
 
 

 



 
 



 
 

Abstract 

This thesis focuses on the current state of virtual reality technology and its use and 

possibilities in industrial design and architecture. It is divided into two parts. The first 

part describes the history of virtual reality technology, its phases and most popular 

products. It showcases the current consumer options in virtual reality technology and its 

specifications as well as the technology used for tracking the user's movement and 

receiving input. Furthermore, it also lists the problems with implementing virtual reality 

into a company environment and gives examples of some contemporary uses of virtual 

reality in the industry. The second part focuses on one of those uses – architectural 

visualization – by going through its evolution, comparing software options for its creation 

and experiencing. Lastly, an example of reproducing a real room into a virtual 

environment is shown and explained. The conclusion deals with the future possibilities 

of virtual reality, the outcomes of the architectural visualization software comparison and 

the creation process of the example visualization. 

Abstrakt 

Tato práce se zaměřuje na nynější podobu virtuální reality a její využití v průmyslovém 

designu a architektuře. Je rozdělená do dvou částí. V první částí je popsána historie 

virtuální reality včetně fází vývoje a nejpopulárnějších produktů. Dále jsou v ní 

porovnány současné produkty virtuální reality dostupné pro uživatele spolu 

s technologiemi pro sledování pohybu uživatele a jeho interakce s virtuálním prostředím. 

Jsou v ní také vysvětleny problémy při zavádění virtuální reality do pracovního prostředí, 

a nakonec je uvedeno několik příkladů využití virtuální reality v průmyslu. Druhá část se 

zaměřuje na jednu z těchto možností využití virtuální reality – architektonickou 

vizualizaci, přičemž je v ní popsána její evoluce, jsou v ní porovnány softwarové 

možnosti pro její tvorbu a zobrazování, a nakonec je ukázán příklad přenesení reálné 

místnosti do virtuální podoby.  Závěr se zaměřuje na možnosti rozvoje virtuální reality, 

výsledky porovnání softwarů pro architektonickou vizualizaci a proces tvorby příkladu 

vizualizace. 
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Introduction 

Around 380 BC, the Greek philosopher Plato introduced the Allegory of the Cave in 

which people are bound in a cave, believing that shadows cast on a wall are their reality. 

It was only when they managed to escape that they realized their world was truly only 

a shadow of the real one. Now, in the 21st century, people are entering different caves. 

But in these caves, reality has no bounds, no limits of physics, chemistry or biology – 

the human imagination can create anything it desires and anyone can experience it in 

these caves. The caves in question can all be described using one term – virtual reality. 

Virtual reality allows us to do almost anything, with the only boundary being 

technology available to us and resources we can spend on simulating the virtual world. 

After a brief period of fame in the 1990s, when the technology for an immersive 

experience was not ready yet, the research has begun again in 2012 thanks to Palmer 

Luckey – a young engineer with a dream of creating an affordable VR experience for 

everyone. Now, we are still finding out what the limitations are, how to move past them 

and most of all – what possibilities have we not yet discovered. But the future is bright – 

as soon as the problem of simulating movement in large spaces in solved, the potential of 

this technology will truly become limitless. 

As of now, virtual reality is mostly used in entertainment, more specifically video 

games and short interactive experiences, which manage to showcase the potential very 

well, but not much more. This technology, however, can have many different uses outside 

of entertainment that have the potential to change engineering, medicine and other 

important fields of research. 

 

In this paper, I would like to delve deeper into the history of virtual reality technology, 

go over the options currently available to consumers for experiencing virtual reality and 

explain some of the technologies that allow the users to see and interact with the virtual 

worlds. Then, I will go over some of the problems regarding implementation of virtual 

reality into a corporate environment and list some industrial uses of virtual reality that are 

already being utilized. In the second part of this thesis, I will focus on one of these uses, 

that being architectural visualization, where I will shortly summarize its history, compare 

the current software options for creating and experiencing architectural visualization and 

lastly, I will try reproducing an existing room into a virtual environment to be 
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experienced using virtual reality technology. In the conclusion, I will sketch out the future 

possibilities of virtual reality and summarize my findings from comparing the programs 

for architectural visualization as well as my experience of creating a realistic room in one 

of them. 

 The goal of this thesis is to create a comprehensive study material for aspiring 

developers in the field of architectural visualization, as well as creating a simple 

comparison between current virtual reality devices and architectural visualization 

software options for people who would like to know more about these technologies or are 

choosing between the most suitable options for their current endeavors regarding these 

fields. As of now, with the exception of very subjective internet reviews, there is no such 

comparison between hardware and software options for architectural visualization with 

the focus on having the same criteria across all devices.  
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1. Virtual reality 

In this chapter, I will go through the history of virtual reality, its current options on the 

market, the technical background that is used for its function, the problems associated 

with its use and some examples of using virtual reality in a professional environment. 

1.1.  History of virtual reality 

The history of virtual reality can be divided into three parts: the era before a ubiquitous 

idea of what virtual reality is has been settled, the era of the first products letting 

consumers experience virtual reality, and the golden age of virtual reality, when the 

technology was advanced enough to create a truly immersive experience. 

1.1.1. The beginnings of virtual reality 

The idea of controlling dreams or creating an imaginary world has been in the back of 

almost everyone’s mind at one point or another. Because of that, finding the origin of the 

idea of virtual reality is practically impossible. Thus, the history of virtual reality has to 

start with the first physical device that allowed people to create something similar to what 

the idea of a virtual world represents. 

The earliest resemblance to the modern idea of virtual reality technology is in 

a machine called the stereoscope. This machine works on a very similar principle to 

a modern virtual reality headset (which is described in Chapter 1.1.3). A box with two 

separate chambers is put in front of the user’s eyes. On one side, the chambers have glass 

panes or a set of lenses to allow the user to see inside the box. On the other side, there is 

a picture (usually a photograph) taken from two different angles, which should be as far 

apart as is the distance between human eyes. This system uses the effect of stereopsis, 

which works using the same principle in the real world – the offset of an object viewed 

from two eyes determines the distance from the user. The bigger the offset is, the closer 

our brain perceives an object.  

These stereoscopes were, of course, static and thus showed only a glimpse of the 

possibilities of the future. The most basic form of a stereoscope was constructed in 1839 

and as such, it is the earliest occurrence of a device of this kind. (Robertson, Zelenko, 

2017; Brewster, 1856; Aukstakalnis, 2016, pp. 39-42; Zone, 2007) 
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The first device that could be considered “true” virtual reality was Morton L. Heilig’s 

Sensorama from 1957. The Sensorama was a big cabinet, in front of which the user would 

sit on a rumbling chair and with their head encompassed by stereophonic audio and 3D 

video. When a program was played, the user would also be able to experience the 

sensations of wind and even different scents. Most Heilig’s videos were simple vehicle 

experiences, which would use most of the human sensory inputs (riding a motorcycle or 

a go kart). The device was, however, too futuristic for big companies to invest in and in 

the end left Heilig in massive debts. (Brockwell, 2016; Langi, 2003) 

  

Figure 1.1: The Brewster Stereoscope. Source: Popular Science Monthly Volume 21 (1882) 

Figure 1.2: The Sensorama. Image courtesy of Minecraftpsyco via Wikimedia under CC 4.0 license 

https://upload.wikimedia.org/wikipedia/commons/d/dc/Sensorama-morton-heilig-virtual-reality-headset.jpg
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The first virtual reality headset similar to the ones in use now (often referred to as head-

mounted displays – HMDs) was developed by Ivan Sutherland in 1968 under the name 

Sword of Damocles. It consisted of two cathode ray tubes attached to the user’s head with 

mirrors in front of their eyes, which would reflect the image into their retinas. The display 

had a special-made computer attached to it, that was able to compute the head position 

and tilt and thus move the object the user was viewing realistically. The viewed objects, 

however, could only be in the form of a wireframe. (Sutherland, 1968) 

 

1.1.2. The first generation of consumer VR 

Between the 1970s and the beginning of the 1980s, virtual reality technology began to 

see primitive use in military, medicine and automotive industries. All devices were based 

on Sutherland’s CRT system. In 1984, the VPL Research company was founded by Jaron 

Lenier, a scientist often attributed to spreading the popularity of the term “virtual reality.” 

VPL Research’s most popular products were the DataGlove, a glove that served as an 

input device for virtual reality use, and the EyePhone – a head mounted display which 

already used modern LCD displays. It still did not garner enough popularity to be 

marketable and the company went bankrupt in 1990. (Robertson, Zelenko, 2017; Virtual 

Reality Society, 2017; Bloomberg, 2017) 

The 1990s saw the first wave virtual reality devices for consumers, mostly in the 

video-game console department. The most notable examples are W Industries’ Virtuality, 

Sega’s Sega VR in 1994 and Nintendo’s Virtual Boy in 1995. The founder of W Industries, 

Jon Walndern, who was at the forefront of this virtual reality fame, tried partnering with 

Atari, Philips and IBM. By the time the development of more affordable virtual reality 

Figure 1.3: Sword of Damocles. Image courtesy of Mark Metry via Virtual Reality 

Pop 
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experiences progressed enough, a more interesting technological advancement became 

popular and affordable – the internet. With the rise of the internet, the consumer-grade 

VR industry collapsed and by the beginning of the new millennium, the focus of VR 

utilization shifted to the military once again. (Robertson, Zelenko, 2017)  

1.1.3. Modern virtual reality 

Everything regarding the virtual reality industry changed in 2012, when Oculus founder 

Palmer Luckey announced a crowdfunding campaign for The Rift. The promise of a high-

tech, affordable headset usable with any modern computer took the internet by storm and 

by the end of the campaign, Luckey’s modest wish for a crowd investment of $ 250 000 

multiplied ten-fold, reaching almost 2.5 million dollars. Virtual reality was on the rise 

once again and this event would mark the second wave of consumer VR technology. 

(Aukstakalnis, 2016, pp. 104-106; Kumparak, 2014) 

The Oculus Rift had three iterations so far – the Developer Kit 1 (DK1), the 

Developer Kit 2 (DK2) and the Consumer Version 1 (CV1) – each increasing in quality, 

ease of use and also in price. During the development of DK2 in 2014, the Oculus 

company was acquired by the social media giant Facebook Inc. for 2 billion dollars. This 

resulted in a very strong negative backlash from the community, some of which lasts to 

this day. (Aukstakalnis, 2016, pp. 104-106; Kumparak, 2014; Koles, 2015) 

 

The sudden popularity of The Rift caused other companies to try to make their own 

version of the hardware as well. Even though there were many competitors in the 

beginning, only two other devices have become widely successful.  

Figure 1.4: Virtual Boy. Image courtesy of Evan-Amos via Wikimedia under CC 

3.0 license 

https://upload.wikimedia.org/wikipedia/commons/4/44/Virtual-Boy-Set.jpg
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The first product is a joint effort of the Taiwanese electronics company HTC and 

the American video game developer and digital distribution company Valve. In 2016, the 

companies released the HTC Vive. Apart from having different specifications in the 

headset alone (such as the screen’s resolution, field of view, etc.), the headset also offered 

motion-tracked handheld controllers and the so-called “room-scale” motion tracking 

(allowing the user’s body movement in real life to translate to movement in virtual reality 

at a larger scale) from the day it was released, albeit at a higher price point. Oculus was 

slowly adding these features over the course of the following year and users had to buy 

the additional trackers and controllers separately.  (Aukstakalnis, 2016, pp. 106-108; 

D’Orazio, Savov, 2015) 

The second product competing with Oculus, made by the Japanese electronics 

company Sony, is called PlayStation VR. As the name suggests, this headset is to be used 

with the videogame console PlayStation 4 and its iterations. With a lower price-point and 

a number of users already having a PlayStation console at home, the headset outsold both 

the Rift and the Vive, even though it came out in October of 2016, later than both of them. 

(Aukstakalnis, 2016, pp. 109-110; Conditt, 2017)  

 

 

All the virtual reality headsets mentioned so far require a dedicated computer (or console) 

to be attached to. Yet, the most popular VR headsets available right now do not have 

cables attached to anything. The advancements in mobile technology in the last decade 

have allowed smartphones – devices with very high-quality displays, high processing 

power and movement sensors, to become the virtual reality devices themselves. The only 

technology users need to buy are the cases, which let them attach the smartphones to their 

heads. 

  

  

Figure 1.5: From left to right: Oculus Rift CV1, HTC Vive, Sony PlayStation VR. Images courtesy of Amazon.co.uk, 

EB Games and PlayStation. 
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The first device to ignite the “smartphone VR” craze was Google’s Cardboard, 

a very simplistic cardboard cutout that the users had to assemble themselves, with only 

two lenses, a magnet instead of a button and some Velcro to hold it together. The first 

units were given out to Google’s yearly I/O conference attendees. Back then, the product 

was regarded as more of a jab towards the at the time popular VR brands, showing that 

Google can make similarly working devices for almost no money. It resonated with the 

consumers and developers alike and many devices with a similar concept appearing on 

the market. By 2017, the Google has sold over 10 million Cardboards, ten times as many 

as the closest competitor. The unprecedented affordability and use of a device almost 

everyone has at home let much more people experience virtual reality than ever before. 

(Aukstakalnis, 2016, p. 113; Pierce, 2016; Singh, 2017) 

The biggest smartphones brands nowadays do not aim for the cheapest headset 

possible, but rather try to create something more comfortable and precise in tracking and 

viewing for a slight increase in price. The first company to take this approach was 

Samsung, who partnered with Oculus during the development of the DK2 and released 

Gear VR, a plastic headset that had its own tracking hardware and buttons, compatible 

with their Galaxy S and Note lines of devices. With every new model of their flagship 

smartphone line, Samsung releases an updated version of the Gear VR headset to 

accommodate for differences in size. The second most prominent company in this 

“midrange” field of VR is again Google, which built a platform replacing their Cardboard 

platform called Daydream, with the first released headset called Daydream View. 

The main advantage of this platform is compatibility with several more Android-based 

smartphones and brands, Samsung’s Galaxy and Note lines included. (Samsung, 2017a; 

Google, 2017a)  

  

Figure 1.6: From left to right: Google Carboard, Samsung Gear VR, Google Daydream. Images courtesy of othree via Wikimedia 

under CC 2.0 license, Samsung and John Young via Beyond Infinity. 
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A 3rd type of virtual reality is also currently being developed, that being a so-called “self-

contained” type of VR. These devices are supposed to contain the processing power in 

the headset itself, allowing the user neither to be attached to a computer, nor to have to 

use a smartphone. At the time of writing, five such devices have been announced: The 

Oculus Go from Oculus, the Vive Focus manufactured by HTC’s Vive team, the Mirage 

Solo manufactured by the China-based electronics company Lenovo using Google’s 

Daydream architecture and two devices from Pico Interactive, a company founded in 

2015 and specializing in standalone VR experiences. (Oculus, 2017a; Google, 2017c; 

HTC, 2017a; Lenovo, 2017; Pico, 2018) 

   

  

Figure 1.7: From top left to bottom right: Oculus Go, HTC Vive Focus, Lenovo Mirage Solo, Pico Goblin and Pico Neo. Images 

courtesy of Ian Hamilton via UploadVR, Eric Abent via Slashgear, Zdeněk Koutský via dotekománie.cz and Pico Interactive. 

https://www.google.cz/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjRprTnlorbAhUPPVAKHUPSBNUQjRx6BAgBEAU&url=https://www.slashgear.com/vive-focus-release-date-narrows-and-theres-good-news-21523891/&psig=AOvVaw34bFV13er1KmNBhGp71a2z&ust=1526558233155138
https://www.google.cz/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiTyoull4rbAhUDfFAKHQqbDrgQjRx6BAgBEAU&url=https://dotekomanie.cz/2018/01/novy-headset-lenovo-mirage-solo-aneb-lenovo-google-opet-spojilo-sve-sily/&psig=AOvVaw0V9F5s3bllZ7vDknGVhNub&ust=1526558384494282
https://www.google.cz/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi6qPHFlorbAhUKaFAKHUI2B40QjRx6BAgBEAU&url=https://uploadvr.com/standalone-vr-comparison-oculus-vive/&psig=AOvVaw39HkC9Vp7-FsrheJeGyVKO&ust=1526558152821568
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1.2.  Table of virtual reality devices currently available to consumers 

Using the current market information at the time of writing this thesis (2018), I was able 

to create a table summarizing what I believe is the most important information regarding 

current virtual reality market. Parameters not included in the table are usually aspects 

shared by all devices, such as the computer and console headsets having a 90 Hz display 

refresh rate and ~18 ms base latency (these expressions are further explained in Chapter 

1.5.4). 

 

  website price 

price in 

CZ**** includes 

Oculus Rift CV1 
$ 399 

USD** 
13 474 Kč 

2 Oculus Sensors, 2 Oculus Touch controllers, 

headphones 

HTC Vive $ 599 USD 18 999 Kč 
2 Vive Controllers, 2 Lighthouse Base Stations. 

earphones 

Sony PSVR 
$ 299 

USD*** 
10 446 Kč PlayStation Camera, earphones 

Google 

Cardboard 
$ 7 USD 167 Kč magnetic button 

Google 

Daydream 
$ 99 USD 2 499 Kč Daydream controller 

Samsung Gear 

VR 
$ 129 USD 3 999 Kč Samsung Simple Controller 

*: Highest resolution smartphone compatible with virtual reality headsets at the time of writing is the Samsung 

Galaxy S8+ with 2680x1440 pixels. 

**: Does not include third Oculus Sensor ($59 USD) necessary for a full tracking area setup. 

***: Does not include PlayStation Move controllers (additional $99 USD). 

****: All prices taken from the internet shop Alza.cz, which offers all headsets. 

 

(Aukstakalnis, 2016, pp. 104-115; Davies, 2016; Robertson, 2017; Oculus, 2017b, 

2017c; HTC, 2017b; Sony, 2017; Google, 2017b, 2017d; Samsung, 2017b; Alza.cz, 

2017a) 

  requires screen resolution lens type tracking area 

Oculus Rift 

CV1 
computer 1080x1200 pixels per eye hybrid Fresnel 

2.6x1.5 mete

rs 

HTC Vive computer 1080x1200 pixels per eye Fresnel 4x3 meters 

Sony PSVR Sony PlayStation 4 960x1080 pixels per eye 
single 

biconvex 

2.4x1.9 mete

rs 

Google 

Cardboard 
smartphone 

up to 1440x1480 pixels per 

eye* 

plastic 

biconvex 

no area 

tracking 

Google 

Daydream 
Android smartphone 

up to 1440x1480 pixels per 

eye* 

custom 

biconvex 

no area 

tracking 

Samsung Gear 

VR 

Samsung Galaxy 

smartphone 

up to 1440x1480 pixels per 

eye* 

single 

biconvex 

no area 

tracking 
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1.3.  CAVEs 

A very different method of creating virtual reality is technology known as the Cave 

Automatic Virtual Environment – CAVE.  CAVEs do not project the virtual reality right 

in front of the user’s eyes but utilize either flat-screen displays, or projectors arranged in 

a cube or cuboid shape around the user. The user then essentially stands inside a cuboid 

made from screens. To make the virtual effect complete, the user wears LCD shutter 

glasses synchronized with the projection that blocks out the user’s left and right eye’s 

vision alternatingly to create a 3D effect. These glasses also allow the system to track the 

movement of the user, allowing for interaction with the virtual world.  

The most popular setup is that of 3 walls visualized using LCD panels, one or two 

overhead projectors facing the floor to create the ground and the ceiling, and one wall left 

open. CAVEs are used almost exclusively outside of entertainment, in such fields as 

engineering, data visualization, architecture, etc. (Aukstakalnis, 2016, pp. 116-18) 

  Figure 3.1: An example of a Cave Automatic Virtual Environment. Image courtesy of Sofia Afnaan via Technobyte. 
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1.4.  Tracking and input 

Virtual reality would not feel real if the user was unable to interact with the virtual world. 

In the case of modern virtual reality, interaction is divided into two parts: tracking of the 

user’s movement (or more specifically, the movement of the headset) and various input 

devices, usually consisting of one or two handheld controllers. 

1.4.1. Tracking 

There are currently two main methods of tracking the user (or the user’s headset) in virtual 

space, which can be simplified as “external tracking” and “internal tracking,” where the 

point of reference is the headset. All headsets also utilize accelerometers and gyroscopes 

inside the headsets (commonly referred to as inertial measurement units – IMUs). 

(Davies, 2016) 

The more popular method of the two aforementioned ones is “external tracking,” 

which tracks the position of virtual devices using an external tracker. The headset has 

infrared LEDs on itself, which turn on in specific intervals. The tracker (usually a camera 

that is able to see infrared light) detects the position of every LED that it can see and 

creates a virtual image of the headset, which is then used as the reference for the position 

in virtual space. This process repeats itself tens of times per second to minimize latency. 

This method is used for example in the Oculus Rift or PlayStation VR. (Feltham, 2015; 

Davies, 2016) 

The “internal tracking” method works in a similar manner, only the positions are 

reversed. The HTC Vive, for example, uses two Lighthouse units which flash an array of 

infrared LEDs and subsequently sweep the tracking area with a laser. On its outer shell, 

the headset has an array of photosensitive diodes. When these diodes detect the infrared 

flash, they start counting, until they get hit with the light from the laser. Every diode then 

has a different measurement, which allows them, knowing the position of the diodes 

relative to each other, to calculate the precise position of the headset. This system enables 

the user to utilize a much larger tracking area with increased precision and decreased 

latency (the headset, being the part that measures the position, is directly connected to the 

computer). The lighthouse trackers also do not need to be connected to any other device 

and only require a power input after calibration. (Buckley, 2015) 
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1.4.2. Input 

The input devices almost always utilize the same tracking method that is used in the 

headset. The most popular input accessory is a controller-like handheld device with 

a holding portion, tracking portion and input portion with buttons and sensors. Most 

consumer controllers include a grip button (under ring and middle fingers), an analog 

trigger (which can recognize a larger number of pressure levels) for the pointer finger, 

some auxiliary buttons (such as menu and back buttons) and a direction or movement 

input, usually in the form of an analog stick or a touchpad, controlled by the thumb. 

The main differences are in the details. Oculus’s Touch controllers include sensors 

which are able to detect the presence and to some extent even the distance of a finger on 

the device, without the need of pressing a button. This results in a much more precise 

finger tracking, allowing deeper user interaction. HTC Vive’s controllers are planned to 

implement this feature with their second iteration, along with a different layout and straps 

that let the user be tracked without the need of consciously holding an object. Another 

big difference is the fact that the Oculus Touch controllers are not interchangeable – the 

left and right controllers have different shapes and button layouts, which makes them 

more ergonomic and natural. 

In 2017, HTC also introduced the Vive Tracker, a puck-shaped device which is 

designed to be attached to other objects, such as weapon replicas or sports equipment. If 

these objects are then modelled correctly, the immersion of holding the same object as is 

represented in virtual reality, with the same weight as well, is strongly amplified. The 

trackers also include 6 electrical pins and a USB port, which can be connected to buttons 

and triggers on the attached object. (Brown, Holly, 2017) 

Figure 4.1: HTC Vive controllers and Oculus Touch controllers. Images courtesy of VR Bound and Paul James via Road to VR 
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1.5.  Problems with VR implementation 

Even though the technology of virtual reality offers many new possibilities, it also faces 

several problems that any new technology has to solve before widespread 

implementation. 

1.5.1. Cost 

The price of VR implementation is a double-edged sword. On one hand, it allows to cut 

costs significantly, as developers do not need to create scale models of their products, 

every change of their design is represented on the model they work with instantly and 

architecture can be experienced without the need of building anything at all. Nonetheless, 

for a seamless and high-quality experience, which is essential when presenting to 

potential customers, the price and setup are more complicated than simply buying 

a headset and putting it on someone’s head. 

As can be seen from the table in Chapter 1.2, the base cost of high-level consumer-

grade virtual reality kit is approximately $ 500 USD. For established brands this is 

a negligible risk with high potential, but for starting businesses, this is a sum that could 

be very helpful in other parts of company development. This sum is still only the 

beginning, as the device requires hardware powerful enough run to it seamlessly. From 

various online resources, the average low-budget computer able to run a virtual 

environment costs around $ 1 000 USD (or about 25 000 Kč in Czech stores). 

(D’Argenio, 2016; Koles, 2017; Alza.cz, 2017b) These high-end computers usually use 

a high-performance power supply which, depending on the usage, can increase the 

electricity bill quite significantly resulting in more expenses. The last expense regarding 

the utilization of consumer-grade VR is space required for its use. As can be again seen 

in the table from Chapter 1.2, a virtual environment requires an empty physical area 

ranging from 4 to 12 m2. The trackers also need to be safely secured, usually in high 

places around the tracking area. This might become problematic, if the place where the 

user is trying to utilize VR is rented and does not allow them to drill screws into walls or 

furniture. A solution for this are tripods, usually used for cameras, which then become 

another investment. Only then are all the hardware costs of consumer-grade VR 

utilization covered. 

Most big companies that already use VR technology in their design departments 

do not use consumer-grade VR technology only, but sometimes utilize professional 
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equipment as well. An example of this is the Ford Virtual Reality Lab, which helps 

develop the carmaker’s new models and parts. Apart from using an HTC Vive for 

sketching in 3D, the laboratory mainly uses an NVIS nVisor ST50, a professional virtual 

reality headset with a price of $ 19 700 USD (roughly equal to 430 000 Kč). As can be 

seen from this example, when the professional intent of a certain device becomes 

a prevalent aspect, the price increases substantially as well. (Spears, 2017; NVIS, 2017) 

1.5.2. Experience 

Up until now, the only methods of designing or drafting almost anything were either on 

paper or using a Computer-aided Design (CAD) software. In both cases, the design was 

on a 2D plane (either paper or a computer screen). The transition to actual 3D virtual 

modeling is that much harder, as designers need to get used to spatial interaction with 

their object during the design procedure. As of now, high-quality VR technology is still 

too expensive to allow designer schools to accommodate them into their curriculum. 

Thus, all potential VR designers need to learn virtual design by themselves or from 

someone who already knows it, in one-on-one sessions. 

Even nowadays, companies are skeptical about the future of this technology and 

only well-established designer teams in big companies or designers working with VR 

technology from the ground up experiment with these devices more in their line of work. 

1.5.3. Software 

As of the time of writing, there is no commercially available software for construction 

design specifically made for virtual reality. The only way most developers implement 

virtual reality is by importing or creating their models in a game engine, such as Unity or 

Unreal Engine, which are able to run in a virtual environment and allow the user to 

interact with said structures. 

1.5.4. Medical issues 

Medical issues regarding virtual reality is one of the most important topics regarding VR 

technology. It creates a divide and a heated discussion between several groups with 

different opinions and it is also usually stated as the main reason why virtual reality has 

not seen widespread adoption in more fields so far.  
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The biggest problem is a set of conditions falling into one group under the term visually 

induced motion sickness (VIMS). The symptoms of VIMS include nausea, increased 

salivation, sweating, dizziness, disorientation and in extreme cases even vomiting. 

Compared to regular motion sickness, VIMS has the exact opposite origins. In regular 

motion sickness, a sensory discrepancy happens when our eyes do not see motion 

(a sensation known as vection), yet our other sensory organs (mostly the vestibular system 

responsible for balance and spatial orientation of the human body) feel motion. Most 

common examples are when people read or focus on any other static object while 

travelling in a car or when a person is below deck on a ship while the sea is stormy. One 

of the most frequent origins of VIMS is when our eyes perceive vection – in this case 

movement in virtual space – but our vestibular system does not, as the user is standing in 

a stationary room or sitting at a desk. This, however, is not the only source of VIMS. It 

can also be caused by inaccurate limb or body position between reality and virtual space 

(kinesthethic and proprioceptive system discrepancy), latency, slow frame rate and 

display field of view. 

Latency is a term describing the time delay between a user’s input and the action 

being performed by the system. A normal use-case example is the delay between a key 

being pressed down on a keyboard and the corresponding letter appearing on a monitor. 

Latency is caused by processing delays and refresh rates of all components taking part in 

said task. In virtual reality, it becomes a much more important factor not only in 

preventing VIMS, but also in properly immersing the user in the virtual world, as every 

slight movement or change of angle of the user’s headset needs to be processed correctly 

and so fast, that the user does not notice a difference between performing such tasks in 

real life and in virtual space. As achieving zero latency is practically impossible (it would 

require transferring and processing information at the speed of light), the realistic goal is 

to have latency smaller than the refresh rate of displays used in virtual reality. Current 

consumer headsets (HTC Vive, Oculus Rift and PlayStation VR) are close to that 

threshold, but not quite there, as the refresh rate of all three devices is 90 Hz, which is 

~11 ms per period, and their reported base latency is ~18 ms. All these numbers are under 

the presumption that the headsets are run on a device with enough processing power to 

support them.  
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Frame rate or refresh rate is another important factor when dealing with VIMS. It 

describes the speed at which the displays of the headset are able to change the picture 

displayed to the user. There is no set value at which refresh rate stops being noticeable, 

as every user perceives motion differently, but there are two aspects of looking at virtual 

reality which require different minimum refresh rates. When a user is viewing a 360 

scenery or video or looking at a 3D video, in other words, when interaction with given 

virtual space is minimal, the refresh rate does not need to be higher than a refresh rate of 

a normal video that tricks the user’s brain into perceiving motion (usually around 24 

frames per second). However, when the user is in a more interactive space, for example 

playing a VR videogame or walking through a building in a design engine, the frame rate 

needs to be much higher, as the brain has more inputs giving it information about its 

surroundings. Here, according to users, the optimal value is around 80 or 90 frames per 

second, but the higher the frame rate is, the lower the chance of a user experiencing 

VIMS. 

Display field of view is the only aspect of virtual reality where decreasing the value 

actually decreases the likelihood of experiencing VIMS. Tricking the brain into thinking 

it is looking through a tube or at a screen rather than being in virtual space greatly reduces 

VIMS at the cost of the user not feeling as immersed in the virtual space. Some virtual 

experiences use this mechanic and obstruct user’s periphery during motion while 

encompassing as much of the user’s field of view as the headset allows them when the 

user is stationary (as seen in Figure 5.1). Field of view also becomes problematic when it 

is generated inaccurately. An example of this would be when a user’s 120° of horizontal 

field of view is encompassed by 90° or 140° of space. The body feels that something is 

incorrect and responds with the symptoms of VIMS.  

These are only the most prevalent causes of VIMS, with other ones such as pixel 

persistence, optical distortion, incorrect interpupillary distance and others not being 

described here in detail. As was mentioned before, medical issues caused by virtual reality 

are a very broad topic that in part affects almost all users of virtual reality, as 80-95% of 

users report some symptoms of physical or mental discomfort. As the technology 

progresses, developers should be able to mitigate most of them but whether it will be 

possible to mitigate VIMS as a whole thanks to newer technology still remains a question. 

(Aukstakalnis, 2016, pp. 333-339) 
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Figure 5.1: One of the solutions for preventing VIMS used by the Google Earth VR application. The top view is when the user 

is static and the bottom when the user is moving through the virtual space. The grid on the bottom picture does not move to 

give the brain a static reference to relate the moving portion to. Images courtesy of Google Earth VR 
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1.6.  Uses of VR in industrial design and architecture 

Virtual reality technology offers many forms of utilization in a professional environment, 

most of which have not yet even been discovered. In this subchapter, the 3 most popular 

and well documented ones are described with more of them being briefly listed in the 

Conclusion. 

1.6.1. Ford Immersive Vehicle Environment (FIVE) 

At the forefront of today’s use of virtual reality by industrial companies is undoubtedly 

the American car manufacturer Ford (Ford Motor Company). Being in use since 2013, 

the Michigan-based designing facility, being led by its principle inventor Elizabeth 

Baron, allows designers and engineers to experience and modify new Ford cars and their 

parts without the need of creating scale or clay models. But that is only the tip of the 

iceberg of what the technology allows the company to do. An essential part of the use of 

VR while designing a vehicle is the way light and shadows interact with it. Models in 

CAD software environments presented on a flat screen do not allow the user to feel 

immersed and truly experience what it is like to sit inside the car that is being designed. 

The way shadows and light reflect off various surfaces allows the designers to notice if 

some parts of the interior are not visible enough or if the design does not show some parts 

that were visible in the sketches, while also allowing them to modify the conditions in 

real time. 

A relatively inconspicuous aspect, according to Baron, is the fact that virtual 

reality allows the perception of user’s reality to be altered. By changing some values of 

the simulation, anyone can experience the vehicle as if they were a tall man or a small 

child. This factor, in combination with the changes possible using the lighting and shadow 

engine of the simulation, lets users experience the vehicle in even more ways than a real 

model would. 

A key aspect of the FIVE is also collaboration. With the proper hardware, a virtual 

environment can be set up in any of Ford’s design and development offices around the 

world, which then allows all Ford’s designers to work together in one environment and 

discuss changes while looking at them at the same time, even if they are on the other side 

of the globe. The virtual environment also eases communication between a designer’s 

artistic point of view and an engineer’s realistic and performance-centered outlook.  
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Currently, Ford’s virtual laboratories are already being used in United States, 

Australia, Germany, China, India, Brazil and Mexico. The use of the environment has 

doubled every year it has been in use and Baron believes that its use will only grow more. 

(Baron, 2016; Spears, 2017)  

 

1.6.2. Architectural Visualization 

Architecture – the planning, designing and construction of buildings – is a process that 

can utilize virtual reality in many different ways, with slight changes and different 

nuances to all parts of the process. In essence, however, the procedure follows the same 

steps across all companies specializing in this department. A CAD or 3D model file is 

created, using conventional CAD and 3D modelling software for designing structures, 

and then implemented into a 3D simulation engine such as Unity or Unreal Engine, where 

it can be viewed by either the developer or the consumer and experienced much better 

than it would have been on paper or a flat screen.  

Figure 6.1: A user experiencing Ford’s virtual car. Image courtesy of Tim Spears via Designboom 
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Another important feature, which was already mentioned in Chapter 1.6.1, is light 

interaction within the environment, which can never be experienced with all the real-

world nuances on a screen as in VR. With enough experience, the previously mentioned 

engine software (Unity and Unreal Engine) can show the way light and shadows interact 

with any building design, even at different hours and weather conditions. This also shows 

the architect where to build windows and how to orientate the building as a whole to 

maximize efficiency of heating and power consumption in regard to sunlight. The same 

principle can be applied to the use of different materials within the building, which can 

again be presented within the virtual environment as opposed to simple flat panes of 

a CAD file. 

Apart from immersion, the use of virtual reality also allows the consumers 

themselves to be involved in the process of designing a building according to their 

demands from the ground up and seeing if the choices they make are working the way 

they need them to. With more and more easy to use architectural programs such as 

Trimble SketchUp and very well presentable viewing software such as Lux Walker or 

Review VR, the technology is very approachable by companies without a dedicated VR 

department or even very small businesses. A good example of the latter case is the 

Maryland-based company Mangan Group Architects specializing in VR Architectural  

 

 

Figure 6.2: An example of architectural visualization – Thomas Walker’s River House uses the Unreal Engine software to 

visualize a house model. The image shows how Unreal Engine very realistically imitates various materials and the way they 

interact with light. Image courtesy of Thomas Walker via YouTube 
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Visualization, which consists of only 6 people and generates around 1 million US dollars 

in annual gross revenue. (Aukstakalnis, 2016, pp. 238-240; Tenebris Lab, 2017; 

The Neighbourhood, 2017) 

1.6.3. Sketching and prototyping 

Transferring the earliest ideas of a product on paper is the first and also one of the most 

essential parts of any production process. Virtual reality offers great advantage in this 

field, as it allows the developers to create the sketches in three dimensions compared to 

a two-dimensional plane of a sheet of paper. This is already being used in Ford’s studio 

2000X headed by design manager Jerry Kearns. In the studio, the Tilt Brush software 

from Google is being used on HTC Vive headsets, which allows anyone to draw in 3D 

space, even using different types of markers, colors and shapes. This is only an example, 

but the potential of 3D sketching is, as was already mentioned with most other parts of 

virtual reality utilization, limitless. (Spears, 2017) 

 

 

 

  

Figure 6.3: A sketch of a car’s exterior in Tilt Brush. Image courtesy of Tim Spears via Designboom 
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2. Architectural visualization 

As the general outlines of what virtual reality is, what its options are and how it can be 

used have been described, the focus will now shift on one of its industrial uses that is 

quickly rising in popularity – architectural visualization. The general idea of AV and its 

advantages were already described in Chapter 1.6.2. In this part, the topic will be 

examined more closely, including the software options currently given for its utilization 

and an example of a realistic room reproduction. 

2.1.  History 

The pace of progress of architectural visualization is closely tied to the progress of 

technology surrounding it.  

The earliest examples of objects reminiscent of modern architectural schematics 

are clay or stone tablets depicting city maps or housing layouts, such as the map of the 

Babylonian city of Nippur from 1400 BCE or the Forma Urbis Romae, a marble map of 

ancient Rome from 200 CE. (Hilprecht, 1903; de Grummond, 1996) 

 

  

Figure 7.1: A piece of the Forma Urbis Romae.  Image courtesy of Ulysses K. Vestal via Wikimedia. 
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Through the middle ages and essentially until the invention of the modern 

computer, architectural design was a matter of pencil and paper. A good overall example 

are the plans for St. Peter’s Basilica in Rome. These can tell us that already in the 1500s, 

architects used very complex drawings, depicting buildings from all sides, with cross-

sections, descriptions and even utilizing shadows very convincingly in order to create 

depth on a 2D plane. (Ferrabosco, 1623) 

 With the invention of the computer graphical user interface – a feat attributed to 

Ivan Sutherland and his Sketchpad from 1963, Computer Aided Design (abbreviated as 

CAD) became the first real tool to bring architects closer to virtual architectural 

visualization. Sketchpad was a very complex, yet intuitive system for designing models, 

but since it was only intended as a proof of concept and designed only for one specific 

computer (the TX-2), modern CAD software does not have too much in common with it. 

(Yares, 2013) 

The first commercial software to use 3D wireframe models was Syntha Vision in 

1969. In 1982, Autodesk, arguably the most important company of the CAD industry and 

even possibly the whole architectural design industry, was founded by John Walker. 

Autodesk is the creator of several of the most popular design programs including: 

AutoCAD – for computer aided design and drafting, Revit – for architects and structural 

Figure 7.2: A drawing of a cross-section of St. Peter’s Basilica utilizing shadows to create depth.  Image courtesy of Martino 

Ferrabosco via archive.org. 

https://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjqtYbE-MvZAhXPblAKHfzqCcUQjRx6BAgAEAY&url=https://www.deutsche-digitale-bibliothek.de/item/MOO4JHFMTXUXYSOQWERVJT2DXIIJ3WCL&psig=AOvVaw3dRiuN0TCXxTzLPsn4mfyv&ust=1520021757528230
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engineers, Maya – for 3D model creation and animation and finally 3ds Max - also a 3D 

model creation tool but focused on interactivity and the one that is the most applicable in 

VR and AV use. (Autodesk, 2018; Bozdoc, 2006)  

With the rise of Autodesk, many other companies started developing software for 

architecture interaction, but since these usually continue to develop the software to this 

day, they will be discussed in the following chapter. The last and biggest breakthrough in 

this field was virtual reality technology, which finally allowed users to actually 

experience any virtual design as if they were inside it, rather than only looking at in 

through a screen. History of VR has been summarized in Chapter 1.1. 

  

  

Figure 7.3: Ivan Sutherland using the Sketchpad.  Image courtesy of Niam Hamou via Medium. 

https://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjizNuY9cvZAhXGhrQKHfLeBMoQjRx6BAgAEAY&url=https://medium.com/autodesk-tlv/the-keyboard-and-mouse-are-dead-long-live-touch-interactions-ab0b2eb6a2f5&psig=AOvVaw236BRsfTvzEprw9K1XUG5-&ust=1520020868833973
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2.2.  Architectural Visualization software comparison 

Even though architectural visualization has existed for a long time (as is evident from 

Chapter 2.1), its utilization through virtual reality is a very new branch of this field. AV 

software is trying to adapt to the new trend as quickly as possible, but it is getting 

overshadowed by proprietary software of AV companies and by gaming engines, as 

games are still the most popular field of use for VR and their use in the field of AV is 

only a byproduct of their efforts to create simple and interactive virtual environments.  

2.2.1. Methodology for software comparison 

In order to create a virtual environment, a 3D software engine for its creation and a game 

engine for its experiencing has to be chosen first. At the time of writing, there are over 40 

3D software engines listed on Wikipedia and over 10 game engines supporting virtual 

reality (Wikipedia, 2018; Slant, 2018). From these, 3 most popular 3D software creation 

programs and 2 most popular game engines supporting VR have been selected for 

comparison in the first part of research (Chapter 2.2) in order to use either one game 

engine or a game engine in tandem with a 3D model creation software for the creation of 

a realistic virtual model of an existing room in the second part of research (Chapter 2.3). 

 

The compared software options are: 

- Blender, a free, open-source 3D computer graphics software developed by the 

Blender Foundation, 

- Cinema 4D, a proprietary 3D modeling, animation and motion graphic software 

developed by MAXON Computer GmbH, 

- The Autodesk suite of modeling programs from Autodesk, of which the one 

specialized on 3D graphics and visualization, 3ds Max, will be utilized, 

- Unity, a cross-platform game engine by Unity Technologies, which is utilized in 

the majority of current VR games and experiences and 

- Unreal Engine, a game engine developed by Epic Games supporting in-VR 

modeling. 
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The compared aspects of each of the programs are: 

- ease of use for the designer and user (viewer),  

- engine complexity (regarding light interaction, material reflections, etc.), 

- time necessary for environment creation, 

- number of problems encountered, 

- aesthetic aspect of resulting model, 

- monetary system. 

 

The research is to be taken from the point of view of a flat or house designer with almost 

no experience in 3D software and with the intent to convey his or her idea as easily, yet 

comprehensively as possible. 

The analysis will consist of creating a simple square room with 4 white walls 

(each 4 meters wide and 2,5 meters high), a floor, on which a texture of wood flooring 

will be applied, a light source and two models – a chair and a table – in the middle of the 

room, one of which will use the proprietary file format specific for the software used (.c4d 

for Cinema 4D, .max for 3ds Max, etc.) and the other will use a generic .obj file format 

supported by all 3D modeling software programs. 

After the most suitable software option has been chosen, it will be used in the 

second part of research to replicate a real room and comparing it with the virtual 

environment (Chapter 2.3). 

 

Note: All impressions and conclusions in the following chapters are purely subjective, as 

experienced by the author of this work. Anyone else may have a different opinion or 

preference regarding the software operation, simplicity, logic and overall preference. 

These chapters should serve as guidelines for aspiring developers without any prior 

experience, not a thorough long-term examination of all options offered by these software 

options and their execution. 
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2.2.2. Blender 

Blender is a free, open-source 3D model creation program. As such, it is the only program 

used in this research that does not offer any premium or otherwise paid-for version or 

advantages over the free version. Its open source nature also allows programmers to see 

the code the program uses for its operation. Blender is perhaps most popular for its 

availability on a wide range of platforms, most notably Linux distributions and macOS. 

(Blender, 2018)  

With no monetary program other than voluntary donations from its users, Blender 

falls behind other programs of its kind in terms of polish and intuitiveness. Most users 

complain about a steep learning curve when working with the program and also a lack of 

documentation compared to other professional, but monetized software options. (Roy et 

al., 2017) 

During research, Blender definitely felt quite unintuitive. The program seems to 

be lacking logical placement of functions or their descriptions. This is most probably due 

to the evolution of the program, as it had no specific release date and features were added 

on top of each other over time. Simple operational tasks such as changing a color of an 

object, changing its position or texture or using an asset library had to be looked up in 

order to understand their function, instead of them being placed or labeled intuitively. 

After watching several beginner tutorials, the basic operation became clearer, but 

modeling still seemed very illogical and hotkey-based (functions are assigned to keyboard 

shortcuts which have to be memorized).  

When constructing the testing room, the walls and floor were made using 5 planes 

and resized without the use of tutorials. To change the floor texture to wood, a specific 

tutorial for texturing had to be observed. Model importing (chair and table) was 

a relatively simple process, as Blender has a wide array of freely available models on the 

internet (here specifically, a chair model from free3d.com was used). Their adjustment 

followed principles described in the texture-changing tutorial.   

In the end, the product was satisfactory and given more time to experiment with 

the software and learn its hotkeys and functions, it would be possible to use Blender for 

the creation of any virtual room.  
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Figure 8.1: Blender workspace.  Image courtesy of author. 

Figure 8.2: Rendered image of the Blender model.  Image courtesy of author. 
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2.2.3. Cinema 4D 

Cinema 4D is another strictly 3D modeling program. Compared to Blender, this one is 

proprietary, meaning that it is fully owned by one company (that being MAXON 

Computer GmbH residing in Germany) and its software cannot be altered by anyone else. 

As such, it is also not free. MAXON offers 4 editions of its current iteration of the 

program – the basic version labeled Prime, the Broadcast edition which specializes on 

motion graphics, Visualize which focuses on architectural design and Studio that 

combines the features of all the other packages. (MAXON, 2018)  

The pricing of CINEMA 4D has many options, based not only on the edition, but 

also on the license type (several months or unlimited), number of licenses bought together 

(quantity discount) and the intended use of the program (commercial, student, 

educational). At the time of writing, the commercial unlimited license of the Prime edition 

costs € 847 (21 635 Kč). The same license of the Studio edition costs € 3 630 (92 734 Kč). 

The student version of the software costs € 182 (4634 Kč) for 18 months. The edition that 

would most likely be used by a company intending to use it for architectural visualization 

would be the Visualize edition, which costs € 1 936 (49 465 Kč) for one unlimited license. 

All these prices are including VAT (value-added tax), meaning that some editions may 

be cheaper, if the company is part of the country’s tax exemption program. They have 

also been taken from the Digital Media website, which is appointed by MAXON to 

distribute the software in the Czech Republic. (Digital Media, 2018) 

For the creation of the researched testing room, the free demo version of Cinema 

4D, that does not allow saving or exporting files or renders and also has some functions 

disabled, is being used. 

Working in Cinema 4D immediately felt much better than in Blender. Big, simple 

icons that give brief explanations of their functions when hovered over, very detailed help 

functionality and most important of all – intuitiveness. What the users expects to be 

somewhere usually is exactly there and if there is something that they cannot find (such 

as in the case of the research was importing objects and panning the view), looking up 

the answer is much faster compared to Blender, as most explanations need to be much 

simpler than in the case of the first program. Rendering (applying physics, shaders and 

light effects) the scene was also very different. In Blender, the process took about 

a minute to render the current view, whereas in Cinema 4D, it was instantaneous. That, 
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however, comes with a catch: the hard shadows that the objects were supposed to be 

casting were not rendered. Never the less, that is most probably due to user error more 

than a fault of the program.  

Overall, if a company planning to make architectural visualization has the money 

to spare on at least one license of this program, it would be very well suited for the 

creation of architectural visualization even without prior experience.  

 

  

Figure 8.3: Cinema 4D workspace.  Image courtesy of author. 
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2.2.4. Autodesk suite 

The Autodesk suite is not a singular application, as the previous two examples were, but 

a set of programs each capable of accomplishing a different task while utilizing some 

cooperative abilities between each other. They are all made by one company – Autodesk 

– which was already mentioned in Chapter 2.1, where the most relevant parts of their 

software have also been listed. The extent of sophistication offered by their products is 

enormous. While it is possible to create a 3D environment only in 3ds Max or Maya and 

get the same results as one would from the competing software options, the developer can 

go much further than that. Let us presume a situation, where a designer creates the outline 

for an environment using simple vectors but with very precise measurements in 

AutoCAD, an engineer then exports the result into Revit (building information modeling 

software) and examines the structural problems of the created environment (such as 

weight distribution, airflow, etc.). The modified model can then be sent into Maya to 

create an animated walkthrough or 3ds Max to create an interactive virtual experience. 

 Such a design process would however be quite expensive. Compared to 

Cinema 4D, Autodesk does not offer an unlimited license for any of its products. Instead, 

customers are offered a monthly, yearly or 3-yearly subscription. Even though the price 

includes technical support, a guarantee of always using the newest version and even the 

ability to voluntarily use older versions, at around $ 1 470 (49 228 Kč) per a year’s 

Figure 8.4: Rendered image of the Cinema 4D model. Includes watermark due to the use of a demo version.  Image courtesy of 

author. 
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subscription for only one of the programs (except for Revit which costs $ 2 200 or 

73 689 Kč), the previously described design process would require around $ 6 610 or 

217 373 Kč per year, a relatively large sum of money to begin a company’s visualization 

efforts, considering the fact that there are absolutely free options on the market.  

 Autodesk also offers 1 month of free trial for any of its software, but the user is 

required to put in his credit card information and they will be automatically charged 

a monthly fee of the subscription, unless they uninstall the program after the first month. 

(Autodesk, 2018) 

 For the research test room, only 3ds Max will be utilized, as it should offer 

everything necessary to create the room. 

 The initial impressions were mostly positive. Upon startup, the program offered 

several modes and templates based on what the user was about to create. From these, the 

closest to the needed use case – Architectural Outdoor – was chosen. It included several 

premade textures, a camera and a light source. The program then also offered a set of 1-

minute tutorials that explain the basics of its use very well and are only as long as is 

necessary. The interface seemed very organized and logical, but during the creation 

process, the application started to behave differently than was needed. The main issue 

was object displacement precision and snapping objects together to line them up 

precisely. After struggling to create the room from planes, a box from which the ceiling 

was removed was created instead.  

Importing files worked relatively smoothly, although some parameters of the 

general .obj file had to be changed and some unnecessary parts of the .max file had to be 

removed.  

The biggest positive was applying materials and textures. 3ds Max offers a wide 

range of materials that are very well organized, simple to identify and serve their purpose 

very well, such as hardwood tiling, simple plastic or mirror-finish metal. These then work 

very realistically when rendered under proper lighting conditions, of which the engine 

also offers a wide selection. The final render took much longer than any of the other 

programs, but the result was by far the most realistic. Any further problems were quickly 

solved with Autodesk’s own help section and tutorials. 
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 3ds Max definitely feels like the most complex, extensive and comprehensive of 

the programs tested, which is logical considering its price. It truly feels like the most 

professional software for this purpose.  

 Figure 8.5: 3ds Max workspace.  Image courtesy of author. 

Figure 8.6: Rendered image of the 3ds Max model. Notice the reflections of the floor on the metal legs of the chair.  Image 

courtesy of author. 
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2.2.5. Unity 

Unity is a cross-platform game engine created by the originally Danish company Unity 

Technologies. Even though it is not a 3D modeling program, Unity allows users to create 

models as an additional feature to all its other game creating features, which, along with 

intuitive and simple design and its very fair monetary system, make it one of the most 

popular game and video experience building tools currently on offer. As a game engine, 

it also allows for experiencing the created environment in VR, which is a very important 

aspect of creating an architectural visualization project. Unity (as well as Unreal Engine 

in Chapter 2.2.6) thus allows the user to actually experience what the creations from other 

programs feel like in VR. 

 Unity has 3 monetary options for developers: a free Personal license for students 

or hobbyists, that do not want to publish their game and earn money from it, a Plus license 

for $ 35 per month (about 744 Kč), which, along with some other features, lets the 

developer publish the created game if the annual revenue from that game does not exceed 

$ 200 000 (about 4,2 million Kč), and a Pro license for $ 125 per month (about 2 658 Kč), 

which, along with even more features, lets the developer publish the game regardless of 

revenue gained. As such, this game engine is very sought after by aspiring developers, 

who wish to learn how to create a game. (Unity, 2018) 

 The 3D modeling features of Unity are relatively simplified compared to the 

extensive options offered by the professional 3D creation tools examined up until now, 

but for the simple project that is used for comparison in this chapter, that is more of 

a positive than a negative.  

Unity’s biggest downfall as an environment creation tool is its ambiguity of units, 

which do not have any real-world association and are simply chosen by the user. This 

results in the necessity to see the environment in VR from the early stages of creation, in 

order not to create the model several magnitudes larger or smaller than the user, as 

happened during the first try of creating the testing room. After determining the 

approximate real-world size relative to a unit of measurement in Unity, the actual creation 

process was the simplest yet, offering all the creation, snapping, texturing and importing 

tools in an extremely straightforward manner akin to a simple “drag and drop” method, 

where the user does not need to go through several menus and options before importing 
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a texture or a file, but can simply grab the file from the file explorer of choice and drop it 

in the assets panel in Unity to import it.  

The overall navigation, whether it be in the menus or the scene view, is also simple 

and fast to learn. All panels offer a link to an online help guide and all aspects of Unity 

also offer textual and video tutorials on their website for free. Nevertheless, the program 

was some simple to use that the only tutorial that was necessary was the one for enabling 

the VR functionality of a project. 

The only real issue that was encountered was an aspect of the imported chair 

model, which appeared partially transparent thanks to a different rendering system used 

by a game engine compared to a 3D modeling software (game engines try to render only 

the faces of an object that the user or player will see in order to cut down on resources, 

which can result in some objects being invisible from one side). After some effort of 

trying to fix the issue, a different, simpler, chair model had to be used. 

Since Unity is a game engine, it does not have a native object file format, but 

rather supports the file formats of most other popular creation programs. Because of that, 

in this case, both the chair and the table were generic .obj format files. The advantage of 

Unity’s support for more file formats allowed for testing of importing the previously 

created virtual environments from Blender, Cinema 4D and 3ds Max into Unity and 

seeing how they differ. 

The imported test room from Blender had 2 walls shaded in a strange manner, but 

that was quickly fixed, as all individual parts of the room are still editable after import. 

Unity, however, allows for the whole imported environment to be selected and edited at 

once, which results in a very easy process of adjusting the scale to the real environment 

the users have at their disposal. 

Since the demo version of Cinema 4D does not allow saving and exporting of 

projects, I was unable to recreate the same process with the environment created in it. 

Nevertheless, I imagine the process will be quite similar. 
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The imported 3ds Max environment was more problematic. Since the original 

walls and floor came from an edited box, the engine only rendered its outside faces, which 

resulted in the room only being visible from the outside. The chair was also 

inappropriately bent and all objects were incredibly large, leading to a downsizing by 

a margin of 20. As a result, the best 3D creation tool to use in tandem with Unity would 

from this experiment be Blender. 

Figure 8.7: Unity workspace. Notice the help buttons next to all parts of the inspector tool, the asset library in bottom middle 

and the camera view in bottom left. Image courtesy of author. 

Figure 8.8: Live view from the Unity VR play environment. This is not a render as in the previous examples, but a real-time 

view that is rendered several times a second. Image courtesy of author. 



45 

 

2.2.6. Unreal Engine 

Unreal Engine is a game engine from the American software and game development 

company Epic Games. It is one of the most popular and extensive game engines ever 

made with over 20 years of development put into it. Compared to the previously 

researched Unity, Unreal Engine is much more complex not only in functionality, but also 

in usability. It utilizes the C++ programming language for its functions and offers 

a graphic workflow environment to modify certain aspects of the developed product, such 

as light, physics interaction or interactive features. The current iteration of the program – 

Unreal Engine 4 – is mostly renowned for its very realistic and fast illumination abilities, 

creating realistic reflections and light diffusion, which help create an immersive 

experience more than most other aspects of the visual features of an environment.  

 Unreal Engine’s monetary system is very different from all the previously 

encountered ones and also very new, having been introduced only 3 years ago (2015). 

The program is free to use and there is only one version of it. If a game created in it 

exceeds $ 3 000 (about 63 800 Kč) gross revenue per calendar quarter, Epic Games starts 

taking a 5% royalty cut from that revenue. The company, however, also offers custom 

licensing terms, upon which they can agree with the developer. Apart from this, Unreal 

Engine also has its own marketplace, where users are selling assets such as models or 

code they have created, from which Epic Games also gets a royalty. (Epic Games, 2018) 

 Despite Unreal Engine’s professional nature, it is still very approachable by 

a developer with no prior experience with game creation or modeling tools. Upon opening 

it, the developer is presented with several pre-made templates depending on what type of 

experience they want to create. When one is chosen, the program walks the developer 

through its main parts and offers very concise and simple to understand tooltips to all of 

its functions with a simple button-press combination. For this research, the Virtual Reality 

template has been chosen, which lets the developer choose between a pre-programmed 

gamepad or motion control movement system and also gives them some basic assets to 

work with, along with some VR specific ones, such as a camera that works correctly with 

a VR head mounted display view. 
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 The movement within the environment is quite different from all the previously 

researched programs, being more akin to a movement in a game (using arrow keys) rather 

than the conventional panning and rotating with a mouse. The creation of the test room 

was entirely possible with only the starting assets given to me by the program. The 

movement, snapping and texturing features all function very logically and well, until they 

have to be used with an imported .obj file. With imported, non-native files, several 

problems regarding lighting and texturing were encountered and took a long time to 

resolve. Right from the start, the most prominent feature was the aforementioned lighting, 

which looked extremely realistic and was rendered instantaneously, even in real-time 

when the environment was run in the VR headset. Compared to Unity, the resource 

management was much better resulting in a smoother and more comfortable experience 

while the visual result was also more realistic. However, the time such result was reached 

with imported assets (chair and table) was much longer. 

 Unreal Engine also has the unique possibility of developing an environment in VR 

itself. Even though this functionality is still in development, it already offers most of the 

functionality of the conventional workspace seen on a monitor, thanks to sharing the 

majority of the individual workspace windows (such as list of assets, details of an object, 

etc.) with the advantage of letting the developer place these windows anywhere around 

himself in the virtual environment. Thanks to very logical snapping of position and 

rotation of the objects, building the test room was very fun and even though it took longer 

than it did on a monitor, it was a very enjoyable experience, thanks to the possibility of 

actually perceiving what placement “feels” good rather than what makes sense or would 

be good in theory. 

Figure 8.9: Unreal Engine’s preset selection screen appearing after startup. Image courtesy of author. 
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 Overall, Unreal Engine is currently the most comprehensive game engine with an 

incredible number of features, a large community, logical interface and a very developer-

friendly monetary system. As such, it will be used in the second part of the research in 

this thesis. 

 

  

  

Figure 8.10: Unreal Engine workspace. Even though it may seem cluttered, it shows the developer everything necessary in 

order for them not to have to search for something hidden behind menus or other windows. Image courtesy of author. 
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The testing of Unreal Engine concludes the first part of research of this thesis. Since the 

compared programs differ so much in their aspects, such as using vastly different 

monetary systems, having different parts of user interface, different methods of control 

and also different lighting and rendering engines, the work with them and their results 

cannot be compared in a simple, objective manner using a table of features, as was the 

case with VR headsets in Chapter 1.2. The user experience with each of the software 

options is purely subjective and every option fills different needs for different people. 

Since the second part of research of this thesis will not require mesh modeling (altering 

the models used in ways other than changing their size and proportions), Unreal Engine 

fits the use case appropriately with a fast renderer, realistic lighting engine and deep VR 

utilization. 

  

Figure 8.11: Live view of the virtual environment from Unreal Engine. Notice the wood floor texture and the soft lighting 

differences in the shade of the walls and the floor. Image courtesy of author. 
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2.3.  Reproduction of a real room in VR 

The second part of research consists of modeling an existing real room into a virtual 

environment. The room that was chosen for this is the seminar room N 3.26, which is on 

the 3rd floor of the Faculty of Electrical Engineering of Brno University of Technology 

on Technická 10.  

 The room is rectangular, 7.4 m long, 4.75 m wide and 2.8 m high with a linoleum 

floor, 4 large and 4 smaller windows, all of which are situated on the eastern wall, and 

a yellow-painted wall on the northern side. All other surfaces are white. The room also 

contains 20 school desks, 22 chairs, a larger teacher’s desk, 2 cabinets, a whiteboard, 

a projector and a projector screen, as well as some other electrical appliances such as 

a computer, a stereo, an air conditioning unit and several power outlets. 

 As a template, the Virtual Reality preset (see Chapter 2.2.6.) was used, as it 

already has a set of assets suitable for this project, an environment with a relatively 

realistic lighting setup and the controllers and HMD are mapped and programmed to work 

properly as interacting, viewing and translocating devices. 

 First, the walls, ceiling and floor were made using the cube asset, which can be 

defined using metric units instead of multiples of their original size, as it is with imported 

assets. This cube asset will be later used for many other rectangular objects, as it is one 

of the most versatile models the engine offers. It can also be used as a measuring stick to 

approximate measurements of other imported objects. Afterwards, the eastern wall was 

re-created, as it is the only non-flat surface and also the only light source of the whole 

room. At this point, only simpler parts of the wall have been made and two holes were 

left for the window models that would be added later on. 

 Importing models was one of the most time-demanding parts of the process. 

Unreal Engine only accepts .obj and .fbx model formats, any other formats had to be 

converted in their specific software. Unreal Engine also does not support mesh editing, 

Figure 9.1: Panoramic view of the real room, of which the model was made. Image courtesy of author. 
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which means that all imported models would have to remain unaltered, except for their 

size, dimensions and textures/colors. This resulted in the chairs not having holes in their 

upper parts, the tables having different legs and in general the majority of differences 

between the real room and the virtual room. All of the models used were downloaded for 

free from free3d.com, turbosquid.com, sweethome3d.com and archive3d.net. With an 

increased budget, the models would be of a much higher quality and they would also be 

more faithful recreations of their real counterparts. During browsing through the models 

on these websites, the approximate price of a better one was around $ 15 and thus with 

even a smaller budget of around 100-200 dollars, the end result would be much more 

realistic. Model prices are an important aspect to think of when making a budget for 

architectural visualization if they are not made by the company itself. 

 Texturing was also a complicated aspect, especially with imported models. 

Models can either come in one file that gets painted/textured as a whole, or be divided 

into smaller chunks, such as a window having different textures for the glass, the frame 

and the handle. Whether it is the former or the latter was generally unpredictable before 

the model was actually imported into Unreal Engine. That has resulted in discarding some 

models that would have looked better but were unusable since it was impossible to 

partially texture them (most notably a chair model that was more faithful to the original, 

but its legs always had the same color as the rest of the chair). Textures are not only about 

the color, but also reflectiveness and general feel of an object (whether its metallic, 

wooden, plastic, etc.). This is supported very well in Unreal Engine, thanks to its intuitive 

cascading system of editing textures that also shows the resulting changes in real time. 

 For most objects, a simple color texture was used. In some cases, such as the 

linoleum floor, an altered pre-made texture was applied instead. With a surprisingly 

convincing result, the yellow wall was colored using a simple photo of the wall stretched 

over its whole surface.   

 Undoubtedly, the hardest part of the whole process was lighting. In the end, 3 light 

sources were used. The first one is a directional light that simulates sunshine. In order to 

be faithful to the time at which the reference photos were taken, the directional light was 

oriented almost exactly downwards at only a very slight angle from east to west. Since 

the engine had nothing to bounce what is normally indirect light off of (as there is no 

ground or buildings outside constructed environment), the room remained very dark even 
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when the directional light had unrealistically increased brightness. To create the illusion 

of diffuse light coming into the room, two strong spotlights were directed on white 

surfaces just outside the windows of the room. The reflected light from these surfaces 

then created the diffuse light that filled the room. The planes outside the windows 

reflecting the light are invisible for the user and only visible during development, but the 

light they produce remains there even when the user is experiencing the visualization. 

Also, since the outside planes are transparent from one side, they let in the directional 

light to cast realistic shadows as if they were not there. This method of reflecting light off 

a white surface is used to create diffuse light on film sets and photoshoots. 

 Even when using these methods of lighting, the levels of many parameters had to 

be adjusted and tested to see which lighting conditions are the best. This is a process that 

is almost never complete and satisfactory to the developer, since something can always 

be done slightly better or more realistic. Lighting is definitely the aspect where the amount 

of time and experience makes a drastic difference in the end result. 

On the following pages, 3 comparison shots from the real room and the virtual 

environment are put next to each other in order to see the differences and similarities 

between them. 
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Figures 9.2 – 9.7: Comparison shots of the real room and its reproduction in a virtual environment. Image courtesy of author. 
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Figures 9.2 and 9.3 show what were the biggest struggles with lighting during creation. 

Although the simulated sunlight casts light on the desks and chairs very well, the reflected 

diffuse light is much weaker than it would be in the real world and most surfaces of the 

eastern wall facing inwards (such as the overhang above the windows and the part of the 

wall under the power outlets) appear much darker than they should, despite having the 

same textures as all other white surfaces in the room. Even the power outlets and the wall 

they are on use the same materials yet appear very different. This is presumably a problem 

of the engine calculating reflectiveness and light concentration based on the surface area 

of a given object. That can be seen for example with the lines above and below the power 

outlet wall, which are darker even though they have exactly the same lighting conditions. 

The chairs also have some lighting errors near their edges and the windows appear very 

flat. Visually very convincing is the yellow wall, which was textured using a photograph 

of the original wall. 

 Figures 9.4 and 9.5 look slightly better. Even though the white wall in these shots 

is a bit darker in the virtual environment and the shadows are sharper than they should 

be, they are still in their right place and approximately right volume. The floor material 

is also very similar to the original linoleum floor. The chairs seem to have less lighting 

errors near their edges, meaning that these errors only appear in direct simulated sunlight. 

The door texture shows how a pre-made texture that comes with the software can be 

seamlessly integrated into the environment to serve its purpose. 

 Even though the projector screen on Figure 9.7 is lacking some of its parts 

compared to the one in Figure 9.6, the view appears quite realistic overall. Here, the soft, 

diffuse shadows are very well visible, mostly around the right (western) wall. The engine 

did not compute the shadows as well around the grey speaker, but the lack of light inside 

the desks shows that given proper conditions, such effect can be simulated. 

 

Taking into account that all used software and assets were free and the developer had no 

prior experience with the software, the overall result is very satisfactory and would serve 

well as a blueprint or outline for the construction of a room or a building. With the 

inclusion of paid models or editing the models’ mesh structures, the software would allow 

for a very realistic creation of any real room. 
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Conclusion 

In this thesis, the history, current state and all important technological parts of virtual 

reality have been summarized. Then, the focus was put on one of its specific uses – 

architectural visualization – where the current software options were compared, an 

example of the creation process of an architectural visualization experience was described 

and its results were compared with reality.  

At the time of writing, virtual reality has captured a niche of users in entertainment 

and it is still finding its way into widespread industrial use. It is very probable that the 

current technology, considered to be cutting edge and extremely immersive today, will 

be seen as very outdated and simplistic in 5 or 10 years, as was the case with smartphones, 

a similarly new type of technology. It is also certain that all possibilities offered by virtual 

reality have not yet been explored. Some already exist as wild ideas, such as programming 

software in virtual space without the need for writing code or creating assembly line 

robots’ algorithms for operation by merely drawing the required paths of their movement 

rather than manually writing every movement along every axis. A very big potential is in 

medicine, where clinical trials of treating PTSD patients are being conducted and devices 

similar to virtualization headsets have already been used for very precise and small-scale 

operations requiring high accuracy. A lot of use for VR can also be found in art, where 

the creation of three-dimensional objects using handheld input devices is now effortless 

and there are already quite a few software options in this field. Even experiences such as 

visiting different places around the world using 360 pictures and Google Street View are 

great ways for disabled people to experience places they would otherwise never have the 

possibility of visiting. 

Architectural visualization is one aspect of VR with immense potential. The 

currently offered options for its creation and experiencing are affordable, well 

documented and overall very approachable even for a layman. Given enough time and 

effort, anyone interested in this field can begin creating virtual environments and possibly 

gain a large amount of experience usable in many fields of today’s information age or 

even make their own business out of it as it is. The reproduction of room N3.26, which 

was the second part of research in this thesis and an example of the potential of 

architectural visualization, was successful and the result serves its purpose well.  
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Today’s virtual reality technology is definitely powerful enough for the experiences in it 

to feel immersive and that should only be getting better as time goes on. The big question 

now is how the market is going to evolve and whether virtual reality will fall back into 

obscurity, as it did at the break of the millennium, or if it is going to become an everyday 

object that will be part of our homes, such as a computer or a TV is nowadays. With the 

options offered by smartphone-based headsets, this is very much feasible and not very 

expensive. I myself hope for the latter, as that option would push developers to create 

more software and hardware in this field letting everyone experience things they have 

never even imagined possible. 
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