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ABSTRACT

Smartphone Virtual Reality (VR) is the cheapest VR technology that can be 
used to simulate a similar or completely different real-world experience. The 
smartphone VR utilize simple interaction techniques such as gestures, voice, magnetic 
buttons, and gaze techniques due to its low-cost development. However, the input 
controller for smartphones VR is currently limited to up to 3 Degrees of Freedom 
(DOF) and limits the user's freedom and experience to interact with the virtual 
environment. Currently, welding VR simulations only use the expensive VR device 
because of its 6 DOF input controller advantages. Hence, this research recommends a 
novel input method using a multiple marker tracking method as a 6 DOF input 
controller for smartphone VR. The idea is to integrate the welding VR simulation into 
the cheapest VR technology. This approach involves three objectives. In the first 
phase, a literature review will locate the current input method and research paper 
involving smartphone VR. This research also conducted few welding expert’s 
interviews to get input about the current welding vocational training problems. The 
second phase focuses on the design of the smartphone VR integration with multiple- 
marker tracking methods. The VR welding application is designed based on welding 
experts’ opinions and was named as VR Welding Kit. The last objective oversaw the 
quantitative and qualitative analysis using a welding torch with markers as the 6 DOF 
input controller and welding position markers are virtual welding plate objects. The 
quantitative analysis has three-phase experiments such as accuracy comparison, 
usability study, and simulation sickness tests. The test compares welding travel speed, 
work angle and travel angle are the benchmarks for three types of welding position 
using the Root Mean Square Error (RMSE) method. The multiple markers as 
smartphone VR input controller have better results for all welding tasks than current 
popular standalone VR devices, Oculus Quest. The proposed method gets a score of
72.5 on the usability test, when using the System Usability Scales (SUS) method. 
Participants' susceptibility towards smartphone VR are also lower when using 
Simulator Sickness Questionnaire (SSQ) method. Finally, for qualitative analysis, an 
expert’s review is conducted. The question asks their opinion towards the VR Welding 
Kit application in terms of usefulness, teaching aid, mobility, ease of use and handle. 
The experts have given a good satisfaction result towards the questions. The experts 
also suggest improving the VR Welding Kit application for future works. This research 
shows that the use of multiple markers as input controllers allows the welding VR 
vocational training to be mobile and ubiquitous.
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ABSTRAK

Realiti Maya (VR) telefon pintar ialah teknologi VR termurah yang boleh 
digunakan untuk mensimulasikan pengalaman dunia sebenar yang serupa atau berbeza 
sama sekali. Telefon pintar VR menggunakan teknik interaksi mudah seperti gerak 
isyarat, suara, butang magnet dan teknik pandangan kerana pembangunan kos 
rendahnya. Walau bagaimanapun, pengawal input untuk telefon pintar VR pada masa 
ini terhad kepada sehingga 3 Darjah Kebebasan (DOF) dan mengehadkan kebebasan 
dan pengalaman pengguna untuk berinteraksi dengan persekitaran maya. Pada masa 
ini, simulasi VR kimpalan hanya menggunakan peranti VR yang mahal kerana 
kelebihan pengawal input 6 DOF nya. Oleh itu, penyelidikan ini mencadangkan 
kaedah input baru menggunakan kaedah pengesanan berbilang penanda sebagai 
pengawal input 6 DOF untuk VR telefon pintar. Ideanya adalah untuk menyepadukan 
simulasi VR kimpalan ke dalam teknologi VR termurah. Pendekatan ini melibatkan 
tiga objektif. Dalam fasa pertama, kajian literatur akan mencari kaedah input semasa 
dan kertas penyelidikan yang melibatkan VR telefon pintar. Penyelidikan ini j uga telah 
menjalankan beberapa temu bual pakar kimpalan untuk mendapatkan input tentang 
masalah latihan vokasional kimpalan semasa. Fasa kedua memfokuskan pada reka 
bentuk integrasi VR telefon pintar dengan kaedah pengesanan berbilang penanda. 
Aplikasi kimpalan VR direka bentuk berdasarkan pendapat pakar kimpalan dan 
dinamakan sebagai Kit Kimpalan VR. Objektif terakhir menyelia analisis kuantitatif 
dan kualitatif menggunakan obor kimpalan dengan penanda kerana pengawal input 6 
DOF dan penanda kedudukan kimpalan adalah objek plat kimpalan maya. Analisis 
kuantitatif mempunyai eksperimen tiga fasa seperti perbandingan ketepatan, kajian 
kebolehgunaan dan ujian penyakit simulasi. Ujian membandingkan kelajuan 
perjalanan mengimpal, sudut kerja dan sudut perjalanan adalah penanda aras bagi tiga 
jenis kedudukan kimpalan menggunakan kaedah Root Mean Square Error (RMSE). 
Berbilang penanda sebagai pengawal input VR telefon pintar mempunyai hasil yang 
lebih baik untuk semua tugas kimpalan daripada peranti VR kendiri popular semasa, 
Oculus Quest. Kaedah yang dicadangkan mendapat markah 72.5 pada ujian 
kebolehgunaan, apabila menggunakan kaedah Skala Kebolehgunaan Sistem (SUS). 
Kecenderungan peserta terhadap VR telefon pintar juga lebih rendah apabila 
menggunakan kaedah Soal Selidik Sakit Simulator (SSQ). Akhir sekali, untuk analisis 
kualitatif, semakan pakar dijalankan. Soalan tersebut meminta pendapat mereka 
terhadap aplikasi Kit Welding VR dari segi kegunaan, alat bantu mengajar, mobiliti, 
kemudahan penggunaan dan pengendalian. Para pakar telah memberikan keputusan 
yang memuaskan terhadap soalan-soalan tersebut. Pakar juga mencadangkan 
menambah baik aplikasi Kit Kimpalan VR untuk kerja-kerja masa hadapan. Kajian ini 
menunjukkan bahawa penggunaan pelbagai penanda sebagai pengawal input 
membolehkan latihan vokasional VR kimpalan menjadi mudah alih dan di mana- 
mana..

vii



TABLE OF CONTENTS

DECLARATION iii

DEDICATION iv

ACKNOWLEDGEMENT v

ABSTRACT vi

ABSTRAK vii

TABLE OF CONTENTS viii

LIST OF TABLES xiii

LIST OF FIGURES xv

LIST OF ABBREVIATIONS xviii

LIST OF SYMBOLS xix

LIST OF APPENDICES xx

CHAPTER 1 INTRODUCTION 1

1.1 Overview 1

1.2 Problem Background 4

1.3 Problem Statements 8

1.4 Aim 8

1.5 Research Objectives 9

1.6 Scope 9

1.7 Research Significance 9

1.8 Report Organization 10

CHAPTER 2 LITERATURE REVIEW 13

2.1 Introduction 13

2.2 Virtual Reality 13

2.2.1 History of VR 15

2.2.2 Difference between VR and AR 18

2.2.3 VR Research Area 19

TITLE PAGE

viii



20

21

23

24

26

28

30

30

31

32

34

35

36

37

38

39

40

42

43

44

47

48

52

53

56

59

59

59

60

Vocational Training

2.3.1 VR Application in Vocational Training 

Welding

2.4.1 Welding Position

2.4.2 Welding Travel Speed, Work Angle and Travel 
Angle

2.4.3 Existing Welding VR Application 

Mobile VR Display Technology

2.5.1 Standalone VR headset

2.5.2 Smartphone VR headset

2.5.3 Comparison between Standalone VR and 
Smartphone VR

2.5.4 Smartphone VR interaction technique.

2.5.4.1 Button Interacti on

2.5.4.2 Gaze Interacti on

2.5.4.3 Voice Interacti on

2.5.4.4 Gestures Interaction 

Related Input Devices

2.6.1 Hand Input Devices Class

2.6.2 Non-Hand Input Device Class

2.6.3 Comparison of Hand Input and Non-Hand 
Input Device Classes

Tracking Technique

2.7.1 Active Tracking Technique

2.7.2 Passive Tracking Technique

2.7.3 Comparison between tracking techniques 

Discussion

Summary

RESEARCH METHODOLOGY

Introduction

Research Methodology Framework

Phase 1 -  Analysis of current smartphone VR problem 
in input method

ix



3.4 Phase 2 -  Design an input method for smartphone VR
using multiple markers tracking technique 61

3.4.1 Welding Environment Integration Setup 62

3.4.1.1 Integrati on of Multipl e Markers with
3D Printed Welding Torch 62

3.4.1.2 Integrati on of Multipl e Markers with
Welding Metal Plate 63

3.4.2 Multiple Markers Tracking Technique 65

3.4.3 VR Application 68

3.4.3.1 System framework 68

3.4.3.2 Software and hardware requirements 69

3.5 Phase 3 -  Evaluation of the proposed method 72

3.5.1 Quantitative Analysis 72

3.5.1.1 Participants 73

3.5.1.2 Experimental setup 73

3.5.1.3 Root Mean Square Error Analysis 77

3.5.1.4 System Usability 78

3.5.1.5 Simulation Sickness 80

3.5.2 Qualitative Analysis 81

3.5.2.1 Expert Review 81

3.6 Summary 83

CHAPTER 4 IMPLEMENTATION OF MULTIPLE MARKER
TRACKING METHOD AS TRACKED HANDHELD
INPUT CONTROLLER 85

4.1 Introduction 85

4.2 Design an Input Method for Smartphone VR Using
Multiple Marker Tracking Technique 85

4.3 Welding Environment Integration Setup 86

4.3.1 Integration of Multiple Markers with 3D
Printed Welding Torch 87

4.3.2 Integration of Multiple Markers with Welding
Metal Plate 89

4.3.3 Multiple Markers Tracking Technique 93

4.3.3.1 Marker unique features 93

x



4.3.3.2 Viewpoint calculation 95

4.4 VR Application 97

4.4.1 VR Welding Kit application interface 98

4.4.2 Virtual welding torch pose estimation 100

4.4.2.1 Virtual welding torch speed
calculation 102

4.4.2.2 Virtual welding torch’s work and
travel angle calculati on 102

4.4.3 Virtual welding position pose estimation 104

4.4.4 Implementation of Welding Simulation 109

4.4.4.1 Implementation of Box Collider 109

4.4.4.2 Implementation of welding tasks
condition 110

4.4.4.3 Implementation of welding effects 112

4.5 Summary 114

CHAPTER 5 RESULTS AND DISCUSSION 115

5.1 Introduction 115

5.2 Participants 115

5.3 Root Mean Square Error Results 116

5.4 Usability Study Results 118

5.5 Simulation Sickness Questionnaire Results 119

5.6 Expert Evaluation 121

5.6.1 Expert Bibliography 121

5.6.2 Result Expert Interview 121

5.6.3 Result of Expert Review 123

5.7 Summary 125

CHAPTER 6 CONCLUSION 127

6.1 Research Contribution 127

6.2 Limitation 130

6.3 Future Work 131

REFERENCES 132

xi



LIST OF PUBLICATIONS 145

xii



LIST OF TABLES

Table 2.1 

Table 2.2

Table 2.3 

Table 2.4 

Table 2.5

Table 2.6 

Table 2.7 

Table 2.8 

Table 2.9

Table 2.10 

Table 2.11

Table 2.12 

Table 3.1 

Table 3.2 

Table 3.3 

Table 3.4

Table 3.5

Table 3.6

Table 3.7

Table 4.1 

Table 4.2

TABLE NO. TITLE

Milestones of VR

Comparison between VR and AR characteristics (Mark 
Billinghurst, 2019)

VR application in various areas using smartphone VR

Metal position for different welding positions (Grill, 2006)

Welding position with suitable travel speed, work angle, 
and travel angle (Grill, 2006)

Comparison between VR displays type characteristics 

Hand input devices type 

Non-Hand input device types

Comparison between Hand input and Non-Hand input 
device types (Jerald, 2015)

Existing SDKs for Vision-based tracking

Comparison between selective sensor-based tracking 
(Bhatnagar, 1993; Rolland et al., 2001)

Research on DOF of smartphone VR input techniques

Metal position that can be placed on the table (Grill, 2006)

Research requirements and specifications

Smartphone specifications (GSMArena, 2020)

Welding tasks from upper and side view for smartphone VR

Welding tasks from upper and side view for standalone VR

Average ideal target for travel speed, travel angle and work 
angle (Grill, 2006)

General guideline on the interpretation of SUS score rating 
(Lewis & Sauro, 2009)

3D printed MIG torch with marker sticker on each side 

Real metal position versus the virtual metal position

16

19

22

25

27

33

41

42

43

51

52

53 

64

69

70

75

76

77

80

88

PAGE

90

xiii



92

94

104

104

105

107

116

117

117

119

122

Marker orientation for each position when placed on the 
tabletop

Marker’s unique feature points from the Vuforia database 

Offset value for travel angle 

Offset value for work angle

Marker orientation for each position when placed on a 
tabletop

Oculus controller position for each position when placed on 
a tabletop

RSME results for the flat position

RSME results for the horizontal position

RSME results for the vertical position

SUS scores from 12 participants for the proposed research 
method

Expert interview opinion towards current welding 
vocational training.

xiv



LIST OF FIGURES

Figure 1.1 Virtual Continuum chart (Milgram & Kishino, 1994)

Figure 1.2 Oculus Quest with an external controller (Oculus, 2019)

Figure 1.3 Knowledge domain of VR

Figure 1.4 VR device shipment estimation (Mark Billinghurst, 2019)

Figure 2.1 Reality versus Virtual Reality concept (Mark Billinghurst,
2019)

Figure 2.2 Typical VR device (Oculus, 2017)

Figure 2.3 First stereo viewer to view images from two sides
(Billinghurst, 2019)

Figure 2.4 Mixed Reality taxonomy (Milgram & Kishino, 1994)

Figure 2.5 Research area and issues in VR. The red box represents the
main research area that will be focused on this research

Figure 2.6 Welder wearing safety equipment and holding welding
torch to do the welding task

Figure 2.7 Flat position travel angle, work angle, and travel speed
direction from horizontal view (Grill, 2006)

Figure 2.8 Line graph of publication count by types of welding
training simulation in AR and VR and year

Figure 2.9 CS WAVE (Dalto et al., 2010). The monitor is mounted on
a unique device, and the user can change its position to 
practice various welding techniques

Figure 2.10 Standalone VR headset (HTC Corporation, 2015) (Oculus,
2017)

Figure 2.11 Google Cardboard made from a cardboard box to hold
smartphones (Brown, 2016)

Figure 2.12 Using the Google Cardboard magnet input to interact with
VR (left). A side view illustration of the input mechanism 
(right) (Smus & Riederer, 2015)

Figure 2.13 Red dot used as a pointer for gaze interaction technique
(Atienza et al., 2016)

FIGURE NO. TITLE

xv

2

3

5

6

14

15

15

18

20

24

26

29

29

31

32

35

36

PAGE



Figure 2.14 VR 360 tourism guide using voice as input to select the 
places Azizo et al. (2020) 38

Figure 2.15 Hand gestures input method using thumb (Ishii et al., 2017)
39

Figure 2.16 Mapping between input and output for VR (Burdea et al., 
2003) 40

Figure 2.17 Tracking and rendering in VR (Billinghurst, 2019) 45

Figure 2.18 Three and Six Degrees of Freedom (DOF) (Billinghurst, 
2019) 46

Figure 2.19 VR device tracking type (Rolland et al., 2001) 47

Figure 2.20 Sword of Damocles by Evan Sutherland (Sutherland, 1968)
48

Figure 2.21 Marker a, b, and c for future-based tracking in the 
holographic display (Siang et al., 2017) 49

Figure 2.22 Workflow marker-based using ARToolKit (Soares et al., 
2012) 50

Figure 2.23 The “goodness-of-fit” is evaluated, and each DOF of the 
model is displaced and instantiated (Worrall et al., 1991) 50

Figure 2.24 Research focus area for the literature reviews 55

Figure 3.1 Research methodology framework 60

Figure 3.2 Proposed method system overview 61

Figure 3.3 Integration of 3D printed MIG welding torch with multiple 
markers concept 63

Figure 3.4 Fillet weld versus Groove weld type 64

Figure 3.5 Example of different marker positions for different welding 
metal plate positions 65

Figure 3.6 Multiple markers coordination process (L. P. Soares et al., 
2019) 66

Figure 3.7 Vuforia marker’s selection settings in Unity3D 67

Figure 3.8 Vuforia video background settings in Unity3D 67

Figure 3.9 Framework of the VR User Interfaces Design 68

Figure 3.10 Configuration Google Cardboard with smartphone 
demonstration 71

Figure 3.11 Evaluation flow for research proposed method 73

xvi



Figure 3.12 Phase 2 evaluation flows 74

Figure 3.13 The expert review flows of the research 83

Figure 4.1 Proposed method system implementation 86

Figure 4.2 MIG torch comparison between original (A) and modified
(B) 87

Figure 4.3 MIG torch nozzle comparison between 3D file and 3D
printed 88

Figure 4.4 3D welding table that used as base for virtual welding task 91

Figure 4.5 Configuration coordinate system in Unity3D 96

Figure 4.6 VR Welding Kit application flowchart 98

Figure 4.7 VR Welding Kit application interfaces 99

Figure 4.8 VR welding environment setup inside the VR Welding Kit
application 99

Figure 4.9 Welding simulation condition for each position 100

Figure 4.10 Welding torch relative position in real-world (A) versus
virtual welding torch in the virtual environment (B) 101

Figure 4.11 Oculus Quest controller relative position in real-world (A)
versus virtual welding torch in the virtual environment (B) 101

Figure 4.12 Virtual welding torch default orientation by Unity3D 103

Figure 4.13 Box collider for virtual welding torch is placed at the end
of the nozzle 109

Figure 4.14 Box collider between virtual metal plates 110

Figure 4.15 The pseudo-code of the implemented welding tasks
condition algorithm 111

Figure 4.16 The flowchart of the welding tasks condition algorithm 112

Figure 4.17 Welding spark simulation to imitated real welding moment
113

Figure 4.18 Welding beads simulation animation in 5 seconds interval 
mimicking the actual welding beads process from hot red to 
cooldown 113

Figure 4.19 Virtual welding plate condition before and after welding
simulation process 114

Figure 5.1 SSQ Scores results 120

Figure 5.2 Expert evaluation on usability questionnaire 124

xvii



LIST OF ABBREVIATIONS

VR - Virtual Reality

AR - Augmented Reality

MR - Mixed Reality

XR - Extended Reality

FOV - Field of View

SUS - System Usability Scales

SSQ - Simulator Sickness Questionnaire

RMSE - Root Mean Square Error

DOF - Degree of Freedom

HMD - Head-mounted Display

SDK - Software Development Kit

OS - Operating System

RAM - Random Access Memory

GPU - Graphics Processing Unit

CPU - Central Processing Unit

GB - Gigabyte

xviii



LIST OF SYMBOLS

mm - Millimeters

cm - Centimeters
o - Degree

P - Percentage

- Mean

xix



LIST OF APPENDICES

APPENDIX TITLE PAGE

Appendix A Pre-Test Questionnaire 146

Appendix B System Usability System (SUS) Questionnaire 147

Appendix C Simulator Sickness Questionnaire (SSQ) 148

Appendix D Expert Evaluation Questionnaire 149

Appendix E Scoreboard results for Smartphone VR 152

Appendix F Scoreboard results for Standalone VR 155

xx



CHAPTER 1

INTRODUCTION

1.1 Overview

Virtual reality (VR) is an imitation experience like or utterly different from the 

real world that can be interacted with physically by a person using a particular device 

(Freina & Ott, 2015; Kato & Billinghurst, 1999). The objective is to take advantage of 

the user’s real-world experience and transfer understanding from reality to the 

simulated environment (Balakrishnan, 2004). The term "virtual reality" was 

popularized by Lanier in 1988, one of the modern pioneers of the field (Firth, 2013). 

VR technologies bring many advantages to performing tasks, especially training and 

education, due to their potential in stimulating interactivity. VR can offer an ideal way 

to approach study and remember new knowledge for those who prefer a visual, 

auditory, or kinaesthetic learning style (Choe & Leite, 2017). Milgram and Kishino 

(1994) produced the Mixed Reality taxonomy called Virtual Continuum. The 

combination of all real-virtual reality to create the illusion to make people feel as if 

they are in an entirely new digital world is called Extended Reality (XR). Figure 1.1 

explains the classification for each level of immersion from the real world to the virtual 

world. VR has started to rise again in 2016 after the technology had matured enough 

to handle the engineering used in VR. Furthermore, VR devices have slowly reduced 

their size from bulky to high mobility and sophisticated VR technology. These devices 

are categorized as mobile VR.
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Figure 1.1 Virtual Continuum chart (Milgram & Kishino, 1994)

There are two categories of mobile VR, which are standalone VR or 

smartphone VR devices. User interaction in smartphone VR brings many advantages 

in enhancing users’ immersion in the virtual world, especially when it involves virtual 

object selection, manipulation, and movement. Smartphone VR advantages gain 

researchers’ interest worldwide to enhance human daily life tasks. Most research 

focuses on reducing the cost for the real-world job and solving the common problem 

that is difficult to conduct in the real world. VR applications provide great potential 

for user interaction.

Nonetheless, new interaction techniques for mobile VR applications have 

increased due to different VR interfaces techniques and devices. Hence, the user 

interaction technique for mobile VR is currently crucial in the VR research area. 

Adequate user interaction allows the users to interact with virtual data in the VR 

environment efficiently. User interaction would be more valuable in the VR world if 

users could control and change the targeted virtual object. The VR interfaces remain 

flat in perspective and static viewing without implementing the interaction technique. 

For a human, interaction is a common way to interact with the subject through hand 

gestures, verbal communication, and walking around. Hence, interaction techniques in 

a smartphone VR environment are crucial for the user to interact naturally with virtual 

objects in a VR world and control them seamlessly in real-time.

The most noticeable advantages of VR are that it can simulate vocational 

training in the virtual world. Vocational training is a term that refers to educational 

programmes or courses that focus on the skills needed for a specific job function or 

trade. Currently, vocational training in welding has used VR to simulate its traditional 

training method to save the cost and time of training (Rusli et al., 2019; Sudhagar et
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al., 2017). The new welding trainees do not need to attend the welding workshop or 

require a trainer to train them to learn the basic knowledge in welding. VR simulation 

can make the welding trainee gain psychomotor skills on properly holding the welding 

torch before proceeding to the real-world welding situation and facing the more 

difficult challenge.

Therefore, this research proposed a suitable input technique to produce smooth 

and natural user interactions in the VR environment to have a good use for VR 

vocational training. Unlike with high-end standalone VR devices like Oculus Quest, 

smartphone VR lacks a positional tracking controller. For example, as shown in Figure 

1.2, Oculus Quest has an external controller that uses a sensor-based tracking 

technique to interact in room-scale. In contrast, smartphone VR did not have an 

external controller to interact with a virtual object in room-scale space. A 6 Degree of 

Freedom (6DOF) tracked handheld controller is required to improve the freedom of 

interaction for smartphone VR mainly when the research intended to involve welding 

simulation as the case study. It intents to reduce user cognitive load and simulation 

sickness because the translation between an actual controller with virtual obj ect moves 

relatively.

Figure 1.2 Oculus Quest with an external controller (Oculus, 2019)
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This research study leveraged multiple markers-based tracking methods to use 

on smartphone VR as an external tracked handheld controller to gain the ability to 

interact with the virtual object freely in 3D free space. The virtual object and 

environment will design were on the welding environment to tackle the current 

problem in the current VR welding training method. Besides, this research also focuses 

on testing the performance comparison with standalone VR devices, usability study, 

simulation sickness, the proposed method and expert review on the welding simulation 

application.

1.2 Problem Background

VR has suffered from determining suitable user interfaces with correct user 

interaction since in 20th century. Figure 1.3 shows the knowledge domain for VR in 

Association for Computing Machinery (ACM) Computer Classification System (CCS) 

falls under the interaction paradigms. The user always has difficulty understanding the 

3D environment. Using spatial input might help users reduce their cognitive load and 

get familiar with the 3D environment. Using any spatial reference in VR is better than 

none (Hinckley et al., 1994). Due to the limitation of technology, VR systems always 

come with a bulky machine system and require a bulky external device to implement 

the user interaction technique. The price for VR systems is outside most ordinary 

consumers' reach (Amer & Peralez, 2014). The cost and space requirements for the 

VR bulky system, together with the technical limitations, have prevented widespread 

uptake at a consumer level (Powell et al., 2017).
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The ACM Computer Classification System (CSS)

Computer
systems

organization
Human-centered computing Software and its 

engineering

Human computer interaction (HCI)

Interaction
paradigms

Interaction
devices

Virtual Reality

Figure 1.3 Knowledge domain of VR

Technology has slowly developed until VR can run on a small device such as 

a smartphone in recent years. 2016 is the year of VR because many prestigious 

companies such as Facebook, Samsung, HTC, and many more have introduced their 

own mobile VR. For example, HTC VIVE, Samsung Gear, Oculus Rift. It can handle 

most VR graphics that can even surpass the desktop device (Steed & Julier, 2013). 

These technologies have gained the attention of many researchers worldwide to focus 

on mobile VR’s user interaction Figure 1.4 shows the graph in VR device shipment 

since 2016 and the expectancy of its exponential growth. Most of the user interaction 

technique implemented on mobile has improved and expanded to new forms. 

However, due to the advanced technology, the price for VR devices was also 

increasing, and most users cannot own it to experience the VR technology (Powell et 

al., 2017).
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FORECAST: Global VR Headset Shipments
By Category
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Figure 1.4 VR device shipment estimation (Mark Billinghurst, 2019)

However, Google has introduced an external device called “Google 

Cardboard”, an affordable option to integrate with most modern smartphones to turn 

it into a mobile VR device (Luo, 2018). Since 2014, Google has shipped 10 million 

Google Cardboard headsets and have sold between 2 million and more than 1000 VR 

apps in Google Play Store in 2016 alone (Brown, 2016). Due to its affordable price, 

mobility, and ease of access, many ordinary consumers can experience their VR easily 

anywhere and anytime. Researchers have started developing a new input method for 

smartphone VR.

Al Zayer et al. (2016) have introduced a new interaction technique called 

PAWdio, which can detect a user's hand's relative position while holding the earphone 

connected to the smartphone. However, this method has only one degree of freedom 

in operation and is affected by the length of the headphone cable limiting the area of 

reach. The research continues with StereoTrack, which can detect the position using 

sound but limits users’ freedom to freely explore the environment around them since 

it cannot move more than 90 degrees (Zayer & Folmer, 2018). Bai et al. (2017) explore 

asymmetric bimanual interaction with mobile Virtual Reality (VR) using two hand- 

input methods to interact with the virtual object. This method can detect 6 Degrees of 

freedom (DOF) relative position in virtual space. This method requires more than one 

external device related to the mobile smartphone and can cause awkwardness for the
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user to wear it. Jayaraj et al. (2018) has found a solution to detect the 9 DOF motion 

controller in virtual space via Bluetooth to achieve connectivity to a mobile device. 

But due to the sensor tracking, it is hard to provide an absolute orientation of the 

motion controller. Nevertheless, sensor tracking makes it hard to provide an absolute 

orientation of the motion controller.

As mentioned in Section 1.1, VR has solved the problem in many vocational 

training areas. One of the most popular vocational training areas using VR is welding 

(Lavrentieva et al., 2020). Welding is one of the essential and highly demanded skills 

in the manufacturing sector. Welding is a hot, challenging, and physically tasking job 

but necessary to various products and infrastructures. Its applications form an essential 

part of everyday life, from cars to high-rise office buildings, aeroplanes to rockets, 

pipelines to highways. Students need to undergo many practical sessions to become 

high-qualified welders to fill in the workforce in the market. However, the number of 

new generation welders is declining alarming (Bickerstaff, 2015; Yao et al., 2017). 

Therefore, VR simulations can help to solve the conventional training method. 

However, the current VR devices used to simulate the welding training are very 

expensive and bulky (Dalto et al., 2010; Mellet-D’huart, 2005). These limitations have 

added a new problem to a solved problem.

Although smartphone VR has become more accessible, many issues are still to 

be solved. One of the crucial aspects is the suitable interaction technique for 

smartphone VR. Users will need an appropriate interaction method to select and 

manipulate the virtual object in a VR environment. Currently, smartphone VR only 

has a few inputs option. Most applications for smartphone VR have simple 

interactions, such as look-and-see and roller-coaster experiences (Ma et al., 2020). 

Hence, the new or enhanced interaction technique needs to focus on smartphone VR 

to improve the user experience and compete with the high-end mobile VR device. This 

enhanced input method solution could also solve the welding training problem in 

reducing the cost of the VR device by using a smartphone that is affordable for a lot 

of people (Luo, 2018).
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1.3 Problem Statements

To solve the issues mentioned in Section 1.2, smartphone VR still lacks input 

devices that can give freedom to users. Despite being the most affordable VR device, 

the 3DOF position controller devices limit the current input method and user 

interaction. This issues also reduced the user's experience towards the VR. Some 

researchers have introduced new input techniques that could improve the current input 

devices, but it still lacking in certain aspects.

For conventional welding training problems, past research shows that the VR 

intervention in welding training can improve knowledge transfer, save a lot of 

consumables costs, and support a new pedagogical approach and learning experiences. 

Besides, evidence shows that the integration of VR technologies can bring various 

benefits to education and increase students' performance (Ali et al., 2019; Armas et al.,

2020). However, most welding simulations consist of bulky device that lacks mobility 

(Dalto et al., 2010; Lavrentieva et al., 2020; Mellet-D’huart, 2005). The enhanced 

input method for smartphone VR could improve the current VR welding simulation 

devices in terms of cost. Consequently, the VR welding simulation using smartphone 

VR can solve the material cost, time and mobility.

Hence, the current input devices for smartphone VR need to be improved to 

ensure it can compete with other powerful VR devices despite the low price. 

Smartphone VR needs an input controller that can return the 6DOF position for more 

effective user interaction with the virtual object in the VR environment without any 

movement restriction. This solution could improve the current VR devices used for 

welding simulation into more high mobility devices and reduce the set-up costs.

1.4 Aim

This research proposes multiple marker tracking techniques to improve the 

current smartphone VR tracked handheld controller using VR welding simulation.
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1.5 Research Objectives

The objectives of the research are:

1. To investigate and compare the current interaction approaches for 

smartphone VR input method for vocational welding training.

2. To design and implement a novel multiple markers tracking interaction 

approach as a tracked handheld controller for smartphone VR.

3. To evaluate the multiple markers tracking interaction approach using 

welding vocational training VR simulation.

1.6 Scope

The scopes of the research are:

1. Data: The welding simulation used in the case study is based on the UTM 

syllabus, course code SPPE 2322, Metal Inert Gas (MIG) Welding.

1.7 Research Significance

This research aims to create a possibility for smartphone VR to have a tracked 

handheld controller that can return relative position. Multiple marker tracking methods 

do not require external equipment to connect with the smartphone to access the 6DOF 

position controller. This method only requires the integrated camera on the smartphone 

to work. This solution indirectly still maintains the affordability of smartphone VR. 

Furthermore, the multiple markers tracking techniques can be applied in any form 

depending on the VR content. The marker can be attached to a dummy welding torch 

device for welding training simulation to act like a welding controller in VR

9



simulation. Any VR training that requires intensive hand-eye coordination gets the 

benefit.

1.8 Report Organization

This thesis is divided into six chapters, which are ordered as follows:

Chapter 2 discusses the literature review of the research. This chapter 

presented the analysis on the literature of the VR, mobile VR types, existing input 

method for smartphone VR, existing tracking technique, welding experts interview, a 

case study about vocational training, focusing on welding and past VR research. 

Besides that, the reason for multiple markers tracking techniques is chosen to solve the 

smartphone VR as the enhanced input method is discussed.

Chapter 3 discusses the research methodology. The research methodology 

plays an essential role as a research guideline to sort the implementation process 

toward the research aims and objectives. This chapter presented the research 

methodology framework that contains several essential phases to actualize the research 

objective.

Chapter 4 presents the proposed method integrated with smartphone VR with 

welding training as the VR application. The details of each method are discussed 

succinctly together with its pseudo code.

Chapter 5 shows the evaluation results of the proposed method. There were 

two sorts of tests conducted: a qualitative and quantitative analysis. The qualitative 

results compare accuracy with high-end VR devices using RMSE scores, usability test 

using System Usability Scales (SUS) and simulation sickness check using Simulation 

Sickness Questionnaire (SSQ). Expert evaluation for the VR welding application as 

qualitative is also discussed in this chapter.
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Chapter 6 discusses the contributions of the research and the limitations of 

current research progress. In addition, future work is proposed to address these 

limitations.
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