The Use of User Centered Design Method for
designing Virtual Laboratory based on Virtual Reality
(Turning Machine Case Study)
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Abstract: Referring to accident data at the Production System Laboratory (PSL) indicating
that most of the accident in the practice of manufacturing process occurs when operating the
turning machine. These accident happened as a result of cumulative obstacles that faced by
students when operating turning machine. This obstacles start from insufficient time for
training that was followed before practice of manufacturing process in laboratory, to give
student an experience before practice of manufacturing process. To help student
encountered with their obstacles this research offered the use of virtual reality as a learning
process for turning machine before they use the real machine. The user centered design
(UCD) method used in designing applications especially phase 1 to 3.
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1. Introduction

Industrial Engineering Department as a part of Faculty of Engineering in Diponegoro
University has already implemented technology in most of its learning activities [1]. Industrial
Engineering try to become one of the major that make manufacturing process as it main
subject. To achieve that goal practice of manufacturing process which carried out to
implement technique of production using the real machinery was given to student at third
semester. This practice took place at the Production System Laboratory (PSL), curriculum of
the practices demand student to attend machining training before practices, namely lathe and
milling machines. The accident data at the PSL shows that most practical errors occur when
operating a turning machine.

These errors came as a result from cumulative factor. One of the factor is the lack of
machine training, The other factor that contribute were limited number of machines and
machine breakdown. When practices outside the laboratory student also faced by problem that
the machine model is different from the machine that use in the laboratory also if the student
trained outside the laboratory they have to buy their own materials for machinary training and
travel long distances to get to the training center [6]. This research come as a way to help
student with their problem by designing media in the form of applications, namely virtual
laboratory application [11-12] based on virtual reality that try to make virtual turning machine
in PSL that can be used to prepared student before entering the manufacturing process
practice. This application is done using the user centered design (UCD) method [4, 7, 8]. The
benefit that can get form the use of virtual laboratory one of them is can be a learning media to
simulate experimental activities in the laboratory [15]. The other were costless, more safety,
and has a great of flexibility in the field of a visual learning style [13]. Based on the previous

ICITID 2021, August 30, Yogyakarta, Indonesia

Copyright © 2021 EAI

DOI 10.4108/eai.30-8-2021.2311524


mailto:singgihs@ft.undip.ac.id
mailto:nurkerta@gmail.com
mailto:yudidito@gmail.com
mailto:amaliansari@gmail.com

research done by Saleh, it proves that the virtual laboratory is very useful as a media for safe
and inexpensive teaching [14].

For the virtual laboratory applications, some operations are chosen because they are basic
operations performed in the manufacturing process practicum annually. In making this
application, 3D object modelling is created using Blender [9], while app design is created
using Unity 3D [2, 3, 9].

2. Research Design

This research uses user centered design (UCD) method in designing virtual laboratory
applications. UCD method is a way that involve of user interface design with goals on
usability, character, environment of user, process work, and flow when design on an interface
[5]. In this paper wil demonstrate three step out of four that happened during design process
UCD method, there are principles that must be considered in the 4 phase method [4, 8, 10].

Phase 1. Specify the Context of Use

In this phase, the stakeholders/actors identification is carried out by interviewing the
parties that responsible to the level management of the PSL. Stakeholders in this case are the
interested parties in the implementation of the manufacturing process practicum, which is the
lecturer and, the PSL'S assistant. While actors are the users who run the application, which are
students (the practicum participants). Furthermore, the development of virtual laboratory
concept in accordance with the learning must be mastered by the students before the
implementation of the manufacturing process practicum.

Table 1. Role and Duties of Stakeholders / Actors

No. Stakeholder/Actor Role Duties

1 Lecturer Organizer Make the curicullum

2 Assistant at Laboratory ~ Organizer Help, SUPETVISe and .
controlling the practices.

3 Student Participant Attending and following

instruction during practice

Turning machine applications in this research will be developed into a virtual laboratory,
because it is cheaper, safer, and flexible for use by student. The use of a virtual laboratory
application can simulate the activities carried out at Industrial Engineering Production
Laboratory (LSP) as a learning facility for practicum preparation for the manufacturing
process.

In learning of turning machine, this virtual laboratory application will develop the subject
matter and work process in the names of turning machine parts and the steps to operate the
turning machine was carried out. This virtual laboratory application was developed only to the
operation of the turning machine, because it is used in the context of learning for laboratory.
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Fig. 1. Turning Machine Part at Laboratory

Table 2. Part Name of Turning Machine

Figure Part Name
Headstock

Spindle Speed Selector
Indicator Lamp

Jog Button

Emergency Button
Compound Rest

Chip Bin

Saddle

Feed Wheel (Bottom X Axis)
Apron

Feed Wheel (Y Axis)

Start, Stop, and Reverse Lever
Bed

Feed Rod

Lead Screw

Tailstock Handwheel
Tailstock

Tailstock Lock

Center

Feed Wheel (Upper X Axis)
Toolpost Lock

Toolpost

Chuck

Chuck Protector
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In learning the operation of this turning machine process, only 3 turning machine
operations were carried out, namely leveling the surface (facing), reducing the diameter
(diameter reduction), and cutting off part (cut off).



Phase 2. Specify User and Organizational Requirements

In this phase, the use case diagram is formed based on the result data from turning machine
work.. The results of the use case diagram are used to identify the requirements of students as
well as the limitations on the development of practicum learning requirements. This

requirements are divided into two, namely functional requirements and non functional
requirements.
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Fig. 2. Use Case Diagram Learning of Turning Machine
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Fig. 3. Use Case Diagram Learning Operating Turning Machine



Based on the development of the concept of virtual laboratories and the limitations that
have been explained in the use case diagram of practical learning, functional requirements in
this virtual laboratory application can be determined, namely:

1. The application provides information in the form of an explanation of the name and
function of work equipment in the Industrial Engineering Laboratory (LSP).

2. The application provides information in the form of an explanation of the names of
turning machine parts.

3. The application provides information in the form of an explanation of the steps for
setting the zero tool and setting the zero workpiece.

4. The application interacts with the user to operate the test machine.

5. The application interacts with the user to carry out 3 lathe operations processes, namely
the process of leveling the surface (facing), reducing the diameter (diameter reduction),
and cutting some objects (cut off).

Non-functional needs describe things that are more critical than functional needs. Non-
functional requirements in the development of virtual laboratory applications are determined
in 2 parameters, namely reliable (usability) and usability. Non-functional requirements on
each parameter are based on predetermined functional requirements, then be explained in
more detail about the limits or quality expected from this turning machine learning
application.

Phase 3. Design Solution

In this phase, the application design is carried out based on the result of the data from
phase 2 of functional requirements and non functional requirements. The application design
stages start from 3D object modeling, automatic animation creation, interface designing,
layout 3D positioning and object placement, sound processing, and animation processing.
LSP.VR has 3 menus on the main menu, namely the LSP introduction menu, the lathe process
menu, and the menu quit. In the LSP Introduction menu, users can explore the room while
interacting with work equipment and lathes to find out the name and function of the
equipment. In the lathe process menu, users can interact with lathes using 6 sub menu, namely
machine test, facing, diameter reduction, cut off, workpiece setting, and chisel setting.

3D object modeling is done using Blender software, which consists of a meshing and
texturing process to produce 3D objects in the form of work tools, lathes, and architecture
buildings of the Production System Laboratory (LSP).
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Fig. 5. Texturing Process Chisel T
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Animation process is done using Blender software. This animation is processed to design
an automatic motion / animation simultaneously when a function is run. Animation made
consists of toolpost movements and compound rest in the lathe operation process (facing,
diameter reduction, cut off), and the movement of falling leftovers
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Fig. 6. Animation of Turning Machine

Conclusion
This research uses UCD method for application development, where there are four

phases and this research demonstrate 3 out of 4 phase that must be done, namely specify the
context of use, specify user and organizational requirements, design solutions, and evaluate
design against user requirement. In specify the context of use phase, interviews are conducted
to identify related stakeholders. In specify user and organizational requirements phase, use
case diagram modelling is based on the result of phase 1 to identify functional requirements
and non-functional requirements in practical learning. In design solutions phase, the
application design is done using Blender and Unity 3D software based on the requirements
obtained from phase 2.
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