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Architecture is a visual art that shapes the built environment around us. Augmented reality has
recently been gaining foothold in architecture, as the technology allows designers to visualize
how buildings would look like in the real world once constructed. This has many potential benefits,
such as facilitating more intuitive design experiences, opening new opportunities for marketing
and streamlining the practical process of construction.

This research will investigate how exactly architecture can benefit from augmented reality,
how the technology is being used in the field now, and how it could be used even further in the
future. This is done by looking at both theoretical research and practical real-world examples of
augmented reality in architecture. Based on this knowledge, a mobile augmented reality applica-
tion is proposed, building on the most important features of the previous implementations.

The proposed application is designed to show the user new architectural developments in their
area by visualizing them in an immersive augmented reality environment. The technical founda-
tions and user interface are described to provide a clear picture of how the application would be
used. The possibility of a practical implementation is also discussed to show how the application

could be adopted by architectural design firms and the general public in the future.
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1 Introduction

This research will take a closer look at how augmented reality can be applied in architec-
ture, especially when it comes to visualizing architectural designs. Augmented reality has
already been widely used in areas such as entertainment, industrial design and healthcare,
but has not yet gained widespread popularity in the field of architecture. Therefore, the
goal of this thesis is to investigate what potential benefits there are in augmented reality
and how exactly it can be used in architecture.

This chapter will start by defining what is architectural visualization, and why it is
important. The concept of augmented reality and its relevance for architecture is also
briefly introduced, followed by the research questions and the outline of the thesis. The
following chapters will dive deeper into the mentioned topics, starting from architectural
visualization and moving on to augmented reality and its applications in different areas
of architecture. Finally, a mobile augmented reality application is proposed to show how

the technology could be implemented in practice.

1.1 Architectural visualization

Architectural visualization, sometimes also called architectural rendering, is the art of
illustrating architectural designs in a visual format, such as in two-dimensional images or
three-dimensional models. These can be, for example, hand-drawn sketches, physical
miniature models or computer-generated renderings. Figure 1 shows an example of a

computer-generated visualization created with modern 3D modelling software.
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Figure 1. An architectural visualization of a planned office complex in Esch-sur-Alzette,
Luxembourg [www.fosterandpartners.com/projects/icone/].



Constructing new buildings is often an expensive process, requiring a considerable
amount of time and resources. In addition, making changes after the construction process
has already started can be increasingly difficult. Architectural visualization offers a way
for architects to communicate their ideas and propose alternative designs before starting
the construction, making space for an iterative process where any mishaps can be spotted
early on and corrected with minimal costs. The visualizations also serve the purpose of
marketing the design to potential clients interested in the project.

As the demand for new construction is constantly rising, so too is the demand for
architecture and, in extension, for better tools for architectural visualization. The most
commonly used tools today are 3D modelling and digital rendering software, such as Ar-
chiCAD, Lumion and 3DS Max [Chae, 2017]. These programs have gained a widespread
popularity in the recent years, as they can be used to create near-photorealistic images
and models with relatively lost cost-to-benefit ratio.

However, the end results for these programs are most often two-dimensional images
(such as the one seen in figure 1), even though the models themselves are three-dimen-
sional. These images, while visually impressive, only leave the viewer with a narrow
snapshot of the final building. Recently, advances made in architectural visualization
techniques have been trending towards utilizing the three-dimensional aspect of the mod-

els more often, for example with virtual reality tours or augmented reality overlays.

1.2 Augmented reality in architecture

Augmented reality is defined as a technology that enhances the view of a real-world en-
vironment with computer-generated sensory information, such as visual overlays, audi-
tory feedback and other perceptual projections. The technology is based on tracking the
physical environment in real-time (usually though a camera and sensors) and seamlessly
adding virtual information to the view and displaying it to the user. [Furth, 2011].

Most modern smartphones come with the capability of supporting augmented reality
applications, with standard frameworks and in-built sensors. There are also special head-
mounted displays for augmented reality, although those have not yet gained as much pop-
ularity due to their cost and limited scope of use. In the field of architecture, mobile aug-
mented reality applications are already starting to emerge in different areas. Figure 2
shows an example of such application, where a mobile device is used to view a building

plan, which is then augmented with a virtual 3-dimensional model of the building.



Figure 2. Example of an augmented reality application for architecture [https://ar-
chicgi.com/architecture/augmented-reality-apps-for-architects/].

Augmented reality offers a variety of possibilities for architecture. The 3-dimensional
aspect of the virtual models can help architects evaluate their designs in a more intuitive
way, and better showcase their plans to clients and stakeholders. The technology also
offers the possibility of projecting a proposed building design over the actual location
where it’s planned to be constructed, giving a more accurate picture of how the building
would look in context of its real-world surroundings.

Augmented reality can facilitate a more natural design process by allowing the user
to change between the building materials and features in real-time. Additional layers of
information can also support complex decision-making by displaying properties that
would otherwise be hidden, such as underground structures and in-wall placement of
pipes and cables. These possibilities, along with numerous others, will be given a more
in-depth look later in this paper. However, now that the basic concepts are introduced,

it’s time to outline how exactly the research will be carried out.

1.3 Research questions and methods

The primary goal of this thesis is to research how architecture can benefit from augmented
reality technologies. Closely tied to this are the questions of how augmented reality is
currently being used in practical architectural settings, and how the technology could be

taken even further. The three research questions are formulated as follows:



1) How can architecture benefit from augmented reality?
2) How has augmented reality already been applied in architecture?

3) How can augmented reality be utilized further in architecture?

The research will be conducted by analysing theoretical research in the areas of architec-
ture and augmented reality, and systematically categorizing the points relevant for the
research questions. In addition, real-world use cases of augmented reality are reviewed,
in order to build a picture of how the technology is used in practical day-to-day scenarios,
and what are the needs and wants of the users. This is done both in the context of archi-
tecture, but also in other closely related fields, such as urban environment design.

The structure of the thesis consists of 7 chapters, which will be briefly introduced
here. Chapter 2 explores historical context of architectural visualization, and how it has
evolved up until the present day. This is done to lay the foundations for why architectural
visualization is important and why do we need better tools for it. Following that, chapter
3 describes augmented reality technology in more detail and evaluates its technical pos-
sibilities and limitations. This is helpful in assessing how augmented reality can be ben-
eficial in the field of architecture, and answers research question 1.

Chapter 4 will dive deeper into the different areas of architecture, namely design,
marketing, public participation, education and construction. For each area, the possible
uses of augmented reality are evaluated, using both existing real-world examples and the-
oretical research. This will bring the answer to research question 2. Chapter 5 will then
build further on this knowledge and propose a mobile augmented reality application that
aims to bring the most value to the field of architecture, in the process also answering
research question 3.

The results and conclusions are summed up in chapter 6. The answers to all three
research questions are also summarized and evaluated, in order to build a clear picture of
what was achieved with the research. Lastly, chapter 7 will reflect on the research process
as a whole and outline the future possibilities and challenges inherent in augmented real-

ity and architecture. References are listed in chapter 8.



2 Architectural visualization

This chapter will briefly go through the background behind architectural visualization and
its main developments up until the recent day. Starting from the early concept of visual-
izing architectural space, moving on to the rise of digital rendering and its subsequent
effects on architecture, and finally taking a look at the latest technological trends and how

they have contributed to a more dynamic view on architectural visualization.

2.1 Foundations of architectural visualization

Architectural visualization — in its most basic concept as visual representation of artifi-
cial space — has existed since the very dawn of civilization. Early humans made rudi-
mentary cave paintings and clay sculptures of their living spaces, as a way to share their
spatial experiences with other humans. As technology evolved and architectural spaces
became more complex, new ways of visualization emerged, such as geometric drawings
and detailed miniature models. However, one thing that has remained the same through-
out the ages is the innate desire for humans to represent and communicate their surround-
ings through visual means, and the built environment has been no exception to this.

Wu & Guo [2016] present an idea of three development stages of architectural vis-
ualization: pre-perspectival, perspectival and aperspective. These stages are not in a clear
chronological order and have appeared in various ways throughout history, but neverthe-
less they are still useful in understanding the different ways how architectural space can
be represented. Moreover, these three stages may offer insight into how human perception
spatial environment has progressed over time.

The first developmental stage, pre-perspectival, refers to flat two-dimensional im-
ages that have no apparent depth of perspective. All objects in such image are the same
size, with no differentiation between those that are far away and those that are closer to
the viewer [Wu & Guo, 2016]. Figure 3 shows an example of a pre-perspectival drawing
(on the left), an arrangement of trees in a square pattern. In terms of architectural space,
this type of drawing does not give much clues to the viewer about the size of the objects
or the depth of the scene, but it is still possible to discern the location and relative position
of the objects. These types of drawing were common in the prehistoric and ancient times,

and often visualized intuitive scenes and places of importance in everyday life.
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Figure 3. An example of pre-perspectival image (left) and perspectival image (right)
[Wu & Guo, 2016].

The second stage is called the perspectival visualization stage. This stage mostly came
about during the Renaissance period in Europe, when many painters were exploring dif-
ferent techniques for depicting three-dimensional space [Wu & Guo, 2016]. Figure 3 also
shows an example of a perspectival image (on the right). Here the trees closer to the
viewer are larger than those in the distance, giving an impression of depth. This type of
image is much more suited for representing three-dimensional space, and as such, has
been widely used in the field of architecture all the way until the present day.

However, as realistic as an image might look, it is still only a static and fixed point
in space, a view captured from certain angle at a certain time. Another step up from these
images is the third stage of development: aperspective. This adds a component of change,
the fourth dimension of time, in representations of physical space [Wu & Guo, 2016]. In
a way, this is not an entirely new way of thinking, as physical models have already existed
for a long time. These models can be viewed from multiple directions, and thus allow a
perspective of moving through space over time. However, something that is new is the
advancements in technology allowing three-dimensional models to exist in a two-dimen-
sional space, such as the screen of a computer. This has had a great impact on our way of

thinking about space, and the field of architecture has certainly felt the changes.

2.2 The digital transformation of architecture

The rise in computing power and the increasing prevalence of personal computers at the
turn of the millennium certainly caught many architects’ attention. The analogue visuali-
zation methods — sketches, projections, physical models — that had dominated the field
for centuries were finally starting to be challenged. The change was rather slow at first,
as many early computer programs were rather unimpressive in their quality (as seen in
Figure 4), compared to more traditional methods. However, many saw promise in what

advances in computing power could bring to the industry.



Figure 4. Image render created with an early version of 3DS Max [Koutamanis, 2000].

One of the main things that steadily drew interest in this new technology was the vast
increases in efficiency. Most architectural representations come down to a few key basic
elements, such as walls, windows, fixtures, furniture, and so on. Visualizing these by hand
is often time-consuming, as in usual cases the elements have to be repeated multiple
times. This, however, is significantly faster to do with digital software [Koutamanis,
2000]. An example could be the pillars in Figure 4. Instead of the user having to sketch
each of them by hand, they could simply create one and then duplicate it as many times
as necessary. Once an element is created in digital form, it can be used again indefinitely.

In addition to the added efficiency, the digital transformation also paved way to a
new way of thinking about architectural space and visualization. While previously 2-di-
mensional drawings and 3-dimensional models used to be two very separate things, in the
digital form they suddenly became closely linked together; designers would create 3-di-
mensionals models in a computer program, and then render 2-dimensional images of
those models to display the final product [Koutamanis, 2000]. This flipped around the
design process that architects had been used to and required them to adapt to an entirely
new approach to architectural visualization.

However, this type of thinking did not appear overnight, and especially in the be-
ginning the change was slow due to the lack of familiarity and training with new digital

tools among professional designers. Moreover, throughout the development of design



tools there was the common theme of copying analogue practises directly into a digital
form, instead of creating something new. This has greatly shaped how the technology has
evolved and is something that is still visible today. However, with digital tools it’s cer-
tainly possible to go beyond the familiar and create techniques that couldn’t exist in the

analogue world. One example could be dynamic and real-time architectural visualization.

2.3 Latest trends of dynamic and real-time architectural visualization

Architectural visualization has come a long way in a relatively short amount of time. In
recent years, advances in technology have opened up new ways of approaching architec-
tural design, while at the same time the increase in computing power has placed more
emphasis on the visual quality. In stark contrast to the early design software that was
mainly used for practical considerations (with the final visuals being created elsewhere),
current digital tools allow the creation of near photo-realistic imagery. This has also
turned many designers towards dynamic, real-time environments, where changes are vis-
ible near instantaneously, significantly speeding up the iterative design process.

The benefits of a real-time environment become apparent when looking how de-
signs are created in static environments. In these, the user usually has to render an image
of their 3-dimensional model every time they wish to see the finished product, which can
be very time-consuming. Depending on the desired quality, the rendering can take any-
time from minutes to several hours. In a real-time environment, the model is constantly

kept up-to-date and does not need to be rendered separately. And herein lies the signifi-

cance in real-time architectural design. [Boeykens, 2013].
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Figure 5. Example of an architectural scene in Unity [https://www.ronenbeker-
man.com/the-making-of-a-virtual-reality-experience-for-archviz-with-unity/].



One popular way to achieve this is to use game engines or other real-time environments
as part of the design process. For example, the Unity game engine (figure 5) is widely
popular amongst many different fields of design, architecture included. This software
supports importing 3-dimensional models from other commonly used design software, in
addition to offering many built-in design features. As a real-time graphics engine, Unity
makes it possible to view the architectural design in a fully-fledged realistic environment,
complete with lights, textures and even background landscapes. [Boeykens, 2013].

One major strength with such environment is that the final product — an accurate
image of the architectural model — is immediately available. Not only is this useful for
designers, but it also offers the possibility for stakeholders of the project to see the design
in real-time and seamlessly move around the model in the virtual environment. This
brings considerable benefits over the traditional 2-dimensional renders and supports a
more intuitive way of thinking about space. Moreover, there is still another step that can

be taken, and that is the leap from virtual to augmented reality.
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3 Augmented reality

Now that we know how architectural visualization has progressed over time from non-
perspectival 2-dimensional images to dynamic 3-dimensional models, it is time to ask
what the next step in the process is. Today, the most commonly used design software
utilizes 3-dimensional workspace when creating the models, even when the final product
is often a 2-dimensional image of the model. However, as the underlying 3-dimensional
model is created in any case, there remains the possibility of utilizing the spatial features
of the model more comprehensively.

One way to do this is with augmented reality. The technology is already widely
used in many fields, including medical, entertainment, education, tourism and engineer-
ing, and it is steadily starting to gain foothold in architecture and design as well [Mekni
& Lemieux, 2014]. This chapter will go through the existing augmented reality technol-
ogy and evaluate what features could be relevant for designers. The benefits of the tech-
nology are also reviewed to see how exactly augmented reality can be useful in the field
of architecture. The drawbacks are also mentioned, in order to build a better picture of

both positives and negatives.

3.1 Augmented reality technology

Augmented reality is defined as a real-time direct or indirect view of the physical real-
world environment that has been enhanced/augmented by adding virtual computer-gen-
erated information to it [Furth, 2011]. Furthermore, key characteristics of the technology
are also interactivity in real time and registering information in 3 dimensions [Mekni and
Lemieux, 2014]. This subchapter will briefly go over the technical foundations of aug-
mented reality, as well as highlight some potential features which could be useful in the
field of architecture.

Augmented reality is based on four main technologies: displays, input devices,
tracking and computers. All these can be further split into different categories, for exam-
ple, the display can be a head-mounted display, a handheld display or even a spatial dis-
play (such as a video projector). The most common tool, however, is a single mobile
device that combines all these four technologies into one. Most modern smartphones
come equipped with a variety of input and tracking methods and can readily support aug-
mented reality with a wide range of applications. [Furth, 2011].

Augmented reality applications use sensory information from the physical world to
place the computer-generated imagery in the correct place. This means tracking things
such as depth, distance, and light level (usually through a camera), the angle and position
of the device, and often also changes in movement and velocity. Combining these gives
the application a fairly accurate picture of the environment, which it then uses to move,
scale and rotate the virtual model accordingly. The accuracy can further be improved with

optical markers, such as QR codes, which serve as a stable and predictable location for
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the virtual model. The marker can also be a certain pre-defined real-world feature, such
as a building. [Furth, 2011].

The user interface is an integral part of an augmented reality application. The inter-
face can be constructed in different ways depending on how the application is intended
to be used. If we take mobile devices as an example, the interface can be categorized into
three main interaction techniques: touch-based interaction, mid-air gestures-based inter-
action, and device-based interaction. Touch-based interaction means physically touching
a screen to interact with objects on the screen, while mid-air gestures interaction refers to
manipulating virtual objects in real space by observing the environment through a screen
and tracking the gestures with a camera. Lastly, device-based interaction means using the
device itself as a controller for interaction purposes. These 3 techniques are visually de-
picted in Figure 6. [Goh et al., 2019].
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Figure 6. Examples of three augmented reality interaction techniques: touch-based (a),
mid-air gestures-based (b) and device-based (c) [Goh et al., 2019].
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These interaction types are based on the assumption that the user only has access to a
single mobile device, but further techniques are also possible with external tools. For
example, Furth [2011] explores the idea of a physical paddle with trackers that map the
movements into augmented reality. In any case, the type of the interface often differs
between implementations, depending on how the application is intended to be used, rang-
ing from minimalistic to multi-layered complexity. For example, applications geared for
designers might place more emphasis on accurate controls and well-defined visuals, while
applications marketed for the general public might build on a more interesting and easy-
to-understand interface.

The software behind the application is important as well and can greatly affect the
final outcome. This can be as simple as rudimentary motion tracking tools, or more so-
phisticated such as using artificial intelligence to recognize specific objects in the envi-
ronment [Furth, 2011]. Most popular mobile operating systems come with their own aug-
mented reality frameworks, such as ARKit for Apple and ARCore for Android, which
contain all the basics needed for creating augmented reality applications. There is also
specialized software for professional applications specifically related to architecture,

which will be explored in further chapters.

3.2 Comparisons with virtual reality

Augmented reality is often compared to virtual reality, as both have similar ways of dis-
playing virtual information to the user. The terms are also commonly used interchangea-
bly in various medias to describe computer-generated worlds and simulated environ-
ments. However, it is important to create a distinction between these two, as they are
based on entirely different technologies, and used for different purposes. The key differ-
ence is that augmented reality adds perceptible virtual information on top of real-world
environment, while a virtual reality is based entirely in a virtual environment. Figure 7
shows the distinction between reality, augmented reality and virtual reality, where aug-
mented reality is sitting somewhere in the middle between the physical world and a purely
virtual environment. [Mekni & Lemieux, 2014].

Reality Augmented Reality Virtual Reality

. >

Virtuality Continutim

Figure 7. The continuum between reality, augmented reality and virtual reality [Mekni
& Lemieux, 2014].
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Virtual reality gives the designer full control of the environment, including the lighting,
weather and surrounding buildings. The technology is also not based around any physical
location and can be used anywhere at any time. However, it also creates considerably
more work for the designer, as the designer has to create not only the building model, but
also every other aspect of the scene relevant for the project. In addition, while mobile
phones can be used to view virtual reality, they are not very well equipped to do so. The
most popular way to access virtual reality remains to be head-mounted displays, which
tend to be rather expensive and thus limit the access to the technology.

It is worth mentioning that several virtual reality applications already exist for archi-
tecture and design, with many aspects that are similar to augmented reality [TMD STU-
DIO, 2017]. Therefore, when designing augmented reality applications, it can also be
useful to take a look at how things work in virtual reality implementations. Moreover,
building models created for virtual reality (using commonly available modelling soft-
ware) are usually also compatible with augmented reality, so potentially both technolo-

gies could be used as part of an architectural project.

3.3 Benefits and drawbacks of augmented reality

Augmented reality offers numerous benefits for architecture that are difficult to replicate
with more traditional tools. Viewing full-scale 3-dimensional models in a real-world en-
vironment naturally affords a more intuitive picture of how the building will look like
when it’s constructed. However, there are also many other aspects to consider, which
become apparent when investigating prior research on the subject. This subchapter takes
a more in-depth look at what exactly are the practical benefits and drawbacks of using
augmented as opposed to more traditional architectural visualization tools, such as 2-di-
mensional image renders and physical miniature models.

Mekni and Lemieux [2014] investigate the current applications and future trends of
augmented reality. They formulate that augmented reality is, in essence, a powerful user
interface that increases the user’s perceptions of reality, even while the reality itself
doesn’t change. In doing so, augmented reality enables the addition of new layers of in-
formation to the physical world that wouldn’t otherwise be visible. Thinking of aug-
mented reality in terms of these layers presents some added benefits beyond just visual-
izing the building itself: the interface can also provide information about the interiors,
materials, construction schedules and so on.

Augmented reality can also support complex design and planning decisions in ar-
chitecture. The technology allows architects to visualize their designs in a more intuitive
way and makes it easier to determine the relationships between design space and struc-
tural systems [Mekni & Lemieux, 2014]. In other words, while a computer screen can

technically display the visual details and structural components, the flat 2-dimensional
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projection is missing the true spatial dimensions of the real world. This, however, can be
achieved with the help of augmented reality.

Kim et al. [2011] point out how augmented reality technology has become easily ac-
cessible for the general public. Smartphones, with their ever-increasing processing power
and numerous standard frameworks for augmented reality applications, bring the technol-
ogy to the reach of the masses. And as smartphones can be carried around virtually any-
where, they provide access to the technology without being tied to any specific location.
On the other hand, the architectural model can also be viewed in its intended construction
location, allowing the user to better visualize the design in the context of the surrounding
environment.

Lastly, augmented reality is still a relatively new and interesting concept, which can
attract people just by its novelty value and potentially increase interest in the area it is
utilized in. This can be, for example, public participation in architectural projects. Provid-
ing a novel and easily accessible way for the public to view proposed designs in aug-
mented reality can make people more eager to try the new technology, and in the process
also increase their interest in architecture in general.

With positives, also come the negatives, as there are some drawbacks to augmented
reality technology that are worth mentioning before proceeding further. One major con-
cern is that creating architectural models compatible with augmented reality means sig-
nificantly more work for the designer. When creating traditional 2-dimensional renders,
the usual method is to create only the objects that are visible in the final image and adjust
all the colours and lights for that specific point of view. This means that while the designer
is technically working with a 3-dimensional model, it only has to look good from the
single 2-dimensional point of view that is seen in the final image. Exporting the model to
an augmented reality application would mean that the model has to look good from every
angle, as the user could see it from different directions.

The physical world around the virtual model also poses some additional difficulties.
The designer has no control over the surrounding buildings and other objects, which may
change over time and affect the visualization. For example, an architectural project in a
dense urban environment may see nearby construction zones blocking the view with
cranes or scaffoldings, or even completely blocking the road and thus the access to the
location of the visualized building.

Moreover, as the environmental conditions cannot be known beforehand, the appli-
cation has to adjust to a variety of different situations. The light level changes throughout
the day and the weather can be anything from clear skies to rainstorms. On top of that,
applications that use camera for vision-based tracking may not work at all in poor viewing

conditions. With traditional 2-dimensional renders the designers often aim to create a
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certain mood or atmosphere for the visualization, but with augmented reality this type of
consistent image for all users is increasingly difficult to accomplish.

Another significant drawback is that in most cases augmented reality visualizations
require separate devices and software to view, as opposed to traditional 2-dimensional
renders that can simply be viewed as pictures. This requires considerable effort from the
users, who might first have to download the application onto their device and learn how
to use the it correctly, which can be difficult without prior experience. These devices can
also vary from user to user, adding even more complexity to the process.

Furthermore, augmented reality devices (such as smartphones) are evolving rapidly
and constantly upgrading their build-in technologies, making some of them better suited
for augmented reality than others. For example, the accuracy of the movement sensors
directly correlates with the stability of the virtual model, which may give better experi-
ence for users with access to the latest technology. This can also exclude users who do
not have devices capable of supporting augmented reality, which is especially problem-
atic if the application is intended to encourage public participation in architecture.

In short, augmented reality, like all technologies, comes with its own unique bene-
fits and drawbacks. It creates an opportunity to visualize architecture in a more natural
and intuitive way, while also necessitating certain technologies to access it. It provides
users a more complete picture of the design, while also requiring more effort in the form
of learning to use a new application. Still, the technology is certainly beneficial in some
situations and can be a powerful addition to the traditional visualization tools, such as 2-
dimensional images and physical models. The next chapter will take a closer look into

how exactly augmented reality can be used in architecture.
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4 Uses of augmented reality in architecture
Augmented reality can be a powerful tool in the field of architecture, allowing designers
to visualize how their models would look like in the real-world environment and work on
the design in an intuitive and iterative way. It can also be useful in showcasing the design
to the project stakeholders and even the general public. The technology can also be an
integral part of architectural education, allowing students to better understand their mod-
els in relation to the surrounding environment. Furthermore, augmented reality applica-
tions can also help those working with architects, such as engineers and construction
workers, to visualize their work and the end goals of the project in a more concrete way.
This chapter will dive into this topic deeper and explore how augmented reality tech-
nology can be applied specifically to the field of architecture, and what existing applica-
tions there are already available. The chapter is divided into five subchapters, each taking
a look at one aspect of architecture: design, marketing, public participation, education and
construction. The possibilities are highlighted with both theoretical research and concrete

real-world examples.

4.1 Designing architectural models

The most important aspect of an architectural project is naturally the design itself. When
a new construction project is launched, architects are responsible for creating a design
that fits the given budget and pre-requisites, while at the same time being aesthetically
pleasing and fitting well in the environment. Augmented reality can help with this by
providing the means to bring the designs into the real-world before the construction pro-
cess has even started. This can help the designers evaluate their designs in context of their
physical surroundings and make changes while still in the early stages of the project.

Kim et al. [2011] highlight in their research how the design industry has taken in-
terest in augmented reality technology, and what possibilities have already been proto-
typed. Augmented reality applications have been used to enhance decision-making at
early stages of a project, change the features of the design in a real-time environment and
generate full-scale 3-dimensional compositions of buildings on-site. While wider-scale
industry adoptions were still lacking at the time the article was written, the research still
points out valuable practical evidence on how augmented reality fits within the design
industry, and how it can be developed further.

They especially cited tangible user interface as one of the strong points of aug-
mented reality when it comes to design. This refers to interacting with the virtual infor-
mation using physical objects or hand movements, as opposed to mouse/keyboard or a
touch-based input. One of their findings was that a tangible user interface had an impact

on designers’ spatial cognition when working with their architectural models. As aug-
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mented reality is built on utilizing real-world surroundings, it can activate the same prob-
lem-finding behaviours that are present when working with real, physical models. This
can potentially lead to more natural and creative design. [Kim et al., 2011].

More recent research explores how augmented reality can be harnessed for more
immersive design experience. Bravo and Maier [2020] approach augmented reality from
the viewpoint of information visualization, describing it as an engaging and embodied
analysis tool for understanding complex data. According to their research, the technology
can be used as part of a design process to understand architectural models better, and thus
make more informed decisions on how to proceed next. This also supports iterative design
by allowing the designers present their ideas in a more detailed way, for example in the
company boardroom or during client presentations, and gain the necessary feedback
needed to improve their designs.

The researchers also developed a prototype concept for augmented reality infor-
mation visualization. They collaborated with a software development company to pro-
duce an application for Microsoft HoloLens, a head-mounted augmented reality display.
They then created a 3-dimensional stacked area chart, intended to represent complex vis-
ual information, and asked some participants to interact with the chart using the aug-
mented reality application. The results suggested that being able to interact with virtual
data in a real-world environment reduced the perceived cognitive load and allowed the
participants to grasp the concepts more quickly. Translated to the context of architectural
visualization, this prototype tool could also hold promise in presenting complex architec-
tural models as part of the design process. [Bravo & Maier, 2020].

Looking at the above-mentioned research, we can see that augmented reality com-
bines two integral parts of architectural design: natural interaction and visualization.
Moreover, it can also support a shareable interface, opening up the possibility of immer-
sive collaborative design. Milovanovic et al. [2017] investigate what opportunities there
are for shared design experiences in augmented reality by pooling together earlier re-
search on areas such as interior design, building management and future project visuali-
zation. They conclude that collaborative augmented reality can support active participa-
tion of team members by creating the feeling of working together in the same space, even
when the team is working with virtual models.

For example, augmented reality facilitates more in-depth discussions between de-
sign professionals by providing a way for actors to visualize the same objects in real
space, mimicking how designers work with physical models. This generates more effec-
tive communication and supports mutual understanding, as opposed to viewing the de-
signs on more traditional platforms, such as computer screens. In this sense, augmented
reality can narrow the gap between the virtual and the physical, offering an alternative

way for design studios to work on their projects. [Milovanovic et al., 2017].
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A practical example of a collaborative design software is AR Sketchwalk, an aug-
mented reality tool released in 2019 by Morpholio. The tool allows architects to sketch
out a virtual overview of their plans in real space, and in true scale. The sketches can then
be shared between other nearby users of the app, making it possible for teams to work on
the same virtual model together using their own mobile devices. Figure 8 shows how the
software looks from designers’ point of view, while also highlighting some of the features
available in the application. [Morpholio, n.d.].
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Figure 8. AR Sketchwalk, an augmented reality application supporting collaborative de-
sign. [https://www.archdaily.com/913039/morpholio-unveils-ar-sketchwalk-an-aug-
mented-reality-tool-to-immerse-users-in-design].

The tool opens up new possibilities for real-time collaboration in architectural design and
shows where the technology could be headed in the future. Users of the tool have com-
mented that it makes design feel far more engaging and productive, and that the sense of
true scale simply couldn’t be communicated as effectively via other mediums [Allen,
2019]. Architectural design relies heavily on spatial perception, and these user experi-
ences with augmented reality show just how important the real-world environment is for
understanding the design.

Nevertheless, despite the unquestionable potential there still remains some prob-
lems with using augmented reality as a design environment, such as the lack of complex
manipulations and accurate controls afforded by a traditional desktop computer with a

mouse and keyboard. This is to say that augmented reality is not yet at the point where it
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can completely displace other technologies for architectural design, rather it is something
that can add new features and ways of working alongside them. Therefore, in order to
optimise the design workflow for architecture, augmented reality applications should be
developed and implemented in parallel with the traditional tools.

However, one area where augmented reality truly shines is intuitive visualization
of complex models. This becomes relevant when the simplicity of the presentation is im-
portant, such as when presenting complex models to people who have no prior experience
with the design. Most often architectural design also includes marketing the design to
interested parties, such as the clients who are paying for the project or the city officials

who are responsible for approving the designs.

4.2 Marketing architectural designs

In addition to providing more intuitive ways for architects to work with their models,
augmented reality also offers a way for stakeholders and clients to view the proposed
designs in a more comprehensive manner. This can speed up the communication between
designers and stakeholders by dealing away with unnecessary complexities in presenting
the design, while also keeping both parties interested and engaged in the process. This
can also be a driving force for increasing sales in commercial architectural projects, and
as such holds significant economic opportunities as well.

Taking a look at mobile app stores gives an idea of what practical implementations
of augmented reality are already available for marketing architectural designs. There are
currently a handful of applications available specifically for augmented reality visualiza-
tion, such as Augment, Pair and ARKki [Prus, 2018]. These applications come with a vari-
ety of tools and techniques to help architects visualize their designs in a 3-dimensional
format. Moreover, they are also applicable in different fields related to architecture, such
as exterior and interior design, product visualization and ecommerce.

For example, Augment markets their application as a platform for 3-dimensional
product visualization. The technology is applicable for architectural design as well, and
has been used in some architectural projects already, such as a housing project in Nicara-
gua. During the project, sales agents used Augment to visualize to their clients how the
properties would look like once they are constructed, which was cited to significantly
improve the effectiveness of the sales meetings. [ Augment, n.d.].

The tool allows the user to search and pick a 3-dimensional model, drag and drop
it in their environment and then move and scale it as needed. The models are fetched from
an online vault linked to Augment, where users can upload their own models. The vault
also supports sharing the models between teams and customers, or even making them
publicly available for anyone to use. Figure 9 shows how the user interface of Augment
looks like, displaying a virtual model of a beverage cooler placed inside a physical store.
[Augment, n.d.].
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Figure 9. The user interface of Augment, a mobile augmented reality application
[https://www.augment.com/augmented-reality-apps/].

Augment offers an easy way for architects to visualize their building models in the phys-
ical environment and interact with them in an intuitive way. The drawback of Augment
is that it doesn’t support GPS-based tracking, so the building is not automatically placed
in its correct location, even when viewing it on-site. The user has to move, rotate and
scale the model manually, which makes it difficult to get the dimensions exactly correct.
However, it is still a useful tool for quickly viewing the models, for example in the office,
without having to spend the time and resources it would take to create the more immer-
sive, on-site visualizations.

Another example of a successful application for marketing is an augmented reality
tool designed by IKEA called IKEA Place. The app is designed to help IKEA customers
visualize how furniture would look like in their home before actually buying them from
the store. With the app the users can select one of the 2000 items and accessories from
the IKEA catalogue and then tap any location on the screen to place the object there. The
scaling is done automatically based on the dimensions of the room, and even the lights
and shadows are rendered accordingly. The items can then be viewed from multiple an-
gles by moving the device around. Figure 10 below shows how the app is intended to

work, with virtual accessories mixing with real-world objects. [Ozturkcan, 2020].
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Figure 10. IKEA Place, an augmented reality application for interior visualization
[https://newsroom.inter.ikea.com/news/ikea-to-launch-new-ar-capabilities-for-ikea-
place-on-new-ipad-pro/s/0856061d-d4b0-4dcd-al84-324aa838ac1b].

IKEA Place is a useful example, as it has already been widely downloaded by customers,
and therefore presents a considerable amount of ratings and reviews to analyse. The re-
views are overwhelmingly positive, with an overall 4.7/5.0 rating on the Appstore
[Ozturkcan, 2020]. It was also one of the first commercial applications to take advantage
of the ARKit framework provided by Apple and shows that the technology to implement
convincing augmented reality applications is readily available on modern smartphones.
The possibility of seeing a virtual replica of a real object, whether it be a piece of furniture
or a proposed building, offers many possibilities that can be experimented with.
However, the common theme is that while many of these augmented reality appli-
cations for marketing already exists, they have not yet gained wider popularity outside a
few specialized areas, such as browsing through the IKEA catalogue. This can, in part,
be pinned on the inherent newness of the technology, as there has not yet been so much
time to test, evaluate and iterate the applications in practical settings. Further research in
this area could help designers and shareholders alike adopt the technology in practice. In
addition, there is one opportunity that holds great potential for bringing augmented reality
applications into the wider public consciousness, and that is making it possible for the

public to participate in architectural projects.
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4.3 Public participation in architectural projects

Architecture has, by default, a great impact on public spaces and the countless people
using those spaces in their everyday lives. However, it is not so often that general mem-
bers of public can influence the designs that shape their living environments. A publicly
available augmented reality application could help with facilitating more active partici-
pation by allowing users to visualize how different designs would look like and give feed-
back and suggestions on the design process.

Allen et al. [2011] explore how mobile augmented reality applications can increase
public participation in urban planning projects. In their study, the researchers constructed
a prototype augmented reality application that superimposes a variety of designs on top
of existing real-world architecture, complete with an interface that lets the user change
certain aspects of the design in real-time (see figure 11). They then asked members of the
public to use the app as part of a simulated urban planning event and documented their

experiences.

"™

Figure 11. A prototype augmented reality application designed to allow public partici-
pation in urban planning projects [Allen et al. 2011].

The results of the study hint that augmented reality can be an easy-to-use and accessible
way for the public to influence architectural projects. Many of the participants felt that
concept was intuitive, and even those that had never used augmented reality before un-
derstood how to use the tool, with little instructions needed. Some also mentioned in-

creased motivation for participating in public planning processes after using the tool. This
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shows that such tool could potentially be released as a public application that anyone can
download, given that it requires no prior training to operate. [Allen et al. 2011].

Regarding the practical use of the application itself, the participants of the study
suggested various ways in which the tool could be used. One interesting highlight was
that while drawn plans and static pictures can give an idea of how a building would look,
an augmented reality model gives a better idea of the intention of the design. This means
being able to visualize how the building would be used, and how it would appear from
the perspective of a user of the building. These findings suggest that the environmental
context surrounding the building is more important than previously thought and should
be taken more into consideration in the design itself. [Allen et al. 2011].

The feedback from how users approach the building in augmented reality can also
be invaluable in the design process, as this offers a possibility to see how people would
behave in the physical building once it’s built. In augmented reality, the users can walk
towards the building, look at it from different angles, and possibly even enter the building
and see how it looks like from inside. One common theme in design is that often the
designers and users have different ways of seeing things, so getting feedback from the
users in early stages of design can lead to a more iterative process where the needs and
wants of the user can influence the design. Large projects with a significant number of
potential users could even benefit from big data analytics drawn from raw data provided
by the application, given that such feature is feasible to implement.

A real-world example of successful public participation in architecture is an aug-
mented reality campaign by Network Rail, the infrastructure manager for most of the
railway network in the United Kingdom. The company is currently in the process of roll-
ing out a new generation of railway footbridges and has been looking for new ways to
showcase the future designs to their passengers and local communities alike. In 2019 they
collaborated with ARKki, an augmented reality application that provides 3-dimensional
visualizations of planned buildings, to visualize the proposed footbridge designs at their
stations. Figure 12 shows a screenshot of the application displaying one of three possible
virtual footbridge designs at Castleford station. [Network Rail, 2019].
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Figure 12. A screenshot of ARki app displaying a virtual footbridge design
[https://www.scottishconstructionnow.com/article/network-rail-uses-augmented-reality-
to-showcase-architect-footbridge-designs].

Users can download the ARKi application for free from the Appstore and use it on partic-
ipating railway stations to see what is planned to be constructed there. The virtual model
is automatically placed in its correct location and in the correct scale, giving the users an
accurate picture of the future design. They can also switch between alternative designs,
read some additional information about them and give their feedback on which ones they
like the most. [Network Rail, 2019].

The application has received praise for democratizing design and giving the public
access to early stages of project development [Darf Design, 2020]. Moreover, as the cam-
paign uses an existing augmented reality application, ARki, it brings down the cost as
new technologies need not be created from scratch. The application also supports some
additional features that were not implemented with Network Rail, such as interactive lay-
ers and shared designs. This shows promise for future possibilities, as not only is it useful

in informing the public, but it could also help educate the new generation of architects.

4.4 Architectural education
Architectural education is largely built on understanding how our brains conceptualize
the build environment and the visual perception of space. Both of these can be supported

with augmented reality, by providing students with a platform that brings their designs
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into the real world and facilitates learning by experimentation. Some universities have
already started adopting this technology as part of architectural education, and the results
suggest that more widespread use could already be on the horizon.

Escudero et al. [2016] research how augmented reality has been utilized in teaching
architectural visualization techniques in a university setting. The study follows students
taking a class where they are introduced to different tools for working with architecture,
among those also an augmented reality application. The main goal of this study was to
find out how new technologies can be incorporated into the classroom, and it offers val-
uable insights on the benefits that augmented reality can bring.

Some of the key findings were that augmented reality helped the students improve
their 3-dimensional models and ways of working with the models. Many students felt that
it was more natural to view the architectural models through augmented reality viewport,
and that the technology worked particularly well with more complex models. The inter-
face and mode of interaction (hand gestures) were also cited to feel intuitive and easy to
use. When compared to more traditional tools, such as desktop computer programs, aug-
mented reality felt more suitable for manipulating objects. [Escudero et al., 2016].

In another study Sanchez et al. [2014] created an experiment where architecture
students in Barcelona were given educational assignments where they had to utilize a
mobile augmented reality application. The assignment consisted of creating several 3-
dimensional architectural models and visualizing them in pre-determined locations
around the university campus. The students could also use the application to view models
created by other students and comment on factors such as the appearance, impact and
scale of the building.

After the assignment, the students were asked to fill a survey determining the usa-
bility of the augmented reality application, as well as their personal views on the technol-
ogy. The application was considered very intuitive to use, and even those with no prior
experience with augmented reality applications successfully completed the assignment.
Many felt that it was useful for their future employment, as they would likely continue
using augmented reality also in their professional careers. In addition, some felt that it
improved their relations with their professors and other students, as the technology pro-
vided them with more discussion points about their designs. [Sanchez et al., 2014].

Megahed [2014] conceptualizes what a future classroom for architecture students
could look like, making extensive use of various augmented reality technologies. Figure
13 shows an illustration of the classroom and its different components. A central feature
of the classroom would be a surface with tracking markers, which enable accurate place-
ment of virtual models and make sure that the models are displayed in the same location
for all users. The students could then view their 3-dimensional designs through either a

head-mounted or hand-held augmented reality display. Furthermore, a centralized video
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camera and sensor unit would track the students and translate their hand gestures into
manipulations of the virtual models.
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Figure 13. Concept of an augmented reality environment for architectural education
[Megahed, 2014].

The proposed system could support collaborative design by allowing multiple students to
participate in the same augmented reality experience and work together on the same vir-
tual models. They could walk around their models and view them from different angles,
as if they were physical objects, and perform some simple manipulations. Moreover, as
everyone would see the same models, the students could also discuss their designs with
each other. This could enhance the creativity of the students by offering a more interactive
way of working together. [Megahed, 2014].

The technology certainly holds promise in bringing an innovative approach to ar-
chitectural education. Although it might not be the ideal solution for all educational ap-
proaches, it still presents a powerful tool for visualization that can support and work in
parallel other teaching techniques. It is also worth keeping in mind that augmented reality
is gaining more foothold in the industry as well, so including it as a part of practical
training can be beneficial in future employment as well. And this is not limited to only

architects, but also other professionals involved in making the designs become reality.

4.5 Construction process

Augmented reality can be a valuable tool in the construction process by helping the work-

ers and on-site staff visualize how the final design is intended to look like. Chi et al.
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[2013] point out three common issues in construction projects, namely lack of infor-
mation for project workers, mismatch between plans and their practical implementations
and poor communication between participants of the project. Augmented reality can help
with all three of these issues by combining virtual plans with the real-world environment,
effectively communicating the architect’s ideas to the on-site workers responsible for im-
plementing them.

For example, augmented reality can be used to show the placement of underground
or in-wall infrastructure, such as electrical cables or water pipes. The technology also
allows the structures to be imbued with an additional layer of information, such as sched-
ules for when specific parts are to be constructed, records for when maintenance is due
or even simulated models for dynamic and interactive components [Chi et al., 2013]. This
can help to make sure that tasks are completed in the right order, in schedule and accord-
ing to the desired quality and safety standards.

In addition, augmented reality opens up possibilities for more complicated designs
than would be possible with traditional techniques. Fazel & Izadi [2018] present a proto-
type tool for constructing complex surfaces by showing the construction worker in aug-
mented reality where different components should be placed. In their research they take
brick structures as an example, using the application to highlight how the bricks should

be arranged to produce a pre-determined pattern. Figure 14 shows the process used in

creating a flowing brick wall pattern.
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Figure 14. Demonstration of using augmented reality to help in construction of complex
surfaces. [Fazel & Izadi, 2018].
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The process resulted in five full-scale brick walls constructed with high levels of accu-
racy. The method was very efficient in reducing the cognitive load of the builder, allowing
the walls to be constructed in a quick pace without significantly affecting the error margin
[Fazel & Izadi, 2018]. The study shows that augmented reality technologies can be har-
nessed not only in large-scale design, but also in the ground-level construction process.

Many of the mentioned features have already been applied in practice on the con-
struction site of a new 74-story skyscraper in New York. The architecture firm in charge
of the design, SHoP, have been looking for new ways of communicating their designs to
the on-site crew working on the construction site. They had noticed that one of the greatest
challenges in their industry is getting accurate information down from the architect to the
actual workers with tools in their hands. The previous solution, a 1200-page schematic of
the building design, has not exactly been the most efficient one. [Chen, 2019].

As such, the company has been working on an augmented reality application to
visualize nearly every aspect of the construction process, allowing the contractors to
check where the plumbing should go and whether columns are correctly aligned. The
application is constantly being developed as the construction progresses, facilitating an
iterative design process based on the needs of the users [Chen, 2019]. Figure 15 shows a
demonstration of the application at work, visualizing how structures currently under con-

struction are intended to look once completed.

Figure 15. An augmented reality application being used at a skyscraper construction
site. [https://www.nytimes.com/2019/11/08/realestate/how-virtual-reality-is-augment-
ing-realty.html].
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The application can visualize information in real time, showing live updates from what
materials have been used, how the construction is progressing and what are the current
dimensions of the building [Chen, 2019]. This both streamlines the construction process
for the workers, but also provides an easy access for other interested parties to view in-
formation about the construction. The economic benefits from the increased efficiency
are also significant, not to mention the amount of time saved.

In essence, an augmented reality application could function as an easy-to-access
database of information, immediately providing the necessary details for the specific sit-
uation without the worker having to search for it in a traditional sense, as would be the
case with instruction manuals or planning documents. The implementation of the appli-
cation is key, and in an ideal situation could significantly increase both the productivity

and overall job satisfaction for construction professionals.
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5 Proposed augmented reality application for architecture

Now that we know how augmented reality has so far been used in different areas of ar-
chitecture, it’s time to ask what the next steps are. A common problem in previous im-
plementations has been the lack of widespread industry adoption and commercial public
applications. A part of the reason for this may lie in the inherent newness of the technol-
ogy, as there has not yet been sufficient domain knowledge for augmented reality in ar-
chitecture. This chapter aims to contribute to that by proposing a mobile augmented real-
ity application that builds on the existing solutions highlighted in the previous chapters.

An inspiration for the proposal was the rapid pace of urbanization in growing cities.
New developments are constantly emerging, and cities can change tremendously in the
span of even a decade. The author’s hometown — Tampere, Finland — is also one of
these cities. In 2018 the city of Tampere unveiled plans for a 12-year development pro-
gram titled “Viiden tdhden keskusta” (five-star city centre), consisting of numerous large-
scale development projects around the city [City of Tampere, 2018]. This included a new
stadium complex, re-design of the city’s central railway station and several new residen-
tial districts. The city and collaborating architectural firms have also released extensive
3-dimensional visualizations of the upcoming developments.

The development project is massive and affects most or even all of the city’s resi-
dents in one way or another. Moreover, projects such as these are happening in countless
cities around the globe as the world continues on the track of rapid urbanization. As such,
the question arose of how designs such as those in Tampere could be better brought into
the public consciousness. A publicly available mobile augmented reality application
could be one way to accomplish this, hence the proposal.

The application would show the user new developments in their area, by visualizing
them in a 3-dimensional augmented reality view. This would require collaboration with
the city, architectural firms and other parties, who should provide the building models for
the application to function. The models would then be shown in their actual locations,
and in true scale. This chapter will go over requirements for how such application could
be implemented, as well as describe the user interface and technical details.

Figure 16 shows a concept of the proposed application, created by combining three
pictures together in Photoshop. The view within the tablet has been adapted from City of
Tampere’s plans for a re-design of the Tampere railway station, planned to be completed
in 2027. The view outside the tablet is a picture taken by the author at Tampere railway
station in November 2019. Both views are intended to be from the same location, demon-
strating how the augmented reality application could display future architectural plans

from the point of view of the user’s current position.
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Figure 16. Concept of the proposed application. [Adapted from https://www.tam-
pere.fi/tiedostot/t/IR7Ng45aN/kehitysskenaariot tampereen_asemakeskus.pdf].

All five areas of architecture highlighted in the previous chapter — design, marketing,
public participation, education and construction — are considered when outlining the
proposed application. The first area, design, could be taken into account by allowing de-
signers to upload their models even in early stages of the project, in order to visualize
how they would look like in the real environment and gain insights into the design pro-
cess. The visibility of the models could be controlled to hide them from the public users
of the application and show them only within the design team.

Marketing, on the other hand, could be supported by allowing the architectural
models to be shared also with stakeholders and customers. For public projects, the visi-
bility would not need to be restricted at all, which would also facilitate public participa-
tion in the project. The application could come with a built-in rating and feedback func-
tionality, allowing general members of the public to contribute to the design process by

selecting their favourite options and giving their feedback for the designers.
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The application could be harnessed for educational purposes by facilitating collab-
orative experiences for students of architecture. Students could investigate new architec-
tural developments in their area and discuss their experiences together. In addition, they
could potentially add their own designs into the application and view them in real-world
locations, creating a more immersive design experience and painting a picture of how
ideas can become a part of the real environment.

Finally, the application could be a valuable tool in construction by concretely visu-
alizing the architect’s intentions for the construction personnel. A highly detailed model
could show where new structures will be built and give a more intuitive idea of where the
construction project is headed. Displaying live updates on the current status of the con-
struction would also be within the realm of possibility, although significantly increasing
the complexity of the application in the process.

All things considered, the application could be useful in multiple fields and for dif-
ferent purposes. However, the basic concept is rather straightforward: visualizing archi-
tectural designs around the user in real space. This chapter will go over the practical pro-
cess of how the building models could be brought to the application by cooperating with
architectural design firms, and what would be the supporting technologies behind such
process. Next, the interface of the proposed application will be described, along with the
possible functionalities available for the user. Lastly, the possibility of a practical imple-

mentation of the application in the future will be evaluated.

5.1 Accessing architectural models with the application

The proposed solution would support uploading 3-dimensional building models into an
online database, which could then be accessed by the application as needed. The models
could be created beforehand in any modelling software that supports common object for-
mats, such as FBX, 3DS and OBJ, and then uploaded as is. Most modern smartphone
operating systems (including Android and Apple) come with their own build-in aug-
mented reality frameworks that already support the common formats, making it possible
to develop the application without having to create the functionality from scratch.

The models would each have a specific geographical location, as well as pre-deter-
mined dimensions and orientation, in order to visualize them correctly. In essence, the
virtual models would look the same as the real buildings once constructed. The models
could also be either private or public, meaning that the models would not be visible to
users of the application without permission. This gives the possibility of sharing the mod-
els with only a specific group of people, such as the designer’s team.

There now remains the question of why architectural firms would collaborate with
the application to upload their designs. Traditional architectural visualizations, such as

those seen on company webpages and promotional materials, are most often 2-dimen-
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sional renders of the designs, even if the underlying models are 3-dimensional. Such mod-
els are usually designed to only look good from the specific view that is shown in the
final render. Bringing the models into an augmented reality application would mean that
the model should look good all-around from every point of view. Naturally, this would
create significantly more work for the designer.

In addition, the real-world environment presents some additional constraints for the
architectural model. Continuing with the example of 2-dimensional renders, such ap-
proach makes it possible to tweak the lights, textures and atmospheric conditions in a very
precise manner to make the final render look just right. The level of detail and quality can
also be extremely high, even if this means that the rendering will take some time. Neither
of these are possible in a real-time augmented reality environment, which begs the ques-
tion of why architects would be interested in such application.

While it is true that a real-time environment creates additional work for the de-
signer, it also automates some aspects of it. For example, many augmented reality frame-
works support real-time lighting and shadows, which means they can be generated on the
spot and even change over time. The direction of the light can also be calculated to match
the real-world conditions by checking the location of the user via GPS and using the time
of the day to determine where the sun is shining from, or whether the sun is shining at all.
This can contribute to significantly increased feeling of realism.

In the end it’s important to keep in mind that architectural visualizations are first
and foremost designed to communicate the architect’s ideas to interested parties, be it
clients, stakeholders or the general public. Augmented reality, as has been pointed out in
previous chapters, is excellent at communicating ideas in an immersive way. The tech-
nology can generate a greater level of understanding and spark interest in a way that is
difficult to replicate with more traditional tools. Moreover, augmented reality itself is
something that is a relatively new concept and can therefore interest people just by the

novelty value alone. And this, in turn, can be translated into interest in architecture.

5.2 Interface and functionality of the application

Given that the above-mentioned issues with getting models for the application are solved,
the next important thing is the interface and the different functionalities it affords to the
user. This subchapter will take a closer look at the practical design of the interface and
describe the controls in more detail. For the purposes of the presentation, some aspects of
the interface will be simplified, such as general settings and user authentication.

Figures 17 and 18 show the visual design of the user interface, with Tampere once
again as the example location. The first view shows the user nearby architectural projects
based on the GPS location, in this case some real projects that are part of the Tampere
city development program. The pictures can then be clicked to show more information

and open an augmented reality view where the chosen building models are placed.
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Figures 17 & 18. Interface of the proposed application. [Adapted from
https://www.tampere.fi/tampereen-kaupunki/ohjelmat/viiden-tahden-keskusta.html].
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The second view illustrates a map functionality that shows where the projects are located
in the area. The map can be opened manually by clicking the location button on top of the
screen, or it can also open automatically if the user selects a project in the first view that
is currently too far away for the visualization to work. The second option would then
guide the user towards their chosen project. The map can be browsed to view projects
that are further from the user than the first view supports, even in other cities, which
serves to give the user a complete picture of projects available in the application.

Regarding the augmented reality view itself, figure 16 from earlier shows how it is
intended to look. The aim is to keep the visual overlay minimalistic and easily accessible,
and instead support actions within context of what is currently shown on the screen. In
other words, not having buttons on the screen, but automatically recognizing what infor-
mation is relevant at any given moment, such as additional details about models within
the viewport. To give an example from the figure 16, the display could show the user
when certain features of the train station are planned to be completed, what are their tech-
nical details or even what are the reasonings behind the design decisions. The information
could also be toggled on and off by touching the objects on the screen.

As the virtual models are automatically placed in the correct location and have a
pre-determined size and orientation, the user does not need controls to manipulate the
objects. The functionalities would then depend on what the chosen project model sup-
ports. For example, there might be alternative versions of a certain design, in which case
the user should have the option to switch between them. The models might also have
several layers to flip through, such as the exterior, interior and even underground compo-
nents. A highly advanced model could even support different stages of the construction
process, allowing the user to see how the building will be constructed over time. In short,
the basic functions are rather minimalistic, but additional functionalities could be built
into the application if there’s need for them. This also necessitates that the application
would evolve over time based on the needs and wants of the users.

The architectural models would be uploaded on a separate online platform. This
would function by logging into a website, selecting a virtual model of any supported for-
mats, and then uploading it on the server. The exact geographical coordinates, dimensions
and orientation of the design would also have to be specified, as well as who should be
able to see the project (public or private). The model could then be accessed via the ap-
plication, given that the user is close enough to the physical location of the model. The
application itself could be used without logging in, however in this case the user could
only see publicly available projects. Creating an user and logging in would grant the op-

tion of viewing privately shared projects as well.
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5.3 Practical implementation of the application

The proposed application was not implemented in this research, but the possibility to do
so later still remains. Most of the components required for the application already exists
in one way or another, so the task would be to combine these together in a meaningful
way. For example, the technical frameworks behind mobile augmented reality applica-
tions are already well-developed and supported by most common operating systems.
Many of the features have also been implemented before, as seen in the examples listed
in chapter 4. The user interface would have to be created, but even this would not be so
different from creating interfaces for other augmented reality applications.

Perhaps the most difficult aspect would be gathering enough visibility for the appli-
cation to be successful, and for architectural firms to spend the time and resources neces-
sary for bringing their designs to the application. On the other hand, for users to be inter-
ested in the application there would already need to be some virtual models for them to
visualize. Extensive marketing and cooperation with cities and companies alike would
therefore be required. Such was not in the scope of this thesis, and therefore the applica-
tion was not implemented in practice. However, conceptualizing the design can still be

helpful for future developments of augmented reality for architecture.
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6 Conclusions

In the beginning of the thesis, the following three research questions were asked:

1) How can architecture benefit from augmented reality?
2) How has augmented reality already been applied in architecture?

3) How can augmented reality be utilized further in architecture?

These were answered by shifting through theoretical research, looking at practical real-
world examples and designing proposals for something new. Starting from the first ques-
tion — how can architecture benefit from augmented reality — the answer is essentially
better visualization. Augmented reality offers the possibility of bringing virtual models
into the real world, and thus supports more intuitive and immersive approach to architec-
ture. Being able to see building models in real space and in true-to-life scale fosters a
level of depth and understanding that no other visualization tools can match.

Augmented reality can not only visualize virtual buildings, but also other layers of
information that wouldn’t normally be visible in the physical reality. Structures hidden
underground, descriptions of components and even movements of wind currents are all
something that can be perceived through the view of an augmented reality application.
Moreover, the technology doesn’t require a significant investment to take into action, as
it can run on most modern smartphones which nearly everyone already owns. Not to men-
tion that augmented reality itself is a fairly interesting concept and using it for architecture
can spark interest even for those who would not normally be interested in the field.

For the second question — how has augmented reality already been applied in ar-
chitecture — the answer is that it has been used for design, marketing, public participa-
tion, education and construction, among many other things. For design, it has been used
as a tool for architects to better understand their designs and collaborate with other de-
signers in a more immersive way. Architects marketing their designs have utilized the
technology in showcasing new projects to clients and stakeholders, while also providing
new and innovative ways for customers to see what they are paying for.

The general public has also taken interest in the technology, as shown by campaigns
where upcoming architectural developments have been made available for the public to
view in augmented reality. The education of architecture has seen progress with new tools
that allow students to collaborate with each other and visualize their design training in
ways that wouldn’t be possible without augmented reality. Finally, the construction sector
has adopted the technology to support complex tasks and provide workers with context-
based information, greatly increasing the efficiency in the process.

The third question — how can augmented reality be utilized further in architecture

— was answered by proposing a new application that makes use of the knowledge gained
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from the previous research and existing real-world examples. This application would
show the user new architectural developments in their area, visualizing them in an im-
mersive augmented reality environment. This would be beneficial in multiple ways and
has applications for all five areas of architecture outlined in chapter 4.

In summary, the proposed application could be used in architectural design by al-
lowing architects to view their building models in their real future locations. It could also
help market those designs by letting the clients and stakeholders view them as well. The
general public could also participate by giving their feedback on the projects. Students of
architecture could use the application to see their own designs in the real-world environ-
ment. Finally, construction professionals could also benefit by gaining a clearer picture
of the project they are working on.

The application, while not implemented in practice, still offers insights into what
role augmented reality could play in the future of architecture. The direction of research
shows that this role is likely to only increase as the technology matures and starts seeing
more and more applications in different areas. The next chapter will further reflect on the

research and outline some future trends that might be waiting in the horizon.
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7 Reflection

Augmented reality certainly holds promise for architecture, and as the technology is con-
stantly developing it seems only a matter of time before it’s adopted in a wider scale. The
goal of this thesis was to contribute to this progress, by providing both a systematic anal-
ysis of developments so far and opening the window for where the developments could
be headed in the future. In conclusion, all research questions were answered, and therefore
the goals of the research can be said to have been achieved.

Regarding the structure of the research itself, the chapter division and presented
concepts seemed to work rather well. The first couple of chapters presented the challenge
of introducing the two parallel aspects of the research separately: architectural visualiza-
tion and augmented reality. However, architectural visualization being the background
and augmented reality the new development created a rational order of presentation. The
background behind architecture going back into the far history was also useful in painting
a picture of how the field is developing over time, and how augmented reality fits in this
evolution of technologies over time.

Splitting the field of architecture into five areas was also highly useful in specifying
the research and finding more relevant articles for each subject area. This made it possible
to see the general theme of architecture from different angles, while also not straying too
far from the goals of the research. Finally, the proposed application was a concrete way
to sum up all the learned knowledge and place it in a practical context. It would have been
interesting to create such application in reality, but unfortunately the scope of full-scale
implementation was beyond this research. Perhaps a rudimentary prototype without the
full functionalities could have been feasible, but it would also have taken away from the
different possibilities that could be communicated with the proposal.

In any case, the conclusion of the research presented several interesting ideas for
what could be done next in the future. The proposed application could also be useful for
other purposes without too many alterations. For example, instead of visualizing future
buildings that don’t exist yet, the application could also visualize past buildings that don’t
exist anymore. Without going too deep into the subject, the initial idea is that this could
be useful for tourism industry, historical education and general interest in the past. Figure
19 shows a concept of the idea, once again with Tampere as an example. The view shows

the main street of the city in circa 1900-1910, overlaid on the present-day view.
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Figure 19. Concept for future possibilities [Adapted from https://commons.wiki-
media.org/wiki/File:Tampere ca 1900-1910. - 14358805596.jpg].

The possibilities for the future are nearly limitless, as the base concept of augmented
reality can be adapted for anything that involves visualizing information. In other words,
as long as there’s a virtual model, it can be visualized in augmented reality, be it archi-
tectural designs or castles in the sky. However, this would open up a whole new box of
research questions, which are perhaps best left for another time.

The key takeaway of the thesis is that augmented reality is a powerful tool that can
show us aspects of reality that are not otherwise visible. The beauty of architecture lies in
transforming the space around us, so being able to see designs in real space before they
exist can be an inspiring experience that brings us a deeper level of understanding. In the

end, architecture is a visual art, and the buildings speak for themselves.
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