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PREFACE

Virtual and augmented reality represent a digital transformation in information and human
interaction, a technological leap forward in hardware and software. Gamification, on the other
hand, is the presentation of serious professional topics to the user through a game-like narrative.
With this content, the book's topics are relevant and applicable to nearly every profession and
academic discipline, including engineering, fine arts, health, science, architecture, social
sciences, and educational sciences.

With its hardware and software infrastructure, digital transformation technologies continue to
develop both as a standalone field and as a component within the larger technological matrix
comprised of artificial intelligence, deep learning, the internet of things, smart systems, and
visual communication elements. Virtual and augmented reality headsets add a different
technological dimension and new features to current computer and mobile device usage.
Gamification, on the other hand, presents a variety of scenarios in technical and social fields,
particularly for educators, as educational materials.

This book presents, at a basic knowledge and skill level, how to develop virtual-augmented reality
and gamification applications for everyone. Within this framework, which appeals to all
professional disciplines, mining applications have been designated as a special area.

Using the Unity Real-Time Development Engine, application developers are provided with step-
by-step visual support to teach fundamental knowledge and skills in these areas. Various
application development approaches, templates, and projects are implemented on devices such
as the Meta Oculus Quest 2/3, HTC Vive, and MS Hololens 2. templates from manufacturers
such as Unity, Microsoft, Vuforia, and Meta are utilized.

In applications using the Unity 2022.3 LTS and Unity 6000.0 LTS series, code was developed
using the Microsoft Visual Studio C# compiler.

Furthermore, mining scenarios demonstrate how this general knowledge can be translated into
concrete professional applications. Studies are included that can be used as digital training
support materials for both open pit and quarries, as well as underground mining environments.

This study, designed with a certain knowledge base in mind, recommends that those new to the
Unity engine download the “Introduction to Unity Real-Time Development Engine with
Applications for Mining” and acquire the necessary background:

https://www.seruvenyayinevi.com/Webkontrol/SayfaYonetimi/Dosyalar/introduction-to-unity-a-
realtime-development-engine-with-applications-for-mining_sayfa_g328_LXskPcwb5.pdf

| wish success to the academicians, researchers and students who want to work on the subjects
discussed in the book.

Prof.Dr. Kaan Erarslan

Kltahya Dumlupinar University
Faculty of Engineering

2025
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1. INTRODUCTION TO VIRTUAL-AUGMENTED REALITY AND
GAMIFICATION

Virtual Reality (VR) and Augmented Reality (AR) studies have opened a new page in practices
with technology-human interaction, especially education, and took its place in digital
transformation processes. The relatively older history of playback or software called serious
gaming is also an important component of this process.

These application areas, which have hardware and software components, bring together experts
working in different disciplines. The stages, as shown below, inthe development of an application
can be generalized as a scenario built into need, graphic designs and coding that realizes this.

Scenario
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Workflow through the applications

In addition to graphic design software in the components, engines such as Unity and Unreal,
which will be brought together and converted into interactive scenes, are needed for VR and AR,
programming information and of course technological devices. The hardware section includes
not only computers but also title sets, and wearable technologies.

Graphics Design | | VR/AR ENGINE Code Development

« MINING SOFTWARE « UNITY « MS VR TOOLKIT oCi+ VR HEAD SET
« AUTOCAD « UNREAL ENGINE  VUFORIA oCit «SMART GLASS

« BLENDER « ARFOUNDATION o Python « PHOTOGRAMMETRIC
« MAYA « ARCORE CAMERA & DRONE
«3D STUDIO MAX o ARKIT

« CINEMA 4D

« PHOTOSHOP

«PIX4D

o LIDAR

« MESHROOM
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Components of an application development

An application whose elements are assembled and completed can be used on various platforms.
Computer (EXE), Web (HTML), Mobile Devices (APK, IPA), VR headings and holographic devices
are some of these platforms.

Deployment Platforms and Devices

3D Model/Scene

’ Mobile Devices —

Phone, Tablet
Mobile Devices — . .
Mobile Devices -
Phone, Tablet ’ I

’ PC-Based

’ PC-Based

Smart Glasses
(MSHololens

’ Web-Based

’ VWeb-Based

eadsets (Oculus
HTC, etc)

Types of Deployment Platforms and Devices

1.1.Virtual Reality (VR)

Virtual reality headsets are a technological stage that provides insulation from the environment
and brings great innovation in visualization. This technology, which offers high-level visual
performance, has been one of the most preferred platforms for the concept of gamification.

These devices with controllers and embedded cameras also include harddisk drive with a certain
capacity. Peripheral devices, called VR headsets, are produced by strong brands such as Meta,
HTC, Sony, Samsung, etc. Image renewal times (frequency) are very high, and the feeling of reality
is unbelievably impressive.

With Unity, applications prepared for these platforms can be installed. It is possible to use AR
Foundation or Vuforia as AR (Augmented Reality) engine. In addition, virtual headsets are used
with smartphone Cardboard Headset or Harddisk with control units like Meta Oculus, HTV Vive.
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Oculus Quest 3, Cardboard and HTC Vive VR Headsets

1.2.Augmented Reality (AR)

Augmented reality can be said to have the mostinnovative qualification among other visualization
technologies. In principle, while it is possible to enter the space designed with virtual reality,
virtual designs in augmented reality come from the screen into the living space. The
headsets/smartglasses developed for this purpose carry a screen in transparent glasses. Designs
such as virtual keyboards, 3D models, control panels, menus can be controlled manually and
even access to various devices by means of WiFi, Blootooth. In addition to AR headlines with
expensive devices, there are also economic solutions such as smartphones and tablets.

HoloLens 2, the most advanced of these technological devices called Smart-Glass, belongs to
Microsoft. Apple also produced a similar product called Vision Pro.

Microsoft Hololens 2 Smartglass

10
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1.3.Gamification and Serious Games

Gamification is to ensure that a certain information or skill is applied in a scene developed
according to the scenario developed by the field specialist. Here, a serious issue is made in game
format and attractiveness. It can also be defined as the development of digital education
material. The aimis to construct a permanent and efficient training that minimizes the distraction,
the highest focus on the issue.

The most important difference between serious or learning -based gaming and games in the
entertainment sector is that the developed games are serious, scientific and educational
purposes. Various interactive simulations on the subject have been integrated with rewards and
punishment elements.

1.4.Virtual-Augmented Reality and Gamification in Mining

In general, earth sciences, in particular mining, the most advanced technological developments
are followed and used. With this character, software such as innovative and up -to -date
mathematics, optimization, planning, and programming systems are the fastest adaptation of all
kinds of mechanical, electronic and integrated systems that can be used in underground and
open pit mines and quarries.

Virtual-augmented reality and gamification applications have been involved in mining since it was
first developed. Especially in basic vocational training, practices are developed on occupational
health and safety issues.

The applications developed in mining which is in the very dangerous profession class allow
various scenarios and exercises in virtual environments. In this respect, it creates a very wide
experience platform.

Acknowledgement

This chapter has been prepared with the support of the STRIM - Safety Training with Real
Immersivity for Mining - CBHE-2022-101083272, funded by the Erasmus+ Program (Capacity
Building for Higher Education) through the European Commission.
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2. GAMIFICATION AND SERIOUS GAME DEVELOPMENT

Gamification can be defined as the translation of professional scenarios developed by field
experts in the format of game formats in engineering, education, art, health, architecture, culture,
geographical systems, archeology, industry and social disciplines in general. In this section, in
addition to basic information, Unity projects have been realized on simple scenarios for sampling.

2.1.General Concepts

While having a completely different purpose and features from entertainment games, they can
have similarities in their design by taking into account characteristics of entertainment games
such as long-term concentration, immersion, memorability, continuation with curiosity and
pleasure, and sustainability. Accordingly, it is possible to better understand and experience
serious topics and develop cognitive skills through comprehensive learning with a structure that
includes a serious scenario, interactive simulations, reward and punishment systems, and
progression through levels. These subjects are also compatible with the concept of digital
transformation today.

In this section, both theoretical and practical information is provided on the topics of
gamification and serious game development. The development processes, such as philosophy,
scenario, scene design, and coding for computers (Windows) and mobile devices like
smartphones and tablets (Android/iOS), are explained in detail with examples. Unity, a real-time
development engine, is used in applications.

2.1.1.Gaming Fiction and Design

First, the subject, scope, and purpose of the serious game to be developed must be determined.
All aspects of the subject must be compiled into a written script.

Subject

Fiction

Objective Scenario

Design components of a game

12
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Scenario writing is done with gamification goals in mind. It can also be thought of as a roadmap.
Similarly, in the C# coding process, the program's working phases are first prepared verbally and
schematically in pseudocode form, and then coding is done according to this plan.

In educational applications where gamification is most frequently used, the pedagogical benefits
of the developed product are demonstrated through approaches such as Anova tables and Assure
statistical methods.

2.1.2.Design of Scenes

Adhering to the script, the materials to be used in the scenes must be pre-made or produced and
included in the asset group. This includes preparing 3D models, textures, sound and lighting
arrangements, Ul elements, animated objects, and so on. Designs can be developed using
various software packages such as AutoCAD, 3DSMakx, Blender, Sketchup, Maya, Cinema4D, and
more. Free and paid pre-made models can also be found from resources like Sketchfab,
Rigmodels, 3DWarehouse, Grabcad, and Adobe Mixamo.

Graphical design of an underground mine tunnel

2.1.3.Ul Elements

Ul elements are frequently used when creating transitions or reward/punishment systems within
scenes. 3D scenes typically consist of a 2D Canvas structure with fixed text, shapes, and buttons.

13
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Which Scenario you want to go to?

Scenario First Aid Plan for Fire

Conveyor Belt Electric Shock

Excavation Line Construction Site

@

A% e 0 929
Assets > Scenes

Ul Buttons to form a Menu

2.1.4.Script Coding

In gamification, script code provides the movement, action, and interactive realization of
the scenario. Visual Studio is used for coding in the C#-based Unity engine. Beyond simply
adding code to the Assets section of a scene, connectingitto the objects within the scene
is also crucial. In essence, games are the result of the collaborative work of scene design
and coding.

14
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2.2. Gamification on Windows and Android Platforms

The Unity engine has a cross-platform nature that allows for application output to multiple and
different platforms. It's based on C#. It's possible to think of its editor as a production area where
scenes are designed, providing output to all platforms.

Platform

CJ win Mac, Linux Windows platform (EXE)
E Dedicated Server Multiplayer app
Iﬁl Andraid Android VR, Cardboard headsets and
. mobile apps (APK)
WebG WebGL (HTML)
Platform MS Hololens 2

Apple IOS (10S App)

Play Station/Xbox console apps

It is designed to output to a computer (EXE) by default. It can also be output to devices such as

smartphones and tablets (Android APK or iOS IPA), virtual reality headsets (Android), holographic
devices (MS Hololens 2), and game consoles.

For gamification on Windows, select Windows, Mac, or Linux as the platform in the Build Settings

menu (Build Profiles for the Unity 6 series). After selecting the scene(s), configure other settings
in the Player Settings sub-menu.

Add Open Scenes

Default

Learn about Uni

Build

15
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2.2.1.Gamification for Open Pit Mining Machines

A simple, educational game set in an open pit mine has been designed. The game's description
can be presented in the following format:

Subject: Introducing some basic construction equipment used in open-pit mines

Objective: Introducing open-pit mining machinery to new students in the field. Because another
purpose of this application is to demonstrate the gamification process in detail, only a few
machines were used in mine. A game developer can develop much more comprehensive scenes
using the training provided here.

Scope: A construction equipment demonstration game limited to a drilling rig, an excavator, and
a truck

Scenario and Pseudocode:
i. An open pit mine will be navigated in an FPS setting.
ii. Controls will be provided using the W, A, S, D, and arrow keys.

iii. Brief information about the three sample machines placed in the mine will be placed next to
them.

iv. Points will be earned by collecting the informational notes next to the machines.
v. The informational note will disappear after being collected.

vi. A total of 30 points will be reached.

vii. The game will be exited with the Esc key.

viii. EXE output for Windows

16
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Material-model: A 3D model of an open pit, a hole-boring machine, an excavator, and a truck.

After creating the game's identity, relevant models were obtained from various sources, adhering
to this design. The excavator and blast-hole machine were downloaded from Grabcad, the mining
truck from Sketchfab, and the open pit from 3DWarehouse.

https://sketchfab.com/3d-models/big-truck-27929347ffd8427e9b270a311635542b
https://3dwarehouse.sketchup.com/model/c369788a-4bba-4514-9446-0dd3afcd46f4/Mining-open-pit

A new project called MiningGame1 was created in Unity. The quarry model was placed and then
covered with the corresponding texture.

17
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Models were placed at the lowest level according to their functions.

Ul elements were added according to the scenario.

A score ticket (tag=ticket) with an information card and a 360-degree rotation animation was
placed for each machine.

18
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After the physical infrastructure was completed, the C# script files necessary for on-field
movements and scorekeeping were created.

The first file was developed for camera movement control, the second for FP player control, and
the third for scoreboard control, ensuring integration. The files were linked to the FP player, and
the C# file developed for game control was linked to the public declaration field in the other files.

19
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C# Script files are given below. KameraKontrol.cs is for camera control, OyuncuKontrol.cs is

for player control and OyunKontrol.cs is for game control.

KameraKontrol.cs

using System.Collections;
using System.Collections.Generic;
using UnityEngine;

public class KameraKontrol : MonoBehaviour

{
public OyunKontrol oyunk;
private float hassasiyet = 5f;
private float yumusaklik = 2f;
Vector2 gecisPos;
Vector2 camPos;
GameObject oyuncu;

void Start()
{

oyuncu = transform.parent.gameObject;

}

void Update()
{
if (oyunK.oyunAktif)
{
Vector2 farePos = new Vector2(Input.GetAxis("Mouse X"), Input.GetAxis("Mouse Y"));
farePos = Vector2.Scale(farePos, new Vector2(yumusaklik * hassasiyet, yumusaklik * hassasiyet));

gecisPos.x = Mathf.Lerp(gecisPos.x, farePos.x, 1f / yumusaklik);
gecisPos.y = Mathf.Lerp(gecisPos.y, farePos.y, 1f / yumusaklik);
camPos += gecisPos;

20



Kaan ERARSLAN VIRTUAL-AUGMENTED REALITY & GAMIFICATION

transform.localRotation = Quaternion.AngleAxis(-camPos.y, Vector3.right);
oyuncu.transform.localRotation = Quaternion.AngleAxis(camPos.x, oyuncu.transform.up);

}

if (Input.GetKey("escape"))
{
Application.Quit();
}
}
}

OyuncuKontrol.cs

using System.Collections;
using System.Collections.Generic;
using UnityEngine;

public class OyuncuKontrol : MonoBehaviour
{

public float hiz=5;

public OyunKontrol oyunkK;

floatz=0;

void Update()
{
if (oyunK.oyunAktif)
{
float x = Input.GetAxis("Horizontal");
floaty = Input.GetAxis("Vertical");
if(Input.GetKey(KeyCode.Q)) z= 1;
if (Input.GetKey(KeyCode.E)) z = -1;
x *=Time.deltaTime * hiz;
y *=Time.deltaTime * hiz;
z*=Time.deltaTime * hiz;
transform.Translate(x, z, y);

}

if (Input.GetKey("escape"))
{
Application.Quit();
}
}

private void OnCollisionEnter(Collision c)
{
if (c.gameObject.tag.Equals("ticket"))
{ oyunK.puanArttir();
Destroy(c.gameObject);
}
}

21
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OyunKontrol.cs

using System.Collections;
using System.Collections.Generic;
using UnityEngine;

public class OyunKontrol : MonoBehaviour
{

public bool oyunAktif = true;

public int puan = 0;

public UnityEngine.Ul.Text puanText;

void Update()

{ if (Input.GetKey("escape"))
{ Application.Quit();

} }

public void puanArttir()
{
puan +=10;
puanText.text =
}
}

+ puan;

By selecting Build Settings (Build Profiles)> Windows, Mac, Linux, an output in EXE format was
obtained.

2.2.2.Gamification for Occupational Health and Safety

In this gamification example, let's develop a simple occupational safety project in an
underground mine gallery, utilizing the basic approach and codes in Section 2.2.1. The example
was developed with the potential to form a basis for much more advanced applications.

First, the subject, purpose, scope, scenario, and materials sections were created.

Subject: FP-type gamification of occupational safety measures to be taken at the entrance to an
underground mine gallery.

Objective: Develop a basic-level gamification for a brief awareness and training session on
occupational safety in mining, which is classified as highly hazardous.

Scope: Wearing protective equipment in an underground rail gallery. Responding to a small fire.

22
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Scenario-Pseudocode:
i. The scene should include an underground mine gallery with wagons.

ii. A warning sign regarding personal protective equipment, including a hard hat, reinforced
protective boots, a yellow vest, safety glasses, and gloves, should be displayed at the entrance.

iii. A fire extinguisher and warning sign should be present.

iv. No entry is permitted without wearing protective equipment.

v. Each piece of equipment must be worth 10 points.

vi. Movement must be achieved using the W, A, S, D, and arrow keys.
vii. A light must illuminate the gallery from the helmet.

viii. There must be an educational video panel next to it, accompanied by a multiple-choice
question. A correct answer must earn 10 points.

ix. There is a small fire in the pipes a short distance away. A simple fire can be created with the
Particle System.

X. The fire must be extinguished by grabbing the fire extinguisher.

Material-model: The gallery is from Sketchfab, and the protective equipment is provided by
Sketchfab's free resources:

Loire Dessin Patrimoine 3D. https://sketchfab.com/3d-models/coal-mine-gallery-2cc9dfc11fe243039f9900f0c31414ae

For the scenario above, a Unity 2022.3.14 project called ISGMine1 was created.

The gallery, personal protective equipment, warning panel, fire extinguisher, Particle System
were placed on the mini fire scene.
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The animation was added to protective equipment to rotate 360 degrees in the air. A score
notification text was created using Ul Text.

Point O

A short film about toxic gases was placed on a panel in the gallery, along with a question about
the film's message. Below the question were four-choice answers: A, B, C, and D.

atis the message of the video?

A) Hazardous gas awareness
B) Green mining

C)Work with pairs
D) Mining is dangerous
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A simple fire with Particle System was placed on the pipe inside the gallery and a fire
extinguisher was placed next to it.

A capsule was added to the scene for FP-type (first person) gamification, and the Main Camera
was connected to it. A spotlight was also connected to the camera, which was used for ambient
illumination in the dark.

After the physical infrastructure was completed, C# script files were created for the player,
camera, and game controls, as in the previous study. These files are virtually identical to those in
the previous application. Only to determine the correct question selection, the CorrectAnswer
tag was added to answer choice A and reflected in the code.

After connecting the codes to the player and camera, movements and functions were checked in
Play Mode.
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The fire extinguishing process was also tested.

After the game fulfilled its designated functions, the foundation for a more diverse and multi-
scene structure with more defined tasks was created.

On the Build Settings (Profiles)> Windows, Mac, and Linux platforms, an EXE file was deployed
after adjusting the Player Settings.

2.2.3.Gamification for Ore Mining on Mobile Devices

In this section, an example of mineral processing has been prepared for smartphones and
tablets. Android was used as the operating system, and an APK file was generated. However, IPA
output can also be generated on Mac computers after installing the Apple XCode package.

Topic: TP (third person) mobile gamification in a primary and secondary stone crushing and
classification plant

Objective: Develop an application for Android devices using a stone crushing circuit and plant
example in the gamification field.

Scope: Introduce the devices used in the primary and secondary stone crushing, screening, and
classification cycles at the plant, and pose questions to the students about the plant.

Scenario - Pseudocode:

i. Use a plant model with a dump truck platform, jaw crusher, and impact crusher elements, and
classifying screens.

ii. Place an information board about the plant.
iii. Add scoring information using Ul Text.

iv. Place a multiple-choice question about the plant on the truck platform. Award points for
correct answers.

v. Generate an Android APK file using a virtual joystick.
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In this study, new projects named MiningMobile were created with Unity versions 2022.3LTS and
Unity 6000.0LTS. To illustrate the shader issue and its solution, the same project was developed
for both versions. The Unity Technologies Starter Assets Third Person package was imported
from the Asset Store into 2022.3LTS project.

Starter Assets - ThirdPerson |

Updates in new CharacterController
package

e - - S
1\@/! Unity Technologies | @ (1a871)

FREE

5974 views in the past week

BT -

o KErarslan
%k k Kk afew secondsago
Pioneer

The pioneer of assets in this category. With its ready-
to-use scene and interchangeable armature, it's a
fantastic asset.

Rez

License agreement Non standard EULA
File size 69.9 MB
Latest version 11.6
Latest release date Sep 11, 2024

Package Content Releases Reviews Publisher info @ Asset Quality OrginallinityNersion 2020.5.0

Support

~ Starter Assets - ThirdPerson | Updates in new Character..

1.1.6 - Saptembor 11, 2024

This Asset Package has Ly Package Manager
deperdences.

comunity.reutsysten1.5.1
comunity rendes peines.uriver s 14.0.7

The restart request was also approved, allowing the project to be closed and reopened with its
own settings.
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er Assets - ThirdPerson | Updates in new Character... | Import

eptember 11, 20

Waning

This project is using the new input system package but
the native platform backends for the new input system
are not enabled in the player settings. This means that
e input from native devices wil come through.

Do you want to enable the backends? Deing so wil
START™ the editor.

EEEEEE DD

sing a Humanoid rig

aph for URP/HDRP)

After the restart, the Third Person Starter assets were re-imported in the Package Manager > My
Assets section. Accepting the Install/Upgrade prompt quickly navigated to the Import window.
After clicking Import, the downloaded asset was placed in the Assets section as StarterAssets.

The Assets > StarterAssets > ThirdPersonController > Scenes > Playground scene was opened
by double-clicking. Pink textures may appear due to shader incompatibility.

Go to Window>Rendering>Render PipeLine Converter to open the relevant settings window.
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OUNE = WINGOWe, Tsc, LI -

File Edit Assets GameObject Component Services Jobs Tutorial Window Help

Panels >

Next Window Ctrl+Tab
Previous Window Ctrl+Shift+Tab

Layouts >

Unity Version Control

DO

Search >

Asset Store

Package Manager

Text >
TextMeshPro

General

Rendering Lighting

Light Explorer

Ctries
Animation
Audio Probe Volume Settings (Experimentsl)
E

S Render Pipeline Converter
Analysis

Occlusion Culling

After selecting all four boxes, pressing the Initialize and Convert button solved the URP shader
problem.

Asset Management
0
Ul Toolkit

S

Visual Scripting

der Pipeline Converter

Built-in to URP

0/0 selected

r Pipeline asse
from builtin renderer.

s Material Upgrade 0/0 selected
- Pending Initialization 0- 0l 0D O

Thi ] i m ilt=i r Pipeli i wverter wo default pre-
built are supplied by Un

~ Animation Clip Converter 0/0 selected
Pending Initialization 0- 04k O 0

This converter Il animation « that they rence the correc

| Readonly Material Converter 0/0 selected
Pending Initialization 0- 04k O 0

als to URP readonly mat 5. This will create tempaorarily a .in

Init

Initialize Ar

The scene is complete with textures.

& If the Universal/lURP template is selected instead of 3D at the start of the project, this
conversion will not be necessary, and the scene will open directly with its blue textures.
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Edt_Assets GameObject Component Services Jobs _Tutorial Window Help.

The scene is ready to play in Play Mode. The CineMachine camera provides impressive imaging
capabilities.

Toreplace the robotic armature, the worker body armature from the Characters section of Adobe
Mixamo was downloaded for Unity. It was then moved to the Assets section.
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DOWNLOAD SETTINGS

Format Pose

‘ FBX Binary(.fbx) V| | T-pose

FBX Binary(.Fbx)

| FEX ASCII(Fbx)

| FBX For Unity( Fbx)
FBX 7.4(Fbx)

FBX 6.1(Fbx)

Collada(.Dae)

To place textures on the character that initially appeared in black and white, the Ch17 asset was
created by going to Inspector>Materials>Textures>Extract Textures. A new folder named
Texture was created to place the textures. The texture files were extracted into this folder. If there
were any corrections that needed to be made, they were accepted by clicking Fix Now.

s _GameObject Component Senvices Jobs _Window _Help
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After these steps, the Ch17 character became visible with its textures. Another step was to
change the Inspector>Rig>Animation Type>Humanoid and click Apply.

Model Rig Animation Materials

Generic
Mone

Legacy
Generic

Humanoid

In Hierarchy, in PlayerArmature>Inspector>Animator>Avatar section, Ch17_nonPBRAvatar
was selected.

The Ch17 armature from the Assets section was dragged and placed in this area.
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Instead of a robot, the worker character has now taken his place. When tested in Play mode, he
was seen performing movements within the scene with this new body.

Since there's no keyboard or mouse on the mobile platform at this stage, we've enabled the virtual
joystick feature to replace them.

Under PlayerArmature>Inspector>Mouse Cursor Settings, we unchecked the Cursor Locked
and Cursor Input for Look boxes. This effectively disables the mouse.
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Fie Edit Asets GomeObject Component Services Jobs Tutorsl Window Help

Since the mouse controls the camera, a virtual joystick was used instead. The inactive
Hierarchy> Ul_Canvas_StarterAssetslnputs_Joysticks was activated by the Inspector. This
enabled virtual Ul elements on stage.

File Edt Assets GameObject Component Semvices Jobs Tutorisl Window Help

A breaking-elimination circuit model from 3DWarehouse was added to the Assets section. This
model was positioned in the scene by deactivating or deleting the Environment in the Hierarchy.

Asep W. https://3dwarehouse.sketchup.com/model/7611051a-ed3e-4662-a982-8480aa83810f/Plant-stone-crusher
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Finally, an information board was placed on the wall, a question on the truck dumping platform
and a Ul Text for scoring.

Birincil kirici olarak hangisi kullanilir?

A) Geneli B) Merdaneli

ik
c) Darbeli pikce

After completing the physical infrastructure, a C# script was added to simply check the answers
to the questions, as the movements were already provided by Starter Assets.

When tested, after the explanations on the information panel, the user climbed onto the truck
unloading platform and answered the question there. A correct answer earned 10 points. This
scenario could be expanded with much more machinery, training panels, or films, and turned into
a small quiz.

The short C# script was connected to the object A containing the correct answer, and other
necessary connection operations were completed. The code file is included at the end of the
topic.
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re0

Ml -oe

Birincil kirici olarak hangisi kullaniir?
A) Geneli B) Merdaneli

C) Darbeli D) Konik

The work continued by switching to the Android platform in the Build Profile (Settings) section.

Add Open Scenes

= bout Unity Build Automation

Switch Platform
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In the Player Settings section, it's necessary to check the compatibility with the Company and
Product Name fields (DPU and MiningMobile), and in the Other Settings section, the Package
Name: com.DPU.MiningMobile. After connecting to the smartphone, the output was completed
by entering the APK file name.

&« > v 4 | B bilgisayar > Yeni Birim (D:) » UNITY » MiningMobile »

Dizenle « Yeni klasér
B Licences Ac § Degistirme tarihi
> 8 M_Minel
> [ M_Mine2
> [ MineMod

> [ MinePrj

L]
B Library

~ [ MiningMc

Dosya adr: | Mininghobile

Kayit tard: | apk (*.apk)

A Klasérleri Gizle [ iptal

As a result, it was found that the simulation, as seen in the editor, worked successfully on the
phone.

As stated earlier, the main goal of this book is to provide simple, yet still open-to-development
gamification examples that cover the most basic elements of a serious topic.

The C# script is given below:

AnswerScript.cs

using UnityEngine;
using UnityEngine.Ul;

public class AnswerScript : MonoBehaviour

{
// Option A itself. The object that will be destroyed in the collision.

public GameObject correctAnswerPanel;

// Ul Text element that displays the score.

public Text scoreText;
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private void OnTriggerEnter(Collider other)
{

//' We'llassume you've given your character the "Player" tag.
/1 If your character's tag is different, please use that tag instead of "Player".

if (other.gameObject.CompareTag("Player"))
{
// Destroy the correct option.
Destroy(correctAnswerPanel);

// Update the score in the Ul.
// Set the value in the Text component to 10.
scorelext.text ="10";

/1 If you want, you can also trigger another event at this point.
// For example, moving to the next question or playing a sound effect.

2.2.3.Some Other Examples of Gamification in Mining

One of the PC-based and Web-based studies includes a complex consisting of galleries
descending into the underground mine with a vertical shaft and driven horizontally into the ore
body (Erarslan and Ozdemir, 2024).

B
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N

In practice, on-field movements were performed using the directional and Q, W, E, A, S, D keys,
as used in games. Furthermore, in Unity, it was possible to gain experience within a ramped
underground mine model (Erarslan ve Ozdemir, 2024).
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Below are images of another study that includes the underground mechanized mine and the
collar formed as a result of the caving method, as well as the mechanized system (Erarslan ve
Ozdemir, 2024).

‘7\\\\\\\

Models that introduce ore preparation and enrichment systems and allow you to experience them
in detail are also shown below (Erarslan ve Ozdemir, 2024).
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These models can be used independently or within a single ore processing and beneficiation
facility. In-space movements within the applications can be performed using a virtual joystick on
mobile devices such as smartphones and tablets.

Below are snapshots from an Android APK application developed for a quarry and underground
gallery on mobile devices (Erarslan ve Ozdemir, 2024).
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https://sketchfab.com/3d-models/dipping-strata-in-quarry-cuts-fbbb50ed6efe4bd69dfb880d12284f04

https://sketchfab.com/3d-models/coal-mine-gallery-2cc9dfc11fe243039f9900f0c31414ae
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3. VR APPLICATION WITH OCULUS QUEST IN UNITY

In this section, we'll develop an Oculus Quest 2/3 VR project based on the official Unity
tutorial, explaining all the process step by step. This will then be followed by an engineering
application using this foundation, using some hands-on experience.

First, let's download the VR Room folder in Unity to create a foundation for your virtual
reality (VR) scene:

One can download the Create with VR Starter Project from the Unity Learn website’.

Itis also possible to access the Unity tutorial page for this topic and access the VR Room
project via an alternative route’.

3.1.0pening the project in Unity

Let's click on the Add->Add Project from disk option on Unity Hub.

Unity Hub 3.7.0

P roje cts Add  ~ New project

Add project from disk

Add remote project

Projects

Installs
MODIFIED EDITOR VERSION

Learn

GVRMine1

) CONNECTED VS ago 2022.3.1411
Communlty DAUNITY\GVRMine1 ’
OVR1 CONNECTED vs ago 2022.31411
DAUNITY\OVR1
OVR3 CONNECTED ys ago 2022.31411
D:\UNIT'
CoalUGMine

ys ago 2022.3.1411

D:AUNITY\CoalUGMine NOT CONMECTED :
MRTKOQ2
D:\UNITY\MRTKOQ2

CONNECTED 21 day 2022.3.1411

MRTKit
DAUNITY\MRTKIt

CONNECTED ] 2022.3.1411
Downloads

BasicSample

Let's select the VR Room folder, which we downloaded to our computer and is
approximately 51.5 MB in size.

* https://learn.unity.com/tutorial/vr-project-
setup?uv=2021.3&pathwayld=627c12d8edbc2a75333b9185&missionld=62554983edbc2a7 6a27486¢b
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® Select a project to open...
v | Bu bilgisayar » Yeni Birim (D:) » UNITY > AOCULUS QUESTZ »

Dizenle = Yeni klasar
E Belgeler Ad Degistirme tarihi Tir
& Resimler BB Create-with-VR_2021LT5 3.12.2023 18:48 Dosya klasard
@ Miizikler i ovr2 21.01.2024 22:57 Dosya klasard
B Videolar BB VR MINING 21.01.2024 22:46 Dosya klasard
B Geri Daniisim Kutusu 8 VR Room 20.01.2024 12:16 Dosya klasard

= G\ @8 VR Room Project 3 3 sya klasora

B ke ” VR_2021LT5_Full_Template B 225335 Theh, fipsiiarkiasord
BB A EGITIM MATERVALLER] 8 VRBasic 1.01.2024 15:20 Dosya klasard
B8 Porto LTT Nov 2023

8 A OCULUS QUEST2

B¥ Bu bilgisayar
=8 Windows (C:)

=& Yeni Birim (D)

B A5

Klasar: | A OCULUS QUEST 2

Add Project T

Since the version in which the project was developed was not installed on our computer,
a yellow warning appeared in the project line.

Unity Hub 3.7.0

Projects

Projects

Installs
MODIFIED EDITOR VERSION

Learn

VR Room

: 28 minutes ago 2021.3.411
SR DAUNITY\A OCULUS QU...  OT CONNECTED 2

GVRMine1

CONNECTED 8 days ago 2022.3.14M1
DAUNITYIGVRMine1

OVR1

CONNECTED 8 days ago 2022.31411
DAUNITY\OVRI

OVR3

CONMECTED 8 days ago 2022.3.1411
DAUNITY\OVR3

CoalUGMine

OT CONNEC 8 days ago 2022.314f1
D:\UNITY\CoalUGMine NOTCONNECTED 9

MRTKOQ2

CONNECTED 21 days ago 2022.3.1411
DAUNITY\MRTKOQ2

Downloads
MRTKit

The system offers us to choose this version or another version.
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Unity Hub 3.7.0

VR Room: Warning

A Missing Editor Version
To open your project, install Editor version 2021.3.4f1 or select a different version below.

Please note: using a different Editor version than the one your project was created with
may introduce risks.

® 2021.3.4f1 s

Install Other Editor Version Install Version 2021.3.4f1

We look towards the bottom of this window and select the 2022.3.74f1 LTS version we
have. We press Open with 2022.3.13f1.

Unity Hub 3.7.0

VR Room: Warning

2022.3.14f1 s
L]

+ Current platform Android uwp WebGL Windows Add platform

Install Other Editor Version Open with 2022.3.14f1

It asks us to confirm the change of version. We accept by clicking Change Version.
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Change Editor version?

If you change the Editor version of your project, the
scripts might change and the project library might be
rebuilt. Depending on the size of your project, this might
take some time.

Are you sure you want to change the Editor version of

your project?

As the project opens, another warning and confirmation request appear. We continue by
selecting Continue.

Your project was last saved with a different version of

Unity.
D: JUNITY fA OCULUS QUEST 2/VR. Room

The saved project (2021.3.4f1) does not match the
launched editor (2022, 3. 14f1).

This may reqguire re-mport. Please be aware that
opening in an older version is unsupported.

Mote that if a build target installation is missing, this
may also cause a re-import,

If you proceed, some packages may be updated. For a

list of any changes made to your Project’s packages,
see the Logs/Packages-Upgrade.log file in your Project

folder.

While the project is being opened, if there is a request for an update on the URP
(Universal Render Pipeline) material, let's allow it.
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P Material upgrade

The Materials in your Project were created using an
older version of the Universal Render Pipeline (URP).
Unity must upgrade them to be compatible with your
current version of URP.

Unity will resimport all of the Materials in your project,
save the upgraded Materials to disk, and check them
out in source control if needed.

Flease see the Material upgrade guide in the URP

documentation for mere information.

»

To prepare the project for VR devices, some packages need to be installed. To do this,
go to the package manager: Window->Package Manager

File

Edit Assets GameObject Component Services Jobs Window Help

Panels >
Next Window Ctrl+Tab
Previous Window Ctrl+Shift+Tab
Layouts >

Unity Version Control
Search

Asset Store

Package Manager

Text
TextMeshPro

General

Rendering

Animation
Audio
Sequencing
Analysis >
Asset Management >
2D
Al
XR
Ul Toolkit
Visual Scripting

In the Package Manager, select the Unity Registry submenu.
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2D Game Kit Download

1.8.5 - August 12, 20

v Wy Assets

Built-in

g Furniture Pa

g & is built-in to Unity ..

Then, let's check the following packages and if they are not installed, add/update
them with the Install button or Update button:

® Open XR Plugin

* XR Plugin Management

* XR Interaction Toolkit

¢ Universal RP

&
XR Interaction Toolkit

.2 - January 25, 2021

Registry Unity

Samples
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3.2.Creating the Starting Scene

To create our scene, we can add the pre-made scene named
Project->Scenes->Create-with-Vr-Starter-Scene

in the downloaded project by double-clicking it.

Create-with-VR-...

A simple Plane will appear on stage to work on. However, the mostimportant pointis that
many objects have been placed in the Hierarchy section to enable the VR application.
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For scene design, there are many prefabricated objects available in Project->_Course
Library->_Prefabs. Under this heading, let's select the Rooms folder, which is also

included in our project's name.

I Project
P e0

se Library » _Prefabs

a,
Art Bins C Environme... Fi as

Lighting Mirrors 5

Plants Seating -] Tables B 5 Testing VR

Rooms

m_Ruslic

Let's position the room using Move control.
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To be able to see the simulation of our scene on a VR device in the Play Mode screen of
our Unity project, the XR Device Simulator must be added to the Hierarchy window.

M Project B console
+ -
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To check, let's press the Play button and see the result. Here we can see how to control
the game using the mouse, W, A, S, D, Q, E, Ctrl, Left-Shift, Alt, and Spacebar keys.

Let's add a few items to the room and decorate it. There are various prefabricated objects
we can use for this purpose. For example, under _Course Library->_Prefabs, browse all
the prefabricated folders: Fireplaces for the fireplace, Tables for the table, Rugs for the
carpet, etc. You can create decorations by dragging the items you want onto the stage.

After the scene design, for the display location in Oculus, let's go to the XR Rig setting
that contains the camera and select Device from the Tracking Origin Mode options.
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Before moving on to Oculus, let's disable the XR Device Simulator that we use to view in
Unity by unchecking its box in the settings.

Projenin VR cihazlarina adaptasyonu i¢in yapilacak birkag¢ islem daha bulunmaktadir.
Edit->Project Settings veya File->Build Settings->Player Settings kismini agalim.

Platform

Resolution and Presentation

Splash Image

Other Settings

Linear

Downgrade

Here, under XR Interaction Toolkit, let's select the Oculus (or OpenXR for another device
like HTC Vive) box, let's load the code files (script) and update the menu.
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XR Plug-in Management

Informatic

Since the project output will be on the Oculus Quest, the project platform must be
switched to Android. Under Build Settings, select the Android platform and click Switch
Platform.

Add Open Sce

Platform W Android

-

* Refresh

Player Settings...
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At this stage, although not required, it's helpful to run the Oculus Quest 2 Windows
application to increase control capabilities. The OculusSetup.exe installation file can be
downloaded from https://www.meta.com/quest/setup/.

00Meta MetaQuest v Ray-BanMeta v  Appsand games v About Meta  Supy

Download the Meta Quest mobie app on yo
headset and pl
hop top VR title:
reality.

B> Googe Pay & Aop Store

Air Link and Link Cable

To play Oculus Rift content on Quest 2, install the Meta Quest

Quest Pro

Giindem

Downshot VR

Fally physics based muliplayer, Mod Support. Spawnable weapons. biades,
106, props, enemies, and more. Highly optim

DahafazlaBiigiAl PR IEA I 45 Pushlans

Codem

)
‘BCHAT .
- Al 1N

Yaklasan Etkinlikler

DJ PHOENIX InterstellaMontella % °DJ NINA CREESE
£ “YE ~'
~ 5 ) 1

» : lsa= R
TRII= ¢ == \ TSI T == T =
WORKSHOP NN, = wnnxsuur‘:\ - WORKSHOP

@ ®ma o0

At the same time, we can see that our device is connected.
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Cihazlar

Quest 2 ve Touch

Aktif

Quest 2
Left Touch
Right Touch

Cihazi Eslestir

* Baglik Ekle

The Oculus Quest 2 device is now listed in the Device list in the Build Settings section.

tarter-Scene

Add Open Scenes

Platform W Android

;l Windows, Mac, Linux ure Compressio Use Player Settings
E 32-bit

E Dedicat ve E o)

=

|'| Android

Disabled

Default device Refresh

Default device
All compatible devices
<Enter P>

Oculus Quest 2 (TWMHHBG8CU13508)

Learn about Unity Build Aut

Build v Build And Run

Let's go backto Project Settings. Since we're switching to Android, we'll need to do some
additional steps. Under XR Plug-in Management, select the Oculus checkbox.
Meanwhile, let's disable the XR Device Simulator object in the scene.
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XR Plug-in Management

Information a

XR Plug-in Management
Ocull

@ Unity Hub

Let's go to the Player Settings window and change the company and project name as
desired.

ormance

Identification

n (
dinimum AP Level

Level

Configuration

IL2CPP
.NET ¢

We are asked to create an apk file on Windows Explorer by clicking Build and Run.
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® Build Android
« > 1 | > Bubilgisayar » YeniBirim () > UNITY > AOCULUSQUEST2 > VRRoom

Dazenle = Veni Klasar

L3

B A EGITIM MATE -

=% Yeni Birim (D:)

e ag

Kaydet

Compression Method

@Wrant A @ Pant g e Learn about Unity Build Automation
Bulld  +  Bulld AndRun

Here, itis useful to open a new folder.

Yeni Binm (I) > UNITY » AOQOCULUSQUESTZ » VR

TIM MATEF
LTT Nov 2

ULUS QUE:

jectSettings

M emp

¥ Bu bilgi

c
=¥ Window

Dosya klasara

-~ Klasarleri C

After these operations, the deployment process begins, and the project runs on the
Oculus device.
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3.3.VR Movement (Locomotion)

Up until this point in the tutorial, we've created the scene and run it on Oculus. In Unity
Play Mode, we've seen that we can move around a 3D virtual room using keys like W, A,
S, D, Q, E, Ctrl, Alt, Spacebar, and Left-Shift, and that we can manipulate light bars.
Now, let's experience some other controls on the room and objects.

To this end, let's select the XR Rig object in the Hierarchy section. Let's go to its settings
in the Inspector section. Here, we need to add the Locomotion System component by
clicking Add Component.
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' XR Rig

ag uUnaggea * Layer Default

Transform

Add Component

Simply type "loc" into the search field. The components including this content will be
listed.

* Layer Default

Add Component

Search

When we examine the XR Rig after adding the Locomotion System, we see that the XR
Origin section says None (XR Origin).
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Layer Default

Add Component

Actually, the XR Origin exists and is located in the Hierarchy section. In this case, let's
drag the XR Rig to the XR Origin in the Locomotion System.

Let's add a new component to XR Rig called Snap Turn Provider (Action-based). This

component is a motion provider that allows the user to rotate the rig using 2D axis input
from an input system action. In the XR Rig Inspector, click Add Component and type
snap into the search field to list it. From there, select the Snap Turn Provider (Action-
based) component.
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Layer Default

v XR Origin

Add Component

o.snap
Search

B3 Snap Turn Provider (Action-based)
i)

This newly added component appears to have no locomotion system attached, with the
System section reading None (Locomotion System). Therefore, we drag the
Locomotion System we just added, located just above it, down into the System box.

XR Rig tatic
Untagged v Layer Default ¥ Layer Del

Transform

LCamera

Locomotion System

L
Enz
E
D

) i !
Left Hand Snap Turn Action

Add Component

Add Component
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3.4.Creating a Teleportation Field on a Rug

To teleport and relocate in this way, let's add the Teleportation Provider component to
our XR Rig object by clicking "Add Component" in the Inspector and typing "tele" in the
search bar. Add the Teleportation Provider component to the list. As before, drag and
connect the Locomotion System component to the box labeled "None (Locomotion
System)" in the System section.

g Untagged * Layer Default Layer Default

Transform

XRI LeftHand Locomotion/Turn {Inpt XRI LeftHand Loce

Search

sion Turn {Ing
Teleport Anchor With Fade

ghtHand Locomation/Turn {Ing

+ Teleportation  ‘rovider @ it

Add Component

Now let's select the carpet (Rug_Rect_Purple) in the Hierarchy and add the
Teleportation Provider component to its Inspector section with Add Component.
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The System section of this component added to the carpet contains None (Locomotion
System).
werrides

Teleportation Provider

Mone (Locomotion System)

65



Kaan ERARSLAN VIRTUAL-AUGMENTED REALITY & GAMIFICATION

Now, when you point anywhere on the carpet, the line generator will turn white. You can
use the hold button on your controller to teleport there. And now you can duplicate the
carpet so you can teleport anywhere. So, the carpet can be used as a teleport portal.

3.5.Reticle Settings for Teleportation

Reticles, also known as sights, are used for teleportation. These objects can be
customized. This requires a few steps.

First, let's add the Teleportation Area component to the carpet (Rug_Rect_Purple) using
the Add Component in the Inspector section.

We see that the added Teleportation Area says None (Game Object) in the Custom
Reticle section.

r v Teleportation Area

n Provider)
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To add a reticle here, go to _Course Library-> Prefabs-> VR-> Reticles in the Assets
section and select the reticle we prefer. Here, we're using the circular
VR_Reticle_Circular.

Drag and drop the VR_Reticle_Circular reticle from the bottom of the Transportation
Area component to the Custom Reticle feature.

We can save the scene and try out the additions in Play mode. We can see a circular
teleport point appear on the carpet.

If we printto the Oculus device, we can perform teleportation by pressing the side control

button.
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3.6.Grabbable Objects

After exploring various movements within the scene, let's also examine the controls on
objects. First, select the hand model.

Hand Pick

It's possible to change the properties of the spheres we control in the scene and use
different objects instead.

Under Hierarchy, select XR Rig> Camera Offset> Left Hand Controller. To select the left
hand, open Assets> Course Library> Prefabs> VR>Hands.

Let's select the VR_Hand option we want. Here, VR_Hand_Yellow_Left, colored yellow,
is selected.
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Now, let's look at the XR Rig>Camera Offset>LeftHand Controller Inspector window.
Here, in the XR Controller (Action-based) component, drag and drop the hand prefab
you selected to assign to the Model Prefab property below.

y
y
y
y
A .
¥
y
‘i
P
=2 4§
v y
E ¥
y
y
|

¥

We can see the arrival of low-poly yellow hands as a controller in Play Mode.
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Itis possible to change and reduce the size of the hands with Scale in the Inspector.

3.7.Adding a Grabbable Object

We can use the Grabbable Object feature to interact with objects. To do this, let's select
the tennis ball (Tennis_Ball_Green) we imported into our scene.

=
-
-
-
-
-
-
=
=
-
-
-
-
-
-
-
-

Let's move the XR Rig object in Hierarchy, which contains the camera, a little closer to
the front of the ball with the Move control.
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Let's add the XR Grab Interactable component to the Inspector section of the ball by
clicking Add Component.

* Sphere Collider
Edit Collider axrgi

Search
Jual Grab Free Transformer
neral Grab Transformer
Grab Interactable

iteraction Group

ayer Overrides ) igle Grab Free Transformer

Shader L

Let's do one more thing about this feature added to the tennis ball. Let's drag the XR
Interaction Manager element from the Hierarchy to the Interaction Manager section of
the XR Grab Interactable component added to the tennis ball's Inspector.
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Let's set the Interaction Layer Mask to Everything and the Movement Type to
Kinematic.

~ XR Grab Interactable

vement T

When we examine itin Play Mode, we see thatthe beam directed from the hands changes
color when it hits the ball and interacts with it. When we run it on the Oculus, we see that
the same color changes and the internal control button allow us to pick up the ball and
hold it as long as we hold the button. If we release the button while throwing the ball, we
see the ball fly away. If the ground or other objects are not rigid, the ball will pass through
them, fall, and disappear. If the ground or objects are made rigid, it will position itself on
them. By creating a Physic Effect and attaching it to the ball, it can also be made to
bounce.

Let's create a Physics Material under Assets. In the Inspector, set this material's
Bounciness property to its maximum value of 1.

72



Kaan ERARSLAN VIRTUAL-AUGMENTED REALITY & GAMIFICATION

+ Edit Assets GameObject Component Services Jobs Window Help

Show in Explorer

Open

Copy Path AlteCtrlsC

Import New Asset...
Import Package
Export Package.

Select Dependencies

Refresh ctleR
Reimport

Reimport All

Update UXML Schema
Generate Lighting Ctrl+Shifts L
Open C# Project

View in Import Activity Window

Seed XR Input Bindings

Properties...

Physic Material

Affordance Theme
xR

Folder Open

C# Script
k)

Visual Seripting

Shader Graph

Shader

Shader Variant Collection
Testing

Playables

Assembly Definition
Assembly Definition Reference
TextMeshPro

Text

Scene

Scene Template

Volume Profile
Scene Template Pipeline

Prefab

Audio Mixer

Rendering
Material

Lens Flare

Lens Flare (SRP)

Render Texture

Lightmap Parameters
Lighting Settings

Custom Render Texture
Animator Controller
Animation

Animator Override Controller
Avatar Mask

Timeline

Signal

GUI Skin
Custom Font
Legacy

Ul Toolkit

Then, let's drag this physics material to the ball or to the Material box under Sphere
Collider. For Rigidbody>Collision Detection, select Continuous Dynamic. Under XR
Grab Interaction, click the Smooth Position and Smooth Rotation boxes.

Light Layer default

Inter

Material

Dynamic

Manager

ything

der P

nematic
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When we run it on Oculus, we will now see that when we throw the ball, it bounces and
rolls on the ground.

3.8.Adding an Object with a Handle

Now let's add an object that will be grabbed at a very specific point and direction.

We previously added a tennis racket in Assets>Course Library>Prefabs>Sport. It was
sitting on the table next to the tennis ball. Since it's an object that needs to be controlled
by holding its handle, let's examine the settings for it.

Let's select the new object and add an XR Grab Interactable component.

20 s
>
-

After adding the component, there are some settings that need to be made. In fact, we've
already made the same adjustments for the ball.

In the Rigidbody section, select Collision Detection>Continuous Dynamic. Under the
XR Grab Interaction component, drag and connect the XR Interaction Manager, located
in the Hierarchy, to the Interaction Manager box.
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In the XR Grab Interactable component, select Interaction Layer Mask>Everything.
Activate the Smooth Position and Smooth Rotation checkboxes.

Light Layer default

MNone

Continuous Dynamic

Instantaneous

A notable feature in the figure is the Attach Transform, shown at the bottom. This feature,
which can be used on objects with handles, allows you to hold the racket by hand instead of
the normal center grip.

To do this, let's right click under our Tennis_Racket_Green object in the Hierarchy and
create a Game Object by selecting Create>Create Empty. We can rename this empty
object to "Attach."
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Let's reposition and rotate the Attach object to match the location and orientation of your
hand model when you grip the new object.

In the Hierarchy, while the top sports object (racket) is selected, let's drag the Attach
object we created under the racket to the Inspector>XR Grab Interactable>Attach
Transform area.

To capture a more realistic angle when the tennis racket is held in Oculus, let's set the
Attach object's Inspector>Transform>Rotation to the combination of X: 0Y: 15and Z: -
90.
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Now, it's even possible to bounce a ball on a tennis racket. Ultimately, this work has
provided us with fundamental knowledge about design, teleportation, movement, and
object controlin VR environments. We utilized the Unity training project for this purpose.

You can also apply this knowledge to other environments, such as factories, schools,
laboratories, hospitals, mines, etc.

3.9.Continuous Movement on Scene with Controller (Joystick)

Notice that our displacements within the scene are discrete. For continuous motion, let's
perform a series of operations.

First, under Assets, let's add the script file named PlayerKontrol.cs. This file is provided
in the chapter Appendix.

Select XR Rig and add the Continuous Move Provider (Action-based) component by
selecting Inspector> Add Component > Continuous Move Provider.

Drag the Locomotion System script to the System section under this component, also
under Inspector.

-

Assats
-
-
-

-
-
-
-
-

Now, let's do something similar to what we did for the tennis racket. Right-click on the XR
Rig object and select Create Empty to create an empty Game Object. Here, we'llrename
it Walk.

Drag the OyuncuControl.cs script file (player control) to our Walk object and connect it.
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Finally, let's drag the Walk object to the Forward Source field of the Continuous Move
Provider (Action-based) component we just created in the Inspector.

>
CREREERER,:

As a result of these operations, we will see that we can move continuously in the forward
and backward position within the scene with the Joystick button of the Left Controller
while working on the Oculus device.

3.10.Unity Oculus Quest Application in Mining

Following the detailed Unity tutorialin previous sections, each step was followed, and the
mining application was tested with scene and object modifications.

A Grabbable-style mining lantern and bucket were placed in a mining gallery. The
necessary code for moving the scene with the Controller was also added.

Bk 3SEH
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For more information:

e https://learn.unity.com/tutorial/create-a-vr-starter- project-
fromscratch#60218220edbc2a00203ec732

* To practice VR go to: https://learn.unity.com/tutorial/vr-project-
setup?uv=2020.3&courseld=60e867f9edbc2a001f1059c7&projectld=60f08c
2fedbc2a3573d7 f2fe# and download the file and follow the instructions

¢ VR (XR) setup step by step: https://learn.unity.com/tutorial/create-a-vr-
starter-project- from-scratch#

1. Interactions:

e Understanding movements “Teleportation, rotation, controls etc.”:
https://learn.unity.com/tutorial/vr-
locomotion?uv=2020.3&courseld=60183276edbc2a2e6c4c7dae&projectld
=60183335edbc2 a2e6c4c/7dcb#

e To capture objects:

https://learn.unity.com/tutorial/grabbable-
objects?uv=2020.3&courseld=60183276edbc2a2e6c4c7dae&projectld=60
183335edbc2a2e6 c4c7dcb#

e This tutorial is also helpful for you to understand how to make interactions
and user interfaces:

https://learn.unity.com/project/week-3-vr-events-and-
interactions?uv=2020.3&courseld=60e867f9edbc2a001f1059c7

2. User interface and teleportation in virtual reality:

https://learn.unity.com/tutorial/2-4-user-
interface?uv=2020.3&courseld=60183276edbc2a2e6c4c7dae&projectld=601834
b9edbc2a44185466 60#

e Creating Ul, canvas buttons and text,

e Create a Teleport to display Ul panels

Model sources:

Unity Asset Store: https://assetstore.unity.com/

Sketchfab: https://sketchfab.com/
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3DWarehouse: https://3dwarehouse.sketchup.com

Rig Models: https://rigmodels.com

Grabcad: https://grabcad.com

Some video training resources:

https://www.youtube.com/c/JustinPBarnett

https://www.youtube.com/c/Brackeys/videos

OyuncuKontrol.cs

using System.Collections;

using System.Collections.Generic;
using UnityEngine;

public class OyuncuKontrol : MonoBehaviour
{

public float hiz =10;

float z =0;

void Update()
{
float x = Input.GetAxis("Horizontal");
float y = Input.GetAxis("Vertical");
if (Input.GetKey(KeyCode.Q))z=1;
if (Input.GetKey(KeyCode.E)) z=-1;
X *=Time.deltaTime * hiz;
y *=Time.deltaTime * hiz;
z *=Time.deltaTime * hiz;
transform.Translate(x, z, y);

if (Input.GetKey("escape"))
{
Application.Quit();
}
}
}
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4. HOLOLENS 2 APPLICATION WITH MRTK IN UNITY

The content of our training includes basic information and a sample application on how to develop
a project in Unity for the Microsoft Hololens 2 device.

4.1.Preparatory Work

The project implementation steps can be expressed as follows:
¢ |[nstalling the Mixed Reality Toolkit (MRTK)
¢ Installing Microsoft Visual Studio
¢ Creating a Unity project

¢ Deploying the project to the Hololens 2 device.

Required hardware and software:
e Hardware: Microsoft Hololens 2

e Software: Visual Studio, MixedReality Toolkit, Unity
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4.2. Preliminary Preparations
4.2.1.Prerequisites
A. Unity Hub and Unity Editor (2021.3 or later):

Download and install the latest version of Unity Hub and the Unity Editor, which supports HoloLens
development. This application uses Unity 2022.3.14, an LTS version.

B. Windows 10 or 11 in PC:

Ensure that your development machine is running Windows 10 or 11. This study uses Windows 11.
C. Windows SDK

It must be at least 10.0.18362.0 or later. The Windows SDK (software development kit) required to
support the target platform is normally installed with Windows. However, if it is not installed, it

should be added from its original site or updated to the latest version.

D. Mixed Reality Toolkit (MRTK) 2.8.3 or later: Download the MRTK package and import it into your
Unity project.

4.2.2.Installing Visual Studio:

Download Visual Studio 2022 Community edition.

https://visualstudio.microsoft.com/tr/downloads

O 8 &= microsoft.com, B B By ¥ Q visual studio community
. -

ViSUaI Studlo 2026 InSiderS §|k‘t|! Diinyanin en popiiler IDE'sine yeni bir ylikseltme geldi

indirmeler

N
) Insiders

Visual StudiO 2022 == Visual Studio 2026 Insiders gikia!

Web, bulut, masatistii, mobil uygulamalar, hizmetler ve oyunlar olusturmak igin Daha fazla bilgi edinin =
Windowsta .NET ve C:++ gelistiricileri igin en kapsamli IDE.

Community Professional Enterprise

Gliglii IDE, &grenciler, agik kaynak katkida Kiiglik ekipler i¢in en uygun Professional Her boyuttaki takimlar icin dlgeklenebilir,
bulunanlar ve bireyler icin ticretsiz IDE ugtan uca céziim

Siriim notlan - Siriimleri kargilastinn —> Gevrimdigi yiikleme —> Lisans kosullan —>
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Visual Studio Installer will be used for downloading and installing, and for operations such as
adding and removing modules, making changes, and updating.

Visual Studio Installer

lendi  Kullanilabilir
Gincellestirme kullanilabilir Gelistirici Haberleri

) Visual Studio Community 2022 in nd templa
17.90 At J/Build 2024, the WinUl team announced a ren.

2 Temmuz 2024 Sah
O Giincellestirme var Daha fazla ~

tHub i
antile @ Gincellegti

Writing good pull request descriptions is essentia..
1 Temmuz 2024 Pazartesi

with NE
We are thrilled to announce the latest enhancem...

25 Haziran 2024 Sali

Along with the standard packages installed during the installation phase, Universal Windows
Platform and Unity game development modules in the Workloads section must be selected.

is yikleri  Bagimsiz bilesenler  Dil paketleri Yiikleme konumlan
Web ve Bulut (4) __
Yiikleme ayrintilari

ASPNET ve web gelistime W\ Acure gelistime Python gelistirme

Docker destegi dahil olmak izere ASP. 3 g NET ve NET Framework ile bulut uygulamalan gelistirmelc Python icin diizenleme, hata ayikiama, etiesimli .
HTML/JavaScript ve Kapsayiciian kullanarak web uygul ve kaynak olusturmak icin kullanilan Azure SDK'lar, arad... gelistinme ve kaynak denetimi. » C++ ile masaiistii geligtirme

» Visual Studio temel diizenleyicisi

+ Evrensel Windows Platformu gelistir...
» Unity ile oyun geligtirme
@ Nodejs gelistirme.
!>/ Zaman uyumsuz olay temelli bir JavaScript galigma zamani
olan Nodejs kullanarak lgeklens 3 uygulamalan ol...

stii ve Mobil (5)

-NET Multi-platform App Ul gelistimesi NET masaiistii gelistirme C#+ ile masailsti gelistime
-NET MAUI ife G# kullanarak tek bir kod temelinden NET ve NET Framework ile C#, Visual Basic ve F# dillerini Tercih etiginiz MSVC, Clang, CMake veya MSBuild gibi bir
Android, 105, Windows ve Mac uygulamalan olusturun. kullanarak WPF, Windows Forms ve konsol uygulamalar. ‘araci kullanarak Windows icin modem C++ uygulamalar...

Evrensel Windows Platformu gelisti C++ ile mabil uygulama gelistinme
C#, VB veya istede bagh olarak C++ C+ kullanarak iOS, Android veya Windows icin coklu
Platformuna yonelik uygulamalar olugturun. platform uygulamalan olusturun.

Oyun (2)

Uniity ile oyun geligtirme. 7Y C++ ile ayun gel
bir ¢okdu platform gelistirme ortami olan Unity ile DirectX, Unreal veya Cocos2d tarafindan desteklenen
oyunlar olusturun. profesyonel oyunlar olusturmak igin C++'n glcanden ta..

Diger Arag Takimlan (5)

Veri depolama ve isleme i bilimi ve analitik uygulamalar Visual Studio Uzants: gelistime
SQL Server, Azure Data Lake veya Hadoop kullanarak veri F# gibi dillerle veri bilimi uygulamalan Visual Studio igin yeni komutlar, kod qzimieyiciieri ve
ozamlerini baglayin, geligtirin ve test edin. olusturniaya yon: ‘arag pencereleri gibi ekienti ve uzantilar olusturun,

=
=
-

[
di\Program Files\Microsoft Visual Studio\2022\Community

There's also a long list of standalone components. These components will be sufficient for
application development if you install the latest versions of both Visual Studio and the Mixed
Reality Toolkit (MRTK).
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Dil paketleri  Yiikleme konumlar

NET 6.0 WebAssembly Build Tools
{NET 7.0 Runtime
NET 7.0 WebAssembly Build Tools
NET 80 aligtirma Zamani (Uzun Sareli Destek
NET Core 2 Zamani (Destek kapsam
Geligtirme Araglan (Destek kapsam diginda)

in web geligtimme araglan (Destek kapsami diginda)
NET Core 3.1 Galma Zaman (Destek kapsam diginda)
NET Framework 3.5 gelistirme araclan
NET Framework 4.6 Targeting Pack
{NET Framework 461 SDK

Targeting Pack
NET Framework 47 SDK

4.2.3.Microsoft Mixed Reality Toolkit (MRTK) Installation

VIRTUAL-AUGMENTED REALITY & GAMIFICATION

Yiikleme aynintilan

» Visual Studio temel diizenle

» Co+ ile masaiisti geligtirme

» Evrensel Windows Platformu gelistir...

ile oyun gelistirme
~ Bagimsiz bilesenler

Live Share 202

NET Framework 4.7.1 Targeting Pack
Windows 11 SDK {1 210)
Windows Performance Toolkit

USB Cihaz Baglantisi

Unity icin Visual Studio Araclan

It is an integrated package program developed by Microsoft for the use of Hololens devices,

containing many templates and functions.

| Learn Discover~  Product documentation v Development languages~  Topics

Mixed Reality Toolkit ~ MRTK2 Overview MRTK3 Overview v MR ackages v Resource »port v Related Products v

Mixed Reality Toolkit 3

Arti .14 i

Welcome to MRTK3

In this article

mer core

EL Download PDF

The download address for this package is on GitHub.

https://github.com/MixedRealityToolkit/MixedRealityToolkit-Unity
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O Product ¥ Solutions ¥ Resources ¥ Open Source ¥ Enterprise ¥ Pricing Search or jump to...

signin [ signup |

=]

<> Code ( Issues (165 1% Pullrequests (9 @D Discussions (& Actions [ Projects @& Security [~ Insights

P main ¥ P 17 Branches ¢ Tags Q Go tafie About

This repository holds the third generation
of the Mixed Reality Toolkit for Unity. The
latest version of the MRTK can be found
here.

§* ms-RistoRK Fixing patch version for PR 79
| github

B ExternalDependendies

BB Images

BB Pipelines

B Tocling

I UnityProjects

BB contributions

B orgmixedrealitytoolkit.accessibility

Let's download it to our disk by selecting Download ZIP from the Code menu, using the URL
copied from the Package Manager, or by cloning if GitHub Desktop is already installed. This
package contains the basic templates for creating our Unity project.

¥ main ~ P c S C file About

B Clone This repository holds the third generation
of the Mixed Reality Toolkit for Unity. The
HTTPS  GitHub CLI latest version of the MRTK can be found
here.

#5, ms-RistoRK Fixing

B github

B ExternalD ependencies 1 b . = = m

B Images
B Pipelines Bu o ] Open with GitHub Desktop
W Tooiing [5) Downlozd ZIP

B UnityProjects

Another useful application package is Mixed Reality Toolkit Feature.EXE. You can download it from
https://www.microsoft.com/en-us/download/details.aspx?id=102778

It takes up about 70 MB on disk.

2024 14:42 Zengin Metin Bigi...

2024 14:42 Uygulama
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B® Microsoft Download Center Windows  Office  Web browse Developer 1 Xbox Al Microsoft ~  Search O
- -
Unlock your potential with Microsoft Copilot , ad
Get things done faster and unleash your creativity with the power of Al anywhere you go. "L
e
° 2

Mixed Reality Feature Tool

The Mixed Reality Feature Tool is an application that enables developers to discover, update, and add Mixed Reality feature packages into Unity projects,

Important! Selecting a language below will dynamically change the complete page content to that language.

If your download does not start in 30 seconds, click here to download manuall

Mixed Reality Toolkit Feature provides great convenience in determining which MRTK
components to select and import them into our Unity project.

B8 Microsoft Mixed Reality Feature Tool

Mixed Reality Feature Tool

for Unity

v1.0.2209.0 Preview

MRTK Examples Hub is also a Microsoft application that provides access to example studies.

https://www.microsoft.com/tr-tr/p/mrtk-examples-
hub/9mv8c3912sj4?rtc=1&activetab=pivot:overviewtab

For information on usage: https://learn.microsoft.com/en-us/windows/mixed-
reality/develop/unity/welcome-to-mr-feature-tool
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MRTK Examples Hub

Microsoft Design Labs = Gelistirici araglar > Gelistirme paketleri

MRTK is an open-source project that provides building blocks for spatial interactions and Ul in mixed reality. With the MRTK Examples Hub, you can
explore MRTK's various types of example scenes. Visit http://aka.ms/MRTK for more information.

H PEGI 3

PEGI

Genel Bakig Sistem Gereksinimleri ligi

Surada mevcut Yetenekler

£ HoloLens Karma gergeklik

Aciklama

MRTK is an open-source project that provides building blocks for spatial interactions and Ul in mixed
reality. With the MRTK Examples Hub, you can explore MRTK's various types of example scenes. Visit
http://aka.ms/MRTK for more information.

4.3.Developing a Hololens Project with MRTK in Unity

After these preliminary preparations, let's combine the pieces into our project. In Unity, let's open
a new project of the 3D template type. In this work, our projectis called MRTKBasic.

File Egt Assets GameObject Component Senices Wir
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Let's change the project's platform by going to the Build Settings section. To develop an application
that will run on Hololens, select Universal Windows Platform and click Switch Platform.

Add Open Scenes
Platform

B8 Universal Windows Platform

;I Mac, Linux L] = A

Intel 64-bit
E ow
-3 -
|'| Android
ur
5L

Universal Windows Platform

» Compression Method Default
Asset Import Overrides

No Override

No OQverride

Learn about Unity B
Player Settings.

Switch Platform Build £

Now, let's run the Mixed Reality Toolkit Features.exe file. Click Start when it becomes active.

£2 Microsoft Mixed Reality Feature Tool

Mixed Real

for Unity

v1.0.2209.0 Preview
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The program will ask us to add the address so we can select our project. Let's find it in the
browser.

£2 Microsoft Mixed Reality Feature Tool

Select project

The Mixed Reality Feature Tool needs to know the location of your Unity project.

e — ]

Project Unity version:

t, the selected folder must contain A

Discover Features

Our project in this study is located at D:\UNITY\HOLOLENS\MRTKBasic. When we opened the
projectin Unity, the system created a Visual Studio C# project with the same name and afile called
MRTKBasic.sln. After locating our project folder in the browser, let's select this solution (SLN) file
and click Open.

B Ag
« 3 v [ F:M bilgisayar > YeniBinm (Dz) » UNITY > HOLOLENS » MRTKBasic »

Diizenle = Yeni klasor
[l DragDrop Ad
B DragNDrop i Assets
mre M Library
i Logs

i Packages

L3l ProjectSettings Kullanulabilir nizleme yok.
. Temp

B Usersettings

Bm HOLOLENS

wsconfic
B8 MRTKBasic . :

- % MRTKBasic.sln

B (5R1Gama

Dosy s | MRTKasictn - ]
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This process has established the connection and synchronization between the MRTK Tool and our
project. Now, let's determine which features we'll be bringing to our Project and select Discover
Features.

£2 Microsoft Mixed Reality Feature Tool

Select project

The Mixed Reality Feature Tool needs to know the location of your Unity project.

Project Path:  [D:AUNITY\HOLOLENS\MRTKBasic -

Project Unity version:  2022.3.14f1

d as a Unity | ct, the selected folder must contain Assets, Packages and

A table of features that can be added will appear. There are 10 features under Mixed Reality
Toolkit, which contains the two components we'll need in this project, and 5 under Platform
Support.

B2 Microsoft Mixed Reality Feature Tool

Discover Features

E3|

Azure Mixed Reality Services (0 of 7)
Experimental (0 of 4)
Mixed Reality Toolkit (0 of 10)
MRTK3 (0 of 15)
Platform Support (0 of 5)
Spatial Audio (0 of 1)

BH E

BH EH

Last updated 7.07.2024 16:10:17
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Let's tick the Mixed Reality Toolkit Foundation under Mixed Reality Toolkit.

B2 Microsoft Mixed Reality Feature Tool

Discover Features

=

U
O
U

€]

1000

Mixed Reality Toolkit (1 of 10)
Mixed Reality Toolkit Examples | 2.8.3 (Details)

Mixed Reality Toolkit Extensions | 2.8.3

MRTK Figma Bridge | 0.1.1 (Details)

Mixed Reality Toolkit Foundation | 2.8.3 (Details)

Mixed Reality Toolkit GPU Stats | 1.0.3

Mixed Reality Toolkit Microphone Stream Selector | 1.0.0 (Details)

Mixed Reality Toolkit Plane Finding | 1.0.0 (C

Last updated 7.07.2024 16:10:17

Likewise, let's select the Mixed Reality OpenXR Plugin feature from the Platform Support heading
and click Get Features.

B2 Microsoft Mixed Reality Feature Tool

Discover Features

MRTK3 (0 of 15)

Platform Support (1 of 5)

Mixed Reality Moving Platform SDK | 0.0.3 (Details)
Mixed Reality OpenXR Plugin | 1.10.1 (Details)
Mixed Reality Power Thermal Notification | 0.2.1 (De

Mixed Reality Scene Understanding | 0.6.0 (C )

Mixed Reality WinRT Projections | 0.5.2009 {Details)

Last updated 7.07.2024 16:10:17

Show preview releases Get Features

Refresh
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The application will start downloading the features we selected.

Downloading feature(s)...

Show preview releases Get Features

When it is ready to get the packages, let's click the Import button.

EF2 Microsoft Mixed Reality Feature Tool

Import Features

The Mixed Reality Feature Tool has identified the packages that are required to import your chosen
features.

Features Required dependencies

Mixed Reality Toolkit Foundation 2.8.3 ([Details) Mixed Reality Toolkit Standard Assets 2.8.3 [Details)

Mixed Reality OpenXR Plugin  1.10.1 (Details)

It will ask for approval before installation. Let's Approve.
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Unity Hub 3.8.0

B2 Microsoft Mixed Reality Feature Tool

VIRTUAL-AUGMENTED REALITY & GAMIFICATION

Review and Approve

Manifest

“com.unity.feature.developmel
“com.unity.textmeshpr
“com.unity.timeli
“com.unity.ugui
“com.unity.visu
“com.unity.modules.ai”:
“com.unity.modules.androidjni
“com.unity.modules.animation’
“com.unity.modules.assetbund
“com.unity.modu

"cora unihcmoduloc clath® 100"

Files to be copied into the project

com.microsoft. mixedreality.toolkit.foundation-2.8.3.tgz
com.microsoft.mixedreality.openxr-1.10.1.tgz

com.microsoft.mixedreality.toolkit.standardassets-

We'll receive a message that our Unity project has been updated based on these selections and
that the imported features should be imported by returning to Unity. Let's end the process by

pressing Exit.

£ Microsoft Mixed Reality Feature Tool

Unity Project Updated

MRTKBasic has been updated.

Please return to Unity to load the

imported features.

When we return to Unity, we see that the necessary files have been loaded into our project.

94



Kaan ERARSLAN VIRTUAL-AUGMENTED REALITY & GAMIFICATION

If a pop-up message window will open asking for a restart depending on the installation, let's
acceptit.

Waming x

Thiz project is using the new input system package but
the native platform badkends for the new input system
are not enabled in the player settings. This means that
no input from native devices will come through.

Do you want to enable the backends? Doing so will
*RESTART* the editor.

When our project reopens, it will ask for additional configurations. Here, click on the Unity OpenXR
plugin (recommended) button.
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MRTK Project Configurator

Haolol
The Unity

Far more information, the Learn Mc

Learn Mc

Mot ready to setup the project nos

Skip This Step Skip Setup Until Next Sessio Always Skip Setup

After the necessary installations, the Project Settings window opens. Checking the Build Settings
again here may indicate that the Universal Windows Platform status has changed after the restart.
If this is the case, you'll need to switch platform again.

Add Ope

Platform Unive Platform

Platform

Default

Learn about Unity Build Au

Switch Platform

Let's go back to Project Settings. Let's look at the XR Plug-in Management setting.
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XR Plug-in Management

Here, let's check the OpenXR box and the Microsoft HoloLens feature group box that open
accordingly.

XR Plug-in Management

rformance

, disable thatinteraction

OpenXR Feature Groups

lic Remoting remote app &

ylolens '

All Features &

Let's change the Depth Submission Mode section to Depth 16 Bit.
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We want to add something to the Embedded Interaction Profiles section. To do this, let's press
the + button and select Microsoft Hand Interaction Profile from the menu that opens.

e Performance

HP Reverb G2 Centroller Profile
Oculus Touch Controller Profile
Hand Interaction Profile
i Meta Quest Touch Pro Controller Profile
# Hand Tracking Khrones Simple Controller Profile

Valve Index Controller Profile

HTC Vive Controller Profile

Microsoft Motion Controller Profile

Eye Gaze Interaction Profile

| Microsoft Hand Interaction Profile I

Project Validation Settings >

| - | Utilities Configure Project for MRTK

Remoting > Help Leap Motion

Add to Scene and Configure... Oculus

UnityAR
i Update

M R T K 0 Windows Mixed Reality

IAED RERLITITTRGLKTT Check for Shader Updates
Disable MRTK gITF asset importer

Show version.

make sure the proj Input Simulation

Our configuration window will reopen in its current form. Click Next.
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MRTK Project Configurator

MRTK!

n the Learn

Learn More

Mot ready to setup the project no

Skip Setup Until Nex ays Skip Setup

MRTK Project Configurator

Apply

Not ready to setup the pro

Skip This Step ys Skip Setup
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In the next step, let's press Next.

MRTK Project Configurator

MRTK

MIXED REALIT 1T

abilities

3 setup the project n

P Until Ne

Let's accept your request regarding the spelling characters by clicking Import TMP Essentials.

MRTK Project Configurator

MRTK

MIXED REALITY m

me to MRTK!

at you imp

TMP Examples & Extras

he E

Skip Setup Until Ne
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Let's click Done in the last step of the configurator.

MRTK Project Configurator

MRTK

MIXED REALITY TOOLKIT

ty (menu bar) -> Toolkit -> Help.

Show MRTK API References Done

Let's go to Projects Settings>XR Plug-in Management>Project Validation and click Fix All to
resolve some errors or warnings.

Project Validation

Issues (5) of Checks (9) Show v |gnore build errors Fix All
A N ity Fe e inB ot ne in thi f Unity a wanted Fix

Fix

This process may resolve all errors or warnings, or some warnings may remain ignorable.

The Company Name can be changed in the Project Settings> Player window.

Let's check if the Product Name and Package Name under Publishing Settings are the same.
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Q Project Settir

tive Performance

Mixed Reali
Build Set

Player

Preset Manager
Quality

Scene Template

Script Execution Order
Services

Tags and Layers

Timeline
Ul Builder

XR Simulation

VIRTUAL-AUGMENTED REALITY & GAMIFICATION

DPU
MRTKBasic

Version 01

Default lcon

Default Cursor

Cursor Hots
& E
Settings for Universal Windows Platform
lcon
Resolution and Presentation
Splash Image
Other Settings

Publishing Settings
Packaging
MRTKBasic
MRTKBasic

Package name
Package display name
Version

Publisher display name

Streaming Install

Let's save the scene and create a new one with File>New Scene.
selection by clicking Create.

# Scene
+- ¢ & | [Fcenterv @Global~
A SampleScene B
0 Main Camera
P Directional Light

= Hierarchy ai

New Scene

Scene Templates in Project

Empty Basic (Built-in)

Basic (Built-in)

Description

Accept the Basic (Built-in)

0 Inspector

ey O~

<Persp

Contains a camera and directional light, works with

built-in renderes

B Console

* Favorites Assets

- Q
I MixedReality Toolkit.Generated . .

I MRTK

[ GENES

I TextMesh Pro MixedReal
xR

Load additively

Create  Cancel

I Packages

Instantiate a new scene from a template
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Let's select Mixed Reality>Toolkit>Add to Scene and Configure.

We will see that objects related to the Mixed Reality Toolkit have been added to the Hierarchy
section.

Let's name our scene. Here, it's MRTKforHololens. You can choose Scenes as the folder.
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® Save Scene
< > v 4 > Bubilgisayar > YeniBiim (D > UNITY > HOLOLENS »> MRTKBasic » Assets > Scenes

Dizenle « Yeni klasor

# SampleScene.unity

@ GVRim1

~ [ HOLOLEN

Create Empty

Eifects Sphere
Light Capsule
Audio Cyfinder
Video Piane

u Quad

Ul Toolkit
MR

Text - TextMeshPro

Legacy
Camera

Visual Scripting Scene Variables Ragdoll.
Terrain
Tree
Wind Zone

Let's make a small change in the coordinates of the cube, taking into account the camera position
X:0Y:-0.1 Z:2.0 So the camera will appear on the shooting horizon.
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Another change would be to set the values in the Scale section to 0.1, taking into account the size
of 1 unitin Unity measurements.

To manually manipulate the cube, we'll need to add a component to the Inspector section while
the Cube is selected. Click Add Component and type Object Manipulator to add this script.
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MNearlnt

Intercepted Events

Let's check the Game screen with Play Mode. We can simulate left and right hands with Left-Shift
and Spacebar.

CPU: 120 fp ) (B

Limit: 32499

R
\
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To work with a better set of objects, you can select and import the asset named CoffeeShop Starter
Pack from Unity AssetStore.

CoffeeShop Starter Pack

Ry Puzzled Wizard Jok ok k (24) | @ (1465)

FREE

144 views in the past week
Open in Unity

License agreement
v License type
| \ ~ File size
& Y Latest version 4
COFFEESHOP STARTER PACK
Original Unity version @ 2017.4.35 or higher
Support

Frequently bought together

The rich package content will be visible in Assets>CoffeeShopStarterPack>Prefabs.

M Project  E Console
+~ a s e ¥ Display1 ¥ Free Aspect
* Favorites

iceL ayoutName and GetlnteractionProfile Type override in this profile

Let's add the oven to our scene. Using the cube as a reference, adjust its position and size to make
it visible to the camera (game screen).
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Now, before we can perform manual manipulation, we need to add the cube properties to these
objects.

Let's add the following components to the oven (PW_stove):
Add Component>Box Collider
Add Component>Object Manipulator

Add Component>NearlnteractionGrabbable.
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IPHDDNSR P OO

Fie Edt Asets GemeObject Component Senvices MixedReality Window Help

Let's do a test in Play Mode for the latest situation.
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CPU: 120 fps (8,2

We've now reached the stage of deployment to Hololens.

Let's go to Build Settings. Add the scene to the Scenes in Build section. Disable or delete
SampleScene. After final checks, click the Build button.

In Build

Add Open Scenes

Platform I8 Universal Windows Platform

Default

ure Learn about Unity Build Automatior

Player Settings. Build v Build And Run

Since the build process will be done in a folder within the project, let's create a new folder in the
window that opens and select this folder.
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lerarchy i # Scene
Y [Flcenter = ® Build Universal Windows Platform
R MRTKforHololens * H
P Directional Light
P MixedReality Toolkit
) MixedRealityPlayspace
) Main Camera Diizenle ¥ Veni klascr
) MixedRealitySceneContent
) Cube | Ciips Ad Degistirme tarihi Tar

PW_s

& 5 ~ A | > Bubilgisayar > YeniBifim (D:) > UNITY > HOLOLENS > MRTKBasic >

B CoalUGMine . fssets 7072024 21:14 Dosya Masori
B Crestevith-ve_ M Library 2024 21:14 Dosya Kiasiri
. DragDrop . Log: 7.07.202419:4 Dosya klasorn
8 DraghDrop 8 Packages 7 Dosya klassrii
B FBXOBJ_Mining_ 0 ProjectSeitings 7.07.2024 19:05 Dosya klaséris

1 Gold Mine ey 2024 20: Dosya Kiasiri

B GVR CARDBOAR 8 Useseting: 419 Dosya Hasari
[ alie Gorinim
Siralama dlgitis
i GVRim1
Gruplandirma ol¢ta
~ [ HOLOLENS Venile

v I MRTKEasic

Geri Al Sil Ctrl+Z
[ S

5 Terminalde Ag
Klaser:

Open with Visual Studio
Open Git GUI here KasorSeg | | lptal |
M Project B Console Open Git Bash here

L+~ Suna Erigim verin
* Favorites + Assets > CoffeeShopStarterPack > Prefabs pment Build

~ Scale @ 1

Yeni Klasor
B Assets -

(& CoffeeShopStarterPack @ PW_macaron_.. @PW_macaronb.. @WPW_microway Ozellikler

il Microsoft Access Database

Ltk v Col ssion Methed Default
I Models _ ompression Method Bit eglem resmi

M Prefabs » Asset Import Overrides Microsoft Word Belgesi
Max Texture Size No Override

Kisayol

Microsoft Access Database
Texture Compress No Qverride
BPwpae PN scuenl. @RWscenol Leamaboutll @ Microsoft PowerPoint Sunusu

Player Settings Build Microsoft Publisher Document

W MixedReallty Toolkit.Generated Fa WinRAR argivi
B MRTK = Metin Belgesi

: ibav;e: . Microsaoft Excel Galigma Sayfasi
extMesh Pro
el WinRAR ZIP arsivi

Here, the folder name is ToHololens. Let's click the Select Folder butto

Build Universal Windows Platform
&« - ™ | B bilgisayar > Yeni Birim (D:) » UNITY > HOLOLENS > MRTKBasic »

Diizenle = Yeni klasér

il Clips Ad Degistirme tarihi Tiir

B CoalUGMine B Assets 7.07.2024 21:14 Dosya klaséri

B Creste-with-VR_ W Library 7.2024 21:14 Dosya klaséri

8 DragDrop i Logs 2024 19:46 Dosya Klasbrii

8 DraghDrop 8 Packages 7.07.2024 17:46 Dosya klasari
. rojectSettings 2024 21:14 osya klasori

i FEXOB)_Mining B8 ProjectSetting LU 2L Dosya ki

8 Gold Mine 8 Temp 024 21:14 Dosya klasori

8 GVR CARDBOAR 8 Totiololens 7.07.2024 21:15 Dosya klaséri

im oR2 ] UserSettings 419 Dosya klasari
B GVRim1
v [ HOLOLENS

v [ MRTKBasic

[ R .

Klasdr: | ToHololens

Klasér Seg
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With this selection, the necessary files for Hololens and the Visual Studio project will begin to be
generated in the created folder. When the process is complete, a message will appear saying
"Succeeded."

File Edit Assets GameObject Component Sewvices Mixed Reality Window Help

Qv » ¢ w #F~ B m~y P~

Add Open Scenes

Platform

M Project B Console
+-

* Favorites

Default

Asset Import Overrides

Learn about Unity Build Automation
Player Settings. Build v BuildAnd Run

kit.Generated

Let's look at the ToHololens folder. Here, the Visual Studio C# project has been created, and to
transfer our work to Hololens, there's a subfolder named MRKTBasic, which has the same name
as our project, and the project's solution file (SLN) MRKTBasic.sln.

B8 ToHololens X +

L_,J > Bubilgisayar > YeniBinm (D) > UNITY > HOLOLENS > MRTKBasic > ToHololens

P Sirala ~ = Gorinidm ~

B AnimMic Ad h rme tarihi
- I2CppQutputProject
B ArtGalleryl 8 MRTKBasic

F MRTK

N N &) unit

B CableConnect
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Let's double-click the MRKTBasic.sln file and open the project in the Visual Studio 2022 compiler
installed on our computer.

Below is the project's Main.cpp file.

ﬂ Dosya  Duzen Goranim Gt Proje Derie  HataAykla Test Analiz  Arsglr Uzambler Pencere  Yardm O A~ MRTKBasic

ﬁﬁ]-ﬁ - = | |Debug =~ |xB¢ « P Verel Makine = [> -Eﬁ;
FIMRTKBasic - (Genel Kapsam)
1 #include "pch.h”
2 |#include "App.h"
3
4 // Hint that the discrete gpu should be enabled on gptimus/endure systems
5 // WVIDIA docs: http://developer. download. nvidia. £ Le: i i icies.pdf
6 |// AMD forun post: http://devgurus.and con/thread/169965
7 wextern "C" 1 Drs Bagumiddlar
8 { b Assets
9 i __declspec(dllexport) DWORD NvOptimusEnablement = 8x0BOB0R1; bt Appcpp
18 __declspec(dllexport) int AndPowerXpressRequestHighPerformance = 1; b B Apph
11 3 b +: Maincpp
12 N |15 Packegeappxmanifest
13 struct RoInitializeWrapper +; pehupp
b0 B pchn
15 inline RoInitializelirapper() { RoInitialize(RO_INIT_MULTITHREADED); } ) StoreManifestaml
16 inline ~RoInitializeWrapper() { RoUninitializeQ); } [ WA TestCerticate.phe
17 b ) Unity Datz
18
19 int CALLBACK wiinMain(HINSTANCE hInstance, HINSTANCE hPrevInstance, LPWSTR lpCadLine, int nCmdShow)
28 {
n RoInitializeWrapper rolnit;
23 ! Windows::ApplicationModel: :Care: :Corelpplication: :Run(ref new MRTHBasic: :App());
24 i return 8;
5 |}
2

¥~ Ssb1 Wkki ESL IF

Su ik goster: | Dagtm - == @
DetectSlat: END (Success, @: Bl BI 059)

SlatState = SlatAncHMVEnat
IsEnulatorSupported = True
IstmulatorSupported: END (Success, :08:08,059) =

‘
Goaum Gezgini [T

At this step we can follow two ways: i. transfer by IP address (internet connection) or ii. USB cable
connection. It should be underlined that the second alternative is better and faster. However, let’s

see both in order.

First, let’s see the Settings to deploy the project by internet/IP address. We need to change the
two project settings shown below to Release and ARM64.

As a result of these changes, the Remote Machine setting will automatically change.

n Dosya Dizen Gérdndm  Git  Proje  Derle  HataAyikla Test  Analiz Araglar  Uzantlar  Pencere  Yardim ‘ B ot~ MRTKBasic

v| Release vlhRMﬁd - *IUzakMakmev [>| v|$|ﬁ;

MRTKBasic - (Genel Kapsam) -
1 +#include "pch.h"
2 |#include "App.h"
3
4 +f/ Hint that the discrete gpu should be enabled on M}'enduru systems
5 // NVIDIA docs: ame
6 // AMD forum post: hIIpJLLd_e_\Lg.uLus_La.md_._cgm.Lthneadilﬁi%ﬁ
7 ~extern "C"
8 {
9 i __declspec(dllexport) DWORD NvOptimusEnablement = @xB0000001;
16 | __declspec(dllexport) int AmdPowerXpressRequestHighPerformance = 1;
11 }
12

If the Microsoft Hololens Windows application is installed, the device's IP address, whether it's
connected, and even camera images can be tracked synchronously. IP address for this case is
192.168.1.107
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Microsoft HoloLens
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Choose your HoloLens

Select your HoloLens to connect to it.

Add

We need to specify the IP address of the Hololens device in the Visual Studio project. This way,
we can transfer the application created on our computer to the device using the same IP address.

For this purpose, let's click on the MRTKBasic Debug Features option in the Debug menu.

“ Dosya Dizen GorGndm  Git  Proje  Derle| HataAyikla | Test Analiz  Araglar  Uzantilar  Pencere  Yardim R Ara~ MRTKBasic
. W'ﬂ . . IE Pencereler »
Grafik v
P Hata Ayiklamay: Baslat F5
B MRTKEasic 1> Hata Ayiklama Olmadan Baglat Chil+FS hi
1 #include "pch.h 1 Unity Hata Ayilayiciy ligts
2 #include "App.h" ) i o
5 Kod Degisikliklerini Uygula Alt+F10
u // Hint that the discrete g| '@ Performans Profili Olugturucu.. Alt+F2
5 // WIDIA docs: http://deve %3 Performans Profili Olugturucu'yu Veniden Baglat Shift+At+F2  aphics/files/OptinusRenderingPolicies. pdf
6 // AMD forum post: http://di % iglemelistr.. Ctrl+Alt+P
7 ;"t”” o %y isleme Yeniden ligtir Shift Alt+P
8
Dier Hata Ayiklama Hedefl v
9 i __declspec(dllexport) DI AR A
10 i __declspec(dllexport) i 1 Admla 11
11 H 7 Uzerinden Adimla FIo
12 . » .
1 struct RoInitializelirapper Kesme Noktasini Ekle/Kaldir F9
10 Yeni Kesme Noktast »
15 1 inline RoInitializelWrap Tam Kesme Noktalanmi Sil Ctrl+Shift+F9
H
16 i inline ~RoInitializelra Secenckler..
g b F MRTKBasic Hata Ayiklama Ozellikler |
19 int CALLBACK wiinMain(HINSTANCE hInstance, HINSTANCE hPrevInstance, LPWSTR lpCmdLine, int nCmdShow)
an 5

The

MRTKBasic  Property

Pages

window opens. Here,

under

Configuration

Properties>Debugging, enter the Hololens' IP address in the Machine Name field.

Yapilandirma:

Etkin(Release)

~ Platform:  Etkin[ARME4) ~ | Yapilandirma Yoneticisi...

| 4 Yapilandirma Ozellikleri Baglatmak icin hata ayiklayict:

Genel

== Dimnlen
C/C++

Baglayict

Bildirim Araci

XML Belge Olusturucusu
Gozatma Bilgisi
Derleme Olaylan

Ozel Derleme Adimi

v v v v v ow v ow

Code Analysis

Uzak Makine

Evet

Evet
Hata Ayiklayic) Tird Yalnizca Verel

[ Makine Ad |
Kimlik dogrulama tard Evrensel Kimlik Dogrulamasi
Visual C++ Hata Ayiklama Calisma Zama Hayir

WARP yazihm hizlandinc

Uygulamay Baslat
Verel Ag Geri Dangistne Izin Ver

Varsayilan Amp Hizlandinicist
Paket Duzeni Yolu

Geligmis Uzak Dagitim Tir
Paket Kayit Yolu

Dizen Igermeyen Dosyalan Cihazdan Kalc No

Cihaza Kopyala

Komut Satin Bagimsiz Degigkenleri

Uygulamay: Baglat
Uygulamanin hemen galistinlip galistinimayacagini ya da uygulama galismaya baslarken hata ayiklamak

iin uygulamay bekleyip beklemeyecegini belirtir.

iptal Uygula
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MRTKBasic Ozellik Sayfalan

Yapilandirma:  Etkin(Release) ~ Platform:  Etkin(ARMG4) ~ Yapilandirma Ygneticisi...
4 Yapilandirma Ozellikleri Baglatmak icin hata ayiklayicr:

Genel Uzak Makine v

Hata Ayiklama

VC++ Dizinleri Uygul Basl 5
b C/C++ 'ygulamayi Baglat . vet

. Verel A§ Geri Déngisiine izin Ver Evet
b Baglayici
b Bildirim Aract Hata Ayiklayic) Tird Walnizca Verel
b XML Belge Olusturucusu &
b Gozatma Bilgisi
I Derleme Olaylan Visual C++ Hata Ayiklama Caligma Zama Hayir
[ Ozel Derleme Adimi Varsayllan Amp Hizlandincist WARP yaziim hizlandinc
b Code Analysis Paket Diizeni Yolu
Geligmis Uzak Dagitirm Tara Cihaza Kopyala

Paket Kayt Yolu
Duzen igermeyen Dosyalan Cihazdan Kale No

Komut Satin Bagimsiz Degiskenleri

Makine Adi
Uzaktan hata ayiklanirken kullanilacak makine adini belirtir.

=] [

To start compilation, click Debug>Start Without Debugging or simply press Ctrl+F5.

0 Dosya Duzen Goranom  Git Proje Derle | HatoAykla | Test Analiz  Araglar  Uzantilar Pencere Yardim | O A~ MRTKBasic

- L. @ Pencereler v
Grafik »
P Hata Ayiklamay: Baglat F5
B METKB |I> Hata Ayiklama Olmadan Baslat anFs || 4
1 #%nc'l.ude "pch.h" ®  Unity Hata Ayiklaycry: ligtir
2 #include "App.h" ) ) .
5 Kod Degisikliklerini Uygula Alt+F10
u // Wint that the discrete g &3 Performans Profili Olusturucu.. Alt+F2
5 // NVIDIA does: http://deve %A Performans Profili Olusturucu'yu Yeniden Baslat shift+Alt=F2  pphics/files/OptinusRenderingPolicies.pdf
6 // AMD forum post: http://d| % igleme ligtir... Ctrl+Alt+P
7 extern "C" % gleme Yeniden lligtir Shift+ Alt+P
2 { __declspac(dllexport) DI Diger Hata Ayiklama Hedefleri »
10 E __declspec(dllexport) i Y Admla Fi1
11 H 7 Uzerinden Adimla Fi0
ﬁ struct RoInitializeWrapper Kesme Noktasini Ekle/Kaldir F9
10 1 Yeni Kesme Noktast »
15 ! inline RoInitializeWrap Tam Kesme Noktalanni Sil Ctrl«Shift+F9
16 | inline -RoInitializeiral g o oier.
i; b & MRTKBasic Hata Ayiklama Ozellikleri
19 int CALLBACK wWinMain(HINSTANCE hInstance, HINSTANCE hPrevInstance, LPWSTR lpCmdLine, int nCmdShow)
20 {
21 H RoInitializeWrapper rolnit;

When the compilation is completed, it is deemed successful, and a process report is given.

1 uyan
Hata Listesine gitmek igin tiklayin

Derleme: 1 basarili, @ basarisiz, 1 gincel, @ atlandi ====
Derleme su saatte tamamlandi: 21:58 ve 83:15,812 dakika siirdd
Dagit: 1 basarili, @ basarisiz, @ atlandi ==========

Dagit su saatte tamamlandi: 21:58 wve ©3:15,812 dakika sirdi ==========

Hata Listesi Jeill

[,] Dagiitma islemi baganh

The second method involves physically connecting the Hololens device to the computer via USB.
This method is more practical and offers a much shorter deployment time.

Let’s connectthe Hololens device to the computer with a Type-C USB cable, select Device instead
of Remote Machine, and press Ctrl+F5 (Start without Debugging). This quickly transfers the
application to the Hololens. If the result is successful, you can see the message
Deploy...Succeeded in the Output window.
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O Fle Edt View Gt Project Buld Debug Test Anshoe Toulks Extensions Window Help | O Seach-  OREI ® - o

BB BE|9 - | [Raese | [arme - 8. & GitHub Copilot |2 7

B Solution "ORET
b [ IRCppOutputProe:
RET (Universal

20 References

51 Extemal Dependencies

By Assets

*+ Appcpp

B Apph

+4 Main.cgp

{15 Package.appxmanifest

*+ pchapp

B pchh

) StoreManifestml

{B WSAlestCertficate. pix

@ Unity Data

Hololens users also have the option to record or share their experiences with others. To this end,
you can watch the images from the Live Stream section of the MS Hololens Windows application
on a computer, even if it doesn't fully capture the experience and feel of the application itself.
Below, Hololens is scanning the environment which can be shared by Live stream.

(Y  HOLOLENS-VP8USI | 192.168.1.107

1 Live stream

B

Camera

1]

Photos & videos

&

Virtual keyboard

]

App manager

D

Device info
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= Hierarchy 3 | #scene omG

++ =

~ Free Aspect
R MRTKforHololens

M Project B Console

* Favorites erPack » Prefabs

In this way, the images on the Game screen are seen as equivalent on Hololens as an Augmented
Reality application.

N Live stream

[B]  Camera

Photos & videos

Ef  Virtual keyboard
i£  App manager
f2  Device info
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It's possible to zoom in, rotate, position, and control objects remotely with our holographic hand.

Ultimately, this work will lay the groundwork for many similar projects, enabling the development
of different scenarios. With documentation and visual training related to MRTK, projects in
education and engineering can be implemented.
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4.4.Some Hololens 2 Applications in Mining

Examples of applications performed on various mining models, using the basic information
provided by MS Hololens 2, are provided below. By using template packages, inserting mining-
related 3D models into them, and deploying them, many professional applications have been
stored on the Hololens 2's hard drive. Hand controls, also known as Hand Interaction, can be
performed on these holographic models (Erarslan and Ozdemir, 2024).

Asperge Mountains and Topography

Asperge Mountaing and Topography

Dril holes &

Drill holes & Galleries
Galleries

Drill holes &

Drll oles & Galleries

Galleries
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Drill holeg &
Gal!eries

Another MS Hololens 2 augmented reality study was conducted on the Bingham Canyon
Copper mine, one of the world's largest open pit mines, with hand control (Hand
Interactions) features. (Erarslan ve Ozdemir, 2024).
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5. IMAGE TARGET WITH VUFORIA AR ENGINE IN HOLOLENS 2

When developing augmented reality applications for the MS Hololens 2, you can take
advantage of many features provided by Vuforia, our official partner. We've previously
used the Vuforia Core Samples package, developed for mobile devices. Vuforia has also
produced Vuforia Hololens 2 Sample and Vuforia Eyewear Sample packages for the
Hololens 2. The release of Unity must be 6000.0.23 or higher.

Vuforia Hololens 2 Sample

c VuforiO @ PTC Vuforia *r &K e vy (48)

FREE

104 views in the past week

VUFORIA HOLOLENS 2
SAMPLE

License type

File size 229.7 MB
Latest version 10.22.5
Latest release date Mar 20, 2024
Original Unity version @ 6000.0.23

< k Support
Asset Store Partner %

Related keywords

Vuforia Digital Eyewear Sample

@ PTC Vuforia (not enough ratings) | @ (39)

FREE

30 views in the past week

VUFORIA EYEWEAR
SAMPLE. | e e

Open in Unity ‘ Q ‘
a eE

License type

File size 233.9 MB
Latest version 11.3.4
Latest release date Jun 18, 2025
Original Unity version G 6000.0.23

Support Visit site

Frequently bought together

This part of the training explains how we can develop applications with “Vuforia Hololens
2 Sample”. Alternatively, Vuforia Eyewear Sample can also be used.
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Let's create a 3D project in Unity. Here, we'll name our project VUHL2. Let's add the
Vuforia Hololens 2 Sample package to our asset list from the Unity AssetStore.

Either by clicking Open in Unity in the AssetStore or, after adding it, within the project, go
to Package Manager> My Assets> Download the Vuforia Hololens 2 Sample package
and then import it into our project.

°

When a pop-up window appears, let's press Import.

Importing a complete project will overwrite your
current project settings. To leave your project intact,
dlick the Switch Project button to create a tempaorary
project where you can safely import this package.

Switch Project Cancel '_

If a pop-up window opens again, let's select Install/Upgrade.

This Unity Package has Package Manager
dependencies.

Install/Upgrade

In the next step, let's select Next and then Import.
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Import Unity Package

Import Unity Package

Import Content
teplo

None

Qverride

Override
Qverride
Override
Override
Qverride

Override
Qverride
Override
Override
Override
Override
Override

Qverride

Cancel Back Import

If a pop-up window opens once more, let's click Update.

Add Vuforia Engine Package

Would you like to update your project to indude the
Vuforia Engine 10.22.5 package from the
unitypackage?

If an older Vuforia Engine package is already present in
your project it will be upgraded to version 10.22.5

Cancel

In the next step, let's select Restart and wait for the project to restart so that Vuforia
Engine can rebuild the project.

Restart Unity Editor

Due to a Unity lifecyde issue, this project needs to be
dosed and re-opened after importing this Vuforia
Engine sample.

Cancel
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When the projectisreopened, if the window for the MRTK (Mixed Reality Toolkit) package
that we downloaded and installed from

https://github.com/MixedRealityToolkit/MixedRealityToolkit-Unity opens, let's
select the Unity OpenXR plugin (recommended) box.

Remove

ake sure the project is

ipport platfor
eap he: e ement Plugin

For more Information, please click on the Learn M

Learn More

Not ready to setup the project n

Skip This Stey kip Setup

After the installation, the following window will open. Now, let's close the windows and
switch to Universal Windows Platform by clicking Build Settings>Switch Platform.

Add Open Sc

Platform

Universal Windows Platform

Default

Learn about Unity Bui

Player Settings... ch Platform
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When opened, you can click "Show XR Plug-in Management Settings" in the MRTK
window. Then, click "Skip This Step" to move on to the next window.

MRTK Project Configurator

MRTK

MIZED REALITY TOOLKIT

y make sure the pro

Mot ready to setup the project now?

Skip This Step Skip Setup Until Next ¢ 0 Skip Setup

After these steps, let's continue with "Next" and click "Import TMP Essentials" in the next
window. Then, click "Skip This Step" to move on to the next window.
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MRTK Project Configurator

MRTK Project Configurator

MRTK

HIXED REALITY TOOLKIT HIXED REALITY

UWP Capabil

up the proj

Skip Setup Until Next Session i /s Skip Setup Skip kip Setup Until Ne ys Skip Setup

At this point, let's complete the MRKT process by pressing Done.

MRTK Project Configurator

The appearance of our project after the models are installed is as follows.
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0

Let's open this scene by double-clicking on the Assets>SampleResources>Scenes>2-
Image Targets scene.

E console
2 &0

e SampleResources > Scenes

TR

4 Assels
olkitGenerated
O-ManagerSce... 1-Menu

PRReRe

* Favor
-
-
-
-
-
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Under VuforiaContent, there are four objects linked to four cards. Additionally, the Main

Camera used in the scene is placed under MixedRealityPlayspace.

Some AR Camera features will need to be added to this camera. To do this, let's first add
a Create>Vuforia Engine>AR Camera to the scene.

bW

Yy - | LA

]
o — =

Create Empty
2D Object

3D Object
Effects

Light

Audio

* Favorites Video esources > Scenes
ul

@@ A ts
D.S : | Vuforia Engine | AR Camera

Al

Image Target

Ul Toolkit Multi Target

XR

Cylinder Terget
Camera

) Cloud Recognition
Visual Scripting Scene Variables Barcode
Model Target
VuMark
Ground Plane
Mid Air

Area Target
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Once the AR Camera is selected and the Inspector is opened, we can copy the two
components named Vuforia Behavior (Script) and Default Initialization Error Handler
(Script) and paste them to our main camera.

3
1

2 g2y LA

o ——

RRRRRe

To do this, click on the I sign in the Vuforia Behavior (Script) component and click Copy
Component.

Reset

Remove Component
Mowve Up

Mowve Down

Find References In Scene

Properties...
Edit Script

¥ Audio Listener
Vuforia Behaviour {Scripl

Center Mode fIc

Open Vuforia Engine configuration

Now let's see how to paste this component. When the Main Camera is selected, this
component is added to the Main Camera by clicking Paste Component as New in the
window that opens with the Gaze Provider icon under the Inspector.
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7B 7
3.

o ey T

ReRRRe

Similarly, the Default Initialization Error Handler (Script) component is copied and
pasted into the GazeProvider in the Main Camera using the Paste Component as New
command. Although the process is actually performed through the Gaze Provider, it is
ultimately added to the Main Camera's Inspector list.
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After this process, both components in the AR Camera will be added to the Main
Camera.

Since we've transferred the Vuforia functions to the Main Camera, we can now delete the
AR Camera.

When we launch Play Mode to test it, the Vuforia Hololens 2 menu will appear.
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vuforia- engine’

o

Image Model
Targets Vuharlks Targets

Let's check the OpenXR box under Edit>Project Setting>XR Plug-in Management and
then the Microsoft Hololens feature group box.

1X Project Settings

Performance XR Plug-in Management

Editor

:gture group @

Information about configuration, tracking and migration can be found below.

Let's go to the XR Plug-in Management>OpenXR menu.

Here, let's change the Depth Submission Mode to Depth 16 Bit.

133



Kaan ERARSLAN VIRTUAL-AUGMENTED REALITY & GAMIFICATION

OpenXR

H

Features

Also, from the window that opens by pressing Empty List > +, let's add the Eye Gaze
Interaction Profile and Microsoft Hand Interaction Profile modules to the list.

OpenXR

tionProfile

n Came err v
HP Reverb G2 Controller Profile (Deprecated)
Oculus Touch Controller Profile

Hand Interaction Profile

Meta Quest Touch Pro Controller Profile

Khronas Simple Controller Profile

HP Reverb G2 Controller Profile

Valve Index Controller Profile
HTC Vive Centroller Profile
Microsoft Motion Controller Profile

[ Ey< Geze Interaction Profile |

Microsoft Hand Interaction Profile

Now, in the MixedReality Toolkit> Inspector in Hierarchy, select Camera.

Here, let's click Clone.
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» Putin original folder

Clone Cancel

The result of the cloning process will appear in the Assets>MixedReality
Toolkit.Generated section. If MixedReality Toolkit.Generated (inactive) is set to
inactive, let's permanently activate it in the Inspector; Make this the Active Instance.

I Froject Console
+ - a eIl - S | ]

% Favorites / 5 <itGenerated > CustomProfiles

We can repeat the same process for

Hierarchy>MixedReality_Toolkit>Inspector>Diagnostics.

Click Clone and then click Clone in the window that opens.
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v MixedReality Toolkit

MRTK

MIXED REALITY TOOLKIT

Input Enable \
Boundary Enab

a

Clone Profile

ationProfile (Mi

Putin original folder

Clene

Let's assign the DefaultHololens2InputSystemProfile function under
Hierarchy>MixedReality Toolkit>Inspector>Input>Input System Profile.

After the selection, let's click on Clone again and in the pop-up window, click on Clone.
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MixedReality -

Input Je tHo pu | - t Clone
Boundary
Teleport

Input System Settings @ Documentation

Clone Profile

Clone Cancel

Let's resolve the warning and error sources by clicking Fix AWl in the Edit>Project
Settings>XR Plug-in Management>Project Validation section.

Project Validation
I;I

Jnore build errors

slidation

This may leave a few more warnings, which can be ignored.

Under Project Settings, go to Player Settings> Publishing Settings and add a few more
by clicking some boxes in the Capabilities list.
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Capabilities

Supported ce Families

To add the Vuforia License Key, go to MixedRealitySpace>Main Camera>Open Vuforia
Engine configuration.

Let's paste the Vuforia license key we obtained earlier under Inspector>Open Library
Article>App License Key.

engine Home News Downloads Librai Support  Pricin g
developer portal y PP 8 | Logout

Account  Plan & Licenses  Credentials  Target Manager

> 1stLicense

1st License

e Key

Please copy the license key below into your app

RZOUMHT//// /ANABSQHBR1X/ 025 5€ KCS1 S5 MVECIOICE AL
TRSOD+3T/N3:
VSSV¥No/JE/ T BHOSTGCTxMz/

QA TR TYIEF CO1SLE 4T eE 2qKGe TOVOKB2E XBLASP7ECUKI 52+ 1EUX) TWDKS /160627 Eaa

Plan Type: Basic

Status: Active

Created: Oct 15, 2020 14:42

License UUID: 089¢c31bfc7294f54b3d58396c5340676
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Let's open the Microsoft Hololens 2 Windows application.

Microsoft HoloLens

Choose your HololLens

Select your HoloLens to connect to it.

OMLINE

&

HOLOLENS-VP8USI
: .

Let's connect our Hololens 2 to the internet. It will display its IP address with the voice
command "What is my IP?". Itis also visible on the entry page. Let's make a note of it.

Enter the password and sync the Hololens device with the app.
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Microsoft HoloLens

Edit "HOLOLENS-VP8US5I"

Make sure you're on a secure and trusted
network when editing a device.

Name HOLOLENS-VP8USI

IP address | 103032142 |

Device Portal credentials:

User name | dpuvrlab |

Password | ssssssss o

Reset credentials

Accept Remove Cancel

Let's go to Unity's Build Settings and, after final checks, click Build. In the window that
opens, right-click to create an output folder and select it.

Here, we name it VuforiaHL2.

In Build

Add Open Scenes
Platform

- )
|'| Android

wrL

5L

== Universal Windows Platform

Default

Learn about Unity Build A

Build v Build And Run
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If the Architecture is set to ARM64, it will be more suitable for the Hololens 2.
Additionally, the Target SDK and minimum SDK can be determined by taking Visual
Studio into account. Their values are drawn from the system automatically.

Build C
nes In Build
INING1

Platform

J Linux
E B

D

Iil Android
Android

Universal Windows Platform &

Asset Import Overrides

Build v Build And Run

© vuHL2 -2
File Edit
# Build Universal Windows Platform

A1 | 8> Bubigisayar 5> YeniBirim (D) > UNITY > VuHL2

Yeni klasor

r
E

8 Temp

8 Usersettings

Add Open Sc

<

ralama 6lgati
Gruplandirma olgati

Yenile

Terminalde A
Open with Visual Studio
Open Git GUI here
Open Git Bash here
== Uni Suna Erisim verin
Yeni

* Favorites ErreT Ozelliker

Microsoft Access Database
i pune o Bit eglem resmi
Mic Belgesi
Asset Import Overrides b Microsoft Access Database
Microsoft PowerPoint Sunusu
Mic Publisher Document i about |
WinRAR argivi Build v Build And Run
Metin B

Calisma Sayfasi
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® Build Universal Windows Platform
&€ > v 4 | > Bubigisayar > YeniBirim (D} > UNITY > VuHL2 > VuforiaHLZ

Diizenle « Yeni klasar

. VuHL Ac - Degistirme tariki i

Aramanizla eslesen 8ge yok.

. Tmp

B UserSettings

| KlasorSec | | lptal

Unity will create project files in this folder that will run in Microsoft Visual Studio. Our goal
in doing this is to prepare the project files for the Visual Studio package we will be
transferring the final output to Hololens, then go to this environment and transfer the
application from Visual Studio to Hololens.

The process can take minutes and, if there are no problems, will return a message saying
"Succeeded".

M Project B Console
+ -

W Favorites : i yToolkit.Generated > CustomP

imon
Im Editor
= edR |kit.Generated Asset Import Overrides

Texture Size No Override

f Mo Override

th a result off*

A Visual Studio project was created in the specified folder in our project folder.
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> Bubilgisayar > YeniBirim{D:} > UNITY > WVuHL2

@D W P Sirala v = Goranim -

B Library

. emp
B UserSettings
. VuforiaHL2 4.07.2024 16:28 Dosya klasérd

| fig

Now let's open this folder. We'll see that the Visual Studio folder containing the Unity
project name VuHL2 has opened underneath. Another important point is that the
VuHL2.sln solution file has been opened.

Bu bilgisayar > Yeni Biim (Dz) > > YuHLZ2 > VuforiaHL2

Gardndm ~ coo

Degigtirme tarihi Boyut
Ll 12CppOutputProject 24 sya klasord
. vuHL2
KE__J UnityCommon.props 24 t Property File

B VuHL2.s5ln 24 8 Visual Studio

The SLN (solution) file is the key file of the project in Visual Studio and will open the
project when double-clicked.

Bm Microsoft Visual Studio

A Visual Studio project will appear with a VuHL2.sln file named the same as our Unity
project.
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5.1.Deployment over Wi-Fi

Before proceeding further, let's recall the IP address of the Hololens 2 device provided to
us during this study: 70.30.32.142.

This number will be required to transfer the application to the Hololens device over the
internet. In other words, data transfer will occur when our computer and headset are
connected to the same line and are synchronized.

0 Dosya Dozen Gorunom Gt Proje Derle  Hamadyids Tert Ansiz  Amclar  Unnolar  Pencere Vordem | 0 Am= VL2
o0 |@-SA@| 9 - [Dbug | m <] B VeretMakine - D F - BB B -
- ___________[™==
R <] (Genel Kapsam) -l
1 Winclude "pch A"
2 nclude "App.h"
3
4 // Mint that the diserete gpu sheuld be enabled on s/endure systems
#/ WWIDIA docs: http: h‘deualnpu dounload.nuidia. :om'devznne i Les/0pt: i icies.pdf
/1 AMD forum post: http://devgurus.and.con/thread/169965
extern 'C*
1{

__declspec(dllexport) DWORD NvOptimusEnablement = ©x08686801;
_-declspac(dllexport) int AndPowarXpressRequestHighPerformance = 1;
¥

struct RolnitializeWrapper 9 Pocksge appumaniest
{ “+ pehapp
nline RolIn eWrapper() { Rolnitialize(RO_INIT_MULTITHREADED); } @ pehh
inline —Rofnitials izekrapper() { RoUninitialize(); } [ Storehanifestent
Y {9 WeATestCertificate phe

int CALLBACK wiinMain(HINSTANCE hInstance, HINSTANCE hPrevInstance, LPWSTR lpCadLine, int nCadShow}
2 i
2 RelnitializeMrapper relnit;

3 Windows: :Applicat jonNodel: : Core : :CoraApplication: :Runlref new VubL2::App());
2 return 6;

In the Project menu, change it to Debug-> Release->X64-> ARM64. After this selection,
the Remote Machine option will be updated automatically.

w Dosya Dazen  Gardndm  Git  Proje Derle HataAwyikla  Test  Analiz Araglar  Uzantilar  Pencere  Yardim | D Ara - VuHL2

- o < [Release - || ARMS4 -|[ P vzakMakine - > - | B3| & o

[l VuHL2 - (Genel Kapsam)

1 ~#include "pch.h"

2 | #include "App.h"

3

o ~f{ Hint that the discrete gpu should be enabled on NBE}mgflenduro systems
5 // NVIDIA docs:

6 // BMD forum post: hIi;L._ALd_elgu.nuL_a.md_._cgm.LthneadiLéﬂﬁﬁﬁ

7 ~extern "C"

8 1

9 | __declspec(dllexport) DWORD NvOptimusEnablement = 0x00000001;
16 | __declspec(dllexport) int AmdPowerXpressRequestHighPerformance = 1;
11 b
12
13 struct RoInitializeWrapper
14
15 i inline RoInitializeWrapper() { RoInitialize(RO_INIT _MULTITHREADED); }
1& ! inlina ~PaTnitislizolinannanl) f Rallninitislizall. 1
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Let's open Debug from the project menus. Here, select VuUHL2 Debug Properties.

n Dosya Dazen  Gorindm  Git  Proje  Derle| HataAykla | |Test Analiz Araglar  Uzanhlar  Pencere  Yardim P Ara~ VuHL2

- e . _ I@ Pencereler 3
Grafik [
» Hata Ayiklamayi Baglat F5
B VuHL2 _ [>  Hata Ayiklama Olmadan Baglat CtrleFs =
1 #include "pch.h @ Unity Hata Ayiklayici'ys ligtir
2 #include "App.h" ) o
3 Kod Degisikliklerini Uygula Alt+F10
u // Hint that the discrete g &8 Performans Profili Olugturucu... Alt+F2
5 // NVIDIA docs: http://deve 7d Performans Profili Olusturucu'yu Yeniden Baslat Shift+Alt+F2  mphics/files/OptimusRenderingPolicies.pdf
6 // AMD forum post: http://d % Isleme ilistir.. Ctrl+Alt=P
7 2““‘" "en s Isleme Yeniden llistir Shift+Alt+P
8 . .
Diger Hata Ayikl Hedefl r
9 ' __declspec(dllexport) DI R SR
10 i __declspec(dllexport) i + Adimia 1
11 } 2 Uzerinden Adimla F10
12
Kesme Moktasini Ekle/Kald Fa
13 struct RolnitializeWrapper e Mo EeRaar
10 { Yeni Kesme Moktasi r
15 i inline RoInitializeWrap Tiam Kesme Noktalarnini Sil Ctrl+Shift+F0
|
16 i inline ~RoInitializelra & Secenekler...
ig ! |~ VuHL? Hats Ayiklama Ozellikleri |
19 int CALLBACK wWinMain(HINSTANCE hInstance, HINSTANCE hPrevInstance, LPWSTR lpCmdLine, int nCmdShow)
a0 1

Let's go to Configuration Properties> Debugging in the window.

VuHL2 Ozellik Sayfalan

Yapilandirma:  Etkin(Release) ~ Platform:  Etkin(ARME4) ~  Yapilandirma Yéneticisi...
| 4 Yapilandirma Ozellikleri | Baglatmak igin hata ayiklayicr:
Cenel Uzak Makine v
Hata Ayiklama
YC++ Dizinleri
P C/C++ Uygulamay Baglat . Evet
b Baglayici Yerel Ag Geri DEngasane lzin Ver Evet
b Bildirim Araci Hata Ayiklayic Tard Yalnizca Yerel
I XML Belge Qlusturucusu Makine Adi
I Gazatma Bilgisi Kimlik dogrulama tari Evrensel Kimlik Dogrulamas:
I Derleme Olaylan Visual C++ Hata Ayiklama Caligma Zama Hayir
I Ozel Derleme Adimi Varsayilan Amp Hizlandincisi WARP yazilim hizlandina
I Code Analysis Paket Didzeni Yelu
Geligrmig Uzak Dagitim Tord Cihaza Kopyala

Paket Kayit Yolu
Diizen Icermeyen Dosyalan Cihazdan Kale Mo
Komut Satin Bagimsiz Degiskenleri

Uygulamay: Baglat
Uygulamanin hemen galistinhp ¢alistinlmayacagini ya da uygulama galigmaya baslarken hata ayiklamak

icin uygulamayn bekleyip beklemeyecedini belirtir,

Let's enter our IP number, 70.30.32.7142, in the Machine Name field. Then, click Apply
and OK.
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Yapilandirma:  Etkin(Release)

4 Yapilandirma Ozellikleri
Genel

~ Platform:  Etkin(ARMG4) w Yapilandirma Yéneticisi...

Baglatmak igin hata ayiklayice

Uzak Makine ~

Hata Ayiklama

VC++ Dizinleri
b C/C++ Uygulamay Baglat Evet
I Badlayici Yerel Ag Geri DBngiisine izin Ver Evet
b Bildirim Araci Hata Ayiklayicr Tard Yalnizca Yerel
b XML Belge Olusturucusu |Makineﬁ'«d| 10.30.32.142 h
b Gozatma Bilgisi Kirlik degrulama tird Evrensel Kimlik Dogrulamas
I Derleme Olaylan Visual C++ Hata Ayiklama Calisma Zama Hayir
b Ozel Derleme Adimi Varsayilan Amp Hizlandincisi WARP yazihm hizlandinc
I> Code Analysis Paket Dizeni Yolu

Geligmig Uzak Dagtim Tiird Cihaza Kopyala

Paket Kayit Yolu
Diizen Icermeyen Dosyalan Cihazdan Kale Mo

Komut Satin Bagimsiz Dedigkenleri

Makine Adi
Uzaktan hata ayiklanirken kullanilacak makine adin belirtir,

iptal Uygula

Finally, to start the transfer to Hololens 2, let's select the Start Without Debugging
function or Ctrl+F5 from the Debug menu.

Git  Proje  Derle | Hata Ayikla | Test  Analiz  Araglar  Uzantilar  Pencere  Yardim P A~ VuHL2

_ _ @ Pencereler 4
Grafik 4
_ P Hata Ayiklamayi Baslat F5
! [> Hata Ayiklama Olmadan Baglat Ctrl+F5
i h:: 71 Unity Hata Ayiklayici'y lligtir
>-h Kod Degisikliklerini Uygula Alt+F10
the discrete g 3  Performans Profili Olusturucu... Alt+F2
cs: http://deve %3 Performans Profili Olusturucu'yu Yeniden Baglat Shift+Alt+F2 aphics/files/0pt
post: http://d: % islemellistir.. Ctrl+Alt+P
% lsleme Yeniden ilistir Shift+Alt+P
sc(dllexport) DI Diger Hata Ayiklama Hedefleri 3
ac(dllexport) ij ¥ Adimla F1
7 Uzerinden Adimla F10
tializeWrapper Kesme Moktasini Ekle/Kaldir F9
Yeni Kesme Noktasi 4
yInitializelirap Tirn Kesme MNoktalann Sil Ctrl+Shift+F9
folnitializelira & Secenekler..
A VuHL2 Hata Ayiklama Ozellikleri
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The process step information will begin to be listed in the Editor's Output window with the
Compilation Started message.

RN O]

Il

i
[

Su giktiyr goster: |Derleme '|
1»ExitCode: 4 Duration: @sl46ms

1»ExitCode: @ Duration: @slms

1x5tarting: D:WUNITY\VuHL2\VuforiaHL24I12CppOutputProjectyILZCPP\build\deploy\bee_backend\win-x64\bee_backend.exe --verbose --threads=16 --p
1xWorkingDir: D:/UNITY/VuHL2/VuforiaHL2/build/obj/il2cppOutputProject/ARMG4/Release/buildstate

4
Hata Listesi...

] Derleme basladh..

If the program completes successfully, our application will run. When the process is
complete, it will display a message about the time and duration in the Output window.

Su giktryr goster: |Derleme

=== Derleme: 2 basarili, @ basarisiz, @ gilincel, @ atlandl ==========

Derleme su saatte tamamlandi: 16:51 ve 85:55,148 dakika sirdil ==s========
git: 1 basarili, @ basarisiz, @ atlandl ==========

@11: su_saatte tamamlandi: 16:51 ve §6:55,148 dakika surdii|==========

Hata Listesi Qe

:| Dagitma [slemi bagaril

Since the internet IP address is the same, we can also view the running project
simultaneously on our computer using the Live Stream feature in the Microsoft Hololens
2 Windows application.

When prompted for permission, please answer Yes.

<« Microsoft HoloLens

{ HOLOLENS-VP8USI | 103032.142

& Live stream

B  Camera

Photos & videos

e ' | R
i App manager - ) g

2 Device info
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At this point, the main menu of the application will appear. Click the Image Targets
button.

vuforia- engine

148



Kaan ERARSLAN VIRTUAL-AUGMENTED REALITY & GAMIFICATION

Now when we point it at the target images, the 3D models and animations attached to
them will be seen holographically.

An application called VUHL2 will be developed for our Hololens 2 and will be placed in
the “All Apps” list. Therefore, we can use this project from the list whenever we open the
Hololens.

\\RN\"‘E Vuforia Version: 102254 |

Unity Version: 2022 3 141
P

5.2.Deployment with Type-C USB Cable

This method is faster and simpler relatively. Connect the Hololens 2 to your computer
using a Type-C USB cable. You may receive a prompt asking, "Choose what will
happen to this device", do not take any action.
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B Otomatik Kullan

HOLOLENS-VP8USI

ne olacagini secin.

The only difference between a wired deployment and an internet connection is selecting
the Device instead of the Remote Machine. We can also run the process without
extracting by pressing Ctrl+F5.

n File  Edit View Git Project Build Debug Test Analyze Tools Extensions Window  Help £ Search =

- ﬁﬂ' Eﬁ - ~ | |Release -||ARM64 '|'|E = Eﬁ ﬁ -

Deployment via cable is much faster than the process over the internet. After
deployement we can follow the same stpes to experience the image target application.

5.3.Profile Warning

A warning that may be encountered before each printout, which will need to be repeated
and taken into consideration, is about the active profile.

W Favorites Assets i x XealityToolkit.Generated > CustomProfiles

& A

In this case, you should go to Hierarchy>MixedReality Toolkit (Interactive) component.
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File Edit Assets GameObject Component Services Mixed Reality Window Help

nelControllers
ontent

In the Clone Profile window, select the Clone button.
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Clone Profile

urationProfile 7

2 Putin original folder

Clone

I Project e
+ - f o ¢ 0O

* Favorites Assets Generated > CustomProfiles

MixedReality ToolkitConfigurationProfile 8.asset

After that, we can go to Build Settings and perform the Build process and Visual Studio
steps as explained before.

5.4.Hand Controls (Hand Interactions)

To control objects added to the scene Hand Interactions, Mixed Reality Toolkit module
must be added. In this case, if each object is listed in the Inspector>Add Component
list, the following is added:

- Object Manipulator

- Bounds Control

- MinMax Scale Constraint

- UGUI Input Adapter Draggable or MRTKUGUI Input Field

-  BoxCollider

- Constraint Manager (if not included with Object Manipulator)
- NearinteractionGrabble

152



Kaan ERARSLAN VIRTUAL-AUGMENTED REALITY & GAMIFICATION

Objects to which these are added can be dragged, rotated, scaled by using our
holographic hands.
5.5.Hololens 2 Application in Mineral Processing Devices

A study done for some mineral processing machines is included below as Vuforia
Hololens 2 application (Erarslan, Ugar& Sahbaz,2024).

Acknowledgement

This chapter has been prepared with the support of the HoloGEM (Holographic Integration for
Geosciences Education and Mining) project (2022-1-PL01-KA220-VET000089946), funded by the
Erasmus+ Program (KA220-VET) through the Polish National Agency.
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6. AUGMENTED REALITY WITH AR FOUNDATION ENGINE

AR Foundation is one of the packages/engines that can be used to build AR applications. This
section covers the development stages of a basic ground plane type AR Foundation application.
For example, it will be tested on a mobile device using a cube AR object.

Open a 3D (Built-in Render Pipeline) project named ARFoundationProject. First, add the AR
Foundation packages to the project. Search for AR Foundation under Window>Package
Manager>Unity Registry and add the package with the Install button.

c) > Filters * Clear Filters

AR Foundation
5.1.5 - June 25, 2024

AR Foundation

m Unity Registry

Confirm the RESTART request.

AR Foundation Remove

5.1.5 - June 25, 20:

Warming

This project is using the new input system package but
the native platform backends for the new input system
are not enabled in the player settings. This means that
na input from native devices will come through.

Do you want to enable the backends? Doing so wil
*RESTART* the editor.

I Project e
+ - LY na e 0
* Favorit ssets

Im Packages
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After that, install the Google ARCore XR Plugin package.

)~ Filters v Clear

Google ARCore XR Plugin Remave

After installation, select Google ARCore under

Edit>Projects Settings>XR Plug-in Management.

XR Plug-in Management

Check Project Validation. If there is a problem, fix it with Fix AllL.
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Project Validation
Scene Validation
5 Turn Off
Validation Rules

-

L]
Issues (1) of Checks (4) - build errors Fix All
Fix

ject Validation
tion

Android
lcon
Resolution and Presentation
Splash Image

Other Settings

Linear

Use Player S

32-bit

E Dedic
P

Android
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Now, add two objects to create the AR session: in the Hierarchy, add XR>XR Session and XR
Origin (Mobile AR).

File €dt_Assets GameObject Component Senices Window Help

Now, the next step is to write code. To do this, create a code file named TouchManager in the
Assets section using Create>C# Script.
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Copy Path AlteCtrleC

Import New Asse.
Import Package
Export Package...

Find References In Project
Select Dependencies
Refresh

Rempart

Reimport Al

Update UXML Schema

Generste Lighting Corleshift=L
Open C8 Project

View in Import Activity Window

Refresh XR Environment List

Seed XR Input Bindings

Properties

Double-click the script file to open it in the editor. Type the following code.

TouchManager.cs™ + X

VIRTUAL-AUGMENTED REALITY & GAMIFICATION

®

Folder

Visual Seripting
Shader
Shader Variant Collection

Testing

Playables
Assembly Defindion

Assembly Defintion Refesence
Tetheshbro

Text

Scene

Scene Template

Scene Template Pipeline
Prefab

Audio Marer

Matesial

Lens Flare
Render Testure

Lightmap Parameters
Lighting Settings

Custom Render Testure
Animator Controller
Animation

Animator Override Controller
Avatar Mask

Timeline

Signal
Physic Material

GUISkin
Custom Font

51 Assembly-CSharp - <2|§§Tn|_|chMaﬂager
1 ||+ using UnityEngine;
2 using UnityEngine.XR.ARFoundation;
3 using UnityEngine.XR.ARSubsystems;
u using System.Collections.Generic;
5

o 6 |~ public class TouchManager : MonoBehaviour

7 {
8 public GameObject cubePrefab;
9 private ARRaycastManager raycastManager;
18 H private List<ARRaycastHit> hits = new List<ARRaycastHit>();
11 private GameObject spawnedCube;
12 :
13 |+ void Start()
14 H
15 i raycastManager = GetComponent<ARRaycastManager>();
16 i
17
18 ||~ void Update()
19
20 |~ i if (Input.touchCount > 8)
21 [ |
22 i i | Touch touch = Input.GetTouch(®);
23 |~ | ; i if (raycastManager.Raycast(touch.pesition, hits, TrackableType.Planes))
24 {
25 Pose hitPese = hits[B].pose;
26
27 ||+ if (spawnedCube == null)
28
29 spawnedCube = Instantiate(cubePrefab, hitPose.position, hitPose.rotation);
30 }
31 ||+ else
32 {
33 spawnedCube . transform.position = hitPose.position;
34 }
35
36 H
37 }
38 }

In text form:
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TouchManager.cs

using UnityEngine;

using UnityEngine.XR.ARFoundation;
using UnityEngine.XR.ARSubsystems;
using System.Collections.Generic;

public class TouchManager : MonoBehaviour

{
public GameObiject cubePrefab;

private ARRaycastManager raycastManager;
private List<ARRaycastHit> hits = new List<ARRaycastHit>();
private GameObject spawnedCube;

void Start()
{

raycastManager = GetComponent<ARRaycastManager>();

}

void Update()

{
if (Input.touchCount > 0)

{
Touch touch = Input.GetTouch(0);
if (raycastManager.Raycast(touch.position, hits, TrackableType.Planes))

{

Pose hitPose = hits[0].pose;

if (spawnedCube == null)

{
spawnedCube = Instantiate(cubePrefab, hitPose.position, hitPose.rotation);
}
else
{
spawnedCube.transform.position = hitPose.position;
}

Now, add a 3D Object>Cube to the scene. Drag the Cube object to the Assets section and create
a Cube prefab. We can delete the Cube object from the Hierarchy.
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With this added script, we see the Create Prefab field in the XR Origin>Inspector section. Drag
and connect the Cube prefab we created in the Assets section to this empty field.
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The cube's color and size can be changed as desired. To do this, simply create a material using
Create>Material, specify its color, and drag it onto the Cube prefab.

Also, since the cube is likely to be very large, change its size from 1 to 0.2.

or full editing support)

¥ Layer Default

Due to the nature of the codes, the AR Raycast Manager component must be added to the XR
Origin object.
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The final step in the scene process is deployment. To do this, open Build Settings. Switch to the
Android platform. Add the current scene to the Scenes in Build section by clicking "Add Open
Scenes".

If you haven't switched to Android before, you must do so now. The current scene should be added
to the Build Scenes section.

In Build

Add Open Scenes

Platform W Android

|;| W ac, Linux T ) = jer Settings
E Dedica

|ﬁ| Android
ndroid

* Refresh

ws Platform

Import Overrides

Learn about Unity Build Autematio

Switch Platform

The company name can be changed in the Player Settings section. The icon can also be
customized. Player Settings>ldentification>Minimum API Level must be set to 24.
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during rendering

e Mame

Android 5.1 'Lollipop' (API level 22)

+  Andreid 5.1 'Lollipop' (AP level 22)
Android 6.0 'Marshmallow' (AP level 23)
Android 7.0 'Mougat' (AP level 24)
Android 7.1 'Mougat' (AP level 25)
Android 8.0 'Oreo’ (APl level 26)
Android 8.1 'Oreo’ (API level 27)
Android 9.0 'Pie’ (API level 28)
Android 10.0 (AP level 29)
Android 11.0 (AP level 30)
Android 12.0 (AP level 31)
Android 12.0 (12L, APl level 32)
Android 13.0 (AP level 33)
Android 14.0 (AP level 34)
Android 15.0 (AP level 35)

If Scripting Backend is Mono, switch to IL2ZCPP mode and Target Architecture ARM64 should
be marked.

Player

ATaUratiol
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If your smartphone is connected during the deployment phase, it can be displayed in the list,
and output can be obtained on both disk and mobile device by selecting Build and Run. If your
phone/tablet is not connected, you can directly press the Build button to output the APK file.

Platform W Android

G win
E -

|ﬁ| Android

WL -

g SM N975F (RFBNBOGSLBL) v Refresh
s Platform Default device
All compatible devices
<Enter P>

Samsung 5M MN975F (RFENBOGSLEL)

& Build Android
&p B << YeniBirim (D:) > UNITY > ARFOUNDATION > ARFoundationProject >

Dazenle = Yeni klasor

> [ Animated
> [ AOQUEST
> il ystal

~ [ ARFOUNLC . Temp

a adi
yit tard: | apk (*.apk)

~ Klassrieri Gizle | ptal

Please respond positively to the following warning.

Add Open Scenes

Unsupported Input Handling

Platform W Android

PlayerSettings->Active Input Handing is set to Both,
this is unsupported on Android and might cause issues
with input and application performance. Please choase
only one active input handing. Ignore and continue?
(This dislog won't appear again in this Editor session if

B Androld youll choose Ves)

~ Refresh
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This warning is related to the Active Input Handling setting, and if you select Input System
Package (New), it will suggest starting the project with the new settings. At this point, you can
ignore it and continue.

Performance

Input Manager (Old)
Input System Package (Mew)
Both

List is Empty

When the APK file is created and runs on the smartphone, the prefab cube is placed by touching
the screen.

\ s b o
- ,1.:5 :" r'ICE
Lo

Tan ot

[ 10

When you touch another point, the prefabricated cube will appear at that point.
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Mayei

6.1.AR Foundation Application with Mining Machine

Let's develop an application using Dragline, a heavy-duty machine used in mining sites. This
application follows a similar workflow, allowing you to both reinforce your knowledge and practice
on a real machine. Drag, rotate, and scale capabilities will also be added to the previous basic
application.

Create anew 3D project. In the Package Manager, install two packages under the Unity Registry:

1. AR Foundation (Restart required during installation).

2. Google ARCore XR Plugin

After installing these packages, switch to the Android platform using Platform Switch in Build
Settings.

Now, let's add the two main objects of the AR scene to the Hierarchy:

XR>AR Session

XR>XR Origin (Mobile AR)

XR Origin has a subcomponent called Main Camera. Therefore, delete or disable the existing
Main Camera in the scene.

Change the Tracking Origin Mode in XR Origin to Floor.

E v xR origin

There are also some components that need to be added to XR Origin:
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Component GameObject Purpose

XR Session XR Session  Manages the AR session.

XROrigin (Mobile AR) XROrigin Handles the AR camera and tracking origin.
ARRaycastManager  XROrigin Performs raycasts to detect planes.
ARPlaneManager XROrigin Manages plane detection and visualization.

ARPointCloudManager XROrigin Manages point cloud feature points.

After that, we can now add the work machine to the scene. First, add the FBX file under Assets.
Then, drag it to the scene and adjust its size and position.

Drag the dragline to the Assets section to make it a prefab. You can delete the work machine in
the scene. This machine can now be added with code.

Now, create a C# script file named MiningMachineManager.cs. Open it in the editor and write
the following code.
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MiningMachineManager.cs & X

5 Assembly-Csharp Jas || @5 Updaten -|*

1 |- using UnityEngine;
2 | using UnityEngine.XR.ARFoundation;
3 | using UnityEngine.XR.ARSubsystens;
4 | using System.Collections.Generic; 1
5
@ g |- public class MiningMachineManager : MonoBehaviour
8 public GameObject miningMachinePrefab; // Reference to the mining machine prefab
9 private ARRaycastManager raycastManager; // Reference to the ARRaycastManager component .
18 private List<ARRaycastHit> hits = new List<ARRaycastHit>(); // List to store raycast hit results
1 private GameObject spawnedMiningMachine; // Variable to store the spawned mining machine
12 private Vector2 initialTouchPosition; // Variable to track the initial touch position for movement
13 private Vector3 initialObjectPosition; // Variable to track the initial object position for movement
1 private float initialDistance; // Variable to track the initial distance between two touches for scaling
15 private Vector3 initialScale; // Variable to track the initial scale of the object
16 private float initialRotationY; // Variable to track the initial Y rotation angle of the object
17 private float initialRotationX; // Variable to track the initial X rotation angle of the object
18
19 private float moveSensitivity = ©.0001f; // Sensitivity for movement
20 private float scaleSensitivity = 0.5f; // Sensitivity for scaling
21 private float rotationSensitivity = 8.75f; // Sensitivity for rotation
22
23 |+ void Start()
24 {
25 raycastManager = GetComponent<ARRaycastManager>(); // Get the ARRaycastManager component attached to this GameObject
26 ¥
27
28 | void Update()
29
30 if (Input.touchCount == 1) —
31 {
2 Touch touch = Input.GetTouch(®); // Get the first touch
3
1 if (raycastManager.Raycast(touch.position, hits, TrackableType.PlanellithinBounds))
5
36 Pose hitPose = hits[0].pose; // Get the pose of the hit point
37
38 if (spawnedMiningMachine == null)
39
ue spawnedMiningMachine = Instantiate(miningMachinePrefab, hitPose.position, hitPose.rotation); // Instantiate the mining machine at the hit position
u1
u2
(= switch (touch.phase)
[
= rice TaurhDhaca Ranan: -

MiningMachineManager.cs

using UnityEngine;

using UnityEngine.XR.ARFoundation;
using UnityEngine.XR.ARSubsystems;
using System.Collections.Generic;

public class MiningMachineManager : MonoBehaviour

{
public GameObject miningMachinePrefab; // Reference to the mining machine prefab
private ARRaycastManager raycastManager; // Reference to the ARRaycastManager component
private List<ARRaycastHit> hits = new List<ARRaycastHit>(); // List to store raycast hit results
private GameObject spawnedMiningMachine; // Variable to store the spawned mining machine
private Vector2 initialTouchPosition; // Variable to track the initial touch position for movement
private Vector3 initialObjectPosition; // Variable to track the initial object position for movement
private float initialDistance; // Variable to track the initial distance between two touches for scaling
private Vector3 initialScale; // Variable to track the initial scale of the object
private float initialRotationY; // Variable to track the initial Y rotation angle of the object
private float initialRotationX; // Variable to track the initial X rotation angle of the object

private float moveSensitivity = 0.0001f; // Sensitivity for movement
private float scaleSensitivity = 0.5f; // Sensitivity for scaling
private float rotationSensitivity = 0.75f; // Sensitivity for rotation

void Start()

{
raycastManager = GetComponent<ARRaycastManager>(); // Get the ARRaycastManager

component attached to this GameObject

}

void Update()
{

if (Input.touchCount == 1)
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{
Touch touch = Input.GetTouch(0); // Get the first touch

if (raycastManager.Raycast(touch.position, hits, TrackableType.PlaneWithinBounds))

{
Pose hitPose = hits[0].pose; // Get the pose of the hit point

if (spawnedMiningMachine == null)
{
spawnedMiningMachine = Instantiate(miningMachinePrefab, hitPose.position,
hitPose.rotation);
// Instantiate the mining machine at the hit position

}

switch (touch.phase)
{
case TouchPhase.Began:
initialTouchPosition = touch.position; // Track the initial touch position
initialObjectPosition = spawnedMiningMachine.transform.position; // Track the initial
object position
break;

case TouchPhase.Moved:

Vector2 deltaPosition = (touch.position - initialTouchPosition) * moveSensitivity; //
Calculate the delta position with sensitivity adjustment

Vector3 newPosition = initialObjectPosition + new Vector3(deltaPosition.x, 0,
deltaPosition.y); // Calculate the new position

spawnedMiningMachine.transform.position = newPosition; // Move the mining machine to
the new position

break;

case TouchPhase.Stationary:
case TouchPhase.Ended:
initialTouchPosition = Vector2.zero; // Reset the initial touch position
break;
}
}
}

if (Input.touchCount == 2)

{
Touch touch1 = Input.GetTouch(0); // Get the first touch
Touch touch2 = Input.GetTouch(1); // Get the second touch

if (touch1.phase == TouchPhase.Began || touch2.phase == TouchPhase.Began)
{
initialDistance = Vector2.Distance(touch1.position, touch2.position); // Calculate the initial
distance between the two touches
initialScale = spawnedMiningMachine.transform.localScale; // Track the initial scale of the
mining machine
initialRotationY = spawnedMiningMachine.transform.rotation.eulerAngles.y; // Track the initial Y
rotation angle of the mining machine
initialRotationX = spawnedMiningMachine.transform.rotation.eulerAngles.x; // Track the initial
Xrotation angle of the mining machine
}

else if (touch1.phase == TouchPhase.Moved || touch2.phase == TouchPhase.Moved)

{
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float currentDistance = Vector2.Distance(touch1.position, touch2.position); // Calculate the
current distance between the two touches

float scaleFactor = (currentDistance / initialDistance) * scaleSensitivity; // Calculate the scale
factor with sensitivity adjustment

spawnedMiningMachine.transform.localScale = initialScale * scaleFactor; // Scale the mining
machine

Vector2 touch1Delta = touch1.position - touch1.deltaPosition;

Vector2 touch2Delta = touch2.position - touch2.deltaPosition;

float deltaYRotation = (touch1Delta.x - touch2Delta.x) * rotationSensitivity; // Calculate the Y
rotation difference

float deltaXRotation = (touch1Delta.y - touch2Delta.y) * rotationSensitivity; // Calculate the X
rotation difference

spawnedMiningMachine.transform.rotation = Quaternion.Euler(initialRotationX +
deltaXRotation, initialRotationY + deltaYRotation, 0); // Rotate the mining machine
}
}
}
}

Let's connect this file to XR Origin. Drag the work machine prefab created under Assets to the
Mining Machine Prefab field in the XR Origin>Inspector>MiningMachineManager section.

You've now reached the Android APK file creation stage.

Project Settings> XR Plug-in Management> Google ARCore must be selected. If necessary,
perform the Fix All action under Project Validation.
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In the Build Settings section, add the scene to the Build Scenes section. Connect your mobile
device (or, for the APK, simply Build).

In the Player Settings section, you can select the company and product name, as well as the icon.
In the Graphics APls, set the minimum Android Level to Android 7.0 'Nougat' 24.

Deploy to the device using Build and Run.

Test the camera's positioning, dragging, scaling, and rotation operations on the smartphone.
First, the camera was placed with a finger tap.

*The color difference between the machine and the editor is due to the color used in the first deployment being different.

After testing drag with one finger and rotation with two fingers, the machine was moved to a
horizontal position.
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Likewise, both scaling and rotation tests were successfully performed with two fingers.
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In this way, a project has been developed to demonstrate how basic AR operations can be
performed on a construction machine. Building on basic AR knowledge, new scenarios can be
developed to serve engineering and educational purposes.
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7. IMAGE TARGET APPLICATION WITH AR FOUNDATION

One type of application that can be developed with AR Foundation is Image Target, where AR
models and objects are triggered by an image. The AR camera is activated when the mobile
device's camera is pointed at the matched image.

This section explains the development of the Image Target application using the AR
Foundation package, including its steps and code. Following the basics, an application
featuring construction equipment is also planned.

7.1.Basic Image Target Implementation with AR Foundation

Create a 3D project and install two packages from Package Manager> Unity Registry:

i AR Foundation (requires a restart)
iii. Google ARCore XR Plugin

AR Foundation

This project is using the new input system package but
the native platform backends for the new input system
are not enabled in the player settings. This means that
no input from native devices will come through.

Do you want to enable the backends? Doing so wil
*RESTART* the editor.

Once the editor reopens, install the Google ARCore XR Plugin package.
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sc) * Filters = Clea

Google ARCore XR Plugin

Click to install this p

Scenes In Build

Add Open Scenes

Platform W Android

|ﬁ| Android
ndroid

wraL -

v  Refresh

sset Import Overrides

Learn about Unity Build Automatio

Player Settings... Switch Platform

Under Project Settings, check the XR Plug-in Management>Plug-in Providers>Google ARCore
box.
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ttings

: Performance XR Plug-in Management

Informatior

Turn Off
Validation Rules
I;I
Issues (3) of Checks (4) a o ors Fix All
Fix

In Project Settings>Player, control Package Name and set Minimum API Level>Android 7.0
(API Level 24) and make other settings.
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anager

Tirr
Timeline

Right-click and add two key AR components to the Hierarchy area:
XR>AR Session

XR>XR Origin (Mobile AR)

Create Empty

3D Object

Effects

Light

Audio

Video

ul

Ul Toolkit

XR AR Debug Menu

Camera AR Defautt Face

Visual Seripting Scene Variables AR Default Plane
AR Defautt Point Cloud
AR Session

Convert Main Camera To XR Rig B & e 0
R Origin (Mobile AR)
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Let's add the following components to the XROrigin GameObject:

ARRaycastManager
ARPlaneManager (optional, for visualizing detected planes)
ARPointCloudManager (optional, for visualizing feature points)

Since the XR Origin also has a camera, you can delete or disable the Main Camera.

Let's place 3 image files (JPEG) for the application in the Assets section.

B Packages

Select Assets>Create>XR>Reference Image Library and specify the object name as
Imagelibrary.
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Scene Template

Scene Template Pipeline

Reimport Al

Update UXML Schema

Generate Lighting Culeshitel

Seed XR Input Bindings

Propeties

Assets

ImageLibrary

Add three images. Determine their approximate dimensions (e.g., 0.25=25cm or 0.1=10cm).
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Let's add the ARTrackedlmageManager component to XR Origin.

Max Number Of Moving Images will be 3 here.
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¢ AR Tracked Image Manager (Script)

T Im

Now, create the ImageTargetManager C# Script file in the Assets section. Open it in the
editor.

ImageTargetManagercs & X

£ Assembly-CSharp SR Teriinig -] P Onnablen
1 |- using System.Collections.Generic;

using UnityEngine;

using UnityEngine.XR.ARFoundation;

using UnityEngine.XR.ARSubsystems;

b

- public class IsageTargetManager : MonoBehaviour
t

private ART
private ARAnch
private Dictio
private Dic

kedImageManager trackedImageManager;
ger anc ager,

ect> instantiatedPrefabs = new Di
anchors = new Dictionary<string

string, Ga
y<string, ARA

ect bucketWheelPrefab;
ect cat798Prefab;
GaneObject draglinePrefab;

void Awake()
{

trackedInageMana
anchorManager =

ARTrackedImageManager>();
lanager>();

// Initialize witho

en active
instantiatedPrefabs( tiheel"] = bucketWheelPrefab;

instantiatedPrefabs["dr
}

ine3d”] = draglinePrefab;

‘vold OnEnable()
d hanged += OnTrackedInagesChanged;
}
void OnDisable()
trackedInageManager . trackedImagesChanged —=
void OnTrackedImagesChanged(ARTrackedImagesChangedEventArgs eventArgs)
foreach (var trackedImage in eventArgs.added)
f UpdateInage(trackedInage);
)
foreach (var trackedImage in eventArgs.updated)
W% 1@ @ wolseds found 7 s e cr

The codes are given below.

ImageTargetManager.cs

using System.Collections.Generic;
using UnityEngine;

using UnityEngine.XR.ARFoundation;
using UnityEngine.XR.ARSubsystems;

public class ImageTargetManager : MonoBehaviour

{
private ARTrackedlmageManager trackedlmageManager;
private ARAnchorManager anchorManager;

private Dictionary<string, GameObject> instantiatedPrefabs = new Dictionary<string,
GameObject>();

private Dictionary<string, ARAnchor> anchors = new Dictionary<string, ARAnchor>();

public GameObject bucketWheelPrefab;
public GameObject cat798Prefab;
public GameObject draglinePrefab;

void Awake()
{
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trackedimageManager = GetComponent<ARTrackedlmageManager>();
anchorManager = GetComponent<ARAnchorManager>();

// Initialize without setting them active
instantiatedPrefabs["BucketWheel"] = bucketWheelPrefab;
instantiatedPrefabs["CAT798"] = cat798Prefab;
instantiatedPrefabs["dragline3d"] = draglinePrefab;

}

void OnEnable()
{

trackedlmageManager.trackedlmagesChanged += OnTrackedimagesChanged;

}

void OnDisable()

{
trackedlmageManager.trackedimagesChanged -= OnTrackedlmagesChanged;

}

void OnTrackedlmagesChanged(ARTrackedlmagesChangedEventArgs eventArgs)
{

foreach (var trackedImage in eventArgs.added)

{
Updatelmage(trackedImage);

}

foreach (var trackedimage in eventArgs.updated)

{
Updatelmage(trackedlmage);

}

foreach (var trackedlmage in eventArgs.removed)
{
RemoveAnchor(trackedlmage);
}
}

void Updatelmage(ARTrackedImage trackedlmage)
{

string imageName = trackedlmage.referencelmage.name;

if (instantiatedPrefabs.ContainsKey(imageName))

{

GameObject prefab = instantiatedPrefabs[imageName];

if (trackedlmage.trackingState == TrackingState.Tracking)
{
if (lanchors.ContainsKey(imageName))
{
//' Use AddComponent<ARAnchor>() to create an anchor
ARAnchor anchor = trackedlmage.gameObject. AddComponent<ARAnchor>();
anchors.Add(imageName, anchor);

GameObject instance = Instantiate(prefab, anchor.transform);
instance.transform.localPosition = Vector3.zero;
instance.transform.localRotation = Quaternion.identity;
instance.SetActive(true);
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instantiatedPrefabs[imageName] = instance;
}
else
{
ARAnchor anchor = anchors[imageName];
GameObject instance = instantiatedPrefabs[imageName];
instance.transform.position = trackedlmage.transform.position;
instance.transform.rotation = trackedlmage.transform.rotation;
instance.SetActive(true);
}
}
else
{
if (anchors.ContainsKey(imageName))
{
GameObject instance = instantiatedPrefabs[imageName];
instance.SetActive(false);
}
}
}
}

void RemoveAnchor(ARTrackedimage trackedlmage)

{

string imageName = trackedlmage.referencelmage.name;

if (anchors.ContainsKey(imageName))
{
Destroy(anchors[imageName].gameObiject);
anchors.Remove(imageName);
}
}
}

Attach this file to XR Origin.

Now, let's create a Machines folder under Assets to collect the machine models under one
folder and place the 3D models there.
I Project

+ -

* Favorites Assets > Machines

[ Assets
= Machi

Im Packages

/Machines
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Position them one by one on the scene, drag them to the Assets section, make them prefab
and delete the machine on the scene.
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To deploy a mobile device, go to Build Settings. Add the scene to the Scenes in Build section.
Connect the mobile device (or you can build to deploy directly to disk).

Add Open Scenes
Platform W Android

yer Settings

E Dedicated

i )
|'| Android

c ~ Refresh
Default device
All compatible devices
<Enter [P>

Samsung SM N975F (RFBNBOGILAL)

e Performance

-
Settings for Android
leon
Resolution and Presentation
Splash Image
Other Settings
Linear

Downgrade

After Build and Run, specify the APK name. If a "Both" warning appears, accept it and move
on. The app runs on an Android smartphone, now.

The Image Target app allows for AR applications on both papers and screens. Below, you can
see how the machines trigger AR images on a computer screen:
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Bucket Wheel Excavator

Mine Truck

187



Kaan ERARSLAN VIRTUAL-AUGMENTED REALITY & GAMIFICATION

Dragline
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The AR Foundation package requires some fine-tuning in the application, potentially creating
problems in achieving the desired results. Components involving different parameters, such as
the Image Target size setting, the size and position of the 3D object, and prefab size settings,
may require numerous attempts until the desired combination is achieved. This can lead to the
3D object disappearing and flickering.

The alternative, the Image Target application in Vuforia Engine, is more practical and user-
friendly in this regard. With Image Target, the 3D object is positioned by the user, and it
appears that way on the mobile device.

In conclusion, it can be stated that this section provides basic information and practical
applications about the AR Foundation Image Target application, which is built into Unity and
eliminates the dependency on an external AR engine.

ImageTargetManager.cs

using System.Collections.Generic;
using UnityEngine;

using UnityEngine.XR.ARFoundation;
using UnityEngine.XR.ARSubsystems;

public class ImageTargetManager : MonoBehaviour

{
// Reference to ARTrackedlmageManager and ARAnchorManager components
private ARTrackedlmageManager trackedlmageManager;
private ARAnchorManager anchorManager;

// Dictionaries to keep track of instantiated prefabs and anchors

private Dictionary<string, GameObject> instantiatedPrefabs = new Dictionary<string,
GameObject>();

private Dictionary<string, ARAnchor> anchors = new Dictionary<string, ARAnchor>();

// Prefabs for the 3D models

public GameObject bucketWheelPrefab;
public GameObject cat798Prefab;
public GameObject draglinePrefab;

void Awake()

{
// Get components
trackedlmageManager = GetComponent<ARTrackedlmageManager>();
anchorManager = GetComponent<ARAnchorManager>();

// Initialize prefabs without setting them active
instantiatedPrefabs["BucketWheel"] = bucketWheelPrefab;
instantiatedPrefabs["CAT798"] = cat798Prefab;
instantiatedPrefabs["dragline3d"] = draglinePrefab;
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void OnEnable()

{
// Subscribe to the trackedlmagesChanged event
trackedlmageManager.trackedlmagesChanged += OnTrackedimagesChanged;

}

void OnDisable()

{
// Unsubscribe from the trackedlmagesChanged event
trackedlmageManager.trackedimagesChanged -= OnTrackedlmagesChanged;

}

void OnTrackedlmagesChanged(ARTrackedlmagesChangedEventArgs eventArgs)
{
// Handle added, updated, and removed tracked images
foreach (var trackedlmage in eventArgs.added)
{
Updatelmage(trackedlmage);
}

foreach (var trackedimage in eventArgs.updated)
{

Updatelmage(trackedlmage);
}

foreach (var trackedlmage in eventArgs.removed)
{
RemoveAnchor(trackedlmage);
}
}

void Updatelmage(ARTrackedImage trackedlmage)
{

string imageName = trackedlmage.referencelmage.name;

if (instantiatedPrefabs.ContainsKey(imageName))

{

GameObject prefab = instantiatedPrefabs[imageName];

if (trackedImage.trackingState == TrackingState.Tracking)
{
if (lanchors.ContainsKey(imageName))
{
// Create an anchor and attach the prefab to it
ARAnchor anchor = trackedlmage.gameObject. AddComponent<ARAnchor>();
anchors.Add(imageName, anchor);

GameObject instance = Instantiate(prefab, anchor.transform);
instance.transform.localPosition = Vector3.zero;
instance.transform.localRotation = Quaternion.identity;
instance.SetActive(true);
instantiatedPrefabs[imageName] = instance;

}

else

{
// Update the position and rotation of the existing prefab
ARAnchor anchor = anchors[imageName];
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GameObject instance = instantiatedPrefabs[imageName];
instance.transform.position = trackedlmage.transform.position;
instance.transform.rotation = trackedlmage.transform.rotation;
instance.SetActive(true);
}
}
else
{
// Deactivate the prefab if the image is not being tracked
if (anchors.ContainsKey(imageName))
{
GameObject instance = instantiatedPrefabs[imageName];
instance.SetActive(false);
}
}
}
}

void RemoveAnchor(ARTrackedimage trackedlmage)

{

string imageName = trackedlmage.referencelmage.name;

if (anchors.ContainsKey(imageName))
{
// Destroy the anchor when the tracked image is removed
Destroy(anchors[imageName].gameObiject);
anchors.Remove(imageName);
}
}
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8. UNITY XR INTERACTION TOOLKIT VR MECHANISM

This project aims to transition between scenes and move within them using the Oculus
Quest 2/3. After applying the template, let's output two scenes in an engineering area to
the Meta Oculus Quest 2/3.

Download this template, which includes many of the core XR Interaction Toolkit
features, from GitHub.

https://github.com/Priyanshu-CODERX/Unity-XR-Interaction-Toolkit-VR-Mechanisms

Unzip the files inside it.

3 hitps://githubcom/Priyanshu-CODERX/Unity-XR-Intesaction-Toolkit-VR-Mechanisms

(2] Unity-XR-Interaction-Toolkit-VR-Mechanisms

0

) Priyanshu-CODERX

README

Unity XR Interaction Toolkit VR Mechanisms

Select this project from Unity>Add>Add Project from disk. There may be a difference
between versions. Since we'll be using 2022.3.47 in this project, let's select this version
to open the project.

Click the Open with 2022.3.47f1 button.
Change the version by "Change version".

Confirm the pop-up warning that appears while the project is loading by clicking
"Continue".
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Unity Hub 3.10.0

XRToolkitMine1: Warning

Lia

2022.3.47f1 u7s

+ Current platform Android uwp WebGL Windows Add platform

LTS

Install Other Editor Version Open with 2022.3.47f1

Change Editor version?

If you change the Editor version of your project, the

scripts might change and the project library might be

rebuilt. Depending on the size of your project, this might
e some time.

Are you sure you want to change the Editor version of
your project?

Change version

Unity Hub 3.10.0 o

Hub V3.11.0 is now available and will install after restarting.
See Release Notes

Restart now Dismiss

Projects P role New project

Installs
Your project was last saved with a different version of

Unity,
Learn D:/UNITY f¥RInteractiorToolkit /XRToolkitMine 1

The saved project (2020.3. 18f1) does not match the EDITOR VERSION
Community launched editor (2022.3.47f1).

This may require re-import. Please be aware that

opening in an older version is unsupported.
2022.3.4711

Note that if 2 build target installation is missing, this
may also cause a re-mport,

If you proceed, some packages may be updated. For 2 [[STURR 2022.3.471
list of any changes made to your Project’s packages,
see the Logs/Packages-Upgrad...

(For the full message, see the editor log file) —rEE

[y services for

Contrue | Quit

2022.31411

When the scene opens, confirm the Upgrade request for the Material by clicking OK.
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Piease see the Materil oxyade gide 1 the LRD.
for mare mformanon

=

0

"‘-----------
EEEEbBSS

You'll see many ready-made scenes under Project>Assets>Scenes. Take a look at each
one and examine them.

0

We'll focus on two scenes aimed at transitioning between scenes and moving within the

scene. The first will be the SampleScene, and the second,
ContinuousMovementDemo, is designed for movement.

The SampleScene features a wall renovation design.

The ContinuousMovementDemo is a scene featuring simple cubical objects that can be
moved.
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¢ 0

@

/Min W\

i ¥ B2 v

ContinuousMovementDemo scene is designed for movement, you can test it directly in
Play Mode.
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To run VR on your Oculus Quest 2/3, connect it to your computer.

The XR Device Simulator used for testing on the PC must be disabled.

Go to Build Settings and switch to the Android platform.

Select your Quest 2/3 device.
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Add Open Scenes

Platform W Android

layer Settings

|'| Android

nrmL -

* Refresh

All compatible devices
<Enter P>

Oculus Quest 2 (TWMHHB62CU1506)

Asset Import Overrides

Learn about Unity

Player Settings.. Build v Euild And Run

To share your experience on a PC screen, log in to your account at oculus.com/casting
in the Google Chrome browser. This will allow you to be on the same internet address
and connect to your account.

Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

Start casting to this private link from your headset

Press the Meta button on your
controller to open the universal menu

& coocamen
w\ Select Cast

O s.eci computer

Having trouble with casting?
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Press the Oculus or Meta buttons on your controller or select the Cast option from the
Quick Settings menu. Select the device you want to cast to: Mobile or Internet
(oculus.com/casting) and click Next. Since you've already entered the Chrome address,
ared dot will indicate that the casting has started.

Create a short username and product name in Build Settings>Player Settings>Player.

L Project

Performance

Default lcon

Default Cursor

15 for Android

lcon

Time Resolution and Presentation

Timeling

Splash Image
LUl Builder . -

mentDemo

Add Open S¢

Platform W Android

;l Wind ac, Linux e ) ayer Settings
E Dedica

|'| Android

Select Build and Run for deployment. Enter the APK file name in the window that opens.
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Yeni Birim (D:) > UMITY » XRInteractionToolkit > XRToolkitMinel »

Dizenle = Yeni klasar

> [l VuHL A Boyut

B vuHLY s 025 01:10 klasari
B VuHL2 B Library 9 501: osya klasori
” Logs 9 klasari
B VUHololel
@8 Packages 8.02.20 47 klasarii
BB XRinterad
" ProjectSettings 9 025 0 klasdri
> [ XRintera B Temp
Err
v [ XRToolki | BB UserSettings 0.0 501:0 klasarii

> [ Assets

Dosyaad: | X '|T|:u:||kiti
Kayit tiri: | apk (*.apk)

~ Klasorleri Gizle Kaydet

The left joystick allows movement. The right joystick allows turning. The raycast beams
are also clearly visible.

The image below is taken from Oculus.com/casting.

Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

Add a Ul element to transition to the other scene (SampleScene). To do this, XR>XR

Canvas and XR>XR EventSystem must be added to the Hierarchy.
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For the Canvas, set Inspector>Render Mode: World Space. Add UlI>Button
(TextMeshPro) to the Canvas. Reduce the Canvas dimensions to around 0.0015 and
position it so it's visible in the scene (it's easier to set the Pos X, Y, and Z to 0). You can
write Go to SampleScene in the Button Text field.

Add a Box Collider to the Button.
Create the SceneSwitcher.cs C# script file in Project>Assets.
Write the following scene switching code in Visual Studio or another text editor.

SceneSwitcher.cs

using UnityEngine;
using UnityEngine.SceneManagement;
using System.Collections;

public class SceneSwitcher : MonoBehaviour

{

public void SwitchToScene(string sceneName)

{

Debug.Log("SwitchToScene called with scene: " + sceneName);
StartCoroutine(LoadSceneAsync(sceneName));

}

private IEnumerator LoadSceneAsync(string sceneName)

{

AsyncOperation asyncLoad = SceneManager.LoadSceneAsync(sceneName);

while (lasynclLoad.isDone)

{

yield return null;

}
}

}

SceneSwitchercs # X 9
53 Assembly-Csharp || #g sceneswitcher -|| @ switchToscene(string sceneName)
1 |+ using UnityEngine;

i Uni: H

vl

eManagenent;

9
2 | using
ing

v public class SceneSwitcher : MonoBehaviour

15 AsyncOperation asyncload = ger. L H
17 |- uhile (lasyncload.isDone)
{

19 yield return null;

27| ¥

In the Hierarchy section, create an empty object named SceneSwitchingObject and
attach the SceneSwitcher.cs file here.
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To assign a transition function to the button, press the + button in the On Click() section
of the Inspector.

The SceneSwitchingObject, which is the script container, should be connected to the
field marked “None Object”.

From the Function menu, select the SceneSwitcher class and its SwitchToScene()
method/function.

w-----------
EEEbbEQHS

A field will open where you can type the scene name. Type SampleScene.
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Before switching to SampleScene, copy the Locomotion System object from
Hierarchy>Scenes to enable motion there.

Switch to this scene by double-clicking the SampleScene under Assets>Scenes.

Paste the Locomotion System objectinto the Hierarchy. The XR Device Simulator must
be disabled.

Make assignments to some of the remaining fields in the Locomotion System. In the
Locomotion System Inspector section, drag the XR Origin from the Hierarchy to
Locomotion System>XR Origin. In the Continuous Move Provider (Action-
based)>Forward Source field, connect XR Origin>Camera Offset>Main Camera.

0

RRRRRRRRRRR
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To switch to the ContinuousMovementDemo scene, add XR>XR Canvas and XR>XR
EventSystem. Change the Canvas's Render Type to World Space. Set its height to 0.01.

Avalue of 0 for Pos X, Y, and Z helps with positioning.

Add UlI>Button (TextMeshPro) to the Canvas. In the button's text field, enter "Go to
ContinuousMovementDemo".

Add a Box Collider to the button.

Create an empty object in the Hierarchy with "Create Empty." You can also name it
SceneSwitchingObject. Connect the SceneSwitcher.cs C# script file to this object.

Go to
ousMovementDemo

‘----u------
B GAS

In the button's Inspector section, click the + button in the OnClick() field. Connect the
code container, SceneSwitchingObject, to the None (object) field. Connect this object
to the None (object) field. Open the active No Function field and select the
SceneSwitcher class and the SwitchToScene(string) method/function under it.

. Gata
C nnllnousMovun\e‘nlDEmO
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Type the ContinuousMovementDemo scene name into the file field that opens.

o Gota .
Lnu[ulnu‘a‘MU\/()h\(.‘thel’nO

Two scenes must be added in the Build Settings section.

In Build

ementDemo

Add Open Scenes
Platform W Android

Dedicated &

|i| Android
ndroid

e

§ weeer
Ru C us (TW 50 hd Refresh

Import Overri

Learn about Unity Build Automation

Euild v Build And Run

After the deployment process, the SampleScene with index 0 will be run first in the
Scenes In Build section.
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Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

Here, you can move with the left joystick and turn with the right joystick. Clicking the
menu will move you to the next scene.

Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

Likewise, controls are provided with the joystick and SampleScene is switched by

pressing the button.
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8.1.Unity XR Interaction Toolkit Mechanism Application in Mining

After the basic operations are complete, let's replace the existing scenes with the
engineering scene design and test the navigation and scene changes in these areas.

Duplicate the SampleScene with Ctrl+D and rename it OpenPit. Similarly, duplicate the
ContinuousMovementDemo scene with Ctrl+D and rename it UGTunnel.

After positioning an open pit mine site in the SampleScene environment, we tested the

scene change and site navigation functions.

Go to Underground Gallery

The scene depicts a quarry, accessed via a single ramp to the lowest levels. It can also be
visualized with different textures.
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Loading, transport, drilling machines, offices and worker huts can be seen on various
levels in the field, where the spatial effect is strongly felt in the use of the Oculus Quest
2/3 headset.

=

S

BV -~

Clicking the Go to Underground Gallery button will take you to the second scene.

An underground gallery can be seen in the landscaping of the
ContinuousMovementDemo scene.

Go to Open Pit Mine

It is possible to move around the gallery with Quest 2/3 controllers, where there is a
button to move to the next scene.
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The gallery with reinforced concrete support can be updated with different support
systems and lighting if desired.

Test that you can move on to the next scene by pressing the Go to Open Pit Mine button.

208



Kaan ERARSLAN VIRTUAL-AUGMENTED REALITY & GAMIFICATION

SceneSwitcher.cs script file is reminded at this point regarding the previous basic
information.

SceneSwitcher.cs

using UnityEngine;
using UnityEngine.SceneManagement;
using System.Collections;

public class SceneSwitcher : MonoBehaviour

{
public void SwitchToScene(string sceneName)
{
Debug.Log("SwitchToScene called with scene: " + sceneName);
StartCoroutine(LoadSceneAsync(sceneName));

}

private IEnumerator LoadSceneAsync(string sceneName)
{

AsyncOperation asyncLoad = SceneManager.LoadSceneAsync(sceneName);

while (lasyncLoad.isDone)
{
yield return null;
}
}
}

Acknowledgement
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9. UNITY XR INTERACTION TOOLKIT WITH VR TEMPLATE

Virtual Reality applications generally utilize the underlying infrastructure developed by
Unity or Meta. In other words, Unity utilizes the XR Interaction Toolkit or Meta, and for
Oculus Quest, the Meta All-in-One SDK. This section outlines the steps involved in
developing an application using the XR Interaction Toolkit packages and the VR
template available in Unity Hub.

Start a New Project in Unity Hub. Find the VR template from the list and select
"Download Template".

Unity Hub 3.10.0

New project
Editor Version: 2022.3.47f1 u1s

All templates VR Multiplayer
Sample

Core
Sample
Learning

AR Mobile

Core 3D (Built-In Render Pipeline)
This is an empty 3D project that uses Unity's
built-in renderer.

Small Scale Competitive Multiplayer

Core Read more

2D Platformer Microgame

Learning Project name
My project
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Unity Hub 3.10.0

New project
Editor Version: 2022.3.47f1 i1s

All templates o, VR Multiplayer
: Sample

Core

Sample

Learning

1 AR Mobile

Core VR
Quickstart your Virtual Reality (VR) applications
with a sample scene, assets, and the

Small Scale Competitive Multiplayer recommended packages and settings.

Core
Read more

2D Platformer Microgame >
Learning Downloading template...

At the beginning VR temaplate gives a warning about Edit>Project Settings>XR Plug-in
Management

The VR template provides several ready-to-use scenes and before developing scenarios

in hand these should be visisted and rdiscovered. Package Manager presents some of
demo scenes.
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Inthe Scene, you can control the 360-degree camera while holding down the right mouse
button, navigate within with the W, A, S, and D keys, and pan (scroll) the scene with
Ctrl+Alt+Left Mouse button. This allows you to preview the scene.

Now, follow the instructions in the opening window. Window>Package Manager>XR
Interaction Toolkit>Hands Interaction Demo->Import

sc) v Filters = Clear

Reimport

Import

ntegration with

Import

Import

If some issues exist after importing the sample scene just Fix AllL.
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Project Validation

ne Validation

Turn Off

Validation Ru

Reimport

Import

Time

Tutorial Fram

Import

Import

Import
Jtilit!

XR Interaction Toalkit

For each import process, Fix All issue.
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LT Project Validation
ne Validation
Turn Off

Fix All
Fix
Fix

ayer

t Manager

ion Demo Reimport

Impaort

Reimpoert

Impaort

Import

Impaort

The project can be deployed as Windows application and for this case XR Plug-in
Management>OpenXR should be selected.
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ormance XR Plug-in Management

danager

XR Plug-in Management

Initializ

Similarly, press Fix All button for the existing issues.

215



Kaan ERARSLAN VIRTUAL-AUGMENTED REALITY & GAMIFICATION

ormance Project Validation
Scene V

Turn Off

Fix All

Fix

ement

Project Validation
KE on i

If necessary, all errors are resolved by pressing the Fix All button again. Afterwards,
Project Validation area is clean.
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Project Validation
zene Validation
Turn Off

Validation Rul

Issues (0) of Checks (19)

needed.

rformance OpenXR
= w

Single Pass Instanced | Multi-view

OpenXR Feature Groups

All Features
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OpenXR

(]

None

re complete. Otherwis able that interaction

OpenXR Feature Groups

All Features

Before connecting to Oculus, it's possible to test XR Interaction Toolkit capabilities in
PC (Windows) mode with the XR Device Simulator. Use the prefab object
Assets>Samples>XR Interaction Toolkit>3.0.3>XR Device Simulator. It should be
added to Hierarchy.

Assets > Samples > XR Interaction Toolkit > 3.0.3 > XR Device Simulator

and Expression seripts ul Unity XR.nteracti.  XR Device Control..  XR Device Hand XR Device Simula

XR Device Simua.

H

As stated, XR Device Simulator is employed before using Oculus Quest to experience
the project in Play Mode.
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However, some settings will need to be changed depending on the device. Disable XR
Origin (XR Rig)>Camera Offset>Disable Gaze Interactor and Stabilized

Disable XR Origin (XR Rig)>Camera Offset>Right Controller>Disable Teleport
Interactor.
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Make XR Origin (XR Rig)>Locomotion>Turn and

XR Origin (XR Rig)>Locomotion>Teleportation passive(disable).

The case on the game screen after the changes is as shown below.

Let’s open Play Mode.
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- Simply pysp,
Ick forwarg

K
Continue

Turn
L —

Here you can find the control information in the XR Device Simulator window. You can
move around the scene using W, A, S, and D.

E is used to ascend, and Q is used to descend. The control panel displays the short-cut

keyboard characters.
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For example, we can open the left control mode and controls with the T key.

We can activate the right control with the Y key.
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Use trigger to interact

with Ul

T

R

B Tumn

Itis possible to select an object with the G key and hold, move and drag the object while
pressing the G key.

Other controls can be tested by following the shortcuts in the XR Device Simulator

window. While the simulator provides an experience without an XR headset, the 3D
sensation and true VR experience can only be achieved with one.

Now, let's re-enable all the previously disabled settings.

XR Origin (XR Rig)>Camera Offset>Gaze Interactor

XR Origin (XR Rig)>Camera Offset>Right Controller>Teleport Interactor
XR Origin (XR Rig)>Locomotion>Turn

XR Origin (XR Rig)>Locomotion>Teleportation
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To work with a VR headset, the XR Device Simulator must also be disabled or deleted.

Meta Windows application should be opened to follow and manipulate the device
actions.

Ara Q =

LUEREWE] Bilgisayann, giincellenen minimum teknik &zellikleri kargilamiyor ve bu durum diisiik kaliteli bir VR deneyimine neden olabilir. Daha Fazla Bilgi Al

Giindem

VRChat

VRChat offers an endless collection of social VR experiences by giving the
power of creation to its community. Whether y...

Daha Fazla Bilgi Al w RN NI 4414 Puanlama

Gundem Glindem Gundem Giindem

[TICHAT) g

TIESTO

Bugiin, 1:45 Bugiin, 4:00 Bugiin, 400 Bugiin, 4<

When the device is connected, it is diplayed on the application. Beide the device,
controllers also rexits with the battery levels.

Ara

Bilgisayann, giincellenen minimum teknik zellikleri karsilamiyor ve bu durum diisiik kaliteli bir VR deneyimine neden olabilir. Daha Fazla Bilgi Al

Cihazlar
Ayarlar
Quest 2 ve Touch

@ Akif

Quest 2

Sol Touch Kumandasi

Sag Touch Kumandas

Cihaz Eslegtir

Now, to see the connection with the project, open Build Settings.
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Scenes In Build

+ Scenes/SampleScene

Add Open Scenes

Platform W Android
|;| Windows, Mac, Linux L] Texture Compression Use Player Settings

ETC2 fallback 32-hit
E Dedicated Server

Export Project
W1 Android
I'I nerel Build App Bundle (Google Play)
v " 3 is -
E WebGL Disabled
Default device v Refresh
== Universal Windows Platform

evelopment Bulld

Compression Method
Asset Import Overrides
Max Texture Size No Override

Texture Compression  No Override Learn about Unity Build Automatic

Player Settings.. Switch Platform

Refresh Run Device and see the connected Oculus Quest headset.

Build Set
Scenes In Build

v Scenes/SampleScene

Add Open Scenes

Platform W Android

Windows, Mac, Linux Texture Compression Use Player Settings
ETCZ fallback 32-hit

Dedicated Server Export Project

Android
jle Play)
WebGL “reate sy Disabled -
Default device v Refresh
Universal Windows Platform «  Default device
All compatible devices

Development Build <Enter IP>

Oculus Quest 2 (TWMH CUT5

Compression Method
Asset Import Overrides
Max Texture Size No Override

exture Compression  No Override t Unity Build Automatic

Player Settings... Build - Build And Run
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Player Settings should also be configured. Graphics API should be added OpenGLES3
by pressing +.

Default Icon

lcon

Resolution and Presentation

Splash lmage

Other Settings

.NET Standard 2.1

Then, we can deploy the project to the Oculus Quest device by Build And Run. Name
the APKfile.
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# Build Android
v i Bu bilgisayar > YeniBirim (D:) > UNITY > QUEST3 > XRbyVR >
Dizenle = Yeni klasar

rme tarihi

B Library
Ll
B Packages

B ProjectSettings

> OnMouse
> [ OnMouse B Temp

v [ QUEST3 BB UserSettings

Q3Mine:

Dosya ade:

Kayit tird: |apk (*.apk)

» Klasarleri Gizle

Dosya ad: | Xl

Kayit tird: | apk (*.apk)

» Klasérleri Gizle

Itis possible to follow Oculus experience on Oculus.com/casting. Google Chrome

should be used fort his purpose.

Welcome to the VR Template!
Let's learn about some of the features.

Continue
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There are many pre-made scenes based on Samples installed with the XR Interaction
Toolkit.

One of these is Assets>Samples>XR Interaction Toolkit>3.0.3>Starter
Assets>DemoScene

Select DemoScene.
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Build.

In Build
It

Add Open Scenes

Platform W Android

CJ
B Dec

= .
|'| Android

Lo

Default device

Asset Import Overrides

Learn about Unity Buil

Player Settings.. Build And Run
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Activate the device on the Meta Quest Link Windows Application and your smartphone.
Ensure they share the same IP address. If necessary, unplug and replug the device
connection cable. The device will request permission to connect to your computer.
After granting this, it will appear in the Build Settings device list.

Add Open Scenes

Platform W Android

|;| Wind
E Dedica

i .
|'| Android

wrHL

v | Refresh
«  Default device
All compatible devices

<Enter P>

| Oculus Quest 2 (TWMHHB62CU1506) I

Learn about Unity Build Automatio

Player Settings... Build v Build And Run

For this case, itis crtictical and important to rename the product in the Product Name.
Package Name should also be controlled if it is updated accordingly.
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mance

Name

lcon
Resolution and Presentation
Splash Image

Other Settings

Rendering

Similarly, Build process will require an APK file name. Give a hew nhame for this case.
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® Build Android

I i bu bilgisayar > YeniBirim (Dz} » UNITY

Dizenle = Yeni klasar

B MRTKt

8 MRTKOQ:
8 NURSAN
@B OnMouse

v [ QUEST3

Experience the scene and project on the Oculus.

B Library

B Logs

@8 Packages

B ProjeciSettings

8 Temp
serSettings

rstDebuginformation_DoNot5s...

Far Greb \nleraciabie Objscts

Dyomeic RIAC

-

Singa Freas R

-

-~

VIRTUAL-AUGMENTED REALITY & GAMIFICATION
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Poke Interaction Exarples Far Grab Interactable Objects

Poke Interaction Examples

Enable Particle System Play Sound Increment Ul Text

Grab Interactable Objects

Kinematic Velocity Tracked
Movement Movement
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Let's test another ready-made scene. Another scene loaded with samples is
HandsDemoScene.

Assets>Samples>XR Interaction Toolkit>3.0.3>Hands Interaction Demo>HandsDemoScene

File Edt Asets GameObject Component Semvices Jobs Tutorisls Window Help

Add Open Scenes

Platform W Android

;I Mac, Linux =
E Dedicat

I .
|'| Android

wrnL

5L

Learn about Unity Build Automatio

Build v Build And Run
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In Player Settings, the Product Name should be changed to avoid overwriting the
previous outputs. Package Name should also be controlled every time.

& Project Settings

tive Performance
Audio
Burst AOT Settings
Editor
Graphics
URP Global Settings
In-Editor Tutorials
Manager
tem Package

y Settings
Package Manager

Preset Manager
Quality
Scene Template

ShaderGraph
Tags and Layers
TextMesh Pro
Settings
Time
Timeline
Ul Builder
Version Control
Visual Scripting
XR Plug-in Management

£ Project Settings

tive Performance

Burst AOT Settings
Editor
Graphics
URP Global Settings
In-Editor Tutorials
Input Manager
Input System Package
Setting
Memory Settings
Package Manager

Preset Manager

Quality

Scene Template

Script Execution Order

Services

ShaderGraph

Tags and Layers

TextMesh Pro
Settings

Time

Timeline

Ul Builder

Version Control

Visual Scripting

XR Plug-in Management

falidation
XR Interaction Toolkit

Player

Company Name

Default lcon

Default Cursor

Curser Ho

Settings for Android
lcon
Resolution and Presentation
Splash Image

Other Settings
Rendering

Color Space*

MSAA Fallback

Auto Graphics AP
Graphics APls

OpenGLES3

Vulkan

Require ES3.1
Require ES3.1+AEP

Require ES3.2

Streamir
Frame Tim Stats

OpenGL: Profiler GPU Recorders

OpenGL, Profiler GPU Recorders

tereo Capture®
ire Action Debug Mode
Vulkan Settings
SRGB Write Mode*®
Number of chain buffers*
e late as p
Recycle command buffers*
Apply display rotation during rendering
Identification
Override Default Pac
Pac lame
Version*
Bundle Version Code
Minimum API Level
Target APl Level
Configuration
Scrip
Api Compatibility Level®
IL2CPP Code Generation

C++ Compiler Con

DPU
)\'RH;1||:.:5|
041

Linear
Downgrade

Mormal Quality
Low Quality
v

0

le the GPU Profiler.

v
com.DPU.XRHands|

0.1

1

Android 12.0 (12L, AP level 32)

Automatic (highest installed)

IL2CPP

.NET Standard 2.1
Faster runtime
EIEEES




Kaan ERARSLAN VIRTUAL-AUGMENTED REALITY & GAMIFICATION

Name the APK file accordingly.

% Build Android

T @8 > Bubilgisayar » YeniBirim (D:) > UNITY > QUEST3 > XRbyVR

Dizenle = Yeni klasar
| MRTK1 Ad
im A
B Library
mL
B8 Packages
B ProjeciSettings
B OnMouse B Temp
8 QUEST3

rstDebuglnformation_DoMotS...

Finally, run the application on the Oculus Quest device.
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ul scrollvie“’

Ul Poke Components

scroliview
Slider e ———o

Toggles

rapdown
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Another scene under Samples is keyboard events in the spatial environment.
Assets>Samples>XR Interaction Toolkit>3.0.3>Spatial Keyboard>KeyboardDemo.

File Edit Assets jobs _ Tutorials

s s 0

B
D
-
"
=
-
I~
-

Add Open Scenes

Platform W Android

an .
|'| Android

wraL ) . -

* Refresh

Learn about Unity Build Automation

Player Settings... Euild v Build And Run

239



Kaan ERARSLAN VIRTUAL-AUGMENTED REALITY & GAMIFICATION

Of course, the Product Name must also be changed in Player Settings.
£ Project Settings

Adaptive Performance Player
Audio
Company Name
Product Name
= Version
URP Global Settings
In-Editor Tutorials
ut Manager
tem Package

Default lcon

Memory Settings o .
Package Manager Default Cursor
Physlcs

Physics 2D
Player )
Preset Manager Cursor Ho

Quality

Scene Templat =

b Settings for Android
Services

ShaderGraph Icon

Resolution and Presentation
Settings
Time
Timeline
Ul Builder
fersion Control - _
ual Scripting Co pace* Linear

Splash Image

Other Settings
Rendering

XR Plug-in Management h A Fallback Downgrade
Oculus
OpenxR
Projec!
XR Interaction Toolkit OpenGLES3

Auto Graphics API

Graphi Pls

Player

Burst AOT Settings Q (Rl e Ll o (end

Editor
Graphics
URP Global Settings
In-Editor Tutorials Virtual Texturing (Experimental)®

360 Stereo Capture*
tore Action Debug Mode
Vulkan Settings
SRGB Write Mode*
Number of pechain buffers*
Acquire s
Preset Manager )
Quality Recycle command buffer
Scene Template Apply display rotation during rendering
Script Execution Order
Services : )
ShaderGraph Override Default Package Name L
E P = Name com.DPU XRKeyboard
Version® 0.1

Identification

Bundle Version Code 1
Timeline Minimum AP| Level Android 12.0 (121, API level 32)

Ul Builder Target API Level Automatic (highest installed)
Version Control
SIS0 BOnio Configuration

Backend IL2CPP
Api Compatibility Level* NET Standard 2.1
o IL2CPP Code Generation Faster runtime
Validation

y C++ Compiler Co t Release
XR Interaction Toolkit mprer -ontig

Use incremental GC =

Allow downloads over HTTP* Not allowed
Mute Other Auc ources®

Target Architectures

ARMVT

The next step is to determine the APK file.
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# Build Android

v 4 | B> Bubilgisayar > YeniBirim (D:) > UNITY > QUEST3 > )

Dizenle « Yeni klasar
@ MRTKI

-
i Library
. Logs
B packages
BB ProjectSettings
8 Temp
BB UserSettings

stDebuglnformation_DoMNo

Then, the projectis run on the Oculus Quest.

Global Keyboard Example

These input fields below are configured utilize the global
keyboard. Interact with each to observe how the global
keyboard works with the different configurations.

input field configured for global Input field configured for global
keyboard with no character limit. keyboard with a character limit of 8.

Input field configured for global keyboard. Input field configured for giobal
Canfigured to update on submit keyboard that clears text on open

This input field will always observe
the global keyboard.
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World Space Keyboard Example

These input fields below are configured to monitor the
world keyboard below.

World keyboard text

Input field configured to world space keyboard
below with no character limit.

Will clear on submit

Input field configured to world space keyboard
below with character limit of 8.

Input field configured to world space keyboard
below will clear text on submit

Input field configured to world space keyboard
below that will always observe the keyboard

9.1.Mining Applications with XR Interaction Toolkit VR Template

Using the VR Core template, we saw what kinds of pre-made scenes are available and
how we can output them to the Oculus Quest device.

Two mining scenes were created using the sample scenes, and simulator images were
shared.

The first scene was prepared for VR use on an excavator, mining truck, and loader
installed in an open pit.

The simulator can provide a functional diagram of the control units and, beyond simply
providing control, also provides schematic training.

Quarry: EyesCloud3D. https://sketchfab.com/3d-models/quarry-247a63ac1bbd45ccb0bdd1551a017aad
Loader: https://grabcad.com/library/weel-loader-cat-924-1

Excavator: https://rigmodels.com/model.php?view=Animated_Low_Poly_Excavator-3d-
model__31f3bbc4b7544a3d91ff9ee397a74bc7&searchkeyword=excavator&manualsearch=1
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Turn

& Ul PressUI Press = Blink

Grab Grab
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The second scenario used an ore plant. It's also possible to expand the facility with
various preparation machines such as crushing, screening, and grinding, as well as
enrichment machines such as flotation, shaking tables, and jigs.

At this stage, a VR simulator was also commissioned and implemented both inside and
outside the plant.

e Simulator

Factory: https://rigmodels.com/model.php?view=Factory_3d_model-3d-
model__e723f4fed8ec4b9dab52ec6ed4a442286b&searchkeyword=factory&manualsearch=1
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All the ready-made scenes in the VR Core template can be used in mining, as well as in
all engineering branches, architecture, education, health, science, technical and social
scenarios to develop various VR applications.
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10. ARBOOK TEST APPLICATION WITH UNITY AND VUFORIA

In this section, we'll develop an image target (tracking) augmented reality application
from scratch using the Unity real-time development engine. The application will use
Unity 6000.0.LTS (long-term support). This is due the assets provided by Vuforia.

@?AssetStore Q@  search for assets OB O P @
30 20 Add-Ons Audio Al Decentralization Essentials Templates Tools VFX Sell Assets

You purchased this item on Oct 24, 2020.

.» Vuforia Core Samples
@ PTC Vuforia ek ok (2
FREE

227 views in the past week

e ORIAL T

CORE SAMPLES o

License agreement

License type

File size 993.3 MB
Latest version 134
Latest release date Jun 18, 2025
Original Unity version @ 6000.0.23

10.1.AR Engine Preparation

Vuforia was chosen as the AR engine for this application due to its practicality. The first
part of the chapter will use a ready-made template database for developer training. The
second phase plans to create an AR Book database and create a case study for
vocational training purposes. Therefore, an account must be created in the Vuforia
system before the second phase.
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engine
developer portal

Home Downloads Library Support Pricing Log Out

Account  Plan & Licenses  Credentials  Target Manager

Dashboard

There is currently an issue with the support forms on this portal for users of Firefox, which is being X
Account Info investigated. In the meantime, if you need to contact support, please use a different browser.

Account Usage

Payment Method Getting Started Download SDK and Tools

Billing Statements New to Vuforia? Go to the docs and learn how to Download the SDK for Unity, Android, |0S and
track images, objects and environments. UWP. Try out Vuforia with many samples available.
Vuforia Developer Library Download SDK
Unity AP| Reference Download Samples
Native API Reference Download Tools
Find more information about the latest releases of Get support for your issues by using our various
Vuforia Engine! support options.
Release Announcements View latest issues
Release Notes SDK Discuss topics
Release Notes Tools & Apps Contact us

10.2.Project Development Basics

Scenario and details:

- We will use the Vuforia Image Target template for the project.

- We will download Vuforia Core Samples from the Unity Asset Store and go to the Image
Targets stage.

- There are four image cards and four models ready to use.
- We will create a multiple-choice question for each card.

- To do this, we will create a panel for each card, one question in each panel, and four
answer options (buttons).

- With each correct answer, the button will turn green. If the answer is incorrect, it will turn
red.

- There will also be a report button in the last question's panel, which will open the report
panel when clicked.

- The total number of correct and incorrect answers will be displayed in the panel.
- All of this will be controlled by a single C# script.

- Unity 6000.0.23 and its related packages will be used.
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10.3.Project Development

Create a project with a 3D template.

By selecting Window> Asset Store> Search online, you will be directed to the Unity
Asset Store site.

A Unity Asset Store
The Asset Store has
moved
et D oo ey yard

‘ Search online | BAlways open in browser from menu

Importing your assets from the Package Manager
To download or view your purchased assets go to Window > Package

Manager and select My Assets or click the Open Package Manager
button below.

Why are we doing this?

To improve performance in the Editor, the Asset Store will only exist on

Search for the Vuforia Core Samples package and add it to your archive with Add to My
Assets. You'll also be able to open it in your open project.
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?AssetStore vuforia core samples O P @

3D 2D Add-Ons Audio Al Web3 Essentials Templates Tools VFX Sell Assets

% Over 13,000 top-rated assets 9 Rated by 85,000+ customers @ Supported by 100,000+ forum members @ Every asset moderated by Unity

16TH
UNITY
AWARDS

"vuforia core samples" in All Categories

ters Sort by esults
CATEGORIES Filter ort by Resul
Price v || Rating v || Unity Version v Relevance v || 96v
Templates (4)
Tools (1) Results 1-5 of 5 for vuforia core samples

S for ¢ P o
®AssetStore B O & # K
3D 2D Add-Ons Decentralization Essentials Templates Tools VFX Sell Assets

You purchased this item on Oct 24, 2020.

Vuforia Core Samples

@ PrC Vuforia Fh kA

FREE

® 354 views in the past week

VUFORIA o
CORE SAMPLES e

4 years ago

Very comprehensive utilities.

It is a very useful, excellent, and great pack. If a
tutorial can be provided that would be very helpful.
Thanks a lot.

Read mor

License agreement

License type

File size 930.8 MB
Latest version 10.28.4
Latest release date Nov 21, 2024

Original Unity version @ 2022.3.16 or higher

My Assets archive will automatically appear in the My Assets section under
Window>Package Manager. Clicking Open in Unity will open your project under
Window>Package Manager.

249



Kaan ERARSLAN VIRTUAL-AUGMENTED REALITY & GAMIFICATION

Vuforia Core Samples

Vuforia Core Samples Import  Re-Download

10.28.4 - November 21, 2024

Supported Unity Vel

Packag

First, download the package to your disk by clicking the Download button. Then, import
itand place it in the Assets folder for your project.

Vuforia Core Samples

Vuforia Core Samples Import | Re-Download

Supperted Unity Ve
Package
Waming

Importing a complete project will overwrite your
current project settings. To leave your project intact,

dlick the Switch Praject button to create a temporary
project where you can safely import this package.

Switch Project Cancel
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Continue with Install/Upgrade.

uforia Core Samples

Import Re-Do

Waming

This Asset Package has Unity Package Manager
dependencies.

com.unity. 2d.sprite@1.0.0
com.unity. 2d. lemap@1.0.0
com.unity.ads@4.4.2
com.unity.ai.navigation@1. 1.5
com.unity.analytics@3.8. 1
com.unity.ext.nunit@1.0.5
com.unity.ide.rider@3.0,27
com.unity.ide.visualstudio@2.0.22
com,unity.ide.vscode@1,2.5
com.unity. test-framework@1.1.33
com.unity. textmeshpro@3.0.6
com.unity. timeline@1. 7.6
com.unity.ugui@1.0.0
com.unity.modules.zi@1.0.0
com.unity.modules.androidini@1.0.0
com.unity.modules.animation@1.0.0
com.unit. ..

(For the full message, see the editor log file)

Import Unity Package

uf mpl e ﬁ Vufa p
import Content ﬁ Import Settings O
i

1

Override

Override
Qverride
Override
Override
Qverride

Override
Qverride

Override
Override

Qverride

Import

Accept Update button.
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Vuforia Core Samples Import  Re-Download

10.28.4 - November 21, 2024

Add Vuforia Engine Package

Would you like to update your project to indude the
ufaria Engine 10.28.4 package from the
unitypackage?

If an older Yuforia Engine package is already presentin
your project it will be upgraded to version 10,28.4

Display1 ~ Fres

There are sixteen template scenes under Assets>SampleResources>Scenes. Select
the Image Targets scene and double-click it.

Blender 4.0

Ready-made objects in the scene will be opened with their connected elements.
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L

mMRRRRPRRRRe
peeeRRe

o

ERRRRRRRRR R
RRRRR R e

gl -

Rotate the scene to observe other objects.
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According to the scenario, four multiple-choice questions will be added to this design,
whichincludes fourimage cards and four connected objects. To do this, each ImageTarget
object will be assigned a Ul element: Canvas, Panel, Text for the question, and four
buttons for the answer. The Ul elements in this project are chosen as Legacy. In other
words, simplicity is preferred, and TextMeshPro, which has more settings, is not.

Add aUl>Canvas and UI>Panel below each ImageTarget object. As seenin the Inspector,
the Canvas normally covers the entire screen and has a Target Display property of
Screen Space- Overlay. However, since we want the Canvas to be positioned behind the
Image Targets, we need to place it on the same plane, i.e., World Space.

mMORRRQR
PROR QPR

This change will open a Camera area. Drag and connect the ARCamera to it.

&
e
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The Canvas, which is a very large size compared to the objects, should be positioned

behind objects such as the Astronaut, with the Scale setting reduced to around 0.001.
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Add a UI>Panel inside the Canvas. Below the Panel, add Ul>Legacy>Text. This will be
our question text. Type the question in the Text field (here: Who am 1?). Set the color
settings and size.

\ Y
A
’1_ "IN

4 lasl

MR

Align View to Selected
Teggle Active State.
a

utton - TextMeshPro
Dropdoun - TetMeshPro.
Input Field - TextMeshPro.

Ezpetes Camas

Event System

Legacy

Next, add a Ul>Legacy>Button under the Panel. The button will appear with a Text
element underneath. You can give it a name like Answer1. This will make it easier to
distinguish. Position it within the Panel and edit the Text section, which is the answer. Be
sure to secure the button's anchors to the frame edges. Then, create three more copies
with Ctrl+D or Edit>Duplicate and edit their positions within the Panel and the answers
within the Text. Then, create three more copies with Ctrl+D or Edit>Duplicate and edit
their positions within the Panel and the answers within the Text.
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Astrgnaut

Teacher

Driver

Select this Canvas and duplicate it three times using Ctrl+D or Edit>Duplicate. Drag
each of the four Canvases below the ImageTargets to create four Canvases for each
ImageTarget. Edit the questions and answers for each. Colors and sizes depend on your
design preferences.

Add afifth button to the last question panel to generate areport, and another report panel

below Canvas. This button will allow you to enter scores in the report panel. You can
enter phrases like Correct: or Incorrect: or etc in the Text section of the Report button.
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Everything done up to this point aims to create a kind of infrastructure. After this, it's time
to add functionality. In other words, coding is required to make the buttons functional.

Under Asset, create the QuizManager.cs file using Create>C# Script.

Fie Edit_Assels GameObject Component Sewvices Window Help

=====

impart New Asset.
impot Package

Export Package.

......
Find References in Project

Select Dependencies

Refresh
Reimport

Reimport All

Update UL Schema

Double-click on the file to open it in the editor. If you installed Visual Studio 2022 during
the Unity installation, it would open directly there. If not, you'll be prompted to openiit. In
that case, you can choose editors like Notepad or WorldPad. However, working with
Visual Studio offers many advantages, such as displaying errors and completing text.
However, it's not mandatory, as the compilers are already installed at a basic level.

Update the editor to include the following code. You can also copy/paste this. However,
the format of PDF files sometimes doesn't support ASCIl codes. This may require
handwriting.
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QuizManager.cs

using System.Collections.Generic; // Allows us to use lists
using UnityEngine; // For Unity-specific functionalities
using UnityEngine.Ul; // To work with Ul elements

public class QuizManager : MonoBehaviour

{
// List to hold question panels

public List<QuestionPanel> questionPanels;
// Text to display the quiz report
public Text reportText;

// Counters for correct and incorrect answers
private int correctAnswers = 0;
private intincorrectAnswers = 0;

// Class to represent a question panel
[System.Serializable]
public class QuestionPanel

{

public Text questionText; // Text component for the question
public Button[] answerButtons; // Buttons for the answer options
public bool[] isCorrectAnswers; // Booleans to indicate correct answers

}

// Method called when an answer button is clicked

public void OnAnswerSelected(int buttonindex)

{
// Determine the panel and button indexes
int panellndex = buttonindex / 4; // Assuming 4 buttons per panel
int localButtonlndex = buttonindex % 4;

// Get the current question panel

var currentPanel = questionPanels[panellndex];

// Check if the selected answer is correct

if (currentPanel.isCorrectAnswers[localButtonindex])

{
currentPanel.answerButtons[localButtonindex].GetComponent<image>().color = Color.green;
correctAnswers++;

}

else

{
currentPanel.answerButtons[localButtonlndex].GetComponent<image>().color = Color.red;
incorrectAnswers++;

}

// Log the results for debugging
Debug.Log($"Button Index: {buttonindex}, Panel Index: {panellndex}, Local Button Index:
{localButtonlndex}, Correct Answers: {correctAnswers}, Incorrect Answers: {incorrectAnswers}");

}

// Method to display the quiz report

public void ShowReport()

{
// Update the report text
reportText.text = "Correct: " + correctAnswers + "\nIncorrect: " + incorrectAnswers;
// Log the report for debugging

259



Kaan ERARSLAN VIRTUAL-AUGMENTED REALITY & GAMIFICATION

Debug.Log($"Report: Correct Answers: {correctAnswers}, Incorrect Answers: {incorrectAnswers}");

}
}

Now create an empty object using Hierarchy>Create Empty. You can name this object
AnswerObject. Drag and attach the QuizManager.cs file into this empty object. The
AnswerObject will play a critical role in making all the connections and controls, and in

implementing the QuizManager.cs code.

Set the number of Question Panels to 4. This will open four question (element) fields. The
element index value starts at zero. Therefore, it will be between 0 and 3.

Due to the nature of the C language, array variable indexing starts at zero. Therefore, this
must be taken into account in sorting. For example, the zeroth element mathematically
means the first element. The 15th element mathematically means the 16th element.

Four Elements allows you to create a matrix for four answers under itself. Create this by
pressing the + key three times or by typing the number 4. Now, each Element has
subfields that can be opened when the arrow next to itis clicked.

Under AnswerObject>Inspector, the subfields containing the QuizManager and its
connected Elements will open. Any adjustments made here are crucial.

QuizManager.cs creates a matrix structure for each question and its answers. Four
Elements are displayed, waiting to be opened for each question. The arrow button to the
left of the Element component opens the corresponding field.

Let's examine the first question, its associated Element, and its fields.

Match the question text of the first question panel to the Question Text field by dragging
it from ImageTarget_Astronaut>Canvas>Panel>Text (Legacy).
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Similarly, there are answer fields to open under Answer Buttons. Open the fields to which
the answer buttons, Element 0 and Element 3, will be connected.

Drag and connect the buttons from Answer1 to Answer4 to these fields, respectively. For
example, connect the Answer1 button to Element 0 under Answer Buttons.

We have now connected the Question Text and answer buttons to their respective fields.
There is one final field: Correct Answers. Here, by pressing + four times or typing 4 in the
box, open a list of four Elements under Correct Answers. One of these is the correct
answer. Elementindices again range from zero to three, between Element 0 and Element
3. In other words, the first correct answer will have an index value of 0. Other answer
indexes are marked according to the indexing approach, starting from scratch. Please
click on the correct answer to save it. In the example question, Element 0 is marked

because the answer is the first option.

Drag and connect the question text and answer buttons in the ImageTargets to all
Element subfields and mark the correct answer.

The AnswerObject object, once it becomes the QuizManager.cs container, performs a
vital function, as can be seen.

The second sequence of operations for the code to run involves the Answer buttons. An
action or event (code function/method) can be connected to the buttons. This will be
done using the On Click() field in the Inspector for each button.

For example, consider Answer1, the first answer button under ImageTarget_Astronaut.
Drag and connect the AnswerObject object to the None (Object) field in the On Click()
field. As you may recall, this object contains the QuizManager.cs code and
functions/methods.
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Runtime Only

MNone

After connecting AnswerObject and QuizManager.cs to this field, the field labeled No
Function will also become active. When we open it, we see the QuizManager class in the
list, and when we look below it, we see the OnAnswerSelected() method/function. Select
this.

bool enabled

string name
bool runinEditMode

string tag

bool useGUILayout 0.4

BroadcastMessage (string) Automatic

Cancellnvoke (string) Visualize
Cancellnvoke ()

Onfnswerselected (int) I

SendMessage (string) =
MNe Function

SendMessagellpwards (string)
ShowReport () GameObject >
StopAllCoroutines () Transform >

StopCoroutine (string) | QuizManager )I

Now, another field will open that says 0. This number is the index number of the button

being operated on. Answer1 is correct to be 0.
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-

General workflow:

For Answer2, you should change the value of 0 that appears after the AnswerObject
binding and OnAnswerSelected() selection to 1. Answer3 should be 2, and Answer4
should be 3.

For Answer1 under ImageTarget_Drone, this index value should continue where it left off,
meaning it should be 4. For Answer2, it should be 5, for Answer3, it should be 6, and for
Answer4, it should be 7.

Similarly, repeat the same process for the other two ImageTargets and the answer
buttons. The index value for the Answer4 button under the final answer button,
ImageTarget_Fissure, will be 15.
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To generate areport, drag and attach an AnswerObject to the ReportButton added to the
ImageTarget_Fissure panel in a similar manner. However, this time, the ShowReport()
function/method must be selected under QuizManager. Clicking this button in the
application will write the results to the report panel.

264



Kaan ERARSLAN VIRTUAL-AUGMENTED REALITY & GAMIFICATION

At this point, the entire infrastructure has been established, including the canvas, panel,
question text, and answer buttons. The C# script code that will provide the functionality
has been created. The code file is connected to the AnswerObject object, creating a
matrix structure that connects all questions, answers, and correct answers. Additionally,
all buttons on the panels (16 buttons) are connected to functions that will verify the
accuracy of the answers.

Now we can obtain the APK file for mobile devices. Go to File> Build Settings. First,
switch to the Android platform. In the Scenes in Build section, deselect everything (other
scenes) except Image Targets.
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sl

Go to the Player Settings window. Edit the Company Name and Product Name fields
(here, DPU and VUARTest are selected). You can also select an icon.

Under Other Settings, drag OpenGLES3 above Vulkan to the top of the list.

eportButton

ag Untagged

Rect Transform

Default Cursor

Settings for Andraid
Icon

Resolution and Presentation

Splash Image

Other Settings

Unit Multiplier

) v Button

Make sure the Package Name field under Identification is com.DPU.VUARTest. Check
that the Configuration>Scripting Backend is IL2CPP. Confirm that the Target
Architecture selection is ARM64.
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ve Performance

Rect Transform

anvas Renderer

Mesh

Not allowed

Per Unit Multiplier

Button

ractable

Now connect your mobile device (Android smartphone/tablet) to the computer. It's
important to note that the device's Developer Options must be enabled and USB
Debugging enabled. Since how to enable Developer Options varies depending on the
phone brand and model, you can find a few-minute videos by entering this information in
the search bar on YouTube.

Add Open Scenes

Platform W Android

E Dedica

F=3 :
|‘| Android

~ Refresh
Default device
All compatible devices

<Enter IP>

| Samsung SM NST5F (RFBMNBOGSLEL) I

Once you see the link, you can start printing. When you click the Build and Run button,
you'll be asked for the APK file name. Specify it. When you click the Save button, the
deployment process will begin.
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® Build Android

<« - v 1 m; Bu bilgisayar > YeniBirim (D:} > UNITY » VUFORIA > VUARTest »

Dizenle = Yeni klasar
> [ QUEST3
> [ Unity-Star Vs

B Assets

B Library

L3 Logs

il obj

B8 Packages

oL feres ” ProjectSettings

m VUFORIA i Temp

Dosya ade: VUARTest|

Kayit tard: |apk (*.apk)

> [ VR_202110

> [ VR_Basic_

» Klasarleri Gizle

If your Android device isn't connected via cable, the APK file is created directly on disk
using Build. It can also be run by transferring this file to your phone via WhatsApp or
email. This process will require various checks and permissions. Build and Settings
outputs are generated on both disk and phone, and the app launches directly with the
Made with Unity generic name.

10.4.ARBook Test Application in Mining

Detailed information was provided on how to develop applications in this area. To
transition from the "for everyone" phase to the implementation phase, a mining example
was designed.

A multiple-choice test scenario related to open-pit mining equipment was created, and
a database of 11 machines was created in Vuforia.

The machine cards and their qualities uploaded to the database are shown below.

Download Database

11 of 11 active targets will be downloaded

Name: MinENG

Select a development platform:

Android Studio, Xcode or Visual Studio

@® Unity Editor
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_\{ dragline3d Image Active
ﬂj backhoe-cat-6190 Image Active
B articulatedtruck Image Active
ﬁ‘ crawlerloader Image Active
<de wheelloader Image Active
o grader Image Active
‘ bigexcavator1 Image Active
L rotary_blasthole_drill_1 Image Active
u-} bucketwheel Image Active
x cat7795shovel Image Active
ﬁ cat798 Image Active

An 11-question ARBook Test was prepared by using the concept of the sample scene and
incorporating relevant 3D models into the project.

The name of this machine .is

Examples show Image Target (card) and match 3D machine models for Dragline,
Bucket Wheel Excavator, Blasthole Drill, and Truck.

Dragline: https://rigmodels.com/model.php?view=Bucyrus_Erie_Class_24_dragline_excavator-3d-
model__45fe0a28b61b4160a2b962d019dc7b78&searchkeyword=dragline&manualsearch=1

Drill: https://sketchfab.com/3d-models/rdk-250-drilling-rig-f3e2f844a75c4399b5e20ff56d96ba08

Bucket Wheel: https://rigmodels.com/model.php?view=Mining_Machine-3d-
model__a7a9d4e1828045abaa92e2dd16355c71&searchkeyword=excavator&manualsearch=1

Truck: https://sketchfab.com/3d-models/big-truck-27929347ffd8427e9b270a311635542b
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- IS Used for transportation

sstholes are drilled by... [_Horse |
' Ty

=
ing
! Report

If the database is created using an academic book or technical catalog, augmented
reality images can be generated directly from the APK file on a smartphone or tablet. As
an additional feature, the answers to the questions on the back of the models and the test
results can be viewed by clicking the "Final Report" button.

This sample application for mining can be adapted for "everyone" or "every field".
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11.META XR ALL-IN-ONE SDK VE GITHUB UNITY-STARTER SAMPLES

Meta XR All-in-One has various Meta XR packages. The Oculus Quest is Meta's official
headset. The Unity Asset Store hosts these packages. Templates for use with Oculus
Quest 2/3 devices have been compiled under the Unity-StarterSamples package on
GitHub.

Use the link below to download the Unity-StarterSamples package from GitHub.

https://github.com/oculus-samples/Unity-StarterSamples

-StarterSamples

w2 Unity-StarterSamples-main.zip 02.2025 01:4 WinRAR ZIP argivi

SketchfabForUnity-v1.2.1.unitypackage 30 6:09 Unity package file

Multi_Card.unitypackage 1.11.2020 15:00 Unity package file

Openthe ZIP file. Open the project in Unity Hub using Add>Add from disk. If your version
is higher, a Change Version warning will appear and confirmation will be issued,
prompting the scene to open and restart.
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Changes to OVRPugn detected. Flugn updates
@ requre a restart. Pease restart Uty to conglete the
cpdste

RestrtEdor | Nothow

If there are issues that need fixing, some of them can be resolved with Fix and some with
Apply. Do this with Edit>Project Settings>Meta XR>Fix All.

|:'] Project Setup Tool

Foll

Current proj tus: ere is 1 outstanding Required fix.

Checklist
Outstanding Is
Minimum £ evel must 2 Fix
Apply All

Apply

Ild be enabled ( rformance when fe on is enabled. Apply

rwise it will resultin an Apply

O Enable €] i 5 can help performance ain t d Apply

Verified Items (67)

Then apply it with Apply All.
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Serformance

|:'] Project Setup Tool

Current project status: @ There are 4 outstanding Recommended fixes

] £ L
Checklist

Recommended Items (4) Apply All

erformance, please us SOMm es, ETC ER Apply

Apply
reen (in Play: t se it will result inan Apply
bs. This can help performance if your application is main thread d. Apply

Verified ltems (68)

If there are any remaining warnings, just ignore them for now. For sample scenes, see the
Assets/StarterSamples/Usage folder.

reo

..-‘-..---.---‘ﬁ

LR

Now let's quickly scan and see which scenes were made as templates.

CustomController.unity ve CustomHands.unity

File Edt Asets Gamebject Compoment Services Meta Window Help

ek~ & o9

r e 0

'--i---------‘g
S L
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HandsliInteractionTrainScene.unity

-..-.-.....-.@_
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4

Locomotion.unity

s o0

A-------------Q
S B L i i L L i L
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OVROverlay.unity

PPPRLPRLRR RS

OVROverlayCanvas.unity

P =

----------.--Q‘L
2 B L i L D i L

275



Kaan ERARSLAN VIRTUAL-AUGMENTED REALITY & GAMIFICATION

OVROverlayCanvas_Text.unity (Import Text MeshPro and Examples)

0

PP RR Y

SpatialAnchor.unity

= )
; °
0 Press A to select Anchor .
o \
.

Enter Create Mode

Load Anchors

Use the Joystick to navigate
Press Trigger to select

r e 0

‘..h..-.-.--.-.rﬁ
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WidevineVideo.unity

SR )

A--W----------.-.ﬁ

PPPLPLLRLRE D

To deploy this ready-to-use scene to your Oculus Quest 2/3 device, open the Player
Settings.

You can change the Company Name and Product Name fields.
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Default Cursor

erformance Player

Frame Tir

.MET Standard 2.1

Open the Build Settings window.

Deselect all scenes except Locomotion. Select the Android platform and switch.
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tomControllers
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~ Refresh
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If you receive any warnings, acknowledge them.

Walk around the field with your Quest 2/3 controllers. Feel the spatial effect.
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7

You can share experiences via oculus.com/casting on Chrome.

The hidden menu can be viewed by pressing the B button on the right controller.
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Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

Il Node Teleport w/ A
Dual-stick teleport
L Strafe R Teleport

J

(https://developers.meta.com/horizon/documentation/unity/unity-sf-locomotion)

General usage includes:

Node teleport with A button — Teleport between static nodes on the map by pointing with
the right joystick and pressing the A button. By holding down A, you can aim and select
nodes, teleporting only when you release the button. Instant turns are enabled.

Dual-Stick Teleport — Teleport to a valid location anywhere in the NavMesh by pressing
forward on one thumbstick and releasing it when ready. After initiating aiming by holding
forward on one stick, you can control the direction you'll be facing after teleporting by
rotating both thumbsticks. When not aiming, the thumbsticks can be used to rotate your
Avatar.

L Strafe R Teleport — Use the left joystick to move in any direction and the right joystick
to teleport by pressing forward, as with dual-stick teleporting. The direction after
teleporting can be controlled by rotating the right stick while aiming.

Walk Only - Use the left joystick to move in any direction and the right stick to turn.
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Meta QUeSt PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

11.1.Examples of Use in Mines

You can also use this example scene as a starting point for your own application. After
learning the infrastructure with this information, let's now apply it to a mining-related
scene. The first implementation was done by loading an open-pit site into the Meta XR
SDK template.

Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

i)

Meta Quest
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Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

Meta Quest

The open pit with ramp has also been tested in this template.

Meta QUeSt PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

r Node Teleport w/ A
Dual-stick teleport
L Strafe R Teleport

Jd

Meta Quest
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Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

Meta Quest

Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

Meta Quest

A mining site exploration scenario with boreholes was tested in the Oculus Meta XR SDK
application.
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Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

MetaQuest

Meta QUeSt PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

Meta Quest
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https://sketchfab.com/3d-models/former-underground-gold-mine-f163154f93c9449ab617398929e7dafb

Another application was made in the underground gallery.

Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

Meta Quest
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Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

»
{
Y LRy

Meta Quest

https://sketchfab.com/3d-models/realistic-underground-basecave-40-46466ec0558945e9aac9dad15aaeb9f3

An ore processing plant was also used in the scenarios. The spatial effectis strongly felt
within the facility.

https://rigmodels.com/model.php?view=Factory_3d_model-3d-
model__e723f4fe48ec4b9da52ec6e4ad42286b&searchkeyword=factory&manualsearch=1
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Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

Meta Quest
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Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

Meta Quest

Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

Meta Quest
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Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

Meta Quest

Meta QLIeSt PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

Meta Quest
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Meta Quest PRODUCTS EXPERIENCES APPS & GAMES SUPPORT

Meta Quest

With Meta XR SDK All-in-One and Oculus Github Unity-SampleStarter, you can build
upon the previous work and implement scenarios.
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AFTERWORD

This book, which includes basic and practical information on virtual reality, augmented
reality, and gamification, provides step-by-step explanations of various developer
resources and templates for each topic. In this respect, this eleven-chapter study can be
considered a training book for every discipline, every field, and everyone.

This generally applicable work is specifically illustrated in the field of mining through case
studies and scenarios.
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