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Abstract As the Industry 4.0 moves further developed, the manufacturing industry
becomes more complex which leads to increase in complexity of daily task for oper-
ators at the same time to be highly flexible and to be able to adapt to a very dynamic
working environment. There is a need in Industry 4.0 for self-improvement in manu-
facturing sector thus, the use of Augmented Reality (AR) can be the key to enable
operator to improve the transfer of information from digital to physical world faster
and more efficient. Therefore, AR application was developed for assisting users to
operate novel systemofUTHMOpenCNCController (UOCC) for PROLIGHT1000
Milling CNC machine from Light Intelitek efficiently. This paper focusses on case
study of the use of AR mobile application (UOCC AR) through both qualitative and
quantitative analysis to evaluate effectiveness of the application and the users’ expe-
rience, respectively. The case study covers for both experience and non-experienced
users to analyze the affect AR has onmachining time and users’ experience approval.
The use of UOCCAR shows significantly reduce in time taken formachine operation
and high in users’ satisfaction.
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1 Introduction

The Industry 4.0 is changing the landscape ofmanufacturing industry. The revolution
of the manufacturing industry is increasing complexity of manufacturing process.
The operators of modern industrial plants face additional challenges because of the
increased complexity Nazir et al. [1]. Due to increasing complexity of the manufac-
turing process, the traditional training for the new operator is no longer effective.
The skill gap between the experienced operator and new operator is an issue for most
of the manufacturing industry especially for the latest system. Thus, manufacturing
world has taken this opportunity to utilize AR and adopting its system to solve some
of its problems such as shortage of skilled workforce due to everchanging system
of operation in the manufacturing industry due to complexity of the daily tasks that
increases every single day for the operator thus increasing operation time. The opera-
tors are required to bemore flexible and adaptable in dynamicmanufacturing industry
ergo requiring higher level of training is needed which consumes more times in the
industry especially inmanufacturing sector to avoid rework and redundant inspection
process from operators’ negligence and error [1–7].

The case study for the paper is done on novel controller system called UOCC
which adopts ISO14649 for PROLIGHT 1000 Milling CNC machine from Light
Intelitek that faces the same problems. The objective of the study is to demonstrate
the functionality of the developed AR application by using AR Standard Operating
Procedure (SOP) for display approach and evaluate the effectiveness of AR applica-
tion to solve the problems in CNCmachining operation. The performance evaluation
of augmented reality in training is one of the keys of this paper.

2 Overview UOCC Mobile Application

The development of mobile application based on AR is not foreign to the world of
technology. However, the application of the AR itself varies and significant based on
the use of the its function. For UOCC mobile application, it uses AR to reduce time
taken for machining setup for UOCC system. The UOCC AR application provides
users with visual Standard Operating Procedure (SOP), machine and material details
to assist especially new users to operate the machine. Not only it reduces time of
machining setup process, it also improves the quality of the process ergonomically
for the user and mitigate accidents from occurring.

UOCC AR application is mainly developed by three separate software–Vuforia,
Unity and Android Studio. The development also involves the C# language coding in
several key function such as animation triggering, button function, scene switching
and scene manager adopting the marker-based augmented reality technique. The
idea of this application is to let user have easy access to machining SOP and details
by using the AR technology through UOCC AR application accessing the mobile
phone’s camera to detect the ‘Image Target’ and projecting the ‘Model Target’ to
mobile screen as shown in Fig. 1.
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Fig. 1 UOCC AR mobile
application showing the SOP
for user

3 UOCC AR Case Study

The purpose of this case study is to verify the function ability of the developed AR
application system formobile phonewhich is calledUOCCARand evaluate its effec-
tiveness in reducing the time taken for PROLIGHT 1000Milling CNCmachine from
Light Intelitek machining setup process. The case study uses quantitative methods
to collect time taken to complete the machining process and quantitative method
analysis to analyze the result for the use of the UOCC AR application through
questionnaire based on [8].

3.1 Case Study 1

This case study focusses more on the quantitative approach which aims on collecting
the time taken to complete the setup for UOCC machining process with and without
the AR guide, respectively. The group without the AR guide only uses guides printed
on stack of papers for each step meanwhile the group with the AR guide are advised
to install the UOCC AR application in their mobile phones for the study. There were
total of 10 users where they were divided into two groups as mentioned.

Moreover, the two groups are classified and selected into experienced and non-
experienced users. The reason for doing so is to ensure that the AR approach really
guides not just the non-experienced user but as well as the experienced ones to further
improve their time. The case study is focused on MMS modules operational system
because it is deemed to be foreign and harder to navigate as the system is unlike any
other existing CNC machining in the market. The total time taken of the module is
compiled to be compared and analyzed for this study.
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The first case study revolved around time taken for users to operateMMSmodule.
The users with the AR guide get to see ‘Model Target’ images as shown Fig. 2 for
every single GUI that they view consecutively in order. Every time the GUI gets a
prompt or changes tabs, the ‘Model Target’ appears in form of layover images to
assist user which has allow user with AR guide to complete the stage quicker. The
users were advised to use a simple coding for milling to saves time, since the focus
of the study is to differentiate users’ operation time taken rather than the machine.
The significant improvement and difference in amount of average time needed for
carrying out the operation for second stage of study shows users’ adaptability to
the UOCC machine system and its AR functions. The amount of time needed for
execution of the MMS module significantly shows huge difference among the users
between the ones with and without the AR assist as shown in Table 1.

With the AR assists, the fastest operation time of first stage study for experi-
enced and non-experienced were performed within 12 min and 49 s and 15 min 47 s
respectively. While the slowest execution took completion about within 16 min and
8 s and 20 min 5 s respectively. Meanwhile, the average time taken are 14 min and
16 s and 19 min and 2 s respectively. The average time taken for non-experienced
users with AR guide has surpassed even the average time taken for the experienced
users without AR guide at 25 min and 16 s. This indicates that major improvement

Fig. 2 Images appeared in AR for case study 1
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Table 1 Time taken for case study 1

Time taken to operate UOCC machine system for MMS (Minute and Second)

No. Users with AR guide Users without AR guide

Experienced Non-experienced Experienced Non-experienced

1 12:49 21:13 25:47 43:12

2 16:08 19:24 32:19 34:56

3 14:36 15:47 18:06 35:31

4 14:51 20:05 26:33 38:12

5 12:56 18:44 23:38 36:02

Average 14:16 19:02 25:16 37:34

in terms of time taken on users’ familiarity on using the AR system as well as the
UOCC system. On the other hand, without the AR guide, the fastest operation time
for experienced and non-experienced were lower than users with AR guide at 18 min
6 s and 34 min 56 s respectively. The slowest users were worst with 32 min 19 s and
43 min 12 s respectively. This indicates that the users without AR guides are falling
behind on machining setup process for second stage at significant amount of time.
The AR guide certainly gives advantage over the paper-based instructions due to the
accuracy and real-time layover image that directly helps users to spot the instructions
on the GUIs of the UOCC system.

This is expected due to ability of the experienced users regarding the function
and purpose of the CNC system itself. A beginner user may require more augmented
visualization due to the lack of experience in the manufacturing process [9]. Even
though UOCC is a novel system, experienced users are more familiar with the terms
used for CNC machining and adaptable to the new system.

This gives them less time to pinpoint the icons on the GUI rather than referring to
stack of papers for instructions. The AR also provides brief explanation on the icons
and guide which help the users to understand better the system so that are able to
proceed for the next instructions quicker than their counterparts. The result of using
AR in the UOCC system supported [8] suggestions where AR application increased
efficiency and shorten learning time for the users. Thus, its proven that by using
the AR guide in UOCC application allows even the inexperienced user to operate
UOCC system and machinery more efficiently at a faster time. The users’ opinion
and experience are further analyzed in Case Study 2 to strengthen this claim.

3.2 Case Study 2

Case Study 2 centered around the quantitative approachwhich targeting on collecting
the users’ understanding and experience from operating the UOCC system with the
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UOCCARmobile application through the Case Study 1. The users were given ques-
tionnaire right after they have done operating the UOCC system and CNC machine
to rate their opinions based on their experience. The answers were then analyzed to
strengthen the claim that through the UOCC AR application, their operating time
can be reduced and done efficiently for users. The questionnaire was developed to
assess the experience of the users aiming at assessing the acceptability in the aspect
of ease of use, satisfaction level, approval and time efficiency. There are 6 personal
experience aspects in the questionnaire which used five-point Likert Scale which
allows each of the user to express their level of agreement or disagreement in a more
precise manner. The rating ranging from 1 to 5 to their respective description as
shown in Table 2.

The rate of the users depends on their answer, with more positive description like
‘Strongly agree’ gives 5 rate points whereas ‘Strongly disagree’ gives 1 rate point.
The rating for each question is summed up and averaged to detect the strong point of
application in a more precise and accurate manner. For example, the data for the first
question in the questionnaire as shown Table 3 were collected and the ratings of the
question are summed up and the total score is divided by 10 (the number of users)
to get the average score which is 4.8 (total of 5). This indicates that the users highly
believe that the UOCC AR application does help to assists them understanding the
instructions in the system.

Through the averaged users’ rating from the questionnaire, this study is able to
identify the strength and opinions of the users regarding the acceptability, satisfaction
level and time reduction from using the application. As shown in Fig. 3, the answers

Table 2 Likert scale for case study 2

Rate Description

1 Strongly disagree

2 Disagree

3 Neutral

4 Agree

5 Strongly agree

Table 3 User survey questions in case study 2

No. User survey question for UOCC AR application

1 The application helps assist understanding instructions

2 The application is ergonomic for the user

3 The application is enjoyable for the user

4 The application was easy to use and understand

5 The application reduces time taken to operate UOCC system machine

6 I would prefer to use UOCC AR Application over conventional method to operate CNC
machine
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Fig. 3 Average users’ rating for survey questions in case study 2

from users shows high rating points with maximum of 4.8 and even the lowest at
4.4—which is still considered as a towering point. Question 1, 4 and 5 received the
highest rating at 4.8, which approves the claim that UOCC AR application reduces
time taken for the operating the system through easy use and help understanding
the instructions. Meanwhile, Question 4 and 6 receives second highest rating at 4.6
that indicates the overall experience for the users when using the application. The
users enjoyed using the application and prefer to use it again if given the chance over
the conventional method of operating CNC machine. Lastly, Question 2 with 4.6
rating has the least rate which focused on the ergonomic usage of the machine. The
study believes that the application can be improved through non-held device such
as Smart-Glasses to avoid users from viewing the application more ergonomically.
Involving operators to use an AR system is challenging, since there are few factors
that hinder its acceptance, especially those related to ergonomics [10].

4 Conclusion

This paper has distinctly explained the case study for novelCNCmachining operation
system using UOCC AR to assist users. Nonetheless, the results from this study
overall shows users’ approval and satisfaction using the UOCCAR application while
keeping its aim at reducing time taken for operating the system and machine while
eliminating used ofmanual paper. The result in Case Study 1 shows a significant 56%
improvement of averaged time taken for machine operation by using AR for both
experienced users (14 min as compared to 25 min) and non-experienced users with
50% improvement (19 min as compared to 37 min). Meanwhile, the implementation
of AR is further verified by Case Study 2 through questionnaires which resulted with
users’ high averaged rating approval (4.6 points averaged) which therefore validates
the functionality of the AR application in the novel system.
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