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Abstract.

This research investigates the implementation of virtual reality in the process of 

customization in architecture. The customization of products is a user-centered process. 

Services that allow the user to customize a product that fits as good as possible to the 

user’s requirements are made available. In this customization process, it is essential that 

the users are aware of consequences of the choices they make. 

With current architectural design techniques, it can be difficult for users with no experience 

in making and reading architectural drawings and 3D images to understand and interpret a 

design. Virtual reality (VR) provides a user the opportunity to experience a virtual model on 

a one to one scale. The virtual model hardly leaves any space for personal interpretation and 

therefore makes VR a unique design technique to clearly communicate spatial elements. 

Because of the good communication of spatial elements,  virtual reality is suitable to 

improve the awareness of the user who is making choices in customized architecture. 

The aim of this thesis is to simulate customization in architecture. To achieve this aim, 

the following two tasks are realized; Firstly an apartment building is designed that 

provides customization options for the users without risking the architectural quality of the 

building. Secondly, a VR application is developed, which provides the user to customize an 

apartment. An application is made that enables users to customize their apartments while 

experiencing the designed building on a scale of one to one. 

Based on the results, the conclusion can be made that setting limitations of freedom for 

the user is the most relevant in providing customizations in architecture. These limitations 

have to be determined by the architect in such a way, that the architect remains control 

over the quality of the building. Furthermore,  it can be concluded that VR has the potential 

to be integrated into the design process. Summarizing, this report concludes with the most 

essential matters in the implementation of VR in the architectural process of this research. 
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3.1. Architecture in collaboration with Design Systems

This graduation report is the result of a project that combines the department of Architecture, 

Building and Planning (ABP) with Design Systems (DDSS). In this project the collaboration 

between the two departments is essential. Design systems cover a wide field of different 

software programs,  from the implementation of BIM (Building Information Modeling), to 

the development of innovative hardware like 3D printing, for example. The design system 

that is to be used for this project,  is free of choice and can be a personal preference. 

However,  the system should always support the process of designing architecture. 

3.2 Problem statement. 

Up until the 19th Century, houses were built individually, designed to meet  the requirements 

of the future resident. This, of course, was an expensive way of building. People who could 

not afford to build a house using this expensive method, built their house by themselves. 

In the beginning of the 20th Century, this started to change,  influenced by industrialization 

and the need for social housing. Mass housing projects were realized and they contained 

large amounts of identical houses. This was a more efficient way of building and therefore 

less expensive. After World War Two and the baby boom of the 1950s and 1960s,  the need 

for social housing became even more urgent.  [1]

Looking at the current housing market, this market is dominated by mass produced 

housing projects of identical houses and apartment complexes. An individual design for a 

residence is still very expensive, and mainly possible for detached houses located out of 

the city center.  

For this reason, customizable housing in city centers seems impossible, especially when 

considering the market for apartments. Future residents have to search for a residence that 

fits their demands and personal preferences such as location,  size, and whether or not the 

kitchen should be separated from the living room, the presence of a balcony or loggia and 

so on. By using a real estate broker or a website, the housing  supply of an area can be 

3. Introduction
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searched and explored to find the best suitable residence as possible. 

When comparing the contemporary housing market to other sectors, for example fashion 

products such as clothes and/or interior products such as kitchens, it becomes apparent 

that on a massive scale the consumers are able to customize the products to their own 

style and personal demands. For example at nike.com, the customer is able to customize 

the product to his/her own personal wishes. So instead of given the choice between 

different options, the consumer is able to create his own variant. In this way, there are 

more options available to fit the consumer’s wishes. 

In order to realize customization in architecture on multiple scales, it is essential that 

the user is aware of the consequences of his/her choices. Looking again at the current 

housing market, people can make choices based on floor plans and pictures. If a customer 

is interested, he/she can visit the residence in person to experience the building and the 

spatial characteristics. From this experience, the customer is able to make a final decision 

whether or not to buy the residence. However, when the user is able to customize his own 

residence, it is not possible to experience the building in the same way as it does not exist 

yet in that exact specification. To get a realistic impression of the residence, there should 

be an addition for the user to the current presentation of floor plans and images. In this 

report, the ‘user’ will be referred to as the future resident and or the user of the system. 

Because a future resident may not have any  experience in making architectural decisions, 

the user is assumed to be as inexperienced in architecture,  as well as in using virtual 

reality applications. 
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In this research, Virtual Reality (VR) will be used as a system to support the architectural 

design process.  Virtual Reality or VR will be referred to as the experience of a virtual 

world as a second reality using hardware such as a head mounted display. In the book 

Understanding Virtual Reality (2003 ), Virtual Reality is been described as “A medium 

composed of interactive computer simulations that sense the participant’s position and 

actions and replace or augment the feedback to the one or more senses, giving the feeling 

of being mentally immersed or present in the simulation (a virtual world)”. (Understanding 

Virtual Reality, p12.) [2]

The main question of this research is: 

How can users be facilitated to customize their apartment using virtual reality?

The question involves two different perspectives, the architectural and the systematic 

perspective. The first aspect is the customization in architecture. This is the architectural 

viewpoint. Secondly the aspect of the use of virtual reality for customization. This is the 

systematic point of view. Both aspects are at first researched by analysis of the current use 

and possibilities. These two different points of view lead to two sub questions. 

From an architectural perspective the question will be asked:  

How can users be allowed to customize their apartment to their personal requirements 

and wishes, while preserving the architectural integrity and unity of the building as 

a whole?  

To answer this question research is done to investigate how a user can make design 

decisions in the process of customization in architecture. 

3.3. Research questions
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From a systematic perspective, related to the VR-system, the following sub question will 

be asked:  

How can a virtual reality program be developed which allows users to customize 

their apartment? 

Research is done to investigate how to use current virtual reality techniques to interact in 

a spatial environment.

After this analysis, both aspects are combined in a practical research: the product. This 

product consists of making a design and developing a virtual reality application, where 

users are able to customize their own apartment using virtual reality.

At the end of this research the future perspectives of virtual reality in architecture will be 

evaluated by answering the following question: 

Does virtual reality have the potential to become a vital part of the architectural 

design process? 

Based on the outcomes of this research a conclusion will be reached of the role of virtual 

reality in architecture in a general matter.



16

The goal of this project is to improve the awareness of the spatial impact when making 

architectural design decisions, by using virtual reality. An indoor space such as a living 

room  will have a spatial experience, created by factors such as the width and height of a 

space, the shape of the floor plan, façade openings and interior elements. Virtual reality 

could allow the user to be able to better predict the final realistic outcome of the spatial 

experience, in comparison to current design techniques. 

3.5. Scientific and social relevance

Scientific relevance:

The scientific relevance of this project focuses on the development and usage of virtual 

reality in the field of architecture. A new process is developed where virtual reality is 

integrated into the design process, working in collaboration with the user. This process is 

a different approach from current design processes. 

Therefore, the research of how virtual reality could be implemented in an architectural 

design process, will be of scientific relevance. 

Social relevance:

The social relevance of this project focuses on a user generated design process. Current 

design techniques such as sketching, 3D modeling and models leave room for interpretation 

in the communication between the designer and the client. These design techniques 

require certain design skills, which the average user does not possess. Virtual reality could 

add value to these existing techniques to allow a better communication of the design to the 

client. This communication is critical, especially when implementing customization options 

for the client. The user will be more involved in the design process together with the 

architect. The user will be able to customize an apartment to his/her personal preferences. 

This way, a unique apartment can be created, that is optimized for each individual resident. 

3.4. Goal of the research
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4.1.	 Customization	by	users	in	different	sectors.

As mentioned in the problem statement (chapter 3.2), in multiple sectors of ‘Fashion’ 

products the user has the ability to customize the product to their personal preferences. 

When buying a car, the customer can choose a selected model in the showroom, or 

customize a car where you can choose the color, rims, bumpers, 3 or 5 doors, and so on.  

Tons of options are available to customize a car to your personal preferences. These trends 

are shown in many more industries, for example clothes, furniture, and computers. 

Nike has given the opportunity for consumers to customize their own shoes. The shape of 

the shoe is designed by Nike, and the consumer can choose different materials for each 

surface. Figure 1 shows the online interface of Nike-id, where consumers can choose  

different materials, colors and stitching of the shoes. [3]

Closer to architecture, IKEA created a platform where consumers can design their own 

kitchen. For decades, IKEA provided modular kitchens where consumers are able to build  

a kitchen by combining different elements. In the past the consumer went to the store 

and would make a design together with the salesmen. Nowadays, the consumer is able to 

design their own kitchen at home using an online interface (figure 2). The consumer is able 

to set the boundaries of his  kitchen, and import the different kitchen elements in a 2D floor 

plan and this can be observed in a 3D space. [4]

By looking at other sectors that use personalization in their products, principles of these 

processes can be used at personalization in architecture. In the example of Nike-ID in 

figure 1, six different design inspirations are given. This way the client does not have to 

start from scratch, but can also choose a starting configuration to his own taste. From 

there on the client can further customize the product.

Furthermore, it is important that the user’s interface is obvious for a new user. It must 

be presumed that a large part of the target audience has no experience in creating 3D 

designs. When using a straight forward interface, ‘everyone’ can design a 3D kitchen. 

4. Customization 



19  

Fig 1.  Customizable shoes by Nike-ID (store.nike.com) 

Fig 2.  Plan your kitchen in 3D by IKEA (kitchenplannen.IKEA.com/nl)
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4.2. Customization in architecture.

Already multiple projects exist in which clients can adjust their future residence in 

different levels. The next projects are three examples of current customization projects   in 

architecture. Each project has a different approaches of the process to create a freedom of 

design for the client. 

Fig 3.  ‘Blackjack’. A current building project 

in Amsterdam were residents had the 

opportunity to combine units to enlarge 

the apartment and choose between two 

devisions of the apartment. By making every 

unit self-supporting in the future, these units 

can be separated or joint together when 

necessary. [5]

Fig 4.  ‘My own home’. A project where 

clients can design their own new house in 

an online interface. In this program the client 

can choose the size of the house, the façade, 

roof and garden type. Finally the houses will 

be built in the same way as almost every 

house using traditional brick walls, to say a 

normal house without any flexibility for the 

future. [6]
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To conclude, the next design elements can be used for this project that can be useful to 

realize customizable designs for the user:

- Determine the boundaries of the freedom for the user. At ‘Blackjack’ there are only two 

devisions of the apartment

- Using modules that can be replaced. This result allows not only the first resident to 

customize the residence, but also future residents. The building is adaptive for the future. 

- Dividing floor plans into units that can be combined by the user. In this way the user is 

able to determine the size of the apartment. 

- Create self supporting units, that can be separated from each other at a later stadium. 

- Using online interfaces to create a first design as in the project ‘My own home’. 

Fig 5.  Bilt. Bilt is a modular construction 

system that gives residents the opportunity 

to design their own home by combining 

self-supporting modules. This system is 

used in multiple yet to build projects in the 

Netherlands. The client can design their 

house using the ‘Bilt-tool’ and will be further 

developed by the architect. In the future the 

modules can be changed and re-used. [7]
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Customization of a residence has the biggest benefit for the user. The user can create a 

residence that fits in with his requirements and price tags. Furthermore, using a modular 

construction system makes it  possible for the user to adjust the residence after a couple 

of years, when situations of the household may have changed, or simply when getting 

bored of the current apartment devision. 

Looking at the financial viewpoint of the investor, the benefits of the user can result in a  

higher asking price for each square meter. There are currently not many housing projects 

have been built, based on customization, therefore it is a matter of supply and demands.

Furthermore, the starting value of the building, a flexible way a building, also benefits the 

sustainability of the building. The building can adapt in time of crisis, when for instance 

there is a larger demand for smaller apartments. 

4.4 Challenges of customization in architecture.

As said, in the process of customization it is highly important that the user is made aware of 

the influence of any spatial choices they make. The responsibility of the choices that haven 

been made are high, considering that buying a house is one of the biggest investments 

people make. Therefore the architect should evaluate the results in order to prevent any 

undesirable design decisions. 

When different users customize their individual apartments, the result will be a complete 

building. All design results made by the users should result in a desirable final image for 

the building as a whole. All these results come together in a visual way at the façade. It is 

the task of the architect to design the building with all alternatives in such a way, that every 

outcome is acceptable in the context of the building.

In an technical and financial way, realizing a flexible design can result in a construction 

that is oversized in a matter of building services and possible constructive connections 

of elements. Oversizing this construction will result in a higher cost price of the building. 

Therefore the oversizing of the construction should be kept as low as possible.  The investor 

has to evaluate the investment in flexibility against the extra price for the client and the 

sustainability of the building.  

4.3	 The	benefits	of	customization	in	architecture
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To conclude, focusing on the first sub question of the research “How can users be 

allowed to customize their apartment to their personal requirements and wishes, 

while preserving the architectural integrity and unity of the building as a whole?  ”  

the next factors of customization in architecture should be dealt with in the final product;

- Ensure that the user does not have to start from scratch by designing a product. 

- Ensure that it is clear for the user what kind of customizations are available and make them 

easy to use. As the architect, you should assume that the user has no design experiences. 

- To realize customization options that are not only beneficial for the first resident of the 

apartment, but also for any future resident, using modular building techniques that allow 

the design to be adaptive in the future. 

- By separating the building into units, the user can adjust the size of the apartment by 

combining these units. The size of the units determine how accurate the user can adjust 

the apartment size. 

- A tool must be developed where a user who is unexperienced in the design process, can 

customize a 3D design. 

- Provide limitations to the user of design freedom, the user can make choices by comparing 

and experimenting.

- All design results made by the user, should result in a desirable final image for the building 

as a whole.

4.5 Conclusion of customization in architecture
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Looking at the Gatner hype cycle of 2015, a year ago virtual reality was at the end the 

‘Trough of disillusionment’ and is now in the phase of ‘Slope of Enlightenment’. [9]  Just a 

few years ago, the first developer kits of Oculus became available and last year Samsung 

and Google introduced head mounts to use a mobile phone as a VR screen. Although there 

was a lot of criticism because of low resolution and slow response time, there was also 

a big optimism. This was the first time VR was brought to the consumer and the product 

delivered to its expectations. From then on, a lot of developments have been made by 

improving resolution, immersion through position tracking and interactive controls. 

The growing community developing VR on small and big scale projects is making VR a 

continuously growing product. 

5.1  Virtual Reality as an upcoming instrument. 

Virtual reality is evolving from a futuristic piece of hardware to a hyped commercial 

product. In news sources and on social media, almost every day updates about software 

and hardware developments and new applications are found. 

Although virtual reality appears to be a new technology in the last decade, presenting it self 

for the first time as a commercial product by brands like Oculus, HTC and Samsung,  the 

first VR device  was introduced in 1956 by Morton Heilig; the Sensorama. Figure 6 shows 

a brief time line of the highlights in the development of Virtual Reality [8]:

5. Virtual Reality in architecture.

1916 
U.S. Patent for Head-based periscope. 
1956 
Morton Heilig introduced’ Sensorama’, a multimodal 
experience display system. 
1961 
Head mount display with 
1972 
Developed by Atari, Pong brings real time, 
multiperson interactive graphics t the public.
1992 

Projection VR is introduced as an alternative to the 
head-based VR systems: the CAVE. 
1996 
Ascension Technologies Corporation introduces the 
MotionStar wireless magnetic tracking   system 
focused on the motion capture industry. 
2013 
Oculus presented the first Head mounted display, 
that was affordable for a high scale of developers. 
2015 
Samsung GearVR and the HTC Vive

Fig 6.  Time line of the highlights in the development of Virtual Reality.
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Fig 8.  Gartner Hype Cycle for Emerging Technologies

Fig 7.  Sensorama, “a simulator for one to four people that provides the 

illusion of reality using a 3-D motion picture with smell, stereo sound, 

vibrations of the seat, and wind in the hair to create the illusion”. (source:  

www.mortonheilig.com)



26

The use of a system is depending for a big part on the available hardware and software 

that have their own characteristics. The hardware determines the possibilities for the user 

based on specifications like whenever it includes position tracking, type of controllers and 

the quality of image. 

The software determines what type of virtual models can be used, render techniques, 

hardware does support and what other software does support. 

5.2.1 Used Hardware

In this project two different head-mounted displays (HMD) from different companies* have 

been used. The reason of using a head-mounted-display compared to a cave or power-

wall is the mobility of the devices and the accessibility.  Keeping in mind that this product 

is intended for architectural firms, the investment in a head-mounted display, nowadays 

around 800,- euro, is much more affordable than a power-wall with prices starting from 

$20,000. Practically speaking, a head-mounted display is more practical to be used because 

of its size, when visiting clients or locations. 

Figure 9 shows an overview of the most used head-mounted displays that are available 

in 2016 [10]. The Google Cardboard and Samsung Gear VR are ‘mobile phone based head 

mounts’. They both use the screen, censors and processors from the mobile phone. The 

benefits of  using a mobile phone with this, is the low price (every body nowadays already 

owns a mobile phone) and mobility, because you don’t need attach it to a computer and 

an external power source. The downside is the lack of position tracking and the limited 

controllers. 

At this moment the market leaders of head mounted displays are the Oculus Rift and 

HTC Vive. They both are powered by an external computer, that sets high demands to the 

graphics processing unit (GPU) and the central processing unit (CPU). The benefits and 

disadvantages of these HMD’s are contrary to the mobile phone base HMD’s. Because of 

the requisite of an external computer and a external power source, it is harder to transport 

to different locations. Because of the high requirements to the external hardware, this 

option is also more expensive. The benefits  are the presence of position tracking for the 

HMD as well as the controllers. In this way the user is able to walk around (limited), 

5.2 System
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crouching and see the controllers movements in real time in the virtual reality. 

For these reasons, two different head mounted displays are being used. Because mobility 

and accessibility for architectural fi rms will be signifi cant, the Samsung Gear VR as a mobile 

phone based head-mounted will be used as a starting point.

To establish the value of position tracking, the HTC Vive* will be used to compare with the 

Samsung VR. The system that is primary designed as a Mobile VR application, should be 

able to be easily converted to an computer based application. 

  

Google Cardboard

Samsung Gear VR

Playstation VR

Oculus Rift

HTC VIVE

Fig 9.  Different available Head Mounted Displays with belonging controls
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As explained in the research, the combination of gaming software and architectural model 

software is improving, in using interactive models and creating more possibilities in using 

interactions than the only the current plug-ins for the architectural model software. 

As game engine Unity is used because of the possibility of creating mobile VR applications. 

Also Unity has a big developers community were a lot of information and software 

developments are available such as tutorials and assets. As a result, starting as an architect 

with minimum programming skills, Unity is a very accessible software that is also free 

to use by an educational software package or when your company is earning less than 

100.000 euro a year. 

As a modeling software a combination can be made with Autodesk Revit and SketchUp. 

Autodesk Revit is used for the static architectural elements in the model such as the 

primary construction, walls, stairways, elevators and the entrance. SketchUp is used for 

the interactive models such as the facade elements and fl oor elements. SketchUp is an 

excellent tool to create low polygon models that are required for the interactive models 

to work fast in a proper way. At the moment the interaction between SketchUp and Unity 

seems to be working better than the interaction between Revit and Unity. When saving after 

adjustments have been made in the modeling programs, both models are automatically 

updated in the Unity scene. However, a SketchUp model can directly be imported into a 

Unity scene, there whereas a Revit model has to be exported to a FBX-fi le and then can 

then be imported in Unity. This leads to loosing information regarding the materials of the 

Revit model. 

5.2.2.  Used Software

Fig 10.  Different available software packages.
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Concluding the structure of the system is as follows:

Models are made in Revit and SketchUp. These models are imported into Unity. In Unity 

the Virtual Environment get setup with controls, rending and interactions are created using 

the programming languages C# (C-Sharp). From Unity a VR application can be exported for 

the Samsung Gear VR, which runs the mobile phone Samsung S6 and can also be exported 

to a Windows application for the HTC Vive. 

Revit

SketchUp

Unity

MonoDevelop

Samsung Gear VR

HTC Vive

FBX Export

Fig 11.  Flowchart software process. 
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As well as in the design process as in the presentation of a design, one of most important 

aspects is the sense of spatial scale. How wide does an architect have to design a hall in 

order to allow the user to feel comfortable. How does a user experience a building?  It is 

legitimate to say that an architect is never 100%  sure of how the spatial experience of 

his designed spaces will be.  The architect uses his experience and he/she experiments 

with drawings, digital 3D models and making models on scale, to improve the spatial 

awareness.

To show the relevance of virtual reality in this design process, the current used techniques 

currently used will be demonstrated.

Handcraft

“Craft and Cairns (2006) mention that during the early conceptual design stages the 

chances of correcting errors are the highest, and the use of low-expenditure sketches and 

physical models is crucial” [11]

Drawings (Static 2D/3D).

One of the fastest ways to present ideas is to draw them on paper. While talking to a client 

ideas can be shown easily and quickly by an architect. As an architect you have complete 

freedom to draw a quick 2D floor plan sketch to a 3D realistic impression. In the design 

process sketching and the use of models can be useful to give a quick impression of a 

design. However technical drawings and detailed models are very time consuming. 

The problem with drawings is how good someone can read them. It requires a certain 

skill of translating drawings to understand a 2D picture and to be able to imagine what the 

effect of the 3D space will be.

It can be helpful to draw a 3D realistic drawing, but that is mostly very time consuming and 

therefor expensive.

Models (Static 3D)

To get a better feeling of three dimensional space,  one of the most used methods for 

architects, is the use of models. The benefits of looking around the object and be able to  

5.3. Relevance  of virtual reality in architecture.
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touch it, creates a better feeling for the 3D environment. Besides working with different 

kinds of materials, this creates an awareness of the combination and feeling of these 

materials. For a long time, this interaction of walking around or touching the object was 

only possible with 3D built models.

Virtual models

Images/Renders (Static 2D).

Firstly, creating a virtual model is more time consuming than creating a sketch on paper. 

Creating digital drawings has the benefit that it is easily adjustable. A line is not definitive 

and can easily be copied or adjusted. Digital drawing can easily be shared, and adjusted by 

the receiver. Using BIM models makes it possible for multiple users of different disciplines 

to work in the same model. When a virtual model is completed, different outputs such as 

floor plans, sections, elevations and 3D perspective images can be exported. Therefore 

using virtual models in the final design phase is more efficient than using paper drawings. 

Looking at the output, especially for the presentation of the building, 3D computer models 

are used to create photo realistic renders to give an impression of the design.

Animation (motion 3D).

As an expansion on 2D renders, with the 3D models it is now possible to create 3D 

animations. By using moving images, it approaches the 3D feeling you get with ‘real’ 

models, although the viewer is not in charge of the motion. When a user is not in charge 

of the motion, it influences the awareness of the 3D space. Factors such as direction and 

the sense of speed of transformation have influence on our awareness of the 3D space. 

There are advantages and disadvantages to both the traditional handcrafted models and 

the virtual models. Sketch programs as SketchUp can make a sketch as fast as a sketch by 

hand, and virtual models come as close to realistic models. But handcrafted presentational 

models can be touched, picked up, and experienced in a more visceral way. 
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Virtual reality could be an extension to the existing virtual models, by making use of the 

existing benefits such as adaptability, sharing possibilities, and approximate the benefits 

of the traditional handcraft models, such as being able to walk around the model, pick up 

objects. The greatest addition of virtual reality is that the design can be experienced on a  

one to one scale. The user is able to walk through the building and look around just by using 

his own physical movements, something that was not possible before the introduction 

of VR.  If the user prefers to look at the building as a scale model and walk around the 

building, the virtual model simply has to be scaled down to the size of a handcrafted model, 

for example 1:50. One of the downsides at this moment of this virtual experience is that 

it is a single player experience. When comparing this to an handcrafted model, as many 

people as fit in the room can look at the model together. On the other hand, there are 

already online virtual spaces such as ‘AltspaceVR’ were you can login with your Headset. 

In this way, the designer can present his virtual model as an online space, and people can 

discuss the model using microphones and headphones.

Next to the possibility of a one to one scale experience, another benefit of virtual reality 

is the possibility of interaction with the model. By interacting the user can experience the 

building how it should be used, for example by opening doors, using elevators, moving 

furniture, switching the lights on or opening a drawer. This way, the user gets an even 

better view of how the building can be used and experienced in the future, also in a spatial 

way.

To conclude, virtual reality has some unique benefits in addition to existing design 

techniques. Currently all technical drawings are already made by virtual models. However, 

it is not expected that the virtual models will completely replace the handcrafted drawings 

and models. Especially in the first phase of the design, designers like to sketch on paper, 

for instance when on the train, when an idea comes up, and they will always like to have a 

handcrafted model on their desk. However, it can be an important extension to the current 
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techniques to have an even better sense of scale and spatial experience for the user.

The fact that in the future the options for virtual models will only expand is shown by for 

instance the project of Microsoft Hololens [12]. They sketch the image that everyone will 

wear augmented reality glasses so the virtual model can be placed as a hologram on the 

table and everyone can see and interact with it (figure 12). Using gloves that give touch 

response, the object can even be touched. In this way, virtual models are taking over all the 

benefits of the existing handcrafted models. So perhaps virtual models will take over the 

handcrafted techniques in the future. 

Fig 12.  By using the Microsoft Hololens, interactive virtual models can been 

seen in the real world.
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At this moment, virtual reality is used more and more by architectural firms as an instrument

for presentations of a design towards the client. In a static model the client gets an

impression of the experience standing in their future building. Because of the current hype

around virtual reality, more and more external companies are trying to get a piece of this 

market and offer to create virtual experiences for architectural firms.

Currently architectural modeling software such as Revit and ArchiCad are providing plug-ins

where the user can experience the virtual model inside virtual reality just from the origin

program. For instance with Autodesk A360 the user can select at the render option in Revit 

a panorama output type, that creates a 360 degress render. This render can be watched  by 

the use of any VR device. [13] 

Based on this markets of providing plug-ins, extern software companies such as V-ray 

provide plug-ins for these modeling packages to experience virtual reality. Using VR as 

a marketing tool, is becoming very accessible for architect firms. The downside is that 

the interactions of the model in these plug-ins are limited and most plug-ins are highly 

expensive.

As an alternative for using plug-in in architectural modeling software, the interaction

between architectural modeling software and gaming software is also very accessible and

is currently getting better and is focusing on importing and exporting models. Models from 

for instance Revit or SketchUp can be imported in a gaming engine such as Unreal Engine 

or Unity. Because this requires the knowledge of an extra software program, the

barrier is higher for an architectural firm to use this method.

For an architectural firm it is also possible to hire a company that is specialized in 3D

animations and virtual reality, such as Truvisionvr. This company can be hired to create 

virtual reality walk-throughs, and video walk-throughs of images. Multiple companies that

specialize in visualizations can be found on the Internet. [14]

5.4. Current state of virtual reality in architecture. 
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Fig 13.  Autodesk A360. A component in Revit 2015 to create 360 renders 

views that can watched though Google cardboard using an I-Phone or Android 

phone.

Fig 14.  Demo by TruvisionVR were users can experience walk-throughs in 

virtual reality.
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Fig 15.  Enscape3D, a real-time rendering plug-in for Revit that supports VR.

Fig 16.   Interactive design software by studio VRtisan .The software allows 

the user to tweak forms and add material finishes in 3D space. 
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These ways of implementing VR in architecture is a way of presenting the building as 

a final design. People can walk through an virtual model but the interactions stick with 

opening doors and changing environment conditions. VR is used for presentation, not as a 

designing instrument. 

In November 2015, the program Enscape was launched as a plug-in for Revit. This plug-in 

allows the designer to run the virtual experience simultaneously with modeling in Revit. 

Instead of only watching the final design in VR, it makes it easier to evaluate the design 

during the design process using VR. [17]

A step further, VRtisan* now  created an application where people can module basic 

elements such as cubes that can represent a wall or shelve. This way, people can create 

their virtual model inside the virtual environment. “In the video we try to show that you can 

rely on your intuitive understanding of space,” Piirisild said. “You’re not taking yourself out 

of the space to design, as you do when you design in 2D. It allows you to immediately see 

the impact of your decisions regarding form, materials and so on.” ( Jessica Mairs, 2016) 

[18]. This application is created by using the combination of modeling software together 

with a game engine. 

Concluding, there are different variations on how to implement VR in the design process. 

At first VR started as an instrument to explore the final design. Currently, more possibilities 

of using VR simultaneously with the design process  have become available, using game 

engines and the developments of plug-ins. 
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It is a fact that virtual reality has existed for a long time. 60 Years ago, already the Sensorama 

by Morton Heilig proves the search for  in VR focused on our different senses. However, at 

that time hardware and software was very expensive and not available on a massive scale. 

Nowadays, even phones have the ability to show a  decent VR-experience. Therefore virtual 

reality has become available for everyone. 

The more virtual reality becomes common in our daily lives, the more it will become 

convenient in architecture. At the moment the game and entertainment industries are 

pulling the virtual reality developments forward, with the building industry following, but 

it will follow. 

Looking back at the Sensorama, it can be said that not all senses are already developed 

to the next step.  “Headsets today are doing an excellent job at catering to your visual 

senses, and a little bit of audio as well,” said Azor, also Alienware’s fourth employee. “Well 

that’s just two of the senses . . . Once you begin catering to the rest of the senses, like 

what we feel body-wise, temperature-wise, and smell, the reality factor of virtual reality 

[becomes] stronger and the virtual piece begins to fade.” (Lisa Eadicicco, 2016) [16]

In the next years, the following developments will be crucial for a successful future of VR 

in the architectural design process: 

- The improvements of resolution and position tracking for a better immersiveness, 

- A sense of touch, 

- Becoming even more affordable, 

- Implementation of VR in architectural software packages. 

5.5. Future Possibilities of Virtual Reality in architecture. 
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Focusing on the second sub question “How can a virtual reality program be developed 

which allows users to customize their apartment?“ the next factors of using VR for 

customization should be dealt with in the final product;

- At the moment, there are multiple hardware devices available to experience VR. The 

choice of the device determines the possibilities of interactions and movement in the 

virtual environment. In this project two different devices are used. 

- The are also multiple approaches through the use of software to implement virtual reality 

in architectural models. When developing a new application, game engines give better 

possibilities of new developments. In this project, I have chosen to work with Unity, 

because Unity currently supports the development of mobile VR applications the most. 

SketchUp and Revit will be used as modeling software. 

- The most valuable aspect and benefit of using virtual reality in comparison with other design 

techniques is the awareness of 3D space. The immersion of the user in this virtual space 

(environment) influence the spatial awareness for the user. So to benefit the immersion 

of the user should be as good as possible. For instance all customizations should be done 

without leaving the virtual environment. Additional interactions that might not even be 

essential for the building design, could improve the immersion of the experience. For 

instance objects could be placed on a table, that can be picked up and moved by the user. 

- The interface of the program should be straight forward. It is important that the user 

is aware of all possibilities and how to interact with these options. In one view the user 

should be able to see which elements he or she can adjust.

All interactions should be easy to perform, keeping in mind that a user could have no 

experience in modeling objects.

5.6. Conclusion of virtual Reality in architecture. 
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Case study

In the next four chapters the product will be presented. This product is the result of the 

practical research which combines the findings of customization in architecture with 

the use of virtual reality.  Firstly in chapter 6 the case study will be presented. Secondly 

in chapter 7 the process of personal preferences will be explained to understand which 

steps every future residence has to follow. And thirdly, in chapter 8 a scenario will be 

sketched of a possible user. Based on this scenario the architectural design will be 

presented. And lastly, the technical realization will be presented in chapter 9. 

Fig 17.   Impression of exterior building design. 
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As a case study, this project is aimed to create housing in the center of Eindhoven, where 

future residents can adjust apartments to their personal preferences. 

In the last decade during the financial crisis, the vacancy of office buildings in city centers 

of Europe  has been a growing topic of discussion. The report “Transformatiepotentie 

leegstaande kantoren in Eindhoven” [18] (Transformation Potential vacant offices in 

Eindhoven) by the Technical University of Eindhoven, 2010, gives an overview of potential 

office buildings in Eindhoven that could be transformed into residential buildings. This 

overview is based on factors that are essential to be a potential building. 

There are still many vacant office buildings can be found in the city center of Eindhoven, as 

seen on real estate websites for office space, such as ‘www.ilocate.nl’ and ‘www.skepp.

nl’. The construction of many of these  office buildings have a high flexibility by open floor 

plans, therefore providing the option for flexible residential apartments. 

To analyze the potential of  vacant office building the next factors should be evaluated:

- The location of the building should be suitable for residential living. For instance an 

industrial area would not be a favorite place to live. 

- The program of the building. As few construction walls as possible to have a high flexibility 

in the floor plan. 

- A self supporting façade or the possibility to create a self supporting façade. When an 

existing façade has supporting elements for the primary construction, this means less 

flexibility to create adjustable façade modules. 

- Location of the vertical access points influence the structure of the routing inside the 

building. This routing therefore has a high influence on possible division of the apartments. 

6. Vacant office buildings
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Fig 18.  Current partly vacant office building ‘Kennedy Toren’ in Eindhoven
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The next requirements for potential office buildings are based on the report 

“Transformatiepotentie leegstaande kantoren in Eindhoven” and the concept of customization:

-  A minimum of 2000 square meters to have enough surface to realize flexible apartment 

plots.

-  The location of the building should be suitable for residential living.

- For the flexibility of the building structure, there should be as less structural walls as possible 

and a minimum floor height of three meters. 

Fig 19.  Europalaan 26-46.  

Location: North district of Eindhoven, adjacent 

to residential area. 

Building size: 2000 m²

Fig 20.  Office at Zwaanstraat 1.

Location: Industrial area Strijp.

Building size:
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As the next step, blueprints were requested for Begijnenhof 35 and Stadhuisplein 6. The first 

reason these two building are looked more in depth, is because of their location in central 

Eindhoven. The second reason is because there are already requests from the municipality 

of Eindhoven to redevelop office buildings in the area of the Stadhuisplein into residential 

buildings. Therefore it makes this project more realistic. 

After comparing the blueprints of both buildings, Stadhuisplein 6 had the most suitable 

structure and located vertical access points to realize flexible apartment plots.

Fig 21.  Begijnenhof 35.

Location: Central Eindhoven, region town 

hall square. 

Building size: 2000 m²

Fig 22.  Stadhuisplein 6. 

Location: Central Eindhoven, region town 

hall square. 

Building size: 3300 m²
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To realize the ability of customization for the user, it is essential that this process will have 

a clear structure, so that there is as much flexibility as possible for every user. 

There are multiple solutions in this process of customization. As it seems, there would 

have been more alternative possibilities in ways of dividing the freedom of choices. In this 

project the goal is to provide an as equitable as possible distribution of this freedom of 

choices.

Figure 23 shows the total design process for the building. The process contains four actors. 

The architect who is responsible for the design. The system manager who is responsible 

for interventions between all used software and the virtual experience. The architect could 

be  the system manager if he has all required knowledge.  The investor who is the direct 

client and has to approve the building design. The user is the buyer for each individual 

apartment and is able to customize his own apartment.

In this chapter the process for the users will be looked at further in depth. This process 

contains the next five phases:

1. Choice of plot in order.

2. Selecting starting configuration by floor plan.

3. Selecting personal preferences by customizing the apartment in VR.

4. Evaluating output of the user by the architect. 

5. Possible redesigning apartment.

Each step of the process will be further explained. 

7. Process of customization
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First design:
- Grid for building plots
- Start situation
- boundaries for user

User 
(Future residence 

and user of the 
VR system)

Architect

Setting personal 
preferences by 
customizing the 

apartment in VR.

Modeling components

Translating 
apartment decissions 

to Revit model

Evaluating output of 
the user

System manager
(or architect 

himself)

Setting building 
program/ 

Requirements

Investor

Creating interactive 
virtual environment 

for residential 
customizations. 

Final design

Selecting starting 
situation from 

floorplan

Selecting location in 
the building

Next user

1

2

3

4

5

Fig 23.  Sequence of customization process.
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Phase 1. Choice of plot in specific order.

The first stage for the user is the choice of location within the building. The building will be 

divided by a grid. Every grid size represents one box with a certain square meters (start 

position). These boxes can be combined to create one plot for an apartment. In the process 

different methods of building divisions are examined. 

At the first method (figure 24) everyone is free to choose boxes to combine to an apartment 

plot by the service policy of  ‘first come, first served’.  The first user is free to choose any 

boxes to combine. The second user can choose any boxes except the already occupied 

boxes. This process continues until no more boxes are left. The problem with this method 

is the high change of a situation were multiple boxes are left over, which are not suitable 

to create any more apartments. 

In the second method (figure 25) the division of the building is made in advance. On each 

level any left-over-space is taken in to account, so that the user is able to adjust the size 

of the plot in up to certain limits. When an adjustment is made by the user to expand 

the plot size, all apartments on that floor will be moved up one place. The benefit of this 

method is that all users can customize their apartment at the same time. That is why there 

are no more phases in between the starting situation and end result. Furthermore, all left 

over boxes are placed at one side of the building, so that there will be a bigger chance of 

suitable combinations to create another apartment plot.  The downside  of this method is 

when an user expands an apartment, it is possible that the apartment of an earlier user 

will be moved up. Therefore the location of the apartment changes, which could result in 

undesirable conditions (as shown at the end result on the third floor. Furthermore there is 

a chance that empty boxes remain, which are not suitable to create any more apartments. 

It could also happen that to many users expanded their apartments, so the left-over-space 

is over taken (as shown at the end result on the first floor)
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Fig 25.  Second method of plot selection. 

Starting situation First user

End resultProcess half way

Starting situation End result

Fig 24.  First method of plot selection. Red, yellow and blue represents a 

different size apartments. Green represents two-fl oor apartments.  
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To give the users as much freedom as possible of the options, a the third method will  be 

used. 

 Step 1: Because two-floor-apartments have influence on the division of two 

different floors, they have a larger complexity and will be placed first, at both ends of the 

building. …

 Step 2: The second phase, users can start setting up their apartments, starting at 

the edge of the two-floor-apartments. …

 Step 3. From then on, users can start filling the grid one by one, from one side to 

the other. In this example from the left to the right. …

 Step 4: This process results now in three different possibilities:

- On the top floor there are three grids remaining. This means it is not possible for the last 

user to choose a two grid wide apartment, because one grid space will remain empty, 

resulting in useless space. So the last user on the top floor is forced to have a three gird 

wide apartment.

- On the third floor, the results fits perfect to fill the complete grid.

- On the second floor only one grid block is remaining, which can not be used as one 

apartment. This could be resolved like the situation on the top floor, namely that the last 

user of this row had to add this block to the apartment. Nevertheless, this block can also 

be jointed with the remaining blocks on the first floor. 

Following these steps, the influence of previous users and the choices they make, is a 

small as possible, comparing to an alternative option, where the first user is free to choose 

his plot inside the building except the occupied boxes.  There will be more ‘leftover’ spaces 

to fill in the end, and as a result, more users are bounded to the left over plots. So even 

though there is more freedom in this case for the first users, the total freedom for all the 

users is less.
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Start position: Empty blocks determine 

by the size of the grid. The colored 

boxes represent different size 

apartments.

Step 1. Two-fl oor-apartments at both 

ends of the building. 

Step 2. For each fl oor starting at one 

side of the building. 

Step 3. Filling grid from the left to the 

right. 

Step 4. Three possible situations of 

resulting spaces

Step 5. Possible end result of building 

devision

Fig 26.  Third method of plot selection. 
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Phase 2. Selecting starting configurations by floor plan.

After the user has decided his location in the building, the starting configuration will be 

chosen. Based on differentiation of square meters and basic apartment divisions, the user 

can choose a starting  configuration for his apartment. For instance an empty floor plan 

to start modeling from scratch or a variation of complete apartment divisions with all the 

necessary rooms, that the user can adjust. 

Starting configurations are created for users in order to have some starting boundaries 

as a starting point. It can be easier for (unexperienced) people to be critical of an existing 

design and adjust their design to their own requirements, instead of creating something 

from scratch. 

The first step for the user is to make an estimation of the size of the apartment. The user 

can choose between a plot-size of 49, 61, 73 and 98 square meters. In the next phase the 

user can adjust the choice of the plot-size by de-/increasing the apartment plot. 

The second step is to choose an apartment division to start with. Figure 27 shows different 

examples of the apartment divisions that are given by the architect. 

Division A shows an example of an apartment where the bedrooms are located towards 

the gallery and the living room towards the façade. This results in a high amount of daylight 

being received in the living room. 

In division B, the living room is positioned in the longitudinal direction, creating a through 

lounge, meaning that the daylight enters from opposite directions. 

In division C, the only closed room is the bathroom, which is positioned in the middle of the 

apartment. Optional, different functions can be separated by furniture elements.

When a user wants to start in an empty apartment with no divisions, the user can skip the 

second step and start with phase three.
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Fig 27.  Principles of starting configurations. scale 1:200

ScaleChecked by

Drawn by

Date

Project number

www.autodesk.com/revit
 1 : 200

11-9-2016 21:53:46

Schematische weergave
Project

Number

Project Name

Owner

Issue Date

Author

Checker

A106

Kitchen / Living room

Kitchen / Living room 

/ Bedroom

Bathroom

Bathroom

Bathroom

Kitchen / Living room

Bedroom
Bedroom

Bedroom

Bedroom

ScaleChecked by

Drawn by

Date

Project number

www.autodesk.com/revit
 1 : 200

11-9-2016 21:53:46

Schematische weergave
Project

Number

Project Name

Owner

Issue Date

Author

Checker

A106ScaleChecked by

Drawn by

Date

Project number

www.autodesk.com/revit
 1 : 200

11-9-2016 21:53:46

Schematische weergave
Project

Number

Project Name

Owner

Issue Date

Author

Checker

A106

a.

b.

c.



56

When the starting configuration is set by the program in the virtual environment, the user 

can start creating his personal design. Inside this virtual environment the user can change 

the spatial division of the apartment by customizing the following spatial elements:

- Decrease or increase the plot-size of the apartment by extruding the bounding partition 

walls.

- To add an extra level to create a two floor apartment.

- Place inner walls and doors to create closed spaces.

- Choose facade elements to create bigger or smaller window openings or to create a 

balcony or loggia.

To get a better sense of scale and experience of how the space would be used, the user is 

able to place and move furniture.

 

Phase 3. Selecting personal preferences by customizing the apartment in VR.



57  

Fig 29.  Place furniture objects in virtual reality. [17]

Fig 28.  Setup different spatial element in virtual reality.
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Now that the user has finished his design from location to apartment division, it is the job 

of the architect to evaluate the outcome by quality. The used VR system should prevent as 

much undesirable design decisions by the user as possible. However, the possibility may 

still arise that a design by the user results in a very inefficient floor plan. On the next page, 

two examples are given that could be assumed as inconvenient situations. In the situation 

in figure 30, if the resident wants to go to from the bedroom to the bathroom, he or she  

has to pass through the living room. It would probably be more desirable for the resident to 

directly enter the bathroom or via a hallway. In the situation in figure 31 one of bedrooms 

has no day light coming in, which is an essential requirement from the building regulations 

[20]

At the evaluation stage by the architect, the architect has to inform the user about these 

situations. 

Phase 5. Possible redesigning apartment.

If it appears that there are any problems with the result made by the user after the  

evaluation by the architect, the architect could offer an alternative design based on the users 

design. The user can then experience both designs in VR to compare them. Alternatively, 

the architect can allow the user to customize a new  apartment in VR again. However, the 

architect has the ultimate decision in the design, and the design has to be approved by 

both the user and the architect. 

After the user has approved the final design in collaboration with the architect, the next 

user in line can start at step 1.

Phase 4. Evaluating output of the user by the architect. 
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8.1 Situation

In order to create starting points for the building design, the situation of the vacant office 

building at Stadhuisplein 6 is investigated by the location and the existing construction.

 

8.1.1 Location

In the current situation, the direct area consists mainly of municipal office buildings. 

Furthermore there are bars, residential buildings and a church.

Some of these office buildings are vacant or partly vacant. This is why the plan of the 

municipality is to transform the ABN-Amro bank office and Stadhuisplein 6 into residential 

buildings by 2019. (Figure 32) [19]

The aimed building for this research will be stadhuisplein 6, marked in red. This building 

suits the requirements of open floor plans with enough open square meters to release 

multiple apartments for each floor. 

8. Design

Fig 32.  Stadhuisplein 6.
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Location

Offi ce buildings

Residential buildings

Fig 34.  Current situation  

of function distribution in 

the area. 

Fig 33.  Area with plot

Fig 35.  Future situation of 

function distribution in the 

area.
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Bars / RestaurantsOffi ce buildings

Church

Legend fi g. 34-35
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The location is had borders with three public spaces: 1. Stadhuisplein. 2. Begijnenhof . 3. 

The courtyard closed in by the current office buildings. 

Stadhuisplein is the town hall square located at the south side of the plot. Occasionally, 

around three to five times a year, the square is crowded with people, especially during 

events like Kings-day, Glow, championship celebrations and music events. Under normal 

circumstances the square is empty apart from some skaters and a low volume of traffic. 

Parallel to the square is a high density of bars and clubs, in the street ‘Stratumseind’, 

which is know as a popular place to go out in Eindhoven. Especially at the evenings in the 

weekends, there are people passing by from Stadhuisplein to the bars. 

Begijnenhof is the connection between the Stadhuisplein and the Stratumseind and city 

center. 

To conclude, Stadhuisplein and Begijnenhof are connected public places that during the 

day are mainly calm and quiet places in the city center. During the evenings and nights 

in the weekends, the nightlife crowd is passing by. There may not be any highly direct 

disturbance, but it must be taken into account and security needs to be considered. 

Therefore, there should not be a clear direct entrance to these squares at night. The 

main entrance should be located at the courtyard, which will be a semi private space (not 

accessible for outsiders) .
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Fig 36.  Public spaces bounded to the plot. 

1

2

3

Fig 40.  Courtyard.

Fig 38.  A crowded Stadhuisplein 

occasionally a few times during the year.

Fig 39.   Begijnenhof.

Fig 37.  Stadhuisplein under normal 

circumstances.
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When the building is stripped to its the primary construction as shown in fi gure 41. 

It contains an open fl oor construction with columns standing on a grid. Figure 42 

shows the vertical grid at the south and north façade is 3,87m at the south and north 

façade, and a horizontal grid at the east façade is 4,75m . 

To stabilize the construction from torsion, constructive walls are located attached to 

the surrounding buildings and the vertical access points. In fi gure 42 the constructive 

walls are  marked in red.  

Fig 42.  Main fl oor plan constructive walls

Fig 41.  Remaining primary construction with 

vertical access points. 

B

B

8.1.2 Existing construction
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Fig 43.  Cross section B-B. 
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8.2.1. Entrance & hallways 

The main entrance of the building is at the north facade coming from the courtyard, but can 

also be accessed from Stadhuisplein. 

The gallery is located at the facade connected to the courtyard, between the existing 

stairwells. At the east facade is a stairwell created as a third escape route for the apartments  

located in the east side of the building. 

8.2.2. Apartment plots

The apartment plots are located towards the Stadhuisplein and the Begijnenhof, on the 

second till the 5th floor. Both squares have high quality of view and the entry of light. At 

first glance it seems that the courtyard would have quality because of facing the north. 

That means no direct sunlight what  could be wishful for residents. Nevertheless, because 

of surrounding buildings not much light entrance the north façade. Therefor this façade is 

not suitable for the primary façade of any apartment. Instead the gallery is located at this 

façade. The apartments located with the back towards this gallery can use the indirect 

lighting for example a bedroom or through lounge. 

The division of the apartment plots will made according to the method as explained in 

chapter 7, phase 1. Therefore the space reserved for the apartments will be divided into 

units. Each unit has a with of one third of the grid size (distance between the columns). 

In chapter 8.3.3 ‘Modeling apartment in virtual reality’ the motivation to divide the grid in 

three will be declared.

8.2 Main division.
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Fig 45.  Division apartment plots.

Fig 44.  Routing.

Stadhuisplein

courtyard

Begijnenhof
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Fig 55.  Floor plan Level 6. Roof terrace  scale 1:300
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Fig 59.  South Elevation  scale 1:300

Fig 60.  North Elevation  scale 1:300

Fig 61.  East Elevation  scale 1:300
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This chapter shows the design by completing one possible scenario, guided by the steps 

as explained in chapter 7. Process of customization. As a possible scenario a fi ctive user 

called Anna is used. All decisions that are made by Anna are potential results based on the 

next personal characteristics: 

 

Anna is a woman of 25 years old and is a starter in the housing market. She has no 

relationship but wants to keep in mind that her situation could change in the next few 

years, so the apartment should be suitable to live with a second person. Anna has an 

average income and is looking for an apartment between 70 and 80 square meters.

Anna has to follow the steps that are explained in chapter 7. Each of these steps shown 

how the building on Stadhuisplein 6 is related the process. 

8.3.1. Step 1. Choosing the Apartment plot.

In this example, some users have already made their design by combining units. The 

occupied units in the building are marked in red (fi gure 62). Anna can now choose on  which 

fl oor to start the base of her apartment. Finally, Anna choose to located her apartment on 

the 3th fl oor, marked in green. 

8.3 Design by one scenario example.
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Fig 62.  Choosing apartment plot. The red blocks show the apartments that are already 

taken. The  green blocks show the chosen blocks for this example.

Fig 62.  Choosing apartment plot. The red blocks show the apartments that are already 
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8.3.2. Step 2. Choosing starting confi guration.

Multiple starting confi guration are possible. The option is available where the user is able 

to start with an empty space, but can also start with a confi guration where all necessary 

rooms are divided. The starting confi gurations are divided into different sizes op plots. 

Type A are one fl oor based 49 square meter studios, that are the minimum plot sizes that 

are available. 

Type B are one fl oor based, 61 square meters apartments.

Type C are one fl oor based, 73 square meters apartments.

Type D are one fl oor based, 110 square meters apartments.

Type C and D are two fl oor based, 110 square meters apartments . 

First the user has to choose the size of the starting confi guration. This choice will be made 

based on expected desired space, but can be later adjusted in step 3. In this case, Anne 

will start with the smallest possibility that fi ts in her requirements: Type B (fi gure 63). 

Secondly Anna can choose between three variants of apartment divisions. The fi rst variant 

is based on positioning the living-room and kitchen towards the south façade and the two 

bedrooms towards the gallery of the building. The second variant is based on positioning 

the living-room and one bedroom towards the south façade and the kitchen towards the 

gallery. This creates a connecting space from the south façade to the gallery with windows 

on both sides. The third variant is an open plot, often referred to as a loft. This variant 

features only the necessary elements of a kitchen element and a closed bathroom. 

Anna choose to start with the second variant that is marked by the green square. 
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Fig 63.  Possible starting confi gurations. In this example we start with a type A, 

the second option with the bedroom at the facade. 

A

B
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D

E F
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Now that Anna has chosen the starting confi guration type A-2, she can start adjusting this 

design to her own personal preferences by the following actions:

- Scaling the apartment by moving partition walls (fi gure 65)

The partition walls that form the boundary of the apartment, can be moved on the grid. By 

moving the partition wall one step further away (1,29m), Anna can enlarge her apartment 

by 12,3 square meters. If Anna moves the partition wall inwards, the apartment will shrink 

by 12,3 square meters. 

Inside the VR experience, Anna noticed that the bedroom and the living room of the 

apartment are smaller than she imagined based on the fl oor plans. That is why she enlarge 

the apartment by two grids, so there is space to expand both rooms, resulting in a fl oor 

plan of fi gure 64.

8.3.3. Modeling apartment in virtual reality. 

Fig 64.  Result of Anna after enlarging the apartment by two grids.
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Starting situation living room

By activating the interaction layout, 

the user can see the green trigger on 

the wall that indicates that this wall 

can be moved.

By moving the wall backwards from 

the user, the apartment is enlarged 

by one grid size of 1,29m over the 

complete depth. 

Fig 65.  Scenario of scaling the apartment by moving partition walls.



82

Fig 66.  Scenario of placing interior walls/doors

Starting situation living room

By activating the interaction layout, 

the user can see by the grid where it 

is possible to create walls

The fi rst option is creating a basic 

inner wall with a thickness of 100 

mm.

The seconds option is creating a wall 

with door
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- Placing interior walls/doors (fi gure 66)

An interior wall can be placed on the grid, and will pop up when Anna activates the 

interaction interface. Each stroke on the fl oor represents a wall element. This wall element 

can be activated or transformed to a wall with a door. By scrolling through the variants, 

Anna can select in what direction the door should open. 

As mentioned in chapter 8.2.2. ‘Apartment plots’, the structural grid size of 3870 mm from 

column to column is divided by three, which leads to a grid of 1290 mm. This division is 

the result of a comparison experiment where the divisions of half a grid, a third of a  grid 

and a quarter of a grid are used to design a apartment plot. Figure 67 shows the three 

experiments of the grid division. The grid determines how precisely a room can be scaled. 

Because the hallway generally is the smallest room of an apartment, it will be the most 

important factor in choosing the grid size. 

A half grid results in a grid of 1935 mm. Using this grid the most narrow space that could 

be created has a width of 1835 mm (grid minus wall thickness), which is not convenient 

when making a space for a toilet or hallway. 

A third of a  grid results in a grid of 1190 mm. With this grid a hallway with a width of 1090 

mm can be realized,  which is a good size for a hallway. 

A quarter of a grid results in a grid of 967 mm. This leads to a hallway of 867, which is to 

narrow.

1/2 grid

1935 mm

1/3 grid

1190 mm

1/4 grid

967 mm

Fig 67.  Experiments of the grid devision
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Fig 69.  A future possibility for Anna when she want to adapt her apartment 

to a future situation.

Fig 68.  Result of Anna after removing and placing inner walls and doors. 
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After expanding the apartment, Anna can enlarge the bedroom. She created a small hallway  

in between the bedroom, bathroom and living room. In this way she does not have to enter 

the living room when she want to go from bedroom to the bathroom. (fi gure 68)

In the lower left corner Anna created a study room that has an opening towards the living 

room. In a future situation this study room can transformed to an extra bedroom by closing 

the opening towards the living room (fi gure 69). 
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- Removing fl oor elements to connect levels creating a two fl oor apartment (fi gure 71)

By removing fl oor elements, Anna is able to connect an extra level to the apartment, 

creating a two fl oor apartment. These gaps can be used to place a stair and/or create a 

void/atrium. At the borders of the gaps fl oor elements can be created that contain a railing.

When enlarging the apartment with an extra level, it must be taken into account that the 

plot of this level is connected to the nearest parting wall of an already existing apartment. 

In this way no empty space is left between the apartments. (fi gure 70)

Furthermore Anna should taken into account that connecting an extra level 

will increase the amount of amount of square meters. For example only the 

stairs will take almost three square meters in place at both levels. For this 

reason Anna chooses not to add an extra level.

Fig 70.  Schematic front view of the connection of an extra level.  
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Starting situation living room

By activating the interaction layout, 

the user can see the middle points of 

the fl oor elements.

The fi rst option is creating an empty 

element for a physical connection 

toward the upper fl oor

There are alternative fl oor elements 

will a balcony, each located towards a 

different direction. 

Fig 71.  Scenario of removing fl oor elements to connect levels creating a two fl oor 

apartment.
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Fig 72.  Scenario of choosing façade elements

Starting situation; an empty façade.

By activating the interaction layout, 

the user can see the sphere triggers, 

that each represent one façade 

element.

The user can select different types of 

façade elements. 

In the end, the façade elements 

should fi t together. 
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Fig 74.  Division of the grid in the façade.  

- Choosing facade elements (fi gure 72)

By selecting façade elements Anna is able to choose different window layouts and/or 

creating a balcony or loggia. Figure 73 gives an overview of the different façade elements.  

More details of the façade elements can be found at page 90-91, fi gure 75-76.

The possibilities of the façade are restricted by the primary construction of the building. 

These can not be modifi ed by the user. Columns are attached to the façade with a core 

distance of 3870 mm. This space is divided in three elements, each with a width of 1290 

mm.  Figure 74 shows how this façade can be divided by the user. 

The user can select three windows of the same type to create one window frame from 

column to column (fi gure 74 a). When an inner-wall is placed right-angled to the façade, it 

should be possible to create a separation between one of the window framed elements.  

(fi gure 74 b & c). These possibilities can also be chosen for aesthetic reasons, for example 

adding vertical elements to the apartment and choosing option c. 

Fig 73.  Devision of the grid in the façade. 

a. b. c.
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Fig 76.  Front view and top view facade elements. 
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Fig 77.  Starting fl oor plan

Anna has chosen to create a balcony at the living room. To create symmetry from inside, 

the right façade element of the balcony has an extra column (fi gure 80-82) which is similar 

to option B in fi gure 74.

Fig 78.  Starting situation view 1 

Fig 79.  Starting situation view 2

A

B
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Fig 81.  Final fl oor plan by Anna

A

B

Fig 80.  Final situation view 1 

Fig 82.  Final situation view 2
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8.4. Final design

8.4.1. Courtyard

The main entrance of the building will be located at the courtyard. Currently the courtyard

consists of a small street with minimum parking spaces destined for the office workers

(figure 83-84). The area is closed off by surrounding office buildings. Because of this, it

is not a pleasant environment. The only function is for office workers to park their car and

enter one of the buildings. In time, these buildings will all be transformed into residential

buildings. Therefor a pleasant atmosphere of the area before entering one of the residential

buildings, is desirable. The next assumptions are the basics for the design of the new

courtyard:

- A clear route from the street to the main entrance of the buildings.

- Improve the atmosphere of the area: To create a more pleasant atmosphere the 

streetprofile

should be changed to a more greener environment.

- Parking places for bikes: As an addition to the bike storage inside the buildings, people

should be able to park their bicycle outside. Cycle-spaces are realized near the entrances

of the buildings.

- Visual connection from building to city center: Figure 84 shows the visual connection

towards elements of the city center: The Catherina church and the two high-risers Hooghuis

en Admirant.

Fig 83.  Current situation of the 

courtyard toward the north facade.

Fig 84.  Current situation of the courtyard 

toward the city center.   
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Fig 85.  Floor plan of the courtyard. 

Fig 86.  3D view from the courtyard toward the main entrance. 
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From the courtyard the building will be entered from the north façade. At the north façade 

the gallery is located with the vertical access points. The design of the gallery is focused 

on the connection between the different levels and to create a personal space in front of 

every apartment.

The connection between the different levels is an opportunity to improve the social and 

visual cohesion between residents living on the different levels. In an apartment building 

there are not only neighbors on each side, but also upper and lower neighbors. Furthermore 

in this building it is likely that multiple resident have apartments at two levels. When 

creating a closed hallway on each level, this space is only used by residents who live on 

that level. In this design all hallways are combined to one space. This gallery will work as 

one connected space. As a resident you are constantly aware of the different floor levels. 

The vertical connection is made by large cutouts in the floor, which to approximately 

contains half of the total floor plan of the gallery (figure 89). The static remaining element 

is the bridge from the main vertical access point (at the right) to the emergency exit (at 

the left). The amount of connections to the apartment, are depending on the amount of 

apartments. 

These connecting elements from the bridge to the apartment are semi private plateaus 

constructed by a steef frame work. The resident is free to fill this place with anything of 

their choice, for instance placing potted plants or a chair. The plateaus are inspired on the 

use of  the front yards or garden or space. In a street with identical houses, the most 

distinctive element is the front yard. Even from a distance, someone can identify the 

residence by this element. In apartment buildings, hallways are often monotonous and the 

only unique element in the address is number on the door. 

As an example, the resulting gallery of a personalized  plateau is shown in figure 90.

8.4.2. Entrance.

Fig 87.  Hallway of an apartment 

building.

Fig 88.  Front yards as a distinctive 

element.
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Fig 89.  Floor plan of the entrance with cutouts and semi private plateau.

Fig 90.  3D view of the gallery. 



98

The facade is build-up from three different layers: The main construction, the separation 

lines of the apartments and the fenestration created by the user. (figure 91)

Both the structure and facade elements are made of concrete. (figure 91 a + b). By using 

the same material and sizes of these elements, both layers will merge into each other. 

The most dominant layer is the outer layer (figure 91 c). These are the separation lines 

between the different apartments that show the boundaries of each apartment.  This layer 

is distinguished by the use of a white aluminum material, that contrasts with the concrete 

layers. Moreover this top layer expands 100 mm more out of the façade to further emphasis 

the differences between the layers. 

Figure 92 till 95 on page 98 and 100 show different possible outcomes of the façade. 

8.4.3. Facade
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a. Structure

b. Facade elements 

chosen by users

c. Partition walls and 

floors expressed by 

white elements. 

d. Resulting façade.

Fig 91.  Build-up of different façade layers
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Possible results.

Figure 92 shows a façade impression as a result of all users choose the most basic façade 

element and largest window openings as possible. (Elements 1-B, 1-C. Figure 75, page 

90) When there is less diversity in the façade elements that are chosen by the users, the 

square grid of the construction becomes more visible in the façade. There is less variation 

in the layering of the façade, except the protrusion on the fourth floor. 

Figure 93 shows another façade impression with only one chosen element, namely  the 

vertical window (Element 1-A figure 75, page 90). Because of the continuous repetition 

of vertical lines in the façade, the verticality becomes the most dominant aspect in the 

appearance of the building, and the square grid of the construction disappears. This strong 

repetition can be related to the appearance of an office building. However, all office buildings 

in the direct area have horizontal lined façades, so therefore this building will stand out of 

the surrounding office buildings. 
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Fig 92.  Façade impression when all users choose the most basic façade 

element.

Fig 93.  Façade impression when all users choose the vertical window. 
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Figure 94 gives the possibility of the façade impression where mixed façade elements are 

chosen by the users (Elements 1-2-3. Figure 75, page 90). For example, the owner of the 

apartment on the lower right corner has chosen for the vertical window elements, whereas 

the user on the level above, has chosen to create one window by combining the façade 

elements. Lines in the façade are interrupted and unique junctions in the façade arise.

The façade impression of figure 95 is an extension of the façade in figure 94, created  by 

adding balconies and loggias (Elements 5-6. Figure 75, page 90). Users are not obliged to 

choose either a balcony or a loggia, because there is a shared outdoor space on the roof 

terrace on the sixth floor. However, it is likely that there will be users who prefer personal 

outdoor space, in the shape of a balcony or loggia. The balconies and loggias improve the 

diversity in the layering of the building. 

To conclude,  the more diverse the choices of façade elements by the users are, the more 

interesting the total façade will appear. The white layer of the partition walls and floors 

remain the base structure to join all different façade elements.
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Fig 94.  Façade impression with mixed façade elements decisions 

excluding loggias and balconies. 

Fig 95.  Façade impression with all mixed façade elements.
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To realize this project is it important that the flexibility is executable at a structural level. For 

this, the next two important principles are the most essential.

- The possibility of placing a differentiation of façade elements in the existing structure: 

On each grid stroke on the façade, it should be possible for the user to select any variant 

of the façade elements. Therefore the connection from the construction to the façade 

elements should be universal. In the future, when an apartment is sold and a new 

resident moves in, this user should have the ability to adjust the apartment. Therefore all 

customization options should be adaptive, including the façade elements. 

 

- Flexible installation terminals. 

As a result of creating a flexible apartment divisions, applications that require installations 

can be placed on multiple locations. For instance the bathroom requires a soil pipe and 

mechanical ventilation. 

9. Building technical realization
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Fig 96.  Section B-B. Scale 1:100. 
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Different elements are possible on every grid at the façade. The only exceptions are places 

were a balcony is not allowed. 

At all these locations, on each grid stroke on the façade, it should be possible for the user to 

select any variant of the façade elements. Therefore the connection from the construction 

to the façade elements should be universal. 

The most general situation is the choice of a window vertical from floor to the ceiling and 

horizontal from column to column. Furthermore it should be possible to realize balconies, 

loggia’s and the interruption of a inner wall. 

As said in chapter 8.4.3 ‘Façade’ the layering of the building façade is realized by different 

materialized box elements. The type of a box element should be placed depends on 

whether there is an apartment dividing inner wall or floor attached. This is depending on 

the choices of the users. Therefore on every location both box elements can be placed. 

The ecstatic box element can be replaced by a steal constructed balcony without any 

radical construction work. 

9.1 Connecting façade elements
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Fig 97.  Vertical section façade scale 1:50
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a. b. c.

a. b. c.

Fig 99.  Construction sequence ‘facade interruption by inner wall’

Fig 98.  Construction sequence ‘full window’

Figure 98 till 101 show the construction sequences of different façade options.

Each construction sequences is divided into six phases. Phase A shows the starting 

situation of the stripped concrete construction. Phase B is the placement of the parts that 

are needed to be drilled into the concrete: terminal breaks and the beams to attach the 

window frames. Phase C is the placement of the window frames. Phase D is the placement 

of sandwich panels, which can be placed in the window frames. These panels contain 

insulation, are waterproof and can be constructed and deconstructed as one element. At 

phase E the hooks for the façade bars are mounted and the construction of the raised fl oor 

is placed. At last, at phase F the white aluminum or concrete bars of the façade and the 
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d. e. f.

d. e. f.

fl oor fi nish are constructed. These elements are slide on to the hooks without any bolts 

or screws. Inside every vertical bar a service pipe is situated for the water drainage of the 

roof, balconies and loggia’s.

Figure 98 shows the construction sequence of one window frame from column to column. 

Figure 99 shows the construction sequence of a façade interruption when an inner wall 

is located in between two columns. In Phase B an extra steal column is mounted, at the 

same mounts of the beams when creating a ‘full window’. 



110

a. b. c.

a. b. c.

Fig 101.  Construction sequence ‘Loggia’

Fig 100.  Construction sequence ‘Balcony’

Figure 100 shows the construction sequence of a two grid wide (2m58) balcony. Phase 

A till phase D are equal to the situation of a façade with only an interruption, except one 

of the window frames contains a door.  At phase E there are no hooks mounted at the 

destination the balcony. At phase F a steel framed balcony is mounted at these places.
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Figure 101 shows the construction sequence of a two grid wide loggia. The support 

construction for the window frames are placed in phase B.  The sandwich panels form the 

ridge of the loggia. At phase E the fl oor of the loggia get insulated and with waterproofi ng 

membranes. The water drainage gets connected to the vertical service pipes in the façade 

bars at phase F.  

d. e. f.

d. e. f.
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To realize flexible building services some concessions will have to be made, with regard 

to the space reserved for building services.  The most crucial building services are the 

plumbing and the mechanical ventilation and of each apartment. 

Plumbing

In regular apartment buildings the toilets, bathrooms and kitchens are situated on the 

same location on each floor level. Therefore the vertical soil pipe is located directly behind 

the toilets, connecting all toilets in the building. 

In this project it is possible to place toilets in different locations and therefore not all toilets 

are located above each other (figure 102) As a solution, on a building scale each column 

located in the middle of the building has a vertical soil pipe attached, which runs from the 

top floor to the basement. (figure 103) All soil pipes of all apartments should be connected 

to these vertical soil-pipes, through horizontal soil pipes located inside the additional space 

in the floors. The soil pipe of the toilet has the biggest diameter of 110 mm, and therefore 

determines the required space in the floor. To cover the main space where a toilet could be 

placed, the maximum horizontal soil-pipe has a length of 5 m. To fit the restrictions of a soil 

pipe slot, for each horizontal meter a drop of 10 mm is required. As a result, the total space 

reserved for the soil pipes should be 160 mm. 

The mechanical ventilation 

The mechanical ventilation system is required in the bathroom, toilet, kitchen and other  

rooms that are not located directly at the façade. In these spaces air intake vents are 

located in the walls. These vents lead to a ventilation channel in the floor, using the same 

space reserved for the soil pipe. From this space underneath the apartments, the ventilation 

channels lead through the gallery floors to the main vertical access point near the elevator. 

In the vertical access point a large ventilation shaft goes to the installation on the top level 

of the building

9.2. Building services
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10.1 Use case.

The system contains the software that has been created to make it possible for the user 

to  customize their future apartment in VR.

The software that is used to customize the apartment by the user is Unity. The use case 

diagram in figure 105 gives an overview of all use cases in the process of the VR experience. 

The system consists two actors: the user and the architect. The user is the final actor of 

the VR experience where all customizations are made. The architect is the actor that is 

responsible for the set up and output of the system. All use cases in the use case diagram 

are supported by the use case texts in figures 106-107.

This process of the interactions will be explained further in depth in chapter 10.2 and 10.3. 

10. System
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Fig 105.  Use case diagram.
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Name Save customizations

Actors Architect 

Preconditions The user has finished the customization of the apartment.

The use aims at a trigger of a partition wall.

Description 1. Save file as ‘new scene’ by “-name user- “

2. Export scene to Revit

Exceptions

Results The customization of the user are saved to be evaluated by the 

architect.

Name Import dynamic building elements

Actors Architect 

Preconditions All elements of the building are modeled by the architect.

Description 1. Create triggers with the required scripts at the desired 

locations of the elements. 

2. Import the elements (walls, floor elements and facade 

elements) as assets in Unity.

3. Attach the assets to the triggers as ‘child objects’.

Exceptions

Results The customization of the user are saved to be evaluated by the 

architect.

Name Set up starting configuration

Actors Architect 

Preconditions The user has choses a starting configuration.

Description 1. The architect sets all triggers with dynamic building 

elements to the  correct starting output.

Exceptions If the user decides to start with an empty floor plan, all triggers 

are left by default.

Results The starting configuration is set and the user can start with the 

customization in VR.

Fig 106.  Use case text.
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Name Customize apartment

Actors User 

Preconditions The user has chosen a location in the building

The user has chosen a starting configuration

The location and starting configuration are set inside the virtual 

environment by the architect.

The user has passed or skipped the tutorial.

Description 1. The user activates the ‘interaction interface’.

2.The user aims at a trigger

3. Set trigger ID is as “hitObject” by raycast.

4. The user press the activation button.

6. Trigger activate an interaction, depending on the type of 

trigger:

- Partition wall trigger -> (use case: expand the apartment plot).

- Inner wall trigger (use case: create inner walls/doors).

- Façade trigger -> (use case: Choose façade elements).

- Floor trigger -> (use case: Add an extra level to the apartment).

7. The user deactivates the ‘interaction interface’.

Exceptions The user is satisfied with the starting configuration.

Results One or more interactions are activated.

The user has a customized apartment design.

Name Practice in tutorial mode

Actors User

Preconditions VR experience is started 

Description 1. The tutorial is started 

2. The user finishes different tasks to get to know all different 

interaction techniques. 

3. The tutorial is finished and shut down when the last task is 

completed.

Exceptions The user is already familiar with the interaction techniques and 

skips the tutorial.

Results The user is able to preform all possible interactions
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Name Create inner wall/door

Actors User 

Preconditions The user has activated the interaction interface

The use aims at a trigger of a inner wall.

Building elements are imported by the architect.

Description 1. Checks button and if current trigger is being hit.

2. Color of the trigger turns red when being hit.

3. Activate loop:

Empty object is replaced by wall object, the wall object is replaced by 

wall object with door or the door will be replaced by empty object. 

Exceptions - User misses the trigger while aiming and press a button. Nothing will 

happen. 

- User press the wrong button while hitting the trigger. The color of the 

trigger stays red but the wall element stays the same.

Results A wall object with or without door is created or removed. 

Fig 107.  Use case text.

Name Expand apartment plot

Actors User 

Preconditions The user has activated the interaction interface.

The use aims at a trigger of a partition wall.

Building elements are imported by the architect.

Description 1. Checks button and if current trigger is being hit.

2. Color of the trigger turns red when being hit.

3. Wall object is replaced by wall object with door. 

Exceptions - The user is satisfied with the size of the plot.

- User misses the trigger while aiming and press a button. Nothing will 

happen. 

- User press the wrong button while hitting the trigger. The color of the 

trigger stays red but the partition wall will not move.

Results The apartment plot is one grid bigger. 
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Name Choose facade element

Actors User 

Preconditions The user has activated the interaction interface

The use aims at a trigger of a facade element

Building elements are imported by the architect.

Description 1. Checks button and if current trigger is being hit.

2. Color of the trigger turns red when being hit.

3. Current facade object is replaced by next facade object when the 

button is pressed.

Exceptions - User misses the trigger while aiming and press a button. Nothing will 

happen. 

- User press the wrong button while hitting the trigger. The color of the 

trigger stays red but the façade element stays the same.

Results Current facade object is replaced by next facade object.

Name Add an extra level to the apartment

Actors User 

Preconditions The user has activated the interaction interface

The use aims at a trigger of a floor element

Building elements are imported by the architect.

Description 1. Checks button and if current trigger is being hit.

2. Color of the trigger turns red when being hit.

3. Activate loop:

If the roof object is the default object, it will be replaced by an empty 

object. 

If the floor object is an empty object, it will be replaced by a closed floor 

object.  

Exceptions - User misses the trigger while aiming and press a button. Nothing will 

happen. 

- User press the wrong button while hitting the trigger. The color of the 

trigger stays red but the floor element stays the same.

Results A hole is made in the roof, that connects the different levels. 
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When the user starts the application, first the tutorial starts up. In this tutorial the user can 

practice the possibilities of interactions, by small tasks, that are instructed by text (possible 

spoken). If the user is already familiar with the application, it is possible to skip the tutorial. 

After the tutorial the apartment scene starts.

The user is now inside the starting configuration scene that has been chosen by the 

user and setup by the programmer. Here the user can look and walk around through the 

apartment, without any further information given. The user can activate the interaction 

menu with the controller holding a button (figure 108) . In case of using the Gear VR, in 

the middle of the screen a cursor is shown as an aiming point. In case of using the HTC 

Vive a red laser is activated from one of the controls as an aiming reference. In the virtual 

environment interactive triggers pop up represented as colored spheres and bars. 

Blue triggers represent model containers. These containers own a variation of models. By 

aiming at these model containers and scroll though the different models by pressing the 

relevant button, the user can select what model to be activated at this location. There is a 

different button to scroll forwards and backwards trough the models.

Green triggers represent objects that can be moved around. By aiming at these triggers,  

objects can be moved around in four different directions (forward, backward. left and right, 

based on the axes) using four different buttons on the controllers. These movements are 

bounded by the rules of the building elements. For example, a partition wall of an apartment 

will be moved in steps of the grid size. In this way the walls will always stay on the grid. 

Furniture is not stuck to the grid, and can be moved around freely.

At this point of time, the user has to scroll through the model containers to see what 

possibilities there are. As a recommendation, when aiming at the model container, it would 

be better for all options pop up as icons around the sphere, so that the user can choose the 

desired model by aiming at the relevant icon (figure 109). 

10.2 Interface
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Fig 108.  Interface for the GearVR, with a cursor in the middle of the screen 

as the aiming point

Fig 109.  Interface for the HTC Vive, where the user can aim with the 

controllers and interact with the active objects.

Interface for the HTC Vive, where the user can aim with the Interface for the HTC Vive, where the user can aim with the 

controllers and interact with the active objects.

Interface for the HTC Vive, where the user can aim with the 
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According the interface, the user can activate interactions by aiming with head (Gear VR) or 

controller (Vive) to the trigger object. Both devices use a ray-cast starting from the aiming 

device as represented by the red line in figure 110. 

This ray-cast consist of an empty object (no basic element) with a laser pointer and the 

RayCast7 script (figure 113). The empty object  is part (a child) of the camera (Gear VR) 

or controller (Vive). The function of the laser pointer is to make ray visible to the user for 

aiming. The Ray-cast script sets the ray based on the RayLenght and the direction of the 

ray. The RayLenght mains the maximum distance for the user to trigger an object, now set 

to 10 meters. The direction is linear to the parent object of the Ray-cast.  When this ray hits 

an object, this object will be defined equal as HitObject. In the in- and output menu (figure 

111) is shown if the ray hits an object and what object is hit. Here the length of the ray can 

be adjusted without changing the script. 

This information is forwarded to the trigger that represents a virtual model. As an example  

the interaction of a ‘model container’ will be explained in further depth. 

The trigger of the model container consists of a collider object. This collider object is set 

as a trigger with the Character Selection script (figure 114. At first the script of the ray-cast 

is linked, to get the information of the possible ‘HitObject’. Secondly it will create a list for 

the objects. The length of the list can be set by the programmer in the in- and output menu 

(figure 112). The elements can be imported by dragging them from the Hierarchy into the 

Models list. When the belonging button is pressed, the program will evaluate if the trigger 

object is equable to the Hitobject of the ray-cast. When true, it practically means the user 

is aiming at this object. The current active object will be set to ‘false’ and the next object 

on the list will be set to ‘true’. Repeating this process will let the user scroll trough the 

different options of models. 

10.3 Interaction techniques background.
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Fig 110.  Ray-casting to trigger an event. The left image shows the ray-cast 

from the Gear VR. At the right shows the ray-cast from the controller of the 

HTC Vive.  

Fig 111.  Settings and output of Ray-cast 7. Fig 112.   Setting, input and output of  

Character Selection objects. 
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using UnityEngine;
using System.Collections;

public class RayCast7 : MonoBehaviour {

 //Setting the lengthe of the Ray.
 public float RayLengte = 10;

 public bool isHitting = false;
 public GameObject hitObject;

 // Update is called once per frame.
 void Update () {
  RaycastHit hit;
  
  //Set the direction of the Ray.
  Vector3 forward = transform.TransformDirection (Vector3.forward) * RayLengte;

  //Check if it is hitting an object
  //Write back to global value
  if (Physics.Ray-cast (transform.position, (forward), out hit)) {
   isHitting = true;
   hitObject = hit.collider.gameObject;
  }
  else
  {
   isHitting = false;
   hitObject = null;
  }

  //Show ray, optioneel
  Debug.DrawRay (transform.position, forward, Color.green);
  
 }
}

Fig 113.  Script Ray-cast.



125  

using UnityEngine;
using System.Collections;
using System.Collections.Generic; 

public class CharacterSelection : MonoBehaviour {
 //Linking Ray-cast script
 public RayCast7 DeLijnDieIkWilGebruiken;

 //Setting the starting model
 public int selection = 0;
  
 //Creating list of models
 public List<GameObject> models = new List<GameObject>();

 //At start deactive all objects except startingobject
 private void Start ()
 {
  foreach (GameObject go in models) { 
   go.SetActive (false);
  }

  models[selection].SetActive (true);
 }

 private void Update()
 {
  // Set Buttons to start the event
  if (Input.GetButtonDown(“Fire3”)) 
  {
  // Compare hitObject from Ray-cast with the current object
   if (DeLijnDieIkWilGebruiken.hitObject == gameObject) 
   {
    models [selection].SetActive (false);
    selection++;

    if (selection >= models.Count)
     selection = 0;

    models [selection].SetActive (true);
   }
  }
 }
}

Fig 114.  Script CharacterSelection.
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11. Conclusion and Recommendations

11.1 Conclusion.

When considering the sub questions of the research question from the architectural 

perspectives as well as from the systematic perspective, it appears that multiple factors are 

involved in the practical realization of a virtual reality design application for inexperienced 

users.  

Architectural perspective: How can users be allowed to customize their apartment to their 

personal requirements and wishes, while preserving the architectural integrity and unity of 

the building as a whole?  

When implementing customization in an apartment, the most crucial and challenging 

aspect appeared to be the effect of the choices of individual users on the ultimate image 

of the building. First of all, to realize customizations for multiple users, it is important that 

the freedom of the design decisions of the first user does not interfere with the freedom of 

the design decisions of any future users. In this project equal freedom of design decisions 

for each user was strived for. Therefore, the architect should implement a clear structure in 

the process of plot division. 

Secondly, all individual results of the users resulting in shaping the complete building, 

should result in a desirable final image for the building as a whole. Both aspects have to be 

controlled by the architect. This can be done by setting limitations to the user. By setting 

limitations, there are a limited number of possible results. All results should fit in the vision 

of the architect.  

Looking at the individual process of customization, the following aspects can help the user 

making decisions:

At first, by giving limitations to the design freedom, the user can make choices by 

comparing and experimenting. When not using a grid or a limited option of objects, too 

many possibilities will arise. This makes it nearly impossible to make a final decision. The 

downside of setting a grid as a limitation, is the freedom for the user to determine the 

exact size of a room, especially when designing a small apartment/studio, of which the 

margins are smaller. 
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Secondly, it can be easier for the user to have a starting configuration, which can be 

adjusted,  instead of creating a design from scratch. In this way the user can experience 

an existing design and be critical about the spatial experience. For some people it is easier 

to be critical about an existing design than to create a design using their own creativity. 

Looking at the consequence of the flexibility of the design, the following aspects influence 

the building structure:

Building services have to adaptive as a result of the flexible design. To create terminals on 

multiple optional locations, oversizing will be necessary, which results in a higher building 

price. The consideration has to be made between a higher building price or restrictions on 

the freedom of possibilities concerning spaces that require dominant building services, 

such as mechanical ventilation and plumbing.  

To create an adaptive building design for future residents, modular building techniques 

have to be used in order to realize different façade options on each location. For example, 

the placement of a balcony demands certain connecting elements. These have to be 

considered if it is necessary to be adaptive at every location or at a selective amount of 

locations. 

Systematic viewpoint: How can a virtual reality program be developed which allows users 

to customize their apartment?  

The basis of the system is the combination of software and hardware. At the moment, 

there are multiple hardware devices available to experience VR. As a developer, first the  

aim of the use of virtual reality has to be set. The requirements for the program to reach 

this aim, determine which hardware should be used. 

When making an interactive VR-experience for users, the following aspects are essential:

First of all it is important for the user to have a straightforward program. This requires an 

interface. It should be assumed that the user has no experience in any modeling techniques. 

There should not be any limitations for the user caused by misunderstandings, and 
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complicated or time consuming actions. In this project the interface that can be activated 

for all interactions provides the user with direct information about the possibilities. After 

a training session beforehand, the user is able to practice with the different interactions.

Secondly, by giving limitations to the design freedom for the user, the user can make 

choices by comparing and experimenting. When not using a grid or a limited option of 

objects, this could develop into too many possibilities making it difficult to reach a final 

decision. Furthermore, when the user is limited to choose a number of alternative modules, 

the speed of the work flow is much faster comparing to modeling elements inside VR.  

By setting these limitations, the architect is able to control the possible outcomes by 

realism in a practical and aesthetic matter. 

Thirdly, it is important to put effort in improving the immersion for the user into the virtual 

environment. The key role of VR in taking design decisions is to be aware of the spatial 

consequences of making adjustments to the design. In order to be aware of the spatial 

environment, the user should be as immersed as possible. 

Fourthly, it can be difficult to make a floor plan only from the perspective of the first person’s 

point of view. For instance, when creating a wall, there is no visual feedback of the spatial 

consequences at the other side of the wall. Sometimes the user has the desire to zoom 

out and get an overview of the main division. This also applies to the orientation of the user. 

In a floor plan the user could see his position in relation to the complete apartment. 

And lastly a conclusion from a personal view. VR can be fun. It is important to make sure that 

the experience is rewarding and enjoyable for the user. When a VR experience is enjoyable 

for the user, it will become apparent  that the user spends more time in experimenting 

with the design. This could result in an exploration of more alternatives for the user and this 

could benefit the final design.    
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Does virtual reality have the potential to become a vital part of the architectural design 

process? 

In a general way, VR has a lot of potential to become part of the daily design process. Currently 

however, because of the lack of experience and accessibility, VR is only occasionally  used 

in architecture. And in these cases it is mostly for presentation purposes. But VR can allow 

an architect to experience and evaluate a design  in a way that was not possible before. 

In architecture, many comments are made about scale and spatial experiences of building 

designs. VR is at this moment the only way to mimic this spatial experience on a one to 

one scale, apart from of course, building a real life model. 

VR has more potential than just a presentation technique.

Through the use of the interaction possibilities VR becomes a design technique, that suits 

the user. For instance in this project, where VR becomes the design tool for a user who has 

no experience in making  architectural decisions. This is in contrast with, the application by 

VRtisan in figure 16, where VR becomes a design tool for a more experienced user. 

Especially in a time where making expensive handcrafted models  has become a luxury, 

Companies should become more aware of the possibilities that virtual reality can offer. 

They need to understand how accessible it can be to implement virtual reality in their 

already existing virtual models

When implementing VR in any project, considerations have to be made to choose between 

different hardware and software packages. In this project, the system that was used, 

is designed for the Samsung GearVR and the HTC Vive. The two HMD’s differ a lot in 

price where the GearVR is 100 euro (excl. mobile phone) and the Vive is 900 euro (excl. 

computer). The difference lies in processing power; the Vive can handle larger and more 

detailed models. Furthermore, only the Vive currently supports position tracking which 

improves the immersion and spatial awareness. For an architectural firm, the GearVR is 

an affordable HMD to start with and explore the possibilities of using VR for their projects. 

When VR is used in the daily process and/or is a key factor in the development of the 

building such as is the case in this project, it is almost necessary to invest in a more 

advanced HMD such as the Vive.
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In this project the basic foundation was created to allow users design the own residence. 

While testing the developed software, multiple aspects/problems accrued that should be 

further developed to result in a complete product: 

- Currently the program can save the scene as it is adjusted by the user. These adjustments 

have to be translated manually into the Revit model by the architect. To optimize the work 

flow and to improve the accessibility of using VR, in the future it should be possible that 

these adjustments are made automatically by the software. Therefor an even better 

interaction between Revit and Unity is necessary.

- As explained in chapter 10.3, the interface could be further developed to create a more 

attractive and professional user interface.

- The environment could be set not only at daytime with sunshine but also for night time 

and raining conditions. These factors will have an influence on how to divide your residence. 

- To improve the immersiveness  of the VR experience, it is recommended to further develop 

the sounds of the interaction and the background noises in the virtual environment. As 

explained in chapter 10.5, sounds benefit the immersion in the VR experience, so that the 

interactions feel more realistic to the user. Currently basic samples of sounds are added 

to the system, to give an impetus to better immersion. More research should be done to 

further develop these sounds. For example by recording sounds at location to get accurate 

background noises. 

- Lightning is an important factor in the spatial experience of the environment as shown in 

figure 115 by using the Revit render engine to calculate for example the global illumination 

(GI) . The model is static, so therefore baked GI can be used. In the process of customization 

in VR, the model is changing with time. Therefore the GI should be calculated in real time. 

At this moment, real time GI or ambient occlusion are to expensive to use and would 

interfere with the fluent interactions too much. More research is needed in investigating 

lightning options because of the importance of the spatial experience. 

- While the user is inside the virtual environment, the user should be able open a view of 

the current floor plan, to get an overview of the apartment as a whole an the position op 

the user. 

11.2 Recommendations:
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- When a user is finished with a design, he could save it and make an alternative. The user 

should be to able to easily switch inside the virtual environment between alternatives, to 

compare the designs.

- The ability of switching of alternatives could also be integrated in the evaluation of the 

design by the architect. When the architect made adjustments to the design to advise 

the user, the user should be able to compare these adjustments with the original design. 

Additionally, the ability of multilayer could be integrated in the program. Here the architect 

and the user can communicate and interact together in the virtual environment using two 

HMD’s.

- When the user is creating inner walls to divide rooms, sometimes it occurred that the 

user wants to place a wall in between the grid lines. The reason the system of the grid is 

used is because of the fast work flow. As an addition to this grid system, the user should 

be able to push and pull created walls in smaller steps, for instance steps of 100 mm. 

Fig 115.  Different façade element influence the spatial experience because 

of  the entrance of light. Rendered with the Revit render engine. 
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12. Reflection

In this chapter I will reflect on my own processes of this project. 

At the beginning of the project I had no clear subject for the research in mind. I was 

interested in the process of the redevelopment of vacant office buildings into residential 

buildings. Additionally, I was interested in the upcoming VR possibilities at the time and 

wanted to find a useful way to implement virtual reality in architecture. Combining these 

interests formed the idea of using VR as a design tool to customize apartments in vacant 

office buildings. 

The first experience with VR was very rewarding. Existing SketchUp models were relatively 

easy to experience in VR, where I was able to walk through the models on a scale of 1 

to 1. Because of these exciting results, I saw many possibilities for my project and aimed 

a bit too high. Luckily, my tutors advised me to narrow down the subject, because I had 

underestimated the amount of work that was needed.

When I started programming the required interactions, it was my first experience with 

scripting. It started as a slow process, but when I understood the basics of scripting in 

Unity, the results were also very rewarding. I started with a very basic model called the 

“playground”  containing some cubes and spheres. For these objects I created interactions 

to move and change the variants. It is very rewarding that after two lines of code, a sphere 

could be moved inside a virtual world. Due to the fact that I was immediately able to 

experience the additions to the script, I was constantly encouraged to further develop these 

interactions. Furthermore, it is helpful that there is a large online community developing VR 

games that creates a lot of tutorials and documentation. 

At the midterm presentation a first demo was ready where the user could already 

customize a model residence by placing walls and changing façade elements. After 

achieving a working demo, my focus shifted towards the architecture of the model. How 

each separate customized element fits into the facade as a whole and what customization 

options I wanted to add for the user to choose from. This created a back-and-forth process 

of changing the design and adapting the system. The process of developing the facade 

elements was not easy but very interesting, perhaps the most challenging architectural 

aspect of this project. To find a suitable structure or system for the facade so that each 

element is compatible with every other element. 
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When this final design was formed and all elements were incorporated in the Unity model, 

the deadline for the project was closing in. However, due to new developments in VR 

software and new available hardware, it was tempting to keep developing the product. 

Unfortunately, I really had to refrain myself from adding new features in my system and 

focus more on writing the report. Since I underestimated the time that was needed to 

write this report, I struggled to finish it on time.

However, there are still many aspects of the virtual environment and interactions I would 

like to improve, as said in the recommendations. 

Concluding, developing software for virtual reality can be very rewording and has a fast 

learning curve, however the opportunities seem endless and the developments keep 

coming at such a rapid pace that it is hard keep up. Therefore it is important to set boundaries 

to the goal of the research.

In my own experience at the start of this project, I used the GearVR to experience designs 

of previous projects.  I was surprised how fast it worked to setup this VR experience and 

my  student colleagues were amazed that I was able to create this. 

Looking at the process of architectural projects at the University, I think it is safe to say 

that generally there is a lot of time pressure on finishing the design. For multiple students 

I offered a number of students to implement their 3D model into virtual reality. At first all 

of them were enthusiast about the possibility to experience their design in VR. But in the 

end no one came to me with a model to try this out. If think this has to do with the time 

pressure especially at the end of the design process. In this process we as students are 

educated to follow certain steps, such as making elevations, sections, floor plans and a 

scale model. Virtual reality in not part of this routine, and has yet to prove the added value 

as a design technique. 
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