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Abstract - The development of technology and the demands
of Industry 4.0 in the present era are causing
transformations in training and learning methods. These
include the practice of production processes in training for
computer numerical control (CNC) machine operator TU-
3A. Despite the significant contribution, time constraints
often hinder the effectiveness of training activities during
practical sessions. Therefore, this research aimed to
develop an Augmented Reality (AR) application to support
practical training in production processes. The application
was designed to provide instructions or basic training in
operating the CNC machine TU-3A using the Unity
platform and Vuforia Engine with the ground plane
method. The design enabled the visualization of 3D model
of the CNC machine TU-3A and data were obtained using
guantitative methods. The results showed that the System
Usability Scale (SUS) testing on AR CNC application,
conducted through a questionnaire with 40 respondents,
obtained a final SUS score of 71.13. This suggested that the
AR CNC application was suitable for implementation as a
supplementary medium for training/learning the
fundamentals of operating the CNC machine TU-3A.

Keywords: Augmented Reality, Production Process, Unity,
Vuforia Engine, Black Box Testing, System Usability Scale.

I. INTRODUCTION

Augmented Reality (AR) is a technology widely
recognized as a relevant topic of contemporary discussion.
This technology is capable of integrating the virtual-world
with the real-world in varying proportions, enabling a level of
immersion that any other virtual equipment cannot achievef!.
In AR, users can view the surrounding natural world while
adding virtual objects generated by system!?. This technology
has been extensively developed for various purposes, such as
surgery, hazardous environment monitoring, engineering, and
training machine operators, including computer numerical
control (CNC). When implemented in the training process of
industrial operators, better communication between machines
and humans can be achieved . This suggests AR can
accelerate the reconfiguration of production lines, support
operator tasks, implement virtual assembly parts training,
manage warehouse efficiency, enhance advanced diagnostics
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connected with modules, and minimize risks in the
environment. Furthermore, companies can indirectly reduce
training time and costs, such as downtime and assembly, along
with the percentage of errors in terms of quality .,

The development of AR technology is supported by the
evolving phases of the industry, known as the Fourth
Industrial Revolution, or Industry 4.0 ®l. In this industrial
phase, automation, data exchange, robotics, and artificial
intelligence become the main topics . Industry 4.0 addresses
the challenges of digitalization by including humans and
introducing the 31 aspects (Intellect, Interaction, and Interface)
for factories to enhance the adoption of smart technology
toward the vision of smart manufacturing. According to the
National Institute of Standards and Technology (NIST), smart
manufacturing is a fully integrated, collaborative
manufacturing system that adapts to demands in the supply
network and customer needs in real-timel™,

The concept of “Operator 4.0” which refers to the
modernization of workforce skills to meet industrial demands,
shows the need for innovative training methods®® [,
Conventional methods of operator training are limited by time
and resources. However, with the occurrence of technologies
such as AR, training methods can be significantly transformed
to enhance efficiency and effectiveness .

The development of AR application as a learning
medium represents one of the latest innovations in the
educational world®?. Based on the description, this research
aimed to implement an AR application as a learning medium,
specifically for training/learning about the basics of operating
the CNC TU-3A machine in the production process. To
implement the application, several software tools were used,
including Solidworks for modeling the 3D CNC TU-3A
machine as well as Unity 3D and Vuforia Engine for
integrating the system with the 3D model.

In this research, black box and usability testing through
the System Usability Scale (SUS) method were applied to
validate AR application. Black box is a functional testing
method that designs test cases based on information and
specification "%, The SUS testing method was developed or
initiated by John Brooke in 1986, which was recognized as
fundamental for evaluating products and systems ™.

www.irjiet.com 14



. =
™

IRJIET

Il. METHODOLOGY

This research was carried out following several phases.
The first phase included conducting a literature review on AR
technology, focusing on exploring the principles of AR
technology and implementation in the educational context.

The second phase included gathering data such as
specifications and dimensions of CNC machine, to support the
development of AR model. The third phase was the
conceptual design of AR, where concepts were developed
regarding the application to support training/learning on the
basics of operating the CNC TU-3A machine in production
process. After the concept was determined, the process was
followed by developing AR application.

The fourth phase included testing the developed AR
application to validate performance. In the fifth phase,
analysis and discussion were conducted to determine the
effectiveness of AR in assisting students/operators in learning
about the CNC TU-3A machine.

2.1 Concept Design of AR Application Workflow

The first phase in developing AR application is to create
a design/concept of the User Interface flow. This scenario
shows the workflow of the developed application system.
Figure 1 shows the workflow diagram of the AR application

system for CNC TU-3A.
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Figure 1: Workflow of AR Application System

2.2 3D Model Design of CNC TU-3A Machine

The creation of the 3D model of the CNC TU-3A
machine serves as a visualization to be shown in the AR
application, allowing users to easily observe the CNC machine
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Figure 2 shows the 3D model of the CNC machine TU-3A
created with Solidworks.
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Figure 2: 3D Model of CNC TU-3A Machine
2.3 Development of Augmented Reality Application

The development of AR application focuses on its
implementation as a supporting tool for training and learning
the basics of operating the CNC TU-3A machine in production
process practicums. This application offers a new experience
with engaging 3D model visualizations. Figure 3 shows the
steps included in developing the AR application for CNC TU-
3A using Unity software and the Vuforia Engine Software
Development Kit (SDK). Specifically, the SDK serves as an
additional module to aid Unity in developing AR application,
with several features such as efficient identification, rendering,
and tracking [12].

| Unity Environment Settings
| Creuting a New o Install Editor and Choose Platform I
. |Project AR in Unity Module {Android) |
: Modify Player I
! Configuration |
Library dan Assets l I
lmport Asset License Key Import Vuforia I
P N Coniguration Engine SDK

Design Application
User Interface
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g Method |
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Creating Scenarios Programming

______________________________ 3
through a 3D interface without direct physical access. This I Aplication Deployment 1 I
model was developed using Solidworks software and Installing and o ;
) . I Annficaii t']:.{ . [« Application Build I
subsequently exported in .3dxml file format to enable ! AppHicAlion Running 5
importation into CAD Exchanger Lab. The CAD Exchanger - e ey
software p_Ia_lye(_j an_ essentl_al role in converting _the flle_format Figure 3: Workflow of AR CNC TU-3A Application Development
to.fbx, facilitating integration of the 3D model into Unity 3D.
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2.4 Validation of Augmented Reality Application

The AR application for operating CNC machines was
tested to validate performance using black box and usability
testing. Black box testing focused on the functional aspects of
the application 1% 131,

Usability testing is a method applied to evaluate the
performance of a system in a product. The method used in
usability testing is the System Usability Scale (SUS). This
assessment method uses a questionnaire with 10 statements
rated on a 5-point in scale, ranging from strongly disagree (1)
to strongly agree (5). The calculated results provide a
comprehensive and subjective assessment of usability!™.
Usability testing consists of 5 components, namely
learnability, efficiency, memorability, errors, and satisfaction.
The formula for calculating the SUS score is as follows:
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sus ={(e,-1)+(e,-1)+(e 5-1) @
+(Q 7_1)"'(0 9_1)]
-0 Jr(s-0 )r-e )
+(5-0 o)+ (5-0 )]} x2s

sus ={(e ,+e,+e +0,+0 ,)-5]+[25 @

—(Q ,+Q ,+Q (+Q 4+0Q )}
X 2,5

I11. RESULTS AND DISCUSSION
3.1 Black Box Testing of AR CNC Application

The results are obtained from predefined scenarios
regarding black box testing. When the test results match the
predetermined outcomes, the values are considered valid. The
black box testing results for the AR CNC TU-3A applications
are presented in Table 1.

Table 1: Black Box Testing Result of AR CNC Application

Scenario and Test Results

No Test Case

Validation Status

Display

1 Menu About

2 Menu “Start”

Testing Scenario

The Expected Outcomes

Navigate to the “about” scene
containing
about the

explanations
developed

application

An exposition explaining the
AR CNC application was

created

Succeed

Navigate to the “AR” scene
that activates the camera to
scan the ground plane and
display the 3D model of the
CNC TU-3A machine

Displaying the 3D model of
the CNC TU-3A machine and
three  functional buttons:
Overview, Operating, and

Machine Parts Succeed
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3 Menu Transitioning to the Displaying instructions on
“Instruction” “instructions” scene  how to use the application
containing guidance on how
to use the application
Succeed
4 Menu Transition to the “overview” Displaying 3  functional
“Overview” scene displaying 3 functional  button: CNC Machine, CNC
button: CNC Machine, CNC  TU-3A, and CNC TU-3A
TU-3A, and CNC TU-3A  Specifications
R Specifications
cmc Tu3a Succeed
Spesiraast Coc TU-34
5  Button “CNC Switch to the “CNC Displaying a general
machine” machine” scene displaying a  explanation of the CNC
general explanation of the machine
CNC machine
Succeed
6 Button CNC Switch to the “CNC TU-3A  Displaying a general
TU-3A machine” scene displaying a  explanation of the CNC TU-
general explanation of the 3Amachine
CNC TU-3A machine
Succeed
7  Button Switch to the “specification”  Displaying the specification
Specifications scene displaying the  of CNC TU-3A machine
TU-3A specifications of CNC TU-
3A machine
Succeed
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Switch to the “machine
parts”  scene  displaying
functional buttons, such as
Arbor button, vice button,

Displaying functional
buttons, such as Arbor
button, Vice button, Tool post
button, Motor DC button

8 Menu Machine
part

9 Button Arbor

10 Button  Tool
holder

11 Button vise

12 Button Motor

DC

tool post button, Motor DC Succeed
button
Displaying Arbor explanation ~ Provides an explanation of
panel the Arbor

Succeed
Displaying  tool  holder Provides an explanation of
explanation panel the tool holder

Succeed
Displaying vise explanation Provides an explanation of
panel the vise

Succeed
Displaying the explanation Providing an explanation
panel for DC motor about the DC motor

Succeed
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13 Button
additional
devices

14  Menu
Operation

15 Button Manual
Book
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Displaying the explanation
panel for additional devices

Providing an explanation
about additional devices

16  Button
Checklist

Succeed
Switch to the “operation” Display the function buttons
scene and display several for the “manual book” and
function buttons, namely “checklist”
“manual book” and
“Checklist” buttons Succeed
Moving to the “manual Provides comprehensive
book™ scene, which contains instructions on how to
detailed explanations about operate the CNC TU-3A
the operation of the CNC  machine
TU-3A machine Succeed
Moving to the “checklist” Displaying the sequences of
scene, which contains the the steps required to operate
items or steps that must be the CNC TU-3A machine,
completed when operating accompanied by checklist to
Succeed

the CNC TU-3A machine

assist with the verification

The black box testing result in Table 1 shows that AR
application CNC TU-3A functions as expected, as indicated
by the 3D model. However, the ground plane feature in
Vuforia Engine has limitations on some smartphone models.

3.2 System Usability Scale Testing of AR CNC Application

The SUS testing included a questionnaire administered to
40 respondents, consisting of 5 laboratory assistants of CNC
and mechanical engineering students (currently undergoing
production process practicums). The questionnaire comprised
5 biometric questions and 10 statements for SUS assessment.
Biometric questions were used to gauge respondents'

familiarity with AR implementation. Table 2 shows the
arrangement of biometric questions in the questionnaire.

Table 2: Biometric Questions

Code Question
Q1  Areyou familiar with the CNC TU-3A machine?
Q2  Have you ever operated the CNC TU-3A machine?

Q3 Do you find it challenging to understand the
operation of the CNC TU-3A machine?
Q4  Are familiar with the Fourth Industrial
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Revolution?

Q5 Are you familiar with Augmented Reality

application systems?

The graph in Figure 4 shows the result of the biometric
identification form filled out by the CNC Laboratory assistants
group.

Percent (%)

Ql 2 Q3 Q4 Qs

Biometric Questions

Figure 1: Graph of Biometric Identification of CNC Laboratory
Assistants Respondents

Based on the graph shown in Figure 4, laboratory
assistants do not encounter difficulty understanding the
operation of the CNC TU-3A machine. The survey results
demonstrate that participants exhibit a high level of
familiarity and operational competence with the CNC TU-
3A machine, as evidenced by the 100% positive response
rates for questions on machine familiarity, operational
experience, and awareness of the Fourth Industrial Revolution.
Conversely, familiarity with Augmented Reality (AR)
application systems was markedly lower at 60%, indicating a
knowledge gap in emerging digital technologies.
The absence of a significant positive response for the question
regarding operational challenges suggests that the CNC TU-
3A machine is generally considered user-friendly and easily
understood by the participants.

80%

60%

Percent (%)

40%
20%
0%

Q1 Q2 Q3 Q4 Qs
Biometric Questions

Figure 2: Graph of Biometric Identification of Fourth-semester Student
Respondents
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Based on the graph shown in Figure 5, all respondents
have operated the CNC TU-3A machine before. However,
approximately 60% of respondents still face difficulties in
understanding the operation of the CNC TU-3A machine. This
suggests that respondents’ knowledge regarding AR
application still needs to improve, as only 30% have
understanding of the system. Table 3 shows the 10 statements
used to asses SUS, comprising 5 negatively and 5 positively-
toned.

Table 2: System Usability System Testing Statements

Code Statement

Q1 I would love to use this application

Q2 | need to find the AR application system to be

simpler to use

Q3 | think this application system is easy to use

Q4 | need assistance from laboratory assistants to use

this application

Q5 | think various functions and data displays in this

application are well-integrated

Q6 There are too many functions and inconsistent

displays in application system

Q7 | believe other users will quickly understand how to
use this application to operate the CNC TU-3A

machine

Q8 | think the system in this application is not practical

to use

Q9 I am confident in using this application

Q10 | need to learn a lot before I can start using this

application

The range of scores used for the SUS assessments is
shown in Table 4.

Table 3: Range of SUS Testing Score

No Answer Score
1  Strongly Disagree 1
2  Disagree 2
3 Neutral 3
4 Agree 4
5 Strongly Agree 5

Table 5 shows the calculation results of SUS scores filled
out by all respondents.
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As shown in Table 5, the calculation results of SUS score
indicate that the average value across all respondents is 71.13.

Score . .
Resp The formula used for calculating the SUS score is expressed
Q[ Q23|45 Q| Q7[Q8][Q]Q| sus
onde below:;
91| 1| Score
nts 0 o
x =2Xg
1 5| 342524 2]4f[2] 775 "
2 |53 |42 |5 38 ]|a]|2|4[2] B x =281 125 (7143)
3 (42525 1|5 |1 ]|4]2] 875 40
4 3| 3| 4| 3| 4] 3 |5] 3 |33 60 Note:
5 5 [ 3] 3[3[s5]|]3|3]2]4[3] 65 x = Average value
6 3|3 |3 3|3 ]33] 3 |3]|3] 50 Y x = Total SUS value
7 3|3 | 4|2 3|3 |4 2|32 625 n = Number of respondents
8 4 214134 2]5s5]21]3][3] 70
9 32433 [2]4]3][3]2] 625
10 4 3 4 3 5 3 3 2 4|3 65 Ry NOT ACCEPTABLE MARGINAL
1 5 2| s |15 [1]5]1][s5]1] 975 o
2 (3|2 4324242 43| 675 S E L ollclBlAl
ADJECTIVE WORST BEST
13 4 3 4 3 4 2 4 1 42| 725 RATINGS GBS FOiOR Cj °°|°3‘ BICRLENT  ngial
% | 4| 2| 424|343 |3[3] 6 kil i bl el s bttty By
5 | 4 | 2| 4|2 | 41|42/ 4|3] 75 0 10 20 30 40 50 60 70 80 90 100
6 [ 4] 3][5 |35 ]2]5]]1][5]3] 8
SUS Score
7 [ 4] 233425 2]4f[a] 675
18 4 3 3 3 4 3 5 2 | 4|4] 625 Figure 3: System Usability Scale (SUS) Scores from All Respondents
19 [ 424243 ]4]2]4a[3] 70 . ) .
Based on Figure 6, the combined SUS score obtained
20 [ 53] 435 ] 1[5]1]5]2] 8 . L
from all respondents is 71.13. The value falls within the range
21 2 2 .
51313 3 S 1333 0% of 70 to 80, which correlates to a grade category of C and an
22 A2 424242330 "OK" rating on the adjective rating scale. This shows that
28 142131341213 2|42 675 according to all respondents, the use of AR application for
24 |4 |3 1 4| 3| 4| 2|5 |2 4/2) 725 CNC machines is relatively good. In terms of acceptability
25 3 |3 |3 |2 | 4|3 |4 |3 |3]3]| 575 ranges, correlating the SUS score obtained from all
26 | 4 [ 33| 2]4]3]3]2][3][1] 65 respondents places the application in the "acceptable" range.
27 5 | 2 | 4| 3| 3] 21 41 |4]4] 70 Therefore, AR application is considered suitable for use as a
28 2 1 2141 2141115111504 80 support tool for training in operating the CNC TU-3A
29 [ 4| 25| 1425242 826 machine.
30 [ 333333 3] 3 ][3[4] 475
IV. CONCLUSION
31 [ 53|44 2435 2]4[3] 725
32 5|15 1]|s5]1]5]1][5][3] 9 In conclusion, this research successfully developed and
33 4 21435242/ 4]3] 725 implemented AR application CNC TU-3A using the ground
34 42 214 214121412 ala] 710 plane method to show 3D objects. However, this method only
3 1 413131 213131 212 3l3] &0 showed 3D objects on specific Android devices. The black
% 51353 5252 23 7is box testing obtalnef:i the expe.ctec.i results,_conflrmmg that all
= T2 324242z 33 65 menus and buttons in the_ e}ppllcat_lon _functlgn according to the
planned workflow. Usability testing including 40 respondents
38 [ 52425 ]2]4]1]5[3] 85 . .
produced a good outcome, with a final SUS score of 71.13 and
39 [ 5 24214 2]5]2T/4]2] 80 . . .
was in the C category grade. When correlated with adjective
40 ol I R R A I e rating scales, the value was within the "OK" range, showing
Total 2845 acceptable results.
Average SUS Score 71,13
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