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Welcome to the ArchiVR project documentation. The ArchiVR project has two main goals:

Make visiting 3D spaces in virtual reality (VR) as simple as visiting websites.
Make deploying architectural 3D scenes to VR as simple and free as possible.

The ArchiVR project consists of

a web platform (archi-vr.ti.bfh.ch) for managing users and 3D scenes,
a Unity game engine plugin that enables uploading 3D scenes to ArchiVR, and
a free viewer application for VR headsets.

The documentation is structured as follows:

1.

1

Overview: After this introduction, we will briefly explain Virtual Reality (VR), Mixed
Reality (MR), and Augmented Reality (AR). What do they have in common, and what is
different between them?

Quick Guide for ArchiVR: This chapter gives you a quick introduction to the ArchiVR
website, the ArchiVR viewer in the VR headset, and how you can create a simple scene
for ArchiVR.

Introduction to Unity: VR applications are almost exclusively used for computer
games. Therefore, we must first learn how to use a Game Engine to create a VR or AR
application for a popular VR headset.

Preparations in CAD Systems: Popular Computer-Aided Design tools are not yet able
to create applications for VR headsets. This chapter outlines some changes you may
need to make to your project to export it in specific file formats.

Adapt your Project for ArchiVR: This chapter covers how you adapt your own
architectural project for ArchiVR.

Materials and Lighting in Unity: Here, we will examine Unity's materials and lights
and how to adjust them optimally for our architectural scenes.

Case Study: Circular Tower: This chapter describes the VR development of a real
architectural project. We received the original CAD files from the office Inhelder
Osterwalder Architekten in Biel, Switzerland.

Adding Functionality to a VR Scene: You or your colleagues can teach you how to
add links to other locations or scenes. Another topic will be how to animate objects,
such as a door opening.

Appendix: This final chapter provides additional detail that would otherwise overload
the weekly tutorial steps.

.1 What is AR, MR, VR, or XR?

AR stands for Augmented Reality, meaning we can augment, add, or enrich a captured
or live video with 3D computer graphics on a mobile device such as a phone or tablet.
The added 3D object moves with the real, filmed background, giving the impression that
an augmented object is placed in the real world.

MR stands for Mixed Reality and refers to an AR variant using see-through glasses,
where augmented graphics are blended into the view. Microsoft defined this term for its
MR headset, HoloLens. In the future, more MR applications will be available for VR
headsets equipped with stereo color cameras at the front.
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e VR stands for Virtual Reality, where the adjective virtual means artificial. A VR headset
provides a viewer with a perfectly stereoscopic view of a virtual 3D scene, so the user
can no longer perceive the real world around them.

¢ XR stands for Extended Reality and refers to the collective term for AR, MR, and VR.

Differences and Similarities: All these technologies share the commonality that rendering
depends on the mobile device's or headset's position and orientation. Because this is done
at a high refresh rate, the viewer feels a strong sense of presence around the augmented
object or, in VR, of being in the virtual world. This feeling is called immersion. Immersion is
higher when the device is mounted on the viewer's head and delivers correct images to
each eye. This viewer dependence is realized by tracking the surrounding space. In other
words, the device must continuously detect its position and orientation to determine the
correct projection for the augmented graphics. This process is called pose estimation,
which stands for position, orientation, and scale estimation. If the graphics rendering frame
rate is too slow or the pose estimation is not precise, our brain is not fooled, and we don’t
get the immersive feeling.

AR: Where is the iPad relative to the MR: Where is the Hololens headset in VR: Where is the VR headset in
filmed environment? the room? the room?

ArchiVR is, for the moment, only about VR. In the future, we will add support for
mixed-reality scenes in VR headsets.

In chapter 9.1 Introduction to VR, you can find more background information on VR.

1.3 Expected Skills, Hardware & Software

The following hardware and software requirements apply only when creating scenes for
ArchiVR. For viewing ArchiVR scenes, you only need a VR headset and a basic computer.

1.3.1 Expected Skills

e General computer user knowledge:
o You should know what files, folders, and links are on your computer and how to
navigate your file system.
o How to install new software on your computer.
You will therefore need administrator privileges.
o No programming skills are necessary.
e Basic knowledge of your architectural design tool.

1.3.2 Expected Hardware & Software

¢ VR Headset: We recommend a Meta mobile VR headset, such as the Meta Quest 3,
which costs around 500 CHF. We also recommend the Elite Strap and carry case as an
additional accessory. We provide more information in VR headsets in 9.1.2 Meta Quest.
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e Capable Laptop for 3D Computer Graphics: Architectural design applications are
very demanding for every computer. We will use Blender and Unity for this course. Even
if these applications run on older Windows or macOS computers, managing them will be
exhausting if the machine is more than 5 years old. The newer and more powerful the
computer, the better these applications perform.

o The laptop should also have at least 16 GB of RAM (internal memory at runtime).
You should close any unnecessary applications if you have only 16GB of RAM.

o You need at least 20 GB of free internal disk space to install Unity.
Each 3D project with Unity can quickly use up to 10-20 GB of disk space. These
projects can also be on an external USB disk.

o Use the power adapter. Windows laptops on battery power reduce performance.

e Big Monitor: This is impossible if you work on a laptop in school. But if you work from
home, a larger second monitor is recommended. The bigger, the better.

e Mouse with 3 Buttons: Working with 3D design software requires a mouse with three
buttons. A laptop with only a trackpad will not work.

o Install Unity: To create scenes for ArchiVR, you need to install the Unity engine. This
is explained later in 2.3.1 Install Unity.
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This quick guide provides a brief overview of the ArchiVR system, including its website and
VR viewer, and explains how to create a simple VR scene quickly. The subsequent main
chapters will delve deeper, particularly into the creation of VR scenes for architecture.

2.1 ArchiVR Website

If you go to archi-vr.ti.bfh.ch, you will see at the time of writing (Jan. 2026) the following:

B ArchiVR

BAM23_BCT_VR

Sascha Schmidt
asdf

Last updated 19.08.25
Version: 2 Size: 130 MB Views: 7

Bruder Klaus Kapelle

Marcus Hudritsch

The Brother Klaus Field Chapel is a privately
donated Roman Catholic chapel built between
2005 and 2007 above the village of ...

Last updated 19.08.25
Version: 2 Size: 20 MB Views: 19

Sponza Palace

Marcus Hudritsch

Indirect lighting in architecture is very important,
but unfortunately, it is also the most challenging
aspect to simulate co...

Last updated 19.08.25
Version: 3 Size: 33 MB Views: 8

Marcus Hudritsch

\= The Barcelona Pavilion has been chosen as a
- demo project because it is a relatively small

project with a very distinct materi...

Last updated 19.08.25
Version: 2 Size: 94 MB Views: 18

Circular Tower

Marcus Hudritsch

The Circular Tower is a laboratory for sustainable
construction. What is more sustainable: local,
renewable materials such as...

Last updated 19.08.25
Version: 2 Size: 213 MB Views: 8

Biel-CBB-VR

Marcus Hudritsch

BFH is to merge its technical disciplines at a new
Biel/Bienne campus. This move will create an
efficient teaching and resear...

Last updated 21.08.25
Version: 1 Size: 45 MB Views: 5

Without logging in, the most popular public scene will be listed at the top.
Currently, you can access the ArchiVR website only from within the BFH network.

2.1.1 Register & Profile

e To register, press Login in the top-right, then select Register. The key is your email
address. The new account will be activated once the confirmation email has been

answered.

e To deactivate your user account, press the Deactivate Account button. Your scenes will
not be deleted, and you will not be contacted again. You can still log in and reactivate
your account later.

e To delete your user account, press Delete Account. All your scenes and account data
will be deleted and cannot be recovered.

2.1.2 Editing Scene Descriptions

e When you created a scene as shown in 2.3 ArchiVR Scene Creation, you can edit its
description, image, public visibility, and group assignment by clicking on the Edit
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button:

Circular Tower &
Marcus Hudritsch (hsm4)
The Circular Tower is a laboratory for
sustainable construction. What is
more sustainable: local, renewable
materials such as...

Last updated 19.08.25
Version: 2 Size: 213 MB Views: 8

e If a scene is neither set to be publicly visible nor assigned to an organization, only the

user who created it can view it in the VR viewer.

e When a scene is assigned to an organization, all users of that organization can view it.

Scene: Circular Tower

Name

Circular Tower

Description

The Circular Tower is a laboratory for sustainable construction. What is more sustainable: local, renewable

materials such as regional wood or reused, durable components that can be reused without degradation?
Is it even possible to conceive a completely circular building, given its impact on the natural environment?
The Circular Tower aims to help answer these questions. It enables laboratory-like testing and exploration
of ideas that have so far received too little space in the everyday life of a company, a research institute, or
a socially oriented organization.

X

Public ()

Assigned Organizations

Classic Modern Architecture

@

My Cool Scenes

2.2 ArchiVR Viewer

The ArchiVR Viewer is a software that runs inside a VR headset. For the following

explanations, you need a Meta Quest 2 or 3. More on this and other headsets can be read in

9.1.2 Meta Quest.
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2.2.1 Install the ArchiVR Viewer on a Quest VR Headset

We can install the ArchiVR Viewer software either by building it directly on your laptop or by

installing an APK (Android Package) with SideQuest. See the viewer repository README for
instructions on building the viewer with Unity 6.

To install the APK, download the latest version from our package folder to your computer,
then follow the instructions in 9.4 Installing an APK without Unity.

2.2.2 Launching the ArchiVR Viewer

e Put on the VR headset: If you have built or installed the ArchiVR Viewer, you can
unplug the USB-C cable and put on the VR headset. If you have never used the Meta
Quest headset, please complete the tutorials in 9.1.2.2 First Steps in Oculus Quest.

e Find the ArchiVR Viewer: In the entry room in VR or with the video passthrough,
open the main menu with a pinch gesture (index and thumb touching) with your right
hand, palm facing you. The main window is a dark gray bar with multiple buttons.

o 1) Open the app window on the button with the nine dots to the right.

o 2) In the app window on the left, select the folder with the question mark icon.
o 3) In this list of manually installed apps, click on the ArchiVR-Viewer-Unity* app.
o The most recently used apps are just to the left of the nine-dot button.

Unknown Sources

Running apgpa from unl soure ay your account and device at risk. Our also prohibits piracy, illicit

madding, cheating, a ¢ unauthorized usage.

ArchiVR-Viewer-Unity6

SR
e et ot
s

U r\illr. :ﬁl\r.!‘ﬂll:lf_:l m\.l' R _U 63

WatchVR
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2.2.2 Connect to your ArchiVR Account

After launching the ArchiVR Viewer, you will start in the Home Scene, which displays a
desert environment image. The only thing you can do is the left-hand-towards-face pinch
gesture to open the ArchiVR menu:

Home Scene

BE0E0

Because you are not logged in to the ArchiVR server the bottom-center button with the
ArchiVR logo is black. If you click it, you will get a 6-digit number that you need to enter on
the website:

Remember the 6 digits, then remove the headset.
On your computer, open a web browser, go to archi-vr.ti.bfh.ch, and log in.
When logged in, enter the 6 digits at the bottom of the left panel. Like this, you don’t
have to enter a complicated password in the VR headset.

e Put the VR headset back on and press the Validate button. You are now connected to
your account and remain so for multiple days.

E ArchiVR

Scer-:es o

O Test User
Enter the code below on
archi-vr.ti.bfh.ch:
660572 Organizations

Validate

My Cool Scenes

ﬂ 660572 ﬂ

.
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2.2.3 Load a Scene

After pressing again the ArchiVR button, you will see a list of yellow organization buttons
that you are assigned to, as well as public and your own private scene. You can scroll the
list on the right border. Click on the scene that you want to enter:

Scenes Marcus Hudrits... Scenes Marcus Hudrits...

BAM23_BCT_VR Views: 7|
BFH | Sascha Schmidt 130 MB |

Barcelona Pavillan  Views 50
Classic Modern Architect &l Marcus Hudritsch... 96 MB |

- Biel-CBB-VR Views: 14

My Cool Scenes Marcus Hudritsch... «us.

—_— :Bmderm-u'l(u.. Views: 25
“ BAM23_BCT_VR Views: 7 | | Marcus Hudritsch 21m8

Sasnha Schmidt 130M8 Circular Tower  Views 20

Marcus Hudritsch. .. Z15 M8
’ Bmatun- Pavilion  Views 59 o
86 MB

‘ ‘ Biel-CBB-VR m| .
Marcus Hudritsch... 45M8 Sponza Palace

; Marcus Hudritsch.,,
‘ Bruder Klaus Ka... Views 2|
Marcus Hudritsch... 21 M8

2.2.4 Navigation in a Scene

After downloading the scene, you will enter it at the starting point [0,0,0]. You can now walk
freely when your physical environment allows it. See the Meta video on setting up a
boundary.

If you want to navigate a larger distance, you can do a so-called teleportation: Either with
your straight left or straight right index finger, you can aim with a parabolic curve to a
target position. If the target position allows teleportation, the curve will be light blue;
otherwise, it will be red. With the other hand, you have to execute the teleportation with a
pinch gesture (= quick snapping of index and thumb):

29. Jan. 2026 12
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2.2.5 Exiting a Scene or the ArchiVR-Viewer

Within the ArchiVR Viewer, you can always open its menu with the left-hand-towards-face
pinch gesture. To exit the ArchiVR Viewer, press the power button at the bottom right.
Alternatively, you can open the system menu in all VR apps with a right-hand-towards-face
pinch gesture and press the Quit button:

Home Scene ArchiVR-Viewer-Unity6

o e?

ArchiVR-Viewer-Unitys

=m0

2.3 ArchiVR Scene Creation

The following steps are kept to a minimum for a quick introduction. You will get a deeper

introduction to Unity in 3 Quick Introduction to Unity and a deeper tutorial in 5 Adapt your

2.3.1 Install Unity

Download and install the latest Unity Hub from Unity’s website. Unity Hub is an

installation and project management application because Unity is continually improving and

supports multiple versions. You can install the free Unity Personal Edition.

e Create a Unity Account: Create a Unity account on the following website:
https://id.unity.com.

e Download Unity Hub: This is the download app that also manages Unity versions and
projects.

Open Unity Hub and log in with your Unity ID on the top left.
Install the Unity Editor: In Unity Hub, select Installs and click Install Editor from the
Official releases, and install the latest LTS (Long Term Support) version of Unity 6:

Install Unity Editor X

Official releases Pre-releases Archive

UNITY 6

@ Unity 6.3 LTS (6000.3.2f1) @ Silicon Fp—— Release nates 7
@ Unity 6.0 (6000.0.64f1) @ Silicon LTS Release nates
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e After the Install, select Android Build Support with OpenJDK and Android SDK & NDK
Tools. This is needed for the Oculus Quest, which is an Android device:

Add modules Required: 15.34 GB Available: 2.73 TB

~ DEVTOOLS DOWNLOAD SIZE SIZE ON DISK
Visual Studio for Mac Installed 3.57GB
~  PLATFORMS DOWNLOAD SIZE SIZE ON DISK
Android Build Support 704.39 MB 2.24GB
OpenJDK 112.97 MB 219.56 MB
Android SDK & NDK Tools 1.76 GB 466 GB
i0S Build Support 437.28 MB 114 GB
tvOS Build Support 430.38 MB 112GB
Linux Build Support (IL2CPP) 81.51 MB 23318 MB
Linux Build Support (Mono) 82.99 MB 235.57 MB
Linux Dedicated Server Build Support 154.2 MB 44215 MB
Mac Build Support (IL2ZCPP) 51218 MB 1.58 GB

o]

e Please do NOT uncheck the installation of the Visual Studio Code (at the top of the Dev
Tool section).

e Scroll down and select also the ... Build Support (IL2CPP) for your platform (macOS,
Windows, or Linux)
Click Continue to install.
If the installation hangs (e.g., on macOS), a background dialog may prompt you to
grant file-writing privileges.

e Depending on your internet connection speed, the download and installation may take
some time.

2.3.2 Clone & open the archivr-editor-unity6 Project

This is a Unity project hosted in a Git repository at
https://codeberg.org/ArchiVR/archivr-editor-unity6. Git is a version control system for

source code.

e Clone the GIT Repository:

o You need to have GIT installed on your system.

o Open a console and navigate to a local folder where you want to store it:
- Don't store the project in a OneDrive or iCloud synchronized folder.
- Ensure the full path is no longer than 256 characters (on Windows).
- Ensure the path doesn’t contain non-ASCII characters (a60, etc.).

o Clone the project with:
git clone --recurse-submodules https://codeberg.org/ArchiVR/archivr-editor-unity6.git

e Open Unity Hub, then add the project by clicking the small triangle to the right of the
Open button (top right).

[ JON |
PrOjeCtS Open T New project
® o - e

Open remote project

@ Projects

b NAME MODIFIED ~ EDITOR VERSION
& Installs

e Open Unity by clicking on the added project archivr-editor-unity6 in the Unity Hub.
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e Save the Scene: Unity starts with an empty default scene, which we first save. When
you select the menu File > Save, a scene-saving dialog opens.
o Create a first subfolder named _MyScenes by clicking New Folder.
o Create again a subfolder named MyFirstScene.
o Give the scene the name MyFirstScene and click Save.
o In the Project window, you will see:

e Switch to Android: Go to File > Build Profiles:
o Select Android from the platform list to the left.
o Click on the Switch Platform button on the top-right. We do that because the Meta
Quest headsets are Android devices:

" | Add Buld Profile

2.3.3 Create some 3D Objects

We will now add some simple 3D objects so that our first scene is not empty:

e Add a plane by the menu GameObject > 3D Object > Plane.
o In the Inspector window, set the plane's Layer to Teleport
e Add a cube by the menu GameObject > 3D Object > Cube.
o In the Inspector window, set the cube's position to [2.0, 0.5, 0.0].
e Add a sphere by the menu GameObject > 3D Object > Sphere.
o In the Inspector window, adjust the sphere's position to [-2.0, 0.5, 0.0].
e Press CTRL-S (Command-S on macOS) to save the scene.
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@l.mhys | @MH~ @ AssetStore & Al ¥ "= Unity Yersio.. = -- L] & D Q [Ellayout~ @
# Scene  omGame i = Hierarchy & i @ Inspector @ Lighting et
I Elcenter » | @ciobal~ [[1 Filw B~ || & @ @ [E) #~ || i Hx (=4 12 1l sph st~
= : = T @ Wyricone (D, Y Shee | sule v
= e = () Main Camera Tag Untagged ~ | Layer Default ~ |
s Directional Light
%mm.“"‘ . v A Transform =i
& Cube Position X -2 (Y05 |Z 0
Rotation X 0 8elo Izlo
Scale @ X 1 1 21
v H Sphere MFIM @ i
Mesh [ESphere @
v 5 v~ Mesh Renderer o 3
» Materials 1
¥ Lighting
Cast Shadows  On -
Static Shadow Cas |
Contribute Global |
Recalve Global | Light Probes -

Our simple scene with the main camera, a directional light, our added cube, and our added
and selected sphere.

2.3.4 Build & Upload to ArchiVR

e Open the ArchiVR window with the menu Tools > ArchiVR.
e Enter your ArchiVR email address and password, then click Login.
e All scenes in your project are listed. Select the one that you want to build and upload.
e Press Build & Upload
e Check the Console window for the success message: "Scene MyFirstScene successfully
uploaded."
‘@ @ ArchiVR |
ArchiVR
S_can?s . Refresh = =
<iMipkRisoee Clear | = | Collapse | Error Pause |Editor = | = |(1)2]
Y f\ [14:36:56] Metadata MyFirstScene successfully uploaded.
"1 | UnityEngine.Debug:Log (object)
'y [14:36:56] Scene MyFirstScene successfully uploaded.
Build & Upload I.\-?-h_“.l umlm'mhumm [oblac‘“
If you go now to : i-vr.ti and you log in with the same credentials, you will
see MyFristScene listed among your scenes:
MyFirstScene

Marcus Hudritsch (hsm4)

Last updated 4 min ago
Version: 1  Size: 354 KB Views: 0

Click on edit on the top-right to add a scene image and a description. All new scenes are by
default not public and not assigned to any group. Only you can view them in the ArchiVR
Viewer App.
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This chapter will give an introduction to the game engine Unity. VR and AR applications are
almost exclusively built from game engines such as Unity or Unreal Engine. The primary
goal of a 3D engine is to display 3D content in real-time, which means that the scene gets
rendered at a minimum of 30 frames per second (FPS), so that you can interact with the
scene. VR and MR applications are even more demanding because they must create two
images, one for the left and one for the right eye, at an even higher frame rate.

Why did we choose Unity?

Free: The Personal Edition of Unity for students and freelancers with less than 200k
USD turnover.

It is the most popular game engine for beginners, with extensive resources and a
large community.

The most used game engine is for mobile platform deployments, such as Apple
i0S, Google Android, and Microsoft HoloLens. The Oculus Quest VR headset is also a
mobile device running Android.

Works on Windows, macOS, and Linux.

Usable for the development of laptop computers. 3D Game Engines are among the
most demanding applications you will use on a computer.

3.1 Create a new Unity Project

Install Unity Hub and the latest LTS version of Unity.

See 2.3.1 Install Unity for instructions on installation.

Open Unity Hub and create a Unity Project: Select Projects on the left side and
click New Project in the top-right corner. Choose the Universal 3D Core template and
set the Project name to MyFirstUnityProject. Choose the folder where your project will
be created on your file system. Untick the Connect to Unity Cloud Option. You are not
recommended to store your project in a cloud-synced folder, such as Microsoft OneDrive
or Apple iCloud. Achtung: Since Windows 11, the default Documents folder has
been mapped to a OneDrive folder. Don't save Unity projects there, because
OneDrive doesn't handle them well.

Store instead the project on e.g. C:/Users/{youUserName}/UnityProjects.

On Windows, make also sure that your file path is at most 256 characters.
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oo e | e s @
2Hub eeta
< New project
Get set up Universal 3D
This template includes the settings and assets you
B Projects need to start creating with the Universal Render
Templates Pipeline (URP).
= Installs Select an Editor version, then choose a template to start -
your project @ Read more
W Learn
Editor version *
Unity organization
W asources I @ 6000.3.51 & Siicon LTS v ]
' BFH-cpvrLab % I
E Licenses
= Al % Core 12 Sample > Project iams*
[I;EI MyFirstUnityProject OI
Q. Search
Location *
IlUsers;‘hudrimah’DocumentstnityPro;e.., Ea l
e,
Use Unity Version Control @
3 settings Universal 2D Universal 3D
- : -+ Create project
Unity s % Core o

Your project will be created and opened in Unity.

3.2 Unity’s Main User Interface

Add Game Objects: The Unity scene will contain only the Main Camera and the Directional
Light. The game object (GO, for short) is the central entity type with a few default
components and supports adding more components. The camera and the light are invisible
GOs in 3D and are represented by a symbol (aka “gizmo”). To see some 3D objects, you
can:

e Add a plane by the menu > GameObject > 3D Object > Plane.

e Add a cube by the menu > GameObject > 3D Object > Cube.

e Add a sphere by clicking on the cube in the Hierarchy window and pressing the
right mouse button (RMB) and selecting 3D Object > Sphere.

o The sphere is invisible because it is inside the cube.

o To move it up, type in the Inspector window 0.5 in the Y field of the
Transform’s Position:

@ Inspector

@ \v| Sphere | | static ¥
- Tag Untagged - Layer Default -

v A Transform @ 3+
Positon X 0 vjos Jz o
Rotation X0 0 Z0
Scale & X1 o 11

e Press Ctrl-S (Cmd-S on Mac) to save the scene.

The standard Unity User Interface (UI) includes multiple sub-windows that can be freely
resized, docked, undocked, stacked on top of one another (i.e., tabbed), or closed. You can

save or restore a layout using the Window > Layouts menu. The default layout contains the
following windows:
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= Hierarchy
4 e on

v i SampleScene
[71 Main Camera
Fp1 Directional Light
7l Plane

v %] : Position X0 |v z
. Wi - Rotation %0 [0 o
Scale = XN Y 7

HOo~| = KN « | ~IEH ™~ EIMlley i spher

" Tag Untagged =~ Layer Default =

A, Transform [ L

J Default-Material (Material) @ |
Shader | Standard v || Edit.
v # Favorites Assets
& :u” m::j;ls | Add Component
@y, All Prefabs
> B Packages - 4)
Scenas.

)

The default window layout of Unity with the sections that are explained in the following. As with other 3D
applications, you will profit from a bigger monitor because many more sub-windows can be opened. Sometimes it
is also advantageous to have the Scene and the Game window side by side. All windows can be opened from the
Window menu.

1) Hierarchy: Shows a hierarchical list of all GOs in the scene with their names.
- You can add GOs by clicking on the right mouse button (RMB) > 3D Object.
- You can add a GO to a selected GO in the same way.
- You can change the hierarchy by just selecting, dragging & dropping GOs.
- You can also add an empty GO with RMB > Create Empty that acts as
a parent for one or more child GOs. In our scene, the sphere is a child of the
cube GO. If you transform a parent GO, all children will transform accordingly.

2) Scene: Shows the scene in 3D and acts as the primary 3D editor.

You can change the view of the scene in many ways:

- Move the view with the middle mouse button (MMB).

- Rotate the view with the Alt-left mouse button (Alt-LMB).

- Zoom the view with the mouse wheel or shift-right mouse button (Shift-RMB).

- Set Perspective or Isometric Projection by clicking on the center cube
of the axis gizmo in the top-right corner of the Scene window.

- View along an axis by clicking on one of the axis cones of the
axis gizmo.

- Center the view on the selected GO by pressing the key F.

- Navigate with the WASD(QE) keys: By pressing the RMB, you can fly
through the scene like in the game. The mouse gives the directions
and the WASD keys move you forward, left, backward, or to the right.

You can transform one or multiple selected GOs as follows:

- Select one GO with the LMB. The selected GO is surrounded by orange.

- Select multiple GO with Shift-LMB.

- Move a GO with the Move tool (key Q) and the LMB along an axis or plane.
- Rotate a GO with the Rotate tool (key W) and the LMB on an axis circle.

- Scale a GO with the Scale tool (key E) and the LMB on an axis cube.
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3)

4)

5)

6)

- 2D Move & Scale a GO with the Rect tool (key R).
- The Transform Tool shows the Move, Rotate, and Scale gizmos all at once.
- Snap-on grid transform (move, rotate & scale) by pressing Ctrl (Cmd on Mac).

- Undo any action by pressing Ctrl-Z (Cmd-Z on Mac).

Most of the above interactions can also be activated with the buttons in the scene
editor window. When hovering over a button, a tooltip will appear.

Inspector: Shows all the components of a selected GO. All components can be
expanded to show all their properties, or collapsed to fit on a single line with a
small triangle at the top-left. All GOs will have at least the Transform component,
which displays the numerical parameters for their Position, Rotation, and Scale. All
visible 3D GOs will also include a Mesh Filter, a Mesh Renderer, and a Material
component. We can add many more components to GOs. Game development is, in
essence, adding programming script components to GOs!

Project: Displays all project files in the project's Assets folder.

- You can create subfolders to keep your files in an organized order.

- Unity is monitoring the project folder constantly. Adding, moving, or deleting
files on the filesystem or within Unity will be recognized and appropriate
actions will be processed.

- With the slider on the bottom-right, you change the appearance of the files.

Game: By pressing the Play button in the top-center of the main window, you can
start a game. This will cause the Game window tab (e) to pop to the front. Without
any further programming, nothing more will happen than what the Main Camera
sees from its position. You can stop playing by pressing the Play button again.

Console: Shows all errors, warnings, or log messages. In the status bar at the
bottom of the window, you will only see the last message. It is therefore
recommended to move the Console window to a location where it is always visible.

Ba Project | & i | Bconsole | e u ‘ R
++- [a =R i}@? Clear |~ Collapse | Error Pause Editor | = (@00 @0
» ¥ Favorites Assets

T - B Animatiens

G InputSystem.inputsettings
B Materials

[0 Models

B Oculus Hands

Bm Prefabs

B8 Samples

Bm Animations
Bm Materials
3 Models
i » I Oculus Hands
| m Prefabs
| » Im Samples
| » mmScenes
| M Scripts

B Scenes
B8 Scripts
B Teleporting

|
|1 =W Telaparting Bs TextMesh Pro
» Im TextMesh Pro M Textures
Bm Textures B XR
it BRI
> Im XRIl
» Im Packages

*—

No Mesh Editing out of the box: You may wonder how to edit a 3D object. You can’t do
that in Unity out of the box. You can only transform a 3D object and the underlying 3D
triangle mesh. Unity supports only a few very basic 3D shapes, such as planes, cubes,
spheres, cylinders, capsules, and quads. Everything else has to be imported in specific 3D
file formats.

Unity is a Game Engine for Game Development

We are using Unity to create a VR app with predefined functionality. It has been developed
by the cpvrLab with some scripts in a programming language. It is not the goal of this
course to teach you programming, but it's worthwhile to have a rough understanding of

what the basic principles are behind it. In 9.7 Introduction to Unity Scripting, we show you

how you can create a simple game.
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No architects design their projects in game engines. They use dedicated Computer-Aided
Architectural Design (CAAD) software tools, such as ArchiCAD, Vectorworks, Allplan, or
Rhino. These software tools are not yet able to create applications for VR headsets and will
likely never be able to do so. The reason is pretty simple: A VR application is itself a very
sophisticated piece of software, highly optimized for visualization performance. We will
provide additional insights into this field of VR rendering in the VR chapter of the appendix.

But most CAD systems can export specific file formats that allow exchanging a 3D project
with another tool, and that’s what we are going to do in this chapter.

Major Condition: 3D!

We will experience our design in the VR app, our design in 3D on a scale of 1:1. The major
condition for your design is that it is built in your CAD system in 3D. Some of the
above-mentioned CAD systems also allow the design in 2D, which is obviously not enough if
you want to experience our designs in space.

4.1 Demo Projects

We provide you with various demo projects that can be downloaded from the ArchiVR
website.

4.1.1 Bruder Klaus Kapelle

The Brother Klaus Field Chapel is a privately donated Roman Catholic chapel, built between
2005 and 2007, located above the village of Mechernich-Wachendorf in the Eifel region of
Germany.

Aerial view from the Bruder Klaus chapel. The chapel was built according to plans by the Swiss architect Peter
Zumthor. For the construction, a tent-shaped construction made of 112 spruce trunks was first erected. The
chapel's body was made of tamped concrete around this inner structure, which was laid in 50 cm layers to a height
of 12 meters in 24 days by a volunteer tamping team, together with specialist craftsmen, according to the region's
traditional craftsmanship. A mott fire was maintained inside for three weeks in the fall of 2006, which charred the
tree trunks and detached them from the concrete, making them easy to remove [Source: Wikipedia].
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4.1.2 Barcelona Pavilion

The Barcelona Pavilion has been chosen as a demo project because it is relatively small and
has a very distinct materialization. The Barcelona Pavilion, designed by Ludwig Mies van der
Rohe and Lilly Reich, was the German Pavilion for the 1929 World Exposition in Barcelona.
The original pavilion was demolished after the exhibition, but in the 1980s a group of
Catalan architects reconstructed it from the original plans at its original location. You can
see various good documentaries on YouTube about the Barcelona Pavilion.

The reconstructed Barcelona Pavilion today (Image: Wikipedia). Even if the ceilings and walls appear to be solid,
that impression is deceptive. A steel framework supports all walls, ceilings, and even the floor base. All covered
stone slabs result in a precise joint pattern from which the structure can be read.

4.1.3 Sponza Atrium

Indirect lighting in architecture is very important, but unfortunately, it is also the most
difficult aspect to simulate correctly and fast in computer graphics. In Chapter 5.3.2 Indirect
Lighting in Unity, we will use the Sponza Atrium test scene. It is a well-known benchmark
for indirect lighting (aka global illumination) in computer graphics because the atrium gets
only light from the top and rarely direct sunlight in the summertime.

p@

The Sponza atrium is within the Sponza Palace, a 16th-century palace in Dubrovnik, Croatia. Frank Meinl initially
designed this model for the German game engine company Crytek. It is reasonably low-poly and runs in real time
on laptops.
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4.2 Import / Export Frustration

Exchanging 3D models between different modeling and rendering software tools has always
been problematic. No open 3D file format is fully supported by all tools. Most 3D
applications support only a few exchange formats (e.g., EBX, OBJ, DAE, GLTF). For the
import/export between the tools we use (Rhino, Blender, and Unity), we recommend the
FBX file format.

One-Way Workflow: These tools are highly complex, so it is impossible to exchange
projects without losing information. Most importantly, all object-type information from CAD
systems gets lost because rendering applications don‘t know what a wall or a window is.
They treat every object as a triangular mesh. But material and lighting settings are also
very complex and are rarely transferred in full.

Consequently, you will continue to design in your favorite CAD tool and use a dedicated,
either offline or real-time, rendering system solely for visualization. If you modify your
project in a visualization tool, e.g., materials or lighting, you cannot bring those changes
back into your CAD tool.

For this chapter, we will use the 3D model of the Barcelona Pavilion. The original 3D model
(BarcelonaPavilion.blend) was built in Blender using plans, images, and videos sourced
online. The Rhino version (BarcelonaPavilion.3dm) was created with an FBX export from
Blender and imported into Rhino.

4.2.1 Preparations and Export in Rhino

Rhino is commercial CAD software developed by Robert McNeel & Associates, an American,
privately held, employee-owned company founded in 1969. Rhino geometries are based on
the NURBS mathematical model, which produces mathematically precise representations of
curves and freeform surfaces in computer graphics (as opposed to polygon-mesh-based
applications).

Rhino supports various export formats that Unity would understand (FBX, DirectX, and OBJ).
The following explanations focus on the FBX format:

e Open the Rhino version of the project in Rhino (BarcelonaPavilion.3dm):
o Objects are grouped in layers that correspond to the primary structural
elements.
o All objects are open or closed polygon networks because the project was
imported with FBX from Blender.
o The scene is only lit by the standard Rhino skylight.

Panets: Ebanan B

Hame

inientyp Druckbreite

FoorAncBasin o
Cokumns ¥
Walls ¥ o
Rools ¥ o
Windows ¥ o
Statue-Georg-Kelbo "
Furniiture ¥ o
“

u
Durchgehend 3 Standard
Durchgehend & Standard
Durchgehend s 4 Standard
Durchgahand = 4 Standard
Durchgehend : 4 Standard
Durchgehend < 4 Standard
Durchgehend = Standard
Durchgehend = 4 Standard

O
Q
O
O
9]
@)
Q
O
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e Export the Rhino project as an FBX file: Choose File > Export ...:
o Set the export file type to MotionBuilder (fbx).
o Set the new file name as BarcelonaPavilion_from_Rhino.fbx
o Select the Save Textures option.

Sichern

Sichern unter: I; BarcelonaPavilion_from_Rhino.fbx II

Tags:
‘= v ¥ v [ BarcelonaPavilion B ~ a
Name » | Grofe Ar
w
| MotionBuilder (fbx) m I Optionen ... I
Kompakt speichern Nur Geometrie speichern
| Texturen speichern | Plug-in-Daten Speichern
Neuer Ordner Abbrechen

I

Unfortunately, this option is unreliable. If you have chosen materials from Rhino's
built-in material library, the textures involved are not exported.
To find the built-in textures, you have to click on the name of the texture to open

the texture window:

Terrazzo grau poliert

¥ Name und Typ
Name: Temazzo grau poliert

Typ: £ Benutzerdefiniert B

Benutzerdefinierte Einstellungen

¥ Texturen

-~

Farbe
I @ Terrazzo arey.100_DPjea | . 1000% 3
Transparenz.

(zur Texturzuweisung klicken)

In the Content Editor, you can see where on your system Rhino has installed all
textures of all materials:
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-
®0® Content Editor

(- —) ETerrazzo grau poliert » Terrazzo grey_100_DP.jpg E ?

—

¥ Name und Typ
Mame: Terrazzo grey_‘\OO_DP.jpg

Typ: Bitmap-Textur &)

* Einstellungen fir Bitmap-Textur

4 480 x 480 x 32
Bildgréfe: 300KB
: DateigroBe: 131KB

i Kacheln abwechselnd spiegein
3 Filterung aktivieren
?& . ) Als linear behandein

Dateiname:

JUsers/marcushudritsch/Library/Application Support/McNeel/Rhinocero... Bearbeiten

Farbmaske | ] ‘ Toleranz:

Alphakanal verwenden

4

e Click on the Options ... button and leave all options as follows:
® ® FBX-Export

NURBS-Objekte exportieren als: NURBS
© Nur Polygonnetze

Materialien exportieren als: Lambert

© Phong
Lichter exportieren
Ansichten exportieren
Scheitelpunktnormalen exportieren
RhinoZ an FBX ¥ mappen

Datei exportieren als:  Version 7 binar

Eimmer diese Einstellungen verwenden und diesen Dialog
nicht anzeigen.

e Click on Export: Finally, a dialog will appears that allows you to control the
resolution of the mathematical surfaces. Try the default settings. If you're still seeing

very high-resolution objects, you can move the Adaptive SubD Grad slider further to
the left:

r
[ ] Einfache Polygonnetzoptionen

Voreingestellte Netzqualitat -

&7 Benutzerdefiniert - Zuvor verwendet = Vorschau
Parameter der NURBS-Polygonnetzerzeugung -
Weniger Mehr
Polygone Polygone
Parameter der SubD-Polygonnetzerzeugung
Adaptiver SubD-Grad
? Standards wiederherstellen Abbrec m Genaue Einstellungen
S
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4.2.2 Preparations and Export in ArchiCAD

ArchiCAD is a CAD Software founded in 1982 and developed in Budapest. From the
beginning, it was a fully 3D planning tool and, therefore, one of the first tools to support the
BIM methodology. Since 2022, it has belonged to the Nemetschek Group.
In ArchiCAD, you can export the currently visible objects over the menu Save as ... with the
following formats that can be imported by Unity:
e Collada (extension DAE): The Collada file export has, unfortunately, no structuring
options. All Archicad objects appear in increasing numbers.
e 3DStudio (extension 3DS): This file export can structure the Archicad objects by
various options, as shown in the following screenshot. Unfortunately, the exported
objects mostly have increasing object numbers as names.

3D Studio-Dokument sichern:

Konstruieren Sie 3D Studio-Objekte wie folgt:
Archicad Objekte (native Ausgabe)
O Elementtypen - Oberflachen
Ebenen - Oberflachen

Oberflachen

TOmm

Zeich inheit set 1.00
eicnnungsemnnert setZen | Zoll

Farben an 30 Studio Farbtabelle anpassen

Schreiben Sie die Archicad Textur-Information

Objekt = Gruppenname (7 Zeichen) Standard

Abbrechen OK

¢ Wavefront (extension OBJ): This veteran file format can export Archicad objects
structured by /ayers and materials or by elements and materials. Its big advantage is
that the chosen export choice concatenates the object names and are not just
incrementing numbers.

-

Wavefront Dokument sichern:

Gruppen-Hierarchie erstellen als: o Ebenen - Oberflichen
Elemente - Oberflachen
Modell normal
© Modall gedreht

Zeichnungseinheit |-1E:-{)

—'|'° mm

Zoll Standard

Abbrechen “

4.2.4 Preparations and Export in Vectorworks

Vectorworks was founded in 1985 and has been part of the Nemetschek Group since 2000.
It was the first architecture CAD system to receive the IEC4 certification and has since
supported the Building Information Modelling (BIM) strategy.

Chapter Z Case Study: Circular Tower details how we handled a bigger Vectorworks project.
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4.2.5 Preparations and Export in Blender

Blender is a free and open-source 3D computer graphics software tool for creating
animated films, visual effects, art, 3D-printed models, motion graphics, and interactive 3D
applications [Source: Wikipedia].

Blender is not especially suited for the architectural planning process. It is used mainly for
visualization with its built-in rendering engine, Cycles. However, many guidelines and
add-ons can enhance its capability for architectural modeling.

e Open the Blender version of the Project in Blender (BarcelonaPavilion.blend):
o Objects are grouped in empty nodes corresponding to the major structural
elements.

o The scene has a directional light source for the sun.
¢ Hide unwanted objects: Hide the following objects so that they won’t be exported:
_Camera*, _Plan, _Section, and _Sun by clicking on the eye icon in the scene
hierarchy:

BER B IS

e Choose File > Export > FBX (*.fbx):
o Set the export file name as BarcelonPavilion_from_Blender.fbx.
o Choose the Include option for Limit to Selected Objects.
o Choose the Transform option for Forward as -Z Forward and Up as Y Up.
Unity is a Y-Up system, whereas Blender and Rhino are Z-Up systems.

Blender File View

Name ¥ Date Modified Size
Fjimages 15 Jul 2022 11:31

[ originale 14 Jul 2022 13:01

[ textures Today 07:40

(@ BarcelonaPavilion_-Xforward_Zup.fox Today 15:00 3.9 M8
) BarcelonaPavilion_-Zforward_Yup.fbx Today 14:48 3.8 M8
& BarcelanaPavilion_from_Rhino.fbx Today 14:27 30.0 M8

san:eu:.r-..-_apau.|i(-.n_rmm_iilenw:-r}:.n_';.-: $ Cancel
e Click on Export FBX.
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e Alternative: On a system where Blender and Unity are installed, Unity can import a
blend file directly by automatically using the Blender FBX export function in the
background. Like this, you have no control over the export options.
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This chapter aims to make it as easy as possible to build your first VR app, so you can start
exploring your designs in VR. To achieve this goal, we will provide you with a predefined
project with all VR capabilities for the Oculus Quest headset that are already built in.

In Chapter 6, Materials and Lighting in Unity, we will improve key visual aspects for
architects.

5.1 Install Unity & Clone ArchiVR-Editor Project

Do as already explained in

2.3.1 Install Unity and
2.3.2 Clone & open the archivr-editor-unity6 Project

5.2 Prepare your Scene for ArchiVR

Please also do this part in a clean new 3D project from Unity Hub. It would miss our ArchiVR
upload functionality. Please use the archivr-editor-unity6 project.

5.2.1 Import your 3D Model

In this part, you will create your scene and import and place your model from whatever CAD
system you have used. We will not build it for the VR headset; we will upload it to a remote
server. This is much faster and easier, and you can share it with your colleagues.

e Create multiple subfolders in Unity’s Project window with right-click > Create >
Folder:
Assets/_MyScenes/
{yourName}_{yourBFHShortCut}/
{mySceneName}/
Models
e Copy the model files: In the file browser of your operating system, copy your
model file (e.g., the FBX) and the texture folder into the Models folder. I copied the
BarcelonePavilion_from_Rhino.fbx and the texture folder from the Moodle page.
Unity automatically starts importing the files. If the import recognizes normal map
textures, click on Fix now:
® B NormalMap settings

A Material is using the texture as a normal map.
The texture must be marked as a normal map in the import settings.

Assets/Models/textures/Travertin_Wall_4Kx2K_NRM.png
Assets/Models/textures/Bronze_old_2K_NRM.jpg
Assets/Models/t fAsphalt_2K_NRM.jpg
Assets/Models/textures/Blech_2K_NRM.jpg
Assets/Models/textures/Travertin_Floor_2K_NRM.jpg

Assets/Models/textures/Curtain_2ZK_NRM.jpeg
Assets/Models/textures/Putz_gelb_norm.png
Assets/Modelsftextures/Carpat_1K_NRM.tiff
Assets/Models/textures/Pebbles_1K_NRM.jpg

Fixnow || Ignore
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e Adjust the imported model: Select the imported model file in the project window
and apply the following settings in the Inspector window on the Mode/ tab:

IModeIlRig Animation | Materials

Scene

Scale Factor

Convert Units

Bake Axis Conversion
Import BlendShapes
Import Deform Percent

1
v im (File) to Tm (Unity)
v

3

Import Visibilit v
Ilmport Cameras I

Import Lights
Preserve Hierarchy

Meshes

Mesh Compression
Read/Write

Optimize Mesh
Generate Colliders
Geometry

Keep Quads

Weld Vertices

Index Format

Legacy Blend Shape N
Normals

Blend Shape Normals
Normals Mode
Smoothness Source
Smoothing Angle
Tangents

o

Sort Hierarchy By Name

off -
Everything i
v~
Auto hd
ol
Import
Calculate

Area And Angle Weighted
Ere[er Smeething Groups

@ 60
Calculate Mikktspace -

LA ERENE]

Swap UVs
IGenerate Lightmap UVs v/ I

» Lightmap UVs settings

Strict Vertex Data Check

Revert

e Adjust the imported model materials: We have to extract the textures and

materials on the Material tab so that we can modify them in Unity:

Model | Rig | Animation [vaterias |

Location
Textures
Materials

Material Creation Mode

Import via MaterialDescription

© Inspector | @ Lighting =N

. Barcelona Pavilion_from_Rhino Import Settings @ 3
Open

_ Addressable

A Last import generated 2238 warnings Print to console

Use Embedded Materials

Extract Textures...

Extract Materials...

e Press Apply after the modification at the bottom right of the inspector window.

5.2.2 Create a New Scene

e Create a new Scene: Click on your {mySceneName} folder and create a new scene by

right-clicking> Create > Scene and name it whatever you want.
e Open the new Scene by double-clicking it in the Project window.

e Save your Scene in your newly created folder with your name.

e Place a sphere as origin: Create a sphere with GameObject > 3D Object > Sphere and
name it Origin. Make sure its position is [0,0,0]. Scale it to [0.1,0.1,0.1]. It will be a
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visual reference to where the VR experience starts.

O lnspector | @ Lighting i Occlusion & i
Ga | | Origin | Static ~
- Tag Untagged ~ | Layer Default h
¥ /) Transform e
Pasition X 0 ¥ 0 Z0
Rotation X0 ¥ 0 Z 0
Scale & X 04 ¥ 0.1 Z 01

e Place your model by dragging your imported file from the Project window into the
Hierarchy window.

¢ Move your model: Select it in the hierarchy window and change its position so that the
world-[0,0,0]-point is useful for starting the VR experience. In my case of the Barcelona
Pavilion, I have to move the model center to [-5,-1.46,0]:

@ Inspector | # Lighting
| BarcelonaPavilion_from_Rhino | | Statie *
7 Tag Untagged | Layer| Default -
Model| Open | Select |Overrides -

¥ A Transform 9 3

|_Position X -5 Y 1.4 Z O 1
Rotation X 0 Y 0 zZo0 i
Scale ® X1 w1 |-

Add Component

e Save the scene: Save the scene by pressing CTRL-S (Command-S on Mac).

5.2.3 Adjust the Materials

The last step in the material import settings allows us to adapt the material settings in
Unity. Most CAD systems differ in how they define materials, and we often lose information
during FBX export and import.

e Missing Texture Maps: Even if you have extracted textures and materials from the FBX
files, Rhino often forgets to export all textures. See 4.2.1 Preparations and Ex
Rhino for more information.

e Missing Normal Maps: Many materials lack normal maps, resulting in a poorer
structural appearance. If no normal map is assigned, click Normal Map and select the
texture file. It mostly has the same name as the color (Albedo) texture, but with the
ending NRM.

. Travertin_Floor_2K_DIF (Material) (2 Rl
v Shader Standard ¥ || Edit...

Rendering Mode Opaque -
Main Maps

[ ]eaibedo Z
. oMetallic @ 0

Smoothness [ 0
Source Metallic Alpha b

II !ONormaI Map I

~ OHeight Map

¢ Wrong Transparency: Window glass or water surfaces should be transparent and
glossy. To achieve this, set the Rendering Mode to Transparent, the Smoothness to a high
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value, and the alpha value (A) of the Albedo (diffuse color) to a low value:

[ ] Color

s

Glass (Material) [ > Rl
- Shader Standard v || Edit... RGB0-255+
| : R 192
Rendering Made | Transparent ~ | B
Main Maps
— B 255
©Albedo ey
_— - N 5
© Metallic @ 0 i 2 I—I
Hexadecimal COFCFF
Smoothness | @ 0.817 || SR
Source Metallic Alpha v O/ Click to add new preset

<

¢ Wrong Metallic Reflections: Metals reflect light differently than non-metals. The
chrome steel of the Barcelona Pavilion is highly reflective (Albedo = White, Metallic = 1,

Smoothness = 1):

Metal-Chrome (2) (Material) e
v Shader Standard - || Edit..
Rendering Mode Opaque -
Main Maps
@ Albedo I Vd |
G Metallic ® 1
Smoothness 9 1
Source Metallic Alpha -

e Adjust the Texture resolution: The texture scale is often not exported properly. To
change the scale or offset of texture maps, you can adjust the Tiling and/or Offset value
in the material properties in the Inspector window of the selected object.

Palace.Walls.Mat05 1 (Material)
Shader Standard

L2

*|Edl.|| B =

| Addressable

Rendering Mode | Opaque

Main Maps
[ e Albedo
2 Metallic @

&

Smoothness (=3

Source Metallic Alpha

=
o

I o normal Map 1
 OHeight Map

il 9 Dcelusion
 ODetail Mask

Emission

Tiling TE

Offset X 0
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5.2.4 Show and Hide Objects

You will have some objects in your Rhino project that you don't want to see in VR, such as
the window cutout volumes. To hide an object or an entire group of objects in Unity but not
delete them, you have two options:

¢ Disable objects in the editor and in the built VR app:

5.2.5 Add Teleportation

In our real VR space (aka Boundary, see ), we have
limited space to walk around. If you want to navigate a larger distance, you can do a
so-called teleportation: Either with your straight left or straight right index finger, you can
aim with a parabolic curve to a target position. If the target position allows teleportation,
the curve will be light blue; otherwise, it will be red. With the other hand, you have to
execute the teleportation with a pinch gesture (= quick snapping of index and thumb):

Teleportation lets you navigate to places where you are allowed to. Be aware that this pinch gesture works best if
the headset's cameras can see the thumb and index finger. If your eyes can not see them, the cameras probably
can't either.

¢ Add Mesh Collider: We must add a mesh collision component to the objects we want to
teleport to. Select such an object and click on Add Component in the Inspector window.
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Search for and add the mesh collision component.

= Hierarchy _ © nspector 1@ ighting AT
|
F_»é“i Rd & Lo G 2 ﬁ | Floor-Travertin Static ~

v A Scene-Barcelona Pavilion* 5
71 Main Camera Tag Untagged > | LawaTel_eEon - |
v% ;?jmgjﬁtoummjmm ¥ A Transform @ 3 i
¥ () Columns Position X 0 Yo [Elo
'®F°°TA“"B3"” . Rotation X0 xo |zlo
i Scale ® XN & 21

o= KM « |~

£yl PendBack-Ground
7} PondBack-Water
9 PondGround
) PondWalls

v B Floor-Travertin (Mesh Filter) e i

Mesh B Floor-Travertin @

£ Pondwater » EJ v| Mesh Renderer @
PG FUmtie Travertin-Floor (2} (Material) o
» () Roofs -
¥ £7) Statue-Georg-Kolbe Shader  Standard v || Edit... |
» () Terrain
» B0 Walls
» (7 Windows Add Compoenent

e Set the Layer to Teleport: In addition, all objects where you want to be able to

teleport must have their Layer set to Teleport on the (top-right of the Inspector window).
Wherever you are allowed to teleport, you will see a bright blue parabola.

o Set the Layer to Non-Teleport: If you explicitly don’t want to teleport on an object,
you can set its Layer to Non-Teleport. This will also make it red when an object to
teleport is underneath or behind it.

5.2.6 Build the Scene

The following two sub-chapters describe two ways to build and install the scene:

e Build a Local Scene installed on the Headset: This is the standard procedure we
followed at the beginning of the chapter, and it is also the standard procedure Unity and
other VR creation tools follow.

o Advantages:
m Full flexibility
m Full privacy. Only people using your headset can see the scene.
m No dependency on our server system.

o Disadvantages:

The headset needs to be set up correctly for development.

The headset needs to be connected during the build process.

The headset needs to be disconnected for testing (recommended).

Your scene can only be seen on your headset.

Your scene can not be shared with others.

e Build a Remote Scene stored on the ArchiVR Server: Unity allows the building of the
scene so that it can then be stored on a server and downloaded at run-time to the
headset.

o Advantages:

m Faster build process.

m No cable connection or disconnection is required.

m Your scene can be shared with others. This is a massive advantage because it
allows you to share your scene with other students, friends, or even clients of an
architect. A modified scene is immediately available to people with access to the
server and the viewer application installed on their Quest.

m Your scene can be seen on other VR headsets that support OpenXR.

o Disadvantages:

m The Viewer app must be built and/or installed once on the headset.

29. Jan. 2026 34



ArchiVR Project Documentation Version 1.00

5.2.6.1 Build a Local Scene installed on the Headset

e Add your Scene: At the top of the Build Settings dialog, you can see a list of scenes
that will be included in the build. So far, you can see only a scene named Base Scene,
which includes all the functionality we provided you for VR navigation in this project. The
Start and Example Scene are the scenes from the Viewer Project.

To add your scene to the Barcelona pavilion, press Add OpenScenes. You can add
multiple scenes here that you can switch to with a VR menu.

Build Settings

Scenes In Build

-~ _Viewer/Scenes/Base Scene 0

m Add Open Scenes |

e Press Build and Run to start the build process. The first time can take several minutes,
but subsequent builds are much faster.
e Test your scene on your headset.

5.2.6.2 Build a Remote Scene stored on the ArchiVR Server
This is all the same as already explained in 2.3.4 Build & Upload to ArchiVR.
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5.4 Checklist for Unity VR Creation

1.3.2 Expected Hardware & Software

[J Do you have enough memory (RAM) to run your CAD software and Unity?
[J Do you use the latest Unity LTS version?

[J Did you install the Android Module with Unity?

[J 1Is your project not a OneDrive folder?

4.3 Create your own Scene for your VR app:

[J Has your model moved so that the start position [0,0,0] is at a useful location?
[J Are your materials corrected with all your textures?

[J Are your objects that you don’t want to see correctly disabled?

[J Do all objects that teleport have a Mesh Collider and a Layer set to Teleport?

4.3.1 Import the 3D Model:

[J 1Is the Platform switched to Android?

[J Is your scene and model within Assets/_MyScenes/{myName}/{mySceneName}?
[J Are the model materials extracted so that they can be modified?

[J Are all the needed textures copied into a subfolder within your model's folder?

5.3.2.3 Lightmapping: Baking the Light:

[J Have you set the Generate Lightmap UV option in the model’s import settings?
[J Are your light sources set to Baked mode?

[J Is your model set to static or at least to Static (Contribute GI)?

[J Did you generate the light maps by pressing Generate Lighting?

4.3.5.2 Build a Remote Scene stored on the ArchiVR Server:

Did you create an account on https://archi-vr.ti.bfh.ch/?

In Unity, are you logged in under Tools > ArchiVR?

Did you 2.3.4 Build & Upload to ArchiVR and check the log output for success?
Do you see your project on https://archi-vr.ti.bfh.ch/?

Did you install the 2.2.1 Install the ArchiVR Viewer on a Quest VR Headset?

Oo0ooo0o
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6.1 Materials in Unity

e One or more materials: Every game object (GO) with a mesh has a Mesh Renderer
with one or more materials assigned to it. The material itself is an additional
component of the GO.

e Default Material: Every GO that we add to the menu, GameObject > 3D Object has
the default material assigned. We can not change this default material.
@ Inspector

#e - BlE- @ [EIs-1o- 10~ B« ¢ N Cimmee [ sue v
v & SampleSoena H e - i _ -
Ffl Main Camera n Tag Untagged v | Layer Default ~ |
Directional Light
%Pimﬁmi ot : b M Transform @ 5 i
v » B Sphere (MeshFilter) © =*
: v [ v MeshRenderer e =
| ¥ Materials [1 !
|= Element @ @ Default-Material @
+ -
» Lighting
» Probes
b Additional Settings
» € v Sphere Collider @ 3
'lDefautt-MaterFal (Material)| @ :
- Shader Standard v | Edit..

e Create new material:
o OQver the Project window, press RMB and select Create > Material.
o Give it the name "Red”.
o Albedo: You can see all the material parameters in the Inspector window.
Click on the white color of the Albedo field and choose a red color tone:

-
OO Color

s -

|RGB 0-255 |
n I e
oM (s
o [ © |
) =
Hexadecimal [B03700 |
¥ Swatches i
L.IE Click to add new preset

Albedo is a synonym for the diffuse color, or the material's color.

o Metallic: Use this slider to adjust a material's metallicness. In reality, there
are only fully metallic or non-metallic materials. Metals reflect less of their
Albedo color.

o Smoothness: The more you increase the Smoothness slider, the sharper and
glossier the reflections. These reflections (the light and the skybox) are not
real global reflections. These simplified reflections can be calculated in
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real-time, whereas accurate reflections are much more expensive. The
Smoothness property is usually called Roughness, which is the inverse of
Smoothness.

Assign the Red Material to the sphere by dragging it from the Project
window onto the sphere in the Scene editor. You can assign a material to
multiple GOs, but if you change its parameter, their appearance will change.

Materials with Textures: To the left of the material property names, you see a
little empty square. All properties with this square also accept an image (aka
texture) as input. The so-called texture or UV coordinates determine which part of a
texture is mapped to the object. These can only be modified in modeling tools.

Copy Textures: Copy all files from the Textures folder from our repository to
the Material folder in your Unity project.

Create Brickwall Material: In the Material folder, create a new material with
RMB > Create > Material and name it Brickwall.

Add Albedo Texture: Drag the brickwall0512_C.jpg file onto the little square
of the Albedo field.

Assign the Material: Drag the Brickwall material onto the cube:

L= . Brick Wall (Material) CECE
Shader | Standard ~ || Edit..

Rendering Mode Opague v
Main Maps -
o Albedo . i
o Metallic *———— o0
Smoothness @&—— 0
Source |Metallic Alpha = |

| =+~ |

=3

=
e
&

 ©Normal Map
 oHeight Map
o 0¢celusion

a,

Assets > Materlals
Q Brick01

Bricks01_AD_1K

Bricks01_COL_VAR2_1K

® BrickWall

brickwall0512_C
 brickwallo512_H
[ brickwall0512 N
Bm Materlals
D Assets/Materials/Brick\Wall mat

The cube now appears much more detailed, but its underlying mesh has not changed.

Increase Tiling: You can increase the mapping's resolution by setting factors
higher than 1 in the Tiling X & Y fields.

Add Normal Map: Drag the brickwall0512_N.jpg file onto the Normal Map
field. If the message “This texture is not marked as a normal map” appears,
press Fix Now.
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With the normal map applied, even more details appear on the surface. Normal maps store a
normal vector for each pixel in the image's RGB channels. A perpendicular normal has a light
blueish-violet color. All other colors stand for a distorted normal vector. In the materials shader
program that runs on the GPU, the normal vector is used to mimic more or less lighted areas,
such as shadows in the brick joints.

o Add Height Map: By adding the brickwall0512_H.jpg file to the Height Map
field, you can give the material a more depth-like appearance. A height map
is a grayscale image where white represents high values, and black
represents low values.

Bl @~ ﬁ‘va Q« 9 1" g‘v L mv
Open
W
e Default -
2D .
& -
=l Input Texture Alpha=
Repeat =
= Bilinear -
i
RGB
—
a
7 s
B tenalsfbrickw Hipg — None ~ | [None =

With the additional height map, the single bricks seem to stand out of the plane of the walls.
Again, this is just a mimicking effect. Each face of the cube still only has two triangles.

o Add Occlusion Map: By adding the same brickwall0512_H.jpg file to the
Occlusion field, we can tell the material where the occluded areas should
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appear darker because less light arrives there:
: © nspector AT

i . Brick Wall (Material) -
Shader Standard w || Edit...

Rendering Mode  Opaque -
Main Maps
[ e Albedo [
| OMetaliic o0 |
Smoothness @&——— 0
Souce  MetallicAlpha  ~
1 . 9 Normal Map h ]
L []oHeightMap —@——— 0.021
il [Joocclusion ———® 1
 oDetall Mask

[%

e S e Ty

{
-
Emission |

Tiling 2

brickwall0512_C
- brickwall0512_H
1% brickwall0512_N
[ Py st s o
D Assets/Materials/BrickWall.mat @ |AssetBundle  None ~ | None~

Exercise with Materials:

The materials still look pretty artificial. The second set of texture images begins with
BrickO1 and is in the Textures folder.

6.2 Lighting in Unity

6.2.1 Direct Lighting in Unity

Direct lighting is the reflection of surfaces with specific materials. It is calculated by
summing all light directly from active light sources, ignoring light reflected from other
(passive) surfaces.

6.2.1.1 Light Sources in Unity

All rendering engines offer about the same types of light sources:

e Point Lights are located at a point in the scene and emit light equally in all directions.
e Spot Lights are point lights that emit light in a cone-shaped beam.

e Directional Lights are infinitely far away and emit light in a single direction.

All these light sources are theoretical sources and themself invisible. If you want to create a
visible-light source, such as a light bulb, you must model its geometry and assign it an
emissive material. For more details on light sources, please refer to the documentation of
your rendering tool:

e Types of lights in Unit

e Light objects in Blender
e Create Lights in Rhino
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A white sphere on a white plane is enlightened with a red pointlight, a green spotlight, and an orange directional
light. Note that the red and green lights have a range and smoothly fade into it. The directional light symbol (aka
gizmo) is only the location for editing its direction. Its light source is infinitely far away and has no range.

Direct Lights with Shadows

All the above-mentioned light sources can cast shadows. This procedure is quite expensive
because it needs an additional rendering pass for each light source with shadows.

Number of Lights in a Scene

Light and shadow calculations are the most expensive part of computer graphics. No matter
if you want to render in real-time or bake the lighting, as we will do in 5.3.2.3
Lightmapping: Baking the Light. As a simple rule of thumb, the performance decreases
linearly with the number of lights. In the Forward rendering mode used on mobile devices,
there is even a restriction of max. light lights that can affect a single object. These
restrictions are one reason for light baking. Light baking will also take longer with more
lights, but we can experience the scene in real time once it's done.

6.2.1.2 Environmental Light Source

Scenes illuminated only by direct light look mostly dark because all ambient light is missing.
In all render engines, you can define an environmental light with a constant (ambient) color
or with a skybox. In Unity, by default, you get a generated skybox that gives white surfaces
a blueish tint.
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High Dynamic Range Images

A skybox used as an environmental light can also be defined using a 360° equirectangular
image. These images are not standard but high dynamic range (HDR) images, where
multiple photos at different apertures are stored in a single file. A good source for such
HDRIs is the website polyhaven.com. If you want to create your own HDRI at the location of

your project, you will need a 360° camera. See Chapter 9.6 Create vour own 360° HDR
Image for more details.

——

To create and assign such a skybox in Unity, do the following steps:

e Copy the HDRI-Image
(Demo-Projekte/Sponza/Textures/envmap_cloud_layers_4k.hdr) from the demo
projects into your project's Assets folder.
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e Adjust the import settings in Unity: Select the imported HDRI image in your
Project window and adjust its import settings as follows:

e Create a new material by right-clicking > Create > Material, then name it
CloudySkybox.

e Set materials shader to Skybox/Panoramic.
e Select the HDR image envmap_cloud_layers_4k.hdr as the Spherical (HDR) image.

e Set the Exposure and Rotation to the following values:

e Open the Lighting window by clicking on the menu Window > Rendering >
Lighting.
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e Select the new Skybox in the Environment tab:

® |ighting
Scenel Environment I Realtime Lightmaps | Baked Lightmaps | @ ©
¥ Environment
Skybox Material 19 CloudySkybox el
Sun Source Nene (Light) @

Realtime Shadow Colo I

Envirenment Lighting
Source Skybox -
Intensity Multiplier —@ 0.68

6.3.2 Indirect Lighting in Unity

Indirect lighting in architecture is, of course, essential, but unfortunately, it is also the most
challenging aspect to simulate accurately and quickly in computer graphics. For this chapter,
we have chosen the Sponza Atrium test scene. It is a famous benchmark for indirect lighting
(global illumination) in computer graphics because the atrium gets only light from the top
and rarely direct sunlight in the summertime. The atrium is within the Sponza Palace, a
16th-century palace in Dubrovnik, Croatia. Frank Meinl originally designed this model for the
German game engine company Crytek. It is reasonably low-poly and runs in real time on
laptops. Intel also has a much more demanding, high-poly version with all 4K textures.

6.3.2.1 Comparison of Rendering with Photographs

¢ Render in Rhino or Blender: You can find the Sponza model in the Rhino (3dm)
and Blender (blend) file formats. The high-end rendering in both tools is made with
the Cycles renderer from Blender.
To start the rendering process, do the following steps:
o In Rhino: Double-click the Sponza.3dm file to open Rhino and choose the
menu Render > Render.
o In Blender: Double-click the Sponza.blend file to open Blender and choose
the menu Render > Render Image.

¢ Path Tracing: Depending on your computer, such a rendering takes 2-10 minutes.
The Cycles renderer uses Path Tracing, where many rays (100 in the Blender
rendering) get shot through each pixel. At every intersection, they can be reflected
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or absorbed. In the end, the pixel color gets averaged over all paths.

| |
e K
|1
b
’

Rendering made with Blender and 100 samples (=paths) per pixel.

29. Jan. 2026 45



ArchiVR Project Documentation Version 1.00

We can see quite a few differences: the viewpoint is different, and sunlight shines straight downward
(perpendicular to the floor) in the rendering. The photographed scene is illuminated without direct sunlight. You
can also compare the other photographs in the folder Fotos.

Even if the Cycles renderer is known to be physically accurate, we must recognize that we
cannot see the physical reality. Our eyes act as cameras and can adapt to the scene's
brightness by opening or closing the iris. Similarly, you can adjust the exposure and the
gamma in the Blender and Rhino render settings.

6.3.2.2 Import and adjust the Sponza Model in Unity

Create a new 3D project in Unity Hub and name it SponzaLighting.

Create a new folder named Models in the Asset folder.

Copy the model files: Copy the Demo-Projekte/Sponza folder into the Models folder of
the Unity project. Unity automatically starts importing the files. If the import recognizes
normal map textures, some may have to be corrected. Click on Fix now:

r. [ON NormalMap settings ]

A Material Is using the texture as a normal map.
The texture must be marked as a normal map in the import settings.

Assets/Models/Textures/Lions_Mat23_1K_NRM.jpg -
Assets/Models/Textures/Palace_Doors_Mat11_TK_NRM jpg
Assets/Models/Textures/Plants2_Mat03_1K_NRM.jpg
Assets/Models/Textures/Plants1_Mat00_1K_NRM.jpg
Assets/Models/Textures/Palace_Floors_Mat09_1K_NRM.jpg
Assets/Models/Textures/Cloth_1K_NRM.jpg
Assets/Models/Textures/Palace_Walls_Mat05_1K_NRM.jpg
Assets/Models/Textures/Palace_Columns2_Mat12_1K_NRM.jpg
Assets/Models/Textures/Chains_Mat20_1K_NRM.jpg
Assets/Models/Textures/\Vases-Hanging_Mat21_1K_NRM.jpg
Assets/Models/Textures/Palace_Fountains_Mat22_TK_NRM.jpg
Assets/Models/Textures/Curtainbars_Mat13_1K_NRM.jpg -

Fix now | lgnore

29. Jan. 2026 46



ArchiVR Project Documentation

Version 1.00

© Inspector

. Sponza Import Settings

IModel IRig | Animation | Materials

Scene

Scale Factor

Convert Units

Bake Axis Conversion
Import BlendShapes
Import Visibility

Import Cameras
Import Lights
Preserve Hierarchy
Sort Hierarchy By Name
Meshes

Mesh Compression
Read/Write

Optimize Mesh
Generate Colliders
Geometry

Keep Quads

Weld Vertices

Index Format

Mormals

Blend Shape Normals
Marmals Mode
Smoathness Source
Smaothing Angle
Tangents

I<I=

Nl M+

Ly

5

1m (File) to 100m {Unity)

Everything

[

Auto

Legacy Blend Shape Nor |

Import

Calculate

Area And Angle Weighted

Prefer Smonthlﬁg Groups

@
Calculate I\n'l'lk'ktspace

60

wap UVs
Generate Lightmap UVs |«

¥ Lightmap UVs sa‘ﬁngs

Revert | Apply

Generate Lightmap UVs: Needed to bake direct and/or indirect lighting. Baking indirect lighting is essential for
any architectural scene. Baking direct lighting with shadows can massively improve rendering performance
because no real-time lighting has to be calculated during rendering. The disadvantage, on the other hand, is
that you won't get any real-time lighting effects.

Adjust the imported model: Select the imported model file in the project window and
apply the following settings in the Inspector window:

e Export the materials: To adjust the imported materials, we have to export them. On
the Material tab of the Sponza Import Settings, click on Extract Materials ... Create a

new folder named Materials and choose it as the export folder.

© Inspector

. Sponza Import Settings

Model | Rig | Animation| Materials |

Location
Textures
Materials

Material Creation Mode

Import via Méterlal[‘)escriptlon

Use Embedded Materials

Extract Textures...

Extract Materials...

i { ' Materials are embedded inside the imported assat. Material
| ¢ | assignments can be remapped below.

ClothBlue_Mat15

e Press Apply after the modification.

Remapped Materials
¥ On Demand Remap

9 None (Material)

e Delete the Main Camera and Directional Light in the Hierarchy window. We don’t

need them because we will use the camera and lights in the model.
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Add the Sponza model to the scene by dragging it from the Project window into the
Hierarchy window. Ensure in the Inspector window that its Transform Position is at
[0,0,0].

Set the Sponza GO to static: Select the Sponza GO in the Hierarchy window and
check the Static option in the Inspector window on the top right.

Deactivate all Accessories: We want to concentrate on the lighting and don’t need all
accessories in the Sponza atrium. You can deactivate the Accessories group game
object in the Inspector window.

Adjust and turn off the lamps: Two point lights are in the side corridors (Light.001 &
Light.002). Adjust the following parameters and turn them off by unchecking the top
checkbox:

"= Hierarchy [[TETE © inspector [18 2
+ > [ Al Al . B
= | |-— (2) vIstatic ~
v @ SampleScene* AR i
¥ @ Sponza Tag Untagged ~ | Layer Default -
P Camera 5 =
¥ &) Sponza-Attrium >N N Transform e i
» [ Accessories v O v Light e
¥ (71 Lamps
Point -
¥ 63 Lamp.001 Type 20
7 CellingLamp.001 Range 10
) CellingLampBulb.001 Color &
£p CellingLampChain.001 Mode Baked S
) CellingLampGlas.001 intonaity =
¥ 7 Lamp.002 Indirect Multiplier 1
) CeilingLamp.002 Shadow Type | Soft Shadows ~|
£0 CeilingLampBulb.002 Baked Shadow Radius 0
0 CellingLampChain.002 [ Tocad
) CellinglLampGlas,002 e .
Draw Halo
[ Palace.Arches.Floor Flare None (Flare)
g Palace.Arches Floor Render Mode Auto - |
Palace.Arches.Floor2
S E thi
0 Palace.Architravs.Floor0 Cnling Wase LA LY &

Adjust the sunlight by the following parameters:

‘= Hierarchy a i | @ Inspector : g 2
- A @] ﬁ | Sun v Static ¥
v i SampleScene i S v
¥ §# Sponza Tag Untagged v | Layer Default bl
ff Camera
: > M Transform e
w [T Sponza-Attrium _
» 71 Accessaries v 4.~ Light o 3+
> [ Lamps Directional =
£ Palace.Arches.Floor0 Type =
£ Palace.Arches Floor] Caolor I d
71 Palace.Arches.Floor2 Mode |Baked -
£ Palace Architravs.FloorD Intensity h
f7 Palace.Architravs.Floor! Indirect Multiplier 7
7 Palace.Calumns.Floor0
£p) Palace.Columns.Floor Shadow Type [soft shadows i |
P Palace.Doors.Mati1 Baked Shadow Angle @ 0
% Palace.Floord [ | ecookie
Palace.Floor |
) Palace.Fountains.Mat22 Fize E}
£0) Palace.Roof. Mat24 Draw Halo 4
£ Palace.Vaults.Floor0 Flare |None (Flare) @
P Palace . Vaults.Floorl Render Mode | Auto -
7 Palace.Walls.Inside.Floor® 7 .
E thi -
& Palace.WallsInside.Floor2 SRR o
71 Palace Walls Inside.Floor3
{7 Palace.Walls.Outside Add Compeonent

Light Modes: There are three light modes: Realtime, Mixed, and Baked:

Realtime: In this mode, all aspects of the light calculation, direct light, and shadows get calculated at
runtime in every frame, and no precalculated indirect lighting is included. This is good, e.g., if you want to
change the light source at runtime. It is therefore the most expensive light mode and quickly becomes
unsuitable for VR because two frames must be calculated.

Mixed: In this mode, we can still have real-time shadows from the direct lighting, but all indirect lighting can
be precalculated in a lightmap.

Baked: All lighting effects get precalculated into light maps in this mode. This is the most suitable mode for
apps on battery-powered VR headsets because it delivers the highest framerates. The disadvantage, of
course, is that no more real-time shadows can be calculated.

29. Jan. 2026 48



ArchiVR Project Documentation Version 1.00

e Adjust the camera: Not all parameters were correctly imported. Adjust the near and
far clipping planes to 0.1 and 100:

= Hierarchy  [ITA E © inspector [ @iighting AT
rr Pl @~ camera ~sutic ~
v § SampleScene i [ NF, z 2 ==
v @ Sponza Tag | Untagged v Layer Default v
» (7 Sponza-Attrium A . Transform o
7 Sun ¥ W~ Camera o 3

Clear Flags | Skybnx v
Background I
Culling Mask | Everything v
Projection | Perspective v
FOV Axis \Vertical =
Field of View L 46.3971
Physical Camera =2

Focal Length 28

Sensor Type | Custom v |

Sensor Size X 36 Y |24

Lens Shift X0 Ilyo |

Gate Fit 'Horizontal v
Clipping Planes Near 0.1

Far 100
Viewport Rect X 0 Y 0
Wi H 1

e Assign the CloudySkybox in the Environment tab of the Lighting window:
[(@linspector | @ Ligning [TTE

Scenel Environment IReaItIme Lightmaps | Baked Lightmaps oz

¥ Environment
Skybox Material 19 CloudySkybox 5] |
Sun Source None (Light) @

Realtime Shadow Colo N -

Environment Lighting
Source Skybox -
Intensity Multiplier —@ 0.68

The Sponza atrium with direct lighting:

Without light mapping, the scene is very bright even in the regions where no direct light arrives. This is due to the
direct specular reflection from the blueish skybox environment. Direct light calculations are fast, but they don’t
account for blocking geometries (hence the term "direct"”). Only the bright rectangle on the floor gets sunlight.
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6.3.2.3 Lightmapping: Baking the Light

Calculating indirect illumination is far too expensive to do in real time, as we have seen
during the rendering with the Cycles renderer (in Blender or Rhino). The only way to
achieve this critical illumination portion is to precalculate it and store it in additional texture
images. When this illumination is baked into images, we, of course, can no longer
dynamically change, e.g., the direction of the sunlight. This light mapping process is also
known as light baking.

Only Static Objects can be Lightmapped: © Inspector a i
Because light and shadows are stored in additional 0 . Cube [ static] ~
texture image files (= lightmaps), they will no longer ¥ Tag | Untagged Nothing
change at runtime. This works only for game objects | % Tranaforn ¢ Contribute GI
that are set to Static or at least Static (Contribute — SEIHCEr SLaug

osition X| ¥ Batching Static
GI) Rotation ¥+ Mavigation Static

Seale = x| Occludee Static

¥ Off Mesh Link Generation
v H Cube (Mesh Filtl ¥ Reflection Probe Static

The lighting in Unity (and the other tools) can be tweaked with many parameters, which can
be pretty overwhelming for beginners.

e In the Lighting window
e In the Inspector window of the Light
e In the Inspector window of the Skybox

In the Lighting window:

o Lighting Settings: In the Lighting window, we first have to create a new Lighting
Settings asset by clicking on New Lighting Setting and giving it a name like
Sponzalighting. These settings just store all parameters of the Lighting window.

¢ Realtime Lighting:

o Leave Realtime Global Illumination deactivated. It is a deprecated feature.

e Mixed Lighting:

o Leave the Baked Global Illumination activated.

o The lighting mode determines how real-time shadows are generated for lights
in mixed mode. For such lights, leave it on Shadowmask. For Baked lights,
everything gets baked: direct and indirect light and shadows.

¢ Lightmapping Setting: We explain only the parameters that we modify. For all
others, you can hover your mouse over the parameter name or refer to the Unity
documentation on Lightmap Settings.

o Lightmapper: Choose either Progressive GPU or Progressive CPU:

m Progressive GPU (Preview): Light mapping is calculated on the GPU
(Graphics Processing Unit), which is much faster than on the CPU
(Central Processing Unit), but less stable for large models.

m Progressive CPU: Slower but more stable for large models.

o Indirect Intensity: Spaces with only indirect light tend to be dark. You can
boost it with a value higher than 1.

o Max Lightmap Size: For larger project increase this value to reduce the no. of
generated lightmaps. The Quest headsets can also handle large light maps.
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Realtims Lightmaps | Baked Hghtmeps

e Press Generate Lighting: Save with Ctrl-S (Cmd-S on Mac) the scene and press
the button Generate Lighting. Depending on the computer, this can last between 30
sec. to several minutes. To speed up the lightmapping process, you can:

o Lower the Lightmap Resolution.
o Lower the number of Indirect Samples.
o Lower the number of Environment Samples.

After the lightmapping process, the scene looks much better:
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You will find the generated lightmaps in the Baked Lightmaps tab of the Lighting window.
["® Lighting | _u8
Scene| Environment| Realtime Lightmaps | Baked .

Lighting Data Asset |@ LightingData

1 index: 0
' ! Size: 1024x1024
Format: BCBH {comprassad)
R &
| Open Preview
. Index: 1
Size:1024x1024

Format: BCGH (compressed)

| Open Praview

Indax: 2

Size: 1024x1024
Format: BCBH |[compressed) "ﬂ‘\

Index: 3
Size:1024x1024
Format: BCBH [compressed)

The selected floor mesh in the Scene window and open the preview window of the yellow-surrounded light map.

Adjusting the Density of the Lightmap

The density of the light maps is primarily controlled by the Lightmap Resolution parameter
in the Lighting window's Lightmap Settings. The higher the value, the longer the lightmap
generation will take.

You can visualize the baked lightmap resolution with the drawing mode for Baked Lightmap:
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I::IZI:I ﬁﬁ 1, 3vi_-

Shading Mede
Shaded
Wireframe
Shaded Wireframe

Baked Global llurnination

+ Baked Lightmap
Directionality
Shadowmask
Overdraw

Indirect Resolution

Indirect Resolution

2 lexals par unit 2 texels per unit
Lightmap Resolution |40 |texeis perunit  Lightmap Resolution R [|rexets per unit
Lightmap Padding 2 lexels Lightmap Padding 2 lexels
Max Lightmap Size 2048 = | MaxLightmap Size 2048 -
Lightmap Compression ' High Quality = Lightmap Compression High Quality - |

The resolution is not the

A

same on all scene objects, as seen in the images above. To

increase the resolution in a specific game object, such as the round columns, you have to
increase its Scale in Lightmap within the Lightmapping settings of its Mesh Renderer

compone nt:
= Hrarcry TN © nspector  ESEiGHTGIIET
cea @l - .
o [ A E | | Palace.Columns.Floori |« Static *
‘_’_@_'_'_r________ﬂlﬂl.lm‘ : - AT e
Frl Main Camera Tag Untagged = | Layer Default -
ponza
b/ mé Camera b . Transform o
¥ [ Sponza-Attrium » Palace.Columns.Floor 1 (Mesh Filter) @ 5t
P (] Accessories v B v Mesh Renderer @ 3+
» () Lamps =
[p) Palace.Arches Floor0  Materials. 11
f7) Palace.Arches Floorl » Lighting
) Palace.Arches Floor2 v Lightm
) Palace.Architravs.FloorD L;g B:PWM Is ]
£p Palace.Architravs.Floor] Scale InLightmap 3
(7] Palace.Columns.Floor0 Stitch Seams ./_ : .
53] 00 Lightmap Parameti Scene Default Parameter~ | View |
£ Palace.Doors.Mat11 » BakedLightmap

A DN ATA R A

29. Jan. 2026

53



ArchiVR Project Documentation Version 1.00

Lightmapping with Pointlights in Lamps
You can also turn on the ceiling lamps in the left and right hallways and bake their lights:

¢ Clear Baked Data: To delete the baked lightmaps, click the little black triangle to the
right of the Generate Lighting button and select Clear Baked Data.

e Turn on the Light objects: Turn on the Light.001 and Light.002 game objects by
checking their enabled checkbox. Make sure their Light component is enabled as well.

o Disable shadow casting: Even if the point lights' direct illumination illuminates the
hallways, baking will not work because the CeilingLampBulb and CeilingLampGlas objects
enclose the light sources. You have to turn off their shadow casting:

= Hierarchy _ © inspector [ /@ Lighting AT

o l;'cil — ﬁ [ — (4) - static =
| v ﬁi's'f:.rm-iié_" - Tag Untagged ~ | Layer Default v
ff) Camera -
¥ () Sponza-Attrium » . Transform e
» (7] Accessories v ﬁ Ceiling Lamp Glas.001 (Mesh Filter) @ 3 i
v (P Lamps = ;
¥ () Lamp.001 Mo | 2l
&elingtanin 003 ¥ B3 v| Mesh Renderer e
£ CeilingLampBulb.001 =
[ CeilingLampChain.001 F Materials 1
3 CellingLampGlas.001 ¥ Light
@E oo Cast Shadows off -
v mp. ) )
&1 CellingLamp.002 Receive Shadows ||
) CeilingLampBulb.002 Contribute Global lllumi.
CellingLampChain.002 Recelve Global lllumina Light Probes =

F CeilingLampGlas.002
&0 Light.002
A Palace Arches Floar0

» Probes
» Additional Settings

¢ Press Generate Lighting to rebake the light maps.

The Sponza atrium with sunlight, environment light, and two lamps.

You can easily lose the overview when there are many lights in your scene. Unity offers the
Light Explorer that you can open with Window > Rendering > Light Explorer, where you can
see and modify the most important parameters:
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@ Light Explorer :

Lights | 2D Lights | Reflection Probes | Light Probes | Static Emissives

Isolate Selection Show Inactive Objects A
‘Enablecf Name Type Shape | Mode Color | Range | Intensity @ Indirect| Shadows
o Sun Directional - Mixed 2 1 1 Soft Shadow ~
~ Light0oo2 Point - Mixed ol | LY 1 1 Soft Shadow~
Light.001 Paint v Baked »; 210 1 1 Soft Shadow~

6.3.2.4 Reflection Probes

If the smoothness is> 0, the material becomes glossy, as shown in the images below. The
shinier they are, the more they reflect the environment, which, in our case, is the default
blueish skybox. Everything that is slightly smooth gets this blueish reflection, no matter if
the object can see the sky or not, such as the spheres in the house.

To avoid that, you can define a Reflection Probe by adding the Reflection Probe component
to an empty GO. A reflection probe has a center and an extent that you can edit. You can
enter edit mode by pressing the left button at the top-left of the Reflection Probe
component to change the extent and the right button to change the center.

v € - Reflection Probe @

&

| Probe Scene Editing Mode: Box Projection Bounds |

After pressing Bake, you will get a sphere at its center that visualizes the captured
environment.

All objects that intersect the bounds of the reflection probe now get their environment
reflection from the reflection prob and not anymore from the sky:
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The glossy spheres in the house reflect the environment from the reflection probe. Because the white ground plane
also pierces the reflection probe volume, its shadows now have a slightly brownish tint. This is okay in the house,
but not okay outside. For very reflective materials, you may increase the resolution in Cubemap Capture Settings.
If you add now a reflection probe to the ground floor and one to the first floor, you can avoid
this bluish tint from the skybox:

X
i ﬂ".’.‘f;

Sponza atrium with reflection probes Sponza atrium without reflection probes
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This chapter describes the VR development from an actual architectural project, from which
we kindly received the original CAD files. It is the project SETZKASTEN from the office Inhelder
Osterwalder Architekten in Biel, Switzerland. The project won the Circular Tower competition
organized by TeclLab. You can try out the project with the scene Demos/Ledermann/Circular Tower.

7.1 CAD Export

The Circular Tower project is developed in Vectorworks Design Suite 2023:

* N_Bvigaﬁ_on - Klassen

J=BDE@I)

. Darstellung:  Zsigen, ausrichten und bearbeiten
- Filter: <Alle Klassen>

Q

Status Klasse

[ 02 solid
[> 03 Schrattur
[> 05 Objekt
[> 06 Mengen
ANDERUNGEN
[> Bauelemente
BemaBung
W C Konstruktion
W CO1 Fundament
CO01.02_Fundament
C01.02_Schraubfundament
€01.02_Schraubfundament TH
CO01.03_Bodenplatie
COZ Bruestung
W coz wand
COZ.01_Aussenwand
COZ.02_Innenwand
W C03 Stuetze
C03.01_Aussenstuetze
CO3.01_Aussenstuetze ReUse
C03.02_Innenstuetze
W C04 Decke, Dach
C04.01_Geschossdecke
C04.01_Geschossdecke Relse
CO04.02_Innen Treppe_Rampe ReUse
C04.04_Flachdach
C04.06_Aussen Treppe_Rampe Relse
C04.07_Aussen Podest
CO04.07_Aussen Podest Balkon
C04.07_Aussen Podest Container
[> O Technik
[> E Fassade
[> F Bedachung
[> G Ausbau
[» H Nutzungsspezif Anlage
Hilfskonstruktionen
[> | umgebung
Keing
a8 Keine POF HLKS
[> v Baustoff
[> v Bemassung
[> v Beschrifiung
[> v Gratlk
[> v Layout
[> v Raum

©0
BEREY

®

b

atd 1 T REE
e

il

VOO NEEPNOOOROOOO®

00 OOOOO6

D]

As with other CAD tools, Vectorworks offers multiple possibilities to structure a project. The
two main ones are classes and layers. In addition, you can, of course, group objects
hierarchically. There is no single best way to structure a building project. Often and
naturally, a building is structured by:

- Floors (from the lowest to the highest)
- Chronological work types
- Foundation, supporting structures, non-supporting, interior, installation, etc.

But you can also invert this structure:
- Chronological work types
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- Floors (from the lowest to the highest)

Vectorworks offers many export file formats with different restructuring options. The export
dialog for the FBX file format looks as follows:

-
[ ] Einstellungen FBX-Export ?

Darstellungsart: Renderworks ]

Exportiere

© Alle sichtbaren Objekte auf aflen Ebenen
Alle sichtbaren Objekte auf der aktiven Ebene
Alle aktivierten Objekte auf der aktiven Ebene

Szenenstruktur EinschlieBen
O Vvectorworks-Struktur Geometrie
Nach Textur sortiert Kameras
Nach Klasse sortiert Lichtquellen

Mach Fillfarbe sortiert
Nach Stiftfarbe sortiert
Materialien und Textur-Tags

Dricken Sie die F1-Taste oder klicken suf das ¥ oben rechts im Dialogfenster, um die Vectorwoerks-Hilfe aufzurufen.

Abbrechen m

[
The most important aspects of such an export are:

- Identifiable Objects: All the objects must be identifiable by their name in the next tool
(e.g., Unity or Blender).

- Preserved Structure: The more hierarchical the structure is preserved, the better. The
worst export would be a flat list of objects with names like 0bj0O0001, obj00002, etc.

- Full Material Export: All material definitions, including all texture and color information,
must be exported.

7.2 Quick Analysis in Unity

When importing the FBX file directly into Unity and then creating a VR project as described
in 4 Creating our first VR App we achieved a framerate of around 10 FPS in the Meta Quest
2 headset. For a comfortable VR experience, this is far too low; we should aim for a
framerate above 50 fps to avoid cybersickness. But for a quick project view in VR 10 fps is
ok, and you could continue in Unity by adding the teleportation.

By opening the Resource Checker tool in Unity (see 8.5.1.1 Draw less), we can see that the
project has around two dozen textures and materials, but way too many meshes (4'900)
with many vertices (3'481'800). The largest object has 47458 vertices. The humber of
objects and their resolution do not change if we export the project sorted by texture or
Vectorworks class.
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-
@ @ ResourceChecker

ResourceChecker

v/ Include disabled objects
v Look in sprite animations
Look in behavior fields
v Look in GUI elements

Calculate

CleanUp

Textures 21 - Ok Materials 37 Meshes 4900 - 3481800 verts
Textures | Materials Meshes

)_Technik_D08_00_Wass |47458 vert I

)_Technik_D08_00_Wass = 47454 vert
)_Technik_D0OB_00_Wass | 47438 vert
_Technik_DO8_00_Wass 47432 vert
J_Technik_D08_00_Wass | 33534 vert
_Technik_D08_00_Wass | 33530 vert
)_Technik_D08_00_Wass 33524 vert
_Technik_D08_00_Wass: | 33500 vert
D_Technik_DO8_00_Was: | 33418 vert
)_Technik_D08_00_Wass 33418 vert
D_Technik_D08_00_Was: = 30655 vert
_Technik_D0B_00_Wass | 30602 vert
)_Technik_D08_00_Wass 30590 vert
_Technik_D08_00_Wass | 26548 vert
)_Technik_ D08 00 Wass | 26542 vert
)_Technik_D0O8_00_Wass | 26542 vert

What do you want to achieve with the VR visualization?

1G0
1G0
1G0
1G0
1GO
1G0
1G0
1GO
1G0
1G0
1G0
1G0
1G0
1G0
1G0
160

0 skinned mesh
0 skinned mesh
0 skinned mesh
0 skinned mesh
0 skinned mesh
0 skinned mesh
0 skinned mesh
0 skinned mesh
0 skinned mesh
0 skinned mesh
0 skinned mesh
0 skinned mesh
0 skinned mesh
0 skinned mesh
0 skinned mesh
0 skinned mesh

A

In the following chapters, you will learn how to optimize this and similar projects so that
they will run again with 60 and more fps. But we have to warn you that this optimization
will be quite expensive. The steps described in Chapter 9.3 Optimization in Blender and 9.4
Optimization in Unity took us about 3 days of work and are ordered with decreasing
importance. So you really have to decide if this optimization is worth it and what you want
to achieve with your VR visualization:

e Design Visualization: If you only want a quick design check during the project's
evolution in your office, 10 FPS is still okay. You can also improve the framerate by using

a desktop PC with a cable-bound VR headset in your office.

¢ Marketing Visualization: If you want to gain new customers or visualization is highly
important for winning a project competition or public acceptance, then it might be worth
going the extra mile in optimization.

7.3 Optimization in Blender

Ideally, we would optimize our project in the source application, in our case, Vectorworks, so
that we would have only two involved software packages (Vectorworks and Unity).
Unfortunately, this is often not possible in CAD Tools because real-time rendering at 60 FPS,
or even VR, is not their purpose. You can’t often influence the resolution of library objects
such as sanitary furniture. Objects with round shapes often have a resolution that is far too

high. The object at the top of the list above is a toilet.

Blender is an ideal software package for these optimizations because it offers compelling,
general-purpose modeling features and is entirely free and open source. Blender is the 3D
tool with the largest online community, with thousands of YouTube tutorials. Only the official
Blender YouTube channel has more than 1 million subscribers. A good starting point here is

the Bl
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7.3.1 Reduce the Number of Objects

o Delete the default objects: After starting Blender, you can delete the default objects
by pressing the key A (for select all) and then X (for delete). Blender can be used fastest
with keyboard shortcuts.

¢ Import the FBX file: Use the menu File > Import > FBX (*.fbx) to import the FBX file
exported from Vectorworks.

e View in Solid Viewport Shading: Press the key Z, 6 to change the viewport shading to
soI|d To see |nd|V|duaI obJects best choose random colors for the solids:

Viewport Shading

Lighting
MatCap

i Rotation 0°
©

Color
Material Object
Random

° Show the statlstlcs To see some statlstlcs on the model, choose:

Viewport Overlays

Guides

Bow  @roo  mes ([EHEH 2
Scale 1.000 5ubdr\.-‘|5mn5 10

=4 Text Info - 3D Cursor

2 Amotations

After the import, the statistics in the top-left corner show that the model has 7716
objects (meshes) with more than 5 Mio. triangles. On the right side, you can see the
hierarchical scene tree with its groups and subgroups. This is the exported hierarchy from
Vectorworks, roughly organized by floors.

Regarding the different colors of the PV solar panels, you can see that they are all
separate objects. This causes Unity to do a draw command for each object on the
graphics card. This is obviously not very efficient.
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User Qrthographic
(1) Collection | Extrusionskérper D_Technik D01 00 Elektroanlage PV Tre aa825e7

Objects  0/7,716

Vertices 2,598,166
Edges 7,719,092
Faces 5,132,019
Triangles 5,132,019

¢ Join and rename objects with the same material per floor: To reduce the number
of objects, we can now join multiple objects with the same material into one. You can do
that by shift-left-clicking on the objects and then pressing Ctrl-]J to join all to the last
selected. You should also give the joined object a new name. To still have the floor
structure, you can do this grouping floor by floor.
As you can see in the scenegraph to the right in the next image, I have grouped all
objects into 8 floors (GO-G8) and sub-grouped them into classic construction types. The
invisible subgroup (G*_00_unsichtbar) holds all invisible objects that can be later
disabled in Unity. With this joining and grouping, only 350 objects remain out of 7'716.
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User Orthographic
(0) Scene Collection | G6_Boeden_Holz

Objects 0/350

Vertices 241,701
Edges 645,735
Faces 414,389
Triangles 461,036

7.3.2 Reduce the Number of Triangles

Only joining objects will not reduce the number of triangles in their meshes. In general,
roundish geometries are composed of many triangles used to build these soft shapes. Often,
these are library furniture items. However, steel profiles such as the H-columns or just
cylindrical objects often have a far too high resolution than is really needed. To reduce the
number of triangles, do the following steps:

e Select the suspicious object and press shift-H to hide all other objects.

e View the object in the material preview by pressing Z-2.

¢ Add a Decimate Modifier in the Modifier section of the property window. A modifier is a
component that modifies an object visually but doesn’t apply the change to the object if
you store the project as a blend file. As you can see in the modifier at the bottom left,
the toilet has unmodified 44'524 faces (= triangles).
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User Orthographic
(1) Collection | Einfacher_VollkGrper_D_Technik D08 00 Wassertechnische 8104e21

Objects  1/1
Vertices 22,353
Edges 66,924
Faces 44,524
Triangles 44,524

Collapse

You can now enter 0.1 in the Ratio field to reduce the number of faces to 10%. You can
hardly see a difference. Often, you can set ratios between 0.05 and 0.3 without major
visual quality loss:

[N

User Orthographic

(1) Collection | Einfacher_VollkGrper D_Technik D08 00 Wassertechnische 8104221
Objects 1/1

Vertices 2,259

Edges 6,758

Faces 4,452

Triangles 4,452

Collapse

You can also slide with the mouse pointer in the ratio
field. To see the toilet's wireframe, switch to
wireframe view mode with Z-4. If you want to apply a
modification, you can choose Apply in the little
submenu. You don’t have to do this because Unity will
automatically do an FBX export from the blend file
and apply all modifiers automatically.

With these decimations, the number of triangles was
reduced from 5 Mio to below 0.46 Mio triangles.

Collapse
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7.3.3 Fix Backface Errors

Real-time rendering engines optimize performance by drawing only the front faces.
Backfaces will not be rendered and will therefore be invisible. For solid objects like a cube or
a sphere, you will only see front faces when modeled correctly. Unfortunately, neither
Vectorworks nor the FBX export cares about this optimization. To see these problematic
back faces in red, you can turn on the Face Orientation overlay.

Subdivisians

10

Text Info 3D Cursor
Statistics Annotations
Objects

Extras Bones

[l Light Colors Motion Paths

Relationship Lines Origins
Outline Selected [ Origins (All)

Geometry
B  Wirefram 1.000 Opacity  1.000
Viewer Node 1.000

I Face Orientation I

[l Motion Tracking

Without fixing these wrong backfaces, we would see, in the above image, through the floor
into the first-floor rooms. To fix the objects with wrong backfaces, do the following:

- Select the object and go into Edit Mode with the tab key.
- Select all faces of the object with the key A.
- Choose the menu Mesh > Normals > Recalculate Outside.

Be aware that a single triangle has no inside or outside. It always has a front and a
backside. If you want to make a plane without volume, you have to create triangles for each
side. Volumes with all back faces pointing outward are often created by mirroring an object.
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7.4 Optimization in Unity

After the optimization, we were able to create a VR app in Unity, as described in 4, Creating
our first VR App. You can also check the 4.4 Checklist for Unity VR-App Creation.

7.4.1 Improving Teleportation

For easier teleportation, we added the following:

e Staircase Teleportation Mesh: For teleportation on the staircase, we had to add an
invisible mesh over it. We did this in Blender, but you could also do this as described in
8.2.2.6 Adding Dedicated Teleportation Mesh.

e Non-Teleporting Colliders: Because we can teleport through walls, the user often
teleports himself back down to the ground. To avoid this, we surrounded the building
with box colliders and set them to the layer Non-Teleport. When the teleportation ray
collides with them, it gets red, and the teleportation is refused.

0
§
|
-

.

i
'

.
»
[
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7.4.2 Improving Quality

7.4.2.2 Fix Shiny Materials

The roughness or smoothness (= 1-roughness) is often not imported correctly and is then

set to a default value of 0.5. These objects reflect 50% of the light from the bright default

skybox, which looks false if, e.g., in a room, the sky is not at all visible. To fix this, you can
add a reflection probe as explained in 5.3.2.4 Reflection Probes, or you can just turn down
the smoothness to 0.

7.4.2.3 Fix Transparency and Backfacing Errors

Transparent objects are rendered in real time. For correct transparency, engines render all
opaque (= non-transparent) objects, and in a second pass, all transparent objects sorted
from back to front in the viewing direction. Be aware that objects with transparent textures
(= textures with an alpha channel) also belong to the transparent objects. In the image
below, the fence wire should appear in front of the solar panel, but it doesn’t. The fence
wire and the solar panels have transparent parts in their textures. The error in the left
image is caused by combining all solar panels on the same floor into a single object and all
fence wires into a single object. To solve the problem, you have to split up these objects so
that the sorting in the view direction works correctly again.

Back-to-front sorting is only performed at the object level. If you have multiple transparent
polygons in one object, such as the different leaves of the plant in the following image, you
can not solve this problem anymore. The leaf marked with a red circle should appear behind
the leaf below it. It doesn’t because its polygons were rendered after the polygons of the
lower leaves.

As explained in 9.2.3 Fix Backface Errors, objects should always be modeled as volumes
with all front-facing polygons. If objects have only single faces (triangles), such as the
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leaves in the upper image, we will not see the backside because they aren’t rendered.
Leaves seen from the back (blue circle) are just invisible.

7.4.2.4 Adding additional Light Source and Reflection Probes

Light sources in exported file formats rarely get imported correctly. A viable option is to
import only meshes without cameras or light sources, and to start with the default
directional light already present in the Unity scene. Because we don’t use the expensive
feature of High Dynamic Range (HDR) on mobile devices, our indoor spaces often look dark.
HDR is a post-processing operation that increases the exposure of an image that is too dark
and mimics the iris adaptation of our eyes.

The only workaround in the built-in, universal render pipeline is to addlights in dark rooms.
We did this in our project in the office rooms on the 4th floor and in the containers on the
6th floor. Unity offers a nice overview window for all light sources in a project called Light
Explorer:

® Light Explorer |

| Lights | 2D Lights | Reflection Probes | Light Probes | Static Emissives

Isolate Selection  Show Inactive Objects
tnabled | Name Type Shape Maode Color | Range Intensity | Indirect || Shadows

~  GB_PointLight003  Point - Baked - & 25 07 1 Soft Shadow ~
~  GBPointLight002  Point - Baked - X 25 07 1 Soft Shadow~
~  G6_PointLight001  Point. - Baked - & 25 07 1 ‘Soft Shadow =
</ GA_Pointlight004  Point - Baked - & 25 08 1 Soft Shadow ~
< GA4_PointLight003 | Point E Baked E X 25 0.8 1 | | Soft Shadow ~
v/ G4_Pointlight002  Point - Baked - & 25 08 1 Soft Shadow ~
~  GA4_Pointlight001  Point - Baked ~ # 25 0.8 1 Soft Shadow~
~  Directional Light Directional - Mixed ~ X 1 1 Soft Shadow: =

Reflection Probes control reflections on glossy materials, as explained in 5.3.2.4. Because
many materials have a default shininess of 0.5, we also get blueish sky reflections indoors,
where the sky is not visible at all. To avoid this, we either lower the shininess or place a
reflection probe in the specific room. The Light Explorer also gives you an overview of them:

® | ight Explorer
Lights | 2D Lights | Reflection Probes | Light Probes | Static Emissives

Isolate Selection Show Inactive Objects 2
snabled | Name Maode Prajection |HDR | Shac| Near Plane | Far Plane

" RP-G6& (4) Baked ~ | |Infinite ~| v/ [100]|0.3 1000
v RP-G6 (3) Baked «  |Inflnite ~ | v/ 100 0.3 1000
v RP-G& (2] Baked « |Infinite ~ | v/ 100 0.3 1000
" RP-GE& (1) Baked ~ | |Infinite ~| v/ [100]|0.3 1000
v RP-G5 Baked = |Infinite ~ | v/ 100 0.3 1000
v RP-G4 Baked « |Infinite ~ | v/ 100 0.3 1000
v RP-G3 Baked ~ | |Infinite ~ | v/ [100]|0.3 1000
v RP-G2 Baked =  |Infinite ~« | v/ 100 0.3 1000

7.4.3 Improving Performance in Unity

So far, we have optimized the model in Blender for the number of objects and triangles,
achieving an almost optimal performance of 60-70 fps. But we can, of course, add more
geometry to the project with more furniture or equipment.

The overall goal of performance optimization in Unity is to show only what is visible. Unity
automatically renders only what is visible to the user (aka view frustum culling). But if you
look from the ground floor up to the entire building, as in the following image, Unity will
render all the building's objects, even if you can't see them all. It will render all internal
objects that are not visible from the ground.
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7.4.3.1 Unity Occlusion Culling

This optimization is built into Unity and allows you to generate an occlusion culling
acceleration structure. It is well documented, but its parameters are not so easy to adjust
optimally. See the online documentation for more information.

7.4.3.2 Show and Hide Collider

The following method is a simple script that allows you to show and hide objects when the
user enters a box collider.

e Surround the space with the box collider where you want to show and hide something.
Set its layer to Ignore Raycast.

e Add the script ShowAndHideCollider.cs from the scripts folder.

e Click the +-sign to add a new element to the lists Objects to Show and Objects to Hide.

e Drag the objects or group objects to these lists.

In the following image, you can see that we want to show the equipment on the second
floor (G2_05_Ausstattung) when we enter it, and hide all equipment from the other floors
that we can not see. When we exit the surrounding box collider, the mentioned objects get
enabled or disabled oppositely.
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¥ 9 BAM23_BCT_VR

() Directional Light

@@ bctoptimized 1

» 7 Non-Teleport-Colliders

# [ Reflection-Probes

¥ [ Show_and_Hide-Colliders
) ShowAndHide GO

f) ShowAndHide_G3
£ ShowAndHide_G4
£ ShowAndHide_G5
£ ShowAndHide_G6
£ ShowAndHide_G7

@ Inspector
@ v ShowAndHide_G2 | Static ¥
B Tag Untagged X Layerl Ignore Raycast - I
¥ ). Transform @ = i
Position X 10.22 w022 &0
Rotation X 0 Yo [zl
Scale & X1 o1 1
¥ i@ v Box Collider @ !
Edit Collider
Is Trigger n
Provides Contacts
Material MNone (Physic Material) @
Center X [-1.1337.0¥ -0.1537 | Z -11.817¢
Size X 18.1791: Y 3.3059% Z 12.4143
¥ Layer Overrides
¥ #  Show And Hide Collider (Script) CRESE
Script ¢ ShowAndHideCellider
¥ Objects To Show 1
~ Element0 @ G205 Ausstattung )
+ -

¥ Objects To Hide

Element 0
Element 1
Element 2
Element 3
Element 4

@ G3.05_Ausstattung
@ Ea;i._ut}-s_-..ﬁusstattun_g__
@ G5_05_Ausstattung
|G GB_05_Ausstattung
@ G7_05_Ausstattung

Add Component

Such an improvement is especially recommendable when you want to add far more furniture
and details to the floor's equipment (G*_05_Ausstattung group node). As we have seen in
chapter 9.3.2, Reduce the Number of Triangles, these objects often have high resolution and

can significantly degrade performance.
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7.5 Adding Environment

7.5.1 Adding Terrain from Swisstopo

¢ Download the terrain elevation file (SwissAlti3D) from swisstopo:

Go to :

Scroll down and zoom in on the location of your project.
Select the tile of 1 x 1 km terrain, choose the 2m resolution, and press Search:

Selection mode

Options

[ Selection by click

v I Format

[ Cloud Optimized GeoTIFF

s e

535

'Me:’embox :
ey,

)

TGN
\| 500 m L_-.:‘!1\l o

s = Resolution [meters] I 2.0
—
(Spittisberg _
\ » Coordinate system l Lvas5 vl
Time status I Current vl
Published since (] I l
Published before (] I l

Search results:

Data

swissaltizd_2019_2613-1212_2_2056_5728.1if

Search
Export all links

Actions

Qw

Press Download to load the GeoTIFF file (extension tif or tiff) to your computer.

Install BlenderGIS addon: BlenderGIS is a very powerful Geographic Information
System (GIS) addon for Blender.

Download the source code zip file from https://github.com/domlysz/BlenderGIS:

& domiysz/ BlenderGIS

<> Code

) Issues 66

I Pull requests 5

m T

() Actions 1l Projects [T Wiki [ Securty ~ Insights

€5 domiysz rolasod th
Various bugfives
minor Improvements

+ editabie Urs for overpass and dem server (addon preferences)
» cache folder autosetup to home app data
= do not write config file ar logs tile in the addon lolder

® rename ger sim 1o ger elevation and prompl server selection

* Assels I

[}l Sousce code (o g,

[ Sellings

S umwach = 1

About

Blender addons to mal
benween Blender and |

blender  mddon geo

ImponExpoet

basemap  3a-map

M Readme

88 GPL-3.0 License

Releases 13

@ zal

o Open Blender and install the addon by choosing Edit > Preferences: Addons > Install
and select the downloaded zip file:
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L N | Blender Preferences

official Community 4 install..
- { (@]

Add-ons

After the installation, you will have a new menu named GIS.

e Import the terrain file into Blender
by choosing GIS > Import > Georeferenced Raster (tif, jpeg, jp2, png) and selecting the
mode DEM as displacement texture option and the Mesh subdivision method.

Blender File View

Press Import Georaster to import the data. The import takes a while because it reads
500x500 heights from the 1km patch. With 0.5m resolution, it would be 2000 x 2000
height values.

e Apply DEM Modifier: To apply the imported height values to a mesh, select the object
and press Apply in the Modifier section:

=
swissalti3d 2010 2613-1212 2 2056 5728

The terrain, at 2m resolution, is still far too heavy for Unity. Don’t decimate it now. We
will do that after we apply the orthophoto as a texture.

7.5.2 Adding Orthophoto from Swisstopo

¢ Download the orthophoto from Swisstopo:
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o Go to the Swisstopo_page for swissImagel0.
o Scroll down and zoom in on the location of your project.

Select the tile of orthophoto, choose the 0.1m resolution, and press Search

Selection mode }
Options

<

~
Format

I Selection by click

Cloud Optimized GeoTIFF

l
\557\ 550 (\outmberg 7= Resolution [meters] (01
l

<

E fsr\ A3
p (=]
“—-x. “\ B = 1"0 :

<

<

Coordinate system

Lvas

Time status [ Current
Published since O [ =
Published before 0 [ o]
‘ Search |
Search results: w
Data Actions
swissimage-dop10_2021_2613-1212_0.1_2056.tif @ W

o Press Download to download the 10'000 x 10’000 pixel large GeoTiff file.

o Scale down GeoTiff File: The largest texture size supported by GPUs is 8K x 8K. We
therefore have to downscale the orthophoto from 10’000 x 10’000 to 8’192 x 8192
pixels. Save the image file as JPG with a compression quality of 95.

e Create Material for Terrain with Orthophoto texture:

o New Material: With the terrain object selected, click on New in the Material tab of
the properties to create a new material for the terrain and name it Orthophoto.

o Switch to the Shading workspace. You may not be able
to see the terrain anymore because the camera view
settings are set to narrow by default. Open the right-side
panel with the key N and adjust the View settings as
follows:

Options

o Add the Orthofoto:

m Drag the 8K orthophoto into the Shader Editor and connect its Color output pin
with the Base Color input pin of the Principled BSDF block.

m Slide down the Roughness property to 0.

~ Swissi 10 2021 _2613-1212 0.1_2056_BK| ~ Princi BSDF
pli_ - S _SK.Jpg
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User Perspective
(1) Collection | swissalti3d 2019 2613-1212 2 2056 5728

Objects 1/1

Vertices 250,000
Edges 499,000
Faces 249,001
Triangles 498,002

The 3D terrain in Blender was created with the 2m SwissAlti3D elevation dataset and the
matching orthophoto with 8k resolution. We will crop the terrain and decimate its resolution
in a later step.

7.5.3 Adding 3D Houses from Swisstopo

e Go to the Swisstopo page swissBUILDINGS 2.0.
e Scroll down, select your patch on the map, press Search, and click Download to download
the zipped DXF file:

Selection mode Options
| Selection by click v Format [ DXF (ZIP) v]
Coordinate system [ Lvas v]
Time status [ Current v]
Published since O [ =} ]
Published before O [ =} ]
Search results:
Data Actions

swissbuildings3d 2 2019-09_1147-23 2056 5728.dxf.zip @ W

The import into Blender is now a real pain:

e The Blender plugin for the Autodesk DXF format does not work. This is most probably
due to the hate relationship between the most commercial CAD company, Autodesk,
and the most open and free software, Blender. You can ask swisstopo for other
formats, but this service is not free!

e FreeCAD, another free CAD software, also crashes when importing the downloaded
swissBUILDINGS DXF file.

e QGIS, a free, open-source, and widely used GIS (Geographic Information System)
software, can import the file and export it as an ESRI shapefile, which Blender can
import with the BlenderGIS addon.

e \Vectorworks can import the swissBUILDINGS DXF file and export it as fbx.

Download and install QGIS from ggis.org/de/site/forusers/download.html
Open QGIS and drag the unzipped swissBUILDINGS dxf file into it.

An Import-Dialog wird angezeigt, und du kannst auf Layer hinzufiigen (Add Layer)
klicken.
e Export Layer as ESRI-Shape file:
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o Right-click on the right side of the layer name and choose Export > Objekte

speichern als ...

In the export dialogue, choose ESRI-Shapefile as Format.
Set location and filename. I chose the same name and location as the dxf file but

with the extension shp.

o Choose the Swiss coordinate system (KBS: Koordinatenbezugssystem)

EPSG:2056 -CH1903+ /LV95

Choose “Alle wahlen” to select all fields to export
Under Geometry, choose Polygon as type and include the Z-Dimension.

Click OK to export.

[ |
B@V.ZREWE / g

Browser
DeTHe
[ [Volumes |
Favoriten
" Raumliche Lesezeichen
[ Home
1 } (Macintosh HD)
&* GeoPackage
;9' SpatiaLite
@@ PostgresqL
B SAP HANA
P Ms sql-Server
@ Oracle
@ WMS/WMTS
B Vector Tiles
- I XYZ Tiles
Mapzen Global Terrain
OpenStreetMap

TS

(=ES]

-

- v

o

Layer [=]Es)

o« il ® T & -F 0

BRR® @*pe5r D)

V| | SWISSBUILDINGS3D

|. Q, Suchmuster (#K)

0_CHLVO5LNO2 1147-23 — el 7t

¥
| Eir oordinat| 2611008,1213572 |% tabsta|t19398 |+ | @ 'ﬂrgriinun|1ﬂﬂ%

*Unbenanntes Projekt — QGIS
[ ] [ ] Vektorlayer speichern als... z
2
Format ESRI-Shapedatei -
[ Dateiname pwer/GIS-Daten/SWISSBUILDINGS3D _2_0_ CHLVO5LNO2_1147-23.shp | E
Layername
KBs | Projekt-KBS: EPSG:2056 - CH1903+ / Lv95 ~ || 2|
Kodierung |UTF-8 -
¥ Felder zum Export und deren Exportoptionen wihlen
| Name Exportname Typ Mit angezeigtan Wenen ersetzen
V| Layer Layer String
V| PaperSpace PaperSpace Boolean Kontrollkdstehen benutzen
V| SubClasses SubClasses | String
V| Linetype Linetype String
V| EntityHandle EntityHandle String
V| Text Text String
| Alle wahlen | Alle abwihlen
Aliase fir exportierten Namen verwenden f
Alle gewiahlten Feldrohwerte durch Anzeigewert ersetzen
v Layermetadaten erhalten
¥ Geometrie
Geometrietyp Ii..'-'--' Polygon ¥ I
Mehrfachtyp erzwingen
I v| Z-Dimension einschlieen I
Help V| Gespeicherte Datei zur Karte hinzufligen Cancel
‘:| irehun | 00° |:[ |v| Zeichnen @ EPSG:2056 @

o Import the ESRI-Shape file into Blender by choosing the menu GIS > Import >
Shapefile (.shp): Click first the x-button to deselect Scene georeferencing and then click

OK with Web Mercator as CRS:

Import SHP

vt ..

8 Extrusion from field
B separate objects
[ specifiy shapefile CRS
: Scene georeferencing :
® CRS:  WebMercator

Import SHP

o, T

@ é.Extmsinnfmmﬁeld
gs [ separate objects

@® origin: | Geo | Proj

CRS:

| g
ke a

b

Web Mercator

rcator +
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e Adjust the height of the Terrain: The terrain's height is set to its actual elevation in
meters above sea level. The imported houses, on the other hand ...

7.5.4 Adding 3D Bushes and Trees

Adding vegetation to a 3D scene can quickly degrade the performance of real-time
applications. Plants have an incredible degree of detail when viewed up close, but are also
often seen in the far background.

There are several possibilities to render plants in 3D:

e 3D models without transparency:

o Abstract: This simplified method, aka low-poly style, is often used in games where
the rendering power is prioritized for smooth animations rather than for a higher
degree of static details.

o Detailed: This type of plant mode, in which every leaf is modeled with triangles, is
only used in offline renderings because real-time rendering is not possible due to the
high memory and rendering costs.

Abstract low-poly tree model Detailed tree model with ten thousand triangles

¢ 3D models with transparency: Texture images with an alpha channel can add a lot of
visual details with only a few polygons. The only disadvantage of transparent objects is
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that their rendering must occur in a separate pass after opaque (non-transparent)
objects, and their rendering order must be sorted from back to front for correct blending.
This sorting is done on the object level only for performance reasons, not at the triangle
level.

A tree out of 4 objects with transparent textures.

The texture’s alpha channel stores the transparency.

Multiple trees rendered with sorting. Multiple trees rendered, sorted from back to front.
Front and back face: For performance reasons, real-time engines render only the front
faces of objects. The front side of a triangle is defined by the winding order of its three
vertices. Most of the time, this order is counter-clockwise for the front face.

If you draw a transparent texture on a single quad (two triangles) now, you will only see
it from the front. To see it also from the back, you must create two quads at the same
place. One to the front and one to the back.

o Static and detailed: A detailed tree consists of the tree stem and branches with an
opaque bark material and many quads with transparent leaf textures. Like this, you
can create 3D trees with a fairly decent amount of geometry, where you can walk
around and get a good impression of their dimensions. But a single tree with many
leaf quads is not negligible and will cost its render time.

o Static billboard: If you only want to show a tree or bush in the background and don’t
want to walk around the plants, you can display it with only view quads. This type is
also known as billboarding and is almost free in terms of rendering costs.

o Dynamic Levels of Detail (LOD): For desktop 3D applications, there are dynamic
LOD tree systems, such as SpeedTree, that show a tree in detail when you are close
up and as a billboard when you are far away. This is impressive on a single monitor
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but strange in a VR headset because the billboards get automatically rotated toward
the viewer.

The tree stem and branches with opaque material. The single-sided leaf quads have a transparent texture.

The entire tree has around 6200 triangles. All leaf quads use the same transparent texture.

Because the Circular Tower is surrounded by many trees, we decided on a compromise: two
detailed trees with transparent leaves close to the tower, and simple bush and tree
billboards farther away.
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So far, we can only teleport in our scenes. Most of the following add-ons are demonstrated
within the Example Scene within the archivr-viewer-unity6 project. The scene file is in the
Assets/Scenes folder.

Doing a Pinch-Click

Many of the following functionalities are executed when you gaze at the objects where you
added a certain functionality. These are normal 3D objects that get a new highlight color
(e.g., green) when you gaze at them with your central viewing direction. To execute the
action, you do a so-called pinch-click:

e You first close the thumb and index finger until you get a straight ray.
e To click, you then close the thumb and index finger.

8.1 Adding Links

A webpage can have links to words or images, and if you click on them, your browser will
load the linked pages or images. That is the essence of HTTP (Hyper Text Transfer Protocol),
which allows you to link different web pages.

Similarly, you can place links in your 3D scene, and if you click on them with the pinch
gesture, the viewer will load the new scene. There are three types of links:

e Links to another remote scene from ArchiVR.
e Links to another local scene that are built within the viewer app.
e Links to another position within the same scene.

How do we see what a link is? In HTML, links are usually underlined words. In our scene,
links get colored when you gaze at them. You must enable the Use Gaze Interaction option
in the viewer settings.

8.1.1 Link for Loading a Local or Remote Scene

To create a link on a selected object that loads another scene, add a collider (box, sphere,
or mesh collider) and the scripts Shared/Scripts/OnGazeClickLoadScene. You can define the
following parameter:

e High Light Color: The color that is overlaid when you are gazing at the object, and
the link is available.
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e Error Color: The color that is overlaid when you are gazing at the object, and the
link is not available.

e Info Text: If you add a Text object, this text will be shown when gazed at. You can
add a text object by using the menu GameObject > 3D Object > Text - TextMeshPro.
This text object will be in the scene and can be transformed like any other object.

e Scene Settings:

o Is Remote Scene: Check this option if the scene is from the ArchiVR platform.
o Scene Id: If the scene is from ArchiVR, you can find the ID on the Archi-VR
Website, in the scene's detail view, as the last part of the URL. For example, 6
for the scene at h ://archi-vr.ti.bfh.ch
If the scene is local (it comes with the viewer), the Scene Id is the number from
the Scene List:

¥ Scene List
+ | Scenes/XRRigBootstrap 0
~ Scenes/Home Scene 1
+|Scenes/Example Scene 2
o Start Position: If you want to start at a specific position in the linked scene,
enter it here. Otherwise, the default starting position is [0, 0, 0].
= Hierarchy 2 i @ Inspector @ Lighting =
A B =~ | v [[E e A & | Door ~ Static
v 3 Example Scene* i ®-
9 Main Camera Tag Untagged ~ | Layer Default ¥
F7) Directional Light =
» ] Origin B A Transform @
» [ Plane » B Cube (MeshFilter) @
S S E o =
» 71 Box (3) » i@ v Box Collider 8
» (7] Box (4) B |#| v XR Simple Interactable e
. % ;:2‘; v # ~ OnGazeClickLoad Scene (Script) @
v {71 Doorl Script i OnGazeClickLoadScene
£ DoorFrame (2) High Light Color e
B oearendl Error Color I
- 'gw el & Info Text [T Text (4) (Text Mesh Pro) @ |
| > @ Door2 Show Text Only W... «
» 71 Door3
» (71 Doord Scans sottings
| » § ToggleSceneObjectsPanelPrefab S| [l ERES A
| [ Door2Pivot Scene Id &
[7] Adaptive Probe Volume Start Position X|-2 Y 0 Z 0
a GrayLight (Material) @5t
> Shader Universal Render Pipeli~ | Edit.. | = =

8.1.1 Link for Jumping to Another Position

To create a link that makes you jump to another place in the same scene, add a collider
(box, sphere, or mesh collider) and the scripts Shared/Scripts/OnGazeClickJumpTo. You can
define the following parameter:

e High Light Color: The color that is overlaid when you are gazing at the object, and
the link is available.

e Error Color: The color that is overlaid when you are gazing at the object, and the
link is not available.
Info Text: If you add a Text GameObject, this text will be shown.
Jump to Target: Drag a game object into this field. You will jump to its position.
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8.2 Adding Object Transforms

By adding one of the scripts OnGazeClickRotate, OnGazeClickTranslate, or
OnGazeClickScale, you can rotate and translate (move) objects when you gaze and click at

them.

e To rotate an object, select it and add the script OnGazeClickRotate:

(e]

(o]

o O O O

IS =~ wiv | Ov| 2 [

Uncheck the Static checkbox; otherwise, the object can not rotate.

Pivot Point: If no pivot point is set, the object will rotate around its origin, which is at
the center of the door in the image below. If you can’t influence the object's origin,
you can add an empty game object with GameObject > Create Empty as the rotation
point (Door2Pivot in the image below).

RotationAxis: Rotation axis of the object or the additional pivot point.

Rotation Deg: Rotation amount in degrees.

Duration Sec: Rotation duration in seconds.

Co-Rotation Object: To open both doors at once, drag the other door part into this
field.
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You can find an example rotation on the second door from the left in the Example Scene.

e To translate an object, select it and add the script OnGazeClickTranslate.

(¢]
(e]

Uncheck the Static checkbox; otherwise, the object cannot move.

Goal Position: The goal position is in meters. The example door is 0.8 wide in its
z-dimension and 1.14 wide in the z-direction. If we want to move it 0.8 to the right,
the goal position must be 1.14 - 0.80 = 0.34.

Duration Sec: Movement duration in seconds.

Co-Translate Object: To open both doors at once, drag the other door part into this
field.
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You can find an example translation on the third door from the left in the Example Scene.

8.3 Show and Hide Objects

e Add the Menu prefab to the scene: Assets > _Viewer > Prefabs >
ToggleSceneObjectsPanelPrefab.
o Create toggle groups: Select the ToggleSceneObjectsPanelPrefab in the hierarchy:
o Look for the script Toggle Scene Objects Panel in the inspector
o Expand the section called Toggle Groups.
o Add as many Toggle Groups as you need with the [+] button. Give each group a name
and add all required GameObjects to the Toggle Objects list by adding new entries
with the [+] button of the Toggle Objects list.
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e Save and upload your scene.

The new menu will be added to the first panel as a button when entering your scene.

Examples of this script are in the Example Scene, Barcelona Pavilion, and Circular Tower
scene.

‘Toggle Scene Objects
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9.1 Introduction to VR

9.1.1 History of VR

1965: The idea was born: As early as 1965, CG pioneer Ivan Sutherland developed the
Head Mounted Display (HMD) idea. Two stereoscopic 3D images are projected directly into
each eye. The dynamically generated images also depended on the head position and
orientation. The dream of virtual space was born and failed due to inadequate display
technology.

Ivan Sutherland invented the first Head-Mounted Display (HMD) in 1965. If you watch the video on YouTube, you
will recognize that this first HDM was a mixed-reality display that augments a cube into a see-through display.

1985: The term VR was born: Jaron Lanier coined the term VR in 1985. A real hype
arose, and several new tools, such as the data glove for interaction in virtual space, were
developed. It was still the era of big, heavy cathode-ray monitors, and the first small
displays built into headsets had such low resolution (max. 320 x 240) that one could
imagine VR only with considerable goodwill.

Jaron Lanier coined Virtual Reality in 1985 and invented the data glove.

2015: VR arrives in the Gamer Market: After another 30 years of computer and screen
technology development, the implementation of virtual reality was within reach. In 2016,
Oculus and Valve launched their VR headsets, Oculus Rift and HTC Vive, for Windows.
Although the prices of about 1000 USD for the headsets and about 2000-3000 USD for the
driving PC were not low, they enabled broader use beyond universities and companies for
the first time.
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The most important improvements to the VR headsets from the 80s were:

High resolution of 1080 x 1200 pixels per eye

High 110-120° viewing angle

Head-Tracking: Accurate head position and rotation are required for good immersion.
Low delay: A real-time simulation requires at least 60 images per second. Therefore,
the computer must render an eye image within 8 ms.

2020: VR arrives in the broad Consumer Market: In 2015, Facebook acquired the VR
pioneer company Oculus, intending to spread VR widely in the social media consumer
market. For this purpose, a new standalone, battery-powered VR headset, Oculus Quest,
was released in 2019 at a very low price. Facebook's seriousness about VR is evidenced by
its 2022 name change to Meta, which promoted its ambitious project, the Metaverse.

9.1.2 Mobile VR: Meta Quest

The first Meta Quest headset is a fully standalone device, features two
six-degree-of-freedom (6DOF) controllers, and runs on a built-in computer with Android as
the operating system.

|

T

The Quest uses an inside-out 6DOF tracking system named Oculus Insight. The system relies on four wide-angle
cameras mounted at each corner of the headset to track the headset and its controllers in 3D space. These
cameras can also detect your hands so you can use the headset without controllers.

Meta produces the Quest in the following models:

2019: Oculus Quest

2021: Quest 2

2022: Quest Pro

2023: Quest 3

To be fair, we have to note here that Meta is not the only producer of mobile VR headsets:
2021: PICO Neo3

2022: PICO 4

2023: Vive Focus 3
2023: Vive XR Elite

2024: Apple Vision Pro
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Meta and their mobile VR headsets will dominate the VR market from 2019 until today. The advantages of cableless
mobile headsets over their cable-bound competitors are so clear, even with their lower graphic performance that

their market share is estimated to rise in the future (Source: Finanz und Wirtschaft, February 2024)

We try to support all mobile VR headsets using the OpenXR VR standard. For more
information, see 9.2.2 More Development Technigues for VR.

The Oculus Quest that we lend you, costs about 500 Swiss francs.
Please treat it with absolute care. Our Oculus Quest package contains:

e The Oculus Quest headset with the label Quest-??

Two controllers with the labels Quest-?? and a pair of rechargeable type AA batteries
A charger with the label Quest-??

A USB-C to USB-3 cable

A USB-C to USB-C cable

A case for everything

A silicon cover that can be disinfected.

9.1.2.1 Only for the first-time Setup

For new Oculus devices, one has a few steps once. We have described them in Appendix 9.3
Meta Quest Developer Setup. The headsets that you get provided are already set up. Please
do NOT change this setup.

9.1.2.2 First Steps in Oculus Quest

If you have never used befor the Meta Quest headset, we recommend the following short
video tutorials:

1. Watch the Oculus Quest 2: Comfortable Fit

2. Watch the Oculus Quest 2: Maintenance and Care

3. Watch the Oculus Quest 2: Wearing Glasses if you are wearing glasses.

4. Watch the Oculus Quest 2: Setting the Guardian

5. Put on the Quest headset and watch the tutorials Fit & Focus and Hands using the
controllers:
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6. Turn on Hand Tracking: If the hand-tracking feature is not enabled, you can do so
under Movement Tracking (Bewegungsverfolgung) settings.

9.1.3 Challenges in VR

VR rendering is probably the most demanding rendering task that a GPU can do:

e Render twice: Due to the stereoscopic view for the left and the right eye, the entire
scene has to be rendered twice. It's just the double work a GPU has to do.

e Render extra fast: The flicker fusion threshold is the frequency where the persistence
of vision (POV) starts. It depends strongly on the illuminance and the retinal angle. Our
color cones have a high dynamic range but are slow whereas. Our grayscale rods have
on the other hand a low dynamic but are fast. This means that we see slowly in the
center where the cones are in our retina and fast at the outer angles where we mostly
have rods. Evolution is thought to have developed this feature so that we can react very
quickly to objects that enter our field of vision horizontally.
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Within our normal monitor, tv, or cinema view angle (black frame w. 50°) our POV starts at
around 25-30 FPS. Our displays in VR headsets cover about 90° each (red and green frame). To
achieve POV in these outer angles we need 60-90 FPS.
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e Render extra-large: The screens must be placed very close to the eyes to achieve
such a large viewing angle. However, our eyes cannot focus on this distance. Therefore
we have to look through two lenses that cause a relatively strong pincushion distortion.
To compensate for this distortion, the scene must be rendered with barrel distortion.

Warped Image

Rendered Image Barrel distortion Barrel undistortion Users view

Because of this pre-distortion, the pixel density per region is not everywhere equal.
While the density in the center remains about the same, we have to render much more
area for the outer viewing angles. This means that we even have to render into about
30% larger frame buffers so that we can compress them again in the barrel distortion.

L

Rendered Image

Frame buffer with corresponding pixel areas before and after barrel distortion. (Images: Nvidia)

Warped Image

e Correct color aberrations: Also because of this pre-distortion, a chromatic aberration
occurs in the outer angles. To compensate for this, the RGB color channels must be
rendered with varying degrees of distortion.
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Chromatic aberration before and after the per-channel distortion (Images: Nvidia and Wikipedia).
Another possibility would be to build VR headsets with more expensive achromatic lenses.
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The VR lenses are evolving quickly and allow closer and smaller displays.
a) Oculus Rift DevKitl in 2014, b) Oculus Rift in 2018, and Pancake lenses in 2022.

e Fast-tracking: For a good immersion we need about 60-90 FPS. That means that we
only have about 11-17ms of time to generate both images. This also includes the time it
takes to calculate the position and orientation (= pose estimation) of the headset. The
tracking must therefore also be extremely fast.
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9.2 One-Time Development Setup for Meta Quest

Warning: For new Meta Quest devices, one has to do the following preparation.

Please don’t do this on the headsets we provide you. We have already done the
following steps. Please don’t use other accounts on our devices or install other apps from
the Meta app store.

Create a Meta Account by going to https://auth.meta.com/

Create a Meta Developer Account by going to: https://developer.oculus.com
o Register with the Meta account

o Set the mobile phone number for 2-factor authentication.
o There is no need for a credit card.
Download & install the Oculus app from the app store of your phone OS.
WLAN Connection: At BFH, use the Wifi name Eduroam, not BFH.
Enable Bluetooth on your mobile phone.
Log in with the following predefined account:
o E-Mail: ?7?7?
o Password: 777
Connect Quest-Headset to WIFI
o WLAN: eduroam
o CA-Certificate: No Validation
o user: BFH-Shortname@bfh.ch
o password: BFH-Password
Turn on the Quest headset by pressing the button on the right side for a few
seconds.
o At the first time a 5-digit code is shown; remember it.
In the Meta App of the mobile phone
Go into the menu (3 dashes at the bottom)
Choose Devices (Geréte)
Choose the menu at the top (3 dots) > Add new Device

O O O O O

Choose your device type (e.g. Quest 2). It is searched now over Bluetooth.
Couple Quest Headset by entering the 5-digit code that you read at startup.

Set Developer Mode in the mobile phone's Meta App: This is needed so that we can

install our app on the Quest from our computers.

o Go into the menu (3 dashes at the bottom)
Choose Devices (Geréte)
Choose the menu at the top (3 dots) > Change Device
Choose Headset Setting (Geréte Einstellungen)
Choose Developer Mode (Entwicklermodus)
o Activate Developer Mode

O O O O

Disable the USB Connection Dialog: Each time you connect the Quest headsets,

you will be asked to allow access from the connected device (your laptop). This is

annoying when developing. To disable this confirmation inside the Quest headset, do

the following:
o Go to the Settings
o Go to the System settings
o Go to the Developer settings
o Disable the USB Connection Dialog
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9.3 More Development Techniques for VR

Developer

Guardian

Guardian

USB Connections
USB Connection Dialog
Hand Tracking

Hand ng Frequency Override

9.3.1 Debugging a Quest VR App

None (Defauly) o,

A good overview of several techniques for debugging a Meta Quest is presented in a
YouTube video by ShipBit. The easiest way is to use the Android Debug Bridge (adb) with
the logcat command and the restriction to the Unity log messages. You can find adb in the
platform-tools folder of the installed Android SDK:

platform-tools % ./adb logcat -s Unity
For more help on how to use the adb tool, see:

https://developer.oculus.com/documentation/native/android/ts-adb

9.3.2 Screen Casting from the Quest to a PC or Mac

9.3.2.1 Screen Casting with Oculus Casting to a PC or Mac Browser
This is the built-in casting functionality to cast the left eye screen to a web browser:

1. Head to oculus.com/casting on any up-to-date Chrome or Edge web browser. You
must log in with your Meta account using an annoying three-factor authentication.

2. Slip on your Quest/Quest 2 headset and select the “Share” option in the Oculus
universal menu. The headset and the web browser must be on the same Wi-Fi

network.

3. Click on “Cast” and select the desired PC on your list of available devices.
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9.3.2.2 Screen Casting with scrcpy

There is a simple Android tool that lets you copy the screen to a PC or Mac via TCP/IP. It is
called scrcpy and can be downloaded from GitHub. This is also the only way to see the

camera’s see-through feature from Oculus. You can also record the capture. The latency is
acceptable even if both eyes are copied. Read the readme for installation instructions. The
advantage of this method is that you don’t need a Wi-Fi network, but your headset needs to
be connected to the computer with a cable.

9.3.3 Screenshots Inside VR

In all VR systems, you will find one or more possibilities to take screenshots or even video
recordings inside VR. In the Meta Quest headsets, you must initiate this with the pink
button and the camera icon on the main menu.

After starting the screenshot, a timer gives you about 4 seconds to switch to the app where
you want to take it. The screenshot is then stored inside the headset's file system, and you
have to connect it to your computer to access it.

A more comfortable way is to use our screenshot button in the menu and let the image be
sent to your email address.

9.4 Installing an APK without Unity

The Meta Quests (1, 2, 3 & Pro) and the PICO headsets are Android devices, meaning they
run the same operating system as Google's Android mobile phones. To install an APK on the
Quest, you have the following options:

e Using the SideQuest App:
o Download SideQuest Advanced Installer from

https://sidequestvr.com/setup-howto for your OS.
Do NOT download the Easy Installer.

o Install SideQuest: View the YouTube video with an installation tutorial:
m Install the SideQuest application on your computer.
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m Install the Oculus drivers from
h : vel r. lus.com/downl k lus- -driver
if you have no Unity installation
m Set the Quest headset into developer mode as described in
9.3 Meta Quest Developer Setu
m  Connect the Quest headset and accept the computer connection.
Install the APK with SideQuest: If your headset is connected, you will see
a green light at the top-left:
[ ] SideQuest

culus Quest Pro 77% <« @ > = a m = 0 5

%SIDEQUEST Q SIGNIN  SIGN UP

HOME GAMES SUPPORT PROMOTE GET SIDEQUEST GIVEAWAYS

Press the Install APK file from folder on computer button and choose the APK
file to install. Wait until the installation is finished.

e Using the Android SDK from within Android Studio:

o

Install Android Studio: Android Studio from JetBrains is the official
development environment for any Android device. Download and install it.
Use the ADB Tool (Android Debug Bridge): Follow the instructions from
h : vel r. lus.com mentation/native/androi -

e Start the App: Hand-installed apps are a little hidden:

o

o

o

o

Click on the button to the left with the 9 dots in the main menu to open the
App Library.

Click into the Search apps text field at the top.

Choose Unknown Sources in the second field at the top.

Choose Recent in the last field at the top.

You should now see your hand-installed app at the top of the Unknown Sources list. Click on
it to start the app.
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9.5 Improvements for VR Rendering

The Meta Quest VR headsets are mobile devices that run under battery power as your
mobile phone does. You can not expect the same performance and quality as from a
cable-bound VR headset that receives its images from a PC with a dedicated graphics card
that consumes 500 watts alone.
As described in Chapter 8.2.1 Challenges in VR it is important to achieve a framerate higher
than 60 fps (frames per second). If it is lower you will immediately notice a lagging when
you look around and you won't feel present in the scene. In such a case you will ask for
measures to improve the performance first before you want to improve the image quality.
The build settings in Unity are therefore set in a way to achieve first a good framerate by
reducing some render quality settings.

e You can monitor your framerate by opening the built-in menu and clicking on the bug
icon. Here you can activate the framerate by checking the option Show FPS:

Triang| 88522064

e Alternatively, you can monitor your frame rate in more detail using the OVR Metrics

Tool.

You must work on some 8.5.1 Performance Improvements if you get a low framerate.
If you are happy with the framerate you can work on some 8.5.2 Quality Improvements.

9.5.1 Performance Improvements

The following recommendations are a short list of measures that you can take to improve
the performance of mobile headsets. In chapter 8 Case Study: Circular Tower we described
these steps in more detail with a larger architectural project.

9.5.1.1 Draw less

¢ Reduce the number of objects: Many exports from CAD tools are suboptimal with
way too many individual objects. Try to reduce that number by merging objects with
the same material. Every object with a specific material is executed with a so-called
Draw Call. You can see the no. of draw calls in the statistics shown in the Settings
dialogue.
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¢ Reduce the model complexity: Exported objects from CAD tools can easily have
thousands of triangles. A good tool for checking the mesh sizes is the free Resource
Checker tool from the Asset Store:

o The Resource Checker tool is designed to help bring visibility to resources
used in your scenes (e.g. what assets are using up memory, which meshes
are a bit too detailed, where are my materials and textures being used):

i ResourceChecks | Q 0,2._
[ Refresh |
| Materials 3 Textures 4 - 2.33Mb Meshes 3 - 11258 verts
[ oo TR T
| Granitelpz4_mn | 1024x1024 - 11mip
1.33Mb - DXTS
| == Granitel024 | lDZi:{lOE!tvllmip
AR 682k - DXTL
. [ GrassHillAlbedo | Plasns s Mot
| . [ cliffAlbedoSpecular | e
i g
I

o The no. of triangles that are currently rendered can be seen in the statistics.

e Reduce texture size: Don’t use textures bigger than 2k in size (2048 x 2048
pixels). Mobile headsets don’t have as much memory as desktop graphics cards.

9.5.1.1 Draw faster

e Don’t do dynamic lighting.
Bake it all as described in 5.3.2.3 Lightmapping the Sponza Scene.
e Batching: By setting objects to Static GI you set them also to Batching static which

allows Unity to merge many little objects with the same material into one object
(drawcall). The no. of batched objects can also be seen in the statistics.

e Decrease Texture Render Quality: Todo.

9.5.2 Quality Improvements

9.5.2.1 Define Quality Settings for Quest 2

In this chapter, we will look into tweaks and settings to get the most out of our VR
applications visually, without straining too much on performance. Since the Meta Quest
Headsets work as standalone devices, they can not rely on a powerful PC to do the
demanding calculations. Our project should already have these settings:

e Create new Quality Settings: Edit > Project Settings > Quality. Click Add Quality
Level and name it Quest 2. Click on the little Down Arrow in the table in the Android
column and select your new Quality Level to set it as the Default Level.
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Render Pipeline Asse Ultra
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e Configure the new Quality Level: With the new Quality Level selected, adapt the
configuration to the following:

Pixel Light Count: 1

Anti-Aliasing: 4x Multi-Sampling

Enable Realtime Reflection Probes

VSync Count: Don’t Sync

Texture Quality: Full Res

Anisotropic Textures: Per Texture

Soft Particles: Disable

Particle Raycast Budget: 128

Billboards Face Camera Position: Enabled

Shadowmask Mode: Shadowmask

Shadows: Hard Shadows Only

Shadow Resolution: Medium Resolution or High Resolution

Shadow Distance: 5

Shadow Cascades: Two Cascades

0 o0 0o 0o o o o oo o o o o o

o If your application experiences lag, you can play around with some of the settings.
Changing the Shadow Resolution and the Shadow Distance most affects the Quality.

9.5.2.1 Improve Texture Rendering

e Use ASTC Texture Compression for the Android platform:

o Check the Build Settings that Texture Compression is set to Use Player

Settings:
Platform i Android
L_.___l Windows, Mac, Linux Texture Compression [Use Player Settings -_I

ETC2 fallback 32-bit v
Export Project i

Symlink Sources

Build App Bundle (Google Play)

S8 Dedicated Server

|ﬁ| Androld

o Check the Project Settings > Player > Other Settings > Rendering, you set
the Texture Compression Format to ASTC.

e Use a higher-quality Texture Filtering: Texture Filtering is the process of
minifying the texture image. It is often used in architectural scenes, where we often
look at wall or floor textures into the depth of space. In the following image, we look
horizontally over the floor and see the travertine texture up close in its original
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resolution. This texture has to be applied at further distances in more minified
versions.

You can improve this filtering with a higher Aniso Level in the Import Settings of the
texture image:

From left to right: 1, 4, 8 & 16 Aniso(tropic) Level. The number means how many texels (= texture image
pixels) are involved in creating the final pixel displayed. The more are, the more expensive it is in terms of
performance.

9.5.2.2 Improve Shadow Quality with Realtime Lighting

As described in 5.2 Lighting in Unity, dynamic lighting with shadows is mostly too expensive
for mobile VR. If your scene is straightforward, you can still do it, but the default shadow
quality is inferior.
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To improve it you must set your light source mode to Realtime or Mixed and the Resolution
to Use Quality Settings:

v £ v Light @ 3
Type | Directional -
Color Fal
Mode Realtime -|
Intensity 1
Indirect Multiplier 1
Shadow Type | Soft Shadows -

Realtime Shadows
Strength o1
Resolution |Use Quality Settings -|
Bias @ 0.05
Wormal Bias & E
Near Plane * @E::
~ ©Cookie

In the Project Settings under Quality set the following settings:

| Shadowmask
|Hard and Soft Shadows
| High Resolution

 Stable Fit

1100

13

[Two Cascades

LA RN ERE]

9.5.2.3 Improve the Skybox Reflection Quality

Environment reflections on skybox images are created by default with a lower resolution
than the background skybox image. You can increase this resolution in the Lighting window
in the Environment tab with the Environment Reflection > Resolution:

29. Jan. 2026 929



ArchiVR Project Documentation Version 1.00

Realtime Lightmaps | Baked Lightmaps

@ SkyBoxBarcelona
“: Directional Light (Light)

Left: The standard resolution of 128 is used for the environment reflection. Right: The increased resolution of 512
means that a cube map of 6 images with 512x512 pixels is used for the reflection.
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9.6 Create your own 360° HDR Image

A 360° camera has two fisheye lenses with a 180° field of view each. Stitched together, you
can capture 360° of an environment.

The Insta360 One X3 camera with two raw fisheye images that get later stitched, and reprojected to an
equirectangular and cylindrical projection within the Insta360-Studio software (see next images).

To create your own 360° HDR image, do the following:

e Place the 360° camera on a tripod in an empty place with nothing up close to the
camera. The smaller the tripod feet are the better so that they will be almost invisible in
the final images.

e Control the camera from the mobile app. Don’t take photos while you are standing at
the camera because you will be also in those photos ;-). If you don’t have a mobile app,
you have to use a timer to get away from the camera.

¢ Switch the camera to HDR Photo mode and set the automatic capture of 5-7 images
with £1.0-1.4 apertures. With 5 images set with £1.0, the camera will capture at -2, -1,
0, +1, and +2 aperture offsets.

e Capture 5-7 photos with different exposures at an absolutely stable position.

e Upload the images from the camera to your computer via the mobile app or with
the Mini-SDCard from the camera.

¢ Import the images into the Insta360-Studio desktop software.
¢ Export the images as equirectangular projections in full resolution.
¢ Combine the images into one and export it as an HDR image:

o With Photoshop: If you have Photoshop you can follow this YouTube video to
combine all exposures into one HDR image.

o With Picturenaut: This free windows tool allows you to combine multiple exposures
into one HDRI and export it as an HDR file (Radiance, *.hdr file type).
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Five equirectangular 360° images at five different exposures.

9.7 Introduction to Unity Scripting

We are using Unity to create a VR app with predefined functionality. The cpvrLab developed
this functionality using scripts and a programming language. Unity is originally a game
engine for the development of real-time games.

In this chapter, we show you how to create a simple game to give you an overview of the
basic principles.

1. Scale the Plane: Select the plane in the Scene or Hierarchy window. In the Inspector
window, change the scale factors to [10,1,10].

2. Move the Sphere: Select the sphere and change its position [0,2,0].

3. Add Rigidbody component: Select the sphere and choose the menu Add Component >
Physics > Rigidbody. By adding components to GOs, we can add functionality to them.
The Rigidbody (Deutsch: Starrkérper) enables the GO to act under the control of physics.
It can receive forces and torque to make your objects move realistically.

4. Press Play and see how the sphere falls and gets stopped by the cube. The integrated
physics engine calculates a new position by applying the Earth's gravitation to the
sphere's mass. It does this every 50ms, so 20 times per second. In addition, it also
checks every time the sphere collides with another object. If so, it gets stopped. The
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sphere collides with the cube because the sphere has an additional Sphere Collider and
the cube has a Box Collider component.

5. Press Play again to stop the game: Don't forget to press the Play button again to stop
the game. This is one of the major beginner mistakes. You quickly forget that the game
still runs, if nothing happens on the screen. If you continue to edit the game while it is
running, all changes will be lost after stopping the game.

6. Add Script: Select the sphere and click the Add Component button at the bottom of the
Inspector window. Choose New Script and name it SphereBehaviour. Double-click on the
SphereBehaviour script name to open the programming environment. This can last the
first time a few seconds. This works only if the development environment was also
installed during the installation. You can edit programming code in any text editor. But a
dedicated coding editor or programming environment is recommended for good syntax
highlighting.

When you see the template code, select it all and delete it. Copy and paste the following
code. The code is written in the programming language called C#. What it does should be
more or less clear from the code comments behind the //:

using UnityEngine;

// C# class that inherits from MonoBehaviour and implements additional behavior
public class SphereBehaviour : MonoBehaviour

{

// Private variables only visible for this class

private const float _thrustAcceleration = 1000f;

private const float _jumpForce = 500f;

private Rigidbody _rigidbody;

// Gets called once at startup

private void Start()

{
// Get the component from the same game object
_rigidbody = GetComponent<Rigidbody>();

}

// Gets called every 56ms by the Unity physics subsystem

private void Update()

{
// Get the horizontal input keys (A/D or cursor left/right)
var h = Input.GetAxis("Horizontal");
// Get the horizontal input keys (W/S or cursor up/down)
var v = Input.GetAxis("Vertical");
// Calculate acceleration from the horizontal and vertical cursor keys
var acceleration = new Vector3(h, of, v) * _thrustAcceleration * Time.deltaTime;
// Tell the physics engine to add a force by this acceleration
_rigidbody.AddForce(acceleration, ForceMode.Acceleration);
// If the space bar 1is pressed, add a jump force
if (Input.GetKeyDown(KeyCode.Space))

_rigidbody.AddForce(Vector3.up * _jumpForce, ForceMode.Force);
}
}

7. Save the script in the development environment with (CTRL-S or Command-S on Mac).
Unity will compile the script in the background to check if there are syntax errors in it.
Programming languages have strict syntax. Any missing brackets {} that define code
blocks or missing semicolons (;) will generate a syntax error and the game can not be
started. These errors have to be fixed in advance.
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8. Press Play and play the game: Switch back to Unity. Unity automatically recognizes
the changed script and recompiles it. Press Play and try your first game by pressing the
cursor keys.

9. Building the game: You can only play your game from within the Unity editor. But we
can also deploy our game into a standalone executable.

a. Choose the menu command File > Build Settings ...

b. Add the open scene by clicking Add Open Scenes.

c. Click Player Settings in the lower-left corner. Choose Windowed for the Fullscreen
Mode and the desired Default Screen Width & Height:

MyCompany
MyFirstUnityProject
0.1

d. Back in the Build Setting click Build and Run ...
e. Name your game MyFirstUnityGame in the Save As field and click Save. An executable
application will be built and started depending on your operating system.

Build Windows, Mac, Linux

Save As: [ MyFirstUnityGame.app

Tags:

Where: [ MyFirstUnityProject v

Cancel Save

Summary:

29. Jan. 2026 104



ArchiVR Project Documentation Version 1.00

e A game in one hour: This example overwhelms you if you have never used a
programming language. But you also recognize how easy it is to create your first game.
It needed not more than an hour of introduction (chapters 2.1-2.3)!

e Adding components: In essence, game development in Unity is adding functionality to
game objects with components. The most flexible one is a script component with your
own commands in it. These commands then get executed at specific points at runtime,
e.g., at startup (the routine Start), at every frame of the game (the routine Update), or
when physics is involved at FixedUpdate.

e It can be a deep water: If you study the code closely, you will also recognize that a
good understanding of linear algebra and a minimal understanding of physics is
advisable.

e But don’t worry, you will not program in this course. We will provide you with all the
necessary scripts.

Game enhancement: With this logic, you could quickly improve this game to a
billiard-style game with multiple balls bouncing off from surrounding rails. To make the balls

bounce, you must assign so-called physical_materials. Look in Chapter 5.1 Materials in Unity
if you want to add some color to your game objects.
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9.8 Export & Import a Scene as a Unity Package

9.8.1 Export your Scene as a Unity Package

You can export a scene with all configurations for archiving purposes as a *.unitypackage

file. This is advisable if you want to keep your work with a small footprint or give it to
someone else.

e Open your scene so that it is open in the editor window.

e Export as unitypackage: In the project window. Right-click on your scene file:
Assets/ _MyScenes/{YourName}/YourSceneName.unity > Export

You should see only the files that your scene is using.

Only select the files from your scene (in the green frame).

Deactivate all that is not directly related to your scene.

Press the Export... button to start the export.

Give a name yourSceneName.unitypackage.

o O O O O O

£ & Exporting package

Items to Export

Al | None

¥ -~ Im_MyScenes
¥ . ImHudritsch_hsmd
» + I Barcelona Pavilion
= = Circular Tower
|3 Palace
I _Viewer
| cpur-vr-suite
I TextMesh Pro

| Include dependencies |

9.8.2 Import a Scene from a Unity Package
Do the following steps to import an exported scene from your colleagues:

¢ Import Unity Package: Choose the menu Assets > Import Package > Custom
Package... and choose the Unity package to import.
o Leave all files checked and click Import.
o You can now modify the imported scene and decide to build as described in
4.3.5 Build the Scene
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