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Abstract 
As the usage of both BIM (Building Information Modelling) and 3D-GIS (Three-Dimensional Geographic 

Information Systems) has increased within the field of urban development and construction, so has 

the interest in connecting these two tools.  One possibility of integration is the potential of visualising 

BIM models together with other spatial data in 3D. Another is to be able to perform spatial 3D analyses 

on the models. Both of these can be achieved through use of GIS software. 

This study explores how integration of BIM and GIS could look. The goal was to perform typical GIS 

analyses in 3D on BIM models. Previous research points towards some success within the field through 

use of the indicated standard format for each tool – IFC (Industry Foundation Classes) for BIM and 

CityGML (City Geographic Markup Language) for GIS. Transformation between the formats took place 

through use of the BIM software Revit, the transformation tool FME and the GIS software ArcGIS. A 

couple of reviewed applications of GIS analyses were chosen for testing on the converted models – 

indoor network analysis, visibility analysis and spatial analysis for 3D buildings. 

The input data in the study was several BIM models, both models created for real-life usage and others 

that only function as sample data within the different software. From the results of the practical work 

it can be concluded that a simple, automated and full-scale integration does not seem to be within 

reach quite yet. Most transformations between IFC and CityGML failed to some extent, especially the 

more detailed and complex ones. In some test cases, the file could not be imported into ArcGIS and in 

others geometries were missing or existing even though they should not. There were also examples 

where geometries had been moved during the process. As a consequence of these problems, most 

analyses failed or did not give meaningful results. A few of the original analyses did give positive results. 

Combining (flawed) CityGML models with other spatial data for visualisation purposes worked rather 

well. Both the shadow volume and sightline analyses did also get reasonable results which indicates 

that there might be a future for those applications. 

The obstacles for a full-scale integration identified during the work were divided into four different 

categories. The first is BIM usage and routines where created models need to be of high quality if the 

final results are to be correct. The second are problems concerning the level of detail, especially the 

lack of common definitions for the amount of details and information. The third category concerns the 

connection between local and global coordinate systems where a solution in form of updates to IFC 

might already be in place. The fourth, and largest, category contains those surrounding the different 

formats and software used. Here, focus should lie on the transformation between IFC and CityGML. 

There are plenty of possible, future, work concerning these different problems. There is also potential 

in developing own tools for integration or performing different analyses than those chosen for this 

thesis. 

Keywords: BIM, GIS, 3D modelling, Coordinated visualisation, 3D analyses, IFC, CityGML  



 
 

Sammanfattning 
I takt med den ökade användningen av både BIM och 3D-GIS inom samhällsbyggnadsprocessen har 

även intresset för att sammanföra de två verktygen blivit större. En möjlighet med integration är 

potentialen att visualisera BIM-modeller tillsammans med andra geografiska data i 3D. En annan är att 

kunna genomföra rumsliga 3D-analyser på modellerna. Båda dessa går att utföra med hjälp av GIS-

programvara.  

Denna studie utforskar hur en integration mellan BIM och GIS kan se ut. Målet är att genomföra typiska 

GIS-analyser i 3D på BIM-modeller. Tidigare forskning pekar mot vissa framgångar inom området 

genom att arbeta med det utpekade standardformatet för respektive verktyg – IFC för BIM och 

CityGML för GIS. Transformation mellan formaten skedde med hjälp av programvarorna Revit, FME 

och ArcGIS. Ett par framhållna tillämpningar av GIS-analyser valdes ut för tester på de konverterade 

modellerna – nätverksanalyser inomhus, siktanalyser och rumsliga analyser för 3D-byggnader. 

Som indata användes flera olika BIM-modeller, både sådana som tillverkats för faktisk användning och 

modeller som skapats för att användas som exempeldata inom programvarorna. Utifrån resultaten 

från det praktiska arbetet kan konstateras att en enkel, automatiserad och fullskalig integration mellan 

verktygen verkar ligga en bit in i framtiden. De flesta transformationerna mellan IFC och CityGML 

misslyckades i någon aspekt, speciellt de mer detaljerade och komplexa. I vissa testfall kunde filen inte 

importeras i ArcGIS, i andra saknas eller existerar oväntade geometrier även om importen lyckats. Det 

finns också exempel där geometrier förflyttats. Som en konsekvens av dessa problem kunde de flesta 

3D-analyser inte genomföras alls eller lyckades inte ge betydelsefulla resultat. Ett fåtal av de 

ursprungliga analyserna gav dock positiv utdelning. Att kombinera (felaktiga) CityGML-modeller med 

annan rumslig data fungerade förhållandevis väl ur ett visualiseringssyfte. Både skuggvolymsanalysen 

och framtagandet av siktlinjer från byggnaderna gav någorlunda korrekta resultat vilket indikerar att 

det kan finnas en framtid gällande de tillämpningarna. 

Hindren för en fullskalig integration som identifierades genom arbetet delades upp i fyra olika 

kategorier. Den första är BIM-användning där hög kvalitet på de skapade modellerna är viktigt för 

korrekta slutresultat. Den andra är detaljeringsgraden där avsaknaden av gemensamma definitioner 

för detaljeringsgraderna ställer till problem. Den tredje kategorin är koordinat- och referenssystem där 

en lösning på kopplingen mellan lokala och globala system redan kan finnas på plats i en av de senare 

utgåvorna av IFC-formatet. Den sista och största kategorin är problematiken kring just format och 

programvaror där mer arbete på översättningen mellan IFC och CityGML kommer att krävas. 

I framtiden finns det gott om arbete att göra med dessa olika problem. Det finns också potential att 

utveckla egna verktyg för integrationen eller att ägna sig åt att göra andra analyser än de som valdes 

ut i den här studien. 

Nyckelord: BIM, GIS, 3D-modeller, Samredovisning, 3D-analyser, IFC, CityGML  
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1. Introduction 
This degree project was conducted at Agima Management AB, an advisory consultant firm with focus 

on activity development within the fields of urban management, spatial data and IT. Agima works for 

and together with several municipalities in the Stockholm area and are especially experienced when it 

comes to organisation of digital processes and workflows. This thesis made use of the company’s 

network within these municipalities to gain information on how BIM- and GIS-integration is handled in 

practice, but also of their knowledge on organization and structure within the general field of spatial 

data.  

1.1. Background 
Building Information Modelling or Building Information Management (BIM) is the name of a process 

where digital, object-oriented representations of buildings (most often in 3D) are created and used. 

The term, with its abbreviation, was coined in the early 2000’s and has since then been popularized. 

BIM is seen as a further development of the classic construction plan as it is a tool used for describing 

something that does not exist and how it should be constructed. It can be, and is, used throughout the 

entire life-cycle of a new building as its functionality spans both the planning and design phase, the 

construction phase as well as the later management and operational phases. A clear example of the 

increase in BIM-usage in later years is the decision from January 2013 that Trafikverket, the Swedish 

Transport Administration, from 2015 will use BIM in all of its investment projects (Trafikverket, 2015).  

Geographic Information Systems (GIS) is another tool for information visualization and management, 

mainly through different types of maps – the medium that it has its origin in. Traditionally, GIS has 

worked with only the two planar dimensions and used height as an (optional) attribute for objects 

used. During recent years, as visualization techniques and software have improved, use of 3D-GIS has 

increased and is now common. While BIM is in a general sense more active, there is a specific interest 

in the building/buildings that is/are being modelled, GIS is more passive. Here, the spatial data is 

normally used to capture something that already exists or something that others are in charge of. BIM 

also, in a sense, has more of a micro perspective while GIS looks at buildings in more of a macro one. 

Rather than looking at a single building in a detailed view, GIS would normally show an overview of the 

building within its closest surroundings. GIS is also normally only used during the planning phase of a 

construction project rather than during a building’s entire life-cycle (Lithén and Persson, 2016). A 

summary of these differences can be seen in Table 1. 

As both BIM and GIS handle geographical/spatial data and both of them are used within the fields of 

urban development and construction, albeit mainly in different ways, finding ways of integrating the 

two is interesting. While the idea of integrating the two systems is not new, it was discussed during 

the early 2000’s, it has gotten more traction during the last years – mainly as GIS software now handles 

three-dimensional data better. Allowing for a fusion between the two leads to new opportunities, both 

in form of visualization of the 3D models from BIM together with spatial data as well as the possible 

analyses from the field of GIS that can be applicable to BIM models. Several suggestions on how such 

an integration should be handled have been made. Both extensions to already existing platforms and 

entirely new software and architectures have been developed and discussed. Today, while the possible 

integration of BIM and GIS is a highly-debated topic within, as well as between, their respective 

communities - there is, still, rather little formalized research on this topic. 
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Table 1: Summary of the differences between GIS and BIM 

 GIS BIM 

Origin 
The map – aims at describing an 
already existing (part of) reality 

Construction plans/Drawings - 
describes something still non-existent 

Perspective 

Macroscale – overview of a building 
in its surroundings. Normally 

focused on outdoor environment. 
More passive, no connection 
between user and projects 

documented. 

Microscale – a detailed outline of 
a/several building(s). Normally 

focused on an indoor environment. 
More active, used by project 

stakeholders. 

Applications 
Mainly urban management and city 

planning but also other fields such as 
logistics and marketing. 

Planning, construction and manage-
ment of buildings/infrastructure. 

3D capabilities 
Still somewhat limited, most 3D is 

derived from 2D data/analyses. 2,5D 
data is still common. 

Full, projection and modelling takes 
place directly in 3D 

Level of Detail 
Low, generalized surfaces/volumes 
are mostly used. Covers larger areas 
in smaller scales. 

High, models are very detailed. Covers 
smaller areas in larger scales. 

Reference 
System 

Uses global coordinate systems/map 
projections = assumes the Earth is 
elleptic (at the price of higher com-
plexity) 

Uses local coordinate systems = 
assumes the Earth is flat 

Examples of File 
Formats 

CityGML, vector, raster IFC, dwg, excel 

Examples of 
Software 

ArcGIS, QGIS, MapInfo Revit, AutoCAD, NavisWorks 

Even though there are similarities between the two, there are also differences that have to be taken 

care of if large-scale integration is to be possible. One such example is the use of coordinate/reference 

systems where GIS normally uses a global, or at least regional, system. This is to be contrasted with 

BIM where the elements in the model are positioned using a local system only in place for the project 

in question. Another is what formats that should be used and how the different information and levels 

of detail should be handled and/or converted between the two. The focus of this thesis will be upon 

the possible gains and advantages of being able to incorporate BIM-data in GIS-analyses, applications 

of this and what problems that need to be solved to be able to perform them. 

1.2. Objective 
The objective of this thesis is to answer the following four questions: 

1) What is the current situation concerning integration of BIM- and GIS-data? 

2) What are the possible applications for performing analyses normally used within the field of GIS on 

BIM-models? 

3) How can these analyses be performed and the results be visualized? 

4) What, if anything, hinders full-scale integration of BIM and GIS and what are possible solutions to 

those problems? 
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Questions 1) and 2) were mainly addressed in the Literature Study. Question 3) represents the 

practical work of the thesis. One, of many possible, answer to this (with justification for the method 

choices) can be found in the Methodology. The last question is tackled in the both the Literature 

Study (already known issues), the Results (problems that we encountered during our work) and the 

Discussion (possible solutions for these problems). 

1.3. Study Area and Scope 
BIM and GIS can be used within other trades than urban planning and management. However, because 

of the writers' education only applications within this field are looked at. While it would be optimal to 

look at both importing GIS-data into a BIM-environment and the opposite, the former is not included 

within this thesis which only focuses on translation from BIM to GIS. This thesis does not aim at 

producing any new tools or software for solving the problems with BIM- and GIS-integration. The goal 

is instead to answer the questions listed in 1.2 using widely available software, either free or licensed. 

The solution and software does not have to be portable in any way, a desktop solution requiring a 

laptop or similar is adequate within this framework. 

Geographically, the thesis is restricted to the Stockholm area. This is because of practical reasons such 

as needing the check the quality of the data or meeting with the provider of the data. Being Swedish 

citizens, the authors also focus on a Swedish setting. Other than that, there are no reasons as to why 

the results should not be useful for other geographic locations. 

1.4. Data 

1.4.1. BIM Models 

Three different BIM-models in .rvt (Autodesk Revit's project format) were used in the thesis work. The 

model's come from Stockholm's municipality (Stockholms Stad) real estate office (Fastighetskontoret). 

They are responsible for administration, management and development of the municipality's buildings 

and real estate assets. The first model depicts a café called Kanaans Garden Café (Kanaans 

Trädgårdscafé), Figure 1. It is located at Kanaanbadet, a bathing place located in Hässelby-Vällingby 

west of Stockholm. The second is a model of Sturehov castle (Sturehovs slott), Figure 2, which is 

situated in Botkyrka municipality, south-west of Stockholm. The last file contains a model of Stockholm 

City Museum (Stockholms Stadsmuseum), Figure 3,  located at Slussen in central Stockholm. All of the 

data used to create the models was collected using laser scanning and the resulting models can be 

seen next to the real-life buildings below.  

 

Figure 1: Image (left) and Revit model (right) of Kanaans Café 
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Figure 2: Image (left) and Revit model (right) of Sturehovs Slott 

 

Figure 3: Image (left) and Revit model (right) of Stockholms Stadsmuseum. 

A Revit model of Telefonplan Metro Station, Figure 4, created by ELU, was also used to compare the 

building models with a model over a facility. The object was not scanned compared to the other model, 

but is instead created from drawings.  

 

Figure 4: Revit model of Telefonplan Metro Station. 
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Apart from these four "real-life" BIM-models, two other sample datasets were used to test the 

methodologies and transformations between formats. The first is a .rvt-file from Revit's own webpage 

and depicts a school in Manchester, New Hampshire. It can be seen in Figure 6. The second file is a 

model of the Riverside office building in Washington D.C and was collected from Vectorworks. It can 

be seen in Figure 5. 

 

Figure 5: Illustration of the Riverside Office Building in Washington DC. 

 

Figure 6: Revit model of school in Manchester, New Hampshire 

1.4.2. GIS-data 

The GIS data, that was used in this thesis, was collected from Lantmäteriet Get Extraction Tool, and 

Stockholm’s city open geodata portal. From Lantmäteriet were laser point cloud data and orto photos 

used in order to produce ground surface models, and roads for the possibility of performing network 

analysis. Roads were also available through the geodata portal from the National road database, 

together with 3D building blocks in Stockholm City.  

1.5. Software 

1.5.1 Revit 

The main software of the thesis were Revit, FME (formerly known as Feature Manipulation Engine) 

and ArcGIS. Revit is a software created by AutoDesk. It is specifically built to handle BIM and contains 

tools for both architectural-, structural- and system design directly in 3D (Autodesk, 2017).  
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1.5.1. FME  

FME is produced by Safe Software and is mainly used a conversion tool between more than 350 data 

formats and applications. It is specialized on spatial data, including both BIM and GIS. As an example 

of this, it contains more than 5000 different coordinate systems. It can also be used to automate 

manual workflows and includes both desktop, server and cloud solutions (Safe, 2017).  

1.5.2. ArcGIS 

ArcGIS is developed by Esri and is a suite of programs specialized in spatial data, especially GIS. It can 

be used to create and design maps (both in 2D and 3D) but also to perform analyses. The thesis 

especially made use of two programs, ArcMap and ArcScene where the first concentrates on 2D data 

and the second on 3D data. The latest software from ArcGIS Pro handles both 2D and 3D data for easier 

analysis, visualisation and sharing capabilities (Esri, 2017).  

1.5.3. Solibri  

Solibri is another producer of software that is commonly used in the construction industry and allows 

handling of 3D data and especially for CAD-BIM coordination. Solbri offers good capabilities for paning, 

zooming, and moving around in IFC models for better understanding of the building components. 

Solibri Model viewer is a free software available for visualisation and review of 3D data. Solibri Model 

Checker is more advanced and can be used for analysis, and collision control of the model to assure 

validity (Solibri, 2017).  

For a justification on the software choices – see 3.1. Choice of Formats, Software and Analyses.  
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2.  Literature Study 

2.1. BIM – GIS Integration  
The interest of integrating BIM and GIS has grown simultaneously with increased urbanization, 

infrastructure renovation and habitat management. Also, since the development of 3D capability in 

GIS, the request of integrating it with BIM has become larger (Andrews, 2016). To be able to integrate 

BIM and GIS in a well-working system, there are multiple questions that need to be answered and 

issues that need be tackled. The vision of creating an integrated BIM and GIS system is to have the 

ability to share, apply and maintain information about facilities and infrastructure with the purpose of 

improving the quality and economy of design, construction, operation and maintenance. BIM and GIS 

can together generate a more detailed and holistic picture of the project. They can also increase the 

capability of asset management with the use of building information models and geographical data. 

The vision is to create a seamless system that allows BIM applications and geospatial information to 

interact during the entire lifecycle process and to find proper ways of communicating information 

campus-wide, something that is required for facility management and other operations. It is also a task 

of how to use 3D CAD and geospatial services for planning or design activities (Przybyla, 2010 and Fosu 

et.al., 2015).   

Some issues that have already been addressed is firstly what standardisations of data formats that 

standard tool sets should use to perform several functions. Are there standardized data formats or 

service interfaces that already exists today or that must be developed for proper functionality of the 

integration process? Another issue is the question of how the data exchange could be performed and 

what message formats should be used. A further question would be if web service could possibly play 

an important role for integration (Przybyla, 2010). Besides this, other technical problems remain - such 

as how to find an optimal solution for high end visualisation of integrated 3D BIM and GIS content. 

There is also still a problem of implementing a bidirectional flow between edits, interoperation 

between standards and open specifications. The integrated 3D BIM and GIS content needs to be 

handled easier with better tools for a more consumer-friendly experience when it needs to be 

communicated to a wider audience (Andrews, 2016). There are though greater presentation 

possibilities for citizen participation with an integrated 3D model for better planning of cities, 

communication and development. A 3D model let users navigate freely in a city from a bird’s eye view 

in all kinds of angles and compare with different scenarios, in web applications and through virtual or 

augmented reality applications (Gnädinger et.al., 2016). 

2.2. Advantages of BIM and GIS 
The advantage of using a Geographical Information System is the capability of assembling, storing, 

manipulating and displaying geographically referenced information. As already mentioned, it has its 

focus on the outdoor environment (Deshpande, n.d.). The concept of GIS in the planning process 

includes compilation of data, data management, spatial analysis, visualization and modelling, 

assessment of other alternatives, decision support as well as implementation and monitoring 

(Gnädinger et.al., 2016). BIM on the other hand focuses on the indoor environment and refers to an 

intelligent, model-based process for better insight when creating and managing digital 3D CAD-

buildings or infrastructure models in projects. The use of BIM in the process makes the projects faster, 

more economical and less impactful on the environment (Deshpande, n.d.). Before creating a building, 

a draft of the model in BIM can be used for making a spatial plan, consider conceptual design and 

perform alternative studies. The BIM can be used during planning for business coordination as well as 

cost and simulation calculation. In the execution phase, it is used for construction process simulation, 

inspection and logistics. The model can also be used when decommissioning a building and give the 

possibility for reconstruction, better recycling or revitalisation (Gnädinger et.al., 2016).   
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A GIS has its typical use in the project phase within, for example, site selection and planning, cut fill 

analysis, zoning for buildings and open spaces, drainage analysis, evacuation planning, transportation 

and vehicle movement, security and what-if-scenarios. BIM let us better visualize and understand a 

building during its lifecycle by using the model for among others; design review, clash detection and 

coordination, quantities and schedules, construction documentation, 4D simulations and energy 

analysis (Deshpande, n.d.).   

The interoperability between BIM and GIS has great potential and might very well play an important 

role for the demands in construction analysis, urban planning, homeland security and a lot of other 

applications (El-Makawy, Östman & Hijazi, 2012). Technology in itself plays an important role in driving 

the integration between BIM and GIS forward. With an integrated GIS and BIM system the project 

process could be optimised regarding design, resources, materials and regulations. The execution 

phase could be monitored more easily and the system could provide better support for decision 

making. The objective of the integrated system is the benefits that it could generate, such as cost 

savings, timely completion, fund management, quality control and facility management. These tools 

that can be used in an integrated BIM and GIS system have great advantage for managing the 

challenges in the creation of new smart cities, when considering a growing population, traffic 

congestion, spaces for homes and public, water and energy use, global warming, tighter city budgets 

and an ageing infrastructure (Deshpande, n.d.).   

2.3. Formats and Software 

2.3.1. IFC - Industry Foundation Classes  

BIM data normally consist of 3D CAD data created in Autodesk Revit software and could be exported 

as Industry Foundation Classes (IFC). It is a fully coverable, stable, and open standardized ISO file 

format for easy sharing and exchanging of BIM data throughout the entire lifecycle of a building.  The 

purpose of IFC is to describe building and construction industry data and it is today the most commonly 

used format in BIM-based projects. IFC is developed by buildingSMART and is an object-oriented and 

semantic rich file format with focus on representing object in three ways; constructive solid geometry 

(CSG), boundary representation (b-rep) and Boolean operations. Attributes, links, and relations to 

other objects can be tied to the geometries. It also includes the possibility of defining own property 

sets of attributes for different objects. Every component can be identified regardless of size and it 

keeps its true 3D spatial relationships, something that allows for fast editing. The format is based on 

the EXPRESS modelling language, but is also offered as a XML-version that allows more software to 

handle it. It is not mainly used or allowed for editing, analysis or visualisation of models, but is instead 

used for transferring information between up to 150 different internationally supported BIM 

applications (Zlatanova & Isikdag, 2016., Wu & Shang, 2016, Berlo & Laat, 2010.,).  

The IFC format contains several different schemas in which hundreds of IFC classes containing every 

little single component of the building is created and categorized into. Every IFC class also contains 

different IFC types that clearly describes the components in every class (http://www.buildingsmart-

tech.org/ifc/). The IFC architecture uses four different layers; resource layer, core layer, 

interoperability layer and domain layer. The resource layer contains all the individual schemas of the 

general classes for geometries, contributors and cost. The core layer includes the kernel schemas - 

core extension schemas that contain all the basics for specific entities within the model. The 

interoperability layer contains schemas of modules for concepts of several different application 

domains for a specific product, process or resource specialization. The domain layer splits schemas 

into different parts depending on the field of applications (buldingSMART, 2015).  
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BIM – level 

A BIM-model is mostly very detailed with thousands of different objects modelled at a millimetre level. 

BIM can sometimes be implemented in three various levels depending on which design and 

construction phase the project is currently in. Level 1 BIM is about getting 2D and 3D design data 

organised and standardised. Level 2 has more standards included and moves closer towards integrated 

3D modelling for virtual design and construction workflows. Level 3 BIM describes a project at a higher 

level with design and construction information included from beyond the individual project. Data from 

design, operations and management domains are at this level integrated for full lifecycle and 

infrastructure management (Andrews, 2016).  

Level of Development 

The information in a BIM model can sometimes be described as Level of Development (LOD). The 

objective of the definition is to provide a standard that should help managers to have a reference for 

information in contract and BIM execution plans. This concept does not only include the amount if 

details included, but rather how much (non-graphic) information that is tied to the objects. The 

specification enables BIM authors to define the content and reliability of BIM models in all stages of 

the design and construction process to give a clear picture of what will be included in the BIM 

deliverable. This allows users to understand the usability and limitations of the model that they have 

received from other actors. It should illustrate the characteristics of the elements of the buildings 

systems in different LOD. The Level of Development is denoted from LOD 100 to LOD 500, and 

describes how reliable the information about an object is, without considering its application. This 

means that LOD in the BIM meaning is not just about how the object is visually illustrated. This can be 

seen in the illustration, Figure 7, below. There, LOD 100 is more visually appealing and realistic than 

LOD 300, but the latter better describes the properties and quality (BIM Forum, n.d.).  

 

Figure 7: Example of different LOD using an office chair. (Practical BIM, 2013)  
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2.3.2. CityGML 

The ISO standard format and information model for GIS is the Geography Markup Language (GML) and 

specifies the basic entities, geometries, attributes, and relations of a 3D city models. It is an open data 

model for easy storing and exchange that is free to use for everyone.  The 3D city objects are modelled 

as surfaces that can also be supplemented with textures and colours to give them a more appealing 

appearance.  It is defined by the Open Geospatial Consortium (OGC) as an XML grammar to express 

geographical features and is implemented with an applications schema document and a data 

document for representation of 3D city models (Wu & Zhang, 2016., TU Delft, n.d. ). CityGML has 

advantages for representing very detailed and semantic rich city models and offers great support for 

analysis and visualisation. The drawback is that the files can quickly become too large for reading and 

are therefore consequently difficult to manage in GIS software. Through the Inspire directive, there 

will be demands on use of CityGML from the EU with the purpose of creating a European infrastructure 

for sharing of spatial data and information between public organisations as well as facilitating the 

access of geographic information for the public. Every piece of city related information should through 

this be connected to 3D city objects and expressed in CityGML (Ekholm et.al., 2013).  

All objects stored in CityGML are grouped into different modules that can be seen in  

Table 2 below. There is also the possibility for the user to extend the list of classes and attributes by 

defining their own so called ADEs, Application Domain Extensions.  

Table 2: Group Modules of the type objects stored in CityGML. 

Module Includes FeatureTypes 

Appearance Textures and materials for other types  

Bridge Bridge-related structures, possibly split into parts  

Building The exterior and possibly the interior of buildings with 
individual surfaces that represent doors, windows etc.  

Building, BuildingFurniture, 
BuildingInstallation, BuildingPart, 
CeilingSurface, ClosureSurface, 
Door, 
Floorsurface,   
IntBuildingInstallation, 
InteriorWallSurface, RoofSurface, 
Room, WallSurace, Window   

CityFurniture Benches, traffic lights, signs, etc. CityFurniture 

CityObjectGroup Groups of objects of other types CityObjectGroup 

Generics Other types that are not explicitly covered GenericCityObject 

LandUse Areas that reflect different land uses, such as urban, 
agricultural, etc. 

LandUse 

Relief The shape of the terrain BreaklineRelief, masspointRelief, 
ReliefFeature, RasterRelief, 
TINRelief 

Transportation Road, railway, square Road, Railway, Square 
(_TransportationObject, Adress, 
AuxiliarryTrafficArea,  Track, 
TrafficArea, 
TransportationComplex) 

Tunnel Tunnels, possibly split into parts  

Vegetation Areas with vegetation or individual trees PlantCover, (_VegetationObject, 
SolitaryVegetationObject) 

WaterBody Lakes, rivers, canals.  WaterBody, WaterClosureSurface, 
WaterGroundSurface, 
WaterSurface(_WaterObject) 

 

  



11 (60) 
 

The CityGML data format is more appropriate for modelling the outdoor environment and has the 

functionality of being represented with five different levels of detail (LOD) - from LOD0 to LOD4, as 

seen in Figure 8. LOD 0 is used for regional and landscape information and does not contain any 3D 

objects. A LOD1 model contains well-known block models for buildings. It uses flat roof structures and 

are is for city and region coverage. LOD2 has differentiated roof structures compared to LOD1 and is 

used for city districts and projects. LOD3 includes more detailed architectural models with more 

realistic wall and roof structures, including doors and windows for better representation in landmarks 

applications. LOD4 also describes interior structures for buildings including, rooms, interior doors, 

stairs and furniture (Biljecki, 2013). 

 

Figure 8: Representation of a building in five different Level of details (LOD) within CityGML. (Boyes et.al., 2015). 

2.3.3. Transformation between IFC and CityGML  

For integration of the two formats, data transformation from IFC to CityGML (or the other way around) 

is necessary. In related work, transformation between IFC and CityGML has been performed - although 

not always in a correct enough or automated process. All the geometries of one object could be 

converted and mapped with the semantic attributes of the two models. However, the meaningful 

conversion from IFC to CityGML data has been even harder to automate because this requires complex 

geometrical processing of the input IFC data, and does not focus on mapping classes (Donkers et.al., 

2015). 

IFC and CityGML data are both defined with a hierarchical data structure, but IFC’s structure is much 

more complex in the sense that it contains a lot more intermediate features that are not needed in the 

CityGML dataset. The complexity of the IFC’s data structure can be exemplified by how the connections 

between the buildings elements are defined. For example, in the IFC’s data structure “Doors” are 

children of “Openings” which in turn are the children of “Walls”. In CityGML there are no “Openings” 

among the building elements, but instead the “Doors” are defined as the children of “Walls”. The 

building element in the IFC model can also be represented by a different feature type in CityGML and 

can correspond to more than one CityGML feature type. As a consequence, all of the components in a 

CityGML feature type are not contained within the same IFC feature class since the features are 

grouped differently in IFC. For example, parts of windows and stairs are contained in the IfcMember 

feature class (Safe, 2015). The major difference between the IFC and CityGML is how the model of the 

building and its building elements like walls, slabs and roofs are represented. This difference is the 

most relevant and needs to be considered in the conversion from IFC to CityGML. The building 

elements in IFC are solid objects with properties, relations and usually volumetric geometry 

representation. A building model in CityGML is not modelled as objects and does not support 

volumetric geometry representations, but does on the other hand have an explicit solid or a surface 

geometry, as seen in Figure 9. The building elements are modelled as boundary surfaces for buildings 

and rooms without any properties or relationships to other boundary surfaces. For transformation of 

IFC to CityGML, the volumetric representations of the building elements must therefore be converted 

into boundary surfaces of the CityGML building or room (Geiger et.al. 2015). An IFC model, in contrast 

to one in CityGML, also has a concept defined for the representation of storeys in the building. When 

modelling storeys in a CityGML model, the mostly used approach is to represent them as explicit 
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aggregations of the building features extracting certain height levels from the notion of 

CityObjectGroups (Safe, 2015).   

 

Figure 9:  CityGML (left) and IFC (right) representation of a building. (Amirebrahami et.al., 2016) 

To transform between the formats, the model must be semantically filtered to IFC objects and stored 

with IFC semantic information. There are a few programs available that allow for conversion between 

IFC models and CityGML models in different level of details; e.g. Building Information Modelserver, 

IfcExplorer and Safe’s FME. Which of the IFC objects that are used in the conversion can be chosen by 

the user but it is still hard to accomplish both a semantically rich and geometrically valid result. The 

user must by its own define the semantics of the mapping attributes assuming that the mapping rules 

between IFC and CityGML are given (Geiger et.al. 2015).  

A Revit BIM model can e.g. be exported to IFC format, transformed and georeferenced in FME and 

then imported into a Geographic Information system - most commonly ArcGIS. In ArcGIS toolbox, there 

are data interoperability tools that makes it possible to import the IFC model to a geodatabase of 

multipatch features, classified in different types of objects such as walls, stairs, doors, furniture, for 

visualisation in 3D in ArcScene or ArcGIS Pro. The data interoperability tools is an extension to ArcGIS 

and contains the Quick Import geoprocessing tool that convert BIM data to a geodatabase multipatch 

features. The IFC files could as an alternative be added directly to a scene in ArcScene without 

performing any conversion of the data. If the BIM files are too large, the data interoperability extension 

can be difficult to use due to long data access and display times (Wu & Zhang, 2016., Kuehne, 2016).  

It would also be optimal to come up with a bidirectional method where it would also be possible to 

transform the other way - from CityGML to IFC. A bidirectional method can lead to the development 

of more applications and it could reap benefits at both an operational (cost-reduction and unified data-

view) and a strategic level (crisis management and increased analysis capabilities) (El-Mekawy, 2010). 

To accomplish a bidirectional method, a more formal mapping approach and harmonized semantics 

between IFC and CityGML is required. A suggestion to this would be to generate a Unified Building 

Model (UBM), where BIM and GIS features and capabilities could be fully combined in one central 

model. In the Unified Building Model, all the sematic properties of IFC and CityGML are present. This 

allows the user to perform bidirectional conversion between IFC and CityGML but the geometries from 

the models are extracted separately and it therefore requires manual editing to generate a satisfactory 

result (El-Mekawy, 2010., Fosu et.al. 2015., Donkers et.al., 2015). 
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2.4. Analysis Applications 
By integrating BIM and GIS into one system, a wider field of applications is directly available without 

having to perform different analyses separately in the two systems. An integrated model could for 

example be used in an energy analysis considering the energy consumption of facilities and the climate 

adaption of a building to its environment. The energy analysis could be visualized according to the 

classification of energy efficiency classes regarding building specifications, local climate, heating costs, 

lightning, hot water, renewable energy and urban heat canyons in a larger context. With a 3D model 

over a city, weather impact analysis can be performed by analysing e.g. impact from wind and air 

pressure. In the planning phase of new buildings in area, an integrated model could be helpful when 

analysing the effect of view quality and shadow effects of new and existing buildings. In addition to 

locating assets and 3D navigation in buildings and spaces, spatial queries for 3D space have been 

developed by several researchers to make it possible to perform spatial analysis in the same way as 

when using 2D data. Other applications are visualization of utility lines but also the wide field of facility 

management. An integrated model supports city planning when considering site selection, traffic 

planning and traffic noise propagation by looking at noise exposure of individual buildings in a city 

during a specific time period.  It is also useful for finding optimal solutions when analysing emergency 

situations, natural disasters; e.g flood visualization, and damage analysis  (Fosu et.al. 2015, Deshpande, 

n.d., Gnädinger et.al., 2016., Thydell, 2017). 

BIM and GIS integration also plays an important role in the creation of a 3D space model of smart cities. 

It allows mapping of underground utilities, such as pipes and cable underground but also integrated 

with street level and above ground level data. The 3D city model could be visualized in a more 

interactive way and in a larger context in both semantic and realistic views on desktops, web or mobile, 

but also in real time (4D) (Deshpande, n.d.). 

   

2.4.1. 3D Network Analysis for Indoor Space Applications  

Outdoor navigation is today common in a wide field of applications, where a network has or can quite 

easily be developed. The indoor environment has, in contrast, much more complex structures, 

geometries and topological relations. To be able to navigate in an indoor environment, accurate and 

informative models of the indoor space are therefore required. These models also need to be 

georeferenced and equipped with technique for accurate localisation and tracking. The building 

elements in the indoor environment must be semantically rich and include spatial properties of spaces, 

including z- coordinates, for better orientation and guidance within the building. This is where a 

detailed BIM-model have great advantages in a GIS. Using the BIM-model makes creating a correct 

network, visualisation and simulation easier something that allows for better understanding and 

resulting routes.  With a proper indoor 3D network, it is then possible to perform 3D network analysis 

with, for example, the Network Analyst Extension in ArcGIS. The routing within the building can be 

performed by separating the building elements, such as floorplans, building rooms, walls, doors, stairs, 

elevator shafts and routes, into feature classes organized and stored in a geodatabase. From 2D 

autocad .dwg format files over floor plans of a building, a 3D building’s interior can be extracted in 

ArcScene, and a 3D network can be generated and combined with a 3D model, with all the necessary 

elements kept in the model for interactive visualisation. The 3D model can be built with all necessary 

building elements by extruding their geometries with the base heights of each floor (Wu & Shang, 

2016., Tsiliakou & Dimopoulou, 2016).  

The 3D network is built step by step in ArcScene with use of floor lines as each floor’s routes and floor 

transitions, stairs and elevators, are for movement between the floors. The rooms and corridors are 

used for the design of the network for each separate floor. The routes are split at intersections and 
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correctly connected with the correct endpoint of each other route.  Once the network is created, a 

geoprocessing model can calculate the least cost routes between the generated stops in the 3D 

network, and store the resulting routes as a layer (Tsiliakou & Dimopoulou, 2016). 

With the power of the 3D Network analysis tools, optimal evacuation routes can be found within a 

complex building (Wu & Shang, 2016). The network analysis can be combined with the analysis of 

people movement within a building to find problematic bottlenecks, so that the flow of people can be 

controlled towards specific exits (Thydell, 2017). 

2.4.2 Logistics Planning - Optimizing Location of Tower Cranes 

Combining the analysis power of spatial data in a GIS with the visualization possibilities in a BIM can 

ease logistics planning. One example of this is the placement of tower cranes on construction sites. 

Tower cranes are essential parts of the production. Identifying the optimal number of cranes, as well 

as the placement of those cranes, for a specific construction project is therefore a process that can 

reduce costs while also increasing the safety by minimizing the number of conflicts (the time when 

multiple cranes are operating in the same area) between cranes. Using a GIS, with coverage of all points 

where lifting and dropping is required and the minimum number of crane conflicts as criteria for the 

analysis, has allegedly lead to good results. Integrating the optimal locations from the analysis with a 

BIM-model of the construction site also allows for 3D-visualization of the work process, something that 

has been missing earlier (Irizarry & Karan, 2012). 

2.4.3. View Coverage and Shadow Analysis 

Georeferencing an accurate, detailed, BIM-model gives the user the possibility to answer several 

environmental questions using a GIS. Examples of such analysis includes view quality, a measure of 

how obstructed the view from windows in a building is, and shadow volume, a visualization of where 

on a building's rooftop placement of solar panels would be most efficient dependent on shadows from 

the surroundings (Rafiee et.al., 2014).  

Through conversion of a BIM-model from IFC into a geographical vector format (including the semantic 

properties of the original model) GIS-analyses can be performed on the data set. The actual 

georeferencing, the process of transforming the local coordinate system used in IFC into a geographical 

one, has been one of the problematic processes with BIM- and GIS-integration. A possible solution for 

this issue is to use the attributes for longitude and latitude from the class IFCSite together with the one 

for north direction in the class IFCProject. Combining these, an automated process for scaling, rotation 

and translation can be created. Once georeferenced, the model can be imported into a GIS (Rafiee 

et.al., 2014). 

To perform a view analysis, all windows on the building in question should be selected. Then, a 3D solid 

consisting of the view from each window can be created. An analysis of how much of that solid that 

contains other buildings or vegetation can then be performed resulting in a ratio describing the view 

quality. For the shadow analysis, shadows from surrounding buildings and trees at a specific date and 

time can be obtained in the GIS. The intersection of these shadows and the building's roof then gives 

a map showing the best locations for solar panels for different periods of time (Rafiee et.al., 2014).  
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2.4.4. Spatial Analysis for 3D Building Models 

The spatial types and operators that are available in all major GIS software today, are developed to 

function in 2D space. The same concept could, however, be applied on geometric objects in 3D space 

for performing common spatial queries on BIM data or 3D city models in a GIS. In a BIM today, 

qualitative spatial relationship cannot be used as selection criteria, unlike within a GIS, since only 

alphanumeric comparisons on individual attributes are possible. The spatial objects in a BIM must first 

be abstracted into reduced dimensionality, from load points, power lines, plates, slabs, etc., into simple 

points, lines and polygons, which the algebra in the spatial query relies on.  The abstraction of the BIM 

then allows the user to perform several kinds of spatial operators; metric (distance, farther than, closer 

than, etc.), directional (above, below, north of, etc.) and topological (touch, within, contain, etc.) 

(Borrman, 2010 and Fosu et.al. 2015). 

2.4.5. Facility management  

Once a facility is built up, BIM offers great support for monitoring and maintenance of the building. 

Windows and doors that need maintenance can easily be identified and the model allows the user to 

analyse other components (such as walls, slabs, stairs and elevator shafts) that require replacement or 

reparation work. The BIM also gives other opportunities, such as for example easily being able to order 

custom-made air conditioning systems or other components. These can also be brought into the model 

immediately with their associated, detailed, information following. The model also enables support for 

indoor navigation and positioning for computing optimal paths from present locations to destinations 

within the connectivity network (Zlatanova & Isikdag, 2016). 

BIM does not necessarily focus on an individual construction but can also cover a larger set of buildings 

and be seen as information for the whole built environment. However, as already mentioned, a GIS 

have greater potential in managing everything that is outside the building compared to BIM, which is 

better suited for managing larger volumes of data within a building. A GIS is also well equipped for 

performing analysis in a campus or other multi-site environment and has the ability to integrate data 

from many different systems. What digital facility management needs in the future, for it to function 

properly, is a software that can handle data and information on a larger scale. The solution might be a 

GIS system that manages analyses of CAD data necessary for facility management, because it is today 

not yet possible to transfer data directly from 3D design programs into GIS without some kind of 

transformation between formats (Livingstone, 2012).   

The benefit of using GIS in facility management would mainly be the possibility to perform spatial 

analysis for understanding how the chosen design of a building will impact its environment. Another 

valuable area to investigate further is logistics and networks to optimize transportation of materials 

and movement of people in the construction site. The ability to model and forecast the construction 

would lead to possibilities of simulating for example emergency scenarios, which is another interesting 

application.  Integration between the two systems into one, combined, platform means that it could 

be used throughout the entire lifecycle, e.g. during all the planning, construction and operation phases. 

Standardized data and processes also enable sharing of information between different organisations 

and departments and make it easier to visualize data in maps, models and reports – something that is 

useful when presenting it to a larger audience (Rajan, 2012).  
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2.5. Obstacles for Integration 
Despite the principal similarities between BIM and GIS, there are several issues concerning their 

interoperability – something that hinders integration between the two. The first of these problems 

concerns geographic positions and coordinate systems. Several of the most used CAD- and BIM-

formats available today lack the ability of locating its content geographically. Others include this 

possibility but does not make it a requirement. Even in the file formats where geographic positions are 

entered, these are only included in a few points of the model and then most often with unknown 

measurement uncertainties and bad precision. This is because of the large amount of data it would 

take to store coordinates with the precision required in a BIM (Lithén and Persson, 2016). 

When it comes to coordinate systems, most BIM-data is defined using an local, orthogonal, Cartesian 

system. This should be contrasted to GIS where the most commonly used systems are projected 

geographical reference systems or geographical coordinates on an already defined ellipsoid. There is 

also no common standard for handling heights in BIM-data. All of this results in errors when importing 

BIM-data into GIS-software unless manual work is put into the import (Lithén and Persson, 2016). 

Another problem with integrating data sets is what information that is stored and its amount of details. 

BIM-data often contains information that is hard to export into GIS-software. Examples of this includes 

complex geometries, often in the form of mathematically defined surfaces. It might be possible to 

replace these geometries with simpler, approximated, ones but this is not always the case and then 

they might not be available within the GIS at all. BIM-models usually also contain very detailed 

information, down to the millimetre level. With GIS-data, this is not the case. As a consequence, the 

data can then instead cover a (much) larger geographical area (Lithén and Persson, 2016).  

BIM and 3D city models are also produced by a lot of different companies, authorities, universities or 

even cities which results in greater differences between them since all stakeholders have their own 

interests when creating the models. Formats, schemas, language and tools are examples of areas 

where these differences can be found.  This makes it more difficult to integrate the models and in most 

cases, there is a lack of control and guidance to the target due a limited budget. The differences in the 

creation of the models concerning scope, targets and conditions of the models also result in that the 

geometry of the models are represented differently depending on the requirements and a lack of 

semantic notions within them (El-Mekawy, 2012).    

What might be the toughest difficulty to overcome is the question of different information models and 

the translations between them. This is especially true when discussing formats such as IFC and CityGML 

that are semantically rich. Some of the classes used in one of the formats have no counterpart in the 

other and vice versa. The best-case scenario is that objects belonging to such classes are translated 

into generic classes but occasionally they are not translated at all. This problem gets even worse as 

there are very few individuals that have knowledge on, and experience with, both BIM and GIS. Instead, 

most users and organisations focus on only one of the platforms (Larsson, 2015). 
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2.6. Regulations and Requirements for BIM  
If BIM models are to be integrated with GIS and spatial data with as little manual work and adjustments 

as possible, it is important that they are created and delivered with some of the already mentioned 

challenges in mind. To see whether this is already the case, some of the regulations and requirements 

for BIM among Sweden’s largest real estate managers were studied.  

2.6.1. Trafikverket 

Trafikverket, the Swedish Transport Administration, is since 2015 one of the biggest users of BIM in 

Sweden.  A decision was taken in 2013 that would use BIM in all of its investment projects as from the 

beginning of 2015. The purpose of implementing BIM is to create a continuous flow of information 

between stakeholders, fields of subjects and phases in a project. Among other gains, this makes 

examination and control of the project easier by giving all involved access to the same information. 

Since the decision, strategies and regulations for BIM-usage within the organization have been created 

and implemented (Trafikverket, 2015).  

The documents in use regulate both the technical demands and the processes surrounding BIM. 

Trafikverket has defined three different levels of models for different uses: 

A. Models in their original formats. Can contain complex information that is hard to transfer to 

other software or platforms. 

B. Models in formats that Trafikverket considers nonproprietary and software independent. The 

objects should be simple and the model should only contain a limited amount of information. 

C. Models that are supposed to be published and read, not edited or updated. 

The technical regulations concern, among other things:  

• Technical solutions for showing/viewing the model 

• The model's level of detail 

• Geodetic aspects 

• Attributes 

• The minimum amount of pre-defined 3D-views (top, side and perspective view) 

In more detail, 3D-models delivered to Trafikverket must either have the possibility to be viewed in 

software listed at the organization's webpage, some examples are Adobe Reader, Navisworks Freedom 

and Tekla (Trafikverket, 2016), or directly in a web browser (Internet Explorer version 11) without any 

further installations. In general, the model should be at least as comprehensive as traditional layouts. 

Attributes should be connected to the corresponding object, this includes measurements. If there are 

measurements that cannot be linked to an object, and that normally would be included on a layout, 

they should still be present in the model. The level of detail for geometries and attributes of the 3D-

objects should correspond to the application in question and the user should have the possibility to 

turn layers on and off. The measurements in the model should have been surveyed, presented and 

quality checked in accordance with Trafikverket's requirements for those processes. All coordinate 

indications must also agree to actual measurements in the model (Trafikverket, 2017).  

2.6.2. Locum 

Locum, the company responsible for real estate management within Stockholm county council, was 

another early adopter of BIM in Sweden. In 2011 they started to digitize all of the real estate in their 

trust. In this process, guidelines and requirements for BIM and BIM-processes were developed and 

implemented (OpenBIM, 2013). 
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The guidelines in use specify that information is a crucial part of the model. If a model was built only 

for visualization purposes and contains graphic elements without information connected to them, it is 

not acceptable as BIM. Because of this, the right drawing tools have to be used when creating the 

model so that objects are classified correctly. All parts of the building should be positioned and 

modelled within 1 mm of their actual measurements. Angles must have a precision of 0,1 degreees. 

For buildings, a local coordinate system is to be used while the requirement for site plans is SWEREF99. 

To make sure that all models use the same nomenclature, a specific set of definitions for objects with 

corresponding names and descriptions have also been created. When delivering the model to Locum, 

three different versions are needed to fulfil the requirements. One 3D-model in the original format, 

one in IFC 2x3 or later as well as 2D drawings of each floor plan in DWG. The specific number of views 

and their content for each file is also specified (Locum, 2013).  

2.6.3. Karlstad Municipality 

Karlstad Municipality has created an own steering document with guidelines and demands for BIM and 

CAD documentation (Karlstad Municipality, 2016). The guidelines should be followed to ensure quality 

and cost efficiency during the whole building process and for facility management. All documentation 

in projects should be written in Swedish or translated into Swedish. 

Software, which versions and what formats that should be used for different purposes are specified in 

the guidelines. Model files and drawings belonging to them are to be created from requirements in a 

specific BIM manual. Revit Autodesk is here the main software but AutoCAD can be used for certain 

2D drawings. Navisworks is used for sharing and presentation of the BIM models between different 

actors in process.  MagiCad is used for calculations of electricity in installations while ElproCad is used 

for schemas of the electricity. The same program and version used in the development should also be 

used in the revision of the models to avoid complicated and expensive conversions between formats. 

If conversion between the formats is still necessary, the consultant participating is responsible for any 

information lost in the process.  

All BIM models should be created in a local coordinate system, created parallel to the main frame of 

the building. It should have a north arrow pointing upwards and an orientation figure attached in the 

file. The origin is to be placed close to the model so that it is defined with positive X- and Y- coordinates. 

The project origin has to be connected to Karlstad municipality’s own projected coordinate system 

(SWEREF 99 13 30) to ensure that the models are correctly georeferenced. The origin is also to be 

defined at its correct height according to the municipality’s height system (RH 2000).  

The model should be drawn in real size, scale 1:1, with millimetres or meters as the unit. A scalebar 

must be included for every layout and drawing. The structure of the layers is defined after an ISO 

standard and recommendation, with defined colours and line types. In the guidelines there are also 

specification of which objects that should be created for different technical areas in 2D or 3D. This 

includes objects regarding architecture, fire regulations, electricity, construction, ventilation, as well 

as heating and sanitation.  
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3. Methodology 

3.1. Choice of Formats, Software and Analyses  
For the practical work with importing BIM models into GIS software, combining them with spatial data 

and performing spatial analyses normally used within GIS on them, some decisions concerning the 

methodology had to be made. More specifically - what formats and software that was to be used. As 

both IFC and CityGML are standards within their respective fields they were the natural choices for the 

formats. There are also similarities in the how the format’s function and previous work points towards 

some success with transformation between them. 

The choice of what software to use was a delicate one as there are many possibilities available. For 

handling BIM-models, the first basic need was the possibility of creating new models as well as opening 

already existing ones. There was no need for clash detection as this was not included in any of the 

thesis objectives. More important was the possibility to export IFC-files from the program and that it 

had possibilities of viewing and exporting files in both 2D and 3D. Looking at these requirements within 

the scope of using widely available software with a desktop solution, Revit from Autodesk was 

considered the best solution and therefore chosen. Some visualisation of the IFC files for manual 

validation was performed in Solibri Model Viewer, as Revit is not capable of doing just that. 

For the GIS-software, once again only widely available software was considered. The ArcGIS-suite from 

Esri fulfilled the prerequisite of being able to analyse both in 2D and 3D and also had some possibilities 

of importing IFC directly – a function that could then be compared to importing CityGML-files 

transformed from IFC. ArcScene is the specific program most suitable for 3D-analyses and was 

therefore mainly used although also ArcMap and ArcCatalog was used to perform minor tasks. Other 

software considered does not support 3D-analysis to the extent needed and does not have the 

possibility to work with IFC-files directly. 

Lastly, some software was needed to transform the BIM-models from IFC to CityGML. The same 

software should also be able to handle georeferencing and changes of coordinate systems between 

the data sets. It was also required that it could create new objects, such as centre points of rooms, 

features or attributes to ease the analyses. FME from Safe was the only software found that could 

handle all of these requirements. 

From the possible applications of GIS analyses on BIM models discussed in section 2.4, some analyses 

were chosen. The focus in the thesis was put on 3D Network Analysis, View Coverage, Shadow Volume 

and 3D Spatial Analysis. Indoor routing and 3D network analysis are interesting from a geodetic 

perspective as a fusion with road data outside the building requires some kind of connection between 

the local system within the building and the projected system used within ArcGIS. Visibility analysis, in 

form of sightlines, and shadow volume are the analyses least likely be affected by the amount of detail 

in the model. Lastly, spatial analyses were considered the opposite and probably the most likely to be 

affected by the level of detail. If combining the models with other spatial data and all these analyses 

would work, the integration could be considered fully successful. 

  



20 (60) 
 

The basic idea for the practical work can therefore be summarized in the following steps (seen in Figure 

10 below): 

1) Open BIM-model in Revit 

• If possible, use built in features in Revit to give the model a georeferenced location 

2) Export model into IFC-format 

3) Transform model into CityGML using FME 

• If necessary, create new objects, features and attributes here 

• If necessary, georeference the model manually by using ortophoto of the building  

4) Import the now CityGML data set into ArcScene 

• Combine the model with spatial data 

5) Perform (3D) analyses on the model 

 
Figure 10: Schematic illustration of the practical workflow.  

3.2. Work in Revit 
The Revit BIM models over the available buildings could be opened in Autodesk Revit for visualisation 

of the building in 3D as well as the floor plans in 2D. The software also allows for editing of the models 

if such was necessary. The properties of the building components and classes could also be checked 

concerning materials, geometries, areas and the location of the model. 

Most of the models were modelled in a local coordinate system with no reference to the real world. 

The orientation of the models towards the true north and the elevation were in every model 

predefined with help from pre-measured survey points. This meant that none of the models had to be 

moved or rotated manually in Revit.  In the models, a “Project Base Point” is defined as the projects 

reference point and therefore also the location of the origin of the local coordinate system. The project 

base point can be placed randomly in the models with no direct connection to the actual building. If 

needed, the project base point can be moved to a clearly defined point in the model, e.g. a house 

corner, before setting its true world cartesian coordinates. The “real” coordinates can then come from 

either performed outside measurements or rough coordinates extracted from some kind of mapping 

service. There is also a possibility to specify a specific point with coordinates in the project model, and 

measured survey points can be added for rotation of the model towards true north and finding the 
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connection between the local coordinate system and a global coordinate system. However, some of 

the models’ project base points had already been measured and defined with real world cartesian 

coordinates, so there was no need to move or rotate those models in Revit to have them correctly 

georeferenced. There is however no possibility to check which coordinate system the model was 

created in, to decide another coordinate system nor reproject the model.  

Another functionality in Revit is to define the rough site location of the project base point. This can be 

done by manually defining the reference address of the model or pin point the project origin in a map. 

The dialog box for this function can be seen in Figure 11, below. The location of the model is set with 

coordinates in the coordinate system WGS84. This method places the model’s local coordinate system 

roughly in its true location and sets the chosen point as a reference point for the project. The definition 

of the reference point is not created in order to get an accurate position of the model, but it is rather 

supposed to function as a reference for energy calculations of the building.  

 
Figure 11: Dialog box in Revit for defining the model’s project site location 

There is also problematic that the project base point is sometimes placed randomly in the model. A lot 

of manual work is needed to move and redefine the project base with new coordinates in Revit. If the 

project base point could not be moved or redefined, it could later be offset with the distance in x and 

y between the project base point and the coordinates of a clearly defined point in the model (e.g. a 

house corner) to het a more accurate location.  

3.3. Export from Revit to IFC 
After checking the BIM data in Revit, the models could then be exported to IFC format, either by a FME 

exporter plug-in, or by directly exporting it through the different export alternatives in the IFC export. 

The FME exporter classifies the exported model as an IFC file but stores it using the .rvz file extension. 

Meanwhile, the built-in IFC exporter in Revit stores the model with the standard .ifc file extension. The 

two file extensions are very similar to each other and can both be read as an IFC format. The feature 

types and attributes in the .rvz file extension model is however named differently and allows for 

different settings of geometries when later reading the model in FME. The advantage of the .rvz file is 

that it allows reading the IFC model using the FME Revit reader, that does not support .ifc files. In FME, 

the data view preferred for the model can be selected. This as the case as the Revit data view reader 

in the software can filter the file for data that is relevant for different purposes and applications.  
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In the IFC export, options for what to export can be set depending on what information about the 

model that the user requires. The location of the model, IFC version and which IFC file type, IFC or IFC 

XML, to export are set. Other options include which building phase of the project and what property 

set that should be exported as well as what parameters and geometries that should be included in the 

IFC model.  

If the site location of the model is set in the Revit model, these coordinates are exported in the IFCSite 

class. The coordinate system of the IFCSite class is, as already mentioned, automatically set to the 

global coordinate system WGS 84, rather in its own projected coordinate system, IFC_COORDSYS_0. 

This coordinate system is though defined in the WGS 84 reference system, but cannot be used for 

proper geo-referencing since there is no possibility to re-project the models from this coordinate 

system.  

As IFC is a living format that releases new versions with corrections and improvements to the schemas 

used and property sets made, the latest available version of IFC was preferred when exporting, see 

Figure 12. Which IFC version that is used has no greater impact for the later conversion to CityGML, 

but it could offer better support for, and capabilities in, other field of applications. The exporter also 

gives the user the opportunity to choose whether space boundaries should be included in the export 

or not. If they should be included, space boundaries can be included two different levels - either 1st or 

2nd. The 1st level exports space boundaries as simple polygon faces that represents every building 

element. However, openings for windows or doors are not included. Instead, to not just include the 

building element geometry, the 2nd level space boundaries that also describe the geometry of the 

objects on the other side can be chosen. The 2nd level could be required for the conversion to CityGML, 

depending on which level of detail for the final model that is preferred, and was therefore generally 

selected in the export. In the export, there is also the possibility of exporting the 2D plans that later 

could be used to generate a network within the building for performing a network analysis in ArcGIS. 

This also requires that walls and columns are split by level in the IFC export.  

 
Figure 12: General settings in the IFC Export dialog in Revit. 
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To make sure that no necessary information was lost in the export, all property sets were selected in 

the setup, see Figure 13. If the purpose of the IFC model is well-known, some of the property sets may 

be unnecessary but it is generally preferable to include all of them and later filter them out when 

reading the file.  

 
Figure 13: “Export property sets” settings in the IFC export dialog in Revit. 

In the advanced settings, Figure 14, there are more options to choose from when it comes to how the 

models’ geometries and properties should be exported. If the parts are exported as buildings elements, 

they will be exported as standard IFC elements. Otherwise they will all be treated as 

IFCBuildingElementPart. Exporting solid models can result in smaller IFC files as boundary 

representations and extrusion geometries can then be mixed. The IFC files can also be smaller when 

coarse tessellation for some boundary representation is used. This, however, risks that the 

representations may be less accurate. 2D room boundaries can be used for a simplified calculation of 

room volumes, instead of using the calculated room geometry in Revit as room volumes. For a better 

georeferencing of the model, the IFCSite elevation can be included and used as Z offset from the local 

placement origin.  

 
Figure 14: Advanced settings in the IFC export dialog in Revit. 
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3.4. Check in Solibri 
After exporting the Revit models to IFC, all the available models could then be opened in Solibri for 

visualisation and validation of the IFC export of the models. Differences in how the models are 

classified and created could be compared between the models. Missing or misplaced geometries or 

attributes can easily be identified by studying the model and the exported IFC Classes. The classes can 

be turned off and on as layers for identification of which IFC classes are required to transform the 

model for specific purposes and level of detail of CityGML models in order to generate complete 

building models. Every small component in each class and floor can be identified and visualised, to 

later identify and exclude unnecessary details in the transformation. While Solibri be can be used for 

the above mentioned check, it can on the other hand not handle any information about the coordinate 

system and it is not possible to combine the models with other geographic data.  

3.5. Transformation in FME  
The exported IFC models could then be transformed using FME. There, manipulation of the data such 

as filtering out unnecessary geometries and creating desired feature types from 3D and 2D models can 

be performed using many different formats and fitting many different purposes. To be able to analyse 

the models properly in ArcGIS, the models were mainly transformed into CityGML files in three 

different levels of detail. 2D floorplans were also created and stored in an Esri Geodatabase in order 

to create a network of the building for performing 3D Network analysis. For easy visualisation of the 

BIM models in Google Earth, they were also transformed into Google KML files. For easier sharing of 

the models when users lack the capability of opening Revit or IFC files, the models can also be 

transformed into Adobe 3D PDF. The 3D PDF does however not allow for any kind of analysis of the 

models, but is rather an easy way of visualising the models. Once the BIM model was exported to IFC 

format it can be read into FME (at least as long as the .rvz file format is used) and visualised in the FME 

inspector. Which IFC classes that are included in the export as well as their geometries can there be 

checked as validation for the model. 

There are a lot of IFC classes that are not necessary in the creation of the CityGML model because of 

the way the both different formats are defined and how they are compatible with each other. 

Geometries and semantics that are not required for different level of details in the final model were 

therefore filtered out and not read into the software. 

For the transformation from IFC to CityGML, predefined FME Workspaces (available at Safe’s webpage) 

were used. There are three different workspaces that convert and transform the data into different 

geometries and, more importantly, level of details. The workspaces do not explicitly define a certain 

level of detail but differ depending on how elaborate the original BIM model was, the available IFC 

feature classes as well as their geometries and semantics – dependent upon different applications. 

More or less feature classes can be required for different applications to generate a valid CityGML 

model. 

3.5.1. IFC to CityGML LOD2 

This, the least complicated workspace, created a simple and solid LOD2 model by using the IFC classes 

“IfcSlab” and “IFCSpace”, see Figure 15 . The “IfcSlab” class represents most of the floors and roofs of 

the building while the “IfcSpace” class contains the space between these floors. In some of the models, 

the floors and roofs were not included in the “IFCSlab” feature class. This meant that “IFCRoof” and 

“IFCFloor” also must be part of the transformation if the entire shell of the building should be included, 

a must if the result should be a correct and solid LOD2 model. Small and detailed parts of the model 

that are included in “IFCSlab” class should to be filtered, because these should not be necessary for a 

solid CityGML LOD2 model. The IFC features were then disaggregated so that the data could be 
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triangulated and a single mesh created from the resulting TIN surface. The attributes and traits were 

then set by the created geometry for every CityGML feature based on the CityGML LOD name. The 

building feature types could have geometries that are solids, multi surfaces, multi curves or terrain 

intersections. The feature role, level of detail, CityGML ID and name of the building was also set in this 

step. If the model did not already have real world cartesian coordinates defined and the model was 

drawn on a millimetre level (as is common for BIM) - the building was first scaled from millimetre to 

meter coordinates. The origin of the building was then set with approximative coordinates of the true 

origin before the original coordinate system was reprojected into a desired coordinate system – 

normally the same as the spatial data that the model is to be combined with. 

Since a CityGML LOD2 model only defines the outer shell of the building, the data was only written to 

a single Building feature type in a CityGML file. The CityGML writer also automatically creates the 

parent feature type of the building, CityModel, as a table of the building.  

 
Figure 15: FME workspace for the transformation of IFC to a LOD2 CityGML file. 

3.5.2. IFC to CityGML LOD3 

The conversion from an IFC model to LOD3 CityGML file is more advanced but also more 

comprehensive, Figure 16. It also handles a larger amount of different IFC feature types. The IFC 

dataset was now read with the Revit reader in FME which has the advantage of assembling and 

exposing the properties of the building’s elements by including the hierarchy between them. With the 

Revit reader options, the extracted geometries can more easily be written to CityGML or other GIS 

representations.  

The building elements from the IFC model were then merged by defining an element ID so that they 

were grouped together in the same CityGML feature types. New GML-IDs were then set for every 

feature since the IDs of the data in the IFC model were not valid as GML-IDs.  An attribute for every 

feature type was also created, so that it was possible to join every feature with the GML-ID of its 

parent, namely the building feature type. To define all the building elements as children of the building 

feature type, except from openings, the building feature type was created in the same way as in the 

LOD2-workspace above. The building elements got their GML parent ID from the building feature type.  

When writing the IFC model to a CityGML document, there is no need to create all the different 

CityGML feature types. It is still important to set a valid geometry and valid feature roles as well as the 

level of detail for the feature types. The CityGML writer sets feature roles and level of detail as 

attributes and creates a correct and valid geometry for every feature by using the trait on the geometry 

set as the geometry. A correct hierarchy is achieved by setting by setting the GML-ID and GML parent- 

ID as attributes for identification of itself and its parent. Attributes of the feature types that are not in 

the default CityGML schema are written as generic attributes.  
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To set the correct roles in the IFC to CityGML translation, it is important to know which roles that are 

valid for a specific feature type. Before translating a model, the source feature should be inspected so 

that unique properties of a feature can be identified. This improves the mapping of the feature types. 

The choice of roles can differ from model to model, but since the IFC and CityGML datasets both have 

fixed schemas, it is possible that the same workspace is able to translate different IFC files correctly. 

The level of detail and geometry role of the feature types could either be set as “LOD3Solid”, 

“LOD3Multisurface”, “LOD3Multicurve” or “LOD3Terrainintersection”. For the translation of an IFC 

model to a CityGML LOD3 model, the safest choice as geometry role is to set the features as 

“LOD3Multisurface”. “LOD3Multisurface” can handle most types of datasets while for example 

“LOD3Solid” will have problems if there are features that are not valid as solid geometries. 

The general IFC feature types that were used to create the different different CityGML feature types 

of the CityGML LOD3 models can be seen in Table 3 below.  

Table 3: IFC Feature types mapped to corresponding CityGML Feature type in CityGML LOD3 FME Workspace. 

IFC Feature Types CityGML Feature Type 

StairFlight, BuildingElementProxy BuildingInstallation 

BuildingColumn, Member BuildingPart 

Slab, Roof RoofSurface 

Wall WallSurface 

Slab FloorSurface 

Window, Opening Window 

Door, Opening Door 

IfcSpace, IfcSlab Building 

Stairs could in some cases be necessary to include if they are not included in the Slab class. Other 

classes could also be important not to exclude, depending on which features are required in the 

CityGML model. “BuildingInstallation” and “Buildingpart” was set differently depending on which 

geometry and feature role they have.  In this case “BuildingInstallation” had “LOD3Geometry” as 

geometry and was set to use “outerBuildingInstallation” as its feature role. “Buildingpart” was on the 

other hand set to “LOD3Multisurface” as geometry and “consistOfBuildingPart” as feature role. “Roof”, 

“Floor” and “Walls” were set with the same geometry; “LOD3Multisurface”, and the same feature role; 

“bounded by”. The “IFCSlab” building element could also contain roofs, walls and floors and was 

therefore also read in the schema. This was though not always the case, since most often are roofs 

classified in the “IFCRoof” class if the roof was not flat. These feature types were filtered out to their 

respective correct feature type writer. For the “Window” and “Door” types, the abstract IFC layer 

“Opening” was used to set the GML parent ID to every door and window from their associated opening 

and the GML-ID from the wall it belonged to. In the end, it was also possible to add appearances to all 

surfaces for a more appealing and clear CityGML model. Finally, the location of the model was set in 

the same way as in the creation of the LOD2 model.    

The resulting CityGML file was after creation manually inspected to check for missing geometries or 

incorrect appearances. The feature types of the CityGML document could be validated automatically 

in the schema by using “XMLValidator”, with a CityGML schema used for schema validation. The 

geometries could also be checked for 2D and 3D geometry errors and in the schema with the use of 

“GeometryValidator”.  
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Figure 16: FME workspace for the transformation of IFC to a LOD3 CityGML file. 

3.5.3. IFC to CityGML LOD4 

When creating the CityGML LOD4 model, two separate IFC readers were used. This enables removal 

of unneeded features from the IFC model so that the parent features can also can be linked to the 

grandparent features. The first reader created a lookup table of feature and parent IDs as variables 

and another lookup table of parent types. No geometry was read and as a consequence it finished 

quickly and completed the lookup tables before the second reader started. The second reader, similar 

to the readers in earlier workspaces, read all the separate IFC feature classes and was used for the 

conversion from every IFC feature class to its corresponding CityGML feature.  

The CityGML LOD4 models were created with IFC feature types to corresponding CityGML Feature 

types as seen in Table 4, below. The table show the complexity between the different formats in terms 

of mapping them in to right feature types. Some IFC feature types could contain several different 

corresponding CityGML feature types, why it makes it hard to determine how they should be 

transformed. 

Table 4:  IFC Feature types mapped to corresponding CityGML Feature type in CityGML LOD4 FME Workspace. 
IFC Feature Types CityGML feature Type 

IfcBuilding Building 

IfcSpace Room 

IfcFooting BuildingPart 

IfcPlate, IfcWindow Window 

IfcFlowTerminal InteriorBuildingInstallation 

IfcBuildingElementProxy, IfcFurnishingElement BuildingFurniture 

IfcDoor Door 

IfcRoof, IfcSlab RoofSurface, FloorSurface 

IfcColumn, IfcBeam, IfcRailing, IfcStairflight, IfcStair, 
IfcMember 

BuildingInstallation 

IfcWallStandardCase, IfcWall, IfcCurtainWall WallSurface 
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The “Building” feature type was easily converted from “IFCBuilding” by removing the geometry and 

setting the IFC ID to the GML ID. The other IFC features were converted to CityGML features by 

converting complex, solid, geometries to surfaces, setting GML ID, GML parent ID, level of detail and 

geometry as well as the feature role of the feature class. The GML parent ID was set by the created 

grandparent ID in the lookup tables. This grandparent ID was used since the feature had the 

“IFCBuildingStorey” set as parent ID and not the “IFCBuilding”. The level of detail, geometry and 

feature role were set according to what was required for the feature type, either “LOD4Multisurface” 

or “LOD4Geometry”.  

Some CityGML feature types were generated from more than just one IFC feature type, and some IFC 

features could be part of several CityGML feature types. For separating and combining these feature 

types to their desired CityGML feature type, several lookups of their parent type and grandparent IDs 

were required. It could also be the case that not all of the features classes are required for generating 

a valid LOD4 CityGML model.  

3.5.4. Revit to 2D Floor Plans 

To create a 3D network of the building for later performing 3D network analysis, the Revit files were 

transformed to 2D floor plans. The Revit reader was used in FME so that the data view of the models 

could be set to read the “Building Floor Plans”. Several IFC feature classes, that are unnecessary for 

the creation of the 2D floor plans, were therefore filtered out already by the reader. The goal was to 

create floorplans including containing spaces of every room with openings, corridors, stairs, elevator 

shafts and their room centre points. All of this was then to be connected to form a network that could 

be used for analysing routes within the building.  

Even though some of the features had already been filtered out, a lot of manual manipulation of the 

data using FME had to be performed in order to create a simplified network for the model. The rooms 

and corridors in the building can be created by either using the Revit “Space” feature class or the “Wall” 

class. Both feature classes contain similar information for separating the rooms and corridors from 

each other, but both classes may not be needed for every model to be able to create the lines that 

divide the rooms. Depending on how the model was originally created in Revit, it is not clear how to 

distinguish how the spaces or walls separate the rooms and corridors. Some rooms can contain several 

spaces and some walls can be drawn using several lines. The level of information could also differ a lot 

between models, regarding how spaces are given name, and how they are connected to each other.  

The Revit reader excludes the openings and therefore had to instead include the doors to be able to 

create the openings between the rooms. The doors were modelled as the footprint of the doors as 

lines in a 2D floorplan, and therefore makes it hard to generate the openings.  

3.6. Import in ArcGIS 

3.6.1. CityGML 

After generating CityGML models, they could be imported into ArcGIS in order to combine them with 

other spatial data and performe GIS-analyses. There is no possibility of opening CityGML files directly 

in ArcMap or ArcScene so they have to be imported. With the use of the Data Interoperability 

extension, the model was therefore imported to an Esri geodatabase with the Quick Import tool. The 

model could then be opened in ArcScene or ArcGIS Pro for visualisation. Different feature types were 

opened as layers with their associated attributes found in their respective attribute tables.  If the 

placement of the model with its real-world coordinates had not already been considered in the export 

from Revit or in the transformation from IFC to CityGML, the model could here be moved to its 

approximative true location using ArcGIS Pro. It could be the case that the model has correct x and y 

coordinates but the z coordinates are missing. The model could then be manually moved to its correct 
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height by offsetting the model to a specific value or set a Raster DEM as ground surface. However, if 

the model’s coordinate system had not been set in the transformation to CityGML in FME, the 

coordinate system would as default be set to IFC_COORDSYS_0. This is a coordinate system that ArcGIS 

have difficulties to handle, but there is the possibility to define the projection of the model. This should 

normally be defined as WGS 84 if the model is drawn in a local coordinate system. Otherwise could 

the projection be set to any coordinate system that the model is created in. There is no possibility of 

reprojecting the model from IFC_COORDSYS_0, but could instead be done once the model’s coordinate 

system has been defined.   

3.6.2. IFC 

The transformation from IFC to CityGML may not always be necessary since the Data Interoperability 

extension in ArcGIS also allows import of IFC data directly to an Esri geodatabase without performing 

any conversion steps. If the Data Interoperability extension is active and loaded in ArcScene, it is 

possible to directly add IFC files into a new scene and store the feature classes as surfaces or lines in 

an Esri geodatabase. With the use of the quick import tool, there are though possible to convert the 

IFC feature classes to multipatch geometries and store in an Esri Geodatabase. When importing the 

IFC files directly, there is though no possibility to set the coordinate system nor re project the model 

when imported, but it will instead be set to the default IFC_COORDSYS_0 coordinate system. The IFC 

models could though be projected to desired coordinate system and later re projected, just as with the 

CityGML file.  

After imported the IFC model to ArcScene, missing geometries and errors among the attributes in the 

import to an Esri geodatabase could be identified. It could be the case that the Quick import translation 

in ArcScene failed and was not capable of reading all the IFC features. Even though the translation 

contained a lot of warnings and errors of invalid coordinate system or geometries, could the IFC models 

still be imported with most of the required IFC types. When imported in ArcScene, every IFC surface in 

the model could be turned off and on as layers. The layers could be colorized to clearer visualise the 

components of the whole building identify variations between layers.  

3.7. Combining with Spatial Data and Performing GIS Analyses 
The CityGML models in all three different level of details could after the import into ArcGIS be 

combined with other geographic data in different formats. This functionality can for example be used 

to get a better understanding and visualisation of the model’s true location in relation to other 

geographic objects but there are many other possibilities. Other tries included adding a 3D ground 

surface as a reference, so that the model’s relative heights also become visible and the parts of the 

model that are under that surface can be visualised. For analysis of visibility and shadows, surrounding 

3D buildings were also added. Last, but not least, a road network was added for making it possible to 

perform 3D network analyses from the building to places outside of that building.  

Once combined with other spatial data it was possible to perform several kinds of 3D analysis with the 

built-in toolbox. Some of the 3D analysis required a high LOD with different features types and 

sometimes also other geometries, when comparisons were made. More important is that to perform 

3D Analysis, the software requires that the multipatch geometries are closed. When it comes to the 

entire building this is generally not the case for the models, since there are a lot of geometric gaps in 

the building itself – something that the model represents. It could be the case that a building with low 

LOD consists of fully enclosed multipatches already after the first transformation from IFC to CityGML. 

Otherwise there is a tool in ArcScene that could be used for closing the multipatches before performing 

other 3D analyses. Each layer of the model must be enclosed on by one, why it is harder to fully enclose 

a model with higher level of detail.  The IFC or CityGML can also be merged into Esri Shapefile and then 
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enclose the multipatches of the entire building for easier handling of the model. This could though be 

problematic if the model contains holes or gaps, that still could yield a non-closed surface. The 

processing of handling these types of dataset could though be very time-consuming when enclosing 

the multipatches of the building.   

The analyses that were relevant to use for the buildings are both 3D feature analysis and Visibility 

analysis, and the Scene could also be exported to a 3D Web Scene in CityEngine. Some of the different 

analyses that could be tested are listed in Table 5 below.  

Table 5: List of relevant 3D Analysis for the imported buildings in ArcScene 
 Analysis Input Output Examples of use 

3D Feature Analysis Buffer 3D Point or line feature Generate multipatch regions around 
the input layer to set distance.  

Can be used to 
analyse the 
distance from 
roads to 
buildings.  

 Difference 3D Multipatch feature Subtract features from volume and 
generate new multipatch volumes.  

 

 Inside 3D Multipatch features Multipatch feature that are inside 
another closed multipatch feature. 
Generate a table with feature that are 
outside, partially or fully inside the 
multipatch feature.  

 

 Intersect Multipatch features Generate a volume of two input 
features that intersect with each other 

 

 Instersect 3D 
Line with 
Multipatch  

Line and multipatch 
features  

Return the intersection between lines 
and multipatch features 

 

 Is Closed Multipatch features Check whether the multipatch fully 
enclose the volume.  

 

 Near 3D Multipatch features Calculates the 3D dimensional 
distances between input features 

 

 Union 3D Multipatch features Merge overlapping multipatches into 
one single multipatch feature.  

 

Visibility Analysis Line of sight Surface, Sight lines 
and multipatch 
features of 
obstructions 

Determines the visibility of constructed 
sight lines over obstructions consisting 
of a surface and an optional multipatch 
dataset.  

From windows to 
surrounding 
buildings and 
landscape.  

 Sun Shadow 
Volume 

Multipatch features Creates a multipatch volume of the 
shadow from the building.  

Shadow analysis 
on different times 
of the day 

 

The produced CityGML models with different LODs were used for different purposes when performing 

GIS analyses in ArcScene. In most cases, it was only interesting to perform the 3D analysis on the entire 

building rather than on separate IFC or CityGML feature types. Optimally, CityGML with a higher level 

of detail, or the original IFC models, would then be used in order to not exclude any important features. 

When, for example, calculating the sun shadow volume of a building, this could only be done for the 

entire building - it was not even possible to perform this analysis on a single surface feature type with 

a satisfactory result. Therefore, detailed LOD 4 buildings with a lot of interior components, are not at 

all required for some of the visibility analysis, even though the details in the roof structures can play a 

role in determining the shadow volume.  
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For performing network analysis of the building models, a network of the generated 2D floor plans 

must first be created. The room centres should be set as locations within the building and be connected 

to corridors to form a route layer. Stairs and elevators should be set as spaces where it would be 

possible to transit between floors.  After generating a network, optimal routes can be calculated within 

the building and those evacuation routes could be connected to a road network outside of the building. 

Here, it is more important to have detailed models as features such as doors and walls function as 

obstacles in the network.  

Worth noting is that some BIM software have the possibility to perform one or a few of the analyses 

mentioned here. For example, Solibri includes the possibility to perform evacuation plans for a building 

directly. These analyses are however only usable within a narrower field of applications than the ones 

in a GIS. To make the same amount of analyses available as in one GIS you would also need a large 

range of different BIM software, meaning higher costs in form of several licenses. There are also 

analyses that only appear to be executable within GIS in general and ArcGIS in particular.   
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4. Results and Analysis 

4.1. IFC models  
The exported IFC models were overall successfully opened in Solibri and imported to ArcScene. The 

models are in general very similar to each other in both software but could differ somewhat. That is 

mainly because of how the software handle the geometries and colours. Solibri had no problem to 

handleand visualize all models. Panning and zooming around the building also worked. ArcScene, on 

the other hand, had some difficulties of handling larger datasets of very detailed and informative 

models. Therefore, it was harder to pan and zoom around the building models in ArcScene, making it 

harder to visualise the models in a good and straightforward way together with other geographic data 

sets.   

4.1.1. Sturehovs Slott 

Sturehovs Slott was exported successfully into IFC. The model was visualised in Solibri, where all of the 

necessary geometries were included in the export, as seen in Figure 17 below. The interiors of the 

model could be visualised and all the important IFC types were generated. After importing the model 

into ArcScene as an Esri Geodatabase, it could be seen that some parts of the walls and doors were 

missing, see Figure 18. The interiors of the model was here harder to visualise, due to difficulties with 

moving and panning inside the building. The model was placed on its correct location, after defining 

the coordinate system since the model already had cartographic cartesian coordinates defined in Revit.  

The model was also combined with a DEM, to which the model’s height was offset to since the height 

was not defined in Revit.   

 
Figure 17: Sturehovs Slott IFC model in Solibri. 
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Figure 18: Sturehovs Slott IFC model in ArcScene with ground surface data. 

4.1.2. Stockholms Stadsmuseum 

The transformation from Revit to IFC was also successfully created for the model of Stockholms 

Stadsmuseum. The model was complete and did not contain any holes or missing geometries in neither 

Solibri nor ArcScene, as seen in Figure 19 and Figure 20. The building site and elements beneath the 

surface were included with all details of the entire building.  

 
Figure 19: Stockholms Stadsmuseum IFC model in Solibri. 
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Figure 20: Stockholms Stadsmuseum IFC model in ArcScene. 

 

4.1.3. Kanaans Café Hässelby Strand 

Kanaans Café was also successfully exported with the site and all required geometries with no 

important parts excluded. The import to Esri Geodatabase failed to import some feature types, as 

ArcScene does not support them. However, it seems like the model was complete enough and looks 

very similar to how it looks in Solibri, as can be seen in Figure 21 and Figure 22 below.  

 
Figure 21: Kanaans Café IFC model in Solibri. 
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Figure 22: Kanaans Café IFC model in ArcScene. 

4.1.4. Telefonplan Metro Station 

The export to IFC for Telefonplan metro station was definitely not flawless. There were a lot of 

important geometries that were missing and parts of the platform was placed beneath the model as 

can be seen in Solibri, Figure 23. Why some parts of the platform have been placed beneath rest of the 

model is unknown, since the model looks correct in Revit. It could be that these platform elements 

have some missing height information in the attributes but could be hard to control in the export to 

IFC.  

The model had defined coordinates and height in Revit and was further successfully projected to its 

defined coordinate system in ArcScene. After having combined the model with the ground surface and 

surrounding buildings it gave a realistic view of how the model is located. This can be used for visual 

analysis, as seen in Figure 24.  

 
Figure 23: Telefonplan Metro Station IFC model in Solibri. 
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Figure 24: Telefonplan Metro Station IFC model with ground surface and surrounding buildings. 

 

4.1.5. Riverside 

The Riverside building shows a fully complete IFC model in Solibri, with a lot of detailed geometries 

included in the model, as seen in Figure 25. There are a lot of interiors within the building, but also 

exterior details which makes the model very realistic. The import of the model to ArcScene was not 

performed correctly. As seen in Figure 26, parts of some interior walls, classified as 

IFCWallStandardCase, have not kept their original shapes and have been misplaced. This layer could 

be turnt off and rejected in the working process. The reason for why the import of the IFC model to 

ArcScene did not work properly is unknown, except that there were warnings during the translation to 

ArcScene.  ArcScene could have problems with handling larger and complex geometries as it does not 

support some IFC feature types.  

 
Figure 25: Riverside IFC model LOD 300 in Solibri. 
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Figure 26: Screenshot of Riverside IFC model in ArcScene. 

 

4.1.6. New Hampshire, Manchester, School. 

The IFC models of the School in New Hampshire were very similar in Solibri and ArcScene, except for 

different default generated colours, as seen in Figure 27 and Figure 28. The IFCSite with ground and 

trees was also included in the export as well as detailed interior and exterior parts.  

 
Figure 27: New Hampshire School IFC model in Solibri. 
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Figure 28: New Hampshire School IFC model in ArcScene. 

4.2. IFC to CityGML 
The used FME Workspaces were able to generate CityGML models in all three Level of Details but not 

for every used model. The models differed a lot in the way they were produced and classified into 

different IFC types. For some models, the used IFC types and output CityGML files were enough to 

produce the desired CityGML models in all three different LODs, but that differed a lot from model to 

model. Due to complex geometries and not supported IFC types in FME, together with attributes that 

are named differently between the models, there were a lot of errors that occurred during translation 

in FME and IFC types that were skipped. The geometries of the model could be too complex or not 

closed, causing problems for FME to handle them. In most cases there were also a lot of missing 

geometries in the translation, yielding CityGML models containing a lot of holes or missing parts.  

The models that were defined with real world cartesian coordinates in Revit, were easily placed on 

their rough true location, with correct relative height to the ground and orientation towards north. 

These models were also easily reprojected to a desired coordinate system for combining it with other 

geographic data. The models that were defined in a local coordinate system, were more complicated 

to handle. They were instead manually set to their correct origin with the height offset using a built-in 

tool.  

A lot of manual work was required to move the model to correct place and to reproject the models to 

the desired coordinate systems for combining it with other geographic data. Most of the models were 

missing information of their height relative to the ground, and were therefore manually offset to the 

ground surface.  
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4.3. CityGML Models 
All of the generated CityGML files are not presented in the result part, but instead some differences 

discovered between the models in all level of details are pointed out and visualised.  

4.3.1. LOD2 Models 

Sturehovs Slott 

The CityGML LOD 2 building of Sturehovs Slott was quite successfully created, see Figure 29. It was 

placed at its approximate geographic location but not on the correct height relative to the ground. The 

model was instead offset and placed on the ground surface. The most relevant 3D features were 

successfully meshed into one single building feature type but the model had detailed parts that were 

not necessary. The building surface covered the entire roof structure and the stairs and the balcony 

did not have to be included in the CityGML LOD2 model. Instead it would be enough to only include 

simple wall and roof structures with no other small components, to reduce file size and processing 

time.   

 
Figure 29:  Sturehovs Slott CityGML LOD2 in ArcScene with a 3D ground model and added roads. 

Stockholms Stadsmuseum 

As seen in Figure 30, the transformation into CityGML of Stockholms Stadsmuseum had a lot of missing 

geometries compared to a valid and complete LOD2 CityGML model. There are several walls missing, 

and there are still openings for walls and windows in the model. Parts of the chimneys on the roof are 

not complete and are also not necessary to create a LOD2 model. The model is placed roughly on its 

true location and correct height in ArcScene, as seen in Figure 31, where the building is combined with 

a DEM, some roads and surrounding buildings.  
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Figure 30: Stockholms Stadsmuseum CityGML LOD2 in ArcScene. 

 

Figure 31: Stockholms Stadsmuseum LOD2 model with buildings, roads and ground surface. 

Kanaans Café 

The CityGML LOD2 model of Kanaans Café had some missing geometries in order to generate a 

complete LOD2 model. It also contained some extra parts that made the building more complicated 

than necessary. The stairs to the entrance are not required for a LOD2 model but should rather be 

replaced with a surface to close the model. The spaces on the second floor went above the roof 

surface, which is not supposed to be the case. The model could have been created only with the Spaces 

from “IFCSpaces” and Walls and Floors from the “IFCSlab” feature class. The roof structure is still 

important to create a complete CityGML LOD2 model, which is why the “IFCRoof” class also was 

included in the transformation. The chimneys were also contained in the “IFCSlab” class, just as the 

stairs and the porch, but netiher of them has to be included in a LOD2 model. These parts could on the 

other hand be hard to filter out depending in which IFC type they are classified in as well as the size of 

the parts. Very small and detailed parts could be filtered out, but when too detailed information varies 

in size it becomes more problematic and requires manual work. 
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Figure 32: Kanaans Café CityGML LOD2 building. 

Riverside 

The Riverside CityGML LOD2 building, was successfully created as single mesh of the IFC Slab and Space 

feature type into a single CityGML feature type. The FME workspaces was created for this specific 

building from the beginning, why it also gave a satisfactory result. In this case was no necessary roof 

structure needed in the creation of the model, since the roofs were originally flat and were only 

contained within the IFCSlab class. The used IFC types was therefore enough in order to generate a 

complete CityGML LOD2 model.  

 

 
Figure 33: Riverside CityGML LOD2 building in ArcScene. 

 

New Hampshire School 

The CityGML LOD2 model of the School in New Hampshire shows a solid model of the building, though 

with some parts missing in the entrance of the building, Figure 34. The roof structure of the entrance 

was in this case generated of the IfcSlab feature type and was not connected with the rest of the 

entrance, since it was made of a glas structure. The rest of the entrance was also generated from the 

IfcSlab feature type and therefore was the entrance not connected to the building. Either should the 

roof structure of the entrance be removed and the rest of the entrance be extruded to that height in 

order to create a more complete model. Depending on the purpose of use may the entrance even be 

excluded from the building model and could still work as enough detailed CityGML LOD2 model.  
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Figure 34: Manchester school CityGML LOD2 building in ArcScene 

4.3.2. LOD3 Models 

Sturehovs Slott 

The CityGML LOD3 model of Sturehovs Slott was successfully created and placed at its true location. 

The height of the model was though manually offset to the ground surface. The model contains all of 

the wanted CityGML feature types, colorized for better visualisation of the parts of the model. The 

stairs outside the building may not be needed for most applications in GIS, but could play a significant 

role if it would be possible to perform direct Network analysis within the building.  

 
Figure 35: Sturehovs Slott CityGML LOD3 model and ground surface in ArcScene. 

 

Kanaans Café  

The transformation between IFC to CityGML LOD3 of Kanaans Café was succesfully written to an Esri 

Geodatabase, and was possible to open in ArcScene. It could though be seen that the transformation 

from IFC to CityGML LOD3 was defintely not flawless with a lot of holes, gaps and missing important 

geometries, as seen in Figure 36. The stairs and parts of the walls to the entrance were missing and 

there were some holes in the roof surface. A lot a manual work in the workspace would have to made 

in order to fill theses holes and add the missing parts. A better solution could have been to replace 

some geometries of the model with generalized, and simplified parts to reduce the complexity of the 

model, depending on which field of study the model should be used in.  
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Figure 36: Kanaans Café CityGML LOD3 model in ArcScene. 

Riverside 

The Riverside CityGML LOD3 model was generated succesfully with all necessary LOD3 feature types  

clearly colorized in different layers, as seen in Figure 37. This model gave the most satisfactory result 

with no important parts missing in the model. The model gave a very realistic picture of the building 

and looked very visually appealing.  

 
Figure 37: Riverside CityGML LOD3 model. 

 

4.3.3. LOD4 Models 

Sturehovs Slott 

The model of Sturehovs Slott could be transformed into CityGML in LOD4 but some parts of the 

building where missing when imported into Esri Geodatabase, due to some IFC features types not 

being supported in the translation. As seen in Figure 38, the outside stair was not included and there 

was a gap in the roof surface. In this case the CityGML LOD3 building of Sturehovs Slott would be of 

more use, at least as long as the user knows what feature types that are included in both versions. 



44 (60) 
 

 
Figure 38: Sturehovs Slott LOD4 CityGML model in ArcScene with ground surface. 

Telefonplan Metro station 

The transformation from IFC to CityGML LOD4 for Telefonplan Metro Station was, just like with the 

earlier exports, far from perfect. It includes a lot of missing and misplaced geometries, as seen in Figure 

39. Parts of the platform are placed below the model and the rails on the tracks are completely missing, 

together with parts of roofs and walls. The model only consisted of roof, wall and floor surface and 

some building elements. There was clear that more feature types was required in order to generate a 

valid CityGML LOD4 model. Manual work is also required to correct the platform geometries, as seen 

already in the IFC export in Figure 23.  

 
Figure 39: Telefonplan Metro Station CityGML LOD4 model in ArcScene. 

 

The model was placed on its true location and correct height, after have defined its coordinate system 

it was created in Revit and reproject the model in FME, as seen in Figure 40. Since the model is though 

not complete it would no be possible to perform any further analysis, more than combining it with 

geographic data and other buildings for visualisation purposes, just as with the IFC model as seen in 

Figure 24.  
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Figure 40: Telefonplan Metro Station LOD4 model with ground surface, roads and buildings. 

New Hampshire School  

The CityGML LOD4 model of the New Hampshire School was overall successfully created, even though 

there were some parts missing, as seen in Figure 41 below. Why parts of the roof to the entrance was 

missing is unknown. In is possible that there are some IDs between the IFC and CityGML lookup table 

that has been mismatched. As the roof is not connected to any other part of the building elements, it 

is a likely reason for the missing geometry. Apart from this, the model had most of the necessary 

components that is required for a CityGML LOD4 building and should be possible to use for several 

fields of applications.  

 
Figure 41: New Hampshire School CityGML LOD4 model with parts of the roof missing. 

  



46 (60) 
 

4.4. 2D Floor Plans 

4.4.1. Sturehovs Slott 

The generated floorplans of Sturehovs Slott model was not completed to perform network analysis, 

see Figure 42. There are some missing spaces of the rooms and the walls are not entirely connected. 

Some rooms also had two centre points, due to the fact that there was more than one space for an 

area. The openings to rooms could not be created in FME, but are instead represented by the doors’ 

footprints. It was also not possible to produce centre lines of corridors which meant it was impossible 

to generate a useful network within the building. Further manipulation and a lot of manual work would 

have to be done in order to produce a complete network within the buildings. It would instead be 

optimal if it was possible to import the already created floorplans in Revit into  ArcGIS and combine 

these with other data.  

The floorplans were also combined with ground data and a network. The Sturehov building was 

however located very far from a connecting network, which made it hard to combine with other data 

for performing network analysis outside of the building.   

 

Figure 42: 2D floorplans for Sturehovs Slott with spaces, doors, walls and room centres. 

 
Figure 43: 2D Floorplans for Sturehovs slott in ArcScene with ground surface. 
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4.5. Performing GIS analysis in ArcScene 
When using the CityGML models or the IFC models, ArcGIS had problems of handling their geometries, 

due to that the generated multipatches features were not closed directly after importing them into 

ArcScene.  It was also the case that there were gaps between some building parts, especially in the 

models with a higher level of detail. This lead to that the model could never be entirely closed even 

though the separate multipatch features were closed. That the multipatch features were not closed 

was detected when trying to perform 3D feature analysis or visibility analysis of the models, or by 

testing if the multipatches were closed. The simplest visibility analysis was therefore only used for 

models with LOD2 where the multipatches of the model could be closed or where they already where 

closed. The CityGML LOD2 models where there only was one feature type included in the building, 

there was not possible to perform any 3D feature Analysis because more than one feature type was 

required.  

4.5.1. 3D Feature Analysis 

Enclose Multipatch 

For most of the models it was difficult to enclose the multipatches with the enclose multipatch tool in 

ArcGIS, that generates shapefiles. Only parts of the building’s multipatch features were enclosed and 

the rest of the building was excluded. This lead to incomplete buildings with a lot of gaps and holes, 

making it impossible or useless to perform any further 3D feature Analysis or Visibility Analysis on non-

complete models. As seen in Figure 44, only parts of the multipatches of Sturehovs Slott CityGML LOD2 

model were enclosed and the original shape of the building had been deformed. After enclosed the 

multipatch of Sturehovs Slott LOD3 CityGML Model, only parts of the multipatch feature types were 

enclosed, as seen in Figure 45.  

After having merged the multipatch features into shapefiles, there was still not possible to enclose the 

multipatches, probably due to too large dataset causing too long processing times. For visualisation 

purposes and easier handling of the model together with other geographic data could this still be very 

useful if each layer does not have to be analysed, and the model is not too complex.  

 
Figure 44: Sturehovs Slott CityGML LOD2 model after generating enclosed multipatches. 
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Figure 45: Sturehovs Slott CityGML LOD3 model after generating enclosed multipatches. 

Analyses between different multipatch features 

Since the models' multipatches could not be enclosed, netiher for the IFC models nor CityGML models, 

it was also not possible to apply any of the avaialable 3D analyses on the multipatch features. All of 

the performed analyses failed due to that the multipatches were not closed. Even though some of the 

multipatch features were closed after trying the enclose them, the analyses were meaningless, since 

the multipatch features had no connection to each other.  

4.5.2. Visibility Analysis 

Sun Shadow Volume 

Solid sun shadow volume of some of the building models could be generated where multipatches were 

enclosed. The volumes were produced with a random time of the day setting to avoid extreme cases. 

The results show that it is possible to perform sun shadow volumes of solid CityGML LOD2 models, but 

with some flaws.  The sun shadow volume of the Riverside CityGML LOD2 model, seen in Figure 46, 

generated a complete volume from the whole building. But with no reference to the ground surface 

or other surrounding buildings, it is hard to perform any further analysis set the result in any other 

perspective.  

 
Figure 46: Sun Shadow Volume of the Riverside CityGML LOD2 model. 
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The model of Sturehovs Slott could also generate a Sun Shadow Volume, but is not connected to the 

building. This could be due to that the sun shadow volume was not generated over the whole, but has 

excluded some parts of the building. The results though show that it is possible to perform sun shadow 

volumes on solid CityGML models in ArcScene.  

 
Figure 47: Sun Shadow Volume of Sturehovs Slott CityGML LOD2 model with ground surface. 

 

Sight Lines 

Sight Lines were produced for the CityGML LOD2 model over Stockholms Stadsmuseum as seen in 

Figure 48 where green lines are visible and red lines are not visible. A created point within the building 

was set as the observer point and sight lines were generated to two created target points outside the 

building. The sight line through the building was obstructed by the building and showed that this target 

point is not visible. The other target point was obstructed by the ground surface and was therefore 

neither visible. The sight lines were very approximatively created but it could be seen that it is possible 

to create observer points within a building and generate sight lines through windows to other targets 

of buildings or in the landscape. For this purpose, it is therefore not required to have a model that is 

entirely enclosed, but could instead be very detailed for producing more correct sight lines between 

buildings.  

 

Figure 48: Created Sight Lines in the CityGML LOD2 Model of Stockholms Stadsmuseum 
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5. Discussion 
Despite the lack of finished GIS analyses there are still several points to be made about why the 

analyses failed and how integration of BIM and GIS can be facilitated. The issues run into during the 

work have been divided into four different, but at several points somewhat overlapping, areas. The 

first concerns BIM usage and routines, the second discusses the level of detail in the models, the third 

addresses the geodetic areas of coordinate systems and georeferencing while the fourth focuses on 

the more technical problems concerning formats and software. 

5.1. BIM Usage and Routines 
As spatial data and GIS has been around for quite some time, most companies, organizations and 

authorities are used to work with the tools, processes and software involved. As BIM is a newer 

concept, it is reasonable to assume that users, for natural reasons, are not as experienced within this 

field and that the average level of maturity therefore is lower. This complicates the fusion between 

the two and can even make it somewhat overkill to aim for a full integration. This means that there 

are some aspects specific to BIM usage and routines that are worth looking into. 

Firstly, there is something to say about the access to BIM models. Just like with spatial data, it is 

important that the involved organizations implement processes for saving and/or archiving models 

created during a project. Having these routines in place would mean that the models, once created, 

can be transformed into, or used in combination with, spatial data supposed to be used with GIS 

software. Most importantly, this opens up the opportunity of integration both today and in the future, 

without having to recreate the models. The real-life models used within the practical work were mainly 

created after the construction of the respective buildings. When looking at older, historical, buildings 

(such as Sturehovs Slott and Stockholm Stadsmuseum) this is completely natural – BIM did not exist 

when they were built. In more recent times and in the future, when BIM was or will be used when 

constructing new buildings, it is certainly less efficient if the models created during the actual project 

were not utilized for these purposes and instead somehow scrapped so that the 3D modelling has to 

be redone later. It is also reasonable to assume that models created later in a building’s lifecycle, rather 

than during the actual construction, are more error-prone as information might be lost by the time 

they are created. So, even if automatic and full-scale integration does not seem to be within reach just 

yet it will help in the future if models created today will still be available when it has become a reality. 

Preferably, they are also stored in open and non-proprietary formats, such as IFC, so that future work 

is not dependant on specific software.  

As can be seen from the previous work and the results in this thesis, transformation from IFC to 

CityGML is complex enough even if there are no apparent mistakes in the original files. BIM models of 

low quality with, for example, faulty classification or incorrect location of the objects will therefore 

complicate the process even further. As most of the models used in this thesis seem to have been 

correctly exported from Revit to IFC it seems that they do not contain any serious flaws. In some cases, 

however, there is reason to suspect that parts of the models are not entirely correct – especially with 

the metro station at Telefonplan (where parts of the model are clearly located at the wrong height 

already when it is exported from Revit to IFC). There are also some surprising results with the lower 

LOD transformations where geometries are included even though they should not be – something that 

points towards errors already when creating the BIM model. Even though conversion between the 

formats seems to be a bigger issue, it is worth pointing out that the quality of the BIM-models will 

affect the possibilities of integration and that it is an area which deserves attention. 
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5.2. Level of Detail vs Level of Development 
One of the key differences between BIM and GIS is still the level of detail used within each system. 

This, together with the lack of a common definition of the concept for both worlds, has been 

problematic during the work with this thesis. Even though both BIM and CityGML use the terms 

similarly they mean different things dependant on which field you are focusing on. There is no clear 

solution into which CityGML LOD that a BIM model of, say, LOD 400 should be transformed and what 

objects/information that should be transformed or not transformed. This is especially the case as the 

BIM levels are not tied only to the amount of visual objects but rather how much information that is 

tied to each object. Not having the same nomenclature results in the user having to make its own 

decisions, resulting in a less automatic workflow and transformation process. A continued work with 

standards, both for each field and the two together, is desirable. The most practical solution might be 

increased possibilities to shift between different LOD within the software used for visualisation and 

analysis, for example through zooming.  

More details also means a more complex model, something that apparently results in problems when 

performing the GIS analyses. Most of the spatial analyses could not be performed on the CityGML files 

with higher LOD as they contain too many holes and cavities that cannot be enclosed using the built-

in tools in ArcGIS. Performing the analyses on CityGML models in LOD2 does seem to get acceptable 

results for most of the analyses, mainly as these are more solid. Luckily, there are some applications 

where it should be enough with results arrived at using the coarser models. Analyses concerning 

shadow volumes and the placement of solar panels is one example of this. They are mainly used to get 

an approximate idea of whether solar energy could be used for the building and what placements on 

a roof (or other surface) that is most promising and not to get exact values of how much energy that 

can be generated from the panels. This means that use of a LOD2 model, that depicts the correct shape 

of the roof albeit without details such as dormer windows, should be sufficient for an accurate enough 

result. For an illustration of the differences between LOD2 and LOD4, see Figure 49. 

 
Figure 49: Roof of Sturehovs Slott in ArcScene, CityGML LOD2 (left) and LOD4 (right) 

For other applications, more detailed models are necessary. If, for example, indoor route planning is 

to be of any use, the interior details such as rooms and doors need to be included in the model which 

means a higher LOD and therefore also a more complicated transformation. Other analyses might not 

need a high LOD as long as the features the user is interested in are available. The sightline analysis on 

Stockholm’s Stadsmuseum is one example of this. As long as the windows that are to be analysed are 

present in the model, the amount of other details in the building is not too important for the result – 

mainly because of the fact that this analysis depends more on what data the model is combined with. 

To have a model with lower LOD that still includes details normally belonging to higher LODs, such as 

windows, will require manual work by the user. The best solution to this problem would be to have 

the detailed models be more solid, or at least possible to enclose within ArcGIS, so that the possibilities 

for the spatial analyses would be improved.  
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Another problem with more detailed models is that the file size increases with the amount of detail. 

For a small building, such as Kanaan’s Café, an elaborate LOD4 model is still manageable when it comes 

to the file size and run time for the software used. For larger buildings, this can quickly grow into a 

problem. Running the transformations from IFC to high LOD CityGML within this thesis was already 

time-consuming and those only handle one single building at a time. If future applications require 

several detailed buildings, or even an entire city, the file size and complexity of them will be a limiting 

factor through its effect on the run time. Other related problems were discovered during the work, 

such as ArcGIS responding slowly. When panning and zooming around several of the imported models, 

there is both flickering and some geometries that are not shown in certain views – especially if the 

model has been combined with other data. Figure 50 shows an example of this. 

 
Figure 50: A view with missing geometries for Sturehovs Slott in ArcScene (LOD4) 

5.3. Coordinate and Reference Systems 
That BIM and GIS have different approaches to geographic positions is a well-known fact. However, it 

might also be one of the more problematic ones to solve. To make sure that BIM models are actually 

helpful during a construction phase, their coordinates need to be very precise. If a map projection or 

geographic coordinates on a defined reference ellipsoid, rather than a local Cartesian coordinate 

system, is to be used would result in problems such as (even) larger files. Using local coordinate 

systems in a GIS is similarly not a great idea as this would lead to distortions compared to reality when 

working over larger areas. Because of these reasons, some sort of conversion from the local to global 

systems is a must. The best solution might be to have some kind of seamless change between them 

depending on use and, for example, level of zoom. When zoomed out, showing a larger geographical 

area, the software would then use a specified global reference system while at a certain level of zoom, 

where only one or a few buildings can be seen, the local system in place for those buildings could be 

used. 

Regardless of whether such a seamless solution would be available or not, there is still the need of 

tying the local system to the global one. As already mentioned, there are functionalities within Revit 

that handle this. The fact that there is no way of actually stating which global system that is used, the 

software assumes that it is WGS 84, is however another problem. Even if the user knows the reference 

system, which is in no way certain, it results in more manual labour within the work flow. It does look 

like developers on the BIM-side have a solution to this in mind. One of the latest releases of IFC, IFC 4, 

includes an attribute (“IFC MapConversion”) that is supposed to contain information on what global 

system the local origin is defined in and what the transformation parameters between the systems 
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are. Where in Revit, or other software, that the meta data needed to make this attribute useful is to 

be created is however still unclear. 

The manual placement of some models performed in FME is not an optimal solution, especially as the 

precision will be far from the one achieved with actual surveying. For applications where an 

approximate location of the model is enough and errors on a decimetre or even metre level is 

acceptable, it could still be used as backup plan – just as in this thesis.  

5.4. Formats and Software 
The last and most technical category of issues contain those that can be derived from the fact that BIM 

and GIS use different formats and software. Even if the tools have approached each other, with for 

example the possibility to import IFC directly into ArcGIS, there are still problematic areas to look into 

before full-scale integration is possible. 

First, there are several problems with the transformation from IFC to CityGML. Some of these can be 

derived from errors in the original data, as has already been mentioned. Other errors could originate 

from the IFC export in Revit where there are several sets of possible options that were not tested 

within this thesis. However, most issues seem to occur after the actual transformation. A clear example 

of how complex the translation is can be seen in Figure 51 where the CityGML LOD3 model of 

Sturehovs Slott includes the emergency stair case on the outside of the building, while the LOD4 model 

(that is supposed to be more, not less, detailed) does not. It is possible that such errors could be 

avoided through more experience with the formats as well as the transformation schemas in FME. 

What is clear, however, is that an automated process is far away as hands-on edits depending on the 

input model still is necessary.  

 
Figure 51: CityGML model LOD3 (left) and LOD 4 (right) of Sturehovs Slott in ArcScene 

 

Apart from focusing of the translation between the formats - a possible solution, that was partly 

explored in this thesis, is to improve the import-function of IFC in ArcGIS. As it is today, this function 

works but does not support certain feature types. Despite this, it still tries to import all possible feature 

types which means that the once imported model might include unnecessary ones. Giving the user 

more control over what classes to include in the import and also the possibility to manipulate or edit 

the input data could give better results than today where going through CityGML seems to be the best 

solution. It is also possible that extensions to IFC would improve the chances of success when working 

with only that format rather than transforming between the two. Examples of this includes classes 

tailor-made to handle more GIS specific data roads and ground. Other formats than CityGML could also 

be considered and this might be appropriate for other uses, than the one discussed here. For simple 
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visualisation or sharing with other users, formats such as KML, Sketchup and 3D PDF can very well be 

used. Neither of these do support analysis within ArcGIS or other software. Yet another solution to 

consider is to make compromises within IFC and/or CityGML to make them function better together. 

A completely new format could also be created for the same purpose. There is, however, a 

contradiction between having formats that are supposed to be specialized and well-functioning within 

their normal applications but that are also supposed to be easy to combine with other, as complex, 

formats. 

While it is very comfortable and certainly time-saving to have built-in tools within the software to work 

with, there are drawbacks to using these. When something goes wrong, such as in the stair case when 

transforming Sturehovs Slott from IFC to CityGML LOD 4, the user has less control and less possibilities 

to see exactly what went wrong compared to self- developed tools. The two workflows, IFC to CityGML 

LOD3 respective LOD 4, use the same input data and built-in transformer for the staircase but still gets 

different results. A similar issue of this kind, that also showed up during the execution of the analyses, 

were that the “enclose multipatch”-tool in ArcGIS did not work for most of the buildings. When it did, 

it did not enclose the building in the way intended which did not solve any problems with the spatial 

analyses.  
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6. Conclusions 
The four questions to be answered in the thesis were: 

1) What is the current situation concerning integration of BIM- and GIS-data? 

2) What are the possible applications for performing analyses normally used within the field of GIS on 

BIM-models? 

3) How can these analyses be performed and the results be visualized? 

4) What, if anything, hinders full-scale integration of BIM and GIS and what are possible solutions to 

those problems? 

Although there has been work within the field of integrating BIM and GIS, it is tough to find full-scale 

solutions. Previous work has instead focused on parts of the process, such as the needs for 

standardisations or translation between different formats, or specific applications. There are many 

different uses for GIS analyses on BIM models where indoor network analysis, visibility analysis and 3D 

spatial analysis stands out. The analyses should, at least in theory, be possible to perform and visualise 

through conversion from IFC to CityGML. This was done through use of Revit and FME. The files were 

then imported into ArcGIS where they could be combined with other spatial data before performing 

the analyses chosen. 

The results from the practical work are clear. Most of the transformations from IFC to CityGML failed 

in some aspect, especially the more detailed and complex ones. If the file could be imported at all there 

were geometries missing, wrongly placed or included in the CityGML file even though they should not 

have been there. As a consequence, most of the 3D analyses could not be performed at all or failed to 

some extent. Despite this, there were also a few positive results. Combining the (flawed) CityGML 

models with other spatial data for visualisation purposes worked rather well. Also, both the shadow 

volume and sightline analyses gave some results indicating that there might be a future for those 

applications.  

The four different categories of obstacles for a full-scale integration identified are: BIM usage and 

routines (especially the quality of the 3D models), the level of detail (where a common nomenclature 

between BIM and GIS would help), coordinate and reference systems (georeferencing in IFC using 

newly released attributes is a possible solution) and formats and software (where more work on the 

translation between IFC and CityGML is needed). 

From these results, it is reasonable to conclude that full scale and automatic integration when it comes 

to performing GIS analyses on BIM models is not currently within reach - at least not using this 

methodology. 
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7. Future Work 
There is certainly a large amount of further research that can be done within the field of BIM and GIS. 

The results of this thesis as presented in the Discussion are clear examples of this. Firstly, the 

transformation between IFC and CityGML is in need of more attention if an automatic workflow is to 

be created or if regular users are to be able to perform that translation. Other parts of integration that 

need more handling are common standardisations and nomenclature between the two fields. How to 

best georeference in IFC and how to best meet the precision demands in both BIM and GIS is another 

possible domain.  

If the ability to perform spatial 3D analyses on BIM models is desirable, there are several possible trails 

to carry on with. One is to further explore the methodology established in this thesis and focus on the 

improvements suggested. Another would be to explore the potential of performing the analyses 

directly in a BIM software. Developing an extension or tool for that purpose could first of all remove 

the need to export the model into IFC. If IFC is the format most suited for such a solution it could at 

least eliminate the demand on transforming the model into CityGML or some other format more 

suitable for GIS software. A third possibility would be to develop a completely new software with such 

analyses on detailed BIM models as its main (or only) functionality. With the technology that exists 

today, there is a risk that this tool would become somewhat of a half-measure used only when 

traditional software is not enough. 

Even when settling on the same target and methodology as in this thesis there are several other 

analyses and applications of them to test. With other input data and/or changes in the FME workflows 

it is also very much possible that further work can have more results from the analyses tried here. 
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