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ABSTRACT 

Interactions between people and virtual or augmented reality have the disadvantage of 

coming unnaturally to human behavior. The technology simply has not gone far enough to 

naturally translate these interactions. It is for this reason that proper training in the basic 

controls for each of the XR technologies is necessary. That’s why our main goal in this project 

was to develop an introductory and simple application for students who are unfamiliar with 

HoloLens 2 and AR technology.  

In order for the application to be both educational and instructive, we decided to make a 

puzzle that includes engineering subjects within the application. For this reason, we first 

learned about Unity and how it works. We then spent some time learning Mixed Reality Tool 

Kit (MRTK) and Visual Studio to learn how to set up a Unity project using MRTK and make an 

application for the HoloLens 2 device. After obtaining the basic information, we thought about 

how to apply and determined our concepts. As a result of these stages, we started to set up 

our application in Unity. Our aim was to enable the user to learn basic movements such as 

grab, rotate, and teach near/far interactions with a training scene and then make the user 

apply the movements on a simple puzzle game related to different engineering departments. 

We aimed to guide the user by placing written and voice commands in all scenes. 

Even though we encountered different errors and problems during all these processes, we 

made the application work as much as we could with various solutions. In general, at the end 

of this project, we learned how Unity, C#, Visual studio, and MRTK works and especially all 

these different applications work with each other and how we should follow a path while 

developing applications for HoloLens 2. While solving the problems we encountered, we 

applied to different sources and asked for help from the Unity community on the internet or 

from our university professors.  

This project has been very useful for us, and with this report, we aimed to write an informative 

and guiding article for those who will develop this application after us. 
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1. INTRODUCTION 

The term "Extended Reality" refers to a group of technologies that includes augmented reality 

(AR), virtual reality (VR), and mixed reality (MR). Virtual reality (VR) is a simulated experience 

that can be similar to or completely different from the real world. On the other hand, 

augmented reality (AR) is an interactive experience that combines a real-world environment 

and computer-generated content. And, mixed reality (MR) is a term used to describe the 

combination of both virtual and augmented reality. 

XR technology in general is being widely deployed in various educational, professional, and 

entertainment activities. However, given the nature of human interaction is largely dictated 

by the sense of touch, the use of these technologies does not come naturally to the vast 

majority of people. For this reason, it is necessary to develop, in a controlled manner, training 

before actively using (and taking advantage of) these technologies. 

In the case of the use of augmented reality, one of the most popular devices, which has been 

actively used in both professional and educational environments, is Microsoft's HoloLens. 

Originally introduced in 2010, this technology bears some resemblance to the proposal given 

by Google with Google Glass, however, Microsoft decided instead of implementing a mobile 

device with a mobile OS, to make use of the power that can be accessed by having a more 

robust OS such as the Windows platform. 

 

Figure 1 HoloLens device and an example of the interaction with it [1]. 

1.1. Objectives 
General objective for this project is to create a HoloLens 2 application for the users that will 

try the HoloLens for the first time. Application is an interactive guide with different levels 

depending on the user's skills. As the application, creating a simple puzzle related to the 

specific fields was decided in order to give students a fun experience that can be complete in 

short time.   

In the beginning of the application, it is aimed to have an introduction scene for welcoming 

the user with both text and audio. From the introduction scene, user should be able to go to 

the training scene to learn the basic interactions that will be used in application. After the 
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straining scene there should be several puzzle scenes for different professional careers with 

examples relevant to the application fields. In the application, user should be able to jump 

between puzzle scenes and the training scene. At the end, there should be an ending scene 

that user can choose to exit or stay in the application. 

Overall, there should be a stable workflow between desktop and HoloLens which will be done 

by using Unity, MRTK and Visual Studio. 

1.2. Literature Review 

1.2.1. Augmented Reality 

a) Background 

The goal of Augmented Reality (AR) technology is to improve the user experience by 

overlaying digital information over physical objects or locations. With its capacity to blend real 

life and digital information, augmented reality is being studied and used in a variety of 

industries, including medicine, marketing, museums, fashion, and many others [2]. 

The concept of AR was firstly used in World War II. The British military created the Mark VIII 

Airborne Interception Radar Gunsighting project. This project provided technology that 

allowed radar data to be shown on a fighter plane's windscreen, giving the pilot the ability to 

identify, among other things, whether or not the neighboring planes were friendly or hostile. 

In the 1950s, a cinematographer named Morton Heilig dreamed of a film-going 

experience that involved all five senses rather than simply sight and sound and created 

Sensorama.  He is regarded as a pioneer of modern augmented reality because his work was 

completed before the advent of digital computing [2]. 

 

Figure 2 The Sensorama machine [3] 

In 1968, Ivan Sutherland created a head-mounted display which is considered as the first 

augmented reality system along with his graduate students. It was a complex device, with 

connections to the ceiling as well as the head-mounted display's connections to the big 

computers. 
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Figure 3 Sutherland's AR system [4] 

After that, the interest in augmented reality technology continued to increase. Several studies 

were conducted at various institutes with interests in different fields.  In 1994, Milgram and 

Kishino defined the “Reality-Virtuality Continuum” that spans the real environment to the 

virtual environment as represented in Figure 4 [5]. Their definition is still commonly accepted 

as defining Augmented Reality. 

 

Figure 4 Simplified representation of a "virtuality continuum" [6] 

According to the conventional definition of VR, the basic idea is to create a "virtual" world 

using computer technology to give the participant the impression that the world is "real" and 

that they are "really" present within it. On the other hand, such straightforward clarifications 

are frequently insufficient in many MR situations [5]. VR technology entirely immerses users 

in a synthetic environment without allowing them to view the real world, while AR technology 

enhances the impression of realism by superimposing virtual objects and cues atop the real 

world in real-time as described by Milgram [7]. 

b) Elements of an AR system 

Bimber and Raskar [8] define the three main building elements of augmented reality systems 

as tracking and registration, display technology, and real-time rendering. Accurate tracking 

and registration are crucial when trying to create a realistic augmented image because, to give 

the user a believable impression, the real camera needs to be properly mapped to the virtual 
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one so that the perspectives of both surroundings coincide. One can distinguish between 

outside-in and inside-out tracking if a form of comprehensive tracking using a global 

coordinate system is needed. For display technology and real-time rendering, they mentioned 

some future challenges such as limited optical, technical and human factor limitations. For 

real-time rendering, the concern is the capability of augmented reality devices to quickly and 

realistically overlay a layer of graphic components on top of the actual environment. The 

ultimate goal is the integration of computer-generated objects to the point that a user cannot 

tell the difference between the real and the virtual [9].  

An AR system has the following devices as essential components: displays, input devices, 

tracking devices, and computers.   

• Displays: 

Head-mounted displays (HMD), handheld displays, and spatial displays can be defined as three 

major displays used with augmented reality systems. HMD is worn on the head and overlays 

the user's vision of the world with visuals of both the real world and a virtual environment. 

Handheld displays utilize small computers with a display that the user holds in their hands. 

Spatial Augmented Reality (SAR) employs holograms, radio frequency tags, optical elements, 

video-projectors, and other tracking technologies [7]. 

• Input devices: 

There are several types of input devices used with AR systems. Some systems utilize gloves, 

others use a wireless wristband. In the case of smart-phones, the phone itself can be used as 

a pointing device. The sort of application for which the system is being designed and/or the 

display option selected have a significant impact on the input devices chosen [7]. 

• Tracking: 

Digital cameras, other optical sensors, GPS, accelerometers, solid state compasses and several 

other devices could be used as the tracking devices. Each of the methods varies in accuracy 

and it highly depends on the developed system [7]. 

• Computers: 

To process image data for AR systems, a strong CPU and large amounts of RAM are needed. 

Stationary systems are able to use traditional workstation with a powerful graphics card [7]. 

c) Types of AR Systems 

Entrepreneurs and investors have realized the billion-dollar expected market revenue of AR 

in the past years. Several major tech companies such as Microsoft, Google, Apple, and DAQRI 

are taking an interest in AR technologies. From consumer gaming to industrial applications, 

this technology has gained popularity and acceptance [10]. The knowledge provided by virtual 

items like AR systems assists a human in completing tasks in the real world more easily. It is 

applied to several industries such as medicine, military, visualization, manufacturing, civil 

engineering, robotics, education, marketing, tourism, entertainment, and games [9]. 
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Figure 5 Applications AR in (a) guided surgery, (b) maintenance assistance [11][12] 

According to the field of use, types of AR system can change. There can be several ways to 

define those systems according to tracking systems they use such as marker-based AR and 

non-marker-based AR systems (location-based AR, projection-based AR, overlay AR and 

contour AR) or display methods. We can roughly categorize AR systems in four general classes 

as: Mobile AR systems, Data glasses, AR head-up displays (HUD) and AR head-mounted 

displays (HMD). 

• Mobile AR systems can be defined as augmented reality systems using mobile devices 

such as smartphones and tablets. Some well-known examples of this are ARKit, ARCore. 

These dynamically display digital items and information in real space using a camera, other 

sensors, and computer vision. On the tablet or smartphone's display, the digital and 

physical parts blend together [13]. 

• AR head-up displays are systems that displays information directly into the user's field of 

vision while taking into consideration important factors like the user's head position and 

viewing direction[14]. First use of this technology was far back in the 1940s in the British 

Royal Air Force fighter planes with their projected gunsights. HUDs were first intended to 

reduce distraction by giving pilots access to all necessary information without having to 

glance down at their instrument panel. Then the technology was adopted by the 

automotive industry [15]. 

• Data glasses or smart glasses are devices that, want to be as unobtrusive as possible and 

hence look like conventional glasses and therefore offer only rudimentary augmented 

reality or assisted reality. Some well-known examples of this are Google Glass, North 

Focals, Ray-Ban Stories, Echo Frames, Snap Spectacles (1-3) [13].  

• AR head-mounted displays are systems with augmented reality capabilities that aid users 

in their daily lives, beam holograms into space that are lifelike. For the intricate 

computations required for AR calculations, a suitable pair of AR headset would need to 

have enormous computational power and still have adequate battery life for a whole day, 

similar to our smartphones today. Two or more cameras must also fit within the frame of 

the headset in addition to the processors. These cameras are used by the headset to 

navigate their surroundings and identify things like people, locations, and objects. The 



8 
 

glasses shouldn't be overly warm or heavy [13]. When digital information is displayed as 

though it were real, this is called augmented reality. As a result, smart glasses aren't 

considered augmented reality (AR) glasses unless they can sense the environment and 

provide information such that it appears to be present in your reality rather than being 

merely projected onto a clear screen [16]. Some well-known examples of this are 

Microsoft HoloLens, Meta 2, Magic Leap, Daqri, Sulon Q, ODG (Osterhout Design Group).  

1.2.2. HoloLens 2  

Microsoft Corp launched their first commercially available augmented reality device called 

HoloLens in March of 2016. Microsoft itself defines the HoloLens as the first fully self-

contained holographic computer to run Windows 10 [17]. It is a self - contained system that 

creates and projects stereographic images onto a headset's lenses that runs a customized 

version of Windows 10[18]. For the latest version, HoloLens2, Microsoft has the following 

commentary: It improves on the holographic computing path HoloLens (1st gen) started by 

offering a more cozy and immersive experience along with more opportunities for mixed 

reality collaboration [19]. 

 

Figure 6 Microsoft HoloLens2 [20] 

a) Design 

The HoloLens is a head-mounted display that is attached to an inner headband that is 

adjustable and cushioned and can be tilted up and down as well as forward and backward. In 

order to wear the device, the user first secures the HoloLens on their head using an 

adjustment wheel at the back of the headband. This supports and evenly distributes the 

weight of the device for comfort, and then they tilt the visor towards their front eyes. A large 

portion of the sensors and related hardware, such as the cameras and processors, are located 

in the front. The visor is tinted, and inside it are two transparent combiner lenses, the lower 

half of which contains the projected images [21]. 
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Figure 7 Head adjustment representation of HoloLens 2 [22] 

• Visor: Contains the HoloLens sensors and displays. You can rotate the visor up while 

wearing the HoloLens. 

• Headband: To put on the HoloLens, use the adjustment wheel to expand the 

headband. With the HoloLens in place, tighten the adjustment wheel by turning to 

the right, until the headband is comfortable. 

• Brightness buttons: When wearing the HoloLens, the brightness buttons are on the 

left side of the visor near your temple. 

• Volume buttons: When wearing the HoloLens, the volume buttons are on the right 

side of the visor near your temple. 

• Power button: When wearing the HoloLens, the power button is located on the right 

side of the rear outer cover. 

• USB-C port: When wearing the HoloLens, the USB-C port is located on the right side 

of the rear outer cover below the Power button [19]. 

b) Hardware 

The individual parts that make up the hardware part of the HoloLens have been optimized and 

miniaturized to make the entire setup light enough to be worn comfortably on the head 

without a wire to an external power source or computational resource [23].  

• The Processors: The HoloLens has a separate holographic processing unit in addition 

to the central processing unit and graphics processing unit of a typical computer. This 

HPU tracks input like voice commands and gestures while calculating where 3-D 

graphics are in the user's physical space [18]. 
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Figure 8 HoloLens processors on the main logic board [23] 

• Sensors and Cameras: Device has 4 visible light cameras to provide the head tracking 

which are located in pairs on the right and left side. Two Infrared (IR) cameras are used 

to provide eye tracking. At the center of the device, the depth camera is located. The 

depth camera is essential for holographic objects to interact properly with the 

environment. As the inertial measurement unit(IMU), device uses accelerometer, 

gyroscope and magnetometer. At the center above depth camera, an RGB camera is 

also located [19]. 

 

Figure 9 Front view of HoloLens 2 [19] 

1.2.3. Unity 

Unity is a 2D and 3D game engine that was developed in 2005 by Unity Technologies at Apple 

Worldwide Developers Conference as a Mac OS X game engine. Aim of the application was to 

provide more creators access to game production tools, which was a revolutionary idea at the 

time. The engine has altered and grown substantially during its long life, keeping up with the 

latest methods and technology. Now, it supports a variety of desktop, mobile, console and 

virtual reality platforms [24][25]. 



11 
 

 

Figure 10 Unity game engine logo [26] 

Other than creating 2D and 3D games, Unity game engine can be used for interactive 

simulations and other experiences such as VR and AR applications [25]. What makes Unity 

even more powerful though, is that it also includes a thriving “Asset Store”. This is essentially 

a place where developers can upload their creations and make them available to the 

community. All this means that the game developer is free to focus on what matters: designing 

a unique and fun experience, while coding only the features unique to that vision [27]. 

a) What is Unity IDE? 

Unity is both an IDE and a game engine. The term "integrated development environment," or 

IDE, refers to a user interface that provides access to all the programming tools you require in 

a one location. Creators may easily drag and drop items into scenes with the Unity software's 

visual editor and then adjust their settings. Other helpful features and tools offered by the 

Unity software include the ability to browse project directories and the ability to utilize a 

timeline tool to generate animations. Unity will transition to a different editor of your 

choosing when it comes to coding. The most popular choice is Microsoft's Visual Studio, which 

generally integrates without any issues [27]. 

b) What language does Unity use? 

For Unity to use a script, it has to be connected to a GameObject in the scene. Unity can only 

comprehend a certain language that is used to write scripts. We can communicate with the 

engine and give it instructions using this language. 

C# is the language that is utilized in Unity. All of the scripting languages that Unity uses are 

object-oriented. The main components of a scripting language's syntax, or elements of speech, 

are known as variables, functions, and classes. 

Objects (which may be thought of as "larger" variables) are pointers to values that are stored 

in variables. They hold something for us to utilize, like a box. Lowercase letters are used to 

denote variables. Code fragments that compare and work with these variables are gathered 

into functions. Uppercase letters are used to indicate functions. Code is organized into 

functions so that it may be readily reused across the program in various locations. Classes are 
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a means to organize code such that sets of variables and functions may be used to form a 

template that specifies an object's attributes. 

The main purpose of scripting is to compare these objects with their present states and values. 

It relies on reasoning to arrive to a conclusion or find a solution [28]. 

Visual Studio: Microsoft Visual Studio is an IDE that is used to build many kinds of software, 

including computer programs, websites, online applications, web services, and mobile 

applications. Compilers, completion tools, and other features are included to make the 

software development process easier. 

For software development, its user interface is used to edit, debug, and build code. A code 

editor that supports code refactoring and IntelliSense (the code completion feature) is a 

feature of Visual Studio. Both a source-level debugger and a machine-level debugger may be 

used with the integrated debugger. A code profiler, designer for creating GUI apps, web 

designer, class designer, and database schema designer are further built-in tools. Visual Studio 

supports 36 programming languages and allows the code editor and debugger to handle (to 

varied degrees) practically any programming language as long as a language-specific service is 

available [29]. 

c) Unity Interface 

 

Figure 11 Unity default 3D project screen 

When the Unity opens a 3D project, the screen above will be shown as default. Important 

sections are explained below. 

1. Hierarchy: By default, this displays a lengthy list of every GameObject in your "scene" 

on the far left. This makes it simple for you to find and choose any part of your game 

to modify its features. Simply said, game objects are things that you add in your game. 
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2. Scene: The Unity software's largest window in the center. This displays a perspective 

of the scene—also known as the level, menu, or game world—that you are now 

operating in. You may easily drag and drop, resize, and grow GameObjects in this 

window. 

You may alter how you interact with GameObjects and the scene by using the icons 

located at the top left of the Unity program. The arrows allow you to move things in 

3D space along three axes, whilst the hand allows you to shift your perspective around. 

3. Game: This may be accessed by clicking the tab at the top and is often concealed 

beneath the Scene window. The Game view displays your scene as it appears in the 

game. This implies that you won't be able to manipulate objects and will instead have 

the same viewpoint as the camera. Additionally, here is where the game runs when 

you test it. 

4. Asset Store: The asset store is also found on a tab and will give you access to “assets” 

that have been developed by the community. 

5. Inspector: This window may be located on the UI's far right side. You may see and 

modify the properties of a chosen GameObject in the Inspector. This might include 

altering the size (scale), positioning (transform), or adding "components" like colliders 

or C# script. 

6. Project: The project window, which may be found at the bottom of your screen, will 

display every file that goes into creating your game. You may build C# scripts here, 

then choose to open them in Unity. If you wish to use 3D files or textures in your game, 

you can easily drag & drop them in here. 

7. Console: You may view information from Unity directly in the console. This will inform 

you of any errors or warnings in your code as well as any setup-related problems with 

the Unity program [27]. 

In order to develop an augmented reality application for HoloLens 2 using the Unity game 

engine, we need to modify the Unity project by adding the Mixed Reality Tool Kit (MRTK). 

Details of this stage can be found in the Attachment section. In addition, detailed information 

about MRTK is given in the next section. 

1.2.4. Mixed Reality Tool Kit (MRTK) 

MRTK-Unity is a Microsoft-driven project that provides a set of components and features, 

used to accelerate cross-platform Mixed Reality (MR) app development for Virtual Reality (VR) 

and Augmented Reality (AR) in Unity. Some of the functions of MRTK are listed below: 

• Provides the cross-platform input system and building blocks for spatial 

interactions and UI. 

• Enables rapid prototyping via in-editor simulation that allows you to see changes 

immediately. 

• Operates as an extensible framework that provides developers the ability to swap 

out core components. 

• Supports a wide range of platforms as listed in the table [30]. 
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Table 1 Support device for MRTK [30] 

Platform Supported Devices 

OpenXR (Unity 2020.3.8+) Microsoft HoloLens 2 
Windows Mixed Reality headsets 

Meta Quest 
Device running on SteamVR via OpenXR 

Windows Mixed Reality (Legacy) Microsoft HoloLens 
Microsoft HoloLens 2 

Windows Mixed Reality headsets 

Oculus (Unity 2019.3 or newer) Meta Quest 

OpenVR (Legacy) Windows Mixed Reality headsets 
HTC Vive 

Oculus Rift 

Ultraleap Hand Tracking Ultraleap Leap Motion controller 

Mobile iOS and Android 

 

Microsoft's Mixed Reality Toolkit (MRTK) supports Rapid Prototyping with a variety of User 

Interface (UI) and User Experience (UX) tools, prefabs (templates of objects, such as buttons), 

and examples. 

a) MRTK-Unity Features 

1. The Input System: The user may setup programs to receive inputs from a variety of 

input sources, including voice, select or menu features, articulated hands, 6 degrees of 

freedom (6DoF) controllers, and input events. In order to manipulate UI components 

via attention and pointer events, setup pointers may also be introduced to controllers 

[31]. 

2. Configuration profiles: To ensure that your project always has a consistent starting 

point, the MRTK centralizes as many options as it can, locks the setup pages by default, 

and invites users to start changing the settings as your project moves along. Typical 

parameters including boundary systems, camera settings, teleportation, and spatial 

awareness are included in these setup profiles, among others [31]. 

3. Near and Far Interactions: Direct manipulation of items with hands is one of the most 

natural-feeling experiences on the HoloLens 2. Sight, touch, and sound are three of the 

most effective types of user input. Objects may be grabbed, moved, rotated, and 

scaled; holographic buttons can be poked, pressed, or slide. Everything can 

simultaneously provide subtle, supplementary input. Holograms that light up when 

placed next to a user's touch, for example, and buttons that animate, create a sound, 

highlight, or change color, move, and change size just by being pointed or gazed at. All 

of these tiny queues contribute to the natural sense of interactions in a successful XR 

experience and are included in MRTK [32]. 
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Figure 12 Representation of hand interaction in MRTK [33] 

4. Hand Menus: In the XR industry, there are many fresh issues that require innovative 

solutions. One of the last things anyone wants to do is spend valuable screen space on 

pointless menus. In this situation, Hand Menus excel. For instance, if you turn your 

hand palm up, a menu will emerge; if you flip your hand down, it will vanish, allowing 

you to see the entire scene once again without being obstructed by a menu you don't 

need. This technique, particularly when used with Near Interactions, facilitates easy 

and understandable menus that a user only sees when necessary [32]. 

 

Figure 13 Example of hand menu in HoloLens 2 [34] 

5. UI controls: There are a number of UX building blocks that make up UI controls. 

o Buttons: Supports several input modalities, including articulated hand controls 

of HoloLens 2 

o Object manipulator: Script for object manipulation with one or two hands 

o Interactive: A script for enabling interactivity with theme support and visual 

states for objects 

o Object collection: A script for arranging 3D assets 
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o Slider: User interface slider for altering settings that support direct hand 

tracking 

o Tooltip: Annotation user interface includes a flexible anchor/pivot mechanism 

for tagging motion controllers and other items 

o Voice command: Examples and scripts for incorporating speech input 

o Hand physics service (experimental): The hand physics service permits 

interaction between physical objects and animated hands 

o Dock (experimental): Allows users to manipulate objects in and out of specified 

places 

o Progress indicator: Visual indicator for conveying data process or operation 

Additionally, there are controls for eye tracking: target selection, navigation, and heat 

maps [31]. 

6. Solvers: Solvers are little modules that allow you to blend real and XR worlds. They are 

components that aid in the calculation of an object's location and orientation using a 

specified algorithm. Because there is no reliable method to determine the update 

order for components in Unity, the Solver system deterministically establishes a 

sequence of operations for these transform computations.  

Solvers provide a variety of actions for attaching items to other objects or systems. A 

solver might also be coupled to a controller and an object, allowing the object to tag 

along with the controller. All solutions can be safely layered, for example, tag-along 

behavior + surface magnetism + momentum [35]. 

Users can utilize Surface Magnetism Solvers to attach holograms to real-world items 

or other holograms. Interior design or retail applications that let users view a product 

in their own actual area are excellent examples. For instance, to have a better idea of 

how things would seem in real life, attach a holographic TV to a real wall or hologram 

furniture to a real floor. 

Orbital Solvers may be fixed to a user's location and directed to orbit around them, 

always remaining within a specific angle of that user's vision, making them a perfect 

method to keep menus or models in view. A straightforward illustration is a tutorial 

message that walks the user through each step as they fix a physical object. 

Another great approach to engage with the actual environment is using hand 

constraints, which let designers attach anything to the user's hands depending on their 

location, orientation, and hand motions. One of the many components that resulted 

from this is the practical hand menu [32]. 
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Figure 14 Example of how a solver can be used [35] 

7. Spatial awareness: In mixed reality applications, the spatial awareness system offers 

actual environmental awareness. When Spatial Awareness first appeared on Microsoft 

HoloLens, it offered a number of meshes that represented the environment's 

geometry and enabled engaging interactions between holograms and the real world 

[36]. 

 

Figure 15 Example of how spatial awareness settings effects the scene [36] 

8. Diagnostics system: To examine application errors, the Mixed Reality Equipment Kit 

Diagnostic System provides diagnostic tools that work inside the program. The 

Diagnostic System in MRTK-first Unity's version comes with Visual Profiler, which 

enables the investigation of application performance issues [31]. 

9. Ready-to-Use Mixed Reality Templates or MRTK “Examples”: After downloading the 

package from the Microsoft website or GitHub, MRTK provides scene instances in the 

Assets/MRTK/Examples/Demos folder that demonstrate how to use its features. 

Without having to create and deploy each scene separately, you can test out a number 

of MRTK example scenes using the MRTK Examples Hub [31]. 
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Figure 16 MRTK example scene in Unity [37] 

2. METHODOLOGY 

2.1. Implementation on Unity 
As mentioned in the objectives, the main purpose of this project is to develop a demo 

application in which the user can start to become familiar with the controls of the XR 

interfaces. 

In order to realize these applications, Unity software was used as the central program of the 

project. First of all, the software version to be used had to be chosen. This largely influences 

not only the interface to be used, but also the compatibility with both software and hardware.  

In the case of this project, version 2020.3.10f1 was chosen due to the availability of this 

version on several of the laboratory equipment used, as well as its stability and compatibility 

with MRTK. 

The standard program used in conjunction with Unity to serve as the translation layer is MRTK. 

It not only provides the appropriate design environment but also presents the user with a 

wide range of options for customization. This software is capable of creating scenes with built-

in compatibility to the most popular headsets on the market. It also includes default elements 

such as buttons and panels, which can be freely implemented in projects. This translation layer 

must be incorporated into the existing project, and does not work as a universal extension, 

but must be installed in each of the projects to be used. 

Additionally, software such as Adobe Audition was used to record the different audio 

elements used within the software. These recordings are intended as concise guides for the 

user in main menu and outro menu. 

In the case of multiple scenes, one of the main objectives is to provide a platform and a 

workflow that can be adapted to multiple needs and educational environments, i.e., if the user 

needs to develop a scenario for medical students, they should be able to do it, as well as if 

they were developing an application for engineering students. 
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In the case of the demo of this application, two scenes were aimed to be developed, which 

are oriented towards biomedical engineering students, as well as for mechanical engineering 

students. However, only the biomedical engineering puzzle could be completed. 

The implementation of this project was carried out using Unity version 2021.3.10f1. The 

dynamics of the demo will depend on the type of course the student is taking. As part of the 

different demos there is also a voice guide, which greets the user and gives general directions 

on what to do in the different levels. 

2.1.1. Welcoming to the Demo 

In the first instance, a welcome screen is created for the user, where they can choose to start 

the training or directly go to the puzzle.  

 

Figure 17 Welcoming scene for the user 

In the scene, a welcome message greets the user. This message is written on Canvas with 

TextMeshPro User Interface (UI). The abstract environment in which the UI is organized and 

produced is represented by the Canvas component.  In the Scene View, the Canvas area is 

displayed as a rectangle. As a result, positioning UI elements is simple without requiring 

constant visibility of the Game View [38]. Button from the MRTK Toolbox is used to give 

selectable options to the user. As can be seen from the Figure 17, two buttons were created, 

one is to go to training and the other is to go to the puzzle. In the Button component, there 

are already written scripts that can be used such as PressableButtonHoloLens2, 

PhysicalPressEventsRooter, Interactable, NearInteractionTouchable, ButtonConfigHelper. 

These scripts will enable the buttons to be pressable and functional. For the label section of 

the buttons, main label texts were changed according to assigned scenes. Also, from the Icon 

section, desired figures can be chosen accordingly.  

The most important part of the button component is the arranging the Basic Events feature. 

This feature is creating the action for scene transition when button is pressed. Using 

LevelManager, the scene transition is made. The script for the scene transition is first written 

and imported into the LevelManager game object, which is constructed as an empty game 
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object. Basic Events section is organized from the button once the script is loaded to the 

gameobject as can be seen in the Figure 18. The function of the LevelManager.StartGame() 

game object, which was loaded into the None(Object) section, has been altered in this 

instance. This process is the same for every scene transition that the buttons carry out. 

 

Figure 18 BasicEvents feature for 'To the puzzles!' button 

The script for the puzzle scene is shown below as an example. Same code with different names 

is used for other buttons. The scripts for other buttons can be found in attachment. 

1. using System.Collections; 
2. using System.Collections.Generic; 
3. using UnityEngine; 
4. using UnityEngine.SceneManagement; 
5.   
6. public class LevelManagerPuzzleOne : MonoBehaviour 
7. { 
8.     public void StartGame() 
9.     { 
10.         SceneManager.LoadScene("Puzzle One"); 
11.      } 
12. } 
13.   

Audio is added to the welcoming scene to greet the user and provide a brief explanation of 

the demo. In order to do this, an Audio Source is added to the hierarchy and prepared audio 

is loaded into the AudioClip. 

2.1.2. Training Scene 

After the user presses the start training button, the training scene will open. In this scene, to 

teach simple movements to be used in the application, it is aimed for the user to interact with 

3D objects in simple shapes. Buttons that will allow the user to move comfortably in the demo 

were also used in this scene. Three buttons were included in the scene for resetting the 

training, going to the menu or going to the puzzle scene. These buttons were created as 

explained in section 2.1.1. Welcoming to the Demo. 

As simple shapes, three different cubes were created for training. In this part, the aim was to 

give the user experience of grabbing and moving the shapes with their hands and make them 

understand near and far interactions in HoloLens. Since the main idea of the demo project is 

to make the user complete a puzzle, in the training scene a semi-puzzle situation is created. A 

written instruction is seen on the screen to place the cubes in the correct order of red, green 

and blue (RGB) colors. This instruction was written by using Canvas with TextMeshPro User 

Interface (UI). When the user places the colored cubes in the correct positions, the cubes will 

stay still. 
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Figure 19 Training scene 

To make this idea happen, first, material was added to each cube with the color property to 

make them as RGB colored cubes and cubes were assigned as physical objects by adding the 

rigid body feature. After that, NearInteractionGrabbable and ObjectManupulator scripts were 

added to the cubes to make them interactable.  Also, to assign the cubes in random positions 

each time the application runs, a script called Random Positions were added to the cubes. 

This script, although called Random Positions, also includes the part of the code where the 

object snaps into place once the user places it in the correct location. After this action the user 

can take the object and interact with it (rotate and scale), but cannot move it out of position.  

This is achieved within the script, in line 27, where it is specified that if the user places the 

object where it was before the random position, it will stay there. This is the essence of the 

script itself. The object must be placed in the "correct" place before running the application, 

then the random position part of the script moves it and the user must place it back in the 

pre-random position. 

1. using System.Collections; 
2. using System.Collections.Generic; 
3. using UnityEngine; 
4. using UnityEngine.UI; 
5.   
6. public class RandomPos : MonoBehaviour 
7.   
8. { 
9.     private Vector3 RightP; 
10.     public bool InRightPosition; 
11.   
12.     // Start is called before the first frame update 
13.     //Based on the following video https://www.youtube.com/watch?v=U7YKjTh5J14 
14.     void Start() 
15.     { 
16.         RightP = transform.position; 
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17.         transform.position = new Vector3(Random.Range(-2,2f), Random.Range(0,0f), 
Random.Range(3,6f)); 

18.   
19.     } 
20.   
21.     void Update() 
22.     { 
23.   
24.         if (Vector3.Distance(transform.position, RightP) < 0.3f)  
25.         { 
26.             transform.position = RightP; 
27.             InRightPosition = true; 
28.         } 
29.     } 
30. } 
31.   

Additionally, to aid the user, “shadows” of the same cube were used at a distance of 70 cm 

from each other to demarcate the precise places where the user should place the cubes in the 

proper order. This was done by using the cube duplication function.  

Once the base cube was duplicated, a new material, created specifically for this purpose, was 

assigned to it. This material was configured in such a way that its transparency was 89% using 

the wheel color available for color selection. 

             

Figure 20 Representation of the shadows 

These cubes used as user guides were not assigned colliders, nor rigid body interactions, in 

order to act as shadows which could not interact with the other objects. 

2.1.3. Biomedical Engineering Puzzle 

For the Biomedical Engineering (BME) Puzzle section, the same process was used as for the 

training section. In this case, we used models from the Creazilla open-source library [39], a 

website where 3D models in different formats of multiple subjects can be found. In the 

bibliography of this document, you can find the URL of the origin of these 3D models. 

The objects used in this case are a brain, lungs, liver and heart. The original format of these 

objects was STL and their geometry was quite complex, so it was necessary to use the free 
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software Blender, not only to considerably reduce the geometry but also to transform it to a 

format that Unity could use.  

Once this process is done, they are incorporated into Unity and the appropriate textures are 

assigned to them, making use of the materials function. The textures used are obtained from 

the open-source library OpenGameArt. Consequently, the same process used in the training 

section is performed, where the RigidBody, NearInteractionGrabbable and ObjectManipulator 

functions are assigned. The Random Position script, mentioned above, is also assigned.  

One of the most important sections to mention about the objects used is the incorporation of 

capsule colliders. Initially the objects can use the mesh collider to create the illusion of a solid 

object, however this option, as the name suggests, uses the complex network of triangles used 

in the geometry of the object to do this simulation. This option consumes too many resources, 

which, however, are not as sufficient on the HoloLens as they can be for a normal computer. 

It is for this reason that we introduce the use of Capsule Colliders, which are modifiable to 

better resemble the shape of the objects (it is also possible to use more than one capsule 

collider per object). This significantly reduces the resources needed to run the application 

optimally. Each of the objects present has at least one Capsule Collider adapted to the shape 

of the object, so that the user does not notice the difference. 

In the same way as in the previous section, the objects are duplicated and the so-called user 

guides or shadow objects are created.  Additionally, a "wall" is added behind the objects to 

provide the user with a more representative visual guide to the section of the human body to 

which the different organs used belong. This wall was made using 2 standard objects in Unity, 

a cube and a quad. The cube acts as the solid part of the structure, and the quad as the surface 

where the image of the human body is projected. 

 

Figure 21 BME puzzle scene with the default 3D elements 
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As can be seen in the previous figure, 3 buttons and written instructions were also added as 

part of the user interface. Among the options present for the user is the possibility to reset 

the level, to return to the main menu and to finish the puzzle itself which would lead to the 

Outro Menu section.  

One of the important points to clarify is that although objects have the ability to interact with 

each other and their surroundings thanks to the MRTK function of Spatial Awareness, the "add 

gravity" option was not used in the simulation due to complications with HoloLens 2 

compatibility. These complications will be discussed further in the "Complications & Future 

Improvements'' section. 

2.1.4. Outro Menu 

When the user finishes the puzzle, they will go to the outro menu by clicking the End Level 

button. In this scene, there are four buttons that give the user options to go to the main menu, 

to finish the demo, to redo the training or to redo the puzzle. These buttons were created as 

explained in section 2.1.1. Welcoming to the Demo. There is also a written message made by 

using Canvas with TextMeshPro User Interface (UI). 

 

Figure 22 Outro scene for user 

This menu offers users to quit from the demo or do the puzzle scene again. Or if the user feels 

insufficient with the movements, they can go back to training to learn or practice more with 

the simple gestures. 

2.2. Implementation on HoloLens2 
At the end, the application was created in Unity with MRTK settings as explained in section 

2.1. To have that application in HoloLens 2, there are several steps that need to be done. First, 

from Unity, the application should be built in Universal Windows Platform with the settings as 

HoloLens and ARM64 as mentioned in the Manual provided in the attachment. After the 

building is completed, there is a visual studio file. To deploy the application to the HoloLens 2, 
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this file was opened first. In the file again as explained in the manual, HoloLens 2 device was 

chosen and deployment was started. After this process, the application was available in the 

HoloLens. 

The view of the scenes from the HoloLens 2 device are shown in following Figures. 

 

Figure 23 Main menu scene view from HoloLens 

 

Figure 24 Training scene view from HoloLens 
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Figure 25 Puzzle scene view from HoloLens 

 

Figure 26 Outro menu view from the HoloLens 

One of the main differences of the views happened because of the spatial awareness mesh. 

From the unity we were not able to close the mesh view completely, that's why inside the 

application mesh was visible. Other than that, the application runs smoothly on HoloLens 2 

and it does not give any error during the scene transitions. 

3. COMPLICATIONS AND FUTURE IMPROVEMENTS 

All projects have their complications in terms of execution and this project is no exception. 

We have faced several obstacles while we execute this project. The project derives its 
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complications from two main sources: the familiarity of the team with the software and 

hardware, and incompatibility between softwares used in the project. 

In the first instance, MRTK's compatibility with Unity should be highlighted. Depending on the 

version used, this can vary greatly, so this represented the first real complication. The MRTK 

development team has modified versions with a lack of synchronization with the Unity 

development team, which generates new versions much faster. The incompatibility between 

the two pieces of software is delicate, so any update or version change generates 

complications and even the total crash of the application. Considering this, there are forums 

where users from all over the world have generated information about which versions work 

better with each other.  

Consequently, there are more complications when using the appropriate settings for HoloLens 

deployment, since MRTK in general does not work exclusively with Microsoft but uses the 

Open XR platform to support a wide range of devices. In this situation, misusing these settings 

might cause the project to run correctly but some of the elements to malfunction when 

deployed to the HoloLens 2. This was the case with hand tracking, spatial awareness and solid 

identification for our project at the beginning. On Unity, our project was functioning as 

intended, but when it was deployed to the HoloLens 2, those features did not work properly.  

We realized that the reason we were having this problem was because the guide that we were 

following was outdated and the versions were not compatible. This meant that the translation 

layer between them did not work correctly. This was the biggest setback in this case that MRTK 

made on a project, so when the configuration did not work correctly, we had to restart the 

project from scratch.  We have followed an updated guide with the new versions of the 

softwares and we have built the project from the beginning according to the new guide with 

these new settings. Among the opportunities for improvement, we could find a solution to the 

layout of the spatial awareness mesh, which was able to work with the occlusion option, 

however, it was not possible to make it completely transparent, because when the "invisible" 

option is used, the program does not process it and on the contrary, it goes directly to the 

solid option.  

The other major complication comes from the inexperience of the team in the use of the 

different programs and platforms, which leads to a steep learning curve. Every time there was 

a problem, it took more time and research to find a solution as it was the first time for the 

team members creating an application in Unity for HoloLens2. 

After we have overcome the problems and finalize the project, there is still room for the 

improvements.  Due to the processing power of the HoloLens 2, the integration of complex 

geometries such as the internal organs of the human body slows down the performance of 

the application, thus breaking in a certain aspect the immersion feeling of the user and the 

ease of interactivity.  Additionally, the interaction of objects in Unity can be improved, not 

with the environment but with each other once they snap into place. In the current version of 

the project, the colliders still interact with each other, even when the objects have been 

placed in the correct position. 
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4. CONCLUSION 

This project named “Demo Application for HoloLens 2” was completed for the course of 

Directed Research Studies. Our main goal in this project was to develop an introductory and 

simple application for students who are unfamiliar with HoloLens 2 and AR technology.  

The idea of the demo was to create a simple puzzle related to the field in order to give students 

a basic yet not boring experience that can be done in a short time. Even though the platforms 

used with augmented reality like MRTK have several applications that can be used for the 

introduction of HoloLens 2, we wanted to create our own training and application. All of the 

examples which come with the MRTK are generic to all fields. We wanted to create an 

application that will be specific to a career or department like Biomedical Engineering or 

Mechanical Engineering in order to attract students who are majoring in related subjects. With 

this, we aimed this application to be both educational, technical and simple. One other reason 

for creating an application from scratch instead of using available ones was because we 

wanted to learn how these platforms work ourselves.  

During the project, Unity with MRTK settings and Visual Studio was used. In the first phase of 

the project, all the team members learned how these platforms work by following some 

tutorials. Since we have not had any significant experience with Unity, this process took longer 

than we estimated. After we were comfortable with the softwares, we started developing the 

application.  

In the second phase of the project our first step was to learn the interaction between Unity 

and MRTK. After we found suitable tutorials, we have added MRTK settings to our Unity 

project file. After this, we were ready to start adding the components to our scenes. At the 

end of the process, we end up having an application that includes four different scenes; 

welcoming menu, training, puzzle and outro menu. With these scenes we wanted the user to 

learn basic movements such as grab, rotate, and teach near/far interactions and apply the 

movements on the puzzle game related to the Biomedical Engineering department. 

During this whole process, we encountered different obstacles on different platforms. While 

we made every effort to find a solution to every issue, there is still a lot of room for 

improvement in our project, even though we were successful in finding solutions to some of 

them. Since we created the base of the application, people who carry on with this work will 

find it simpler to proceed from there. Through this project, we were able to gain a deeper 

understanding of augmented reality and all of its aspects. Like every project, the final product 

became slightly different from what was imagined at the beginning. However, we essentially 

accomplished what we envisioned for this project and we are satisfied with the outcome. 

5. ATTACHMENTS 

5.1. Manuals 
Manuals for Configuring MRTK Project in Unity, Creating a Cube and Adding Interactions and 

Building the Project to HoloLens are created as a guide to others and provided with the project 

attachments. 
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