
 

 

 

 

 

698 | P a g e  

 

The Design of Prototyping Model Virtual Laboratory-

Based Computer Numerical Control Course 

Febri Prasetya1*, Bayu R. Fajri2, Budi Syahri1, Yufrizal1, Aprilla Fortuna1, M. Iqbal 

Parezi1 

1 Mechanical Engineering Department Universitas Negeri Padang 
2  Animation Study Programme Universitas Negeri Padang 

*Corresponding author. Email: febriprasetya@ft.unp.ac.id    

ABSTRACT 

With the advent of the Merdeka Belajar Kampus Merdeka policy, universities are obligated to implement technology-

based learning to guide students to have 21st-century skills, one of which is digital media innovation, as a result of the 

growth of information technology in the form of building opportunities. The use of Virtual Laboratory, a technology 

that enables users to carry out real learning with user models in the form of avatars that can interact through the virtual 

world in real-time, is one solution to the issue of the implementation of practicum learning, especially in lectures at 

universities as an alternative to learning in designing learning media. The goal of the computer numerical control course 

offered by the Department of Mechanical Engineering at the Universitas Negeri Padang is to provide students with 

hands-on experience operating CNC machines in a simulated but realistic learning environment. This research aims to 

design Virtual Reality-based learning media as a Computer Numerical Control course used in virtual laboratory 

simulations. Virtual Laboratory media is designed using a research method with a prototyping model approach: 1) 

listening to customers, 2) building/revising mock-ups, and 3) customer test driver mock-ups that are reviewed as needed 

in fulfilling all the criteria of a comprehensive learning media system. The results of black box testing and verification 

of the Virtual Laboratory CNC application design show that the CNC programming practicum learning process can run 

as expected, reduce the cost of cutting tools, and increase student motivation in the Virtual Laboratory design learning 

process. 
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1. INTRODUCTION 

The Merdeka Belajar Kampus Merdeka policy 

introduced in 2019 is one educational paradigm shift 

focusing on educators and students. This policy 

encourages Indonesian students to be more creative, 

innovative, and independent [1]–[3]. Providing choices 

and freedom of thought in designing education itself is 

expected to spur motivation and critical thinking skills 

ready to face real challenges. The gap between university 

education and the world of work needs to be improved to 

make it more relevant according to current needs [4], [5]. 

Universities must be able to apply technology-based 

learning in building human resources that are following 

21st-century skills [6]–[8]. The development of 

technology and information changes learning patterns, 

including opening information and interacting with 

others [9]. Therefore, universities are expected to adopt 

and integrate technology into learning. The following are 

significant benefits that technology provides for 

universities: a) Broad accessibility provides 

opportunities to access educational resources online 

flexibly and independently; b) Flexibility of time and 

place of technology-based learning; c) Interaction and 

collaboration between lecturers and students in 

broadening insights on the development of collaborative 

projects, d) enrichment of learning with technology such 

as animation, simulation, and other interactive materials, 

e) development of 21st-century digital skills in the use of 

software, data analysis, an online collaboration that 

fosters creative and critical thinking. 
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One way of utilizing information technology that is 

currently developing is the use of Augmented Reality 

(AR) technology and Virtual Reality (VR) technology 

which offers users a lifelike picture of the merging of the 

real world with the virtual world seen from the same 

place [10]–[13]. In recent years the development of 

Virtual Reality technology has provided benefits and 

potential in various fields, especially in the field of 

education, which is used in creating an immersive and 

interactive learning environment through applications 

with 3D visualization in exploring concepts and theories 

that require image reconstruction analysis [14], [15]. This 

technology allows professionals to train in a safe and 

controlled virtual environment that mimics real situations 

without physical risks or high costs. 

Vocational higher education plays an important role 

in producing quality graduates whose qualifications meet 

the criteria to answer the challenges faced by the 

Indonesian nation when courses are more practical than 

theoretical [16]–[18]. Basic competencies in a practicum 

course are not achieved, which is focused on technology 

and engineering study programs, where the basic 

knowledge to be obtained is the use and operation of tools 

or machines that are quite complex and complicated. 

Usually, these tools are rarely found in the community 

and can be found in certain laboratories. The Laboratory 

is one of the student lecture facilities that has not been 

maximally implemented because the post-Covid-19 

pandemic has changed learning patterns from active to 

passive, so there is a need for alternatives and further 

application of the use of virtual technology as a distance 

learning facility for practicum [19]–[21]. 

So the need for learning media as a means of 

practicum in remote conditions by utilizing Virtual 

Reality technology that allows users to interact with a 

virtual world environment simulated by digital devices so 

that users can feel directly in the virtual environment. 

Virtual Reality begins with the user seeing the virtual 

world, which is a dynamic image derived from computer 

simulations [22], [23]. Then, using tools such as virtual 

reality glasses, users can interact with the virtual world 

and receive real, physical and imaginary feedback [24]–

[26]. Courses conducted virtually using virtual reality 

technology are run in interactive computer simulations, 

especially three-dimensional ones [27]. Therefore, 

researchers are interested in designing an application in a 

virtual laboratory as an alternative source of CNC 

programming materials. The CNC Programming course 

is a material that explores the use of manufacturing 

machines such as lathes and milling machines using the 

software. 

2. METHOD 

This study uses the Software Development Life Cycle 

(SDLC) prototyping approach by examining the fast-

paced cycle of data collection and testing on the 

functioning application created through recurrent 

contact. The steps that constitute the prototype process 

[28] As shown in Figure 1 presentation, a learning media 

application is constructed in three steps. 

 

Figure 1. Prototyping Method 

First, it starts with listening to the Customer. The 

developer (creating the 3D virtualization trainer) and the 

Customer (the Customer using the 3D virtualization 

trainer) meet to set up goals and needs and collect data 

[29]. Data collection steps are provided as primary and 

secondary data sources. Primary data sources are carried 

out through direct observation monitoring the use of 

conventional teaching aids in CNC programming 

material. Furthermore, secondary data sources use a 

literature review which aims as basic information in 

designing hologram media design prototypes. At this 

stage, it is discussed about the need to make learning 

media to determine and compile the desired learning 

material. 

In the next stage, namely building/revising the mock-

up (design), the design process is carried out actively, and 

the design is carried out repeatedly in the form of 

software that can later be following the wishes of the 

Customer [30]. Based on Customer needs in building or 

building 3D virtualization props appropriately, starting 

with modeling CNC TU 2A and 3A machine objects 

using the blender application, then designing an 

application or hologram program system. The design is 

done by designing 3D virtualization props that meet 

customer needs. 

In the last stage, the Customer test-drives the mock-

up (evaluation). Evaluate the prototype built on the 

software and clarify the customized requirements [31]. 

Evaluation of the final results of the design is then 

evaluated by various parties, such as customers, who aim 

to find out whether 3D virtualization props meet 

customer desires. Testing prototype applications or 

hologram program systems uses black-box testing 
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techniques. If it is not appropriate, the developer can 

repeat the first step. 

3. RESULT AND DISCUSSION 

This research produces learning media by utilizing 

Virtual Laboratory (VR Lab) digital technology for 

students of the Mechanical Engineering Department of 

Universitas Negeri Padang. Learning media in CNC 

(Computer Numerical Control) courses are used on this 

Virtual Reality headset device in the form of diving 

goggles with closed lenses such as diving goggles called 

VR box, where the smartphone is located, which 

functions to project virtual images in real time. [32]. 

Virtual Laboratory is designed as software developed 

using web access with files that can be installed on 

Virtual Reality headset devices and Windows. 

3.1. Listen to the Customer 

Virtual Laboratory CNC (Computer Numerical 

Control) is a solution that allows users to learn and 

practice in a near-reality simulation environment using 

CNC software [33]. In the needs analysis for the CNC 

Virtual Laboratory, some important factors to consider 

include: 

3.1.1. Functions and Features 

 First, it is necessary to analyze the functions and 

features required in the CNC Virtual Laboratory. These 

include accurate CNC machine simulation capabilities, 

CNC programming capabilities, cutting process 

simulation, toolpath movement simulation, and so on 

[34]. Ensure that the CNC Virtual Laboratory can provide 

features relevant to the user's needs, both for beginners 

who want to learn the basics of CNC and for more 

experienced users who want to train learners' skills. 

3.1.2. Simulated Environment 

It is also necessary to analyze the simulation 

environment provided by the CNC Virtual Laboratory. 

Preferably, the simulation environment includes various 

commonly used CNC machines, including milling 

machines, lathes, and other cutting machines [35]. Ensure 

that the CNC Virtual Laboratory can simulate a real 

working environment by considering the type of 

materials, tools used, and different processing conditions. 

3.1.3. Availability of Learning Materials 

A good Virtual Laboratory CNC learning should 

provide comprehensive and interactive learning materials 

[36]. This can be in the form of CNC programming 

guides, step-by-step tutorials, demonstration videos, and 

sample programs that can be used to learn and practice. 

Ensure that the CNC Virtual Laboratory provides enough 

resources to assist users in understanding important 

concepts and improving skills in using CNC machines. 

3.1.4. Platform Availability and Support 

Ensure that the CNC Virtual Laboratory can be 

accessed using a platform like a personal computer, 

laptop, or mobile device [37]. Ease of accessibility will 

allow users to learn and practice anytime and anywhere. 

Additionally, technical support is also an important factor 

to consider. Ensure adequate support regarding queries, 

technical issues, and troubleshooting regarding the use of 

the Virtual Laboratory CNC. 

3.1.5. Customization and Progress Monitoring 

A good CNC Virtual Laboratory should allow users 

to customize their learning experience. For example, 

users should be able to set the difficulty level, select the 

type of exercise, or set specific challenges. In addition, 

the CNC Virtual Laboratory should also provide progress 

monitoring features, such as training statistics, 

performance evaluation, and feedback that help users 

track and improve learners' abilities [38]. 

3.2. Build/revise Mock-up 

The Virtual Laboratory CNC learning media is 

designed using several supporting software such as 

Spoke by Mozilla to arrange the layout of 3D assets that 

have been built in the blender application for learning 

CNC programming, which is built using the C# 

programming language. Creating layouts and inserting 

3D assets is done using Mozilla's Spoke to create a 

Virtual Laboratory Computer Numerical Control 

simulation model that can move virtually interactively 

and interact with virtual environments and theoretical 

spaces that have been available.  

3.2.1. Designing a Story Board 

Virtual Laboratory learning media is a single user 

accessed by one user and requires VR support devices, 

namely VR Box, as the main hardware in operating 

Virtual Laboratory [39]. The steps of developing a 

storyboard for Virtual Reality learning media: 1) prepare 

a VR Box device that works properly, 2) Install the 

application that has been designed in the form of a 

prototype, 3) Use the VR Box device on the user's head 

to get a virtual environment experience, 4) Register the 

user, whether as a lecturer or student, 5) After registering 

the user will be at the spawn point as an avatar that can 

access all features on the Virtual Laboratory CNC that 

has been successfully designed by the application 

developer. 
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Figure 2. Flowchart Story Board 

3.2.2. 3D Asset Design 

3D object assets and texturing are made using the 

Blender application. Here are the 3D objects that have 

been made: 

 

Figure 3. TU-2A CNC Machine 

 

CNC Training Unit 2 Axis is a machine specifically 

designed to provide training in the operation and 

programming of CNC machines that have components, 

namely: workbench, spindle, X, and Y shafts, motor, and 

control system [40]. The type of programming used is G-

code or M-code, executed using a computer system set to 

the X and Y axis points as needed. 

 

 

Figure 4. TU-3A CNC Machine 

 

CNC Training Unit 3 Axis machine is a machine that 

can move cutting tools or tools in three axes: X 

(horizontal), Y (horizontal), and Z (vertical) [41]. Before 

operating, the 3 Axis CNC Training Unit machine needs 

to be calibrated and set to a defined starting position. This 

involves moving the three-axis X-Y-Z shaft per the 

specified coordinates at a preset reference position so the 

machine can run in the correct range. 

 

 

Figure 5. CNC Milling Machine Unit Production 

 

The working principle of a CNC milling machine 

production unit has the main steps, namely: preparation 

in operating a CNC milling machine starts from 

determining the specifications of the workpiece, the 

selection of cutting tools, to the determination of the 

starting point position (zero point) of the X, Y, Z axis and 

inputting G-code and M-code [42]. Instructions are given 

to set the movement of the cutting tool, cutting, cutting 

speed, and other parameters. Once usage is complete, the 

unit's production CNC milling machine needs to be 

properly maintained and cared for. This involves 

cleaning, lubrication, regular checks, and maintenance 

according to the instructions provided by the 

manufacturer. 
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Figure 6. Supporting 3D Assets 

 

The 3D assets designed in the Virtual Laboratory 

environment are whiteboards, long tables, short tables, 

chairs, and educational posters about work safety, all 

designed virtually. After all the assets were successfully 

designed, the assets were inputted into the Virtual 

Laboratory Environments layout. 

3.2.3. Design of Prototype 

Virtual Laboratory is made in the form of an 

application operated on an Android-based VR Box 

device with minimum specifications of v6.0 

(Marshmallow). In the design of the system, first set the 

3D environment in the form of lathes, milling machines, 

TU-3A CNC machines, long tables, short tables, chairs, 

blackboards, and Virtual Laboratory rooms that are 

adjusted to the coordinates of the position of other virtual 

objects. Virtual Laboratory is built based on the 

suitability of the CAD / CAM / CNC Laboratory of the 

Department of Mechanical Engineering, Universitas 

Negeri Padang. 

 

 

Figure 7. Virtual Laboratory Environments 

 

The 3D assets and Virtual Laboratory CNC 

environment successfully built in the Blender application 

will be imported to Spoke by Mozilla: 

https://hubs.mozilla.com/ to be arranged based on the 

needs using the operator account by clicking "New 

Project" and can choose the available rooms.  

3.3. Customer test-drives the mock-up 

Before testing, the Spoke by Mozilla application must 

be published or general access so that Virtual Laboratory 

CNC can be used on the server of the user who accesses 

it. The trick is to press the Publish to Hubs button in the 

image below, and you will receive a request to change the 

screen name and add your attribution, and finally, press 

the Allow Remixing button. 

 

Figure 8. Publishing Virtual Laboratory 

3.3.1. Blackbox Testing 

Testing shows whether the application can work 

properly and according to the previous plan. The tests 

consisted of a) Displaying the application with the home 

screen and main menu on Hub, spoken by Mozilla. b) 

Testing the user's character control, especially at the 

spawn point, the avatar controller on the Oculus Rift can 

act according to the user's control. c) accuracy is 

improved by testing the contact between the character's 

finger and the shot and control panel; the better the touch. 

d) search test for each virtual object marked with a virtual 

object using the avatar's hand virtually. 

 

Figure 8. Spawn Point 

 
The following is a display of spawn points that have 

been set up to be used by users to try the application 

simulation with black box testing to see the functionality 

of applications that have been successfully designed [43]. 

 

 

 

 

 

https://hubs.mozilla.com/
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Table 1. Blackbox testing results 

No Indicator of Assessment Result 

1 
The Virtual Laboratory main menu 

displays correctly, as expected. 
√ 

2 
The application usage instructions 

page runs as expected. 
√ 

3 
Runs successfully on Android and 

Windows devices. 
√ 

4 
Virtual Laboratory CNC app 

navigation works well. 
√ 

5 
Successfully display the 3D asset 

design. 
√ 

6 

The CNC machine simulation tutorial 

video was successfully displayed on 

the application. 

√ 

7 

The back sound in the Virtual 

Laboratory application has a clear 

sound. 

√ 

8 
Successfully display all descriptions of 

3D assets that have been designed. 
√ 

9 
Display a virtual simulation of CNC 

machine axis points successfully. 
√ 

10 

Able to display clear information on 

educational posters about occupational 

safety and health. 

√ 

4. CONCLUSION 

Based on the results of the prototyping design, the 

Virtual Laboratory application model has been 

successfully designed on Blender software, spoken by 

Mozilla, and using the C# programming language. This 

research produces learning media as Virtual Laboratory 

technology-based learning tools in CNC programming 

courses based on analyzing the wholeness of listening to 

the Customer, building/revising mock-ups, and 

Customertest-drivings the mock-up. Obtained from black 

box testing with assessment indicators, as many as ten 

main points obtained the results that the Virtual 

Laboratory application successfully runs as expected. 

AUTHORS' CONTRIBUTIONS 

All the researchers contributed to the paper. F. 

Prasetya, Budi Syahri and A. Fortuna conducted the 

research and wrote the paper. B.R. Fajri and M. Iqbal 

Parezi analyzed the data and checked the whole one, and 

Y. Yufrizal reviewed and resolved the papers. All authors 

accepted this final version. 

ACKNOWLEDGMENTS 

We would like to extend our gratitude to the 

Department of Mechanical Engineering, Faculty of 

Engineering at the Universitas Negeri Padang for having 

already provided the necessary research permits. 

REFERENCES 

[1] H. Hersusetiyati and M. P. Chandra, "The Policy of 

Merdeka Belajar Kampus Merdeka (MBKM) In 

Synergy With Sustainable Development Goals 

(SDGs) To Realize Quality Education On Society 

5.0," in International Conference on Government 

Education Management and Tourism ( ICoGEMT ), 

2022, vol. 1, no. 1, pp. 1–7. 

[2] D. Ishak, "Mechanism, Implementation, and 

Challenges in Independent Campus Education 

Policy in Indonesia," Int. J. Sci. Soc., vol. 3, no. 4, 

pp. 52–63, 2021, doi: 10.54783/ijsoc.v3i4.393. 

[3] A. Al Yakin, Muthmainnah, S. Ganguli, L. Cardoso, 

and A. Asrifan, "Cybersocialization Through Smart 

Digital Classroom Management (SDCM) as a 

Pedagogical Innovation of 'Merdeka Belajar 

Kampus Merdeka (MBKM)' Curriculum," Digit. 

Learn. based Educ., pp. 39–61, 2023, doi: 

10.1007/978-981-19-8967-4_3. 

[4] A. Oke and F. A. P. Fernandes, "Innovations in 

teaching and learning: Exploring the perceptions of 

the education sector on the 4th industrial revolution 

(4IR)," J. Open Innov. Technol. Mark. Complex., 

vol. 6, no. 2, p. 31, 2020, doi: 

10.3390/JOITMC6020031. 

[5] J. Torous et al., "The growing field of digital 

psychiatry: current evidence and the future of apps, 

social media, chatbots, and virtual reality," World 

Psychiatry, vol. 20, no. 3, pp. 318–335, 2021, doi: 

10.1002/wps.20883. 

[6] H. Azis and Yulkifli, "Preliminary research in the 

development of smartphone-based e-module 

learning materials using the ethno-STEM approach 

in 21st century education," in Journal of Physics: 

Conference Series, 2021, vol. 1876, no. 1, pp. 1–5. 

doi: 10.1088/1742-6596/1876/1/012054. 

[7] M. Jannah, L. D. Prasojo, and M. A. Jerusalem, 

"Elementary School Teachers' Perceptions of 

Digital Technology Based Learning in the 21st 

Century: Promoting Digital Technology as the 

Proponent Learning Tools," Al Ibtida J. Pendidik. 

Guru MI, vol. 7, no. 1, p. 1, 2020, doi: 

10.24235/al.ibtida.snj.v7i1.6088. 

[8] T. Sumiati, N. W. A. Majid, C. Motilal, and D. 

Indrian, "Indigenous Wisdom and Technology-

Enabled Learning: Efforts to Prepare LPTK 

Graduates for the 21st Century," in 3rd 

International Conference on Learning Innovation 

and Quality Education (ICLIQE 2019), 2020, vol. 

397, pp. 1313–1320. doi: 

10.2991/assehr.k.200129.160. 

[9] A. Szymkowiak, B. Melović, M. Dabić, K. 

Jeganathan, and G. S. Kundi, "Information 

technology and Gen Z: The role of teachers, the 

internet, and technology in the education of young 

people," Technol. Soc., vol. 65, p. 101565, May 

2021, doi: 10.1016/J.TECHSOC.2021.101565. 



  

704 | P a g e  

 

[10] R. V. Kozinets, "Immersive netnography: a novel 

method for service experience research in virtual 

reality, augmented reality and metaverse contexts," 

J. Serv. Manag., vol. 34, no. 1, pp. 100–125, Jan. 

2023, doi: 10.1108/JOSM-12-2021-

0481/FULL/XML. 

[11] S. Dargan, S. Bansal, M. Kumar, A. Mittal, and K. 

Kumar, "Augmented Reality: A Comprehensive 

Review," Arch. Comput. Methods Eng., vol. 30, no. 

2, pp. 1057–1080, Mar. 2023, doi: 10.1007/S11831-

022-09831-7/METRICS. 

[12] T. N. Fitria, "Augmented Reality (AR) and Virtual 

Reality (VR) Technology in Education: Media of 

Teaching and Learning: A Review," Int. J. Comput. 

Inf. Syst., vol. 4, no. 1, pp. 14–25, 2023, [Online]. 

Available: 

https://ijcis.net/index.php/ijcis/indexJournalIJCISh

omepage-https://ijcis.net/index.php/ijcis/index 

[13] B. G. Çöl, M. İmre, and S. Yıkmış, "Virtual reality 

and augmented reality technologies in gastronomy : 

A review," eFood, pp. 1–16, 2023, doi: 

10.1002/efd2.84. 

[14] S. F. M. Alfalah, "Perceptions toward adopting 

virtual reality as a teaching aid in information 

technology," Educ. Inf. Technol., vol. 23, no. 6, pp. 

2633–2653, Nov. 2018, doi: 10.1007/S10639-018-

9734-2/METRICS. 

[15] K. Ahir, K. Govani, R. Gajera, and M. Shah, 

"Application on Virtual Reality for Enhanced 

Education Learning, Military Training and Sports," 

Augment. Hum. Res., vol. 5, no. 1, pp. 1–9, Nov. 

2019, doi: 10.1007/S41133-019-0025-2. 

[16] R. M. Simamora, D. de Fretes, E. D. Purba, and D. 

Pasaribu, "Practices , Challenges , and Prospects of 

Online Learning during COVID- 19 Pandemic in 

Higher Education : Lecturer Perspectives," Stud. 

Learn. Teach., vol. 1, no. 3, pp. 185–208, 2020. 

[17] K. Budi, "Educating for Character in Work 

Readiness Through Vocational Higher Education in 

the Digital Era," in 3rd International Conference on 

Vocational Higher Education (ICVHE 2018), 2020, 

vol. 426, pp. 203–210. 

[18] P. Gayatri, H. Sit, S. Chen, and H. Li, "Sustainable 

EFL Blended Education in Indonesia : Practical 

Recommendations," Sustain. Perspect., vol. 15, no. 

2254, pp. 1–13, 2023. 

[19] F. Belanger and H. D. Jordan, "Evaluation and 

Implementation of Distance Learning: 

Technologies, Tools and Techniques: 

Technologies, Tools and Techniques," in Igi 

Global, 1999. 

[20] C. Wei, Y. Kuah, F. Liew, C. Lee, and C. Koh, 

"Online Learning Mode During Covid- 19 

Pandemic : Learner' s Perception Qualitatively in 

Finance Courses," Asian J. Res. Educ. Soc. Sci., vol. 

3, no. 2, pp. 41–53, 2021. 

[21] M. Duszenko, N. Fröhlich, A. Kaupp, and O. 

Garaschuk, "All-digital training course in 

neurophysiology : lessons learned from the 

COVID-19 pandemic," BMC Med. Educ., vol. 22, 

no. 3, pp. 1–14, 2022, doi: 10.1186/s12909-021-

03062-3. 

[22] K. Qian et al., "An eye tracking based virtual reality 

system for use inside magnetic resonance imaging 

systems," Sci. Rep., vol. 11, no. 1, pp. 1–17, 2021, 

doi: 10.1038/s41598-021-95634-y. 

[23] J. H. Murray, "Virtual/reality: how to tell the 

difference," J. Vis. Cult., vol. 19, no. 1, pp. 11–27, 

2020, doi: 10.1177/1470412920906253. 

[24] Y. Shi, J. Du, and D. A. Worthy, "The impact of 

engineering information formats on learning and 

execution of construction operations: A virtual 

reality pipe maintenance experiment," Autom. 

Constr., vol. 119, p. 103367, Nov. 2020, doi: 

10.1016/J.AUTCON.2020.103367. 

[25] Z. Guo et al., "Applications of virtual reality in 

maintenance during the industrial product lifecycle: 

A systematic review," J. Manuf. Syst., vol. 56, pp. 

525–538, Jul. 2020, doi: 

10.1016/J.JMSY.2020.07.007. 

[26] J. M. Davila Delgado, L. Oyedele, P. Demian, and 

T. Beach, "A research agenda for augmented and 

virtual reality in architecture, engineering and 

construction," Adv. Eng. Informatics, vol. 45, p. 

101122, Aug. 2020, doi: 

10.1016/J.AEI.2020.101122. 

[27] M. Monfared, V. K. Shukla, S. Dutta, and A. 

Chaubey, "Reshaping Education Through 

Augmented Reality and Virtual Reality," Lect. 

Notes Networks Syst., vol. 291, pp. 619–629, 2022, 

doi: 10.1007/978-981-16-4284-5_55/COVER. 

[28] R. S. Pressman, Software Quality Engineering: A 

Practitioner's Approach 7th. 2010. 

[29] J. Herre and S. Disch, "MPEG-I Immersive Audio 

– Reference Model For The Virtual / Augmented 

Reality Audio Standard," J. Audio Eng. Soc., vol. 

71, no. 5, pp. 229–240, 2023. 

[30] I. Rijayana and R. Istambul, "Design of Web-Based 

Reservation of Residential House Design 

Application Using the Prototype Method," Turkish 

J. Comput. Math. Educ., vol. 12, no. 11, pp. 1229–

1233, 2021. 

[31] A. Fortuna, W. Waskito, P. Purwantono, A. 

Kurniawan, W. Andriani, and M. Alimin, 

"Designing Learning Media Using Augmented 

Reality for Engineering Mechanics Course," J. Eng. 

Res. Lect., vol. 2, no. 1, pp. 18–27, 2023, doi: 

https://doi.org/10.58712/jerel.v2i1.20. 

[32] K. C. Lan, M. C. Hu, Y. Z. Chen, and J. X. Zhang, 



  

705 | P a g e  

 

"The Application of 3D Morphable Model (3DMM) 

for Real-Time Visualization of Acupoints on a 

Smartphone," IEEE Sens. J., vol. 21, no. 3, pp. 

3289–3300, Feb. 2021, doi: 

10.1109/JSEN.2020.3022958. 

[33] L. W. Chen, J. P. Tsai, Y. C. Kao, and Y. X. Wu, 

"Investigating the learning performances between 

sequence- and context-based teaching designs for 

virtual reality (VR)-based machine tool operation 

training," Comput. Appl. Eng. Educ., vol. 27, no. 5, 

pp. 1043–1063, 2019, doi: 10.1002/cae.22133. 

[34] G. Zhao, X. Cao, W. Xiao, Q. Liu, and M. B. G. Jun, 

"STEP-NC feature-oriented high-efficient CNC 

machining simulation," Int. J. Adv. Manuf. 

Technol., vol. 106, no. 5–6, pp. 2363–2375, Jan. 

2020, doi: 10.1007/S00170-019-04770-

3/METRICS. 

[35] D. Cica, B. Sredanovic, S. Tesic, and D. Kramar, 

"Predictive modeling of turning operations under 

different cooling/lubricating conditions for 

sustainable manufacturing with machine learning 

techniques," Appl. Comput. Informatics, vol. 16, no. 

1, pp. 1–19, 2020, doi: 10.1016/j.aci.2020.02.001. 

[36] K. L. Basinger, B. Elgan, and S. R. Niemi, 

"Continuous Improvement of an Experiential 

Learning Manufacturing Lab Course," in ASEE 

Annual Conference and Exposition, Conference 

Proceedings, 2022, pp. 1–9. 

[37] H. Kim, W.-K. Jung, I.-G. Choi, and S.-H. Ahn, "A 

Low-Cost Vision-Based Monitoring of Computer," 

MDPI Sensors, vol. 19, no. 20, pp. 1–18, 2019. 

[38] Y. Yin, P. Zheng, C. Li, and L. Wang, "A state-of-

the-art survey on Augmented Reality-assisted 

Digital Twin for futuristic human-centric industry 

transformation," Robot. Comput. Integr. Manuf., 

vol. 81, p. 102515, Jun. 2023, doi: 

10.1016/J.RCIM.2022.102515. 

[39] Y. Widharto, M. R. Tahqiqi, D. Nurkertamanda, S. 

Saptadi, and P. A. Wicaksono, "The virtual 

laboratory for turning machine operations using the 

goal-directed design method in the production 

system laboratory as simulation devices," in IOP 

Conference Series: Materials Science and 

Engineering, 2021, vol. 1072, no. 1, pp. 1–7. doi: 

10.1088/1757-899x/1072/1/012076. 

[40] M. Soori and B. Arezoo, "Virtual Machining 

Systems for CNC Milling and Turning Machine 

Tools: A Review," Int. J. Eng. Futur. Technol., vol. 

18, no. 1, pp. 56–104, 2020, [Online]. Available: 

www.ceserp.com/cp-jour 

[41] Z. A. Rahman, S. B. Mohamed, M. Minhat, and Z. 

A. Rahman, "Design and Development of 3-Axis 

Benchtop CNC Milling Machine for Educational 

Purpose," Int. J. Integr. Eng., vol. 15, no. 1, pp. 

145–160, 2023, doi: 10.30880/ijie.2023.15.01.013. 

[42] C. Feng, X. Chen, J. Zhang, and Y. Huang, "A 

generalized analysis of energy saving strategies 

through experiment for CNC milling machine 

tools," Int. J. Adv. Manuf. Technol., vol. 117, no. 3–

4, pp. 751–763, Nov. 2021, doi: 10.1007/S00170-

021-07787-9/METRICS. 

[43] E. Wallace, M. Stern, and D. Song, "Imitation 

attacks and defenses for black-box machine 

translation systems," in EMNLP 2020 - 2020 

Conference on Empirical Methods in Natural 

Language Processing, Proceedings of the 

Conference, 2020, pp. 5531–5546. doi: 

10.18653/v1/2020.emnlp-main.446. 

 

 


