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A B S T R A C T

Augmented Reality (AR) is the technology that superimposes digital generated ob-
jects on the physical world. It has the potential to create new products and services,
like visualizing future buildings or objects that will decorate a place, which creates
new opportunities for applications in both the public and private sector. The archi-
tecture and construction fields are particularly interested in investigating this inno-
vative technology to engage stakeholders, such as designers and engineers, in every
stage of decision making and to minimize discrepancies between the original design
of a building and the final outcome. Portability is one of the greatest advantages of
Head-Mounted Display (HMD) AR technologies, but there are limitations regarding
the amount of data which can be visualized using the computational power of the
current generation of devices. Also, automated methods and approaches that can
cope with the intricacy of the models have to be produced and tested to make the
usage of augmented reality feasible.

Within this thesis, a methodology is developed to isolate each storey of a Building
Information Modeling (BIM) model and its exterior envelope. Firstly, the model was
converted, from the Revit file format, to the open standard Industry Foundation
Classes (IFC), which made the file human readable. Only semantic information was
used to isolate each storey of the building, while for the extraction of the outer shell
geometrical calculations were performed. This extraction took place by sending
rays from one side of the model to the other and checking the intersection of the
rays with the model.

Afterwards, the storeys and the exterior were visualized through an AR device,
the Hololens . The Unity platform, which provides many tools for holographic de-
velopment, was used for the configuration of the scene where the final user will
interact with the created models. Scripts in the C# programming language were
developed to allow interaction between the user and the holograms. I created a
simple and intuitive menu, consisting of 3Dbuttons to allow the user to visualize
only the desired parts of the model. After having visualized the model, the user
has the ability to scale and rotate the model using the corresponding buttons. In the
same way, when the user stares at an element of the building, this element is high-
lighted and by making the tap gesture, he/she can visualize metadata information
about this element as text above the model. Finally, spatial perception functionality
is provided by virtually placing the model on horizontal planes identified by the
device.

The proposed methodology was tested in a use case on a sample BIM model, and
specifically of the Amsterdam Medical Center. The large size of the file and the high
complexity of its geometry made the model a challenging test that made it possi-
ble to highlight the limitations and efficiency of the developed approach. Despite
the positive results of the process, the accuracy is affected by the computational
power of the current generation of hardware. Nevertheless, the clear perception
of a construction coupled with the interactions capabilities provide an immersive
experience which can actively involve the user with the visualization process.
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1 I N T R O D U C T I O N

More and more companies are willing to move great parts of their design and
construction procedures into computers. Their main target is to replace traditional
tools with digital prototypes in order, through automation, to achieve cost and time
minimization. During the last decade, serious advances have been accomplished
with regard to the processes of conversion of traditional means into new formats in
construction �eld.

The participation of people of multidisciplinary backgrounds in the planning
process demands new tools which have the capability to host information derived
from many �elds of expertise. The identi�ed model that facilitates with that is the
Building Information Modeling ( BIM), since it is a 3Ddigital structure that can host
information by diverse sources. BIM models not only intend to the visualization
of a construction but they can also host information from multiple disciplines, like
mechanical & electrical engineering, providing a holistic digital representation of
a building. The usage of BIM models in the Architecture, Engineering and Con-
struction ( AEC) industry will support enhanced construction industry performance
through expanded cooperation among project parties, less inef�ciencies and rework
on alterations and improvements of the �nal result.

Figure 1.1: Digital generated objects are overlaid on the real environment 1

Despite the advantages that BIM models can offer in the construction industry,
the rapidness with which this technology is expanding and its potentials to gather
large amount of data, triggers worries of how people in the �eld can handle the
quantities of information reaching them [Chu et al., 2018]. Augmented Reality ( AR)
technology has been identi�ed as the mean to facilitate the visualization of essential
information for stakeholders, in an intuitive and simple way.

Augmented Reality ( AR) is the technological advance that allows digital objects
and images to be overlaid on the real environment in real time (Figure 1.1)1. It offers
a realistic experience since the user can interact with the holograms using physical
objects in a seamless way, in contrast to Virtual Reality (VR), with which the user is
perfectly immersed in a virtual world. Among other applications, AR can be utilized

1 http://greenbuzzagency.com/attract-audiences-with-augmented-reality/
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2 introduction

Figure 1.2: Visualization of holograms though Microsoft Hololens 2

in the �eld of architecture to visualize building models in order to give to the de-
signers a clear perception of the future construction. In this project, the Microsoft
HoloLens is used as a Head-Mounted Display ( HMD ) AR device (Figure 1.2)2. It has
the capability to reconstruct the surrounding space by creating a spatial model of
meshes and to identify a number of gestures permitting interaction with the users.

1.1 problem statement

As every other 3Dmodel, BIM models can be highly bene�cial throughout the AEC

life-cycle, since they allow designers to obtain a clear perception of their designs.
This awareness allows them to amend or to adapt the models before their creation.

Despite the capability of the designers to correct their projects, construction in-
dustry is characterized by a high rate of rework. Rework is the cause of the 52%
of the whole increase of incurred costs and 22% of time excess of the prede�ned
tasks [Love Peter E. D., 2002]. Furthermore, costs due to rework have been calcu-
lated to account for 5% - 20% of the contract value in building projects and design
discrepancies could be the reason of 50% of the rework that occurs [Barber et al.,
2000; Love and Edwards, 2004]. In addition to that, it has been noted by Love and
Edwards [ 2013] that design errors and/or omissions have a slightly greater effect
on cost growth than other determinants.

The facts mentioned above highlight the demand for visualization of the �nal
outcome before of the start of the construction project. Even today the most com-
mon means used to visualize architectural designs are either posters (Figure 1.3a)3

or screens (Figure 1.3b)4. None of them gives a clear and intuitive perception of
the designed building to people who are not familiar with this kind of projection
means. Another quite common method of visualization of the future construction
are maquettes (Figure 1.4a)5 which are physical 3D models of the building which
is about to be created(Figure 1.4b)6. Maquettes give a clear perception of the fu-
ture construction and can assist in evaluation of the �nal outcome which improves
collaboration among the stakeholders and minimizes the rework. They are com-
bined though with a number of limitations like, the �xed scale, portability, time &
money needed for their creation and demand for experienced personnel for their
construction.

Augmented Reality ( AR) devices, could be the mean to visualize only the desired
parts of building models in a more ef�cient way considering time and cost. How-

2 https://www.intellectsoft.net/blog/microsoft-hololens-usage-in-construction/
3 https://www.pinterest.co.uk/mr_m8/sheet-composition/
4 https://www.gelement.com/category/trade-shows/page/3/
5 https://www.pinterest.co.uk/pin/48835977190825322/
6 http://www.appliedlogictudelft.nl/event/categories-logic-linguistics-sociology/
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(a) (b)

Figure 1.3: Traditional means of visualization. (a) Architecture poster 3. (b) Screens for3(2)D
visualization 4.

(a) (b)

Figure 1.4: TU Delft library. (a) Maquette 5. (b) Original building 6.

ever, Hololens , which is the best commercial available AR device up to now, comes
with limited computational power. That makes the visualization of complex and
verbose building models, like BIM models, impossible. BIM models contain large
amount of both geometric and semantic information which might not be always rel-
evant with the purpose of the visualization. So, prerequisite for their visualization
through Hololens is the extraction of the wanted parts. One of these parts usually
is the exterior envelope. The extraction of a geometrically complicated exterior shell,
which will serve as a digital maquette of the construction, is not a straight forward
process with regard to the steps that have to be followed to achieve it. In the same
way, a feasibility investigation considering either a semantic or a geometric isolation
of each �oor has to be performed in order to provide a clear depiction of the interior
of a BIM model. Finally, given the performance limitations of Hololens , it should be
checked if the created holograms will provide interaction capabilities and will be
possible to be visualized through it.

1.2 use case

This thesis project aims to simplify a BIM model, in terms of extracting its exterior
envelope & storeys and visualize them through an AR device. A sequence of steps
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Figure 1.5: Original BIM to be projected through Hololens

was speci�ed in order to achieve that and a complicated model was used to verify
the validity of the methodology. The sample dataset, which was used during this
project, was given by SWECO, one of the largest engineering companies in Europe. It
wants to give a holographic illustration of a BIM model combined with interaction
capabilities to its customers. The provided model is part of Academisch Medisch
Centrum ( AMC ) containing many and complex geometries (Figure 1.5). Particularly,
its original size was almost 128 MBwhile it contained approximately 778.000 faces. In
addition to that, in the extensive cavity of its U-shapehosted many geometries of the
exterior envelope that had to be extracted for the creation of the digital maquette.

Since the BIM model in its original form, it was impossible to be visualized
through Hololens , the extraction of the outer shell was a necessity. The initial
�le format was proprietary and a conversion process was needed to transform it
into Industry Foundation Classes ( IFC). The intricate structure and size of the build-
ing will give a clear indication of the defects and imperfections of the suggested
methodology.

1.3 research objectives

This thesis project aims to develop a methodology which provides the essential
steps to simplify a complex BIM model and visualize it through an AR device. The
proposed methodology has to be functional regardless of the size and the complex-
ity of the building model. The generated hologram has to provide an intuitive
perception of the model and to incorporate interaction with the user. The research
question to be answered is:

How to simplify a rather complex BIM model and visualize it via an augmented
reality device such as HoloLens?
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Sub questions have been de�ned to facilitate answer the main research question:

1. Is semantic information enough to isolate building storeys from a BIM model?

2. What are the determinants and how do they affect the extraction of the exte-
rior envelope?

3. How the user will interact with the hologram?

4. What are the limitations of Hololens with regard to the visualization of a
building model?

1.4 scope

1. During this project only open �le formats are used for the isolation and ex-
traction of desired building elements in order the developed approach to be
tested and assessed by the academic community.

2. The developed proof of concept was created for and in combination with
SWECO.

3. This prototype aims at visualizing buildings and buildings elements only
through HMD devices as opposed to other approaches which intend to tablets
and mobile devices.

4. Multiprocessing is a signi�cant factor for the extraction of the exterior enve-
lope. Many cores are needed for the production of an accurate model in an
acceptable time period.

5. The dynamic connection of the AR device with other devices or the web is
considered out of the scope of this project.

6. Although visualization of building objects of scale 1:1 is recognized as a chal-
lenging and interested topic, it is not examined by this thesis.

1.5 thesis outline

The rest of the project is structured as below:

� Chapter 2 gives the needed theoretical background to understand the concepts
behind the BIM & IFC structure and the AR technology. Furthermore the related
work, considering the simpli�cation of building models and the visualization
of them through AR devices, is described.

� Chapter 3 illustrates all the steps followed to achieve the semantic isolation of
each storey of the BIM model, the extraction of the exterior shell, the con�gu-
ration of the holographic scene and the manipulation of the holograms.

� Chapter 4 gives information about the given sample dataset, the programming
languages combined with the modules that were used and the software which
was utilized during the project.

� Chapter 5 illustrates how the holograms were adjusted in the real environ-
ment, indicating how immersive the application is and functions as a proof-
of-concept.

� Chapter 6 provides the conclusions as they were formed during the execu-
tion of the project, indicates some future work which was considered rele-
vant and discusses some recommendations with regard to the IFC schema and
Hololens .





2 T H E O R E T I C A L B A C KG R O U N D &
R E L AT E D W O R K

2.1 theoretical background

This section provides all the information connected with the major concepts men-
tioned during this thesis project. This information is needed in order someone to
be able to follow the next chapters.

Particularly, Section 2.1.1 refers to BIM 's chronology, principles and concepts. Sec-
tion 2.1.2 presents the IFC's architecture & entities and the geometric models de-
scribing its structure. Finally, Section 2.1.3 illustrates AR chronology & �elds of
applications and head-worn AR devices released up to now.

2.1.1 Building Information Modeling (BIM)

BIM models are geometrically accurate 3D representations of constructions. They
provide complete governance of buildings' assets by hosting information from mul-
tidisciplinary �elds about every phase of its life cycle.

The National Institute of building sciences and buildingSMARTalliance de�ne
BIM as a digital depiction of tangible and functional assets of a construction. So,
it is considered as common knowledge storage for information about a building,
shaping a robust foundation for decisions along its life cycle [NBIMS, 2015].

Figure 2.1: BIM : A multidisciplinary project of every phase of the life cycle of a construction 1

Azhar et al. [ 2015] mention that although the roots of BIM models could be fol-
lowed back to the parametric modeling studies operated in USA and Europe in late
1970s and early 1980s, theAEC industry essentially started to take advantage of it
from the mid-2000s. Its adoption provided the ability to enhance the ef�ciency of
the construction processes (Figure 2.1)1 regarding time, cost & rework and collab-
oration among different parties, such as designers, engineers & workers who con-
sidered themselves as adversaries. This boosted cooperation inspires fusion of the

1 https://www.reuters.com/brandfeatures/venture-capital/article?id=34655
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tasks of the stakeholders on a building project. So, BIM models affect the work-�ow
and project delivery processes and not only serve as three-dimensional intelligent
models. The plethora of information which is included in these 3Dintelligent mod-
els has guided to the suggestion of terms like 4D (referring to the addition of the
time aspect to the model) and 5D (adding quantities and cost of materials) [AGC,
2006].

Figure 2.2: A description of BIM concept [Azhar et al., 2015]

BIM models' entities are described as “smart object” due to the load of informa-
tion that they host. They are a source of intelligent contextual semantic information
in contrast to traditional 3D Computer-Aided Designs ( CADs) which only provide
different 3D views, such as plans or sections. They do not carry any conceptual
knowledge and someone has to treat them independently in case that any modi�-
cation is needed, which is an error-prone procedure.

Created to facilitate every stage of building's life cycle, BIM involves in program-
ming, designing, preconstruction, construction and post-construction (operations
and maintenance) phases. During the creation of the model, each and every person,
who is involved with the construction of the building, is steadily improving and
adjusting his/her part according to the project speci�cations. The ongoing alter-
ations assure that the model is correct enough in order the construction processes
to start. Since, BIM aims at providing increased ef�ciency through enhanced com-
munication and collaboration, its adoption demands early engagement of all people
with a vested interest. Subsequently, the traditional way of proceeding though the
required tasks has evolved in a more ef�cient and comprehensive approach with
less inef�ciencies and errors (Figure 2.3).

Figure 2.3: “Traditional” and “ BIM” �ow of tasks [Azhar et al., 2015]




	1 Introduction
	1.1 Problem Statement
	1.2 Use Case
	1.3 Research Objectives
	1.4 Scope
	1.5 Thesis Outline

	2 Theoretical Background & Related Work
	2.1 Theoretical Background
	2.1.1 Building Information Modeling (BIM)
	2.1.2 Industry Foundation Classes (IFC)
	2.1.3 Augmented Reality (AR)

	2.2 Related Work
	2.2.1 Simplification of BIM/IFC models
	2.2.2 Visualization through AR devices


	3 methodology
	3.1 Conversion of the proprietary file format to an open standard
	3.2 Semantic isolation of the storeys
	3.3 Creation of a different file for each building object
	3.4 Exterior Extraction
	3.4.1 Bounding Box
	3.4.2 Ray-casting
	3.4.3 Split of the model
	3.4.4 Enrichment with semantically isolated objects

	3.5 Holographic Scene Configuration
	3.6 Holograms Manipulation
	3.6.1 Import & Rescale of the model
	3.6.2 Material Creation & Assignment
	3.6.3 Color Highlighting on Focus
	3.6.4 Metadata Visualization
	3.6.5 Scale
	3.6.6 Rotate
	3.6.7 Model Placement
	3.6.8 Menu Creation

	3.7 Deployment to the AR device

	4 Implementation
	4.1 AMC dataset
	4.2 Python & IFcOpenShell for semantical isolation 
	4.3 IfcConvert for the creation of the .obj files
	4.4 Python & CGAL for extraction of the exterior envelope
	4.5 Unity
	4.5.1 Scene Configuration & Tools Installation
	4.5.2 Import & Rescale
	4.5.3 MixedReality Materials & meshCollider
	4.5.4 onFocus Highlighting & Metadata Visualization
	4.5.5 Grow–Shrink-Rotate
	4.5.6 Positioning & Spatial Mapping Prefab

	4.6 Visual Studio Deployment
	4.7 Hololens

	5 Results
	5.1 Menu
	5.2 onFocus Highlighting & Metadata
	5.3 Grow-Shrink-Rotate
	5.4 Spatial Mapping
	5.5 Exterior Envelope

	6 Conclusions
	6.1 Conclusions
	6.1.1 General conclusions
	6.1.2 Is semantic information enough to isolate building storeys from a BIM model?
	6.1.3 The determinants which affect the extraction of the exterior envelope?
	6.1.4 How the user will interact with the hologram?
	6.1.5 What are the limitations of Hololens with regard to the visualization of a building model?

	6.2 Future Work
	6.2.1 Voice Commands
	6.2.2 PyCUDA

	6.3 Recommendations
	6.3.1 Hololens
	6.3.2 IFC



