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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..
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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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