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Abstract: The paper deals with the issue of the mixed-reality usage in the design of production
systems, its changes during expansion, or technological changes in the production, where it is
necessary to flexibly and quickly verify the integration of a new machine into the existing layout and
eliminate collision situations even before the installation of a physical machine in production. This is
realized through Vumark’s design methodology, which was verified and applied in the conditions of
the production environment of the Innovation and Prototyping Centre in the Faculty of Mechanical
Engineering at the Technical University of Kosice. The individual parts of the paper describe the
Vumark deployment procedure in the production area and the software and hardware resources that
the user can apply. Three production machines and one robotic device selected from the Factory
design software database were chosen for the experiment. The chosen method enables us to verify
during the experiment several variants of deployment the machines in the layout and thus to find the
optimal location in a very short time. The experiment showed that the chosen method is applicable
in practice and brings savings of time, costs, and energy especially when changing the layout or
replacing the machine in the production hall.

Keywords: virtual reality; Vumark; mixed reality; design; marker

1. Introduction

Industrial production is a complex process that contains a series of activities, where
each activity operates according to certain rules that ensure quality and safe operation.
Every quality production has to be supported by the honest work of project teams. The
solution and spatial optimization of the layout of the production technology in production
is an integral part of designing production systems. In the current design, employees
have reliable software and high-quality technical equipment that ensure accurate data and
outputs. The paper points out one of the possible solutions for the design of production
systems. The modelling of the production system design of machines and equipment is
processed in CAD software version 2022.3 with the support of internal libraries, which can
be used as a possibility for creating models. Of course, the mentioned method and software
are not the only variant of solving the given problem. The result of the experiment is a
technology that uses mixed reality in the design of production systems.

At the beginning, it is necessary to understand the overall view of how mixed reality
works. A so-called virtual continuum displays a continuous range between complete
virtual reality and the real environment. This range includes all possible versions between
the proportions of real and virtual elements. The mixed reality is located precisely in the
area between the two extremes, i.e., the elements. [1]. Thus, mixed reality actually consists
of augmented reality and augmented virtuality according to the parts of virtual elements.

The Industry 4.0, as a challenge of today ‘s highly competitive environment, supposes
that internet technologies will be used in future factories and that they will replace used
components by using dynamic and intelligent cyber-physical systems that are the mixture
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of the physical objects with their digital representation [2-5]. A research team led by
Quint [6] in their paper proposed a system construction for a mixed-reality-based learning
environment that gives together the physical objects and visualization of their digital
content via augmented reality. It allows making the dynamic interrelations between real
and digital factory visible and tangible.

Mixed reality involves the integration of virtual computer graphics into real 3D space,
or the real-world elements in a virtual environment [7].

In Coutrix and Nigay’s research [8], a new model of interaction for mixed-reality
systems was introduced. The main benefits of the mixed interaction model are:

e the unification of several existing approaches to mixed-reality systems such as tangible
user interfaces, augmented virtuality and augmented reality, as well as approaches to
a more classical graphical user interface, especially the instrumental interaction model

e the study of mixed-reality systems in the intensions of modality and multimodality.

Mixed reality is classically a highly interdisciplinary field that deals with signal pro-
cessing, computer vision, computer graphics, user interfaces, human factors, wearable
computers, mobile computers, information visualization, and display and sensor design [9].

Mixed reality creates a space for the coexistence of physical and virtual elements,
which allows the easy interaction between them. This view does not look on the space as
two independent areas, where one is prior to another, but it blurs the boundaries between
areas and creates bigger space where components from both areas can communicate in real
time [10].

The research made by Hughes et al. [11] treats how to transform the core of mixed
reality technology and methods into diverse urban terrain applications. This type of
research is significant, because these types of applications can be used for military training
and situational awareness, as well as for community learning to significantly increase the
entertainment, educational, and satisfaction levels of existing experiences in public venues.

A mixed-reality-based user interface for the quality control monitoring of automobile
body surfaces is developed in the research made by Munoz et al. [12] in order to increase
worker ergonomics and productivity. The results showed that the suggested mixed-reality-
based interface improved user ergonomic parameters in terms of comfort, as well as user
productivity in terms of time and accuracy when performing quality control tasks.

Authors Lee, Han, and Yang [13] developed a scheme for creating a mixed reality-
based digital manufacturing environment in which physical items, such as real images, are
grouped with the virtual space of virtual products. Using this technology, they created a
mixed-reality-based virtual factory layout-planning system and demonstrated its usefulness
in the simulation of process-layout design. Their system is built on the usage of an image-
based tracking method that extracts an arbitrary feature from actual pictures, such as a
safety sign; such images can be utilized instead of artificial identifiers because they are
easily obtainable from the place.

Through a comparison of commercially accessible mixed-reality applications, this
study intends to assess the utility of mixed-reality technology in architectural design and
construction layout. The study used two HoloLens devices linked to a hard hat to comply
with construction safety rules and discovered nine mixed-reality applications designed for
architectural and construction objectives. The capabilities of mixed-reality technology in
these applications were assessed and compared for architectural design and construction
layout under various on-site conditions [14].

The paper wrote by Lee et al. [15] presented a way for implementing mixed reality into
the production process, as well as being a method for adapting common security signposts
in the plant to replace a black square marker for visual fiducial recognition.

This paper’s discussion of the combination of maintenance systems and mixed reality
techniques deals with the development of data visualization. The operator will be sup-
ported during maintenance activities by the overlap of virtual components in a real scene,
allowing the operator to work in a safe and precise manner in the mixed environment of
industrial maintenance [16].



Appl. Sci. 2023,13, 1496

30f19

Maintenance data and changes to the physical object should be identified digitally
in the future and transferred to the data management system in real time. A digital
twin should allow for the unambiguous assignment of data to the appropriate elements,
resulting in a virtual reflection of the condition of the industrial plant. This paper describes
an approach to create a system-based digital twin for an industrial plant’s maintenance
phase, which will allow data to be transmitted from mixed reality to a Product Data
Management System [17].

The goal of the paper made by Kokkas and Vosniakos [18] is to use mixed-reality
tools to create machine layouts, particularly for Flexible Manufacturing Systems. The
purpose is for the user to assess alternative layouts based on non-measurable characteristics
including operator experience, empirical or non-tacit knowledge, and on-site impression.
By simulating the whole production process, which includes movement, manipulation,
and processing of parts using real and virtual equipment in parallel and serial coexistence,
the functional connection between the collaborating real physical and virtual machinery
of the layout is enabled. The app is made with the ARKitTM version 5.1.0 API tool and
Unity3D 2022.1.0.

The mixed-reality approach to simulation for testing reasons connected to automation
software is discussed in this study. The objective is to evaluate real automation SW, such
as the MES layer, by mixing real machines or components with simulated ones (in their
example, using a 3D graphic simulation tool). Real machining centers, robots, pallets,
conveyor belts, PLCs, and CNCs were implemented in a real application scenario. The
exchange of products and information between real and virtual components has been
realized with the help of a Java-based layer and an appropriate interchange zone [19].

The research paper written by Sautter and Dalling [20] looked at the benefits and
drawbacks of mixed-reality-assisted on-the-job learning and described some practical
implications for industrial training. The research of two use cases (the first: the training
of new employees for the semi-automated assembly lines in the production of pneumatic
cylinders revealed that mixed reality, and the second: includes learning modules with a
focus on declarative and cognitive knowledge) technologies can assist learning factories
overcome their constraints and maximize their potential for successful industrial training
in key constructivist learning areas. To get the most out of mixed-reality technologies, they
should be used for specific learning objectives and incorporated into a modular didactic
framework, taking into account all of the features of successful mixed-reality application.

Using Mixed Reality and Ubiquitous Sensor Networks, this article provides a rapid
and effective inspection method to ensure product performance following the design and
manufacturing procedure. The addition of 3D information about the product has shown
the improvement in workers understanding of the information for proper inspection.
Furthermore, the connection of Mixed Reality and Ubiquitous Sensor Networks can assist
in the efficient inspection of items because all essential information is available and may be
supported anywhere in the system [21].

Lee et al. [22] proposed a method for designing virtual factory layouts based on mixed
reality using legacy data that has previously been built in the real world. To do this, this
research team created a way of acquiring simulation data from legacy data and processing
it for mixed-reality visualization. They also built a mixed-reality display system that can
recreate a virtual manufacturing layout using processed data. By validating the position
and application of equipment in advance before arranging real ones on the project site, the
developed method can eliminate industrial layout errors.

Production plants have faced numerous obstacles in recent years, notably those re-
lated to variable demand and changing customer and supplier requirements, forcing new
technical roadmaps and interventions in production processes. Innovative technologies
support the development of information processes aimed at employees in this proactive
context. With this fact, augmented and virtual reality can be used for workforce training;
they should be able to effectively engage with a human workforce [23].
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The proposed mixed reality structure consists of five layers: the first layer considers
system parts; the second and third layers concentrate on architectural issues for component
integration; the fourth layer is the application layer that executes the architecture; and the
fifth layer is the user interface layer that allows user interaction [24].

During the COVID-19 pandemic, the suggested model with the usage of mixed reality
provides a comprehensive solution for huge building complexes and industrial parks,
guaranteeing public safety and also the health and well-being of the facilities management
team. The mixed reality technique allows for the remote processing of path layouts,
avoiding human interaction and ensuring that there is no chance of virus transmission [25].

In mechanical engineering, there are possibilities to use not only CL data for the
machining process, but it also shows the possibilities of using simulation data from the
pre-production phase for augmented reality. This research links the techniques used in the
educational process with the necessities of real practice and a direct visualization solution
for the operator in the machining process is also proposed [26].

2. Materials and Methods

When we want to design the layout of production and distribution of markers, it is
necessary to observe certain minimum distances between individual production equipment
and fixed elements of building structures (e.g., pillars, walls, etc.) [27].

1. A raster network model is assigned to the reference space for the location of the
production system, which is dimensioned via the capacity calculation of the required
areas, volumes, and production means.

2. According to the production (functional) activity, or production optimization, that has
to take place in the reference space, work zones, resp.; sub-zones of the production
process are placed in the raster, and the location of the Vumark is selected to display
the virtual model in a real environment using a helmet HoloLens 2 for mixed reality.
In the case of absence of a helmet for mixed reality, it can be used a smartphone or
tablet that support virtual reality.

3. Models of topological relations of construction elements of the production system
structure (already existing production machines, virtual production machines, han-
dling and auxiliary equipment, etc.) are solved in individual zones which can also be
included in Vumark and displayed then in the mixed reality.

4. Computational-interactive way of solving topological relations is realized on the basis
of using simplified 2D models, accurate 3D models of construction elements of the
production system, resp. These 3D models of production machines can be obtained
from databases of software products or can be modeled using CAD systems at a 1:1
scale to match the size of a real, physical production machine when these production
machines will be displayed in a real environment.

5. From the graphic database of CAD system are selected specific 2D, 3D models of the
relevant building elements to the calculated reference points of their location, resp. In
the layout of the production system, the raster model will be displayed on the floor in
the real environment using a mini projector placed on the structure at the appropriate
height, and the exact location of the Vumark will be defined.

6. Based on interactive decision-making procedures and solution visualization, the
optimal variant of the production system structure is selected. In the case of a collision
situation between the machines, the placement of the Vumark will be optimized.

The basis of the solution is a model of topological relationships of a pair of construc-
tion elements of the production system structure (Figure 1). Based on the usage of the
combinatorial principle, it is possible to create various variants of more complex structures
of production systems from the basic model (Figures 2-4).
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Figure 1. Model of building elements relationships of production systems 1 - Oy [28].
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Figure 2. Model of building elements relationships of production systems 1 - 0, [28].
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Figure 4. Relationship model for pilot structures of production systems [28].

Syntax for the designation of parameters of the topological model of located construc-
tion elements of the production system are as follows [28]:

xi+ dimension in the positive direction of the x-axis, x;_ dimension in the negative direction
of the x-axis,

Yi+ dimension in the positive direction of the y-axis, y;_ dimension in the negative direction
of the y-axis,

x;p, ¥ip parameters of the safety zone, x;, y; coordinates of the insertion point,

x;; distance between the i-th and j-th object in the direction of the x-axis,

yi; distance between the i-th and j-th object in the direction of the y-axis,

i, j serial number,

d distance of insertion points,
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o angle of rotation.

The insertion point of the construction element of the production system is located on
the 0y axis.

IPy = [x1,y1,0] = [0,0,0],IP; = [x2,4,0], = 0 )
Xp =X14 +x13+ X5+ X2 +X12, Y2 =Yy1 =0 @)
d=x14 +x18+ X+ X2 +Xx12 3)
x1p=d— (x14 +x13+ X8+ 2x2_) @

x12 > 0 the condition must be met in order to avoid collisions of the distributed elements.
The insertion point of the construction element of the production system is placed on
the axis oy:

7T
IP; = [x1,y1,0] = [0,0,0], IP, = [x2,12,0],& = 5 =xn= 0 ®)
Y2 =Yy T Y18 +yas+ya- +y1ay12 =d = (Y14 +y18 +yap +y2-), ©)
Yi2>0

The condition must be met in order to avoid collisions of the distributed elements.
The insertion point of the construction element of the production system is rotated by
an angle «, of the flow line of the insertion points and the axis Ox.

IP; = [x1,1,0] = [0,0,0], IP, = [x,2,0], a € (0, E), a = arctg?2 @)
2 X2
Xp = X14 + X1+ X2B + Xo— + X12,Y2 = Y14+ + V1B + Y2B + Yo + V12 8)

d=\/x3+y3 = \/(x1+ + X1 + X2+ Xop + X2 )2 + (11 + viB Fyi2 + vaB +y2-)* (9)
X1p =X — (X4 +X1p+ X8+ X2 ) Yyi2=Y2— (y1+ +viB +y28 +y2—) (10)
12 >0Vy;p >0 (x12#0Ay12 #0) (11)

The conditions must be met in order to avoid collisions between the distributed
construction elements of the system (the geometric characteristics of individual production
systems are also important for modelling the spatial relationships in the production systems.
It is necessary to take into account spatial relations and basic geometric characteristics:
outer shape and dimensions, maximal dimensions of the working space, orientation and
position of the coordinates in the coordinate system of the production element with respect
to the reference-coordinate system and geometric characteristics of the working space).

If the first insertion point is placed at the beginning of the coordinate system, then
there are four possibilities when inserting the second point due to the division of the plane
into quadrants. The insertion point can be located in:

e Quadrant L

T
€ (o, E) (12)
e  QuadrantII.
T
= (E,rr> (13)
e  Quadrant III.
NS (7‘(, 3;) (14)

e  Quadrant IV.
S (3;,271) (15)
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For Quadrant I (if the inserted point is at the top right of the base element):
IP =[x,y,0]
Xy = X14 + X1 + X + X2— + X12 (16)
Y2 = Y1+ +Y1B T Y28 T Y2 + Y12 (17)
For Quadrant II. (if the inserted point is at the top left of the base element):
IP = [Xr Y, 0]
x5 = —(x1- + x18 + X5 + X54 + X15) (18)
Y5 = Y1+ +Y1B T YsB T Y5- + Y15 (19)

For Quadrant III. (if the inserted point is at the bottom left of the base element):

IP =[x,y 0]
x4 = —(X1— + x1B + X4 + X4y + X14) (20)
Yo = —(y1— +yiB + Yap + Yar + Y1a) (21)

For Quadrant IV. (if the inserted point is at the bottom right of the base element):

IP =[x,y 0]
X3 = X14 + X183 + X33 + X3- + X13 (22)
y3 = —(y1— +yiB +¥3B + Y3+ +V13) (23)

The following applies to the size of the angle « (angle of rotation IP2):

v2

t pr—
8& X

— = arctg% (24)
2

When we insert elements into individual quadrants, inequalities for x- or y-coordinates
must be met in order to maintain safety distances.

Xp — X1 > X14 + Xp1 + XB2 + Xo— X3 — X1 > X14 + Xp1 + XB3 + X3— (25)
|xg —x1| > x1- +xp1 +Xpa +Xaq X5 —x1] > X1 + X1 + X5 + X5+ (26)
V2—Y1 > Yi+ +yB1 Yy +Yo— Y3 =1 = Y1+ + Y1+ YB3 + Y3+ (27)
lya—v1l > v1- +yp1 +Ypa+Yar Y5 —Y1 > Y1+ +YB1 + Y5 + Y5 (28)

Models of typological relationships in production systems are characterized by consid-
erable universality in terms of application conditions, as they are suitable for optimization
of the production system design, but also for the traditional design of production systems.

The typological relationships presented in the paper are based on generally valid
spatial principles and methodologies that are obligatory when the layout of production
equipment on the production area is solved. These are applied in decision-making software
algorithms. Their output is the optimal solution that eliminates the conflicting states of the
location of the new means of production related to the immediate surroundings of the new
layout, which is located through the Wumark brand and its optimal location is transformed
into the mixed reality.

When choosing the location of the Vumark, we used a projector to project the raster
on the surface of the production hall, with which we determined the exact location of
the production equipment, and we eliminated collision situations when inserting the
production equipment into the layout of the production system.
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On the basis of the mentioned procedure, it is possible to place Vumark in the layout
solution within the optimization of production system and classic mechanical engineering
productions for piece and small-batch production.

The mentioned mathematical apparatus can be used in the placement of production
equipment in shapes that are often used in such types of production (e.g., type “U”, type
“L”, type “1”, type “diagonal” and type “star”).

3. Results and Discussion
3.1. Mixed Reality in the Design of Production Systems

Augmented reality tools can be used effectively in the design of production and
logistics processes. Today, computer technology and its other options are an integral part of
the design of production systems. The fact that the digital model of the production system
can be easily adopted into a real environment is a big advantage of augmented reality for
designers [28].

The principle lies in the placement of markers in the production space and the assign-
ment of virtual objects to individual signs. Using head-mounted display or stereoscopic
3D glasses, the designer can view the proposed layout. Objects can be created in various
software applications, such as AutoCAD, CATIA, Solidworks, etc. and are displayed in
scale 1:1, which allows a realistic view of the future production layout. The main benefits
are the reduction of risk while introducing new production, improvement of the location of
production machinery and equipment, reduction of the required area, detection of poten-
tial collisions, and better understanding about the proposed solution. Visualization of a
3D-production system model in a real environment is in Figure 5.

Figure 5. Visualization of a 3D production system model in a real environment.

From the several options for displaying models using AR, this method is first-class, but
more time-consuming and software-intensive. Another possibility is to use an interactive
planning table, in which we will implement the environment in which we want to display
the models [1]. Augmented reality in this case complements the 2D drawing of the layout
displayed on the touch screen area of the planning table with a 3D model of the production
system. It is displayed at the same scale as the 2D production layout (Figure 6). The design-
planning table is equipped with software for the design and optimization of the layout
solution (e.g., Factory Design). It allows for the making of effective changes in the spatial
arrangement of the system, monitoring the impact of changes on the output parameters
of the production layout (e.g., length of material flows, total transport performance and
transport costs, usage of surfaces, etc.) and at the same time visualizing all changes in the
3D environment using the means of augmented reality [9].
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Figure 6. Visualization of a 3D model using drawing documentation.

Production assets can be viewed using:

e 2D-drawing documentation, compatible with software (PC, laptop, mobile device,
tablet),
3D glasses,
Directly using a mobile device or tablet.

3.2. Software Equipment for Mixed Reality

Software from Autodesk was used to create models of production means within the
experiment. Software libraries contain production machines and devices that are divided
according to usage and have their own specific names, so it is easy to find them in the
system. These libraries offer customized devices that the user can easily find and download
directly from the library to the software.

Autodesk Inventor Professional software version 2022.3 offers the support of the
Asset Browser library. It is necessary to install the product Autodesk Factory Design
Utilities, which provides a library with a wide range of production machines and equipment
(Figure 7).

Skl lnmoonemt X 4

Digital library of pro-
duction machines and

tools

Figure 7. Visualization of a digital library of production equipment.

To verify the mixed reality in the software, it is necessary to use the mobile application
Vuforia View, which, however, is not available for all devices. When a potential user buys
a mobile device, it is necessary to find out if the smartphone or tablet has mixed-reality
support.

The procedure for working in Vuforia Studio is as follows:



Appl. Sci. 2023,13, 1496 11 0f 19

Export of the model in Inventor in the correct CAD format.

Creation of a project in Vuforia and set of the project properties.

Import of the CAD model into Vuforia Studio.

Work with the model, calibration of the model, and creation of Markers.
Saving, publishing, and printing of Markers.

If the model is modelled as the configuration in the Vuforia software version 9.8.0,
it is possible to mark the components from which the model is created and with each
component, it is possible to work separately. If the model is created as one part, then the
software cannot recognize parts of the model. View of the model in Vuforia Studio is in

Figure 8.
pro) WIDGETS CANVAS
~ CONFIGURATION ~ TARGETS
—
Themes 7" Image Target
Experiences :
§ Model Target
Info
r
My ThingMarks L Spatial Target
Vv VIEWS - (™ ThingMark
» Home
~ AUGMENTATIONS
Home js =
X “7° 3D Gauge
“ %1 3D Container
[ thingMark-1 [~2] 3D1mage

model-1
=3 3D Label

< 2D Overlay .
£ Model
[7] Top Panel .

") Model ltem

Vv <.+ 2D Body
[ Left Panel “ OTHER
[ Center Panel w> TML Text
[~ Right Panel
|| Bottom Panel
v STYLES
Application
~ RESOURCES -

> Default

v Uploaded -
HMM-HQPNG
Horizontal Milling Machine_59D748&
Horizontal Milling Machine_59D7488

Horizontal Milling Machine_59D748&

Horizontal Milling Machine_59D748&

Figure 8. View of the model in Vuforia Studio [29].

3.3. VuMark Printing and the Vuforia View Mobile Application

ThinkMark is a type of barcode, and it is one of the leading trends in the design while
coding data for AR. ThinkMark is also called a marker. The marker has unique design
technology and therefore each marker is unique for the object that can be loaded with it.
The advantage of the marker is that it can present an unlimited number of models. It is
compatible with various types of formats. The mark is loaded according to its position on
the surface. VuMark parts are in Figure 9.
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Figure 9. Design division of the Marker [30].

3.4. Own Experiment of Production Layout Design using Mixed Reality Benefits for the Practice

The “Vumark design” methodology has been verified and until now is still applied in
the conditions of the production environment of the “Prototyping and Innovation Centre”
operated under the patronage of Faculty of Mechanical Engineering, Technical University
of Kosice. The Centre, through its activities, ensures the cooperation with the production
sector and participates in the cooperation that lead to product and technological innovation.
In its technological configuration are top CNC production equipment, 3-5-8 axis machining
centers and laser technologies for precise production of components. The majority of
the production technique consists of the equipment from the company DMG Mori Brno.
From the system of production to the order of operating, the Centre requires regular
expansion, or changes in its technological capabilities. This fact places increased demands
on the reconfiguration and flexibility of the production environment within not only the
operating hall, but also calls for reconfiguration changes between the operated objects
of the Centre (hall PK12A, hall PK14). The necessity for a spatial reorganization of the
production structure of the Centre is caused by a new customer request. Its implementation
on the existing configuration of the production space depends primarily on the volume of
production, the dimensional size of the production objects, or the necessity to incorporate
new technology into their production. The preparation and physical implementation
of such operational reconfiguration projects would be time consuming in the classical
approach. In addition, such spatial reorganization of production technology does not
always have to be the optimal one. In addition, its timely implementation may threaten
the fulfillment of contractual conditions, or in terms of time, it is partially realized at the
expense of the production times of physical production. The solution of such a quick
reconfiguration task is based on the principles of “Vumark’s design methodology” in
the application of virtual-reality elements. The production hall of the PK12 prototype
innovation center is shown in Figure 10.

Figure 10. A view of the technological part of the production environment of the innovation center.
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In the production systems designing using mixed reality as part of the experiment, the
preferable solution is a hall with a flat surface, a high ceiling, and sufficient lighting. In the
first step, it is important to place the printed Markers in the area that is intended for the
machine position. Placement of markers in space is in Figure 11. In our case, we used the
Prototype and Innovation Center at the Technical University in KoSice for the experiment,
where we placed Machine Markers in the existing layout and through the used Hololenz
helmet for mixed reality; we visualized the production machines in a real environment. The
production machine can be displayed from all angles and perspectives, and it is possible to
eliminate any collision situations that can occur in the real production process. In addition
to the helmet for mixed reality, it is possible to use a tablet or smartphone to display
virtual models and through cameras, it is possible to record the placed Marker on the
floor. Through Markers, it is possible to design and visualize the complete layout of the
production system in the real environment. Production machines or robotic systems can
also be moved in the mixed reality and verify the path of movement (e.g., robotic arm) and
verify the range of motion, or simulate work on the production machine.

Placement of printed

markers in the hall area

Figure 11. Placement of markers in space.

Subsequently, it is necessary to scan the markers using a tablet, smartphone, or glasses
for mixed reality with the Vuforia View application. The models of production machines
shown in this way in mixed reality will show the real area that the machine needs in a reality,
which can help in the design of the production system and avoid, for e.g., the collision of
machines, or its incorrect placement in the layout of the workplace. The example of the
production-machine visualization in the mixed reality is in Figure 12.
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Figure 12. Display of the digital machine model in the real environment.

If the digital model of the production machine is modelled as the configuration, it
is possible to simulate in a mixed reality the work process of the machine control within
the training. The operator may not have a real physical machine but can verify the work
progress on the digital model in mixed reality (Figures 13-15).

frezka

Virtual model of the
milling machine dis-
played in the real en-

vironment

Figure 13. Display of the digital model of the milling machine in the real environment.
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Figure 15. Display of the digital model of the machining center in the real environment.

Vumark’s design method enables the making of quick changes of various variants
when placing machines in the already existing layout of the production system. Using this
method, it is possible to immediately detect collision situations between a physical (real)
machine and a virtual machine in the production system and thus avoid high costs and
time losses during its physical installation. When verifying the placement of the virtual
machine in the layout, it is not necessary to shut down the production process as a whole,
which also eliminates the economic losses of the production plant. Virtual machine models
can be obtained in software such as Factory Design, vis TABLE, and Tarakos, or they can
be modelled in a CAD system and implemented in mixed reality very efficiently and in a
short time.

The scientific contribution of the documented project methodology is its uniqueness
in the given segment of the scientific discipline. From the available literature analyses
and surveys it is not possible to find a more sophisticated projection methodology. The
considerable advantage of this projection method based on the principles of mixed reality
is confirmed by the verification of results in the real conditions of production practice. The
time characteristics of its application, when solving the deployment tasks of production
techniques of new or of configured productions, fully reflects the preservation of the
competitiveness (its increase) of the given production grouping in the dimensions of quick
time applicability and the correction of risk factors of the application of the solution verified
using simulation elements. The flowchart of the virtual model application to the real
environment is shown in Figure 16.
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Figure 16. Flowchart of application the virtual model to the real environment.
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4. Conclusions

Currently, the requirements for project activity and the understanding of the new
methods development of production systems designing are changing significantly. The
system development of design methods, procedures, and techniques is determined by
the knowledge of other scientific disciplines, professional creativity, collective decision-
making and other factors resulting from market conditions. In designing, the condition of
comprehensive knowledge of the problems and their detailed analysis is essential, because
it allows for the elimination of the generation of outdated and non-complex approaches of
production systems. It leads to the application of new innovative solutions that guarantee
the implementation of advanced technologies of the future. Only this approach is the
guarantee of identification, optimization, or elimination of project deficiencies even before
their future physical implementation [31].

Virtual technologies enter the new areas of application that will significantly change
the character of peoples’ lives. The improving digitization and virtualization of production
and design leads to significant changes in the existing methods of designing production
layouts. In the industry sector and especially in the production processes, the real and
virtual worlds are increasingly integrated. The share of advanced technologies in all spheres
of human activity is increasing. The system of knowledge and methodological procedures
obtained from experiments with the system of integration of the virtual and real world
shows that the usage of advanced technologies has its importance from a professional and
practical point of view. In projects where mixed reality is used to make a visualization and
simulation of the dynamic behavior of technical objects or project processes and systems
in a real environment, virtual technologies are a significant contribution. This direction of
research implemented in the design of production systems is suitable for small and medium
enterprises (SME). For the solution of such project activities, from a technical point of view,
it is possible to use various types of devices, such as helmet for mixed-reality Hololens 2,
etc.

This paper describes an experiment using the Vuforia Studio software. Using Vu-
mark ’s digital machine models, which are modeled using a CAD system on a 1:1 scale,
these digital models were integrated into the real environment as part of the layout design.
The accuracy of the displayed model and technical and display units were tested in the
conditions of the production environment of the Innovation and Prototyping Centre oper-
ated under the auspices of the Faculty of Mechanical Engineering, Technical University of
Kosice.

The main contribution of the paper is the proposal of the methodical procedure for
the design of production structures using mixed reality based on the general principles
of innovative design. Synthesis conditions for the implementation phase of designing
production facilities in mixed reality and experimental use were defined. The method
of typological relations was chosen for the implementation of proposals of the layout of
production machines and robots and the selection of the optimal variant. The result of this
method of project activity in spatial solutions of production systems is, for the necessities of
practice, more accurate descriptions of the layout of machines in space using mathematical
and other principles. Industrial grids enable the creation of immediate, direct dimensional
relationships between the exact surface and the location of the production system that
realizes the production process, and the implementation of mixed reality allows us to
display a 3D model of the production equipment directly on the selected surface and
immediately detect collision situations directly on the place and propose the optimization
of the location.

Production systems designing is an area in which it is necessary to follow trends and
current opportunities that provide quality solutions and innovative technologies. Mixed
reality is one of the technologies, where the potential of usage also has its place in project
activities. The results of the experiment show that for a wider application of this projected
methodology in practice, it will still be necessary to resolve any problems in detail, such
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as the accuracy of displaying objects, their orientation, spatial situation, and the optimal
observer distance from the placed object.

Author Contributions: J.K. wrote article and created a model within the experiment. V.R. draft
theoretical problem. PM. lead discussion. J.S. made theoretical formulas. All authors have read and
agreed to the published version of the manuscript.

Funding: This work was supported by KEGA 019TUKE-4/2022 and KEGA 002TUKE-4/2020. This
work was also supported by the Slovak Research and Development Agency under the Contract no.
APVV-19-0418, APVV-17-0258 and APVV-18-0413.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role
in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript, and in the decision to publish the results.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kraj¢ovi¢, M.; Gabalovd, G.; Furmannova, B. Augmented Reality and Its Use in Industrial Engineering, 1st ed.; EDIS: Zilina, Slovakia,
2020; p. 223.

Bozek, P; Krenicky, T. Editorial for Special Issue “Automation and Robotics: Latest Achievements, Challenges and Prospects”.
Appl. Sci. 2021, 11, 12039. [CrossRef]

Dobransky, J.; Pollak, M.; Dobos, Z. Assesment of production process capability in the serial production of components for the
automotive industry. Man. Syst. Prod. Eng. 2019, 27, 255-258.

Kuric, I; Klarak, J.; Bulej, V.; Saga, M.; Kandera, M.; Hajducik, A.; Tucki, K. Approach to Automated Visual Inspection of Objects
Based on Artificial Intelligence. Appl. Sci. 2022, 12, 864. [CrossRef]

Ruzarovsky, R.; Holubek, R.; Sorbino, D.R.D.; Velisek, K. A case study of robotic simulations using virtual commissioning
supported by the use of virtual reality. In Proceedings of the 14th International Conference on Modern Technologies in
Manufacturing, Cluj Napoca, Romania, 9-12 October 2019.

Quint, F; Sebastian, K.; Gorecky, D. A mixed-reality learning environment. Procedia Comput. Sci. 2015, 75, 43-48. [CrossRef]
Pan, Z.; Cheok, A.D,; Yang, H.; Zhu, J.; Shi, J. Virtual reality and mixed reality for virtual learning environments. Comput. Graph.
2006, 30, 20-28. [CrossRef]

Coutrix, C.; Nigay, L. Mixed reality: A model of mixed interaction. In Proceedings of the Working Conference on Advanced
Visual Interfaces, Venezia, Italy, 23-26 May 2006; Association for Computing Machinery: New York, NY, USA, 2006.

Costanza, E.; Kunz, A.; Fjeld, M. Mixed reality: A survey. In Human Machine Interaction, 1st ed.; Lalane, D., Kohlas, J., Eds.;
Springer: Berlin, Germany, 2009; pp. 47-68.

Hoenig, W.; Milanes, C.; Scaria, L.; Phan, T.; Bolas, M.; Ayanian, N. Mixed reality for robotics. In Proceedings of the 2015 IEEE/RS]
International Conference on Intelligent Robots and Systems (IROS), Hamburg, Germany, 28 September—2 October 2015.
Hughes, C.E,; Stapleton, C.B.; Hughes, D.E.; Smith, E.M. Mixed reality in education, entertainment, and training. IEEE Comput.
Graph. 2005, 25, 24-30. [CrossRef] [PubMed]

Munoz, A.; Mahiques, X.; Solanes, J.E.; Marti, A.; Gracia, L.; Tornero, J. Mixed reality-based user interface for quality control
inspection of car body surfaces. J. Manuf. Syst. 2019, 53, 75-92. [CrossRef]

Lee, J.; Han, S.; Yang, J. Construction of a computer-simulated mixed reality environment for virtual factory layout planning.
Comput. Ind. 2011, 62, 86-98. [CrossRef]

Huang, Y. Evaluating mixed reality technology for architectural design and construction layout. J. Civil. Eng. Constr. Tech. 2020,
11,1-12.

Lee, ].H.; Han, S.H.; Cheon, S.U. Recognition of safety sign panel for mixed reality application in a factory layout planning. Korean
J. Comput. Des. Eng. 2009, 14, 42-49.

Espindola, D.B.; Pereira, C.E.; Henriques, R.V.; Botelho, S.S. Using mixed reality in the visualization of maintenance processes.
IFAC Proc. Vol. 2010, 43, 30-35. [CrossRef]

Kunnen, S.; Adamenko, D.; Pluhnau, R.; Loibl, A.; Nagarajah, A. System-based concept for a mixed reality supported maintenance
phase of an industrial plant. Proc. CIRP. 2020, 91, 15-20. [CrossRef]

Kokkas, A.; Vosniakos, G.C. An Augmented Reality approach to factory layout design embedding operation simulation. Int. J.
Inter. Des. Manuf. 2019, 13, 1061-1071. [CrossRef]

Ferrarini, L.; Dede, A. A mixed-reality approach to test automation function for manufacturing systems. IFAC Proc. Vol. 2009, 42,
133-138. [CrossRef]

Sautter, B.; Daling, L. Mixed Reality Supported Learning for Industrial on-the-job Training. In Proceedings of the 11th Conference
on Learning Factories CLF2021, Graz, Austria, 1-2 July 2021.


http://doi.org/10.3390/app112412039
http://doi.org/10.3390/app12020864
http://doi.org/10.1016/j.procs.2015.12.199
http://doi.org/10.1016/j.cag.2005.10.004
http://doi.org/10.1109/MCG.2005.139
http://www.ncbi.nlm.nih.gov/pubmed/16315474
http://doi.org/10.1016/j.jmsy.2019.08.004
http://doi.org/10.1016/j.compind.2010.07.001
http://doi.org/10.3182/20100701-2-PT-4012.00007
http://doi.org/10.1016/j.procir.2020.03.096
http://doi.org/10.1007/s12008-019-00567-6
http://doi.org/10.3182/20090603-3-RU-2001.0431

Appl. Sci. 2023,13, 1496 19 of 19

21.

22.

23.

24.

25.
26.

27.

28.

29.
30.

31.

Lee, ].M.; Lee, KH.; Kim, D.S.; Kim, C.H. Active inspection supporting system based on mixed reality after design and
manufacture in an offshore structure. J. Mech. Sci. Technol. 2010, 24, 197-202. [CrossRef]

Lee, J.H.; Shin, 5.C.; Han, S.H. The Virtual Factory Layout Simulation System using Legacy Data within Mixed Reality Environ-
ment. KIPS Trans. 2009, 16, 427-436.

Damiani, L.; Demartini, M.; Guizzi, G.; Revetria, R.; Tonelli, F. Augmented and virtual reality applications in industrial systems:
A qualitative review towards the industry 4.0 era. IFAC Papersonline 2018, 51, 624-630. [CrossRef]

Rokhsaritalemi, S.; Sadeghi-Niaraki, A.; Choi, S.-M. A Review on Mixed Reality: Current Trends, Challenges and Prospects. Appl.
Sci. 2020, 10, 636. [CrossRef]

Selvaraj, R. Mixed Reality System for Intelligent Path Layout Design Based on Human Clusters. Bournem. Univ. 2020. [CrossRef]
Torokova, M.; Pollak, M.; Torok, J.; Kocisko, M.; Kascak, J. Augmented Reality as a Support Tool in Machining. TEM J. 2020, 9,
407-411.

Kovég, J.; Rudy, V.; Kovag, J. Methodology of Design of Production Processes. 11 Innovative Design of Production Systems, 1st ed.; TU:
Kosice, Slovakia, 2018; p. 240.

IZarikova, G. Models for Automated Design of Assembly Systems. Ph.D. Thesis, Technical University of Kosice, Kosice, Slovakia,
2008.

Miklos, T. Design of Production Systems in Mixed Reality. Diploma Thesis, Technical University of Kosice, Kosice, Slovakia, 2020.
Vuforia Developed Library. VuMark Design Guide. Available online: https://library.vuforia.com/articles/Training /VuMark-
Design-Guide.html (accessed on 26 October 2021).

Fusko, M.; Gabajova, G.; Furnannové, B. Digitization in the Factory, 1st ed.; EDIS: Zilina, Slovakia, 2020; pp- 221, 223.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1007/s12206-009-1129-2
http://doi.org/10.1016/j.ifacol.2018.08.388
http://doi.org/10.3390/app10020636
http://doi.org/10.13140/RG.2.2.29708.95367
https://library.vuforia.com/articles/Training/VuMark-Design-Guide.html
https://library.vuforia.com/articles/Training/VuMark-Design-Guide.html

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Mixed Reality in the Design of Production Systems 
	Software Equipment for Mixed Reality 
	VuMark Printing and the Vuforia View Mobile Application 
	Own Experiment of Production Layout Design using Mixed Reality Benefits for the Practice 

	Conclusions 
	References

