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Choice of Hardware:

The design and study to be implemented with Unity and with the Microsoft Mixed Reality Toolkit
(MRTK) on the Microsoft HoloLens 2. This Head-mounted Display has a resolution of 2048 *
1080 pixels per eye, 8MP camera, and 2 IR cameras for eye tracking.

Set Up:

Unity Set up :
1) Download Unity hub
2) Choose Unity Version (2021.3.11.f1)
3) Install module UWP(Universal Windows Platform), Windows
4) Start new Project 3d core
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Mixed reality feature tool:

E2 Microsoft Mixed Reality Feature Tool

Select project

, The Mixed Reality Feature Tool needs to know the location of your Unity project.
Project Path: 'C:\U sers\deyre\My project
Project Unity version: 2021.3.16f1

as a Unity project, the ted folder must contain

T | (T
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£8 Microsoft Mixed Reality Feature Tool

Discover Features

MRTKS3 (0 of 15)
=l Platform Support (0 of 5)

Mixed Reality Moving Platform SDK | 0.0.3
Mixed Reality OpenXR Plugin | 1.7.0

Mixed Reality Power Thermal Notification  0.2.1
Mixed Reality Scene Understanding | 0.6.0

Mixed Reality WinRT Projections | 0.5.2009

Last updated 2/23/2023 7:09:48 AM

3
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E2 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

MRTK Accessibility Early Preview 1.0.0-pre.14 (D
MRTK Audio Effects 3.0.0-pre.14

MRTK Core Definitions 3.0.0-pre.14 (

MRTK Diagnostics 3.0.0-pre.14 (Details)

MRTK Extended Assets 3.0.0-pre.14 (Details)

MRTK Graphics Tools 04.0 (D

| Govock ] Queicate ) ] R mpor)

B
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£2 Microsoft Mixed Reality Feature Tool

Review and Approvek

Manifest Files to be copied into the project

{ com.microsoft. mrtkcaccessibility-1.0.0-pre. 14.tgz
"dependencies”: { com.microsoft.mrtk.audio-3.0.0-pre.14.tgz

“com.unity.collab-proxy™: "1.17.7", com.microsoft.mrtk.core-3.0.0-pre. 14.tgz
“com.unity.feature.development™: "1.0.17, com.microsoft.mrtk.diagnostics-3.0.0-pre. 14.tgz
"com.unity.ide.rider”; “3.0.16",
“com.unity.ide.visualstudio®: "2.0.16",
"com.unity.ide.vscode™ "1.2.5",
“com.unity.test-framework™: "1.1.31",
"com.unity.textmeshpro™ "3.0.6",

com.microsoft.mrtk.extendedassets-3.0.0-pre. 14.tgz
com.microsoft.mrtk.graphicstools.unity-0.4.0.tgz
com.microsoft.mrtkinput-3.0.0-pre.14.tgz
com.microsoft.mrtk.spatialmanipulation-3.0.0-pre.14.tgz

“com.unity timeline”: “1.6.4", com.microsoft.mrtk.standardassets-3.0.0-pre.14.tgz

"com.unity.ugui”: "1.0.0" com.microsoft.mrtk.tools-3.0.0-pre.14.tgz

"com.unity.visualscripting™ "1.7.8", com.microsoft. mrtk.tts.windows-1.0.0.tgz
"com.unity.modules.ai™: "1.0.0" com.microsoft. mrtk.uxcomponents-3.0.0-pre. 14.tgz

" com unity maoduloc Andraidini® "1 00" com.microsoft.mrtk.uxcomponents.noncanvas-3.0.0-pre.14.tgz

BT [ CTAY
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Changing Unity settings:
Build settings:

Switch the platform to that required for Hololens
Build Settings

Scenes In Build

« Scenes/samplest

Add Open Scenes

Platform

&R Universal Windows Platform

Q Windows, Mac, Linux Ll Architecture ARM 64 -bit

Type D3D Project
E Dedica i) Target SDK Versior Latest installed
an

um Platform 10.0.10240.0
Android
"' cinil Visual Studio Version Latest installed

o ool Macking
== Universal Windows Platform : Local Machine

Asset Import Overrides
Size No Override

ssion No Override

Player Settings... Switch Platform
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Add Open Scenes

™ ' n
B Universal Windows Platforn

ARM 64-bit
D3D Project
Latest installed
0.0.10240.0
Latest installed

Local Machine

== Universal Windows Platform

Asset iImport Overrides
No Overmnde

No Override

Player Settings... Build Build And Run

Change Project Settings:
Assign the MRTK3 default Profile
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Assign MRTK Default

£ Projec

Adaptive Perforn
Audio
Editor

Graphics

&
app teature group @

Collaborate
In-App Purchas

Tags and Layers

Timeline
Ul Builder

>roject Validation
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Enable the interaction profiles needed in the openXR settings

Edito -
Graphics
Qinnla Pacs Instanced

Depth 16 Bit

Input M

ttings

je Manag

« Hand Tracking @
Holographic Re remote app @

@ a
Cloud Diagnc
Collaborate All Features A Motion Controller Model @
In-App Purchasing
and ers Runtime Debugge
extMesh Pro
Time

Timeline

/& Performance

Graphics
Input Manager
Input Pa
Measur
Memory ¢
MRTK

Build Settings
Package Manager
Physics
‘ & 2D
Player
rreset Manager
Quality
Scene Template
Script Execution Orde

tings for Universal Windows Platforn

i Build lcon

Diagnostics
- h Resolution and Presentation
ollaborate
App Purchasing
In-App Purchasin Splash Image
ags and Layers
TextMe g Other Settings
Time
Timeline Publishing Settings
Ul Builde

Packaging
Version Cont

Package name
Visual Scripti

raction

sfaultCompany
dation




Research log

For the scene setup:
Drag the MRTKInput XR Rig and delete the default camera

"= Hierarchy A MRTK Input Sim

Search: All In Packages In As.

M SampleScene

A L3 A
All " In Packages In As

#

To build the application to Hololens:
Build the application from unity to get a solution file

Add Open Scenes

Platform

;] Windows

- VS
I8 Universal Windows Platform

build
De
i ExtendedEyeTrackingSample
™
I Android
| 112CppOutputProject
- Universal Windows Platform g

ExtendedEyeTrackingSample.sin

Release

& UnityCommon.props

Asset Import Overrides

Build Build And Run

—
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In the Visual studio

Configuration:  Active(Release) Platform:  Active(ARMB4) Configuration Manager...

4 Configuration Properties Debugger to launch:

Remote Machine

Launch Application Yes
Allow Local Network Loopback Yes
~ | P Remote Machine ~ Native Only Linker - !
Manifest Tool ebugger Type

Machine Name

P Remote Machine XML Document Generator,

Browse Information Authentication Type rypted Protocol)
Device Build Events Deploy Visual C+ + Debug Runtime Librar No
Custom Build Step Amp Default Accelerator WARP software accelerator
Bl Remote Machine Code Analysis Package Layout Path

Advanced Remote Deployment Type  Copy To Device
Download New Emulators... 4

SpeechTest Debug Properties

Package Registration Path
Remove Non-Layout Files from Device  No

Command Line Arguments

Launch Application
Specifies whether to launch my application immediately or wait to debug my application when it starts
running.

oK Cancel

You can find the IP address of the hololens in the Network and security settings

In the visual studio installer make sure to check the desktop development with C++

Modifying — Visual Studio Community 2019 — 16.11.17

Workloads  Individual components  Language packs Installation locations

Installation details

Python development Node.js development Visual Studio core editor
Editing, debugging, interactive development and source Build scalable network applications using Nodejs, an Desktop development with C++
control for Python. asynchronous event-driven JavaScript runtime. ) i
Universal Windows Platform develop...
Game development with Unity
Desktop & Mobile (5) Individual components
¥ MSVC v142 - VS 2019 C++ x64/x86 build tool...
Windows 10 SDK (10.0.19041.0)
MSVC v142 - VS 2019 C++ ARM64 build tool...

NET desktop development Desktop development with C++ v
v
¥ Windows 10 SDK (10.0.16299.0)
v
v

Build WPF, Windows Forms, and console applications Build modern C++ apps for Windows using tools of your
using C#, Visual Basic, and F# with .NET and .NET Frame... choice, including MSVC, Clang, CMake, or MSBuild.

USB Device Connectivity

C++ Universal Windows Platform support for...
Universal Windows Platform development Mobile development with .NET
Create applications for the Universal Windows Platform Build cross-platform applications for i0S, Android or
with C#, VB, or optionally C++. Windows using Xamarin.

Mobile development with C++

Build cross-platform applications for iOS, Android or
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Mobile development with C++

Build cross-platform applications for iOS, Android or
Windows using C++.

Gaming (2)

Game development with Unity "ﬂ Game development with C++ ]
Create 2D and 3D games with Unity, a powerful cross- Use the full power of C++ to build professional games
platform development environment. powered by DirectX, Unreal, or Cocos2d.

Other Toolsets (6)

Data storage and processing O Data science and analytical applications
Connect, develop, and test data solutions with SQL Server, Languages and tooling for creating data science
Azure Data Lake, or Hadoop. applications, including Python and F#.

—
—
-

Visual Studio extension development Office/SharePoint development
Create add-ons and extensions for Visual Studio, including Create Office and SharePoint add-ins, SharePoint
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Found the issue while setting up app in the hololens, for solution tick the individual components
as shown Under Universal Windows Platform Development tab.

Installation details

~ Universal Windows Platform develop...
¥ Included
Blend for Visual Studio
.NET Native and .NET Standard
NuGet package manager
Universal Windows Platform tools
Windows 10 SDK (10.0.19041.0)
tional
IntelliCode
USB Device Connectivity
C++ (v142) Universal Windows Platform to...
C++ (v141) Universal Windows Platform to...
Graphics debugger and GPU profiler for Di...
Windows 11 SDK (10.0.22000.0)
Windows 10 SDK (10.0.18362.0)
Windows 10 SDK (10.0.17763.0)
Windows 10 SDK (10.0.17134.0)
Windows 10 SDK (10.0.16299.0)

QO000000NEE S <« <« 444

Enable the Developer mode in the Hololens

. Select the Update menu item.
2. Select the For developers menu item.

. Enable Use developer features to deploy apps from Visual Studio to
your HoloLens
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Development in Unity:

1. Make Keys For the flower text entry layout
Make parent and child game objects such that it supports space key, capital letters and
number entries

Make canvas to represent the key names:

2. Make input text area layout:
Make input text area to show the typed keys to the user and also give a reference text to
follow.

) InputArea
D InputField
D Text Area
) ReferenceText
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3. Map Parent game object Key to Keys script:
Keys script handles all the input text entry

Methods:

InsertChar

1r ce
pu void InsertChar(st
{

if (a <= reference.Length)

{
Debug.Log("number is " + a);
= reference[a];

cle];

if (z == x)
{

inputField.text += "<color=green>" + z + "</color>";

}

else

{

inputField.text += "<color=red>" + ¢ + "</color>";

handles the insert character. Checks if the character matches the character int
the reference string and changes the color of text to red if not matched and green
if matched

DeleteChar

y id DeleteChar()

if (inputField.text.Length > 0)

{
inputField.text = inputField.text.Substring(@, inputField.text.Length - 1);

}

for the backspace
key press

InsertSpace

Handles the space bar key press

0 references
InsertSpace()

inputField. text

CapsPressed
Handles the Caps lock
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d CapsPressed()

if (caps)

{
normalButtons.SetActive(false);
capsButtons.SetActive(true
caps = true;

}

else

{
capsButtons.SetActive(false);
normalButtons.SetActive(true);
caps = false;

4. Map each key game object to KeyboardButton Scrept:
This script handles the input triggers and onclicks.

|| Assembly-CSharp N ’E:KeyboardButton ~ @ OnContinousStare()
System.Collections;
System.Collections.Generic;
g UnityEngine;
g TMPro;
UnityEngine.UI;

et reference) ‘ 0 referen

KeyboardButton : MonoBehaviour

Keys keys;

Collider m_Collider;
TextMeshProUGUI buttonText;
yublic GameObject button;
public Material Materialil;

[SerializeField] float _degreesPerSecond = 30f;
[SerializeField] Vector3 _axis = Vector3.forward;

keys = GetComponentInParent<Keys>();

buttonText = GetComponentInChildren<TextMeshProUGUI>();
if(buttonText.text.Length == 1)

{

NameToButtonText();

}
m_Collider = GetComponent<Collider>();

5. Make Animation that can be called when key is pressed:
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IRoFloEye - S

Edit

ile Assets GameObject  C

Hierarchy
P SampleScene
D Directional Light
D Global Volume
ARTKInputSimulator
fixedRealityPlayspace

s
&2 Normal
@ Row1

P Animation

tton_rotate

A Rotatior

Dopesheet

6. Add Object manipulator component to each key and map the Keyboard button
scripts to the OnEnter component in the is gaze hovered:

Scene - Universal W

omponent

2021.3.11f1 Personal <DX11>

Window

Help

# Scene  o®Game
Layers Parameters

+

Base Layer &

Base Layer Auto Live Link

> n ol Experimental Pa InUse ¥
> Animator =} Holograpl »

Remote H

Remote Hos Open|

Loop Time
Button_rotate
Any State

<
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Base Interactable Settings

Interactable Filters

Disabled Interactor Types
MRTK Events

Statefullnteractable Events

Is Toggled
OnEnable/Disable

MRTKBaselnteractable Hover Events

Is Gaze Hovered
On Entered (Single)

Runtime » KeyboardButton.Trigge~
# ) (Key (=

+ -
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7. Change the color of button and start the animation once the gaze hovered is
confirmed

0 references

Button_click_register()

{

keys.InsertChar(buttonText.text);
m_Collider.enabled = f K
GetComponent<Animator>().Play("Button_rotate");
m_Collider.enabled = true;

}

1 reference
NameToButtonText()

{

buttonText.text = gameObject.name;

Triggered()

button.GetComponent<SpriteRenderer>().material = Materialil;

8. Change the Animation to rotation on triggered and move the animation to
OnClickRegister

9. Change the reference text to Phrase sets for evaluating text entry techniques
given by l. Scott MacKenzie

video camera with a
zoom lens have a
good weekend
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10. Make another input Text area for words typed and error display.

11. Write code to get the number of words typed and error, i.e introduce variables and
increment them in code.

if (z == x)
{

inputField.text += "<color=green>" + z + "</color>";

}

else

{

inputField.text += "<color=red>" + c + "</color>";
error++;

}

a++;

}
countInput.text = "Word Count :

+ wordcnt + ", + "<color=red>" + "Error : + error + "</col

12. Put dwell time in the code for each key
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if (select flag)
{

timer -= Time.deltaTime;

canvas.transform.Rotate(0, 0, 1 * degreesPerSecond * Time.deltaTime);

if (timer <= @.0f)

{
Debug.Log("in rthe if");
Button_click _register();
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14. Create the Center button script that has methods to change the material when
gaze ray hovers on it

Q@ Unity M g \! ferenc

O

In_center_button()

Debug.Log("in the collider");

button.GetComponent<SpriteRenderer>().material = In_center;

Out_center_button()

button.GetComponent<SpriteRenderer>().material = Out_center;

15. Map the script to the on-enter and on-exit function calls in the MRTK events of the
center button

MRTK Events

Statefullnteractable Events

Is Toggled
OnEnable/Disable

MRTKBaselnteractable Hover Events

Is Gaze Hovered
On Entered (Single)

Runtime =+ Middle_button.In_center_«
grey-t ®
i =
On Exited (Single)

Runtime = Middle_button.Out_centew

grey-I ®

+ =
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16. Create the other buttons to complete the layout of the flower Text entry

17. Create a clear button to allow the user to restart the study if need be

18. Create a program to enable the clear button functionality

Clear()

inputField.text
a = 0;

wordcnt = 0;
error = 0;
countInput.text "Word Count : " + wordcnt + ", " + "<color=red>" + "Error : " + error + "</color>";
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19. Map the Clear function to the KeyboardButton script

blic void Button_click_register()

if (! .Equals(gameObject.name.ToLower(), "Spc".ToLower()) &% ! .Equals(gameObject.name.ToLower(),"cle
keys.InsertChar(buttonText.text);
else
if ( .Equals(gameObject.name.ToLower(), "clear".ToLower()))
{
keys.Clear();
}
else
keys.InsertSpace();
button.GetComponent<SpriteRenderer>().material = SelectMaterial;

GetComponent<Animator>().Play("Button_rotate");

timer = 1.00f;
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User Study:
e Use the Borgs scale for a rating on exertion and eye fatigue.

Borg CR10 Scale

Nothing at all

Extremely weak (just noticeable)
Very weak

Weak (light)

Moderate

Somewhat strong

Strong (heavy)

w

Very strong

O© 00 NOO O b O -~ OO

—
o

Extremely strong (almost max)
Maximal

e Interview questions to understand the demographic including familiarity or previous
usage of Augmented reality devices and eye-tracking applications.

e Making the user instructions and ideas on getting the user familiar with the interface and
the device i.e Hololens 2.
Informing users of the timer and the goal to achieve.
Analyzing the data from the application i.e the words typed and the error to get the error
rate and the words per minute.

e Analyzing the data from the interview and ratings from the user.

Ex User data

Dwell times Words Per minute Error rate
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4 seconds 3.5 0
1 second 8 2
0.5 seconds 11 5

Interaction variations

1. Layouts and interface methods tested.
a. Rotating Flower text entry.
b. Standard Gaze typed keyboard.
c. Air typing keyboard of hololens.

2. Different Dwell times tried on the Rotating flower text entry layout.
a. 4 seconds ( for trial and familiarizing the interface to user)
b. 1 second ( hypothesized to be the best dwell time for regular users)
c. 0.5 seconds ( hypothesized to be done well by advanced users)




