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Abstract: Designing a workplace may be a challenging tasis important to make sure that the new workplade
prevent unnecessary resource waste, but also @esdée working environment for employees. Theegforeating a
virtual copy of the workplace before its real-lifieplementation may help to eliminate design shaerniogs. This article
presents a methodology of creating a virtual wag&elusing a game engine — Unity 3D. The methodottegperibes
basic principles and methods used for the creatiatirtual workplace, from initial analysis to ughtion. The user then
can use a VR head-mounted device to see smallglatal possible shortcomings. Effectiveness of oultogy was
then evaluated by using it to visualize a bar-pseirey workplace.

1 Introduction containing all its elements [8,9]. This is no etessk since

Nowadays, innovative solutions are rapidly proppsegorrect r_eplication_ of real environment requiresidation
and it is crucial to be able to implement theséetogies  Of its object, functions, and processes.
most optimally [1]. Industry 4.0 influence creasesideal The presented methodology proposes a uniform
environment for these implementations [2]. Virtezdlity ~Method of creating a virtual workplace using a game
(VR) is slowly becoming a stable technology in mangngine Unity 3D. The methodology contains methaut a
fields, such as aerospace, manufacturing, employBénciples to ensure the smooth workflow and
training, process simulation or manufacturing gyste Minimalization of errors while focusing on creatiag
visualization [3,4]. Testing the proposed solutiopna immersive virtual reality experience. The goal thé
virtual world before its implementation can be dalc article is to enhance the current approach of airtu
especially with current trends focused on constarst Workplace design by unifying currently used methintis
reduction [5]. Moreover, potential shortcomings angingle methodology expanded with new principles to
dangers can be captured in virtual simulations reefp reduce total time and resources cost.
real-life implementation. Thanks to that, comparies
focus on increasing the production speed and dverd Methodology
quality, while emphasizing the physical health béit The main purpose of the methodology is turning a
employees [6]. Virtual reality can also becomew pgme  designed workplace (2D layout) into virtual reality
teaching method. With educational centres implemgnt compatible form. It is a relatively complex process
this technology, VR can even become a new massumediconsisting of several tasks that need to be doffieer A
[7]. Virtual reality training programs for employee@re completion of every necessary step, the user cdk wa
also steadily rising in popularity. through the created virtual workplace using a VRdset

However, to correctly integrate the technology int@nd additional accessories. such as controllerstijk).
selected solutions, one needs to know the pririple However, before the creation of a virtual workples@me
creating VR capable environment. To ensure thecserfit —preparations are required. User must collect albssary
immersion of VR user, it is important to createidguwal materials and references, such as layout, 3D maxfels
environment corresponding with its real-life couptat,
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dimensions. After that, the process of building tiual If the user has access to all models beforehand, it
workplace using Unity 3D can begin. good practice to check all of them before usingth8ome
A flowchart is presented in Figure 1. to ensure thaf them may have to be simplified to reduce their
methodology is straightforward and easy to undadsta performance impact. Simplification process candmgedn
This flowchart shows all the necessary task an8D modelling software. The complexity of an objét
requirements for the project’s completion steptepsThe determined by the number of vertices (number oh{syj
blue colour represents the preparation phase, wiere which represents the total quantity of verticegusebuild
user gathers and analyse all necessary data. Witse a 3D model. Vertices are basic elements of a 3Defnod
serve as a foundation for the next stage to ermtgarate With an increasing number of vertices increases the
workplace design and visualization. The yellow colo complexity of its geometry, therefore the perforean
represents the task done in the game engine URitfBat requirements.
includes 3D modelling of assets (with use of gatler  Available computing power is limited and so shoodd
references), virtual workplace creation and intéoac limited the number of vertices of the entire viitua
programming (player movement). Finally, the desigrst workplace. A number of vertices in one 3D model
be tested and found shortcomings corrected (gelenry.  determines the impact on the performance of virtual
workplace application. If the said object is usedtiple
‘ times, the impact is multiplied. Many vertices willow an
intialanaiysisdnd | o - Basicprolect || o iipport [y VR Workplace object to look very detailed, but slower computeray

aain e e have trouble to handle a lot of detailed objectser&fore,
l if objects do not belong in the category of the mos
important workplace objects, they should be singalias
Exportand | YeS L : : : h ibl
e unctional ? ~4— Testing <— Interaction creation muchn as possible.
No | 2.2 Basic Project Settings
Tasks done In With the competition of all necessary analysis and
Correction Hhity3D

preparation, the user has all necessary information
proceed. The following task will be completed usthg

Figure 1 Virtual workplace creation methodology game engine Unity 3D. Unity 3D is a game enginal lise
. ) ) the creation of various games and application. thtr
2.1 Initial Analysisand Preparation project, the user will not use any complex Unity 3D

Initial analysis and preparation take place betbe® function, so even a complete beginner can learicdas
building of the virtual scene in Unity 3D. This géa quickly, and then proceed to follow the methodoliggf.
includes every preparation task required for treesssful Firstly, the user needs to decide on a platformsbene
completion of virtual workplace. When creating &wal ;|| be built on. The two most valid options are PC
workplace, one of the most crucial requirementsafien  (windows) or a smartphone (Android, iOS). However,
be its similarity with the real workplace. Theredpthe these two variants offer a different experienceasphone
user must analyse every detail of the workplaceh s VR headset offers a cheap, but mobile VR experieince
used machine tools, dimensions, or workplace layfié  exchange for low immersion and interaction optidda.
best practice is to collect as many referencesoasilfie. the other hand, desktop VR headset offers much vivi
This includes photos and video of the workplacge@b experience with a rich spectrum of interaction,
dimensions and 2D layout. Appropriate reference wicomplemented by a much higher price. Dependinchen t
make the creation of 3D assets and the virtual p!ade chosen p|atf0rm’ the user then may download a softw
itself much easier. development kit (SDK) that contains a lot of usebdls.

‘Another important part of the preparation phase iSDKs such as GoogleVR or SteamVR can be downloaded
object identification. The real workplace consistsnany  from the internet for free. Subsequently, it isdito create
objects, however, not every object needs to be Heotfer 5 new project in Unity 3D and set basic parameters
SatiSfaCtory Workplace visualization. Therefor% tiser depending on preferred Options_ User must Se|a¢ﬂqﬂn
must identify crucial objects that need to be ret@é in  he/she decided on, import SDK, if necessary, amallfj,
3D. This includes every part of the workplace, th&at fjj| in basic project settings (such as name orccete VR

necessary for its correct functioning, such as imedools, hardware) Figure 2 shows the process of platform an
storage units, manipulation units or transportelelsi On  project setup.

top of that, objects should not be as detailed asal life.
A number of details significantly increases perfante
requirements [10]. For most objects, it is enodwtt they
are recognizable on sight. Only objects that cambee
detailed are the main entities of the workplacehsas
machine tools.
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be identical as in the real workplace design. Tioeee
built-in tools, such as a coordinate system may hel
achieve this requirement. While building the vittua
workplace, the user simply chooses the 3D modet fiwe
library and place it in the correct position. Axaemple of
Unity 3D workflow is shown in Figure 4.

It is a great practice to establish a uniform mdthd
virtual workplace creation to avoid mistakes. Rigci
objects in an orderly fashion will make the proctesger
and more straightforward [10]. Objects can be didichto
groups depending on:

» Type of the object.

» Purpose of the object in the workplace.

» Position of the objects in the layout.

» Importance of the object for the workplace procssse

SDK import workplace purpose, distances between may be rebjgre

Impert New Aset..

Import fackage
Export Pckage.
et

Select Deperdencies

Retresn

ETITRIIIINIBRIRIET

After creating a group of particular types, objecas
be divided into them according to set parametengsé
groups organized into a specific order. The usdrthen
follow this order to place the group into the scene

Platform
settings

U BEEEE = EE
Figure 2 Basic project settings Figure 4 Virtual workplace creation

2.3 AssetsImport 2.5 Interactions Creation
Initial preparation should provide the user with al ~ After completing the previous step, the virtual
necessary 3D models needed for virtual workplad&orkplace is built. However, the application dtitks the
creation. Before building a virtual workplace ifsedll means of movement for the user. This can be aathieye
these models (assets) need to be imported intoy @it creating a script. Scripts are programs createch wit
(Figure 3). User needs to make sure that modeliname programming language supported by selected software
format supported by this game engine. This methodology uses the game engine Unity 3D,
therefore scripts were created using C#, which is a
e programming language supported by Unity 3D. Howgver
) @ 8] !_.’_.’!._.!! depending on software selection, many other progriaig
3 B " languages can be used, such as C++ or JavaStiigly
allow the user to create various scenarios to raaseene
interactable and more vivid. The most basic sdopthe
virtual workplace is the addition of horizontal neorent
for a player. This may be enough if the goal ofgbene is
Figure 3 Assets import to showcase the created workplace that represeeats ar
designed space. User needs to know the purpoke R
24 VR Workplace Creation scene he/she is creating and write required scripts
With the library of 3D models imported into the gam accordingly. However, it is possible to find varsoscripts
engine, the user can proceed to build a virtuakplace. online, so even user with litle programming expece
Virtual workplace creation is a relatively simpleopess. can use and combine those, to achieve the stashehe/
The main goal is to place each object accordingtsto needs.
position in a real workplace. Depending on theuat
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26 Testing
Before exporting the application, it is importat t
check if everything is working correctly. Playervement
may have some flaws or virtual workplace does n
precisely copy initial workplace design. Testingn ¢ake
place in Unity 3D, the application does not havebé
exported. After plugging in the VR hardware, the
application can be built and launched directly mity 3D.
Fixing every occurred problem is necessary foistheoth
functioning of the application. Any inaccuracies ¢ténder
the usability of the application, or even makebisalete.

3 Practical use

For presented methodology utilization, it is criica
evaluate the potential and effectiveness of tr
methodology. The methodology provides needs toigeov
all necessary information, while remaining concésel
easy to use. To demonstrate the capability optesented
methodology, it was tested in practical use. CdecwR
ready virtual workplace was created using its ppies.
Firstly, a 2D layout of a bar material processirarkplace
was designed. The objective was to transform thigasd
2D layout into VR ready virtual workplace as a foah
project visualization. This VR workplace was thesed for
the presentation of the proposed workplace. Pratent
participants could use the VR headset and contrtdle
walk through the virtual 3D representation of tlesigned
2D layout. A simple mobile VR headset was used fdaut
the presentation purpose, which minimize the us
interaction options, it is a viable and signifidgrdcheaper
method. Thanks to that, participants had an oppitytto
get a much closer look at every detail of the psego
project. Written scripts and VR hardware alloweehthto
explore every part of the virtual workplace. Figarghows
the process of creating a virtual workplace frone th
assigned 2D layout. Figure. 6 shows the VR apjdinat
itself.

The process of workplace visualisation using virtue
reality was executed using the proposed methodolog
After analysing provided data and collecting neasss
references, every missing 3D asset was createdteCre
assets and references were then used to creatéual vi
copy of a workplace using the Unity 3D game engire.
ensure the means of movement for the virtual weidgl a
C# was created and integrated into the applicakorally,
the virtual workplace was tested to fix any prolsberfter
that, the application was ready for its utilization

2D layout

1

Modeling
the required
objects

Building of
the virtual
environment

Interaction
programing
(player
movement
script)

Testing the VR application

Figure 5 Creating a virtual workplace using Unitp3
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