper 1, the general aim was to evaluate BIM as a source for updating city models. By testing 

three case studies, Paper 1 designed and implemented a methodology to formalize the 

integration of BIM data into city models. The CityGML models were generated from BIM data 

and ALS/footprint data based on the proposed common modelling guidelines. The geometric 

results of the CityGML models were compared and evaluated visually and quantitatively 

(more details in Section 4.2). While Paper 2 focused on how to represent and visualize 3D 

cadastral boundaries legally and technically via integrating BIM data at building level and 

CityGML at city level. To achieve that, a general framework for sharing and integrating 

cadastral information with BIM and 3D GIS was proposed together with general requirements 

such as organizations, legal rules, coordinate reference systems and height systems, data 

standards, geometry and users. The IFC model and the CityGML model of the case study were 

connected to LADM both at the conceptual level using UML models and on database level 

(more details in Section 4.3). 
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1.1 Aim and objectives 

The general aim of the licentiate thesis is to investigate the integration of 3D geodata and BIM 

data in 3D city models and 3D cadastre. To achieve that, there are three objectives: 

1) To evaluate BIM data as a qualified source on the geometric aspects in order to satisfy 

the need for a more rapid update process of 3D city models; 

2) To establish technical and legal solutions that organizations including cadastral 

surveying units, architecture, engineering and construction (AEC) companies and city-

surveying units can share and exchange information; 

3) To provide a general framework of integrating legal cadastral information in LADM to 

3D models of physical spaces (IFC and CityGML models) on both conceptual level and 

data level in practice. 

The first objective corresponds to the Paper 1 and the other objectives corresponds to the Paper 

2, respectively. 

 

1.2 Thesis structure 

The licentiate thesis is written as a comprehensive summary and compilation of two papers. 

There are two major parts, the first part describing all methodologies developed in the research 

and results achieved by implementing these methods. In the second part, one may find 

attached the original papers.  

The structure of first part is as follows: Chapter 1 introduces the importance of integration of 

geodata and BIM for 3D buildings in 3D city models and 3D cadastre. Chapter 2 describes the 

concept of geodata, BIM, the relationships between geodata and BIM. In Chapter 3, 3D 

cadastre is presented at conceptual level and at application level for integration. In Chapter 4, 

the methods and results in Paper 1 and Paper 2 are illustrated and explained. Chapter 5 

presents the conclusions and limitations of papers, and further research directions. 

 

1.3 Declaration of contributions 

These two papers were developed and written in collaboration with other authors. Here 

follows a short summary of the contributions between the authors. 

Paper I 
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The initial idea was provided by LH and developed discussions with all authors. JS made the 

whole laser scanning part and large part of the evaluation, PO made the BIM to CityGML 

conversion and HE wrote the modeling guidelines. LH provided continuous supervision and 

feedback in the development of the paper. The research objectives and the proposed methods 

were developed and co-written by all of the authors. 

Paper II 

JS and LH provided the initial idea. JS made the IFC, UML diagrams and IFC to LADM 

modelling and implementation. PO and SM made part of the conversion. JS, PO and SM made 

the integration implementations. JP provided supervision and feedback as well as expertise 

regarding the theoretical cadastre. LH provided continuous supervision and feedback in the 

development of the paper. JS lead the writing of the paper.  

 

1.4 Other publications and additional contributions 

Project Report: 

Sun J., Harrie L., Jensen A., Eriksson H., Tarandi V. & Uggla G. (2018). Description of geodata 

quality with focus on integration of BIM-data and geodata, Smart Built Environment. Project 

“Data Quality and Data Responsibility within the Built Environment” (swe: Datakvalitet och 

dataansvar inom samhällsbyggandet).  

https://www.smartbuilt.se/library/3878/description-of-geodata-quality-2018-04-16-002.pdf  

 

Presentation: 

Sun J. (2018). Beskrivning av geodatakvalitet med fokus på integration av BIM-data och 

geodata, Kartdagarna 2018, Linköping Sweden. 

Harrie L., Sun J., Uggla G. (2018). Forskningsprojekt, Kartdagarna 2018, Linköping Sweden. 

Harrie L., Eriksson H., Lithén T., Olsson P., Sun J.,  Falk Ö., Tarandi V. (2018). Testbed for 

supporting lifecycle 3D geodata and BIM-data, 13th 3D GeoInfo Conference 2018, Delft The 

Netherlands. 

 

Poster: 

Sun J., Eriksson H., Harrie L., Jensen A. (2018). Sharing building information from planning to 

maintenance phases. Proceedings of Agile, Lund.  

https://agile-online.org/conference_paper/cds/agile_2018/posters/77%20Poster%2077%20-

%20SharingBuidingInformation%20version%20-%202018-03-27.pdf  

https://www.smartbuilt.se/library/3878/description-of-geodata-quality-2018-04-16-002.pdf
https://agile-online.org/conference_paper/cds/agile_2018/posters/77%20Poster%2077%20-%20SharingBuidingInformation%20version%20-%202018-03-27.pdf
https://agile-online.org/conference_paper/cds/agile_2018/posters/77%20Poster%2077%20-%20SharingBuidingInformation%20version%20-%202018-03-27.pdf
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Chapter 2 

3D Building Data 

This chapter introduces 3D building data including 3D geodata and BIM data for 3D city 

models and 3D cadastre. The similarities and differences of 3D geodata and BIM data are also 

compared.  

 

2.1 3D Geodata 

3D GIS is a rapidly developing technology for visualizing, planning, constructing, and 

modelling geodata. A central topic of 3D GIS is 3D city models. Biljecki et al. (2015) listed 29 

use cases of 3D city models such as navigation, visibility analysis, emergency planning and 

response, energy demand estimation, noise analysis, and solar radiation estimation. In 3D city 

model research, one of the main interests is how 3D building models and 3D city models can 

be better integrated, because buildings are a prominent part of city models. In urban planning, 

3D building geodata provides a means for project communication and better acceptance of 

development projects through visualization; see e.g. Nellerup et al. (2017). 3D building 

geodata could be collected from geodetic surveying methods (details see Section 2.1.1) and 

modelled by CityGML (details see below Section 2.1.2). 

 

2.1.1 Geodata collection for 3D city models 

Laser scanning technology can be used for acquiring large amounts of 3D information - point 

clouds of objects or surfaces at an extremely fast recording rate. Laser scanning is an effective 

technology for deriving 3D city models. A common approach to generating 3D building 

models is to utilize 2D building footprint data (for example from a detailed municipality map) 

with surface data collected from airborne laser scanning (ALS) or photogrammetry, which 

would ensure topological consistent building objects (Ledoux and Meijers 2011). ALS is 

sufficient for creating city models in large areas with relatively lower details. While Terrestrial 

Laser Scanning (TLS) and Mobile Laser Scanning (MLS) with high point density and 

geometrical accuracy could provide higher details models in small areas (Gröger and Plümer 

2012; Tutzauer and Haala 2015; Rottensteiner 2003). Geodata collected by TLS or MLS can be 

used for building facades reconstruction and creating of detailed 3D city models in 
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combination with ALS for roof structures (Musialski et al. 2013; Verdie, Lafarge, and Alliez 

2015).  

Unmanned aerial vehicle (UAV) is increasingly used as a new measurement tool to combine 

laser scanning or photogrammetry instead of high cost classical ALS or aerial photogrammetry 

in various applications. For example, Figure 1 shows the combined use of UAV 

photogrammetry (left) and ALS data for roof structures (right) to rapidly generate 3D building 

model.  However, a city commonly performs an ALS and/or aerial photography every two or 

three years, which means the use of airborne observations updates city models in a long cycle 

especially in high-density building areas. Laser scanning could also be used in building 

surveying especially in the context of BIM (called Scan-to-BIM). An example of an application 

area for Scan-to-BIM is data acquisition for historic buildings.   

 

    

Figure 1. UAV photogrammetry image of KTH U-huset (left) and its ALS data (right, Source: 

Stockholm municipality). 

 

2.1.2 Data modelling for 3D city models 

City models are often stored in the specification CityGML, which is an XML-based open 

standardized geometry model (OGC 2012). The benefit of CityGML is that it is possible to 

support, store and exchange 3D spatial data effectively for different applications such as urban 

planning, 3D cadastre, facility management and environmental simulations (Gröger and 

Plümer 2012). The current version is CityGML 2.0 that it is designed to keep a minimum 

number of common features with a slim core data model, which leads to that additional 

information for some specific application fields is required (Gröger et al. 2012; Biljecki, Kumar, 

and Nagel 2018).  
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To enrich the data model, CityGML 2.0 implementes a built-in mechanism called CityGML 

Application Domain Extension (ADE) to support additional requirements by certain use cases 

(van den Brink, Stoter, and Zlatanova 2012; Biljecki, Kumar, and Nagel 2018). To represent 3D 

cadastre application, Góźdź et al. proposed a CityGML-LADM ADE model at a conceptual 

level addressing physical and legal information (Góźdź et al. 2014). Their model elaborated 

the relationships between objects in legal and physical dimensions as well as buildings 

geometry in LOD1 for visualization of legal spaces. Li et al. extended a CityGML-LADM ADE 

model to describe the ownership structure of condominium units based on legislation in China 

(Li et al. 2016). 

A newer version of CityGML is CityGML 3.0 that brings various changes, improvements, 

extensions, and new modules (Kutzner and Kolbe 2018). To better interoperate with other 

standards like IFC, LADM and IndoorGML, CityGML 3.0 will apply a model-driven method 

to generate data model and exchange formats (Kutzner and Kolbe 2018). Compared with 

CityGML 2.0, LODs have been revised, which LOD4 (representing the interior of objects, like 

indoor modelling for buildings and tunnels) has been removed and replaced by LOD0 to 

LOD3. The new LODs are defined to the current definitions identically but extended to all 

feature types of indoor and exterior objects (Löwner et al. 2016). Moreover, it is possible and 

beneficial to represent building’s interior and exterior shell in different LODs, for example the 

outside shell of a building modelled in LOD1 while the interior structure represented in LOD2-

3 (Löwner et al. 2016).  

CityGML 3.0 includes several packages in order to define common concepts for different 

application purposes, such as Core package, Construction package, Building package, LandUse 

package and Vegetation package. All modules and their relationships (as shown in Figure 2) 

are derived from UML diagrams and can be used to generate XML Schemas (XSD). 

Furthermore, the Core model has been revised to implement the new LOD concept and 

represents spatial information semantically and thematically using two pivotal abstract classes 

AbstractSpace and AbstractSpaceBoundary. Of major interest to 3D cadastre in Paper 2 is the class 

AbstractLogicalSpace that enables modelling of logical spaces, i.e. spaces that not necessarily 

have physical boundaries such as legal spaces in a cadastre. Some new classes allow for 

mapping constructive elements from IFC classes onto CityGML for better interoperation. 

However, the final version of CityGML 3.0 has not been adopted (in September 2019). 
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Figure 2. CityGML 3.0 package diagram and their relationships, generated XML Schema 

(XSD) by Enterprise Architect (EA) software. 

 

2.2 BIM data 

2.2.1 Building Information Modelling 

Building Information Modelling (BIM) is a digital representation of a building in the lifecycle 

phases from design through construction to operation and maintenance (Eastman et al. 2011). 

Moreover, BIM is not only a model or tool but also a process and technology of creating, 

exchanging, using and maintaining building information (Figure 3) (Borrmann et al. 2018).  
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Figure 3. The concept of Building Information Modeling across the entire lifecycle of a built 

project ((Borrmann et al. 2018), p5). 

 

In the Architecture, Engineering and Construction (AEC) industry, BIM contains rich details 

of building properties geometrically and semantically such as structures, elements, spaces, 

schedules, and other aspects of a construction project. There are two main usages of BIM 

(Eastman et al. 2011): 

1) Support the development of the design model of the building by defining goals for 

the production according to different needs from stakeholders as well as the society 

with building regulations and codes;  

2) Support the production, possibly by defining a production model and describing 

how to reach the goal of the design model and then be used for operation and 

facility management. 

BIM data could be classified into two file formats, proprietary data (like .rvt, .dxf, etc) and non-

proprietary data (like IFC, see Section 2.2.2) (Eastman et al. 2011; Borrmann et al. 2018). 

Software manufacturers create readable and executable proprietary file formats by their own 

software, which will hamper interoperability. While non-proprietary file formats are vendor-

neutral and can be read and edited by any type of software, for example IFC.  

The BIM can extend throughout the whole building development lifecycle and provide 

powerful functions for owners, managers, designers, engineers and contractors (Eastman et 

al. 2011). Green BIM enables successful sustainable designs to integrate and analyze building 

performance  (Krygiel and Nies 2008). Furthermore, the BIM supports building lifecycle 
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management such as construction management, project management, cost management and 

facility operation (Eastman et al. 2011; Kensek and Noble 2014). BIM is used as a tool to 

integrate with GIS at various applications levels in recent years. For example, Mignard and 

Nicolle (2014) developed a semantic extension to the BIM called UIM (Urban Information 

Modeling) to solve heterogeneity problems between BIM and GIS and to manage urban 

facilities in an interoperable way. For indoor geovisual analytics, Deng et al. (2016) presented 

a framework for a 3D noise map integrating BIM and 3D GIS models combining traffic noise 

evaluation in both outdoor environments and indoor environments in a single platform. 

Andrée et al. (2018) proposed to define the 3D cadastre in more detailed BIM models within 

the Smart Built Environment program. 

 

2.2.2 Industry Foundation Classes 

IFC has been developed by the buildingSMART alliance as an open international standard for 

BIM. It can exchange and share information among software applications by many different 

stakeholders (Borrmann et al. 2018).  

IFC specifies EXPRESS schema as the source to generate XML schema (XSD) which can 

describe installation, construction and operation in a logical way. IFC defines building data 

elements and shows the spatial relationship among its entities by IFC schema. Moreover, the 

IFC standard decomposes data models completely in an inheritance hierarchy. IfcRoot is the 

most abstract superclass containing three major classes IfcPropertyDefinition, IfcRelationship and 

IfcObjectDefinition (subtype IfcProduct) (ISO 2018). In spatial hierarchy of IFC standard, 

IfcProduct as the abstract class represents spatial or physical context covered in subclasses 

IfcSpatialElement or IfcElement, respectively. Most important entities and relationship classes in 

the hierarchical structure of the IFC standard are shown in Figure 4.  

In the IFC file, the geodetic coordinates of the origin of the engineering system is defined by 

either IfcMapConversion (Easting, Northing, and Orthogonal Height) or IfcSite (RefLatitude, 

RefLongitude, and RefElevation) mainly used for an approximate location. If this information 

is stored in the IFC model it is said to be georeferenced but not straightforward, because there 

are geometric differences between the Cartesian coordinate system and geodetic systems. 

However, if an appropriate map projection is chosen and the extent of the BIM is small, the 

data for integration can therefore safely disregard the problems arising from the different 

coordinate systems (Uggla and Horemuz 2018). 
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Figure 4. Most important entities and relationship classes in the hierarchical structure of the 

IFC standard ( (Borrmann et al. 2018), p91). 

 

At present, the integration of IFC and CityGML for modelling 3D buildings is quite popular 

especially at the data level by converting IFC data to CityGML. Isikdag and Zlatanova (2009) 

provided a framework of how IFC objects (IfcWall, IfcWindow, etc.) could be used to generate 

CityGML objects in different LODs. El-Mekawy et al. (2012) developed a meta-based unified 

building model (UBM) based on both IFC and CityGML to perform semantic mapping in both 

directions. Nowadays, BIM/IFC has also been used as geometry model and integrated with 3D 

cadastre. For instance, Atazadeh et al. (2017) explored the feasibility of BIM to model the 

boundaries of ownership spaces inside buildings and identified relevant geometric and 

semantic IFC entities using a case study. 

 

2.3 Comparison of CityGML and IFC 

Both CityGML and IFC can represent and model geometric and semantic building information 

with a hierarchical data structure. However, CityGML and IFC are designed in different 

domains and developed independently to serve different purposes and use in different tools. 

IFC focuses on the building element properties with more details than CityGML, but for single 

building. While in contrast CityGML models fewer details, but cover larger scale areas, even 

up to entire cities. Table 1 demonstrates a brief summary of the comparison between CityGML 

and IFC. According to the standards defined in ISO and data properties, 14 criteria have been 

listed in Table 1. 
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Table 1. Brief summary of the comparison between CityGML and IFC (ISO 2018; Kutzner 

and Kolbe 2018; Biljecki et al. 2015; Borrmann et al. 2018; Kumar et al. 2019). 

 CityGML IFC 

Standard Subset of ISO 19107 / GML 3.1.1 ISO 16739-1:2018 

Established OGC buildingSMART 

Users Planners, analysts Architects, engineers, managers 

Encoding GML Mainly STEP 

Architecture UML class diagram (Figure 2) EXPRESS (Figure 4) 

Representations Surfaces Volumes  

Geometry B-Rep CSG, Sweep Volumes and B-Rep 

Semantics Detailed, Level of Details (LODs) Detailed, Level of Development (LOD) 

Reference system Geodetic reference system Cartesian coordinate system 

Scale Single building up to entire city 
Single building down to construction 

components 

Applications  

3D city modelling and 

management, 29 use cases 

(Biljecki et al. 2015)  

BIM and AEC/FM  

Appearance  Supported Supported  

Software support Low Medium  

Extensions  CityGML ADE Supported 
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Chapter 3 

3D Cadastre 

3D building models and 3D city models have also been proposed to be used to satisfy 3D 

cadastre needs (Aien et al. 2017). The concepts of cadastre and boundaries, as well as 3D 

cadastral status and models are described in this chapter.  

In principle, this thesis follows the definition of a Cadastre as it is given in the FIG as follows 

(FIG 1995): 

“A Cadastre is normally a parcel based, and up-to-date land information system 

containing a record of interests in land (e.g. rights, restrictions and responsibilities).” 

The Cadastre is usually managed by government agencies as a land information system for 

social and economic development (FIG 1995). For traditional cadastre, a parcel is the basic 

spatial unit defined by a survey of their boundaries in 2D. The FIG defines boundaries by 

physical demarcation on the ground or by a mathematical description based on a coordinate 

system, which reflects the value of the land (FIG 1991).  

Geodesy is used as ground survey methods for cadastral surveying and GIS provides fulfill 

services such as cadastral mapping and management. In cadastral dossiers, geodata is used 

for description of the boundaries of parcel, reference system and index maps.  

 

3.1 3D cadastre  

Traditional 2D cadastre cannot fully handle spatial information and satisfy the needs for 

example for the structures and space usages of complex buildings above and underground. 

Therefore, over the last decade, 3D cadastre has been shown to have a significant relationship 

between different stakeholders such as municipality, land surveyors, architects, contractors, 

owners, and property management companies due to pressure on urban land for dwelling and 

better management infrastructure installations such as tunnels and other sub-surface 

constructions (Andrée et al. 2018; van Oosterom et al. 2018). However, the current 3D property 

formation is still in most countries registered using 2D documentation as a base, and the legal 

property boundaries are presented in a verbal description and also shown on 2D maps and 

drawings, which also apply for rights, restrictions and responsibilities (RRRs) (Shojaei et al. 
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2013; Paulsson and Paasch 2013). This approach has limitations to represent the actual extent 

of complicated 3D property units and also to provide an overview of the 3D cadastre in e.g. 

city centers. 

The merits of 3D GIS techniques and applications have been widely debated and tested in 

cadastral applications. 3D GIS and geospatial data could provide advanced supports to build 

3D cadastral models (de Almeida et al. 2014). Regardless of being 2D or 3D cadastre, parcels 

are spatial units that are defined by boundaries. The difference is that 3D real property should 

be bounded both horizontally and vertically, making it a closed 3D volume.  

In Sweden, the developer/entrepreneur provides 3D CAD drawings that contain and represent 

the 3D real property boundaries in the digital index map and the cadastral dossiers recorded 

in 2D (El–Mekawy, Paasch, and Paulsson 2014). In addition, even if the registration of 3D 

properties has been conducted in Sweden since 2004, the 3D cadastral information such as the 

vertical extension is still registered with a brief description of heights, for example between 

level around “+ 24.71 meter” and “+ 33.87 meter” in the Swedish national height system 

RH2000 stored in the cadastral dossier (Figure 5). Thus, the efficiency for searching and 

managing the Swedish 3D cadastre has not been improved so far. 

 

 

Figure 5. A brief description of heights in the Swedish national height system RH2000. 

 

3.2 Legal model - LADM 

The legal information model is often stored in accordance with the Land Administration 

Domain Model (LADM) which is an international standard for land administration (ISO 2012). 

LADM supports registration of legal information and is currently used to describe 3D property 

as well as to manage cadastral legal information (Góźdź et al. 2014). With the increasing need 

of 3D cadastral information, the LADM has been used widely around the world because it 

supports the increasing use of 3D representations of spatial units without adding any 
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additional burden on the existing 2D representations (Lemmen, van Oosterom, and Bennett 

2015). The LADM is organized into three packages: Party Package, Administrative Package, 

Spatial Unit Package; and one sub package: Surveying and Representation Sub package of 

Spatial Unit Package. There are four basic classes of the core LADM (ISO 2012):  

(1) LA_Party: The main class of the Party Package, associated to LA_RRR. An instance of 

class LA_Party is a party. 

(2) LA_RRR: One main class of the Administrative Package. An abstract class with three 

specialization classes: LA_Right, LA_Restriction, and LA_Responsibility, used for 

modelling various types of rights, restrictions, and responsibilities respectively. 

(3) LA_BAUnit: The other one main class of the Administrative Package. Basic 

administrative unit to register ‘basic property units’ allows a combination of spatial 

units (e.g. an apartment and a parking place from different levels as one unit) 

associated with the same LA_RRR. 

(4) LA_SpatialUnit: The main class of the Spatial Unit Package. LA_Parcel is an alias for 

LA_SpatialUnit. Two refined specializations concern legal spaces but do not necessarily 

coincide with the physical spaces: LA_LegalSpaceBuildingUnit for building units and 

LA_LegalSpaceUtilityNetwork for utility networks. 

Figure 6 shows these four basic classes of the LADM and the associated relationships among 

them. 

 

 

Figure 6. Four basic classes of the core LADM and their associated relationships (ISO 2012). 

   

3.3 Physical models 

To represent and visualize 3D cadastre, legal models should combine with physical models 

such as BIM/IFC (see details in Section 2.2) and CityGML (see details in Section 2.1.2).  

Normally, there are two ways to generate 3D cadastral models, direct or indirect. According 

to 2D index map and footprints, one could directly extract heights of different space units 
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based on the description in cadastral documents. The biggest problem is that it does not 

consider the properties of building elements, for example walls. Which means, the property 

boundaries cannot be identified clearly and represented accurately. Major geometric errors 

and indiscriminate property management will occur in reality. Another indirect approach is 

to link cadastral information as legal model to physical model. For instance, BIM with detailed 

description of building elements could be used to define 3D cadastral boundaries accurately 

and generate 3D cadastral models linking with cadastral information. To visualize 3D cadastre 

on city level and further analysis, CityGML could be utilized and converted from BIM, and 

then integrated with cadastral information.  
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Chapter 4 

Sharing and Integration 3D geodata and BIM data 

  
4.1 Motivation and methods 

GIS is usually for pre-processing like planning and data capturing; and for post-processing 

such like spatial analyzing and monitoring change detection. While BIM has powerful 

capabilities for design, construction and management of the lifecycle phases of buildings. 

Thus, the sharing and integration of BIM data and geodata is mutually beneficial for 

comprehensive 3D city modelling. Even through BIM data and 3D geodata are designed and 

developed independently to serve different purposes in different tools, there are some 

overlaps that they specify semantic data and both domains model buildings and constructions. 

The integration of BIM data and geodata receives growing interest in related applications, 

including urban planning, construction and maintenance, facilitate management, and 3D 

cadastre (Arroyo Ohori et al. 2017; Amirebrahimi et al. 2015; Aien 2015; Andrée et al. 2018; 

Donkers et al. 2016; Song et al. 2017; Ma and Ren 2017; Olsson et al. 2018).  

The integration and conversion of BIM data to 3D geodata has faced numerous challenges (see 

details differences in Section 2.3). Researchers categorize the integration in different ways:  

 Irizarry, Karan et al. (2013) grouped them into a fundamental level and an application 

level;  

 Amirebrahimi et al. (2016) classified relavant studies into application, process, and data 

level;  

 Zhu et al. (2018) reviewed research papers at data level that contains two sublevels: 

geometry aspects that focuses on translation of geometric information and semantic 

aspects emphasizing full attribution information translation;  

 Donkers et al. (2016) developed an automatic conversion method from IFC to CityGML 

LOD3 at geometry level; whereas  

 Stouffs et al. (2018) attempted to obtain a lossless conversion from IFC to CityGML and 

extended the CityGML model with more classes and attributes at semantic level.   

It should be noted that most BIM software support export to IFC, but that there is a loss of 

information to some extend. For example, the ETL tool FME from SAFE Software 

(https://www.safe.com/  has been used in several conversion implementations (Floros, 

Pispidikis, and Dimopoulou 2017; Olsson et al. 2018) and IFCExplorer is an extension to the 

https://www.safe.com/
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open source BIMserver (http://bimserver.org/). By using these, 3D building geodata could be 

derived and implemented from BIM data.  

In this thesis, Paper 1 concentrates on the geometric aspects and only treats the semantic 

aspects superficially. The method focuses and addresses two aspects: 3D geometry and level 

of details in visual comparison; and reference system in quantitative comparison. On the other 

hand, after evaluating BIM as a qualified source, Paper 2 has utilized BIM-GIS approach to 

represent and visualize 3D cadastre on both building level and city level. FME is used to covert 

IFC models to CityGML models for both papers.  

 

4.2 Evaluating the Geometric Aspects of Integrating BIM Data into City 

Models 

In Paper 1, the general aim is to evaluate BIM as a source for updating city models. The 

formalization of BIM integration with 3D geodata must consider quality so that the quality of 

the city model can be controlled. Without control of the geodata quality, research on the 

integration, transformation, and modelling of BIM and GIS will lead to uncertainty that will 

hamper the use of the data, especially from a life cycle perspective. 

 

4.2.1 Methodology  

The evaluation is performed from visual and quantitative comparison. CityGML as the formal 

definition of a city model was used to integrate BIM at three LODs (LOD1.2, LOD1.3, and 

LOD2.3) according to the definitions given in Biljecki et al. (2016) . Three buildings with 

different types of roof structure were used as the case objects:  Lund City Hall, KTH U-huset 

and Kanaans’ café.  To achieve the purpose, the methods evaluated in Paper 1 are based on 

the steps 1-4 in the framework shown in Figure 7:  

 

 

Figure 7. Methods framework in Paper 1. 

http://bimserver.org/
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After generating CityGML models from IFC and ALS/footprint data (steps 1-3), Paper 1 

compares visual results in step 4. Because the BIMs used in this study are non-georeferenced, 

it is impossible to compare absolute coordinates in the quantitative analysis. Therefore, on the 

geometric aspects, only relative coordinates were compared. Another reason is that if the BIM 

data were appropriately georeferenced, a similar result of an absolute comparison would be 

given. The quantitative evaluation was only performed for LOD2.3 as in the steps 4a-4c and 

step 5 as follows: 

(4a) Extract the coordinates for the evaluation points from both ground (Figure 8) and roof 

(Figure 9) in the CityGML models. For the roof points, both planar and horizontal coordinates 

(X,Y,Z) were evaluated. However, for the footprints only planar coordinates (X,Y) were 

evaluated. The reason for not using the height component is that all geodata models 

(irrespective of origin) have a ground height component defined by the terrain intersection 

curve (a detailed digital terrain model) and hence there is no difference in the height values 

here for our CityGML building models. 

 

   

a. Lund City Hall b. KTH U-huset c. Kanaans’ café 

Figure 8. Evaluation points of footprints for quantitative comparison (red dots). 

 

   

d. Lund City Hall e. KTH U-huset f. Kanaans’ café 
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Figure 9. Evaluation points of roofs for quantitative comparison (shown in red dots). The 

scale in the figures varies, in reality the Lund City Hall is the largest building. 

 

(4b) Transform all BIM coordinates of the evaluation points (engineering system) to the 

geodetic system using the established 2D unitary transformation equation (Hofmann-

Wellenhof, Lichtenegger, and Wasle 2008), which has the form: 

[
𝐸

𝑁
] =  [

𝐸0

𝑁0
] +  [

cos 𝛼 − sin 𝛼

sin 𝛼 cos 𝛼
] [

𝑥

𝑦
] , 

where 

α is the rotation angle between the y-axis and the geodetic North, 

x, y are the coordinates in the engineering system, 

E, N are the (map projection) coordinates in the geodetic system. 

(4c) Calculate the difference between the planar coordinate values (ΔN, ΔE) between the 

models: 

 , 

and the standard deviation (σ) of the transformation was calculated using 

 , 

where  

n is the number of evaluation points, 

tp is the number of transformation parameters (tp = 3 for a unitary transformation). 

(5) Compute the relative height difference (ΔH) for the roof evaluation points as follows: 

 . 

Steps 4b and 4c were computed by the geodetic transformation program Gtrans (see details in 

the following link: https://www.lantmateriet.se/sv/Kartor-och-geografisk-information/gps-

geodesi-och-swepos/Om-geodesi/Transformationer/gtrans/?qry=Gtrans). The computations 

of step 5 were made in Microsoft Excel. 

 

     
Laser scanning model BIM model
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Laser scanning model BIM model
H H H H H          

https://www.lantmateriet.se/sv/Kartor-och-geografisk-information/gps-geodesi-och-swepos/Om-geodesi/Transformationer/gtrans/?qry=Gtrans
https://www.lantmateriet.se/sv/Kartor-och-geografisk-information/gps-geodesi-och-swepos/Om-geodesi/Transformationer/gtrans/?qry=Gtrans
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4.2.2 Results 

To implement the methodology and estimate models visually and quantitatively, three 

datasets for each building were used in the study: BIM, ALS, and footprint data. Based on the 

modelling guidelines we developed, these three datasets used to test and create building 

models in different LODs. Some differences in the results have been shown, and these are 

mostly due to different interpretation of the modelling guidelines. 

 

Visual comparison 

All LODs models generated from BIM and from ALS/footprint data were visually similar, 

results illustrated in Figure 10. However, because the ground level of the BIM data is 

unknown, it is difficult to derive the correct heights of the buildings. Moreover, different roof 

structures and the uncertainty of ALS data lead to the main differences. For example, the areas 

below roof overhangs were hidden partly in ALS data, which caused different heights for the 

same building parts. At LOD2.3 level, all models created from BIM data presented higher 

quality, especially for Kanaan’s Garden Café with intersecting gable roof structure. 

 

  Lund City Hall KTH U-huset Kanaan’s Café 

LOD1.2 

Models 

from BIM 

   

Models 

from ALS 

   

LOD1.3 
Models 

from BIM 
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Models 

from ALS 

   

LOD2.3 

Models 

from BIM 

   

Models 

from ALS 

   

Figure 10. Geometry of the CityGML building models generated from BIM data and 

ALS/footprint data. 

 

Quantitative comparison 

Due to different interpretations of the modelling guidelines, the valuation points 8 and 9 in 

Kanaan’s Garden Café were not used because that building part is not modelled in the building 

model derived from the BIM data. The results of the planar unitary transformation were 

provided in Table 2, including the standard errors and maximum errors of each evaluation 

point. The relative differences between the building LOD2.3 models derived from 

ALS/footprint data and BIM data differed with a couple of decimeters.  

 

Table 2. Results of the 2D unitary transformation between the building models. The figures 

in brackets refer to the point numbers in Figure 8 and 9. 

Building 

σ (m) 

all 

points 

Max 

ΔE (m) 

all points 

Max 

ΔN (m) 

all 

points 

σ (m) 

ground 

points 

Max 

ΔE (m) 

ground 

points 

Max 

ΔN (m) 

ground 

points 

σ (m) 

roof 

points 

Max 

ΔE (m) 

roof 

points 

Max 

ΔN (m) 

roof 

points 

Lund City 

Hall 
0.48 

1.05 

(106) 

0.98 

(105) 
0.32 

0.67 

(1) 

-0.49 

(8) 
0.52 

1.10 

(101) 

0.82 

(105) 
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KTH 

Educational 

Building 

0.35 
0.81 

(105) 

0.75 

(101) 
0.05 

-0.05 

(1) 

-0.05 

(2) 
0.36 

0.72 

(105) 

0.59 

(102) 

Kanaan’s 

Café 
0.36 

0.84 

(11) 

0.66 

(108) 
0.25 

0.45 

(11) 

0.39 

(5) 
0.28 

0.44 

(101) 

0.69 

(108) 

 

Table 3. Results of the height comparison between the building models. The figures in 

brackets refer to the point numbers in Figure 9. 

Building 
σ (m) 

roof points 

Max ΔH (m) 

roof points 

Lund City Hall 0.29 
0.55 

(101) 

KTH Educational 

Building 
0.10 

-0.16 

(107) 

Kanaan’s Café 0.10 
0.25 

(108) 

 

For Kanaan’s Garden Café, because of the poor alignment of its footprint and ALS data, the 

standard deviation of all points is larger than those of the ground points or roof points. The 

main factor is that only footprint/ALS data was used to create models and the roof structure 

of Kanaan’s Garden Café is complex with four entrances and large roof overhangs. On the 

other hand, the uncertainty of ALS data for roof points caused bigger relative differences than 

the ground points (footprints measured by total stations).  

 

4.3 Integrated BIM-GIS approach for 3D cadastral boundaries 

In Paper 2, we integrate BIM and 3D geodata with cadastral dossiers to represent and visualize 

3D cadastral boundaries legally and technically. Due to pressure on urban land for dwelling 

and better management of property, how to accurately represent and visualize cadastral 

boundaries for property units in 3D is the top focus. Moreover, the aim of this study is to 

establish technical and partly legal solutions for the AEC companies, the cadastral units, and 

city-surveying units to share information for handling cadastral information, and especially 

3D cadastral information. To facilitate this we design, implement and evaluate a method to 

link legal cadastral information in LADM to 3D models of physical spaces (IFC and CityGML 

models). This linkage and the integrated models LADM-IFC and LADM-CityGML enable to 

support visualization and analysis of the cadastral information both on conceptual level and 

database level. 
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4.3.1 Methodology  

The cadastral units, AEC companies and city-surveying units own and develop their own 

datasets independently. However, to generate a legal and complete 3D cadastral model, these 

datasets should be possible to share and integrate for visualization and analyses, as well as for 

management. Paper 2 formulates the requirements from legal and technical perspectives from 

3D cadastral perspectives that are broken down into six topics: 

a. Organizational perspective 

b. Legal perspectives 

c. Coordinate reference system and height system 

d. Data standards 

e. Geometry 

f. Users and user requirements 

Paper 2 proposes a general framework for integrating cadastral information to BIM and GIS 

in practice that supports the requirements (see Figure 11).  

 

Figure 11. The general framework for integrating cadastre to BIM and 3D city models. 
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We adopt the LADM standard for cadastral information, and the IFC and CityGML standards 

for physical models; they are all open standards as requested. To implement the proposed 

framework in Figure 11, a real case study Multihuset (Malmö, Sweden) has been exemplified 

following the steps: 

1) Creating a LADM file containing the legal attribute information: Store cadastral 

legal information in LADM model and create a LADM database; 

2) Specifying 3D Property Boundaries in IFC: Link legal information in LADM with 

BIM/IFC to specify 3D property boundaries; 

3) Connecting and visualizing IFC and LADM at building level: Create an IFC-LADM 

UML model at conceptual level and visualize the IFC-LADM model at building 

level; 

4) Converting IFC to CityGML data: Convert the edited IFC model in step 2 to 

CityGML model; 

5) Connecting and visualizing CityGML and LADM at city level: Create a CityGML-

LADM UML at conceptual level and visualize the CityGML-LADM model at city 

level. 

 

4.3.2 Results 

A newly built multistore building in Malmö, Sweden, called Multihuset is used as a case study 

of the general framework. Multihuset is built for multiple purposes (offices, parking, nursery 

school, commercial areas and apartments); in this case study, we only study the 3D property 

units on story. In Multihuset, there are two property units Bryggan 1 and Bryggan 2 divided by 

the property boundaries through the building.  Figure 12 shows the index map of Multihuset 

(left) and its IFC model with the specified property boundaries (right). 
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Figure 12. The index map of Multihuset, Malmö, Sweden (Source: Malmö stad, left) and its 

IFC model with specified property boundaries (IFC model source: NCC Company, right). 

 

LADM UML model and LADM database 

In a future scenario, the cadastre unit will store the legal attribute information in a LADM 

model directly in the property formation process. However, in this case study we extract 

information from a standard cadastral dossier to fill information into the LADM model. 

According to the construction map and cadastral legal information, a LADM UML is created 

using EA software, see Figure 13. there are six elements defined in the XSD file, which 

correspond to the six classes in the UML diagram of LADM. After that, the element 

LA_LegalSpaceBuildingUnit is extracted from the corresponding class in the LADM UML. Its 

attributes area, “buID”, type, and volume are defined in a "sequence" group, as shown in Figure 

14.  

 

Figure 13. Basic LADM UML for the case study. 
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Figure 14. Definition of LA_LegalSpaceBuildingUnit within the XSD file. 

 

Considering that the relationship among classes cannot be mapped on the XSD file, “suID” as 

an extra attribute “foreign key” is added manually to connect LA_LegalSpaceBuildingUnit with 

LA_SpatialUnit, as shown in Figure 15. Since the geometry in LADM is not involved in this 

study, classes LA_BoundaryFace and LA_BoundaryFaceString are not generated in the XML file. 

In order to combine the cadastral information with 3D models effectively, all feature types are 

merged into one feature type, namely LADM_DB. Figure 16 shows a LADM database that 

merges all cadastral information into one table. 

 

 
Figure 15. Referenced XML document defined LA_LegalSpaceBuildingUnit in LADM. 

 

 
Figure 16. Cadastral information stored in LADM database in FME. 
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Specify 3D property boundaries in IFC 

In this study, the property boundaries include both outside property lines surrounding the 

building and inside property lines dividing the building into two property units. Each 

property unit should contain the 3D volumes both physical construction parts and associated 

legal spaces in the air and underground. Figure 17 illustrates IFC spaces model of Plan 15 

defining 3D property boundaries both inside and outside the building. The green areas are for 

Bryggan 1 and the grey areas are for Bryggan 2 including red areas (representing ○S  for the 

use of easements) and yellow areas (easements for evacuation route). Note that heights are not 

unique for the same plan or even the same space unit due to construction. Both IfcSpace and 

IfcZone are exported from Revit in order to connect LADM and visualize the integrated 

cadastral model at building level. 

 

  
a. Construction map of Plan 15. b. IFC spaces model defining property 

boundaries. 

Figure 17. Specify 3D property boundaries of Plan 15 in IFC. 

 

There is no geometric information stored in the digital cadastral database, thus only attributes 

are used to connect IFC and LADM. In FME, the IFC model and LADM can be integrated by 

IfcSpace entity, shown in Figure 18. 
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Figure 18. The integrated IFC-LADM model with the table of attributes. 

 

Visualize CityGML-LADM model 

To simulate a situation where an existing 3D city model is updated with a newly constructed 

building and integrated with cadastral data, the city model first has to be imported into FME 

and converted from Trimble SketchUp format to CityGML 3.0 geometries (GML 3.2.1). To 

update the 3D city model with the building Multihuset, the IFC model is first converted to a 

LOD2 CityGML 3.0 building model. This conversion is done by extracting the three main 

external roof surfaces (IfcSlab elements) of the building and creating wall surfaces from these 

roof surfaces down to ground level.  

Figure 19 illustrates the integration of CityGML 3.0 and LADM at conceptual level by using 

UML class diagram. The super class AbstractBuilding in CityGML 3.0 is associated with the 

superclass LA_BAUnit in LADM. According to the definition of BuildingUnit and Storey in 

CityGML 3.0, both of them are associated with LA_LegalSpaceBuildingUnit (from LADM) from 

the theoretical aspect. Considering that there was only one storey involved in this study, 

LA_LegalSpaceBuildingUnit was associated with BuildingUnit. 
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Figure 19. CityGML-LADM UML. 

class CityGML- LADM

AbstractFeatureWithLifespan

«FeatureType»

Core::AbstractCityObject

«Property»

+ relativeToTerrain: RelativeToTerrain [0..1]

+ relativeToWater: RelativeToWater [0..1]

«FeatureType»

Core::AbstractSpace

«Property»

+ occupancyDaytime: Integer [0..1]

+ occupancyNighttime: Integer [0..1]

+ spaceType: SpaceType [0..1]

«FeatureType»

Core::AbstractSpaceBoundary

«FeatureType»

Core::

AbstractPhysicalSpace

«FeatureType»

Core::

AbstractLogicalSpace

«FeatureType»

Core::

AbstractThematicSurface

«FeatureType»

Core::AbstractVoidSurface

«FeatureType»

Core::

AbstractOccupiedSpace

«FeatureType»

Core::

AbstractUnoccupiedSpace

«FeatureType»

Core::AbstractVoid

«FeatureType»

Construction::

AbstractConstructionSurface

«FeatureType»

Construction::

ConstructionSpace

«FeatureType»

Construction::

WallSurface

«FeatureType»

Construction::

GroundSurface

«FeatureType»

Construction::

FloorSurface

«FeatureType»

Construction::

RoofSurface

«FeatureType»

Construction::

InteriorWallSurface

«FeatureType»

Construction::

CeilingSurface

«FeatureType»

Construction::

OuterCeilingSurface

«FeatureType»

Construction::

OuterFloorSurface

«FeatureType»

Construction::

AbstractConstructiveElement

«FeatureType»

Core::Address

AbstractConstruction

«FeatureType»

Building::AbstractBuilding

«Property»

+ class: Code [0..1]

+ function: Code [0..*]

+ roofType: Code [0..1]

+ storeyHeightsAboveGround: MeasureOrNilReasonList [0..1]

+ storeyHeightsBelowGround: MeasureOrNilReasonList [0..1]

+ storeysAboveGround: Integer [0..1]

+ storeysBelowGround: Integer [0..1]

+ usage: Code [0..*]

«FeatureType»

Building::Room

«Property»

+ class: Code [0..1]

+ function: Code [0..*]

+ roomHeight: RoomHeight [0..*]

+ usage: Code [0..*]

«FeatureType»

Building::BuildingPart

AbstractTopLevelCityObject

«FeatureType»

Building::Building

«FeatureType»

Building::AbstractBuildingSubdivision

«Property»

+ class: Code [0..1]

+ elevation: Elevation [0..*]

+ function: Code [0..*]

+ sortKey: Real [0..1]

+ usage: Code [0..*]

«FeatureType»

Building::Storey

«FeatureType»

Building::BuildingUnit

«FeatureType»

Building::

BuildingConstructiveElement

«Property»

+ class: Code [0..1]

+ function: Code [0..*]

+ usage: Code [0..*]

«FeatureType»

LADM::LA_BAUnit

+ name = Multihuset

+ uID = 166297

«FeatureType»

LADM::Multihuset: LA_SpatialUnit

+ area = 3571 m2

+ dimension = 3D

+ label = 16629701

+ name = Bryggan 1

+ suID = 29701

«FeatureType»

LADM::Bryggan 1: LA_LegalSpaceBuildingUnit

+ area = 612.987 m2

+ buID = 297011501

+ type = individual

+ volume = 2367.365 m3

«FeatureType»

LADM::LA_Right

+ share = 1/2

+ type = ownership

«FeatureType»

LADM::LA_Party

+ pID = M166297

+ type = naturalPerson

«FeatureType»

LADM::Multihuset: LA_SpatialUnit

+ area = 20092 m2

+ dimension = 3D

+ label = 16629702

+ name = Bryggan 2

+ suID = 29702

«FeatureType»

LADM::Bryggan 2: LA_LegalSpaceBuildingUnit

+ area = 3152.604 m2

+ buID = 297021501

+ type = individual

+ volume = 16610.253 m3

*

+buildingSubdivisionConstructiveElement

«Property»

*

+opening

«Property» *

*
+room

«Property»
*

+bounds

«Property»

*

{subsets bounds}

+boundary

«Property»

*
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boundary}

+opening

«Property»

*

1
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«Property»

*

*

+interiorRoom

«Property»

*
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«Property»
1..*

+bounds

«Property»
*

+boundary

«Property» *
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«Property»*
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«Property»
*

+boundary

«Property»

*

+bounds

«Property»

*
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bounds}

+boundary

«Property»

*
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boundary}
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+address

«Property»

*

*

+address

«Property»*

*

+buildingPart

«Property» *

*

+buildingConstructiveElement

«Property»

*
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To represent a single logical space in the CityGML 3.0 file the class BuildingUnit is used and in 

addition to attributes, geometries are defined in BuildingUnit. As shown in figure 20, cadastral 

information can be visualized in 3D city models when the corresponding building part is 

selected. In terms of BuildingUnit, the attribute class (from CityGML) and the attribute name 

(from LADM) are taken as keys for the integration.  

 

 

Figure 20. Integration of CityGML3.0 and LADM DB with neighboring buildings. 
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Chapter 5 

Conclusions and outlook 

The integration of 3D geodata and BIM data is attracting growing attention from research and 

in practice because it can fulfil the demands of urban planning and management applications, 

such as 3D city models and 3D cadastre. The formalization of BIM integration with 3D geodata, 

requires that the quality of BIM data must be considered and evaluated. Otherwise, 

uncertainties on data quality will hamper the use of the data, especially from a life cycle 

perspective.  

In Paper 1, a methodology is proposed to formalize the geometric aspects of the integration of 

BIM data into city models. To achieve the purpose, modelling guidelines are developed first, 

and then they are tested on three individual buildings to create CityGML building models in 

different LODs. The results are compared visually and quantitatively, which demonstrates 

that the proposed methods could achieve accurate modelling in mostly the same just with 

relative differences approximately decimeters. Compared to ALS/footprint data, BIM data 

provides more specific information and detailed classifications that facilitate the identification 

of building parts when following the modelling guidelines. Hence, we conclude that there is 

a large potential of using BIM data for updating city models operationally. The main 

contribution of this paper is that it demonstrates that routines could be tailored for extracting 

CityGML data from BIM and ALS/footprint data using the same modelling guidelines, even 

though there are still some differences due to different interpretations. Some limitations are 

data sources, conversion tools, limited number of models and that the modelling guidelines 

remain incomplete.  

To define and visualize the 3D property units, Paper 2 proposes and develops a framework 

with requirements to integrate cadastral information with BIM at building level and with 

CityGML at city level for macro analysis. The proposed method is evaluated by implementing 

a case study Multihuset, Sweden. Both the IFC model and the CityGML model are integrated 

with LADM on a conceptual level using UML class diagram and on the database level. The 

IFC-LADM cadastral model and the CityGML-LADM cadastral model are presented with a 

real-world example. The main contributions of this study are the formulation of the 

requirements from legal and technical perspectives and the general framework for generating 

BIM and GIS based 3D cadastral models in practice to support these requirements. The 

cadastral surveying units, AEC companies and city surveying units should work together in 

this, sharing information in the property formation and management process in a transition 
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from the existing paper or PDF-format based system to a general framework for the integration 

of cadastral information with BIM and GIS in the future. There are some limitations in the 

research. The cadastral dossiers introduce the heights in a rough way, not detailed. Some plans 

have no introduction of property boundaries. Note that there is one building corner that is 

beyond the property boundaries after construction, meaning that real measured and recorded 

areas and volumes are larger than those calculated in the model. However, in the design phase 

and building permit phase, the whole building is inside the property boundaries. It is essential 

to amend cadastral survey procedures and update data recording. In the practical project, who 

should take responsibilities to generate 3D cadastral models is disputed.  

According to previous studies, the present research optimizes methods and processes for data 

accuracy. To be more realistic, further research will focus on the methods of sharing and 

integrating cadastral information in the whole lifecycle phases in practice. Another area of 

interest for future research is cooperation among different stakeholders in project 

management.  
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